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SUMMARY

Approach

A study was conducted to investigate and statistically

validate a performance measurirg system in the Tactical Air

Command Air Combat Engagement Simulatir I air combat maneu-,

vering (ACM) training program atVought Corporation, Dailas,

Texas. The study utilized aI,ý week sample-of 189 student -

pilots in an experiment to statisticaliy validate1 an objec-

tive performance measure of air combat skill, compare the
A •objective measure to 'the subjective judgement., of AdM skill

made by instructor pilots, to investigate improvements as a

measure of ACM skill, and to evaluate its utility as a traifn-

ing aid.

Statistical methodologies of ridge regression ,and dis-

criminant analyses were e~oployed to assess the quantitative

and qualitative characteristics of the measure of ACM skill

in the simulator.

Background

A scoring system termed the Good Stick Index (GSI) is

used as an indicator of pilot air combat skill in the TACWI: ACES I simulator training program, The GSI was developed
jointly by the Tactical Air Command and the Vought €Orpora-

tion uti-lizing four subjectively chosen and equally weighted

parameters which to the experienced' pilot are intuitive in-

dicators of air combat skill. The four parameters ard 1)
time in gun firing enVelope- 2) average mi-l error, 3) offen-

sive/defensive time, and 4) time to first kill - objective

measures obtained during student pilot scoring sessions

against pkogranmmd target maneuvers. The TACOACES I



training program is -concluded by a one-on-one free engage-

ment tournament where one StUdent pilot. is• matched• against

another. The turkey shoot tournament is a double el:imina-

tion, event (pilots must lose two-engagements to be, elimina-

ted) resulting. in a single winner.

The GSI score, applied as -apredictor of turkey shoot

placement, appeared, to Predict the winner at greater than

random frequency.

Specifics

-The GSI validation study was- conducted- to -statistically,

validate the ,GSI as a 'predictor bf turkey shoot winner,, in-

vestigate improvement in the GSI' by varying the weighting

of each of the four parameters, and introducing additional

parameters as candidates for an improved predictor of turkey-

shoot winner. The validated, GSI was compared with the tqr-

key shoot student placement predictions of the instructor

pilot to assess its agreement with expert opinion.

In order to better evaluate the potential utility of

the GSI, four groupings of turkey shoot placements in each

class of eight students were investigated;

l-) Winners
2)- Winners and Runners-Up (Finalists)-

3), Upper-Half (Semi-Finalists)

4) Quartile Rankings.

-Data used in the study were collected during the 12-

class (12 week) sample from 3 April 1978- through 23 June

1978. These data wdre objective measures of performance

j in, the simulator, demographic (background) data obtained

by -student questionnaire, and instructor pilots' predic-

tions of turkey shoot placement of students within each

class. The objective measures were obtained from scoring
- I • sessions on Mondays, ,nmediately after briefing and hands-on

2



fýaniliarization, and On Fr.'days, just prioz to the turkey
- shoot e6urcise. In four of the 12 classes, an addi-

'tional scoring session was held- on Wednesdays to better

,assess learning trends in the simulator.
The TAC ACES I training syllabus was consistent

throughout the •experiment as attested to by the Chief In-,

struqtor Pilots. Instructor pilots provided individual

instruction to each student, concentrating in areas of
xecognized deficiencies,. The, studeints- were aware of the

scoring sessions,, but were unaware of the inht.nded use of

the acquired data.

Results

The first statistical analysis performed determined

the prediction capability of thef equally weighted, four

parameter GSI score obtained' in Friday scoring sessions.

They results, were compared to the subjective student turkey
shoot rank :predictions of the instructor pilots. The -aPnJ,!J

sis showed the GSI score, using ,Friday only data, to preli.;.._t

the turkey shoot winner with a 25 percent probability OCe

in four). There 'was no statistical difference between ),tie
GSI and the instructor pilot prediction capabilities,

A second analysis summed the dSI score obtained on

Friday to the GSI score obtained on Monday and optimally
H weighted the combined score. A- significant increase in

,probability 'qf correct turkey shoot placement was observed
at about 66 percent (two in three).

A third ana'lysis used the four individual parameters
of each GSI score for Monday and-Friday (a total of eight

terms) and optimally weighted each individual parameter,

K -:The results increased the prediction of turkey shoot place-

ment to about 75 percent (three in four), the best prediction

3



which, could be obtained with the- four parameters int#i-!

taively chosen as ifdicators'6f ACM skill.
In the fourth statistical analysis,, a s6t of 40 objec-

tive measures taken during each scoring sessi6on were in- r
troduced-to the discriminant model aspotential predictor

candidates. Included in the daca set were the fbur para-
meters, in the original and improved 4GSI score. The analysis,

derived an optimalprtedictor with about 80 percent probabi-

"lity~of correct turkey shoot placement. Further, a set of
S,• 12•4ubje~ctively chosen demographic (background) data obtained

f rom, studeht questionnaires introduced as potential contribu-

tor candidates in the expanded list of candidates. The pro-
bability of correct turkey shz6 ,p~acement remained about
80 percent -- however, -background parameters of total time,

in fighter aircraft, time in the F-4 aircraft, and the num-

ber of sorties flown in the last thirty days, replaced three

Sof-6 termsL in the -optimal obj'ective predictok scoreý. This

result reinforces the predictor model as, a measure of' pilot
ACM~skill.

The statistically validated GSI was used in the final

analysis to obtain a measure cf-learning trends in the simu-
lat~r. A third scoring session on Wednesday, in addition to

the Monday And Friday data, enabled an evaluation, of Skill

development in the sintulator over the week's training period.*,
A quadratic fit through the. means of individual scores ob-,

tained on the three days showed definite positive group

learning (edumetric trend) j The distribution of individual
•}I,'• :s•scores-was seen to converge, or group closer together-i-

fromMonday to Friday. The slope of the quadratic fit

i ' approached zero on Friday, which indicates that one week's

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

jected to the investigation.

.44
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;c6nclusions -

-The overall analyses in the stud-, shdwed. ithe GSI to be

i :• measure ,.ACM skill with, contributinq pa•%meters' consis-

tJ;enht with intuitive expert opinion and with an acaptob_ e ..

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

GSI' sc6re is shown to be useful in evaluating individual -

and group learning within training programs in ACM, and the

:1 individual °parameters comprising the GSI score can-be used

as teaching -guidds.

A recommendation is made to utilize the alaorithms and

similar) techniques and ,methodologies as, prieented inhthis

study to derive performance measurement systems -for th-&

Simulator. for Air-to-Air Combat ,at Luke AFB and the Air

Combat Maneuvering Instrumentation (ACMI) Range at Nellis AFB.ir When an, obje,0tive performance measure ,can be obtained ,for

"ACM in the airk, then an objective measure of transfer of

training between the simulator and the aircraft can be as-

qertained.-

Applications of the techniques of the study can also be

applied to other ACM simulators and other types of flight

simulators to achieve like measures of skill in, a variety

of flying tasks.

Jg
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PREFACE -

This report documents the taiks performed uider con-,

tract •F3,601-77-A-0176-;KWO1, the Good Stick Index.V&lidation i• ~ ~Study. The Vought corp~rat!iohn• Dallas, 'T~as, has 'been...

under, contract with U!ie USAF Tac~tidai Air command (TAc), to ,

furnish the Air Combat, Engagement• Simulator (ACES) facility
in support of TAC air combat training, during ýthe diata, cpllec• •

tion phase of this study. A pilot performance scoring sys-

Tt emi i,#he Good Sti~ck Index VGI•,,as-developed ear lier- for
,,the "Purpose of predicting relative performahhce: of student.-

pilots in a free engagement competition within each class of

Seight pilots. Initially, four 'parameters of' pilot perfor-

manc; were used to compute a GSI score. or each pilot.

These ,parameters were selected ýsubjectively and were em-
piricalV•y weighted in the scoring, equation. There had been

no prev4ous effort to statistically validate the, predictive

ability of the GSI equation.
The ctntractor wishes to acknowledge the techniical

guidance anid, •ssistance provided by Mr.. Robert E. Coward',

Contract Manager and ;Co-Author, Flying Training Division of'

the Air Force -Human Resources Laboratory, and, the program

training, planning, and scheduling interface of'TAC ACES I

personnel provided by Lt. Col. John K. Sloan II of the Air

Force Tactical Fighter WeapOns Center.
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I. INTRODUCTION

The Good Stick Index (GSI) is a numerical index devel-

oped to measure student pilot proficiencies in simulated

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

the Vought Corporation, Dallas, Texas, consists of four

objective performance parameters tieasured during USAF Tacti-

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

I training.

The four parameters comprising the GSI were subjec-

tively chosen and, from data obtained over many classes,

empirically related 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-,

ment "turkey-shoot" with greater than random frequency.

This study investigates the predictive ability of the

empirically derived relationship as a predictor of turkey

shoot winner by utilizing statistical analysis methods.

Further, the study derives, through statistical techniques,

the optimal predictor indices using the original four sub-

jectively chosen parameters and then derives optimal pre-
dictors from an expanded set of objective measures, which

include the four 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

syllabus by the Instructor Pilots (IPs), (b) certification
that there were no hardware anomalies, and (c) certifica-

tion that there were no software anomalies unaccounted for

during the control period.

14



Additional analyses were performed to obtain correla-

tions of student pilot background-data and IP subjective

predictions of student ranking relative to GSI scores and

actual turkey shoot rankings.

Four of the 12 classes in the experiment were struc-

-tured to collect additional edumetric and psychometric

perameters in order to obtain a greater measure of indivi-

dual and group transfer of training in the simu~lator.

The optimal GSI predictors, as derived by statistical

analyses of the experiment data, are evaluated as -a predic-

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

limited degree, an assessment is m&de-of actual turkey shoot

prediction capability.

BACKGROUND

The TAC ACES 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

simulation in a functional mode, The software modeling

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

addition, a MIG 21 is modeled to provide training in dis-

similar aircraft engagements.

Facility Description

I The Vought Air Combat Simulator, Figure 1, consists of
J two cockpits, each situated within 16-foot-diameter spheri-

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),

15
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.Figure 1. The Vought Air Combat SimulatorI recently developed by Vought. Each pilot wears a g-suit

and sits on a g-seat. As a pilot increases the load factor

on his aircraft, his g-suit inflates and his g-seat de-

flates. The visual display dims as a function of g and

time and finally blacks out, with the target image the last

to go. The g-seat also provides a buffet cue, beginning

as a high frequency nibble, increasing in amplitude and

decreasing in frequency as penetration into the buffet area

occurs. Each cockpit is equippeJ with fire control switch-

ology which reflects the F-4E, number 556 'nd subsequent,

as modified by T.O. IF-4E-556.

h 16



On-line firing and hit cues, engine, aircraftt and wea-

pon sounds add to the realism of the simulated air combat, and

a separate bullet model includzs the time oi flight. Wea-
-pon realism extends to the heat and radar missiles, too,

J,
as a miss will be scored if the aircraft target exceeds the

missile turning/tracking capabilities before the time of

flight has elapsed. A pilot scoring system called the GSI

measures the relative air combat skills of the pilot,
A unique Instructor Pilot (IP) station that is mobile

and that can be operated from alongside the cockpit pro-

vides the IP a matchless vantage point. The IP station

provides complete control of the simulation, including

operate. freeze or reset, replay, data recording, video

recording, and options to record and play back preprogrammed
or canned target trajectories. It also contains the engage-

ment scene which can be recorded on video cassettes. along

with the audio from both cockpits and the IP, for subsequent

replay and debriefing.

Training Sessions

Typically, the TAC ACES I training session is sche-

dued for one week and consists of eight student pilots and

three IPs. Each student accumulates a xinnmum of ten hours
of classroom and hands-on training, in air-to-air combat.

Two student pilots train simultaneously in the dual dome,

two-cockpit facility. Each student pilot is normally in-

structed by an individual IP, but a single IP can instruct

both pilots simultaneourly. Training data are normally

recorded while "flying" against a target with preprogrammed

flightpaths. A kill is "scored" by guns, heat missile,

radar missile, or ground strike.

17
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The student pilot undergoes initial briefings and sim-

ulator familiarity sessions on the first day of the five
days of training. After becoming familiar with the simula-

tor characteristics through the hands-on session, the stu-

dent is "scored" against a series of canned target maneuvers.

The student's initial performance is recorded by computer

and stored on magnetic tape.

The training progresses during the week in accord with

the TAC ACES I training syllabus. The final day of train-

ing, the fifth day, consists of a second scorihg session

with each student pilot competing against cannesd target

maneuvers as was initially done on the first day of train-
ing. The class training culminates by a double elimination

competition, or turkey shoot, where each student competes

against the others in one-on-one free engag•ements until
eliminated or a winner is Jecided.

Background data are collected on each pilot undergoing

TAC ACES I training. In addition, each student pilot is

asked to subjectively evaluate the simulator performances

in comparison to the actual aircraft. Subjective evalua-

tions of the training effectiveness and potential improve-

merits are also solicited. These data are recorded on ap-

propriate questionnaire forms and transmitted to TAC, and a

copy remains on file at Vought.

Utilization of Data

The accumulated subjective critiques of the simulator

performance and the training evaluations obtained from the

student pilots and inputs ftlom IPs are used both by TAC and

Vought in evaluating potential improvements in the simula-

tor and simulator training.

18| i !..
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The objective measures of student pilot performance

are used in .obtaining the GSI to represent a measure of

relative proficiency in air-to-air combat in the simulator.

Student' .piot background data are used to subjectively

o0rrdlate a pilot's expected level of proficiency with that

measured by the GSI.

Experiment Controls

The data were collected for a sample of 90 subjectys

during the pe-iod of this study, under concisely defined

controlled conditions. The study was unique in the sense

that the data had to be collected within and from the opera-

tional training environment. The collection of data under

these condktions also had to be made on a minimum interface

and non-interference basis with the ongoing TAC ACES I

training program. This requirement precluded the applica-

tion of experimental controls in a clatsical sense, as found

in a laboratorif experiment. As a rersult, other methods of

control were developed to function W4ithin the restrictions

imposed to provide some assurance as to the fidelity of the

data collected and to minimize 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 Training Syllabus. A form was
developed and completed after each training class, certify-
ing to the adherence to the TAQ ACES I-Training Syllabus,

fidelity of the air combat simulator performance, and per-

formance acouracy of the software and computer hardware.

Data collected from TAC ACES i students prior to this study
did not have these controls.

19f19
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I,

The TAC ACES I students in the study-were not aware of

the GSI Validatioh Study and the purposes of data collection.

Individual pilot performance data were collected on Monday

and Friday of the training teek and during the "T'urkey

Shoot" elimination contest, after completion of tle formal

<4 training program. In addition, performance data were

collected for four of the 12 classes on Wednesday of the

training week. The students were also required to complete

a background questionnaire and an end-of-course jritique4

The existing questionnaires were modified to O6.tain age
group and combat experience data. The Chief Instructor

Pilots (CIPs) for 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

was required to rank-order that class of students as to

their perceived standing at the completion of the turkey

shoot elimination contest. Simulation or other training

syllabus anomalies were- also recorded as a part of the data

collection task to aid in the identificationoof outliers in

the data sets.

All of the student pilot performance data were recorded

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

course c-itiques, and CIP rankings were recorded on forms
adapted to or generated for the study. In addition, all of
the student pilot performance data were produced on hard

copy printouts for verification and preliminary analyses.

The forms developed and used in the study are included

in Appendix B. The TAC ACES I Training Syllabus and the

turkey shoot competition- rules are included in Appendix C.

Mathematical descriptions of the scoring computations for

each weapon simulated in the study have been submitted to

the Flying Training Division of the Air Force Human Resour-

ces Laboratory.
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II. OBJECTIVES

I Scope

The scope of this investigation is limited to the

optimization and validation of the GSI system. The primary

product is an assessment of the capabilities and limitations

of the GSI scores as indicators of pilot Air Combat Maneu-

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

GSI scores as predictors of pilot performance in free-engage-

ment turkey shoot competition.

Derivation Of Optimal Models

The empirically derived GSI was statistically valida-

ted to its predictive capability by the use of statistical

analysis techniques. An improved GSI predictor using t•te

four subjectively selected parameters of the empirical GSI

was obtained by discriminant analyses. A further improved

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

ble candidate predictor variables and variable selection

techniques. These improved predictors were validated with

data acquired from classes outside the experiment. Confi-

dence intervals on the predictors were provided. Further,

standardized discriminant functions were provided to ident;..-

fy the relative contribution of each parameter in the de-

rived predictor equation(s). Student pilot background and

subjective data obtained from questionnaire forms were input

with objective data to obtain optimal predictor models,

2
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Comparison With Expert Opinion

Subjective rankings of student pilots were obtained

from Instructor Pilots and compared to the derived GSI

predictors and the actual pilot rankings cbtained from

turkey shoot results. These interrelationships were des-
cribed through the use of correlation and variance/co-

variance matrixes.

Correlation With Previous Data

Data from classes undergoing training prior to this

experimental study were used on a random selected basis to

obtain measures of GSI prediction accuracies. These in-

vestigations are necessarily limited to the GSI as deter-

mined from the four subjectively selected parameters, since

other objective data were not on file.

Reeliability of GSI Scor,;s

The reliability of the GSI was determined by calculat-

ing confidence intervals of predictions of turkey shoot rank

and corresponding confidence levels of the degree of cer-

* tainty of the predicted value.

Edumetric and Psychometric 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.

22I
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III. ANALYSES

The GSI Score was computed from data acquired during

the TAC ACES I training of each class, nhprmally on Monday
and Friday. During the GSI Validation Study, a third set

of GSI data was collected on Wednesday for four of the 12

Glasses involved. GSI data are recorded nominally against
Jr •five canned targets; generally, two of the five are cine-

track and the remaining three arb head-on.

j The equation defining GSI is,
GSI = 4.6 (70-MILERR) + 0.86(PANG)+(O/D-35)+0.5(180-TTFK) (")

where:

MIL ERR- average mil error over two cinetrack
runs while R < 3,000 ft.

PANG - average percentage of engagement time in

pointing angle advantage, R < 3000 ft.,

over two cinetrack runs.

O/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
aircraft.

TTFK - average time to first kill (seconds) from

beginning of run until student achieves

first kill against head-on targets with gun

or heat missile.

The GSI Score itself is intended to 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 ERRt PANG, O/D. and TTFK are

"23
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referred to as the GSI component scores or component

variables in this report.

Statistical Analysis of GSI Dataf

The statistical analysis of the basic Monday and Fri-
day GSI scores and the four GSI component scores collected

over the 12-class 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 distributional shapes of
each variable. The histograms for Monday and Friday for
each score are provided on the same page to fpacilitate

visual comparison. In general, the distributions improve
from Monday to Friday (increase or decrease as appropriate)

and the sample standard deviations become smaller.

Scatter diagrams for GSI and GSI component variables
for both Monday and Friday are presented in Figures 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. A visual examination of these scatter

diagrams reveals no apparent trends,
Early in the 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 wins to
the total number of engagements for a given student as indi-

cated on the double elimination tree used to score the
turkey shoots. Correlation coefficients of the four GSI

component variables to turkey shoot rank and fractional wins
for both Monday and Friday data are shown in Table 1. The

presentation is constructed so that the correlation

• 24
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TABLE I - GSI coRpELATION COEFFICIENTS

MONDAY

ST.S. AVG.MIL % OFF
RANK ERR % PANG TIME TTFK

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

AVG.MIL.ERR. .0200 1 -. 08991 -. 1915 .1650

I~ % PANG .0313 -. 3071 1 .2107 -. 2868

% OFF TIME -. 2761 -. 0951 .0007 1 -. 5430

TTFK .2817 .0559 -. 1557 -. 6052 1

FRIDAY

MONDAY

FRACT.' AVG.MIL % OFF
WIN ERR % PANG TIME TTFX

FRACT. WIN 1 -. 1355 ý1759 .0261 -. 1218

AVG.MIL.ERR. -. 0083 1 -. 0891 -. 1915 .1650

I% P-ANG .'0289 -.3071ý 1 .2107 -.2868

% OFF TIME .2866 -. 0951 .0007 1 -. 5430

TTFK -. 2748' .0559 -. 1557: -. 6052 1

j FRIDAY
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coefficients for Monday data are shown .above the main dia-
gonal of each matrix and for Friday data are below the main

diagonal. As can be seen, relativelystrong correlations
exist among the component variables indicating non-zexo co,-
variances and' thus lack of independence, i.e., possible

significant multicolinearities. Correlations between the
component variables and turkey shoot rank and fractional
wins are also seen to be very weak. Various regression

analyses using appropriate variable selection techniques

and ridge regression were also conducted as part of this

study. Predictive capabilities of these regression models

were found to be very poor. This is What might be expected
in view of the scatter diagrams provided,

In an attempt to determine significant sources of
variation;,within the data, five three-way analyses of

V! variance were conducted for GSI and the four component
variables. The three sources of variation investigated

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

(b) variation between turkey shoot ranks, and

(c'i 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, significant difference exists when in fact
it does not is less than one, percent), implying, of course,
that if GSI measures group learning, a significant increase

i 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 claoses. It was preferred that significant
differences between c.asses would not occur, as this
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TABLE 2 - ANALYSIS OF VARIANCE - GSI SCORES

SOVARIATIOF UM OF SQ. DF' MEAN SQ. F TEST

BETWEEN 997,335 1 997,335 51.1**
DAYS

BETWEEN 58,630 3 19,543 1.00

BETWEEN
RANKS 5t3 953 10

BETWEEN 655,204 8 81,900 4.20**
CLASSES

RESIDUAL 2,557,437 131 19,522

TOTAL 4,268,606 14a

Ssignificant at 5% level
** significant at 1% level

37

----- -4~--~ 7 7



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 be detected from these data.

Tables 3 and 4 present 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 1 percent confi-

dence level, but no difference is evident between days. A

difference is detectable 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 signifxcance for variation between ranks. For

the component variable, offensive time, significance be-

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

ences appear to exist between ranks or classes. For the
component variable TTFK, significant differences are de-
tected at the 5 percent IeveJ, between days and between

ranks. Differences are not evident betweer classes. Table

5 summarizes the finding of the analyses of variance per-

formed of the four GSI component variables,

3
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TABLE 3 - GSI COMPONENT ANALYSIS OF VARIANCE

ANALYSIS OF VARIANCE - AVERAGE IL, ERROR

SSOURCE OF I SUM OF S- DF MEAN SQ. F TEST
VARIATION O

SBETWEENBEWE 152.11 1 152.11 .51

DAYS___________________

BETWEEN 4',567.06 3 1,522.35 5.15**
RANKS _______

BETWEEN
CLASSES 5,568.72 8 696.09 2.35*

RESIDUAL 38,764.33 131 295.91

TOTAL 49,052.22 143

ANALYSIS OF VARIANCE - % PANG

SOURCE OFI
VARIATON SUM OF SQ. DF MEAN SQ. F TESTVARI ATI ON

BETWEENDAYS 2,871.17 1 2,871.17 24.5**

BETWEEN
BWN 356.08 3 118.69 1.01
RANKS
BETWEEN
CLASSES 4,114.25 8 514.28 4.38**

RESIDUAL 15,371.44 131 117.34

TOTAL 22,712.94 143

* significant at 5% level
•* significant at 1% level
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TABLE 4- GSI COMPONENT ANALYSIS OF VARIANCE

ANALYSIS OF VARIANCE - % OFFENSIVE TIME

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

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

BETWEENEWN 274.25 3 91.42 .64
RANKS____

'BETWEEN
CLASSES 1,332.47 8 166.56 1.17

RESIDUAL 18,,600.56 131 141.99

TOTAL 26,903.97 143

ANALYSIS OF VARIANCE - TIME TO FIRST KILL

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

BETWEEN 19,113.07 1 19,113.07 23.2**
DAYS

BETWEEN 13,215.75 3 4,405.25 5.35**
RANKS

BETWEEN 10,873.01 8 1,359.13 1.65C_ CLASSES " o"

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. VARXABLES

SoURCE bF
ViAIA'TION MIL ERR % PANG J O/D TTFK

BETWEEN DAYS - **

BETWEEN RANKS **

jBETW3EEN CLASSES ** -

* signifidant at 5% level

•* significant at 1% level

A Compaxison of the GSI Predictor

This .section presents a comparison of the best predic-

tor using the GSI Score as defined at the beginning of the

study with random selection and with CIP predictions (CIPPs)

made just prior to the turkey shoot competition. Compari-

sons were made at four levels of detail as to the outcome

of the turkey shoot (These leve&ls of detail are carried

throughout the remainder of the study). The four levels are

defined as follows:

1. Four Gtcoups - Proper p!-acement into the proper

turkey shoot quartile, i.e., 1 or

2 in the first group,, 3-4 in the

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

2. Upper Ualf Proper placement of students in the
of Clasýs - top four turkey shoot ranks in those

ranks, i.e., 1, 2, 31, 3.5 or 4 in

these ranks.
3. Winner and Proper placement of the winner or

Runner-U'v -

R - - runner-up in the winner/runner-up

j group.
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4. Winnier - Proper identification of the
actual turkey shoot winner.

The results of this comparison are provided in Table 6.

Note that CIPPs were not, made for the first few •la~ses.
of the experiment; thus, only 67 out of a possible 90 CIPPs

were made. The random selection probabilities were deter-
mined under the assumption of independent random assignment

of students to turkey shoot position. For example, there

are eight possible assignments of cutcome to the turkey
shoot position. One of these positions is the winner posi-

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

eliminator positions, etc. Thus, the probability that a
given student will be assigned the winner position, given

that his assignment is at random and independent of all

other assignments, is one out of eight or 12.5 percent.
Similarly, if the grouping being considered is winner and/or

runner-up, there are two out of 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 confidence
limits were calculated using these data and were determined

4 42
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TABLE 6 -

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

RANDOM SELECTION

GSI
RANDOM -RANKING

GROUPINGS SELECT. CIPP (FRSCORE)

. NO.CORRECT - 21 26
PREDICT.

. TOTAL NO. - 67 90~FOUR GROUPS 'PREDICT.
(12,34, % CORRECT 25% 31.3% 28.9%
5"6,7-8) PREDICT.

. 95% CONFI- - 20.2-42.5 19.5-38.3
DENCE INT.

* NO. CORRECT - 24 27:
PREDICT.

. TOTAL NO. - 34 46
UPPER HALF PREDICT.
OF CLASS 0 % CORRECT 50% 70.6% 58.7%
(1,2,3-4) PEIT

PREDICT.
. 95% CONFI- - 55.2-85.9 44.5-72,9

DENCE INT.

. NO. CORRECT - 6 9
PREDICT.

WINNER & . TOTAL NO. - 17 23

RUNNER-UP PREDICT.
(1,E2) % CORRECT 25% 35.3% 39.1%( , 2)

PREDICT.
95% CONFI- - 12.6-58.0 19.2-59.1
DENCE INT.

. NO. CORRECT - 1 3
PREDICT.

0 TOTAL NO. - 9 12
WINERPREDICT.• ~WINNER"

('). % CORRECT 12.5% 11.1% 25.0%
PiREDICT.
95.% CONFI- - 0-31.6 0-49.5
DENCE INT.
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to be 20.2 percent and 42.5 percent 1 . Thus, over the long

run, 95 percent of the CIPPs can.be expected to be between.
20.2 and 42-.5 percent Correct. Similar information is pro-
vided for the other CIPP and the GSI ranking predictors.

Each CIPP and GSI ranking prediction was subjc6ted

to a test of the hypothesis that it is equal to or better
2than random selection The CIPP for the upper half of the

turkey shoot was found to be significantly better than ran-

dom selection at the 5 percent confidence level. The GSI

ranking predictor was found to be significantly better thah

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

percent confidence level, All other predictions were 'ound

not to be significantly different from random prediction at

the 5 percent level. Table 7 provides the levels of signi-[, ficance at which differences would be assumed to exist.

TABLE 7 - APPROXIMATE PXSK LEV-'Y k-'TT .AHICH
DIFFERENCES CAN Br ASSU'4ED TO EXIST

GROUPINGS CIPP GSI RANKING

FOUR GROUPS 15% 18%

UPPER HALF 5% 13%

WINNER & RUNNER-IIP 26% 5%

WINNER 36% 20%

*" 1Ostle & Mensing. Statistics in research, (3rd ed.). Ames:
I Iowa State University Press, 1975, 100-101.

S 2 Ostle & Mensing. Statistics in researchi (3rd ed.). Ames:
Iowa State University Press, 1975, Ti23r--33.
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Thus, to this point in the analysis, it can. be con-

cluded that CIPPs &an classify students as to whether or

not they will finish in the upper half of the turkey shoot
with about 55 to 86 percent accuracy while a simple GSI

ranking scheme can correctly predict turkey shoot winner

and runner-up classification about 39, percent of the timeý.

For othqer predictions 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 frcm the expanded data
sets 4cquired from the master data base and through the use

of discriminant analysis.

The Discriminant Analysis,- A Discussion of the Analysis
Performed

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 part of
3the SPSS package . The capabilities of this program were

useful in the development of predictor equations from the

available data. The purpose of this analysis was to 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.

SNie. Statistical Package for the Social Sciences (SPSS),

(2nd ed.) . New York: McGraw Hill, 1975, 434-462.
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Discriminant analysis begins with the desire to sta-

tistically distinguish between two or more defined groups

using information ava'lable from sample -data. It was de-

sired to predict turkey shoot winners using data collected

by• the simulator computer from each student. during the nor-

mal course of his training and also from questionnaires.

The groupings of interest were defined from turkey shoot

rank. In a normal class of eight student pilots, there

are always at least five 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 (2).

The primary objective of the analysis was to develop

predictor algorithms for turkey shoot winners; 'therefore,

the groupings considered were structured to investigate the

level of detail at which winners could be predicted from

available data. Winners can be defined in several ways.

One winner class is the alsolute winner or undefeated stu-

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

winner axd runner-up. This grouping scheme was used with

some limited success in earlier Vought investigations which

employed Friday GSI as the predictor variable. A third

level of detail is the upper half of a class as determined

by the turkey shoot competition. In all, four different

grouping schemes were defined and investigated. These

are as follows:

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

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

all others (Group II)

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

runners-up, and third eliminators) versus the

lower half of the class (Group IIM second
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eliminators and first eliminators).

4. Four Groupings (Group I: winners 'and runners-
up.; Group II-: third eliminators; Group III:

second eliminators; GroupIV: first elimina-

tors ).

3 The analysis was conducted in four parts, each1 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 the best 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-

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

determined here were then used as the baseline, or basis
of comparison, for the other three analyses which followed.

'The discriminant analysis considers more th.an 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

correctly classify most of the true winners but incorrectly

classify some relatively large number of non-winners az
winners. It Mlust be decided how many non-winners can be

accepted in the winner group. This study found that by

using indicators more complex than the GSI Score itself,

it was possible not only to correctly classify "winners'

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 variables. in the second analysis,

[i'ii '.I'



the four component variables (or part scores), from which

oGSI is calculated were used instead of the GSI total scores.

The DISC<IM program was then allowed to seiect from these

eight component variables (four for Monday and four for Fri-

day) the best predictor variables for each of the four

classification schemes. The eight variables, are de'fined in

Table 8 which shows that DISCRIM was selective and never

used all available data to define the optimal prediction

(classification) equations.

Results of the Discriminant Analysis

The results of the four discriminant analyses are pre-

sented. Five pieces of information are provided for each
discriminant grouping scheme:

1. A tabulation of grouip 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-

dict group membership. There is one classification function

for each defined discriminant group. To classify a given

sample (case), the value (score) for each classification

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

fied into the group for which the classification function

provides the highest score.

3. Standardized Discriminant Function(s) - In this

study, there ,is always one less discriminant function than

the number of groups defined. In general, the discriminant

functions can be thought of as the axes of a geometric

space, and thus can be used to study the spatial
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TABLE g - MONDAY AND FRIDAY GJSA COMPONENT VARIABLES AND
VARIABLE SELECTION BY DISCRIMINANT GROUP

GROUP I - Winners-; GROUP II - Others

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

Others

GROUP I Winners, R.U., & 3rd Elim.;
GROUP II - Others

VAR. GP. I- Win. & R.U.; GP. II - 3xrd Elim.,

DESIG. GP. III - 2nd Elim.; GP. IV - 1st Elim.

VARIABLE DEFINITION

Xl X X AVERAGE NMIL ERROR FOR FRIDAY

X2 x PERCENT TIME IN PANG FOR FRIDAY

X3 x x x PERCENT OFFENSIVE TIME FOR FRIDAY

X4 x x TIME TO FIRST KILL ON FRIDAY (SECONDS,)

X5 x x AVERAGE MIL ERROR FOR MONDAY

X6 PERCENT TIME IN' PANG FOR MONDAY

X7 PERCENT OFFENSIVe TIME FOR MONDAY

X8 x x X 'T1ME TO FIRST KILL ON MONDAY (SECONDS)
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relationships among the grodps. The standardized dis I

criminant functions perform the same general fuiictions as

the ,standdrdized (beta) cofficients in regression analy-

sis. These functions provide afi easy reference as 'to the

relative contribution of each of ,the selected discriminant

predictor variables.

4. Unstandardized aiscrimirant Functions- The un-

Sstandardized discriminant functions, like the standardized,

aza useful in the descriptive analysis of spatial relation-

I! ships among the groups.

5. Canonical Correlation Coefficients of the Discri-

j-I° minant Function(s) -- The canonical correlation coefficient

provides an indication of the relative capability of the
associated discriminant function to separate •data into

correct groups. A value of one indicates perfect group
separation capability; a value of zero irndicates totai in-
ability to separate groups,

The First Discriminant Analysis - Assessment of the GSI
Scores- as Turkey Shoot Placement Predictors

The results of the first discriminant analysis are

* presented in Tables 9, 10, and Ii, where Monday and Friday
I GSI scores are the predictor variables. While, in general,

members of the first group are correctly classified on the

order of 6C percent of the time, many non-first group stu-

dents are classified incorrectly in the first group. The

lack of discriminant power is 4vi,denced by the low values

of the canonical correlation coefficients of the respective

discriminant functions, i.e.; between 0.120 and 0.218.
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TABLE 9 - GSI TURKEY SHOOT WINNER PREDICTIONS

PREDICTOR, VARIABLES: Monday and Friday GSI Scores

ACTUAL GROUP No. OF MMICTED GROUP ? ESEIP"
bm•SHIP CASES GOUP I GROUP II

Turkey Sh~ot
Winners GPI 12 66.7% 33.3%

Turkey Shoot Non- 34 44
Winnercs (Others) GFII 78 43.6% 56.4%

57.8 %OF ASS WERE CORECTLY GROUPED _

CLASSIFICATION FUNCTION DISORMI1NANT FUNCTION

VARABL COMENTS C OE TICM- :s

GRU 0-QP1 STANDARDIZED 'UNSTAiiDARDIZED.
FGSIo 0.03907 0.03594 -0.96118 -0.00757

MJ jtS! Q,00400 0,00581 0.75773 0.00437

CONSTANT -13.77014 12.55049 -- 2.80178

*I_ __I___ ___ ___ IIIlII_...___--_

CA4NONICAL CORRELATION OF SqD4IINANT FUNCTION IS 0.140

- 561
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"TABLE 10 - GSI T;URKEY SHOOT WINNER AND
RUNNER-UP PREDICTIONS

PREDICTOR VAPIABLES: Monday and Friday GSI Scores

ACJAL 'GROP -NO. OF PREDICTED GROUP NEMERSHIP
MEMBERSHIP CASES GROUP I GROUP II

Turkey Shoot 14 9
Winners & RunnersGPl 23 60.9% 39.1%
Un

Third, Second, and 33 -

First Elimina- GPTI 67 49.3% 50.7%
tors (Others)

53.3 % OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION FINCTION DISCRIMINANT FUNCTIONVARIABLE ,3OEFFIC IENTS COEFFICIENTS
_GROUP T GROUIP IT STAND)Aj(IZED, *STWNARDt2ED

FGSI 0.03804 0.0396 0.96359 0.00759

MGSI 0.00596 0.00581 0.09485 0.-00055

CONSTANT -13.85377 -12.45815 -5.02757

.52

SCAN1ONICAIL CORRE'LATION OF DISCRIMN)~ANT FIX•CTION IS 0. 120
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TABLE ii - GSI TURKEY SHOOT WINNERS:, RUNNERS-UP AND THIRD
ELIMINATOR PREDICTIONS (CLASS UPPER HALF)

PREDICTOR NARIABLES: Monday and Friday GSI Scores

ACTUAL GROUP NO. oF PREDICTED GROUP M93EHP
MEMBESHIP CASES GROUP 7' GROUP 1

T.S. Winners,
Runners-Up and GPI 46 27 19
"Third Eliminators 58.7% 41.3%

A T.S. Second and 19 25
First EiiminatorsGPII 44 43.2% 56.8%

57.8 OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION FMCTION DISCRIMINANT FUNCTIONvAM'L COEMICIENT COEFFICIENTS
GROUP TGROUP - STANDARDIZED UNSTANDARDI[ZED

FGSI 0.03764 0.03587 0.49739 0.00392

MGSI 0.00759 0.00574 0.71398 0.00412

CONSTANT -14.06189 -12.11746 -4.32199

CAiNONICAL CORRILUTION OF DISCRIMINA!NT FINCTION IS 0 .218

4-53
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The Second Discriminant Analysis - Statistical Derivia-.
! tioA df an Optimal Four Parameter Predictor- Derives
Optimal Predictors Using the Same Four Parameters of the
Empirically Derived GSI Scores

The results of the second discriminant -analysis are

presented in Tables 12, 13, 141, and 15. In this analysis,

the eight GSI component variables (-four for Monday GSI

component scores and four for Friday GSI component scores)
are used as candidate predictor variables (Table 8). The

table for each group definition indicates the variables

selected by DISCRIM. 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

the top discriminant group. The predictive capabilities of
this analysis appear to be marginally better than in the
GSI score analysis. The second analysis also investigated
four groupings (quartile ranking) (Table 15). The standard-

ized and unstandardized discriminant function coefficients
are also presented in Table 15.

The Third Discriminant Analysis - Statistical Deriviation
of Turkey Shoot Placemen.t Predictor frrcia an Expandedobjective Data Set

The results of the third discriminant 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 each

group definition indicates the predictor variables selected
for the given grouping scheme. The expanded set of candi-

date variables and their definitions are contained in Table
20. The canonical correlations of the discriminant

54
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TABLE '12 - OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER
PREDICTORS

PREDICTOR VARIABLES: Monday and Friday GSI Component

PICOVI Variables

ACTUAL GROUP NO. OF PREDICTED GROUP MFE•MSHIP
MEMBERSHIP CASES GROUP I GROUP II

e9 3Turkey Shoot• GPI

Winners GPI 12 75.0% 25,0%

Turkey Shoot Non-I 32 46
Winners (Others) GP.I 78 41.0! 59.0%

,1 OF CASES WERE CORREVT!.Y GROUPED

CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION

VARIABLE COEFFICIET COKTCENTS

X3 1.25471 1.18593 0.78341 0.09978

X8 0.144,17 0.13060 0.69032 0.01968

Constant -55.04846 -48.45673 -- -9.32037

I COREATO OF DICRMIAN __IS .......

I . ... ....5I
SCANO~I%•AL CORRmLTIOU OF PISORIMINANT FUNCTION IS 0.* 226

?§- A -5
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TABLE -13 - OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER
AND RUNNER-UP PREDICTOR

PREDICTORI VARIABLES: Monday and Friday :GSI Component
Variables

"ACTUAL-GROUP NO. OF PIREDICIM GROUP MEMBERSHIP
MEMBERSHIP CASES_______{ GOPI

Turkey Shoot 15 8
Winners & RunnersGPI 23 65.2% 34.8%
JIp -

Third, Second & 29 38
First EliminatorsGPfl 67 43. 3% 56.*7%

% OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION FUCTION DISCRDINANT FtwCTION
VARIABE COEFFICIENTS COEýFICIENTS

__,_O_____ GROUP TI STANDAR.DIZED STANDARDIZED
Xl 0.17609 0.20701 -0,74791 -0.04149

X2 0.42651 0.45655 -0,45291 -0.04032

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

___•_ _ __ __ "_ -' - -- -I__ _-~ I ,--..------. --- _________ - ----------- ______

4 CANIONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0 . 301
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TABLE 14 -OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER,
RUNNER-UP & 3RD ELIMINATOR PRED.'(UPPER HALF)

PRDCJTO VARIABLES: Monday and Friday GSI Comp)nent
Variables

J ACTUAL GROUP NO., OF PREIDCTED, GROUP77S II•

r CARES GROUP I GROUP I1
T.S. Winners, Runners 27 19
Up & Third Eli- GPI 46 58.7% 41.3%
,minators _._"T.S. Second and 16 28
First Eliinina- GPII162

1 4 4 36.4% 63.6%

• 6!.1 • OF-CASES WERE CORRECTLY GROUPED

CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION• VARIABL COE•FFICIMT COEFFCIENTS

X3 2.23993 2.20200 0.3Z7015 0.04714
X4 .0.60083 0.6148 .- 0.,39683 -0.01671

X8 0.04012 0.05417 -0.61199 -0.01745

Constant -l09. 50150- -110.0942 -- 0,64692

SCANONICAL CORRELATION OF DISCRDUNANT FUNCTION IS 0. 357

U5
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TABLE. 15 -OPTIMAL FOUR PARAMETER' QUARTILE RANK PRE-
DICTORS

-PREDICTOR VARIABLES: Monday and Friday GSI Component
Variables

NO. PP ICTED GRO"UP MEMBERSiIP
ACTUAL GROUP: ,OF -"-_ _

MEBERsHIP Cs GP I GP II -GPXII GP.IV

TurkeyShoot GP I 10 5 4 4Winners & Runners Up 23 43.5% 21.7% 17.0-% 17.4%

Turkey Shoot GP 1I 4 13 1 5
Third Eliminators 23 17.4% 56.5% 4.3% 21.7%

GP I -

Turkey Shoot GP III 7 4 5 7
Second Eliminators 23 30.4% 17.4% 21.7% "30.4%G P I V ..
Turkey Shoot 4, 3 6 8
First Eliminators 21 19.0% 14.3%1 28.6% 38.1%
40.0 % OF CASES WERE CORRECTLY GROUPED.

CLASSIFICATION FUNCTION COEFFICIENTS

VARIABLE GROUP I GROUP II GROUP III GROUP IV

Xl 0.14229 0.18733 0.16523 0.14452

X3 1.26789 1.27884 1.23831 1.17700

X5 0.01537 0.02250 0.01595 0.02180

X8 0.10084 0.08284 0.10708 0.10920

constant -53.39603 -53.99324 -52.95479 -48.69345

• , 
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TABLE 15 (CONT,.)

PREDICTOR VARIABLE SET: Monday and Friday GsI Component S~Variables

I DISCRIMINANT FUNCTION COEFFICIENTS

VARIABL STANDARDIZED UNSTANDARDI ZEDf FCN. I FCN. II FCN. III FCN. I FCN. !I FCN. III

iI L-_37 0 25 4.02245172. a0.39 0 7
X3 ;-0.51720Q,,54261 -0.05719 10.06587 -0.06911 -0.00728

;g5 5 -0.10805 0,60537 0.49927 .- 0,00175 0.00978, 0.00806

X8 0.69680 -0.14693 -0,57239 U.01487 -0.00419 -0.01632

CONSTANT -- .. 3.21251 3.93242 3.6335'I

""ANONICAL_

CORREL. 0.427 0.281 0.162
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TABLE "16 - EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNER PREDICTORS

PREDICTOR VARIABLES: Expanded Data Set (Without Demographic
Data)

ACTUAL GROUP -NO OF PREICTED GROUP MMERSHIP'
EMBERSHIP CASES GROUP I GROUP II,

Turkey Shoot 10 2
Winners GPI 12 83.3% 16.7%

Turkey Shoot- 9 68
Non-Winners GPII 77, 11.7% 88.3%
4.(Others)
87.6 % OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VCOEt dotFFICIreMS COEFFICIenTS

V GROUP I GROUP IT STADARDIZED UNSTANDAEDIZED

M8 0.00575 0.00755 0.23698 -0.00063

M12 0.86869 0.82532 0.32092 0.01511

M16 1.58034 i.19862 " 0.15558 0.13295

M29 0.18453 0.23185 -0.21587 -0.01648

M32 0.02928 "0.02361 0.82497 0.00197

F). 1.39074 0.61329 0.80084 0.27081

P18 0.05870 0.16967 -0.38896 -0.03865

F22 -0.10910 0.72217 -0.74215 -0.28957

F23 0.15750 0.09483 0.45025 0.02183

F27 4.35721 4.77215 -0.20194 -0.1.4455

Fl9 0.35718 0.31550 0.19126 0.01452

CONSTANT -118.97914 -116.51265 -- -0.20297

CPANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.617
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4 TABLE 17 -EXPANDED OBJECTIVE PARAME3TERS TURKEY SHOOT
WINNER AND RUNNER-TUP PRE&DICTORS

IEDICTOR VARIABLES: Expanded Data Set (Without Demographic
Data)-

ACTUAL GFOUP NO. OF . PREDICTED GROUP MMBSHIP
MEMBERSHIP CASES GROUP I GROUP II

Turkey Shoot% 19 4
Winners and GPI 23 19

82.6% 17ý4%
Ru ners-mUp-ýThird, Second-,-
and First Elimi- GPII 66 24.2% 78.8%
nators (Others) 2 788

77.5 % OF CASES WERE CORRECTLY GROUPED

-CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VAPIABLE OEFFICIENTS COEFFICIENTS

QBU Ij SADRIZED UNSTANDARDIZED

jM10 0.02022 0.02543 0.18801 -0.0030.2

M14 0.00224, 0.00245 -0.19653 -0.00012

M24 0 .38542 0.43],26 -0.28432 -0.02427

M29 -0.13310 0.27617 -0.32723 -0.02498

M32 -0.00597 -0.00758 0.39114 0.00094

F18 0.42068 0.51226 -0.53455 -0.05.311

P27 5.90280 6.40625 -0.40832 -0.29227

r29 0.12566 0.05530 0.53757 0.04080

-CONSTANT -54.73753 -64.82437 -- 6.15123

CANONICAL CORRELATION OF DISCRIMINANT FLNCTION IS 0 .542
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TABLE 18'- EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNERS, RUNNERS- UP AND THIRD ELIMINATOR '(UPPER HALF) PRED.

PREDICTOR VARIABLES: Expanded Data Set,(Without Demographic
Data

ACTUALGRObP "No. OF PREDICTED GROUP MMERSHIP
'Mt!EllSHIP CASES GOPI'GROUP II

T.S. Winners, 36 10
Runners-Up and GPI 46 78.3% 21.7%
Third Eliminators

T.S. Second and 10 33
First Elimina- GPII 43 23.3% 76.7%
tors

77.5 % OF CASESWERE CORRECTLY GROUPED
SCLASSIFICATION FUN(CTION DISCRI14INANT FUNCTION

VARIABLE 0OEFFICIENTS COEFFICIENTS

M4 0.02266 0.02134 -0.22960 -0.00068

M20 0.51193 0.59123 0.27909 0.04063

M25 0.,08904 0.05773 -0.37943 -0.01603

F. 20.40007 21.28377 0.30075 0.45352

F18 0.21914 0.31037 0.47031 0.04673

F25 0.12007 0.09632 -0.25523 -0.01216

F29 0.01772 -0.04312 -0.41056 -0.03116

P30 -0.56101 0,59603 0.30273 '0.59262

CONSTANT -126.35294 -131. 05737 -- -2.39923

CANONICAL CORRELATION OF DISCRIMINANT FIUCTION IS 0.616
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TABLE 19 - EXPANDED OBJECTIVE PARAMETERS QUARTILE
RANK PREDICTORS

PREDICTOR VARIABLES: Expanded Datd, Set (Without
Demographic Data)

- ACTUAL GROUP NO. PREDICTED GROUP MEMBERSHIP
ACTUA OF vOF

MEMBERSHIP , GP I GP 1I GP-III GP IV

Turkey-Shoot GP I 14 4' 2 3
Wir., ers & Runners. Up 23 60.9% J'17.4% 8.7% 13.0%

Turkey Shoot GP II 4 133

Third Elimir"ators 23 17.4% '56,.5% 13.0% 13.0%

Turkey'hoot GP II 5 .3 12 3
Second ETiinators 23 21.7% 13.0% 52.2% 13.0%

Turkey Shoot GP` IV 1 Q '2 17
First Eliminators 20 5.% 0.0% 10.0% 85.0%

62.9 % OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION FUNCTION ,COEFFICIENTS

VARIABLE'
GROUP I ' GROUP II GROUP III- GROUP IV

: M9 '0.39080 0.43457 0.42527 0 0.32973

Mil -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 23.13644 24.77510

FI6 1,25992 1.56965 1.20116 1,61926

0. 8 0'38089 0.42928 0.49087 0,49089

,jF23 0.3219,4 0.,29975 0.32001 0,28426

F25 0.23929 0.24372 0:21273 0.24954

F27 0,43905 ' 1.20003 0.74263 0.4039-7_ _ _ _ - _ ___

F29 -0,04349 -0.07499 -0.06826 -0,20159

CONST -134,68774 -140.151 -139.95496 -147.6?793

I -- _13:5710i

§1 __I ___U
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TABLE 19 (CONT.) - EXPANDED OBJECTI-\tE PARAMETERS QUARTILE
"-RANK FUNCTION COEFFICIENTS

PR•EDICTOR VARIABLE SET.- Expanded •Data•Seý_ (Witýhout',Demog~ra'ph'ic
Data),

SDISCRIMiNAT FUNCTION COEFFICIENTS

STANDARDI ZED UNSTANDARDI BED I

M9 0.29372 0.061-5109' 0.50531 0.02840 0.00629 0'.-04 886j
Mli 0.27j379 0.72985, 0.13650 0.07279 0.19405 0.03629_

M22 -0.28484 -0.44215"-0.17302 -0.11116 -0.17255 ý0.•06752
0.-4529 0.00322:-0.01398 0.01037

M25 0.,076 15.-O.3307-4 0.24___ 29'________

M32 0.21123 0-,27740 6.52465 0.00051 0.00066 0.00126

Fl -0.43789 0.08832 -0.47683 -0.66033 0.133-19' 0.71904

F16 -0.22091 -0.35071 0.19407 -0.,11332 -0.1799ý0 0.09955

F18 1-0.31037 0.38222 0.35250 -0.03084 0Q.0379q 0.03503

F23 0 251,34 0.20717 -0.12811 0.01219 0.01004"-0.00621

F25 -0.-10654 -0.37477 -0.13307 -0.00508 -0,.01786 -0.00634

F27 0290j01522 0.77547 0.934 -0.12542 0.550

F29 0.7277910.10283 0.10076 0.05524 0,00780 0.00765

CONSTANT -- - - -- 3.90265 -0J10029 -2.19164

__ __ _ __ _L_ _ | _ _,_- ,CANONICAL-

CORREL. 0,647 0.529 0.440
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TABLE 20 - CANDIDATE OBJECTIVE FREDICTOR VARIABLES

,DESIGNATION DESCRIPTION

F29 HIT/MISS H-MISS SCORE HtON (H*(H+t1)/HON)
F12 *TIME TO FIRST KILL (SEC-AVG/HEAD-ON)
F17 TOTAL NO. HITS HON (HITS/HON)j F04 TOTAL FUEL USED (LBS. AVG/HEAD-ON)
F06 *PERCENT OFFENSIVE TIME (% AVG HD-ON)
F18 TOTAL TIME IN H-MIS ENV CTK (TIME/CTK)
F01 MAX G'S (MAX/SERIES)
F25 TOT. TIME IN GUN ENV. HON (TIME/JiON)
M30 flIT/MISS R-MIS SCORE lION (H* (H+M) /HONr)
M17 TOTAL NO. HITS HON (IIITS/HON)
F09 TOTAL TIME SR LT 1500 (SEC-AVG/CTK)
M32 HIT/MISS GUN SCORE (Hf*TOTAL RDS/HON)
M12 *TIME TO F't RST KILL (SEC-AVG/HEAD-ON)
r2 7 G SPREAD 10,N (MAX G - MIN G)
F32 flIT/MISS GVL SCORE (H*TOTAL RDS/HON)
F08 TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
M13 *PEFCENT TIME IN PANG (% AVG./CINETRACK)
F22 TIME TO GUN ENVELOPE CTK (TIME/CTK)
F23 TIME TO GUN ENVELOPE HON (TIME/HON)
F02 NO. TIMES OVER G (TOTAL SERIES)
Mil TIME TO PANG (SEC-AVG./CINETRACK)
M09 TOTAL TIME SR LT 1500 -(SEC-AVG./CTK)
F31 HIT/MISS GUN SCORE (lI*TOTAL RDS/CTK)
M10 *AVG. MILL ERROR SR LT 3000 (MILS-AVG./

CINETRACK)
M25 TOTAL TIME IN GUN ENVHON (TIME/HOW)
M16 TS,±'AL NO. HITS CTK (IIITS/CTK)SFil TIME TO PANG (SEC-AVG./CINETRACK)
F30 HIT/MISS R-MISS SCORE HON (H*(H+M)/HON)
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 CTrK (TIME/CTK)
M20 TOT. TIME IN A-MIS ENV CTK (TIME/CTK)
M29 HIT/MISS H-MISS SCORE HON (H*(H+M)/I!ON)
F03 TOTAL FUEL USED (LBS. AVG./CINETK)

jF16 TOTAL NO. HITS CTK (HITS/CTK)
M24 TOT TIME IN GUN ENV CTK (TIME/CTK)
M04 TOTAL FUEL USED (Li3S. AVG/HED-ON,
M14 DELTA ENERGY STATE CTK (INIT-END/CTK)
M08 TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
M31 HIT/MISS GUN SCORE (H * TOTAL RDS/CTK)

* Variables used to compute GSI scores.
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TABLE 21 - EXPANDED OBJECTIVE PLUS DEMOGRAPHIC PARAMETERS
TURKEY SHOOT WINNER PREDICTORS

PREICTOR VARIABLES: Expanded Set Including Demographic
vata

ACTUAL GROUP NiO. OF PREDICTED GROUP MEMBRSHIP
MEMBERSHTI CASES GROUP I GROUP II

Turkey Shoot 10 2
Winners GPI 1283.3% 16.7%

Turkey Shoot Non- 9
Winners (Others) GPII 77 11.76 88.3

87.6 % OF CASES WERE CORRECTLY GROUPED

VACLASSIFICATION FUNCTION DISCRDMINANT FUNCTION
VARIABLE COEFFICIENTS COFFICIFZTS

GROUJ GROUP IT STANDARD17ED LNSTANDARDIZED

D5 - 0.00135 - 0.0001b 0.2b,2 I.OUO,4

1,18 0..00331 2.LQ •,1 2 __ • . U 070i.u ._ _

1-129 - 0.0906 - 0,,2737 0. U.U2181

1432 0.00116 - 0.0049, -0.00142

UII 0.98447 - -o.,214

O6 0.64778 Al -0.08907

FI .- Y-0 - * 13 U.03568
SF22 .b124 .. b9227 0.27011

F23 u,120, .1Uk2 -0. 4,I) 723 -0.02411

F'29 u.t7i , 0.14137 -ti. l)4'7 -0.01252

J2OS~LAU: .-_..•_,lLR. -L. 5 . -0. 72b0..

CANICAL IFLCTON IS u 62
j * IC•((IALCORRELATION OF DISMIII1AN? F0(TO SU 20O
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TABLE 22 - EXPANDED OBJECTIVE PLUS DEMOGRAHIC PARAMETERS
TURKEY SHOOT WINNER AND RUNNER-UP PREDICTORS

FREDICTOR VARIALES: Expanded Data Set Including Demographic
Data

ACTYAL .GROUP NO. OF PREDICTED GROUP0 MMSHIP
CASS GROUP I GROUP II

Turkey Shoot 19 4
Winners & GPI 23Ru ,82.6% 17.4%
Runners Uo .....Q2__. ..
Third, Second & 12 54
First Elimina- GPII 66i-r- (tj r,)18. .2% 81.8%

82.C O OF CASES WERE CORRECTLY GROUPED _

CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARIABLE COEFFICIENTS COEFFICIENTS

DRU T 9QLU .1 STANDARDIZ.ED USTANDARDIZED2

.50 0 _ .}JL.l.5 ... _0., 3505 0. 00055

)6 . .... 00329 0.00079 - 0.74499 - 0.00159

D7 0.02341 0.05347 0.42358 0.01171

M9 0.46854 0.52321 0.22037 0.02131
M10 0.00171 0.01239 0.25887 0.00416

M20 0.80229 0.9,1792 0.30951 0,04506

1129 0.04429 0.09930 0.28076 0,02144

1M32 - 0.00274 - 0.00417 - 0.23232 - 0.00056

1l1 0.64870 0.11529 0.61456 0.20782

Flo 0O34346 0.43268 0.34989 0.03477

F-22--. 0.57578, _1-09963 0.52312 0.20411

F27- 7.10480 7,60449 0,27220 0.19484

P29 0.15338 0.06650 - 0.44603 - 0.01385

F30 0.47268 1,56218 0.21687 0.42454

CONSTANT -62.57329 -73.08694 .. 4.45741

CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.654
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TABLE 23 - EXPANDED OBJECTIVE PLUS DEMOGRAPHIC PARAMETERS

TURKEY SHOOT WINNER, RUNNER-UP & 3RD ELIM. (UPPER HALF)

F MICTOR VARIABLES: Expanded Datat Set Including Demographic
Data

ACTUAL GROUP No. OF FMICTED GROUP'M MUESHIP

MEMBERSHIP CAES ESOp I •ou n

T.S. -Winners, Runners
Up & Third Eli- GPI 46 80.4% 19.6%n46 80.4 19.6%% ,r,

T.S. Second & 7 36

First EliminatorsGPII 43 16.3% 83.7%

82.0 % OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION t•MCTION DI3CRDINANT FUNCTIONI
VARIABLE COEFFICIENTS COEFFICIENTS

QEuP I GR00 n I RD2D URSTADN M
ni DII0.0068L 0. 02565 0.27223 0.01065

M4 0,02228 0.02106 - 0.19296 - 0.00057

M20 0.52173 0.62508 0.33042 0.04811

M25 0.00378 - 0.03865 - 0.46721 0.01974

m29 0.33286 0.36408 0.19048 0.01454

Fl 21,99968 23.02592 0.31727 0.47843

FIl 1.48071 1.35444 - 0.17362 - 0.05871

F18 0.07518 0.17284 0.45738 0.04545

P25 ..... 0.,21372 0,18771 - 0.25382 - 0.01-209

SF29 - 0.11230 - 0.19010 - 0.47705 - 0.03621

r30 0,21794 1.52132 0.30984 0.60653

CONSTANT -139.34155 -144.61646 -- - 2.44321

CANONICAL CORRELATION OF DISCRIMINANT FNCTION IS 0 . 642

L .68
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TABLE 24 - EXPANDED OBJECTIV-E PLUS DEMOGRAPHIC PARAMETERS
QUARTILE RANK PREDICTORS

PREDICTOR VARIABLES: Expanded Data Set Including

Demographic Data
ACA GNO. PREDICTEDGROUP MEMBERSHIP
ACTUAL GROUP r OF II GP IV

MEMBERSHIP GP I GP II GPG

Turkey Shoot GP16 3 0 4
Winners & Runners Up 23 69.6% 13.0% 0 '0% 17.4%

Turkey Shoot GP II 3 14 3 3
Third Eliminators 23 13.0% 60.9% 13.0% 13.0%

Turkey Shoot GP III 6 2 ii 4
Second Eliminators 23 26.1% 8.7% 47.8% 17.4%

Turkey Shoot GP IV 0 2 2 16
First Eliminators 20 0.0% 10,0% 10.0% 80.0%

64.0 % OF CASES WERE COPRECTLY GROUPED.. ... _ __ __ __.. .. _ _. _ _,,_ _II_ _I_

CLASSIFICATION FUNCTION COEFFICIENTS

VARIABLE
GROUP I GROUP II GROUP III GROUP IV

D5 - 0.00053 0.00084 0.00077 0.00314

D6 - 0.00063 - 0.00389 0.00306 - 0.00544

M9 0.46314, 0.48751 0.48939 0.40282

MI0 0.00324 , 0.01468 0.00304 0.02122

MIl 0.58092 0.61789 0.93229 0.51453

M12 0.65554 0.70357 0.67359 0,68348

M22 1.22072 1.11891 0.85281 1.35006

M25 0.34258 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

F29 0.43946 0,40639 0.39330 0.28632

CONSTANT -90.43753 -101.05052 -97.88803 -94.15775
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TABLE. 24 (CONT.)

! PREDICTOR 'VARIABLE SET; Expanded Data Set Including: IDeiaographic Data

DISCRIMINANT FUNCTION COEFFICIENTS
STANDARDI2ZED UNSTANDARDIZED

VARIABLE -
_____FCN. I FCN. II IFCN. III JFCN. I, J.FCN. II FCN. III

D5 0.67724 0.06275-0.05ý1- 9 0.00 0.00010-000013
D6 -0.60936-o,021,a 0.59489 .,0.00-1301-0 00005 Q0.0027
M9 -0.223171 0.11192 -0.38708 -0.02158 0.,010821-0.03743

[ M10 0.33817 0.736-0.1630 1 9.9o5,,a31--u.uu5aui-O.boz60

MI9I -0.16161 0.78326_-0.39563 0-0.0497 0.20825 -0.10519

M12 0.1ý758 -0.16675ý -0. 5128 0.0048 -0.00785 -0.02737

M22 0.16916 -0.50859 0.43156 0;06602 -0.19848 0.16842

M25 0.06428 -0.42'895 -0.63271 0.,00272 -0.01813 -0.02674

F16 0.19039 -0,24227 -0.13338 0.097,56 -0.12428 -0.06842

F18 0.31104 0.35562 -0.14287' 0.03091 0.03533 -0.01420

F22 1-0.18372 0.32385 -0.31009 -0.07168 0.12636 -0.12099

-2 _&azIA.0 042 4 0 .01233 0.00584
SF2j ,.~Q5.2979 - 1]•89 -- 538.. -0.0453i8 -0009 [-0L.0202

CONSTANT' - ..... .-023871 -0.59286 7.72996

CANONICAl -

CORREL. 0.679 0.518 0.450
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functions of the analyses have greatly increased over

analogous functions in the previous analysis, indicating

increased capability to discriminate between groups. This

i.ncreased discriminant capability is at the cost of in-

creased complexity in the number of variables required and

the complexity of calculations. The classification func-

tions provide optimal predictors for the objective data,

analyses in this study and include the best predictor varia-

bles consistent with the Wilks' Lambda variable selection

criteria. The two-group analyses (Tables 16, 17, and 18)

provide correct classification into the top group on the

order of 80 percent; however, a fairly large number of non-

Group I members are still being placed in these groups.

The Fourth Discriminant Analysis - Statistical Deriviation
of a Tkey shoot Placement Predictor Using Expanded
objective Parameters Plus Demographic Parameters as Candi-
date Variables

The results of the fourth discriminant analysis are pre-

sented in Tables 21, 22, 23, and 24. The analysis uses as

candidate predictor variables all of the predictor variables

reflected in the third analysis plus seven candidate demo-

graphic variables. These specific demographic candidate
• variables, Table 25, were available fcr all students; thus,

no samp~le size reduction was required.

TABLE 25 -. CANDIDATE DEMOGRAPHIC VARIABLES
DESIGNAT.,ON DESCRIPTION

.4 TOTAL ?ILOT FLIGHT TIME (HOURS)
65 TOTAL PILOT FIGHTER TIME
U. D6 TOTAL PILOT F-4 TIME (A/C & IP HOURS)
D7 TOTAL SORTIES LAST SIX MONTHS
D10 TOTAL BFM/ACM SORTIES
D11 BFM/ACM SORTIES LAST SIX MONTHS
D13 TIME SINCE LAST BFM/ACM (WEEKS)
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The objective of the fourth analysis was to investi-

gate the possibility of reduction of mis-classification
of cases into Group I while maintaining comparable predic-

tion rates. Comparison of the prediction results for the
fourth analysis with those of the third indicate that the

fourth analysis predictions° were as good or better than the

third analysis. Mis-classification into Group I was reduced

in three of the four classifications, and correct classi-

fication into Group I was improved slightly in two of the

fcur classifications. Evidence of this improved discrimi-

nation is provided by improvements (increases) in the

canonical correlations of the discriminant functions.
In the first classification scheme (Group I - Turkey

Shoot Winners, Group II - Other), the number of predictor

variables required to maintain a constant correct classifi-

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

graphic data.

Discussion of Third and Fourth Analyses

In the third analysis, over 80 predictor variables were

available for consideration as candidates for the analysis.

These variables were calculated using the master data base

which Vought constructed during the first part of this

study. These data include the expanded list of 12 variables

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 a•i acceptable size.

This screening was accomplished by correlating all

variables with turkey shoot rank and then selecting the

40 variables from the list with the greatest correlation

coefficients. The 40 candidate variables are presented in

I ~ 72



H 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 indicates 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 shoot

rank predictors. In this table, the predictor variables are

separated by day of data collection. The discriminant

classification schemes by which each are used is also indi-
cated. Use of this expanded list of candidate variables

appears to have generally improved the winner prediction
capability.

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

graphic variables were introduced. These were selected

mainly on the basis of sample completeness, as it was not
desired to reduce the sample size by excluding cases where

incomplete data sets occurred. Non-quantitative datawere
also excluded. All objective variables selected in the

third analysis 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. NoLe that "D" is the variable prefix used to de-

signate the demographic variables considered. As can be
seen from the table, inclusion of the demographic data caused

several Monday ("M" prefix) variables to !e excluded. Also,
as a result of the addition of demographic data in the analy.-

sis, certain other variable selection changes occurred.
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TABLE 26 - CANDIDATE OBJECTI-VE PREDICTORS RANKED BY
CORRELATION COEFFICIENT WITH ACTUAL TURKEY
SHOOT PLACEMENT

RANK R VAR DEFINITION

1 -. 4261 F29 HIT/MISS H-MISS SCORE RON (H*(H+M)/HON)
2 +.316,8 FI2 *TIME TO FIRST KILL (SEC-AVG/HEAD-ON)
3 -. 3015 P17 TOTAL NO HITS HON (HITS/HON)
4 -. 2981 F04 TOTAL FUEL USED (LBS. AVG/HEAD-ON)
5 ,-.2957 F06 *PERCENT OFFENSIVE TIME (% AVG HD-ON)

'6 -. 2784 F18 TOTAL TIME IN H-MIS ENV CTK (TIME/CTK)
7 +.2610 F01 MAX G'S (MAX/SERIES)
8 -. 2548 F25 TOT. TIME IN GUN ENV HON (TIME/HON)
9 +.2475 M30 HIT/MISS R-MIS SCORE HON (H* (H+M)/HON)

10 -. 2382 M17 TOTAL NO. HITS HON (HITS/HON)
11 -. 2380 F09 TOTAL TIME SR LT 1500 (SEC-AVG/CTK)
12, -. 2371 M32 HIT/MISS GUN 'SCORE (H*TOTAL RDS/HON)
13 +.2284 M12 *TIME TO FIRST KILL (SEC-AVG/HEAD-ON)
14 +.2000 F27 G SPREAD HON (MAX G - MIN G)
15 -.1988 F32 HIT/MISS GUN SCORE (1L*TOTAL 1RDS/1HON)
16 -. 1931 F08 TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
17 -. 1906 M1,3 *PERCENT TIMEIN PANG (% AVG,/CINETRACK)
18 +.1722 P22 TIME TO GUN 2NVELOPE CTK (TIIE/CTK)
17 -.1906 F232PRCN TIME TO IN PANGEOET (TVG/INETRCTK) ;

19 -. 1677 F23 TIME TO GUN ENVELOPE HON (TIME/HON)
20 +.1666 P02 NO. TIMES OVER G (TOTAL SERIES)'
21 +.1654 MI1 TIME TO PANG (SEC-AVG./CINETRACK)
22 -. 1652 M09 TOTAL TIME SR LT 1500 (SEC-AVG./CTK)
23 -. 1526 F31 HIT/MISS GUN SCORE (H*TOTAL RDS/CTK)
24 +.1518 M10 *AVG. MILL ERROR SR LT 3000 (MILS-AVG./

CINETRACK)
25 -. 1485 M25 TOTAL TIME IN GUN ENV HON (TIME/HON)
26 -. 1483 M16 TOTAL NO. HITS CTK (HITS/CTK)
27 +.1446 F11 TIME TO PANG (SEC-AVG./CINETRACK)
28 +.1437 F30 HIT/MISS R-MISS SCORE HON (H*(H+M)/HON)
29 +.1324 F20 TOT TIME IN R-MIS ENV CTK (TIME/CTK)

30 -. 1297 F19 TOT TIME IN H-MIS ENV HON (TIME/HON)
3] +.1290 M22 TIME TO GUN ENV CTK (TIME/CTK)
32 +.1273 M20 TOT. TIME IN R-MIS ENV CTK (TIME/CTK)
33 -. 1190 M29 HIT/MISS H-MISS SCORE HON (H*(H+M)/HON)

34 -. 1172 F03 TOTAL FUEL USED (LBS. AVG./CINETK)

35 -. 1111 F16 TOTAL NO. HITS CTK (HITS/CTK)

36 -. 1108 M24 TOT TIME IN GUN ENV CTK (TIME/CTK)

"37 -. 0993 M04 TOTAL FUEL USED (LBS. AVG/HED-ON)
38 +.0908 M14 DELTA ENERGY STATE CTK (INIT-END/CTK)
39 -. 0833 M08 TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)

S140 -. 0804 M31 HIT/MISS GUN SCORE (H *TOTAL RDS/CTK)

Variables used to compute GSI scores.

74

[ S.'



z, z

0 ý4 00

NE-4 ~ .- N
-4~ ~ E-4

ý4z Z P E-1E 0
OH U-' O g+ - . -9

e1~0 0
p * -PU

0'0I Z> 0 E-1 HE-41-0

0 0 tZ i-0 Ur W '-Np U - *(
H ýN -AH

H- '
H~~ 9 '-,U l

z -Ei W E-4 E- -4 04E-1H -4 t4''-
H '000 Z>-E-4~ Z z

H 0I- (HI) H -1 JI 0HZ WHN. z -zW
D4 > E foUIZUOO N c 4JuoH Ei Z H0ZZ0

HE ~ ~ ~ r~ 000 ~ H0 XmCOO

04 4I u H -,H o

H rzrI 0 - (fJ Z W ~ I Z~. Z frU

4- ~O ~ ZH HHN f OHl wHw Pjw iU0
Q 9 U 04 lý

to~~~E~' OH04uXH- kEo iLw W ý
H X WU I-M ýz CiU

0io X Q X i H X H H XX X oXXX

~/~i U~ddfl
X4 MRH XO XHW OH

u~~aHJ NSAO Z O H WU)Z O~ w

*frIMI Z X- E- XXi X- HXX-t E -

E- 
4lrr~I-r4N

IcnU
u x x x5

II



TABLE 28 OBJECTIVE AND DEMOGRAPHIC DATA VARIABLES
TURKEY SHOOT PLACEMENT PREDICTORS

0 VARIABLE DEFINITIONS
04

zj

'41 DES IG,.,

D4 TOTAL PILOT FLIGHT TIME (HOURS)
D5 X X X TOTAL PILOT FIGHTER TIME (HOURS)
D6 X X TOTAL PILOT F-4 TIME (A/C & IP HOURS)
D7 X TOTAL SORTIES LAST SIX MONTHS
D10 TOTAL BFM/ACM SORTIES
D1I BFM/ACM SORTIES LAST SIX MONTHS
DD3 TIME SINCE LAST BFM/ACM (WEEKS)

-M4 X TOTAL FUEL USED (LBS. AVG./HEAD-ON)
M8 X TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
M9 X X TOTAL TIME SR.LT.1500 FT.(SEC.AVG.CTK)
M10 X X AVG. MIL. ERROR SR. LT. 3000 FT. (MILS-

AVG./CINETRACK)
Mil X TIME TO PANG (SEC. AVG./CINETRACK)
M12 X TIME TO FIRST KILL (SEC-AVG/HEAD-ON)
M14 DELTA ENERGY STATE - CTK (INT.-END/CTK)
M16 TOTAL NO.-HITS - CINETRACK (HITrS/CTK)
M20 X X TOTAL TIME IN R-MSL ENV.-CTK (TIME/CTK)
M22 X TIME TO GUN ENVELOPE-CTK. (TIME/CTK)
M24 TOTAL TIME IN GUN ENV. - CTK (TIME/CTK)
M25 X X TOTAL TIME IN GUN ENV. - HEAD-ON

(TIME/H-ON)
M29 X X X HIT/MISS HEAT MIS. SCORE - H-ON

(H* (H+M) /H-ON)
M32 X X HIT/MISS GUN SCORE (H*TOTAL ROS/H-ON)
Fl X MAX G'S (MAX/SERIES)
FlI X X X TIME TO PANG (SEC.-AVG./CINETRACK)
F16 X X TOTAL NO. HITS CiNETRACK (HITS/CTK)
FI8 X X X X TOTAL TIME IN H-MIS.ENV.CTK (TIME/CTK)
F22 X X X TIME TO GUN ENVELOPE HON. (TIME/HON.)
F23 X X TIMF TO GUN ENVELOPE HON, (TIME/HON.)
F25 X TOTAL TIME IN GUN ENV. HON. (TIME/HON.)
F27 X G-SPREAD HEAD-ON (MAX. G-MIN G OVER

SERIES)
F29 X X X X HIT/MISS H-MIS SCORE HON (H*(H+M)/HON)
F30 X X HIT/MISS R-M4IS SCORE HON (H*(H+M)/HON)
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Comparison of Prediction Results

Table 29 summarizes the predictive capabilities of the

major predictor models presented. The table also includes

approximately 95 percent confidence limits on the prediction
4.rates Note that the confidence limits are approximate

and use the normal approximation to the bin'omial. This re-

quires a relatively large sample size. For predictions of

the winner (the last row of the table), sample size is nine

or 12.

Tests of the Predictor Models

Given the predictor models developed using discrimi-

nant analysis, it is necessary to test these models using
data collected outside- the experimental data set. The

purpose of these tests is to determine if the predictabi-

lity of the developed models is retained using predictor

variable data not used in the calculation of the parameters

or in the selection of the predictor variables. In the

analysis performed, there is evidence that the parameters

selected are very sensitive to the particular data set used

in their estimation and to the definition of the discrimi-
nant groups. The values of the parameter estimates are also

probably quite sensitive to the data set used.

A very limited test analysis using data obtained prior

to this study has been conducted on the predictor models

developed from the first and second analysis defined pre-

viously. In the first analysis, Monday and Friday

4 Ostle and Mensing. Statistics in research, (3rd ed.).
Ames: Iowa State University Press, 1975, 100-101.
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GSI scores were the predictor variables. In the second

analysis, the predictor variables were selected Monday

and Friday GSI compoinent variables. No additional analysis

has been conducted on outside data for the third and fourth

analyses because it has been determined that the required
data are not available and/or not available to the extent

necessary for reduction to the master data base form.
Two o~her diffidilties were also encountered in ac-

quiring prior datr for model testing. First, adjustments

had bben made in the weighting factors used in calculating

GSI. These adjustments were n.t documented, and thus, a

cons.istent set of historic GSI scores is not readily avail-

able. The second difficulty encountered pertains to the

prior record keeping procedures on GSI component variables.

The automate-1 GSI component variable reporting forms were
implemented beginning with TAC ACES I Class #7815. Thus,

nominally, GSI component variable averages were not con-

sistently recorded in a useble form prior to Class #7815.

Furthur, Class #7816 had missing data for Monday GSI com-
ponent variables. For Classes #7832 and #7833, two classes

held ufter the study sample, it was determined that turkey'1 shoot compilations were conducted in an irregular manner;

that is, certain competitions were terminated when two con-

testants were eliminated simultaneously by air-to-air
collision. This practice preempted evaluation o! turkey

shoot results, us.Lng the method used previously in defining

ranks. Thus, classification of results could not be deter-

mined using definitions defined for the discriminant pre-
dictor model.

The results of these data restrictions lirlt the

analysis to four classes (7815, 7817, 7818, ana 7819),
totaling 30 students. It is als', restricted to predictors

lusing GSI and GSI component variables. This, of course,
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precludes evaluation at this time of the best predictor

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

demographic data. Recommendations are made at the -con-
clusion of this report that will alleviate these restric-

tions.

Evaluation of Predictor Models Using Monday and Friday
GSI Scores

The first comparison conducted was for groupings

where the top group was defined to be winners only and the
second group contained all. others. Figure 12 graphically

shows the classification of the data from the original

(experiment) data. The graph shows Monday GSI (MGSI)

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

tained by setting the Group I classification function

equal to the Class II classification and solving for FGSI

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

placed in Group I (winners) while all points falling below
the 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-
tical test of the null hypothesis that the proportion of

correct classifications (PE) using experiment data is equal

ao the proportion of correct classifications (PT) using the

test data was conducted, i.e., HO : PE = PT versus Hi '
PE ý PT"5 The null hypothesis is accepted at the 95 per-

cent level.

17)Similar plots are presented (Figures 14, 15, 16, and

17) showing classifications of the experimental and test

5 Ostle and Mensing. Statistics in research, (3rd ed.).
A•mes: Iowa State University Press, 1975, 135-137.
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If
data for the other two group definitions defined in the

first analysis, i.e., Group I = winners and runners-up

versus Group 11 = others, and Group I = winners, runners-

up and third eliminators versus Group II = second and
first eliminators). Similar tests of hypotheses were also

conducted and accepted, i.e., no difference in prediction

rates between the experimental and test data were detected.

Evaluation of Predictor Models Using Monday and Friday
GSI Component Variables

The second set of comparisons were made using the pre-

dictor models developed from the second discriminant analy-

sis. The number of predictor variables selected for the

models in this analysis was usually greater than two. For

this comparison, tabular displays were selected. Tables

30, 31, 32, and 33 provide the results of the test data
-¾ classifications. For example, Table 30 (GP. I = Winners,

GP. II = Others), shows the data (X3 and X8) and the calcu-

lated classification function scores %Class FCN I and Class

FCN II) used to group the cases (actual group membership is

also provided to determine correctness of !:he predictions).

As noted previously, a case is classified into the group

with the greater classification function score. For exam-

ple, consider the first case (X3 = 72 and X8 = 98). The

function I score is 49.4, and the function II score is 49°7.

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

predicted to belong to Group II, i.e., others or non-winners.

Of the 30 predictions shown in the table, 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 that the correct prediction

rates of the experiment and test sample are equal, a test
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2
statistic of X = 0.766 was calculated. As this is lessf 2
than X (1, .95) = 3.84, the hypothesis cannot be rejected.

Comparisons of the group prediction capabilities of

the remaining three discriminant predictor models were

also compared to predictions made with the test data and

are provided in Tables 31, 32, and 33. Tests of the hypo-

thesis of equality of the predictions between the experi-

ment data and the telt data were also carried out. For

the prediction model where Group I = Upper Half and Group

II = Lower Half, the null hypothesis was not rejected.

However, for the other two predictors, the null hypothesis

was rejected at the 95 percent level. For the case where

Group I = Winners and Runners-Up, and Group II = Others,

the null hypothesis could not be rejected at the 99 percent

level.

This leaves the four group predictor hypothesis re-

jected at the commonly acceptable levels. Examination of

the sample means and standard deviations of the predictor

variables used in each data set provides some evidence

as to why the null hypothesis was rejected. Tables 34 and

35 show the comparisons of sample means and standard devia-

tions by predictor variable, data set (experiment or test)

and by discriminant group. Inherent in the predictor model

requirements is that group membership prediction capability

requires that data for which classifications are to be made

should be samples from the same distributions as those used

to determine the predictor model itself. Compar±,on of

the means and standard deviations shows that several

rather distinct differences exist between the experiment
• I and test data parameters. An example of these distribu-

j tional differences is contained in Figure 18, where X5,

Average Mil Error, is compared. Note the great distri-

butional differences between Groups II, III, and IV
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TABLE 34 - COMPARISON OF GROUP MEANS

DISCRIMINANT DATA DISCRIMINANT VARIABLES
GROUP SET Xl X3 X5 X8

GROUP I - Winners Experiment 30.4 70.6 28.1 124.
and Runners-up Test 42.5 72.9 31.1 103.

GROUP II - Third Experiment 43.2 70.2 48.9 109.
Eliminators Test 33.4 70.7 27.9 103.

GROUP III - Second Experiment 38.5 68.4 34.6 134.
Eliminators Test 40.1 64.8 44.3 102.

GROUP IV - First Experiment 33.3 64.8 60.6 137.
Eliminators Test 26.3 68.6 21.9 109.

TABLE 35 - COMPARISON OF GROUP STANDARD DEVIATIONS

DISCRIMIN;NT DATA DISCRIMINANT VARIABLES
GROUP SET Xl X3 X5 X8

GROUP I - Winners Experiment 10.4 4.84 22.3 30.8
and Runners-up Test 8.72 5.61 21.8 30.1

GROUP II - Third Experiment 22.2 6.75 45.4 41.0
Eliminators Test 22.8 4.11 15.9 21.2

GROUP III - Second Experiment 21.1 8.29 25.7 31.2
Eliminators Test 45.7 16.0 44.2 37.6

GROUP IV - First Experiment 13.6 10.0 113. 31.5
Eliminators Test 5.12 9.00 8.38 25.5

9
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by data set. While the Group I distributions match quite

i well, the others change shape radically.

i
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IV, DEMOGRAPHIC DATA .ANALYSIS W i

The dat& collected as a part of this study were in 'two

p rimary forms: student pilot objective performance data in

-the- simulatok and student demographic data col.lected from

"background surveys and questionnaires. This section des-

cribes some of the relationships that sere investigated-
between the student pilot's demographic~:'histori-ac ba-_k-

ground data and his predicted Lr actual performance zi th)e

air combat simulator. The major data soucce for comparison

was the TAC ACES I background survey, shown in Appendix B,

which was adapted for use in the GSI study,. The. questions

j on this survey and their responses were utilized. to form

Ithe demographic data base. The form was completed by each

_ _student in the study sample (N = 89). The questions were

identified as demographic variables and tabal.ted into a

list, which is shown in Table 35, Total Demographic

Variables. This list was reduced to consider for analysis

only those variables which included a positive, or other
than zero response from all of the 89 subjects in the study.

These are shown in Table 36, and include those factors which
were used in both the correlation analysis and the stepwise

sdletion routines.

Several methods were employed to analyze these data

which were classified into two groups. Group 1 consists of

"that body of data which resulted from responses from all

S89 subjects. Group 2 consists of that body of data which
resulted from responses from differing numbers of subjects

L in the sample,

I ,Group I Data

A correlation analysis was employed to estimate the

< ,..functional relationship among the Group 1 data or total V
sample (N = 89) Qf subjects in the study.
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TABLE 35 - TOTAL DEMOGRAPHIC VARIABLES

VARI ABLE RESPONDENTS
iN

Dl STUDENT PILOT RANK 89

D2 SQUADRON 89

D3 WING 89

D4 TOTAL PILOT FLIGHT TIME, HOURS 89

D5 TOTAL PILOT FIGHTER TIME, HOURS 89

D6 TOTAL PILOT F-4 TIME, A/C AND IP, HOURS 89

D7 TOTAL SORTIES LAST 6 MONTHS 89

D8 TYPE AIRCRAFT CURRENT 89

D9 PRIMARY DESIGNATED OPERATIONAL CAPABILITY 89

D10 TOTAL BFM/ACM SORTIES 89

D1I BFNI/ACM SORTIES LAST 6 MONTHS 89

D12 BFM/ACM SORTIES LAST MONTH 89

D13 TIME SINCE LAST BFM/ACM 89

D14 TYPE A/A MISSILES FIRED 23

DI5 FWIC GRADUATE 1

D16 PREVIOUS ACES ATTENDED 18

D17 LAST AGGRESSOR DACT FLIGHT 89

D18 OTHER VISUAL A/A SIMULATORS FLOWN 18

D19 TOTAL COMBAT SORTIES 19

D20 TOTAL COMBAT HOURS 19

D21 NUMBER COMBAT KILLS 1

D22 NUMBER HITS RECORDED 1

D23 NUMBER SAM ENCOUNTERS 4

D24 NUMBER HOSTILE AIRCRAFT ENGAGEMENTS 1

D25 NUMBER HITS RECEIVED 1

D27 OWN TRAINING EVALUATION 89

D28 ANY TRAINING ANOMALIES 89
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TABLE 36 - GROUP 1 DEMOGRAPHIC VARIABLES

VARIABLE RESPONDENTS

N
SDl STUDENT PILOT RANK 89

D2 SQUADRON 89
SD3 WING 89

D4 TOTAL PILOT FLIGHT TIME, HOURS 89

SD5 TOTAL PILOT FIGHTER TIME, HOURS 89

D6 TOTAL PILOT F-4 TIME, A/C AND IP, HOURS 89

t D7 TOTAL SORTIES LAST 6 MONTNS 89

D8 TYPE AIRCRAFT CURRENT 89

D9 PRIMARY DESIGNATED OPERATIONAL CAPABILITY 89

D10 TOTAL BFM/ACM SORTIES 89

Dl BFM/ACM SORTIES LAST 6 MONTHS 89

D12 BFM/ACM SORTIES L.AST MONTH 89

D13 TIME SINCE LAST BFM/ACM 89

; D17 LAST AGGRESSOR DACT FLIGHT 89

D27 OWN TRAINING EVALUATION 89

'1 D28 ANY TRAINING ANOMALIES 89
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Group 1 data includes 16 demographic variables, each

with a sample size of 89 data points. Each variable wasr examined by correlation analysis techniques to determine

the extent of statistical relationships, with four simula-

tor performance measures and one measure of predicted per-

formance using "Expert Opinion". The results presented in

Table 37 indicate no statistically significant relationships.

The table shows very low correlation between each of the 16

demographic variables and with each of the performance mea-

sures shown. Correlation coefficients were also computed
bet•,een the 16 variables and each of the four GSI part score

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

sulting correlation coefficients were equally as low.

Finally, analysis was performed using 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 Cf 16 variables against each Wednesday part-

score component and the total Wednesday GSi score. The

Wednesday data involved performance scores cf only 27 sub-

je,:ts. The results again indicated very low correlation.

Groip 2 Data

An item analysis was employed to estimate the func-

tional relationships among the responses to Group 2 data.

The analysis was gencraiized to observations due to theII limits that are imposed on statistical inference by very

small sample si:3s. Sample size in this group ranged from

N=l to N=22. 'No of the Group 1 variables were also in-

cluded in this analysis: D-17 Last Agressor DACT Plight

and D-27 Own Training Evaluaticn.
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TABLE 37 - CORRELATION ANPLYSIS

TURKEY FRACT. CHF.IP GSI GSI
SHOOT WINS RANK MON J FRI

l1 STUDENT -0.0584 -0.0272 -0.1061 -0.0043 0.0901
RANK

D2 SQUADRON 0.2551 -0.2454 0.0136 0.0109 0.0117

D3 WING 0.0988 -0.0881 0.1664 -0.1040 -0.0216
D4 TOT.PILOT 0.1835 -0.2070 0,1202 -0.1184 -0,0959

FLIGHTi TIME, HRS.

D5 TOT.1IGHTE. 0.2597 -0.3093 0.0215 -0.0591 -0.0254
TIMEHRS. I

D6 TOT.F-4 0.0436 -0.1252 -A.2400 0.1051 0.0074
TIME ,HRS.

D7 TOT.SORTIES 0.2684 -0.2414 -0.0361 -0.0116 0.0155
LAST 6 MOS.

D8 TYPE ACFT 0.3218 -0.3689 0.0960 -0.0692 0.0433

D9 PRIMARY DOC 0.3168 -0.3331 0.0864 -0.1100 0.0271
DLO TOT.BFM/ 0.1352 -0.1282 0.1307 °-0.0254 0.0385

ACM SORTIE~c
D1I BFM/ACM 0.1331 -0.0859 -0.0161 0.0400 0.1537

SORTIES
LAST 6 MOS

D12 BFM/ACM 0.0371 -0.0248 -0.1099 0.0800 0.1878
SORTIES
LAST MONTH

Dr3 TIME SINCE 0.0089 0.0375 0.0838 -0.0712 -0.0357
LAST BFM/
ACM

D17 LAST AG- 0.0215 -0.0338 -0.2251 0.0773 -0.0540
GRESSOR
DACT FLT.

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

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

LIES

101

Im



•"•, , ~ ~~Vari~ablia .. .. .... 7, identified -as. the date ýof the subject-':s, . a

'•:', • !as,,< ,,issim~ilar •aircraft air-,to-dar combat t'a,•ning fl~ight,,

was. incl•uded in the investiga4tio~n because of the aaramatic
, j.effects..6ý- aggressor training. report e-l 4.y, DeLeon" (i977),.

'• ,'Variable D-27 ideatUSfIes. the studeht ,pilot's, affecti~ve

\' -ev.&-10ation of '-the perceived Valdo of jfie training he, re-
Iot VVedi 1, was included for Additional analysis to help

A~ IM
vifbyo ier s-orofthe n89 sjec assess the e of t they hct

Ils'. d:precý-l!wciiissilesa aircraf Iio-. comat crafnin felight

sasminlue d s inzte inv 2)-pesetigaio 2,ecause of the ~p lriati V
VaribI. T-7ietiis he suvy niacLlt t udject pls had Actuall

firedauto o'the Aime 4,z Alm 7thrsoe tomainaiong he these

, dinal vza.ues on performance.

:• 'Q~sti,•/Answer Rationale

ofAir-T•o-Air •,issile 1?ired

missiles'.heat A/A •isiles have yoZu fisredou iD-141

SAI AI 7 4, - N-O9-

" • ex~operience• iunching m~issiles iYim• the~i• kArcra~t. •n ..

t, - ion. The surveys indicat2d that Un :iu~jects had actuall.y f•'
fired the AiM 4, AIM 7, +t + 9 1 some combination cf these, -: missiles. The distr~b, .•,,, o£ this group is as ifoUlow's:

"' , IM 4 0

AIM 4, + 7 0

AIM 4,7 + %- 1
ii . . '•., "AIM 4, + 7, + 91

"AIM 9 6

_ __,_ _ _ _ NT = 22 ,

DeLeon,P, The peacetime evaluation of tb.. pilot skill
f'actox in the air-to-air combat. Rand eeport R-2070-PR.
January 1977. 102

e 102



- 77

This group of 22 subjects wore examined for their * perj

forir.aance in, th(. turkey shoot elimination. It was f6und' ••t•hat,

three of the 22 subjects were winners of turkey shoots.

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

winners or first runners-up, and all seven had experience
f •i$!ing -both the A7_1.".:7 and ADI-9, missile-.,

It was also found that a total of seven of the 22 sub-

{ jects (30,4 ýpercent) finished in the last two places in the

turkey shoot, The CIP rankings were also compared for this
A group. Of the 22 subjects, two were predicted to win the

Sturkey shoot and six were predicted to finish in last place

b~y tlhe.r IPI.

Fighter We ofi Instructor Course fFWIC)

I: "Are you an N;iIC graduate? (D-15) Yes NO "
OZ t'e 8- subjects i4, the study sample, only one of .he

students in the TAC ACES pr.jram had completed Fighter Wea-0
pon Instructor Course (FWXC) tralning. It was also found

that there has been a total of 11 •V.IC graduates out of thre

I -,456 subjects completing the TMC ACES trai:.,ng4

The 'subject had experienced 17L0 hours of total flyingI time, 1500 hours of fighter aircraft time, and 1500 hours of

I F-4 flying time.

A comparison of turkey shoot data shows that the sub-j ject placed second in the turkey shoot contest. Both his

S$Moncal -nd Friday GSI peiformance scores were above 700

, points. An!,vsis of the Friday GSI part scores, however,

did indicate a d--Jinne of up to 30 percent from the Monday

S! •GSI part scores.
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Previous ACES Attended

"Have you previously attended: TAC ACES I

TAC ACES II , NONE .1" (D-16)

This question was included to determine the extent of

the subjects experience with TAC ACES programs. Specifi-

cally, it was used to determine if any relationship 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 that they had previously participated in the TAC ACES I

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 indicated that they had compieted

the training. When contrasted as a group with the total

sample of turkey shoot participants, it was found that the

group contained one turkey shoot winner and two first

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

the group with TAC.ACZS I training had finished in the last

Iiuartile; seventh and eighth place. Of the 11 subjects in

Sthis group, there were eight subjects (72.7 percent) that

finished in the top four ranks of the turkey shoot contest.

The mean F-4 aircraft flying hours experience for this group

was 333.6 hours.

For the TAC ACES II program, seven respondents ir, the

sample indicated that they had completed the trainini,. Of the

seven subjects, it was found that thr.ee turkey shoot winners

and two first runners-up (second place) were in this relative-

ly small group. One subject finished in the last quartile.

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

group finished in the upper three ranks of the turkey shoot
competition. The mean F-4 aircraft flying hours experience

for this group was 336.6 hours. Further analysis indicates
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that the mean Friday GSI score increased by 28.1 percent

for the group with prior TAC ACES I experience. The mean

Friday GSI score increased by 36.4 percent for the group

with TAC ACES II experience. The mean Friday GSI score in-

creased by 36.7 percent for the total sample.

Days Since Last DACT

"Date of last Aggressor DACT Flight: Less than

30 Days -, Less than 180 Days _ , More Than

180 days , Never o" (D-17)

All 89 subjects in this study were required to identify

their most recent Dissimilar Aircraft Training (DACT) ex-

perience into three categories: less than 30 days, lass than

180 days, and more than 180 days. An additional category,

"Never," was provided for those sutjects having no DACT

experience. Of the 89 subjects, their DACT experience is

distributed as rollows:
less than 30 days N = 10
less than 180 days N = 28

more than 180 days N = 14

Never N = 37

The relationship of recent DACT experience and actual

turkey shoot performance is contrasted in Table 38. It can

I •be seen that 40 percent of those subjects with the most recent

I DACT experience ( < 30 days) were also winners of the tur-

key shoot competition. In addition, theqe 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 experience.

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

days) were either turkey shoot winners or runners-up. This
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TABLE 38 - SUBJECTS PER CATEGORY

DAYS SINCE LAST DACT FLIGHT-
< 30 DAYS <180 DAYS >1.80 DAYS NEVER

WINNERS 4 2 1 5

RUNNERS-UP 2 4 2 4
THIRD ELIMINATORS 3 10 3 8
SECOND ELIMINATORS 1 8 3 10

k FIRST ELIMINATORS 0 4 5 10

TOTAL 10 28 L4 37

TOTAL SAMPLE N = 89

g 1
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can be contrasted with the winners and first run:ers-up in
the no experience - (Never) category. In this group, only

nine subjects (24 percent) of the 37 subjects were turkey

shoot winners or runners-up.

Other Visual Air-To-Air Simulators Flown

"What other visual A/A simulators have you flown?"

(D-18)

The question was included to determine the extent of

the subject's experience with other visual air-to-air simu-
lators. As anticipated, the spven subjects that responded

to the question concerning TAC ACES II experience (D-16)

also responded here, and they were deleted from this analy-

sis. A total of 11 respondents indicated that they had
flown one familiarization flight of up to 60 minutes dura-
tion in the TAC simulator for air-to-air combat (SAAC). Of

this group, Aight of the subjects (72.7 percent) had a mean

F-4 aircraft flight hours experience of 76.3 hours and three

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

contrasted with the total sample of turkey shoot partici-

1 pants, the results were inconclusive. Only once of the group
was a turkey shoot winner. None were first runners-up. It

was also found that seven subjects (63.6 percent) of the

group performed in the lowest two quartiles of the sample.

Combat Experience

"How many combat sorties have you flown? (D-19) sorties."

"What is your total combat flying time? (D-20) hours."

"Number of kills? (D-21)."

"Number of hits recorded. (D-22)."
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"Number of SAM encounters. (D-23)."

"Number of hostile aircraft engagements, (D-24).."

"Number of hits received. (D-24)."

The questions on combat experience were developed toI determine the degree of relationship between these factors

and turkey shoot performance. Eight of the 12 TAC ACES I

classes responded to the questions.

There were 18 respondents to this series of questions.

A total of 17 respondents had indicated fighter or attack-

type as their aircraft. One respondent indicated a recon-

naissance-type (RC-135) and was not included here. As a

group, the 17 subjects had a mean combat flying time of

316.1 hours and a mean of 137.2 combat sorties. The group

had flown 12 different aircraft types in combat. This in-

cluded six fighter type, three attack type, and three ob-

servation type aircraft. Results indicate that there was

one turkey shoot winner in this group of 17 subjects. The

subject indicated 720 combat flying hours experience in

observation (0-2, OV-l0) aircraft. It was found that three

subjects finished as first runners-up, and four subjects of

the group finished in last place. The group was also con-

trasted with the predicted rankings of the CIPs with simi-

lar results. The instructors ranked eight subjects ii the

upper half of the turkey shoot and nine subjects in the

lower half (four ranks). The results indicate that, for

this sample, combat experience of this type is not a major

factor in predicting turkey shoot performance.

Own Training Evaluation

in i"What is the value of the overall training provided

in this course to yourself? (D-27)."
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This question was contained in the TAC ACES Program

Evaluation and Critique (see Appendix B).

The questionnaire was developed essentially as an end-
of-course critique for the TAC ACES program. It consists

primarily of bipolar descriptive and acceptability scales.

Narrative space is provided for observations and other com-
ments. It was included in the study to obtain the subject's

perceived value of the training they obtained. These data

were to be used to assess the relationship between the sub-
ject's own training evaluation and turkey shoot performance.

The results from the total sample of 89 subjects show that

87 subjects (97.8 percent) evaluated the overall training
as having a positive effect, and only two of the subjects

evaluated the training as having no effect on their per-
formance. In addition, 76 of the 87 subjects evaluated the

training as having a substantial positive effect on their
performance. Both subjects who responded that the training

had no effect on their performance finished in the lower

half of the turkey shoot rankings, and one finished in last

place. The results of the correlation analysis, as shown in

Table 37, indicate the correlation of this variable with

turkey shoot rank, fractional wins, instructor pilot rank,

and GSA scores for Monday and Friday. It can be seen that
the "R" values are quite low indicating a lack of relation-

ship between this variable and the five dependent variables

cited-
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I S V. PSYCHOMETRIC AND EDUMETRIC DATA ANALYSIS

I DISCUSSION

Individual and group performance dada were recorded for

all the 89 subjects in this study. The mean GSI performance

scores for the Monday and the Friday data sessions were cal-

culated and plotted for each of tl'.e 12 classes and are

shown in Figure 19. For these data, two least squares linear

¶ trend lines 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

data in Table 39.
Four of the 12 TAC ACES classes in this study were

subjected to separate analysis. In addition to the normal

TAC ACES Monday and Friday data collection sessions, GSI

performance data were recorded on Wednesday 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, edumetrics is defined here as the

measurement of an individual's gains from training experi-

ences by the quantitative assessment and analysis of per-

formance data, to include individual and group data. Edu-

metrics is shown to be concerned with measures of learning

performance in contrast to psychometrics, which is concerned

with the measurement of individual differences (i.e., mea-

sures of individual innate abilities and traits).S~Psychometric Analysis

The results of the individual performance scores for

each of the subject pilots in the four-class sample are

shown by class group in Figure 20. A total of 81 data

pointa were used to fit linear and quadratic least-square
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TABLE 39 - CLASS AVERAGE GSI DATA

CLASS MONDAY FRIDAY
NO. GS I GSI

1 660.29 701.29
2 465.25 686.00

3 327.13 669.13
4 529.38 660.88

5 433.14 604.86

6 567.75 652.13

7 265.50 583.00
8 505.88 576.00

9 341.63 558.38
10 480.13 671.00
11 420.75 554.63

12 377.43 630.29

INIEP"~PT 526.574,6212 688.474,0909

SLOPE -12.111,031,47 -9.155,437,06

X = 1 514.464 679.318

X = 12 381.242 578.609

R -0.3929 -0.6382

STD.DEV. 111.1445 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 iiidividual

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 of the normal

TAC ACES class. These individual pilots received more in-

tense instruction and training due to the lower student/in-

structor ratio and the greater amount of simulator use time

available. The individual performance improvement as the

length of training increases is clearly apparent in Figure
20.

Both the linear dnd quadratic lines fit the data well.

Objective measures of these fits are shown in the edumetric

analysis. The quadratic curve is preferred in describing

the data because it approximates true learning rates, which

tend to be non-linear as a function of time. Here it speci-

fically shows a higher rate of learning during the early
phases of training and a lower, slower rate during the final

tzaining phases.

The distribution of the GSI scores by day of training

are shown characterized by normal dist.ributions in Figure 22.

It can be seen that the mean ( X ) GSI scores improved with

length of training.
• Tlable 40 indicates that the standard deviation of the

scores decreased as length of training increased. This

would indicate the effects of learning. The reduced varia-

S ibility in the Wednesday and the Friday Standard Deviation

values suggests that the subjects were using their experi-

ences gained during the first 2-1/2 days of training and

calibrating their performance responses to the expected

and anticipated performance of the canned targets.
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TABLE 40 - EDUMETRIC DATA BASE

CLASS PILOT Y = GS1 SCORE
NO. MON(X=0) WED(X=2.5) FRI (X=4.5)NO.

1 359 583 595

2 312 628 601
7826 266 471 589

4 125 508 547

1 309 494 499

2 393 743 549

3 304 590 552

7828 4 210 635 794

5 531 638 447

6 234 332 562

7 304 649 370

8 199 414 494

1 393 546 487

2 68:' 617 851

3 391 522 739

7829 553 524 751

5 247 317 531

6 368 441 527

7 577 469 716

8 364 521 581

1 550 631 681

2 264 595 571

3 553 449 566

7831 5 187 676 515

6 145 631 616

7 414 590 690

8 529 568 773

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 in performance score for each subject in this sample

over the 4.5 day training week. The data indicate the

individual subjects had a mean performanct qcore (GSI)

improvement of 61.3 percent for the 27 subjects in the sample.

Edumetric Analysis

The GSI 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 general 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 assumed to have no training, i.e., X=0, on Monday when

the first GSI scores are measured. The students were

assunied to have received 2.5 days of training (X = 2.5) by

Wednesday and by Friday morning, 4.5 days of training (x =

4.5). The Y-variable used was GSI score.

Figure 21 shows a scatter diagram of the GSI scores

versus days of training using the data provided in Table 40.

The figure also shows the linear and quadratic least squares

curves fit through the data. Both curves can be seen to fit

well through the central regions of the data for each day.

Also, each shows the general trend of GST Score increasing

with days of traininq. The scatter diagram also shows the

wide variation in scores for each day and the general over-

lap which occurs from day to day. This broad variation and

j day to day overlap also points out the general weakness of

the predictive ability of the initial GSI Score.

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 EFFECTS

LINEAR MODEL; GSI = 376.345 + 55.344,2 (DAY)

SOURCE OF
VARIATIONO SUM-OF-SQ. DF MEAN SQ. F-RATIO

SS DUE TO 840,790,.0326 1 8401790.0326 56.894,993,72-

REGRESSION
i•SS ABOUT 111671-4q56.189 79 - l4j773,7926,45

REGRES S IONil
(RESIDUAL)

I TOTAL $S 1008,246.222 80
ABOUT MEAN__ _ _ _ _ _ _ __ _ _ _ _ _

R (Coefficient of Determination) 0.418,668,798t3

R (Multiple Correlation Coefficient) 0.647,046,210,4

1~ 2
QUADRATIC MODEL: GSI 361.7 + 98.964(DAY)-9.8713,3(DAY)

I ~SOURCE UP-
VARIATION SUM-OF-SQ. DF MEAN SQ.

SS DUE TO 884,476.7408 2 442,238.3704 DAY:
REGRESSIONMON. =

SS ABOUT 1,123,769.481 78 1l4,407.301,04 WED. = 2.5

REGRESSIO1 FRI. = 4.5

(RES I DUAL)j

TOTAL SS 2t008,246.222 80
ABOUT MEAN. - _

R2 (Coefficient ot titermination) = 0.440,422,459,,7

R (Multiple Ck % < :•¢n Coefficient) 0.,663,643,322,6
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are shown along with an analysis of variance table for the

linear regression and "variation breakdown" for the

quadratic equation. The multiple correlation coefficients

(R) are also provided as well as coefficients of determina-
2tion (R ) for both equations. The F-ratio for the linear

model is included and is significant at the 99.9 percentI level, (F. 9 9 9 (,79) = 11.68). This indicutes that the slope

of the straight line is significantly greater than zero and,

thus, that GSI Score increases at an average rate of about

55 points per day of training over the 4-1/2 days of train-

ing.

The calculation of R2 (the coefficient of determination
or the muitiple correlation coefficient squared) is a mea-

sure of the proportion of total variation about the mean of

the GSI score explained by the regression line. Thus the

straight line explains about 42 percent (R2 = .419) of the

variation and the quadratic equation explains about 44 per-
2

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 the GSI Scores. The test involves breaking the

residual sum of squares into two parts, one part measuring

pure error and the other measuring lack-of-fit. Repeating

the residual sum of squares for the straicght line in Table
7

41 results in the following breakdown:

SOURCE OF

VARIATION D.F. SUM OF SQUARES MEAN SQUARE F RATIO

Residual 79 1,167,456.189

Lack-of-Fit 1 43,686.708 43,686,708 3.032,262

Pure Error 78 1,123,769.481 14,407.301,04

F (1,78) = 3.92

SDraper & Smith. Applied regression analysis. New York:
7John Wiley ahd Sons, 1966, 26-31.
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i
Now since 3.032 < F 9 5 (1,78) = 3.92 there is no reason to

4 doubt the adequacy of the linear model, i.e., the lack of

fit is not significant.

A further 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 is normally distributed? The Kolmogorov-Smirnov

(K-S) test of goodness of fit was applied to GSI scores8
for each day. The scores were found to be normally dis-

tributed at the percent significance level for each of the

three sets of GSI scores.

Since it has been established that there is no reason at
the 99 percent level to doubt that the GSI scores are nor-

mally distributed, it is reasont.ble to present Figure 23

which shows three normal densities with parameters (means and

standard deviations) equal to their estimates calculated from

the GSI scores for each day. This figure graphically shows

the changes in GSI Score distributions which take place

during the course of training. The means of the distribu-

tions increase with training time. On Monday the standard

deviation of GSI scores is compared to Wednesday and Friday

(S(Monday) = 147.6). By Wednesday, however, this has de-

creased about 31 percent over Monday (S,{Wednesday)=102.0) and

then by Friday there appears to be a slight increase, (S(Fri-

day) = 105.1). To determine statistically if these dif-

ferences in variance exist, Bartletts chi-square test9 for

equality of standard deviations from normal distributions

wa! applied. It was determined that the null hypothesis of

no difference between variances, (H 0 (2OW = a (WED) 22
a (FRI) , cannot be rejected at the 95 percent confidence

level but can be rejected at the 90 percent confidence level.

Ostle & Mensing. Statistics in research (3rd ed.).
Ames: Iowa State University Press, 197•, 489-490.

9 Ostle and Mensing. Statistics in research (3rd ed.).
A-mes: Iowa State University Press, 1975, 127.
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VI. CONCLUSIONS AND RECOMMENDATIONS

General

An experimental investigation has been performed that-
statistically validates the ability of an empirically de-

rived performance measure, the GSI, to correctly predict

student pilot performances in TAC ACES I free engagement

exercises. The empirically derived GSI is shown to exhibit

correct prediction capabilities of student pilot performance

comparable to that of expert opinion, subjective student

performance predictions by instructor pilots.

The empirically derived GSI predictor was improved

using statistical methods. Tha four parameters of the ini-

tial (empirical) GSI, when optionally weighted, were shown

to predict student pilot placement in the turkey shoot with

about 75 percent accuracy. These four parameters, time in

gun firing envelope, average mil error, offensive/defensive

time, and time to first kill, are intuitive to the experi-
enced combat pilot as measures of ACM skill. Each of the

four, when objectively measured, can be used as teaching aids

in the development of air combat skill in the student pilot.

Further improvement in the GSI was obtained by includ-
ing c-.tain available objective and subjective parameters.

The optimal methods are shown to be excellent predictors of

student performance (at least within the experiment data)

showing probability of correct student performance predic-

tion near 80 percent in free engagement exercises.

It is specifically 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 (ACMI) Range at Nellis

AFB to determine an objective iucasure of transfer of ACM

training between the simulator and the aircraft.
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Increased Sample Size

The results of the study yield GSI models that may be

applied to the TAC ACES I population. The sample size used

to derive these models was relatively small (12 classes) but4 was related to the whole by statistical inference. It is

desirable to continue data collection and statistical analy-

ses under the same control 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 a larger sample which would provide

more precise information on the distributions of the data

being considered;

2. To validate the predictor models derived in this

stuay. Careful examination of GSI data collrcted previous

to this study was found to be poorly documented and of

limited use in validating the predictor models. Care must

be taken to assure that reasonable controls are placed on

,jj the data collection itself as lack of controls affect the

validity of the samples themselves. By its very nature,

this kind of data is very sensitive. Lack of careful sampl-

1ing can result in collection of data from essentially

different populations than that desired and, hence, valida-

tion becomes difficult.

Demographic Data Correlations

The master data base provides a means for further

statistical analyses which can be of value in assessing

trai,•ing and train3ng requirements in ACM simulators. 1 1

110n file at Vought Corporation, Dallas, Texas.
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It is recommended that an investigation ibe initiated to as.*

V - certain what demographic correlations can contribute to the

0verall readiness training program. In ,order, to accomplish

Sthis/ objective, it is necessary to contihue to a) collect

I these data, b): Supplement these data with other data which
Imay be of' value, and c), analyze the ,dataj t6 obtain correla-

ti'on with simulator performance measuresi and, ultimately,

jI d) assess performance on the ACMI range exercises.

I'Apply GSI to Other ACM Simulator Training-

The parameters comprising the GSI, iff measured in: a

similar manner and under similar conditiqns, aid applica-t

S:bie-.to: ;othe.r-_ .- a il.iPr trainina. The, interrelation-

ship ?f these parameters, i.e., weightiigji and interaction,

is believed to le specific for a particular simulator and

training-syllabus. It is recommended that the GSI, as

derived for TAC ACES I., be introduced as i -prospective

measure of student pilot performance in aiti ACM simulator

such as the SAAC and adjustments made in the parametric
contributors to develop a statistically diprived GSI specific

to that facility and- training syllabus.

The GSI Appiication to ACMI Range

The ,promise of the GSI' as a screeninj tool to aid in

the .selection of fighter talent is premature, but given

a larger data sample and successful appliation of the GSI

to range operational 'exercises such as thp ACMI range at

Nellisi the GSI could become that powerfu~i tool.

4 125
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Potential Utility of the GSI

The GSI was shown to be a measure of student pilot per-

formance in the TAC ACES I Program. GSI scores indicate

the relative performance of students in the simulator and

careful scrutiny of the GSI contributory parameters can

evaluate the strong and weak points of a given student rela-
tive to his overall performance measure. These "part scores"

are associated with basic flying maneuvers, tracking, wea-

pon switchology, etc. from which judgements may be ma.z 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 in air combat can vary

greatly depending upon individual background experience

and innate ability. The individual learning abilities

also vary. The GSI may be used as an indicator of a

pilot's current proficiency in air combat, as well as an

indicator of improvements in air combat skills in the

simulator.

The GSI can be used to establish an optimal training

period for the norm student by statistical investigation of

initial student skill and skill growth over training

periods warying in duration. A cursory survey of the

12 class sample in this experiment ine.icates that an

optimal training period in the simulatoi can be est abished

for the TAC ACES I population by further statistical analy-

ses of student 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 probable that

other flight simulators, i.e., Weapons System Trainers

(WST), Operational Flight Trainers (OFT), Instrument
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Flight Trainers (IFT), etc., can utilise the same or simi-

lar methodologies as presented in the report to achieve

comparable simulator performance measures.

SUO ility of Data Taken During Turkey Shoot

The turkey shoot data were examined to investigate the

utility of the data collected during turkey shoot .ompeti-

tion. The performance measures and the data formats were

essentially identical to those used in the GSI data. A

basic difference is that performance data were recorded

separately and simultaneously for each pair of combatants.I

No GSI scores were computed from this data set.,

The performance results were examined for a class

selected at random.

The data indicated that pilots who finished in the

upper half of the turkey shoot had, as a group, lower mean

minimum altitude values than pilots who finished in the

lower half of the turkey shoot. The data show that a suffi-

cient body of pilot performance data has been collected to

warrant a detailed statistical analysis. A cursory examina-

tion of the data indicates that trends of a relationship

appears to exist between turkey shoot rank and factors such

as maximum g, minimum altitude, and offensive time. The

free engagement data may be of value since they approximate

engagements on an air combat maneuvering'range. The data

may also be useful irn determining links betWeen GSI per-

formance predictors and those predictors to be determined

for the ACMI range(s).
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Limitations of the GSI System

The GSI as presented in this report is specific to

TAC ACES 1 training. However, its application to other

air combat simulator training where the environmental train-

ing features are similar, i.e., training hardware, software,

and training 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 of offensive/defen-

sive maneuvers. In its present form, the GSI is not appli-

cable where initial sighting of adversary or uwo-versus-one,

or one-versus-two, is instrumental in the training scenario.

The GSI is an objective indicator of air combat skill

in the simulator but should not be construed as an absolute

measure. It is not proposed as a substitute for subjective

opinion. When the two measures, GSI, and the subjective

opinion of the instructor pilot aLe uzed ih conjunction,

they produce a maximal evaluator of air combat simulator

skill.

GSI Application to Other ACM Facilities

The degree 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 facilities differ widely in the synergistic fidelity

of air combat.

Lack of absolute fidelity in a simulator requires the

student pilot to suppress many preconditioned responses

and acquire associated responses to representative exter-

nai stimuli. The ability of the student to transcend to
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this representative environment directly affects his per-

formance in a particular simulator.

The differences in fidelity of simulation between simu-

lators of like kind and the difficulty of association trans-

fer experienced by the student will determine the applica-
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, ground rush visual cue, and the ex-

tent of computer modeling of aircraft flight characteristics

(aerodynamic fidelity, control response fidelity, instrument

and weapon systems fidelity). The effect of the differences

can be positive, negative, or neutral, on the contributory

i parameters of the GSI.

'I
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APPENDIX A ANALYTICAL METHODOLOGY

The analytical 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 histograms and scatter

diagrams. Variance'-covariance matrices and correlation

matrices were also generated to analyze relationships be-

tween the variables.

to define suitable functional predictive relationships be-

tween the various candidate prediLtor variables and turkey
shoot outcomes.

Two Y-var.-ales (dependent variables) were considered
n the regression analysis. They were turkey shoot rank,

i.e., 1,2,3,4 .... and fractional wins. "Fractional wins" is

defined as the ratio of total wins to total engagements in

the turkey shoot for d given participant.

Both variable selection and ridge regression were used

in addition to all-variable regressions to explore the

utility of direct predictive relationships. Various non-

linear relationshipa (in the candidate predictor variables)

were explored, 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

multicolinearities in the predictive variable sets. This

condition indicates that basic assumptions generall, used in

the application of least squares are being violated and also

that it is likely the parameter estimates will vary sub-

stantially from sample to sample. Another difficulty was

shown to exist from the analyses of variance performed.

This was the significant variation dete.ted between classes.

Thiswas he sgnifcant133 - _____
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The regression models were obviously affected by this and

the fact that no constraints wcre (or could be) applied to

rank predictions. For example, only one winner is allowed

per class, but several might be predicted.
In general, models explored using ridge regression

showed a degeneration in predictive capability as the bias

factor was increased. While, in general, the paramieters 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 p-edictive ability, it

was decided to explore three sources of variation in the GSI

scores and the GSI component variables. Using basic analy-

sis of variance methodology, the sources of variation inclu-

ded in the three-way analysis were "between" days, "between"

classes, and "between" turkey shoot ranks. In ;aneral,

significant differences tended to appear between days and

between classets.

At the beginning of the study, a master data base was

designed and then implemented. This brought data from the

source data tapes into a common file where it could be con-

vcniently studied, manipulated, and reduced to forms suita-

ble for use with the statistical programs.

The next ana final statistical program exercised against

the data was the Disc-iminant Analysis program provided in

the SPSS package available on Vought's System 370, Discri-

minant analysis can be used to classify data sets L:ýto pre-

defined groups. In the case of this analysis, the groups

were detined as combinations of turkey shoot ranks. As
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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

Lambda variable selection option. Data sets, prior to in-

put, were sorted 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

are documented in 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 sample. 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

discriminant 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 equality 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 line 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 UTILIZED IN THE
GOOD STICK INDEX VALIDATION STUDY
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TAC ACES BACKGROUND SURVEY

1. FULL NAME RANK (D-1) 2. DATE

3. CLASS & PILOT #_4. ACES I F, ACES iI El
5. MIL ADD. SQDN (D-2) WING (D-3) BASE (D-0) ZIP (D-0)

6. TOTAL FLYING TIME (D-4) 7. TOTAL FIGHTER TIME (D-5)

8. TOT. F-4 TIME (A/C & IP)(D-6) 9. SORTIES (LAST 6 MOS)(D-7)

10. CURRENT IN: F-4C[] , F-4DD0 , F-4E[] , (OTHER) (D-8)

11. PRIMARY DOC: A/AD , A/Gp, , RTU IPE] , (OTHER) (D-9)__D

12. RECENT BFM/.ACM EXPERIENCE: SORTIES-TOTAL (D-10),

LAST 6 MOS (D-11) , LAST MO ýD-12)
i! 13. TIME SINCE LAST BFM/ACM: 0-2 WKSE , 3-4 WKSFJ

5-12 WKSm , 13-25 WKS7 , 26-52 WKSD (D-13)

14. WHAT A/A MISSILES HAVE YOU FIRED? AIM-7D , AIM-9L1

AIM-401 , NONEL] (D-14)

15. ARE YOU AN FWIC GRADUATE? YES[] , NO_) (D-15)

16. HAVE YOU PREVIOUSLY ATTENDED: TAC ACES IL]

TAC ACES IID] , NO[ (D-16)

i7. DATE OF LAST AGGRESSOR DACT FLIGHT: LESS THAN 30 DAYS[]

LESS THAN 180 DAYSFI , MORE THAN 180 DAYS'_L,

NEVER4] (D-17)

18. WHAT OTHER VISUAL A/A SIMULATORS HAVE YOU FLOWN? (D-18)

19. COMBAT EXPERIENCE: YES E], NO [I. IF YOU HAVE HAD COMBAT
EXPERIENCE, WHAT IS YOUR TOTAL COMBAT FLYING TIME? (D-20)

HOURS. HOW MANY COMBAT SORTIES HAVE YOU FLOWN? (D-19)

SORTIES. WHAT TYPE OF AIRCRAFT HAVE YOU FLOWN IN COMBAT?

(D-0) NO. OF AIRCRAFT 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 - NOT INCLUDED IN ANALYSIS
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INSTRUCTOR OPINION FORM

In your opinion, how 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 feel will win the Turkey Shoot, t1- raAk of 2 to identify the first

runner-up, and so on until the rank ot 8 to identify the student who you

feel will place last. Please rank all the students.

INSVWUTOR PILOT DA--"

1

SINOTE: Please complete this form beor the student Turkey Shoot Competition

SI each Friday. Th• form will be collectcd fro.-i yo•. by M4r. R.A. Jorge sen.

p
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TAC AC--S POOIN.M EVAfl3ATION AND CRITIQLE

__________K CLASS #__ PWT #_DATE

TACACES PROGPAM: I ), II ( )

NOTE: This evaluation will be conducted in three parts.

In part I you are asked to give your ratings of the utility of this training
conceet. In short, ,ould regular excposure to visual air-to-eir simulation be
beneficial? Does it possess the potential to increase your combat capability?

In part II you are asked to assess end rate the relative benefit of the
31:%ulator itself; includin6 instructional features. Wh'at inprovejaents must it have?
Where is it good enough?

Part III consists of unstructured questions relating to simulator training
capabilities and limitations, course value, instruction, and the TAC ACES program
in total.

PART I:

Use the following scale to rate each question end add appropriate cosrrents
whan necessary:

MUM Oeneral Meaninx

5 Substantial positive training
4 Slight positive training
3 Wo effect

2 Possible negative training
1 Dwfinite negative training

A. What Vi, the value of the overall training provided in this course to:

5 4 1EN

Ebcperienced pilots - j
Ine perienced pilots

Yourself

A/A DOC pilots

A/G DOCPilots
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B. How did this training affect your knowledge or proficiency in the following tasks?

Use rating scale on page 1.

Engagem~ent Gco~otry

Includes visial slant range,
aspect determinaý-ion, closure
rate control, etc.

AIM-7 F-_____ - 11
Includes strktus fonitoring,
launch envelope, launeh
constraints, etc.

_ _ _ _ _ _ _ _ _ _ __l _fAIM..9 Mmployment'

See aboveLII
Gun Envelope 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 V should be design d to ease the workload
on the instructor while still providing eff'-tive control over the engagement.

A. Ccmpnxe the simulator to the aircraft in .he following areas using the ratingscale provided:

5 - Much better than aircraft
4 - Slightly better
3 - About the some
2 - Sli•htly worse
I - Much worse - -

5 .... 3ji 21 1 _ _ _

Acceleration Performance

Deceleration Performance_

Roll Performance _ _ _ _ _ _...... . . . .. ..

Pitch Performance I

AoA Indications
(buf fet' tone, noise)

Longitudinal Stick Feel -_

Lateral Stick Feel

Rudder Feel

AIM-7 Performance

ADI-9 Performance

Gun Performance -

Gunsight Performance

IR Tone Operation

I
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B. Do you feel cockpit :aotion is necessary for an A/A simulator? Yes ( ) No ( )
Cerment:

PART III

A. What A/A tasks and/or B:--.! maneuvers CAN be trained in the simulator?

B. W.at do you consider to be the best training features of this slmulktcr?

41

C. What A/A tanks and/or B••.4 maneuvers CAMIOT be trained i, the situlator?
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D. 1What do you consider to be the most significant limitations of this simulator?

E. Has the training provided during this week improved your overall operational
fighter skills? Yes ! ) Io (
Comment:

F. Should the course be offered on a recurr:ng basis? Yes N ) No (
Conmcnt:

G. Corment on the quality nnd quantity of instruction.

14
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H. What features/capabilitics would you like to see added to this simulator?

I. Mist any co_--ents/reco.-'mendations you have regarding the TAC ACES program.
(i.e., cyUAbus/administrative/scheduling/quarters/transportation/etc...)

:14
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APPENDIX C

'TAC ACES I TI'RAINING SYLLABUS! AN 1

TURKEY SHOOT COMPETITION RULES
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TAC ACES I
SYLLABUS

DAY 1

Sortie #1 - Simulator Familiarization (:30) (F-4/F-4)

Objective: To become familiar with simulator visual
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
d. High and low altitude flight
e. High and low speed stalls

Sortie #2 - Wearons Familiarization (:30) (F-4/F-4)

Objective: To become familiar with AIM-7E, AIM-9J,
it and 20mm employment.

Pilot will perform/demonstrate following tasks:

a. AIM-7 and AIM-9 employment agai.nst a con-
trolled target

b. Gun tracking exercises against a controlled
target

C. Understanding of weapons switchology
d. Recognition of aspect angle, range, and

closure velocity,
e. Max performance maneuvering

Sortie #3 - Performance Measurement Data (:30) (F-4/
Computer Flown Target)

Objective: To collect a baseline performance mea-
surement on each pilot as he flys against a pre-

The performance measurement will consist of the:i• Th~~~er~re perofilane.maueetwllcnito h

following exercises:

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) (F-4/F-4)

Objective: To fully understand operation and em-
ployment of gun and LCOSS.

Each pilot will accomplish:

a. Stabilized tracking exercises
b. High angle gun employment
c. Tracking a maneuvering target

Sortie #5 - Basic Fighter Maneuvers - Offensive (1:00)
(F-4/F-4)

Objective: To understand and be able to perform
basic fighter maneuvers from a canned set-up.

SEacit 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)

Objective: To understand energy management and basic

defensive maneuvers.

Each pilot will understand and practice:

a. Overshoots
b. Extensions
c. Reversals
d. Jink-outs

Sortie #7 - Air Combat Maneuvering - Similar (1:00)
(F-4/F-4)

Objective: To increase proficiency in entire
j maneuvering envelope.
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Each pilot will demonstrate understanding of:

a. Use of the vertical
b. Lead turn
c. High AOA maneuvering
d. Combat separations

DAY 4

Sortie #8 - Threat Orientation (1:00) (F-4/Threat)

Objective: To develop an appreciation for the per-

formance characteristics of a typical threat air-
craft.

Each pilot will observe the following threat charac-
teristics:

a. Flight control responses
b. Turning capability
c. Performance envelope (altitude, airspeed,

etc.)

Sortie #9 - Air Combat Maneuvering - Dissimilar (1:00)
(F-4/Threat)

Objective: To increase proficiency in maneuvering
against dissimilar aircraft.

Each pilot will fly each aircraft in fluid engage-
ments against each other. Lessons learned will beI1 _ discussed during debriefing.DAY___5

Sortie #10 - Review of Sorties 1-9 (:45) (F-4/F-4)

Objective: Briefly review all previous sorties for
areas of confusion/misunderstanding.

Each pilot will demonstrate knowledge of basic con-
cepts of air-to-air combat hmaneuvering.

Sortie #11 - Performance Measurement Data (:15) (F-4/
Computer Flown Target)

Objective: To collect an end of course performance
measurement as the pilot flys against a pre-recorded
profile.
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The performance measurement will consist of the
following:

a. 2 x Stabilized (Cine) tracking exercises
b. 3 x Head-On maneuvering exercises

Sortie #1' - Turkey Shoot (F-4/F-4)

Objective: To allow pilots to demonstrate their

air-to-air ability in a class fly-off.

Each pilot will be zeliminated after losing to two
other pilots in a double elimination tournament.
Rules of engagement will be briefed prior to start
of fly-off.

-- On all 1.0 hour sorties, pilots will switch cockpits

after first 30 minutes.

-- Sorties should be recorded for debriefing.
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TURKEY SHOOT RULES

Double Elimination

1. Initial pairings will be made by drawing 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.

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), hitting the ground, and
spins that bomb the computer are automatic kils.

6. Head on gun kills are not authorized. An aspect angle
greater than 135 degrees for the shooter at time of
kill is considered a head on gun kill.

7. Radar lock-on can only be accomplished by pilot acti-
vated auto-acq after the second engagement. Radar
missiles will not be used until the third engage-ment.

8. Switchology trickology is unauthorized.

9. Entry fue will be decided by the class (normally $1/
pilot).

10. These may be agreed to or changed by the entire class.

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.
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LIST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS

A/A - Air-to-Air

A/C - Aircraft

4 ACES - Air Combat Engagement Simulator

ACM - Air Combat Maneuvering

ACMI - Air Combat Maneuvering Instrumentation
Range

AFHRL - Air Forces Human Resources Laboratory

AVG - Average

BFM - Basic flying maneuvers

CIP - Chief Instructor Pilot

CIPP - Chief Instructor Pilot predictions of
turkey shoot ranking

CF - Classification Function
CTK, CENETK - Cinetrack exercise in tracking maneuvers

D, DEM. - Demographic data

DISCRIM - Discriminant analysis program used

DF - Degrees of freedom

Elim.. - Eliminated(ors) from Turkey Shoot

ENV - Envelope

EXP. - Expanded (list of variables)

F - Friday scoring data

FCN - Function

F - ratio - Variance between groups divided by
•I •variance within groups

F test - Test of significance used in analysis
of variance

FTO - Flight Training Operations

FWIC - Fighter Weapons Instructor Course

G, g -Acceleration relative to that of gravity

>- Greather than

GP - Group

GSI - Good Stick Index
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LIST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (Cont.)

H - Hit

H1  - Hypothesis where PE PT

H-MIS - Heat missile

H0  - Hypothesis where PE = T

HON, HD-ON - Head-on exercise

INT., Int. - Internal

IP - Instructor Pilot

LBS - Pounds (fuel)

LT, - Less than

M - Monday scoring data

MIL ERR - Average pointing error in Mils

N - Sample size

O/D - Ratio of offensive time (target in front
hemisphere of subject aircraft) to defen-
sive time

OTOPS - Opaque Target Optical Projector System

PANG - Pointing Angle Advantage (Time in envelope)

P E - Proportion of correct classificationsusing data within the experiment

Pred. - Prediction(s) -or(s)

PT - Proportion of correct classifications
using test data from outside the experi-
ment

R - Correlation coefficient

R 2 - Coefficient of determinationA R-MIS - Radar missile

R.U. - Runner(s)-Up of Turkey Shoot

S - Standard deviation

SAAC - Simulator for Air-to-Air Combat

SAM - Surface-to-Air Missiles

SR -Slant range
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LI5T OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (Cont.)

SS - Sums of squares

TAC - Tactical Air Command

TAC ACES I - Simulator training program at Vought

II - at Luke Air Force Base

TAS - Training and simulation

TPWC - Tactical Fighter Weapons Center

T.S., TS - Turkey Shoot

TTFK - Time from start of engagement to first
kill

VAR - Variable

02 - Variance

W - Wednesday scoring data

Win. - Winner(s) of Turkey Shoot

X- Sample mean

x- Cbi-Square test statistic

Xi - Variable quantities

Y - Dependent variable quantity
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