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‘SUMMARY

approach

A study was conducted to investigate and statistically
validate a performance measuring system in the Tactical Air
Command Air Combat Engagément. Simulatér I air combat. maneu-
vering (ACM) training program at Vought. Corporation, Dallas;
Texas. The study utilized a 12 week sample of :89 student
pilets in an experiment to. statlstxcally valxdate,an objec-
tive performance measure of air combat skill, compare the
‘objective measure to ‘the subjective judgement of ACM skill
made by instructor pilots, to investigate: impxgvgments as a
measure of ACM skill, and to evaluate its udtility as a train-
ing aid.

Statistical methodologies of ridge regression -and .dis-
criminant analyses were employed 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 TAC
ACES I simulator training program, The GSI was developed
jbintly'b§ the Tactical Air Command and the Vought dérgnxa—
tion utilizing four subjectively chosen and equally weighted

. parameters which to the :experienced pilot are intuitive jin-

dicators of -air combat skill., The four parameters aré 1)
time in gun firing envelope; 2) average mil error, 3) offen-
sive/defensive time, and 4) time to first kill - objective
meaéures obtained during student pilot scoring sessions
against programmed target maneuvers. The TAC ACES I
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training program %s'copcludéd by a one-on-one free engage-
ment tournament where one student pilot. is: matched' against
another. The'tufkey shoot tournament is. a double elimina~-
tion event (pilots must lose two- engagements to be. élimina=-
ted) resulting in a single winner.

The GSI score, applied as a predictor of turkey 'shoot
placement, appeared to predict the winner at greater than
random frequency.

'

Specifics

‘The ‘GSI validation study was conducted ito -statistically
validate the:GSI as:'a pradictor »f turkey shoot winner, in- 1
vestigate improvement in the GSI by varying the weighting ;
of each of the four parameters, and introducing additional A
Jparameters as candidates for an improved predictor of turkey 3

shoot winner.' The validated GSI was compared with the tur-
key shoot student placement predictions of the instructor
pilot to assess its agreenent 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;

1) 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. wére objéctive measures of performance
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
gessions on Mondays, .mediately after briefing and hands-on

2

Bod .
-




R
Y
N

ok

-

i Ban i St
- 4o “
e
.

TR s
S P

ORI

B

I

familiarization, and on Fridays, just prior to the turkey
shoot e«urcise, In four of the 12 classes, an addi-

tlonal scoring session was held on Wednesdays to better
assess learning trends in the simulator.

The TAC ACES- I training syllabus was consistent
throughout the éxperiment as attested to by the Chief In-

structor Pilots. Instructor pilets provided individual

instruction to each 'student, concentrating in areas of

recognized deficiencies. The studefits were aware of the.

scoring sessions, but were unaware of ‘the intgnded use of
the acquired data. - .

Results

The first statistical analysis performed determined
the prediction capability of the/equally weighted, four
parameter GSI score obtained in Friday scoring sessions.
The' results. were ccmpared to the subjective student turkey
shoot rank predictions of the instructor pilots. The .anajyr
sis showed the GSI score, using Friday only data, to prms.ct
the turkey shoot winner with a 25 percent probability (mie
in four). There was no statistical difference between vle

-GSI and the instructor pilot prediction capabilities,

A second analysis summed the ‘GSI score obtained on
Friday to the GSI score obtained on Monday and optimally

weighted the combined score, A significant increase in

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

A third analysis used the four individual parameters
of each GSI scoxe for Monday and Friday (a total of eight
terms) and optimally weighted each individual parameter,
The results increased the prediction of turkey shoot place-
ment to about 75 percent (three in four), the best prediction
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which .could be obtained wlth ‘the- four paraimeters intui-
tively chosen as indicators ©Of ACM skill,

In the fourth statistical analysms, a set ¢f<40 objec~
tive measures taken during each scoring session were in=
‘troduced to thie discriminant model as potential predictor
candidates, Includéd in the daca set were the four para-
meters in the original and. improved GSI score. The analysis:
derived an optimal pridictor with &bout 80 pe¥cent probabi-
lity of correct turkey shoot placement, Further, a set of
12 subjectively chosen deriographic (background) data obtained
from :student questionnaires introduced as potential contribu-
tor candidates in the éxpanded list -of candidates, The pro-
bability of correct turkey skco: .placement 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
of thé texms in the -optimal objective predictor dnore., This
result reinfordes the prediétor model as a measure of pilot
ACM skill, :

The statistically validated GSI was Used in the final
analysis to obtain. a measure of learning: trends in the simu-
lator. A third scoring session on Wednesday, in addition to
the Monday and Friday data, eénabled an evaluation of skill
development ih the simulator over the week's training period..
A gquadratic fit through the means of individual scores ob~
tained on the three days showed definite positive group
iearning (edumetric trend): The distribution ofvindividual
scores was seen to converge, or group closer together;,
from Monday to Friday. The slope of thé quadratic fit
approached zero on Friday, which indicatés that one week's
+training in the simuldtor was optimal for the c¢lasses sub-
jected to the investigation,
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Conclusions s - k‘&{\oﬂ
. The overall analyses in the study showed: the GSI to be :f‘;\; 3
7 measure of ACM skill with contributing parametérs .consis- N ¢i<§
{ent with intuitive expert opinion and with an dcceptable RS
level .of -accurate assessment -of skill in the simulator. The “‘i
GSI score is shown to be useful in evaluating individual TS
and group learning within training programs in ACM, and the “ff
, individual jparameters comprising the GSI score can be used i
: _ as teaching guides.
5_ A ygcommendation is made to utilize the algorithms .and ,»j
5 ‘ similar technigues and methodologies -as. prezented in this ’
i study to derive performance measureément systems for £He - :
Simulator for Air-to-Air Combat at Luke AFB and the Air i
Combat Maneuvering Instrumentation (ACMI) Range at Nellis AFB.. !
when an objeétive performance measure can be obtained for k “
i ACM in the air, then an objective measure of transfer of s
training between the simulator and the aircraft can be as-
certained:.
: - Applications of the techniques of the study can also be g
fé - applied to cther ACM simulators and other types of flight
.3. simulators to acliieve like measures of skill in a variety
ﬁ s . of flying tasxs.
5
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PREFACE.

this report documents the tasks performed under con-
tract 'F3¢601~77-A-0176=KW01, the Good Stick Indeéx Vvalidation

"Study. ‘The Vought Corporatiorn, Dallas, Texas, has been

under: contract with the USAF Tactidal Air Command (TAC) to
furnish the Air Combat Engagement Simulator (ACES) facility
in support. of TAC air combat training, during the data coliec=
tion phase of this study. A pilot performance scoring sys-
tem; #he Good Stick Index ggs;),wwas~dévélo§e§ earlier for
the purpose of predicting relative performance: of student.
pilots in a free engagement competition within each class of

‘eight pilots., Initially, four parameters of pilot perfor-

manca were used to compute a GSI score. for each pilot,
Theséigarameters were selécted .subjectively and were em-
piricallly weighted in the scoring equation. There had been
no prev.ous effort to statistically validate the predictive
ability of the GSI equation. )

The ctntractor wishes to acknowledge the téchnicad
guidance and. aisistance provided by Mr. Robert E, Coward,
Contract Manayér -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 providéd 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 dteasured 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 sessicn., 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 ancmalies unaccounted for
during the control period.

14
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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

parameters in order to obtain a greater measure of indivi-
dual and group transfer of training in the simulator.

The optimal GSI predictors, as derived by statistical
analyses of the experiment data, are evaluated as a predic-
tox., Using previous class sessions as a data base to a
limited degree, an idssessment is made- of actual turkey shoot
prediction capability.

BACKGROUND

The TAC ACES I tiaining 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 ingtruments 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. 1In
addition, a MIG 21 is modeled to provide training in dis-
similar aircraft engagements.

Facility Description

The Vought Air Combat Simulatoxr, Figure 1, consists of
two cockpits, each situated within lé6-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 c¢olor image pro-
vided by the Opagque Target Optical Project System (OTOPS),

15
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JFigure 1., The Vought Air Combat Simulator

recently developed by Vought., Each pilot wears a g-suit
and sits on a g-seat. As a pilot increases the load factoxr
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 penetra’ion into the buffet area
occurs, Each cockpit is equippred with fire control switch-
ology which reflects the F-4E, number 536 and subsequent,
as modified by T.O0., 1F-4E-~556,

16
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On-line fixing and hit cues, engine, aircraft, and wea-

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

a separate bullet model includss the time of flight. Wea~
pon realism extends to the heat .and radar missiles, too,

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,

2 unique Instructor Pilot (IP) station that is mobile
and that can be operated from alongside the éockpit 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-
duled for one week and consists of eight student pilots and
three IPs. Each student accumulates a mifiimum of ten hours
of classroom and hands-on training in air-tc-aixr combat.
Two stuadent 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 simultaneoutly., Training data are normally
recorded while "£lying" against a target with preprogrammed
flightpaths, A kill is "“scored" by guns, heat missile,
radar missile, or ground strike,




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 thé hands-on session, the stu-
dent is "scored" against a series of canned target maneuvers.
The student's initial pexformance 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 gsecond scoriihg sessicn
with each student pilot competing against cannéd target
maneuvers as was initially done on the fixst 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 engagements until
eliminated or a winner is dJdecided. A

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-
ments are also solicited. These data are rec¢orded 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 simalatox
performance and the training evaluations obtained from the
student pilots and inputs from IPs are used both by TAC and
Vought in evaluating potential improvements in the simula-
tor and simulator training.
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The objective measures of student, pilot perforinance
are used in:obtaining the GSI to represent a measure of
relative proficiency in air-tc-air combat in the simulator.

Student piiot background data are used to subjectively

corrélate a pilot's expected level of proficiency with that
ineasured hy the GSI,

Experiment. Controls

‘'The data were collected for a sample of 90 subjeces
during the peiiod of this study, under concisely defined
controlled conditions. The study was unigue in the sense
that the data had to be collented within and from the opera-
tional training environment. The collection of data under
these conditions 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 classical sense, as found
in a laboratory experiment. As a result, other methods of
control were developed to function within the restrictions
imposed to provide some assurance as to the fidelity of the
data collected and to 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 trairing class, certify-
ing to the adherence to the TAC ACES I-Training Syllabus,
fidelity of the air combat simulator performance, and per-
formance accuracy of the software and computer hardware.
Data collected from TAC ACES I students prior to this study
did not hayve these controls,
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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 ivieek and during the "Turkey
Shoot" elimination contest, after completion of thke formal
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 critique.
The existing questionnaires were modified to outain age
group and combat experience data. The Chief Instructor
Pilots (CIPs) for thé TAC ACES program were required to pre-
dict each student's performanceiin the turkey .shoot contest,
As each class completed the formal training program, the CIP
was required to rank-oidexr that class of students as to
their perceived standing at the completion of the turkey
shoot elimination contest, Simulation or other training
syllabus anomalies weare: also recorded as a part of the data
collection task to aid in the identification of outliers in
the data sets,

All of the student pilot pberformance data were recorded
on magnetic tape. All other data f£rfom students' background,
course critiques, 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.

20

L4




=

-

Y i

o
om i v b ——— R ———— s £ 5 . i O

o -

II. OBJECTIVES

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 the
four subjectively selected parameters of the empiricail GSI
was obtained by discriminant analyses. A further improved
GSI predictor was derived from the expanded list of availa—
ble candidate predictor variables and variable selection
techniques. These improved predictors were validated with
data acquired 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 eguation(s). Student pilot background and
subjective data obtained from questionnaire forms were input
with objective data to obtain optimal predictor models.
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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 fo this
experimental study were used on a random selected kasis 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,

Reliability of GSI Scoreg

Lad

The reliability of the GSI was detexmined 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.
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ITI. ANALYSES

The GSI Score was computed from data acquired during
the TAC ACES I training of each class, hormally on Monday
and Friday. During the GSI Validation Study, a third set
.of GSI data was collected on Wednesday for four of the 12
c¢lasses involved. GSI data are recorded nominally against
five canned targets; generally, two of the five are cine-

W

track and the remaining three ar¢ head-on.
The equation defining GSI is,
GSI = 4,6 (70-MILERR) + 0.86(PANG)+(0/D~35)+0.,5 (180~-TTFK) (1)
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,

9? o/ - average ratio of offensive to defensive

¢ time against the head~on targets, Offen-
sive time is the time the target aircraft

E is in the front hemisphere of the piloted
k A aircraft.
;i TTFK - average time to first kill (seconds) from

% ’ beginning of run until student achieves
first kill against head-on targets with gun
% oxr heat missile,
< The GSI Score iiseilf 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

—
-
W oo Y

M e
T St e,
- A s vy

»
: ;g pericd of this study. MIL ERR, PANG, O/D, and TTFK are
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referred to as the GSI component scores or compohent
variables in this report.

Statistical Analysis of GSI Data

The statistical analysis of the basic Monday and Fri-
day GSI scores and the four GSI component scores collected
over the l2-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 variablée, The histograms for Monday and Friday for
each score are provided on the same page to facilitate
visual comparison. In general, the distributions improve
from Monday to Friday (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 Fiqures 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 eliminaticn 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
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TABLE 1 - GSI CORRELATION COEFFICIENTS ;
k. <
§ MONDAY j
% TS, AVG.MIL T OFF } ;
| RANK ERR % PANG TIME TTRK !
| 7.5, RANK @ 1 1254 -.1318 ~.0270  .1512
{ » f
£ AVG.MIL.ERR: ,oz(m\ 1 -.0891 ~,1915  ,1650 f
1 . > Yy
Eé»f % PANG 0313 ~.3071 1 .2107  -.2868 ;
o ;
it g - - - i
4 % OFF TIME .2761 -.0951  ,0007 1\\.5439 ?
. TTFK .2817 .0559  -,1557 -,6052 L :
= A
: FRIDAY ;
!
ol MONDAY
X FRACT.  AVG.MIL § OFF
, WIN ERR % VANG TIME TTFX
3 : : : :
o} i FRACT. WIN TS1_ -.1355  .1759 0261 -.1218
i AVG,MIL.ERR. -.0083\‘\ 1 -.0891 ~-.1915 .1650
2 $ FANG [0289 -.3071 1 .2107 -.2868
; % OFF TIME .2866  -.0951  .0007 1\\-.\5430 ;
i .
. TTFK -.2748  ,0559 -.1537 -.6052 1 “
3 FRIDAY “
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coefficients for Monday data are shown .above the main dia-
gonal of each matrix and for Friday data are helow the main
diagonal: As can be seen, relatively .strong correlations
exist among the component variables indicating non-zero 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 viéw of the scatter diagrams provided,

In an attempt to determine significant sources. of
variationiwithin the data, five three-way analyses of
variance were conducted, for GSI and the four compocnent
variables., The three sources of variation investigated
were

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

(b} variation between turkey shoot ranks, and

(c; wvariation between the classes which contained

eight students.

Table 2 shows the resulits 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 1f GSI meazures group learning, a significant increase

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

detail in the section on edumetrics. The cther significant
source of variation (also significant at the one percent

level) is between claises. It was preferred that significant

differences between c.asses would not occur, as this
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TABLE 2 - ANALYSIS OF VARIANCE - GSI SCOQRES
i 1 soURcE oF |, | .
1 'V‘R'E;IQN SUM OF SQ. T DF MEAN SQ. F TEST
L=======Am__.~‘ e e, e
BETWEEN ‘
DAYS 997,335 1 997,335 51,1%%* |
BETWEEN -
RANKS 58,630 3 19,543 1.00
= BETWEEN .
CLASSES 655,204 8 81,900 4,20%
3 ‘); 1 - -
@W [ RESIDUAL | 2,557,437 | 131 19,522
i : g‘—-_-;.—;m—.—-_t =
%] % TOTAL 4,268,606 143
bi ¥ *  significant at 5% level
3
5 { ** gignificant at 1% level

-
i
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could tend to mask differences between ranks, as exhibited
in the data, if they really existed. Conversely, it was
desired that significant differences between -GSI scores by
rank should occur. These differences did not occur, and
this provides evidence as to why the initial GSI score is a
relatively poor predictor of turkey shoot rank. Figure 7,
which shaows 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 & percent
level,

For the component variable percent PANG, significant
differences are evident at the 1 percent level., There is no
evidence of significance for variation between ranks. For
the component variable, offensive time, 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 level betweder days and between
xanks. Differences are not evident betweer classes, Table
5 summarizes the finding of the analyses of variance per-
formed of the four GSI component variables,
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TABLE 3 - GSI COMPONENT ANALYSIS OF VARIANCE

ANALYSIS OF VARIZNCE - AVERAGE MIL ERROR

+SOURCE OF |, N .| )
VARIATION SUM OF SQ 19)0) MEAN SQ. F TEST
BETWEEN
' DAYS 152.11 1 152,11 .51
BETWEEN
" RANKS 4.,567.06 3 1,522,35 5.,15%%
BETWEEN :
CLASSES 5,568,72 8 696,09 2,35%
FESIDUAL 38,764.33 131 295,91
Wﬁ‘
TOTAL 49,052,22 143
ANALYSIS OF VARIANCE - % PANG
| SOURCE OF : ‘ : -
| varzarzON SUM QF 8Q. DF MEAN SQ. F 'lESEml
BETWEEN .
DAYS 2,871.17 1 2,871.17 24 ,5%%
-} BETWEEN .
RANKS 356,08 3 118.69 1,01
BETWEEN
CLASSES 4,114,25 8 514.28 4,38%%
RESIDUAL 15,371. 44 131 l 117,34
g ————— s — —
TOTAL 22,712.94 143

* significant at 5% level
** gignificant at 1% level
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TABLE 4 ~ GST COMPONENT ANALYSIS OF VARIANCE

ANALYSIS OF VARIANCE - % OFFENSIVE TIME

| source oF 1 o
VARIATION | SUM OF SQ. | DF MEAN SQ. | F TEST
| I ! ’ » e . ,
BETWEEN: ag
DAYS ﬁ,s9sf69 1| 6,696,6% 47,2%%
BETWEEN _
RANKS 274,25 3 91.42 +64
| BETWEEN
CLASSES 1.332.47 8 166.56 1.17
RESIDUAL 18,600,56 13| 141,99
TOTAL 26,903,97 143

ANALYSIS OF VARIANCE - TIME TO FIRST KILL

souce o0 [ o or so._Jor | vam so. | men
: et ———— e |
et 19,113,07 1| 19,113.07 |23.2%x
gggggnu 13,215.75 3 4,405.25 | 5.35%*
P 10,873.01 8 1,359.13 | 1.65
RESIDUAL | 107,942.,50 |131 823,99
]
TOTAL 151,144,33 143

* significant at 5% level
** gignificant at 1% level

W S <o it
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TABLE. 5 - SUMMARY OF RESULTS OF ANALYSIS OF
VARIANCE OF GSI COMPONENT VARIABLES

SGURCE OF ﬂ )
VARIATION MIL ERR $ PANG % 0/D TTFK
BETWEEN DAYS - *k . .
BETWEEN RANKS *K - - * %
BETWSEN -CLASSES * *k - -

* significant at 5% level
** gignificant at 1% level

A Compaxison of the 351 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 ai: four levels of detail as to the outcome

of the turkey shoot (These levels of detail are carried

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

defined as follows:

l. Four Gioups - Proper placement into the proper

turkey shoot quartile, i.,e., 1 or

2 in the first group, 3-4 in the

second group, 5-6 in the third group

and 7-8 in the fourth group.

2. Upper \lalf Proper placement of students in the

of Class -

top four turkey shoot ranks in those

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

these ranks.

3. Wirner and Prcper placement of the winner or

Runner-Usg -

group.
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4, Winner -~ 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 ctlasses.
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 tne 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 detexmining the probabi=-
lities assgociated with the random assignments to the other
two groupcs

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, fox
CIPP and the "four groups" grouping, the CIPs properly
placed 21 out of 67 predictions in the correct groupings
(-2, 3-4, 5-6, oxr 7-8); thus, 21 of 67 or 31l.3 percent
were correctly classified. Ninety-five percent confidence
limits were calculated using these data and were determined
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TABLE 6 -
A COMPARISGN OF FRIDAY GSI RANK PREDICTIONS
'WITH CHIEF INSTRUCTOR PILOT (CIPP) AND
: RANDOM SELECTION
, GSI
RANDOM RANKING
GROUPINGS SELECT, CIPP (FRL.SCORE)
NO. CORRECT - 21 26
PREDICT.
FOUR GROUES TOTAL NO. - 67 90
(12,34 PREDICT.
o6 7-8] % CORRECT 25% 31.3% 28.9%
' PREDICT.
95% CONFI- - 20.2-42.5 19.5-38.3
DENCE INT.
NO. CORRECT - 24 27
PREDICT.
UPPER HALF TOTAL NO. - 34 46
OF CLASS PREDICT,
1.5 500) $ CORRECT  50% 70.6% 58.7%
réy PREDICT.
. 95% CONFI- - 55.2-85.9 44.5-72.9
E DENCE INT.
NO. CORRECT -~ 6 9
PREDICT.
HINNER & gOTAL‘go. - 17 23
RUNNER-UP REDICT.
2 % CORRECT  25% 35.3% 39,1%
' PREDICT.
95% CONFI- - 12.6-58.0 19.2-59.1
DENCE INT.
NO. CORRECT - 1 3
PREDICT.
TOTAL NO. - 9 12
. PREDICT.
Wlﬁﬁ?R $ CORRECT 12.5% 11.1% 25,0%
PREDICT.
S£$ CONFI- - 0-31.6 0-49.5
DENCE INT.
43
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to be 20,2 percent and 42.5 ﬁexcentl. 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 subjected
to a test of the hypothesis that it is equal to or better
than random selectionz. 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 prediétor was found to be significantly bettey thah
random selection for winner and runner-up also at the S
percent contidence level, All other predictions were found
not to be significantly different from random prediction at
the 5 percent level. fTable 7 provides the levels of signi-
ficance at which differences would be assumed to exist.

TABLE 7 - APPROXIMATE RISK IEW. »T (HICH
DIFFERENCES CAN BL ASSUYED TO EXIST

GROUPINGS CIPP GSI RANKING
FOUR GROUPS 15% 18%
UPPER HALF 5% 13%
WINNER & RUNNER-1'P  26% 5%
WINNER 36% 20%

lOstle & Mensing. Statistics in researxch, (3rxd ed.). Ames:

Iowa State University Press, 1975, 100-101,

2OStle & Mensing. Statistics in research, (3rd ed.). Anes:
Iowa State University Press, 1975, 129-133,
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Thus, to this point in the analysis, it can. be con-
cluded that CIPPs c¢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 time,
For other predictions investigated, the two predictors
appear to be ho better than random selection, The data in
Table 6 will be carried forward for comparison with more
sophisticated predictors developed from the expanded data
sets &cquired 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 predictox variables, and the demogra-
phic data were subjected to a series of discriminant analy-
ses using the sub-program DISCRIMINANT available as part of
the SPSS package3. The capabilities of this program were
useful in the development of prudictor 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 Jerived 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,

3Nie. Statistical Package for the Social Sciences (SPSS),

(2nd ed,). WNew 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 avalable 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 inteérest 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 winnex class is the ak-:olute winner or undefeated stu-
dent ir che turkey shoot . A second winner class is the
winner apd 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 werc 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 eliminatoxs) versus the
lower half of the class (Group II: second
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eliminators and first eliminaters).

4. Four Groupings (Group I: winners and runners-
up; Group II: third eliminators; Group III:
second eliminators; Group IV: first elimina---

tors ).

The analysis was conducted in four parts, each: part
being defined by the candidate predictor variable set to
be used. The first analysis used only Monday and Friday
GSI scores as candidate predictecr 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 hare were then used as the baseline, or basis
of comparisan, for the other three analyses which followed.

'The discriminant analysis considers mors than just
correct classification into the desired group. Two groups
are defined, one group including the winners, and the
other group including the non-winnexs. It is possible to
correctly classify most of the true winners but incorrectly
classify some relatively large number of non-winners as
winnexs., It must 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 detexrmined
GSI scores as predictor variables. iIn the second analysis,
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the four comﬁonent variables. (or part ééofés) from which

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

The DISCKIM program was then allowed to select from these
eight component variables (four for Monday and four for Fri-
day) the best predictor varisbles for eadh of the four
classification schemes. The eight variables are defined 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 group predicted membership versus
actual group membership, using the l2-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, thera is always one less discriminant function than
the namber 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 & -~ MONDAY AND FRIDAY 3SI COMPONENT VARIABLES 2ND

VARIABLE SELECTION BY DISCRIMINANT GROUP

wr .
N
Perarsd e at mei 355% e ARANL £ s e sl

J
GROUF I - Winners; GROUP II - Others , ﬁ
GROUP I - Winnexs & Runners;Up; GROUP II -
Others ’
|  GROUP I - Winners, R.U., & 3rd Elin.;
GROUP II - Others , ‘
VAR. GP. I -~ Win. & R.U.; GP, II - 3xd Elim., ;
DESIG. GP. IIT - 2nd Elim.; GP. IV - lst Elim. t
) VARIABLE DEFINITION :
X1 X X |AVERAGE MIL ERROR FOR FRIDAY ‘
bl
X2 X PERCENT TIME IN PANG FOR FRIDAY :
X3 X X |X | PERCENT OFFENSIVE TIME FOR FRIDAY ;
X4 XX TIME TO FIRST KILL ON FRL{DAY (SECONDS) 3
X5 X X |AVERAGE MIL ERROR F2IR MONDAY ?
X6 PERCENT TIME In PANG FOR MONDAY
X7 { |PERCENT OFFENSIVA TIME FOR MONDAY
X8 X X |x I'PIME PO FIRST KILL ON MONDAY (SECONDS)
i
J
:
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relationships among the groups. The standardized dis-
criminant functions perform the same genéral fulictions as
the 'standardized (beta) coefficients in regression analy-
sis. Thege functions provide ait easy reference -as to the
relative contribution of each of the selected discriminant
predictor variables.

4, Unstandardized Discrimirant Functions -- The un-
‘standardized discriminant functions, like the standardized,
ara useful in the descriptive analysis of spatial relation-
ships among the groups.

5. (Canonical Correlation Coefificients of the Discri-
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 cone indicates pexfect group
separation capability; a value of zero indicates total in-
ability to separate groups,

The First Discriminant Analysis - Assessment of the GSI
Scoxes ag Turkey Shoot Placement Predictors

The results of the first discriminant analysis are
presented in Tables 9, 10, and 11, where Monday ancd Friday
GSI ‘scores are the predictox varisbles, While, in general,
members of the first group are qorrectly 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 uvidenced 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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PABLE 9 - -GSI TURKEY SHOOT WINNER PREDICTIONS

mecm* VARIABLES: Monday and Friday GSI Scores
_

ACTUAL GROUP NO. OF PREDICTED GROUP MEMBERSHIP
| MEMBERSHIP | CASES |  croupI GROUP II
i Turkey Shcot 6P ‘ ' 8 \ 4
Winners 12 66.7% 33, 3%
JTurkey Shoot Non-
AT RE GFTI 34 44
h}nnecs (Others)‘ 78 | 43.6% 56. 4%
57,8 RRECTLY GROUPED ‘ .
CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARTABLE COEFFICTENTS COEFFICIENTS
GROUP X1 GROUF 11 STANDARDIZED lunsmmm;m,
| FGsT._ ¥ 0,03907 0.03594 _ [-0,46118  }-0.00757
MGST 0,00400 | ©,00581 0,75773 0.00437
; |CONSTANT §-13.77014  £12,55049 — 2.80178
J&m\m
i‘ CANONICAL COKRELATION OF DISCRIMINANT FUNCTION IS 0,140

bl
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TABLE 10 - GSI TURKEY SHOOT WINNER AND
RUNNER-UP PRFJICTIONS

ACTUAL ‘GROUP
MEMBERSHTP

NO. OF PREDICTED GROUP MEMBERSHIP

PREDICTOR VARIABLES: Monday and Friday GSI Scores

Ares o

CASES |  gRowp T

GROUP IT

Turkey Shoot
Winners & Runners GPI
Up

23

y

14
60.9%

T 9

39.1%

Third, Second, and
First Elimina- GPII

tors (Others)

67

33
49, 3%

34
50.7%

VARIABLE

GROVE I
| FGSI 0.03804

% OF CASES WERE CORRECTLY GROUPED

CLASSIFICATION FUNCTION
<OEFFICIENTS

| GROUE II
0.0396

0.00581

DISCRIMINANT FUNCTION
COEFFICIERTS

0.96359

-

0.09485

ARDIZED
0.00759
0.00055

-12.45815

-5.02757

MGSI 0.00596
CONSTANT §~-13.85377

PN

-

CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.120




TABLE 11 - GSI TURKEY SHOOT WINNERS: RUNNERS-~UP AND THIRD
ELIMINATOR PREDICTIONS (CLASS UPPER HALF)

)

; PREDICTOR VARIA.BLES Monday and Friday GSI Scores
ACTUAL GROUP NO. OF PREDICTED GROUP MEMBERSHIP
| [MEMEERSHIP CASES |  GROUP % GROUP II
T.S. Winners,
Runners-Up and  GPI 46 27 19
Third Eliminators 58.7% 41.3%
T.S. Se¢ond and 19 25
First EliminatorsGrII 44 43.2% 56.8%
: %
__57.8 % OF CASES WERE CORRECTLY GROUPED$ |
. CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARTABLE COEFFICIENTS COEFFICIENTS
GROUP I GROVP_IT STANDARDIZED [UNSTANDARDIZED |
_EGSI 1 0.03764 0.03587 | 0,49739 0.00392
MGSI 0.00759 0.00574 0.71398 0.00412
CONSTANT |~14.06189 ~12.11746 - -4.32199
{l l
v§ l . o —
@ i T
3 E M
CENONTICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.218
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The Second Discriminant Analysis - Statistical Derivia-
tion ¢f an Optimal Four Parameter Predictor = Derives
Optimai Predictors Using the Same Four “arameters of the
Empl*lcally Derived GSI Scores

The xesults of the second discriminant .analysis are
presented in Tables 12, 13, 14, and 15. In ‘this analysis,
the eight GSI compcnent variables (four for Monday GSI
compenent 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 winhers 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 Placement Predictor frcia an Expanded
Objective Data Set

The results of the third discriminant analysig are pre-
sented in Tables 16, 17, 18, and 19. <Candidate predictor
variables were developed from the complete cbjective 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 ©f candi-
date variables and their definitions are contained in Table
20, The canonical correlations of the discriminant
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TABLE 12 -~ OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER

PREDICTORS

Monday and Friday GSI Compdnent

PREDICTOR VARTABLES:
) Variables '

- - - ’W
ACTUAL GROUP 1 NO, OF PREDICTED GROUP MEMBERSHIP
. MEMBERSHIP CASES GROUP I GROUP II
1Purkey Shoot 9 3
Winners GPI 12 75.0% 25,0%
Turkey Shoot Nonw= _ 32 46
Winners (Others) U™ 78 41.0% 59,0%

SES WERE CORRECT!.Y GROUPED

51.1 % OF CA
CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARTABLE COEFFICIENTS COEFFICIENTS
GROUP I GROUP_IT )} STANDARDIZED [UNSTANDARDIZED
%3 1.25471 1.18593 0.78341 0.09978
X8 0,14417 0.13060 0.69032 0.01968
Constant §-55,04840 -48.45673 =9,32037

Y

L O —

CANCNICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0,226




TABLE 13 - OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER
AND RUNNER-UP PREDICTGR

s s e

PREDICTOR VARIABLES: Monday and Friday ‘GSI Compohent
Variables .
' ACTUAL -GROUP | NO. OF PREDICTED GROUP MEMBERSHIP
MEMBERSHIP CASES GROUP T GROUP II
I Turkey Shoot - L5 T g
ﬁrn;nners & Runners 23 65.2% 34, 8%
Third, Second & epTT ' 24 ig
First Eliminatorstvss< ; e
[nthoe) ! 67 43,3% 56.7%
58,9 % OF CASES WERE CORRECTLY GROUPED .
o CLASSIFICATION. FUNCTION stcnzimvmr FUNCTION
VARTABLE COEFFICIENTS COEFFICIENTS
| — GROUP ] GRQUP II ¥ STANDARDIZFD IUNSTARDARDYZED |
| X1 0.17609 0.20701 |} -0.74791 -0.04149
2 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 J-19.45735 -23.34183 - 5.38022
M L
CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.301

e i e e e
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TABLE 14 - OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER,

RUNNER-UP & 3RD ELIMINATOR PRED.(UPPER HALF)

PREDICTOR VARIABLES: Monday and Friday GSI Component

R Variables )
_ACTUAL GROUP | wo. oF PREDICTED- GROUP- MEMBERSHIP
. MEMHERSHIP CASES | gRoup I ‘GROUP IT
{T.S. Winners, Runners | 27 19
Up & Third Eli- GPI
minators 46 _ 58.?% 41,3%
T.S. Second and
e . : 16 28
First Elimina-  GPIT >
iy 44 36.4% 63.6%

OF CASES WERE .CORRECTLY GROUPED
CLASSIFICATION FUNCTTON

]

DISCRIMINANT FUNCTION

VARTABLE COEFFICIENTS COEFFICIENTS

, GROUP I GRQUP_IT STANDARDIZED _[UNSTANDARDIZED
| X3 2,23993 2,20200 0.37015 0.04714

X4 0.60083 0.61428 § ~0.39683 -0,01671
X8 0.04012 0.05417 -0.61199 -0.01745
Constant §-109,50150. }-110,02942 - _0,64692

—¥
i

—

CANONICAL CORRELATION OF DISCRIMINANT FUNCTIQﬁ Is 0,357
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TABLE 15 - OPTIMAL FOUR PARAMETER QUARTILE RANK PRE-
DICTORS

PREDICTOR VARIABLES: Monday and Friday GSI Component

_ Variables . S
e : R e |
ACTUAL GROUP' gg“ ‘PRE?ICTED GRQUP MEMBERSEIP
__MEMBERSHIP ASpd GP I | GP II'| GP III| GP IV
|Turkey Shoot Gp I 10 5 4 4
Jiinners & Runners Up 23 | 43,5% | 21.7%] 17.4% |17.4%
Turkey Shoot GP II 4 | 13 1 2
Third Eliminators 23 17.4% | 56.5% 4.3% | 21.7%
Turkey Shoot GP III 7 4 5 | 7
Second Eliminators 123 | 30.4% | 17.4%] 21.7% | 30.4%
Turkey Shoot GP IV 4. 3’ . 6 8 4
First Eliminators 21 19.0% 14,3%] 28.6% | 38,1%

40.0% OF CASES WERE

CORRECTLY GROUPED. __

CLASSIFICATION FUNCTION COEFFICIENTS

GROUP I GROUP I GROUP III " GROUP IV
X1 0.14229 0.18733 0.16523 0.14452
X3 ﬂ 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.)

Variables

PREDICTOR VARIABLE SET: Monday and Friday GSI Component

DISCRIMINANT FUNCTION COEFFICIENTS

VARIABLEV | STQNDARDIZED UNSTANDARDIZED
FCN, I FCN., II |FCN, IIX ||FCN. I FCN. II JFCN. III
X1 ~0.56611 -0145374 ~0.,70424 =0.039u85% 10,02517 ~70A039U7
X3 =0.51720 1=0.54261 |-0,05719 10,06587 |-0,06911 +0,00728
X5 -0,10805 ] 0,60537 1 0.49927 [-0,00175] 0.00978.] 0.00806
X8 0.69680 |-0.14693 ~0.57239 || v.01487 |~0.00429 }0.01632
‘oONSTANT _— | =7 -- 3,21251 | 3.93242 | 3.63354 .
CANONICAL
CORREL. 0.427 0.281 0.162
|
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TABLE '16 - EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNER PREDICTORS

. PREDICTOR VARTABLES: Expanded Data Set (Without Demographic
Data)
ACTUAL GROUP | No. OF |___ PREDICTED GROUP MEMBERSHIP
MEMBERSHIP CASES GROWPPI . | GROUP IT
Turkey Shoot ‘ 10 )
Winners GPT | 12 | g3.3% 16.7%
Turkey Shoot ‘ Y =
Non-Winners GPIr | 77
(Others) 11.7% 88.3%
87.6 % OF CASES WERE CORRECTLY GROUPED
m‘m q
j . CLASSTFICATION FUNCTION DISCRIMINANT FUNCTION
j VARIABLE COEFFICIENTS COEFFICIENTS
GROUP 1 GROUP_IT STANDARDIZED _IUNSTANDARDIZED |
f | M8 0.00575 . 0.00755 0.23698  |-0.00063
M12 0.86869 0.82532 | 0.32092 0.01511
' M16 1.58034 1.19862 0.15558 0.13295
M29 0.18453 0.23185 | -0.21587  |-0.01648
M32Z 0.02928 0.02361 | 0.82497 0.00197
Fll 1.39074 0.61329 0.80084 | 0.27081
” F18 0.05870 . 0.16967 § -0.38896 -0.03865
F22 -0.10916 0.72217 § -0.74215  |-0.28957
4 F23 0.15750 0.09483 | 0.45025 | 0.02183
? F27 4.35721 4.77215 §-0.20194  |-0.2.4455 7
| F29 . 0.35718 0.31550 0.19126 0.01452
; CONSTANT }-118.97914 1-116.51265 -~ -0.20297
|
- i T 1
A N
‘ i ~ — -
| CANONICAL CORRELATION OF DISCRIMINANT FUNCTION 1S 0.617
;. i |
?‘—;
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TABLE 17 - EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNER AND RUNNER-UP PREDICTORS

T - - - - S— ;
| PREDICTOR VARIARIES: Expanded Data Set (Without Demographic
. Data)
ACTUAL GROUP NO. OF |.  PREDICTED GROUP
\ MEMBERSHIP CASES GROUP I GROUP II
Turkey Shoot 19 4
Winners and GPI 23 ;
{ Runners-Up - 82.6% 17.4%
1Third, Secons., 16 50
and First Elimi- GPIX 66 2425 18. 85
jnatoxrs (Othgrs) ‘ * - i
77.5 % OF CASES WERE CORRECTLY GROUPED
, : : . —
CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARTABLE COEFFICIENTS COEFFICIENTS
, GRQUP I GROQUP IT STANDARDIZED _[UNSTANDARDIZED
| M10 0,02022 0.02543 | 0.18801 -0.00302
M14 0.00224% 0.00245 -0.19653 -0.00012
M24 0.38542 0.43126 -0.28432 -0.02427
M29 0.13310 0.17617 -0.32723 -0.02498
M32 -0.00597 -0.00758 0.39114 0.00094
F18 0.42068 0.51226 -0.53455 ~0.05311
F27 5.90280 6.40625 -0.40832 -0.29227
F29 0.12566 0.05530 0.53757 0.04080
CONSTANT f-54.73753 [-64.82437 - 6.15123
CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.542
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TABLE 18 - EXPANDED OBJECTIVE PARAMETERS TURKEY SHOQT

WINNERS, RUNNERS-UP AND THIRD ELIMINATOR ‘(UPPER HALF) PFED.

PREDICTOR VARTABLES: Expanded Data Set(Without Demographic
) Data
Acm‘gm’jp “NO. OF ' PREDICTED GROUP MEMBERSHIP
T.S. Winners, g 36 A 10
Runners-Up and GPI 46 78. 3% 21.7%
Third Eliminatoxrs T h
T.S. Second and ~ ) 10 33
First Elimina- GPII 43 23.3% 76.7%
tors . .
1 77.5 % OF CASES WERE CORRECTLY GROUPED , :
‘b_%‘ﬂﬁﬂm RS AR N AN
CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARIABLE COEFFICIENTS COEFFICIENTS
GROUP I GROYP I STANDARDIZED [UNSTANDARDIZED
M4 0.02266 0.02134 -0.22960 -(.00068
M20 0.51193 0.59123 | 0.27909 0.04063
M25 0.08904 0.05773 }-0.37943 -0.01603
Fl 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
F30 -0.56101 0.59603 0.30273 '0.59262
CONSTANT -126.35294 {-131.05737 - -2.39923
hnersnasmesernrsmeadsens
CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.616
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TABLE 19 - EXPANDED OBJECTIVE PARAMETERS QUARTILE

RANK PREDICTORS

PREDICTOR VARIABLES: Eﬁpanded Dé£§\Set (Without
Demographic Dqta)q
AQTUAL GROUP .235: PREDICTED GROUP mEMBEﬁEﬁIP
MEMBERSHIP cased GP 1 | gp zI|.GP-III} GP IV
'igrkey'Shobt GP I 23 14 l‘“ 4 2 3
Wir..ers & Runners Up 60.9% *37.4% 8.7% | 13.0%
Turkey Shodt eI | ot a4 | 13 3 3
Third Elimirators ) 17.4% |56,5% | 13.0% | 13.0%
ITurkey ‘Shoot GP Il 23 5 3 12 3
Second Eliminators 12L1.7% | 13.0% | 52.2% | 13.0%
Turkey Shoot G IV Y . vl 0 | 2| 17
First Eliminators 5.08 | 0.0% | 10.0% | 85.0%
62,9 % OF CASES WERE CORRECTLY GROUPED _ . . |
o ' CLASSIFICATION FUNCTION COEFFICIENTS
VARIABLE |
| _Grour 1 GROUP II | GROUP IIL | GROUP IV |
M9 0, 39080 0.43457 0.42527 0.32973
Ml . § -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
M2 § -0,00722 | -0.00953 | -0.00784 | -0.00910
F1 23.15227 | 22,54955 23.13644 24,77510
FJ6 1,25992 |  1.56965 1.20116 |  1.61926 |
F18 0.38089 0.42928 0.49087 0,49089
F23_ | 0.32194 6.29975 0.32001 0,28426
Ir2s }  0.23929 9.24272 0.21273 0.24954
1r27 6.43905 | 1.20003 0.74263 0.40397
F29 <0,04249 | -0.07499 ~0,06826 ~0,20159
| consrarm £ -134,68774 |-140.15710 |-139,95486 | -147.62793
63
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TABLE 19 (CONT.) - EXPANDED OBJECTLVE PARAMETERS QUARTILE
‘RANK FUNCTION COEFFICIENTS o
PREDICTOR VARIABLE SET: Expanded Data Set (Without Demographic
) v Data) - B
=i i
DISCRIMINANT FUNCTION COEFFICIENTS ! %
VARIABLE . STANDARDIZED ’ UNSTANDARDIZED |
FCN. I |FCN, II |FCN., III ||FCN. I |FCN., II |FCN. III 1
MO 0.29372 | 0.061509) 0.50531 |l 0.02840| 0.00629 | 004886 | N
M1 0.27379 | 0.72985] 0.13650 || 6.07279] 0.19405 }0.03629 ;
M22 -0.28484 1-0,44215|-0.17302 {[-0.11116 {~0.17255 0.-06752 i
M25 0.07615 -0.33074 | 0.24529 || 0.003227-0.01398 | 0.01037 ;
M32 0.21123 | 0.27740 { 0.52465 || 0.00051| 0.00066 |-0.00126 ' ¢
1rr |]-0.43789 | 0.08832 |-0.47683 |l-0.66033 | 0.13319 '-0.7190% ! 3
"Flg -0.22091 {-0.35071 0.19407 [}-0.11332 |{~0.17990 | 0.09955 ' .
F18 -0.31037 [ 0.38222 | 0.35250 ||-0.03084 0.03798 | 0.03503 i
F23 0.25134 | 0.20717 |-0.1281L |{ 0.02219 | 0.01004 }0.00621 é ;
F25 -0.10654 [-0.37477 [-0.13307 |-0.00508 |=0.01786 -0.00634 :
F27 0.12900 {~0.17522 | 0.77547 {j 0.09234 |~0.12542 | 0.55507
F29 8.72779 | 0.10283 | 0.10076 || 6.05524| 0.06780 | 0.00765
~ONSTANT - _— -— 3.90265 {-0:10029 ~2.19164 ! ;
CANONICAL , | ,
fcorren. || 0.647 | 0.529 0.440 } :
i
p
j
% :
; s
2 ‘ 1 B
“ i — |
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TABLE 20 - CANDIDATE OBJECTIVE F-REDICTOR VARIABLES

-DESIGNATION DESCRIPTION
F29 HIT/MISS H-MLSS SCORE HON (H* (H+M)/HON)
F12 *TIME TO FIRST KILL (SEC=AVG/HEAD=-ON)
F17 TOTAL NO. HIVS HON (HITS/HON)
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)
FOl MAX G'S (MAX/SEKIES3)
F25 TOT. TIME IN GUN ENV. HON (TIME/HON)
M30 HIT/MLSS R-MIS SCORE IION (H* (H+M) /HON)
M17 TOTAL NO. HITS HON (HITS/HON)
F09 TOTAL TIME SR LT 1500 (SEC-AVG/CTK}
M32 HIT/MISS GUN SCORE (H*TOTAL RDS/HON)
Ml12 *TIME PO FYRST KILL (SEC-~AVG/HEAD-ON)
F27 G SPREAD uON (MAX G - MIN G)
F32 HIT/MISS GUN SCORE (H*TOTAL RDS/HON)
F0O8 TGTAL 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)
MLl TIME TO PANG (SEC-~AVG./CINETRACK)
M09 TQTAL TIME SR LT 1500 (SEC-AVG./CTK)
F31 HIT/MISS GUN SCORE (H*TOTAL RDS/CTK)
M10 *AVG. MILL ERROR SR LT 3000 (MILS-AVG./
CINETRACK)
M25 TOTAL TIME IN GUN ENV HON (TIME/HON)
M16 T~rAL NO. HITS CTK (HITS/CTK)
Fll TIME TO PANG (SEC-AVG./CINETRACK)
F30 HIT/MISS R-MISS SCQRE HON (H* (H+M) /JHON)
F20 TOT TIME IN R-MIS ENV CTK (TIME/CTK)
F19 TOT TIME IN H-MIS ENV HON (TIME/BON)
M22 TIME TO GUN ENV 27K (TIME/CTK)
M20 TOT. TIME IN n-MIS ENV CTK (TIME/CTK)
M29 HIT/MISS H-MISS SCORE KON (H* (H+M),/HON)
FO3 TQTAL FUEL USED (LBS. AVG./CINETK)
F16 TOTAL NO. HITS CTK (HITS/CTK)
M24 TOT TIME IN GUN ENV CTK (TIME/CTK)
MO 4 TOTAL FUEL USED (L3S. AVG/HED-ON;
M14 DELTA ENERGY STATE CTK (INIT-END/CTK)
M08 TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
M31 HIT/MiISS GUN SCORE (H * TOTAL RDS/CTK)
* Variables used to compute GSI scores.

ST § PRIy o e e R et i S £

65




TABLE 21 -~ EXPANDED OBJECTIVE PLUS DEMOGRAPHIC PARAMETERS
TURKEY SHOOT WINNER PREDICTORS

FREDICTOR VARIABLES; Expanded Set Including Démdgraphic
‘ pata
e e o = - = EYEEn
ACTUAL GROUP NO., OF PREDICT.‘:D GROUP MERSI{IP
MEMBERSHII CASES GROUP I GROUP II
Turkey Shoot h
. GPI 10 2
Winners 12 83. 3% 16.7%
Turkz.y Shoot NonhGPII y 68
87.6 5 OF CASES WERE CORRECTLY GROUPED 7
§ m-—r____m*-—
f . CLASSTFICATION FUNCTION DISCRIMINANT FUNCTION
< VARTABLE COEFFICYENTS COEFFICIENTS
__GROUP I GROUP_TT | STANDARDIZED [UNSTANDARDIZED
D5 - 0,00135 -0, uuulu 0.2(;21‘: t.000411
18 0.00331 0.00535 8 0,265020 ) ,u.gpﬁ.?..ll_.
M2Y - .U09062 - 0,112737 Q.J‘ v2igl B
; 132 0.001%6 |- 0.00296 §- .. 0.0 00142
i I:‘ll . 0.98&47 -‘9*'};:’“2 Y/ E.' L o "'U.Zbﬁi\l-; .
¥le | 0.64778 | .. o © i | -0.u8967
18 B o.uvses | w903 | u.03568
i __N_ggg,g“m_wu‘;bi"f‘iq i meo R UL09227 10,2701
‘ o F23 o j ulléons b .. auad '3__;}“’7’3,._“ ~0.02411
___F29  f u.tiYes b 0,14137  B-0.ledy7 1 -0.01252
constany f~ia 40078 f =15.4393% J == _|-0.67260_
f -~ —— i RSN SO
2 — e
i - — i ]
S | S SO
! I SO S S -
i e vy NI ——-
CANONICAL CORRELATION CF DISCRIMIANT FUHCTION IS 4,626
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TABLE 22 - EXPANDED OBJECTIVE PLUS DEMOGRAHIC PARAMETERS
TURKEY SHOOT WINNER AND RUNNER-UP PREDICTORS

PREDICNR VARIARLES: Expanded Data Set Includlng Demographic
Dapa
ACTUAL. GROUP | PREDICTED GROUP MEMBERSHTP
MEMBERSHIP CASES GROUP I GROUP I
Turkey Shoot 19 4
Winners & GPI 23 82. 6% 17. 4%
Runnexs Up . * ¢
Third, Second & 12‘ 54
First Elimina- GPII 66 18. 2% 81. 8%
tors._ (Others) M *
82.¢ % QF CASES WERE CORRECTLY GROUPED
W——' -
) CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION
VARIABLE COEFFICIENTS COEFFICIENTS ®
SROUP I GROUP TI STANDARDIZED [UNSTANDARDIZED
. DS - 0.00699 =.0.00557. .1 .0.35385 0.00055
D6 0,00329 0,00079 J- 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.,0123Y 0,25887 0.00416
120 0.80229 0.91792 0.30951 0.04506
129 0.04429 0.09930 0.28076 0.02144
- M32 - 0,00274 - 0.,00417 }- 0.23232 - 0.00056
Fll 0.64870 0.11529 0.61456 . 0,20782
F18 0,34346 0.43268 0.34989 0.03477
. F22.. 0.57578 1.09963 § _0.52312 0.20411
Fa7 7..10480 7,60449 0,27220 0.19484
P29 0.15338 0.06630 §~ 0.44603 - 0,02385
F30 0.47268 1,56218 0.21687 0.42454
CONSTANT §j-62.57329 | -73.08694 -~ - 4,45741
oo B -
ol A -
CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.654
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TABLE 23 ~ EXPANDED OBJEéTIVE PLUS DEMOGRAPHIC PARAMETERS
TURKEY SHOOT WINNER, RUNNER-UP & 3RD ELIM. (UPPER HALF)

| PREDICTOR VARIABLES: Expanded Data: Set Incluéiné Deinégraphic

Data. '
ACTUAL GROUP 0. OF PREDICTED GROUP MEMBERSHIP
T.S. Winners, Rumé%{s ' 37 9
Up & Third Eli-
o o 46 80.4% 19.6%
T.5. Second & 7 36
First EliminatorsGPII 43 16, 3% 83.7%

VARIABLE

'82.0 % OF CASES WERE CORRECTLY GROUPED
m "
CLASSIFTCATION FUNCTION

DISCRIMINANT FURCTION

COEFFICYENTS COEFFICIERTS
GROUP I GROUP IZ 1 STANDARDIZED | TZED
. D1 —0.00368 ] 0,02656 } 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
F1ll 1.48071 1.35444 |- 0,17362 |- 0.05871
F1.8 0.07518 0.17284 0.45738 0.04545
F25 0.21372 0,18771 §- 0.25382 |- 0.01209
_F29 - 0.11230 | - 0.19010 f- 0,47705 |- 0.03621
F30 2,21794 1,52132 0.30984 0.60653
CONSTANT [ -139.34155 | -144.61646 -- - 2,44321

CANONICAL CORRELATION OF DISCRIMINAWT FUNCTION IS 0.642

pu—
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TABLE 24 - EXPANDED OBJECTIVE PLUS DEMOGRAPHIC PARAMETERS
QUARTILE RANK PREDICTORS

PREDICTOR VARIABLES: Expanded Data Set Including

Demographic Data

I " ol e

W, o

HRSG TE s  IN  SEN B

PR
| b it

——— |
ACTUAL GROUP .gg- PREDICTED' GROUP MEMBERSHIP |
) MEMBERSHIP cased G 1 | 6P 11 |.6P III| GP IV
[;grkéy Shobt G, s 3 | oo | 2
Winners & Runners Up . 69.6% | 13.0% | 0.0% | 17.4%
Turkey Shoot Gp II 03 3 14 3 3
,Thlrd Eliminators 13.0% | 60,9% | 13.0% | 13.0%
Turkey Shoot R I 6 2 1l 4
Second Eliminators 23 1 26,18 | 8.7% | 47.8% | 17.4%
Turkey Shoot ep IV 0 2 2 L16
First Eliminators 20 1 9.0% | i0.0% | 10.0% | 80.0% |

CLASSIFICATION FUNCTION COEFFICIENTS

64,0 % OF CASES WERE CONRECTLY GROUPED

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
M10 0.00324 0.01468 | 0.00304 0.02122
M1l 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 06.60374 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.)

Denographic Data

| PREDICTOR VARIABLE SET: Expanded Data Set Including

DISCRIMINANT FUNCTION COEFFICIENTS
VARIABLE STANDARDIZED UNSTANDARDIZED
FCN. I |FCN. II |FCN. III J|JECN. I J.FCN. II LFCN: III
D5 0.67724| 0.06275!-0,08249 I 0.00106] 0.00010(-0,00013
né. ~0.60936]~0.02166] 0.59489 }1-0.00130/~0.00005} 0,00127
M9 ~0,22317| 0.11192|-0.38708 ||-0.02158] 0.01082]=0.03743
M10 0.33817| 0.32989]-0,16183 || 0.00543]-0.00530]~0.00260 -
M1l -0.16161| 0.78326{-0,39563 [{-0.0497 | 0.20825[-0.,10519
M12 0.13758|-0.16675|-0,58128 || 0.00648|~0,00785(-0.02737
M22 0.16916|-0.50859| 0.43156 || 0:06602|-0.19848] 0,16842
M25 0.06428}-0,42895(-0.63271 || 0.00272|-5.01813}-0.02674
F16 0.19039|-0,24227|-0.13338 || 0.09756]-0,12428,~0.06842
F18 0.31104| 0,35562|-0.14287"{| 0.03091| 0.03533(-0.01420
F22 ~0.18372| 0,32385|-0.31009 ||-0.07168| 0.12636[~0.12099
F23 -0.35169} 0.254261 0,12047 |1-0,01705] 0,01233] 0,00584
£29 =0.59790]1-0.158391-0.045838 i1-0,045381-0.007961=-0.01202
CONSTANT - - - =0,23871]-0.59286| 7.72996
CANONICAL
CORREL. || 0.679 | 0.518 | 0.450
70
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functions of the analyses have greatly increased over K
analogous functions in the previous analysis, indicating
increased capability to discriminate between groups. This K
increased discriminant capability is at the cost of in- ‘
creased complexity in the number of variables required and :
the complexity of calculations. The classification func- J
tions provide optimal predictors for the objective data x
analyses in this study and include the best predictoxr varia-
bles consistent with the Wilks' Lambda variable selection 3
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 Turkey Shoot Placement Predictor Using Expanded ;
ggjpctive Parametexrs Plus Demographic Parametexs as Candi- )

ate Variables g

The results of the fourth discriminant analysis are pre-
sented in Tables 21, 22, 23, and 24. The analysis uses as
candidate predictor variables alX of the predictor variables
reflected in the thirxd analysis plus seven candidate demo-
graphic variables, These gpecific demographic candidate :
variables, Table 25, were available fcr all students; thus, )

s T

nc sample size reduction was required,

[N SIS VG SR T S I T

TKBLE 25 - CANDIDATE DEMOGRAPHIC VARIABLES E
DES IGNATON DESCRIPTION \
14 TOTAL PILOT FLIGHT TIME (HOURS) 4
b5 TOTAL PILOT FIGHTER TIME f
0o TOTAL PILOT F-4 TIME (A/C & IP HOURS)
‘ D7 TOTAL SORTIES LAST SIX MONTHS :
5 Wh) TOTAL BFM/ACM SORTIES ;
o D11 BFM/ACM SORTIES LAST SIX MONTHS ;
- % D13 TIME SINCE LAST BFM/ACM (WEEKS) A f
3 ;"g ;: ;j
", ’ %
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‘The objective of the fourth andlysis 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
thixd 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
foeur 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 1l 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.1 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
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Table 26 by rank as determined by the absolute values of

the correlation ccefficient (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 occurrad. Non-quantitative data were
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., Note 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 tuv be excluded. Also,
as a result of the addition of demographic data in the analy-
sis, certain other variable sclection changes cccurred,
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TABLE 26 - CANDIDATE OBJECTIVE PREDICTORS RANKED BY
CORRELATION COEFFICIENT WITH ACTUAL TURKEY
SHOOT PLACEMENT

RANK R VAR
1 -.4261 F29
2 +.3168 FI2
3 -.3015 P17
4  -.2981 FO4
5  +.2957  FO06
6  ~.2784 F18
7 +.2610 FOl
8§  -.2548 F25
9  +.2475  M30

10  -.2382 ML7
11 -.2380 FO9
12 -.2371  M32
13 +.2284  M12
14  +.2000 F27
15  -.1988 F32
16  -.1931 F08
17  ~-.1906  M13
18 +.1722 F22
19  ~.1677 F23
20  +.1666 F02
21 +.1654 M1l
22 -.1652 M09
23 ~-.1526 F3l
24 +.3518 MIO
25  -.1485 M25
26  -.1483 M16
27  +.1446 Fll
28 +.1437  F30
29  +,1324  F20
30 ~-.1297  FL9
31 +.1290  M22
32 +.1273  M20
33 -,1190  M29
34  -.1172 F03
35  -.1111 F16
36 -.1108 M24
37 -.0993  MO4
38 +.0908 M4
39 -.0833 MO8
40  -.0804 M3l

DEFINITION

HIT/MISS H-MISS SCORE KON (H* (H+M)/HON)
*TIME TO FIRST KILL (SEC~AVG/HEAD-ON)
TOTAL NO HITS HON (HITS/HON).

TOTAL FUEL USED (LBS. AVG/HEAD-ON)
*PERCENT OFFENSIVE TIME (% AVG HD-ON)
TOTAL TIME IN H~MIS ENV CTK (TIME/CTK)
MAX G'S (MAX/SERIES) )

TOT. TIME IN GUN ENV HON (TIME/HON)

HIT/MISS R~MIS SCORE HON (H* (H+M)/HON) -

TOTAL NO. HITS HON (HITS/HON)
TOTAL TIME SR LT 1500 (SEC-AVG/CTK)
HIT/MISS GUN SCORE (H*TOTAL RDS /HON)
*TIME TO FIRST KILL (SEC-AVG/HEAD-ON)
G SPREAD HON (MAX G - MIN G)

HIT/MISS GUN SCORE (H*TOTAL RDS/HON)
TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
*PERCENT TIME. IN PANG (% AVG./CINETRACK)

TIME TO GUN 2NVELOPE CTK (TIME/CTK)
TIME TO GUN ENVELOPE HON (TIME/HON)

NO., TIMES OVER G (TOTAL SERIES)
TIME TO PANG (SEC-AVG./CINETRACK)
TOTAL TIME SR LT 1500 (SEC-AVG./CTK)
HIT/MISS GUN SCORE (H*TOTAL RDS/CTK)

%AVG., MILL ERROR SR LT 3000 (MILS-AVG./ -

CINETRACK) )

TOTAL TIME IN GUM ENV HON (TIME/HOM)
TOTAL NO. HITS CTK (HITS/CTK)

TIME TO PANG (SEC-AVG./CINETRACK)
HIT/MISS R-MISS SCORE HON (H*(H+M) /HON)
TOT TIME IN R-MIS ENV CTK (TIME/CTK]
TOT TIME IN H-MIS ENV HON (TIME/HON)
TIME TO GUN ENV CTK (TIME/CTK)

TOT. TIME IN R-MIS ENV CTK (TIME/CTK)
HIT/MISS H-MISS SCORE HON (H* (H+M)/HON)
TOTAL FUEL USED (LBS. AVG./CINETK)
TOTAL NO. HITS CTK (HITS/CTK)

TOT TIME IN GUN ENV CTK (TIME/CTK)
TOTAL FUEL USED (LBS. AVG/HED-ON)

DELTA ENERGY STATE CTK (INIT-END/CTK)
TOTAL ROUNDS FIRED (NO. TOTAL/HEAD-ON)
HIT/MISS GUN SCORE (H * TOTAL RDS/CTK)

Variables used to compute GSI scores.
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TABLE 28 - OBJECTIVE AND- DEMOGRAPHIC DATA VARIABLES
TURKEY SHOOT PLACEMENT PREDICTORS

A b g e o

N
~N
~
N VARIABLE DEFINITIONS
Sl B
915 o |8
4 N
A . 1 14
N VAR. E E N . . ::'8 N
DESIG.| =2 (= [D | &
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 & I HOURS)
D7 X {TOTAL SORTIES LAST SIX MONTHS
D10 TOTAL BFM/ACM SCRTIES
Dll BFM/ACM SORTIES LAST SIX MONTHS
D13 TIME SINCE LAST BFM/ACM (WEEKS)
M4 X TOTAL FUEL USED (LBS. AVG./HEAD-ON)
M8 X ‘ TOTAL RQUNDS FIRED (NO. TQTAL/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)
M1l X |TIME TO PANG (SEC. AVG./CINETRACK)
M12 X |TIME TQ FIRST KILL (SEC~AVG/HEAD-ON)
M14 DELTA ENERGY STATE - CTK {(INT.-END/CTK)
M16 TOTAL NO. ‘HI?S - CINETRACK (HITS/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. - IEAD-ON
(TIME/H-ON)
M29 X Ix [ 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)
F1L X MAX G'S (MAX/SERIES)
F11 |X |X |[X TIME TO PANG (SKC.-AVG./CINETRACK)
Fl6 | X X |TOTAL NO. HITS CLNETRACK (HITS/CTK)
F18 {X |X | X |X |TOTAL TIME IN H-MIS.ENV.CTK (TIME/CTK)
F22 [X (X X |TIME TO GUN ENVELOPE HON. (TIME/HON.)
CF23 IX X |TIMF TO GUN ENVELOPE HON. (TIME/HON.)
F25 X TOTAL TIME IN GUN ENV. HON. (TIME/HON.)
F27 X G-SPREAD HEAD-ON (MAY. 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-#IS SCORE HON (H* (H+M) /HON)
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Comparison of Predictiocn Results

Table 29 summarizes the predictive capabilities of the
major predictor models presented. The table also includes
approximately 95 pércent confidence limits on the prediction
rates4; Note that the confidence limits are approximate
and use the normal apprcximation to the binomial. This re-
quires a relatively large sample size. For predictions of
the winner (the last row of the table), sample size is nhine
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, 1In 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

4Ostle and Mensing., Statistics in research, (3xd ed.).

Anmes: Iowa State University Press, 1975, 100-101.

77

G A W

“r




R S T i R R LA Py o R e a2 T TR AT L v n gmes o smavges saoawe s R A e R e B L L Rl T v, LB

< . :
- et e S e !tbl.w ‘
) | w
!
|
M
SITINSI NOIIDIATEE IO NOSIHVAWOD -7 FIGYEL |
oot| oor] s-66] g-ce s'6v| 9-1¢ 1
~ C°C9 - 2°29 - $°0S{- 0°0F% -0 -0 - ‘IUL TFJUOD %66 ° w
g€°€8| %€£°€8{ 206°GL| %L°99 20°52] ST°TIT %5721 ‘pexg 3oexaod 3 ° I
¢t | eI A (A AN 6 - "P9X4 "ON "30% - (1) 1
0T - 0T & 8 € T - 4 TpPdxId 3VBIIOT ‘ON ID2UUTM
. : . I
1°86] T°86] Li-¥8| 8-08 T°6S| 0°8¢ BRI |
= T°L9l~ T°L9} - 8°G¥}- 6°0v | - 2°6T|- 9°2T - *IUL "JUOD %56 ° i
%9°78| %9°78| %7 S9| 26°09 3T°6€| %£°S€ %G¢ ‘paxd 3o08xx0l § ° (¢ '1T) oL
€2 €z €C €¢ ¥4 LT - ‘pe@xg "ON 301 ° dn-xauurny © s
6T 6T ST 7T 6 9 - ‘paxd 3981I0) "ON % TBUUTH T
6°T6] z°06| 6°zL| 6°2L 6°CL| 6°S8
- 0769~ €°99|~ S"¥V|- S°¥FP | - S pV|- 2-GS - ‘3UL TFUOD 356
$V°08] %E€°8L| 2L°8S| %L°8S 3L°85| %9°0L %0S ‘poxg 1092100 § ° (v'e’2'1) .
%97 | 9% 9% 9% 9% Ve - ‘paxgd "oN °304 ° sseTd o ¥
LE 9¢ Lz Lz Lz ve - ‘pPoxg 309330D °"ON | ITeH xaddp 1
0°vL} O0°€EL{ T 0% €°8€| G z¥ W
- T°yS|—- 6¢S|~ 6°6% - S'6T|- 2°0zZ - *3UL “JUOD %S56 - ‘
%€°69] %6°C9| 30°0%, $6°82| %€°T¢ 2S¢ ‘paxd 3IDIIAIA0D § - (8-L “9-g w
68 68 | 06 06 L9 - *pPe®xd "ON "30% | ‘v-~-£ ‘z-T) w
LS 9% 9€ 9z i %4 - "p3ag 3021100 °ON -|sdnoxn anog
*d¥A | ESIT | “uMvVA | ("I¥4 | (FWOOS | 4dID | NOIIDITIFAS SONIANOUD A
"WHA+| *daXd | “dRd| 3 °NOW| - I¥dI) WOANYd W
ISIT 1 IsD | @I0DS|ONIMNNVY , it
"dXd L . IsD Is9 w
SISATYNY LNUHIHINOSIA |
: w
_ ~ - B VT — M

S m iy e = e s

oo e e e D roamn
S

e S N I A MY o




e

e e v o i . Al e At A O AN b 3

R T N s S

(TN
-

GSI scores were the predictor variables. In the second
analysis, the predictor variables were selected Monday
and Friday GSI compoient variables, No additional analysis
has been conducted on cutside 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 other difficulties were alsc encountered in ac-
quiring pridr datr for model testing. First, adjustments
had been made in the weighting factors used in calculating
GSI. These adjustments were not documented, and thus, a
consistent set of historic GSI scores is not readily avail-~
able. The second difficulty encountered pertains to the
prior record keeping procedures on GSI component variables.
The automatsd GSI component variable reporting forms were
implemented beginping with TAC ACES I Class #7815. Thus,
nomirially, GSI component variable averages wexe not con-
sistently recorded in a uszdle form prioxr to Class #7815,
Further, Class #7816 had missing data for Monday GSI com-
ponent variahles., For Classes #7832 and #7833, two classes
held after the study sample, it was determined that turkey
shocot compilations were conducted in an irregular marner;
that is, certain competitions were terminated when two con-
testants were eliminated simultaneously by air-to-air
collision. This practice preempted evaluatiwn of turkey
shoot results, us.ng the method used previously in defining
ranks. Thus, classifica*ion 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
using GSI and GSI component variables. This; of course,

A e as e\ v S da ncle et - [N




precludes evaluation at this time of the best predictor
models; that is, those using the expapded 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 he winnexs 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
to the proportion of correct classifications (PT) using the
test data was- conducted, i.,e., H
Py # Ppe”
cent level,

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

o ¢ PE = PT versus Hl :
The null hypothesis is accepted at the 95 per-

17) showing classifications of the experimental and test

5Ostle and Mensing. Statistics in research, (3xd ed.).

Ames: Iowa State University Press, 1975, 135-137,
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data for the other two group definitions defined in the
first analysis, i.e., Group I = winners and runners-up
versus Group II = 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 betwzen the experimental and test data were detected.

BEvaluation of Predictoxr 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 compaxrison, tabular displays were selected. Tables
30, 31, 32, and 33 provide the results of the test data
classifications. For example, Tablle 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 membexrship is
also provided to determine correctness of :the predictions).
As noted previously, a case is classified into the group
with the greater classification function score, For exam-
ple, consider the first case (X3 = Y2 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 Grouwp II, i.e., others or non-winners,
0f 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 experimentc and test sample are equal, a test
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statistic of x2 = 0,766 was calculated, As this is less
than x2 (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 thc predictions between the experi-
ment data and the te:t data were also carried out, For
the prediction model where Group I = Upper Half and Group
Il = 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 tc 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 i
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, Comparicon of
the means and standard deviations shows that several
rather distinct differences exist between the experiment
and test data parameters., An example of these distribu-
tional differences is contained in Figure 18, where X5,

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

butional differences between Groups II, I1II, and 1V
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TABLE 34 - COMPARISON OF GROUP MEANS

DISCRIMINANT DATA DISCRIMINANT VARIABLES
GROUP SET X1 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 X1 X3 X5 X8

GROUP 1 - 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
Eliminatcrs 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 1V - First Experiment 13.6 10,0 113, 31.5
Eliminators Test 5.12 9,00 8.38 25.5
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While the Group I distributions match quite
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IV, oOEMOGRAPHIC DATA ANALYSIS

Thée datd collected as a part of this study were in two
primary forms: .student pilot objective performance data in
~the’ simulator and student demograpnic data.collectediﬁrom
‘background surveys. and questionnaires. This~séction’de5w
cribes some of the relationships that ~ere investigated
between the student pilot's demographic historical bhack~
ground data and his predicted ¢r actual performance 1n the
air combat simulator. The major data sousce £or comparison
wés the TAC ACES I background survey, shown in Appendix B,
which was adapted for use in the GSI study. The questions
on. this survey and their responses were utilized to form
the demographic data base. The form was completed by each
student in the study sample (N = 89)., The questions were
ldentified as demographic variables and tabulated 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 othexr
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
s@lection 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
89 subjects. Group 2 consists of that body of data which
resulted from responses from differing numbers of subjects
in the sample,

Group I Data

A correlation analysis was employed to estimate the
functional relationship among the Group 1 data or total
sample (N = 89) of subjects in the study.
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TABLE 35 - TOTAL DEMOGRAPHIC VARIABLES

VARIABLE RESPOSDENTS
Dl STUDENT PILOT RANK 89
D2 SQUADRON 89
D3 WING 89
D4 TOTAL PILOT FLIGHT TIME, HOURS 89
D5 TOTAL PILOT FIGATER 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
Dll BFIN/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
D15 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

-

VARTABLE RESPONDENTS
N
D1 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
D11l BFM/ACM SORTIES LAST 6 MONTHS 89
D12 BFM/ACM SORTIES LAST MONTH 89 )
D13 TIME SINCE LAST BFM/ACM 89 ;
D17 LAST AGGRESSOR DACT FLIGHT 89
D27 OWN TRAINING EVALUATION 89
D28 ANY TRAINING ANOMALIES 89

P
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Group 1 data includes 16 demographic variables, each Z
with a sample size of 89 data points. Each variable was
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 Opinicn". 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

betveen 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 pecformed 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 c¢f 1lb variables agains% each Wednesday part-
score component and, the total Wednesday G3. score. The
Wednesday data involved performance scores ¢f only 27 sub-

jects. The results again indicated very low correlation,

Group 2 Data

An item analysis was employed to estimate the func-
tional relationships emong the responses to Group 2 data.
The analysis was generatized to observations due to the
limits that are imposed on statistical inference by very
small sample siites. Sample size in this group ranged from
N=1 tc N=22, Two of the Group 1 variables were also in-
vluded in this analysis: D-17 Last Agressor DACT Flight

and £~27 Own Training Evaluaticn,
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TABLE 37 - CORRELATION AN/LYSIS
TURKEY | FRACT. | CHF.Ip Ga1 GS1
SHOOT WINS RANK MON FRI
D1 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
FLIGHT
TIME, HRS.
D5 TOT.FIGHTER 0,2597( -0,3093| 0,0215 | -0,0591 | -0,0254
L TIME,HRS.
| D6 TOT.F-4 0,0436| -0,1252 | -»,2400| 0,1051 | 0,0074
’ TIME,HRS.
D7 TOT.SORTIEY 0,2684| -0,2414{ -0,0361 | -0,0116 | 0.0155
LAST 6 MOS.

D8 TYPE ACFT 0.3218| -0,35689 0.0960 | -0.0692 0.0433

Bi0 TOT.BFM/ 0.1352} -~0,1282 0.,1307] -0,0254 0.0385
ACM SORTIES

D11 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 C.0800 0.1878
SORTIES
LAST MONTH

. Dl3 TIME SINCE| 0,0089 0.0375 0.0838| -0,0712 | -0,0357

; LAST BFM/

{ ACM

D17 LAST AG- 0.022.5} -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

W o 3
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Variable D-17, identified as the date of the subject's et
lasy dissimilar -aircraft alr-to-&ir combat training £light, L
. was included in the 1nvestlgatlon because o‘ the dramatic ’ ‘? é
effects Of aggressor training reoorteﬁ cy‘DeLeon (1977) ' }if
Variable D-27 identifies. the student;pllot'S‘affectivé ’f
-evaluation of ‘the perceived valu¢ of the training he re- ‘ %
weived: It was included for additioral analysis to help e
identify outlier gscores and to assess the effect of‘attitu— ) R
dinal values on performance. J %
Qassti n/Answer Rationale o
N A‘?hg
Type Of Alr-To-Air Missile Fired T
*what A/4 migsiles have you f£ired¥' (D-14) :
: i
AIM 7 AIM O, AIM 4 ___ NQNE“_____.
Twenty-two of the 89 subjects rvec; oewsw thak they had s
experienced xaunching missiles fyom thels arcraft. She. 1 ,
sample size (N = 22) represents 74,7 poo ont of the popula- ;
tion. The surveys indicated tinat e sudjects had actually 2.
fired the AiM 4, AIM 7, o 5.1 9 or some combination ¢f these 7?7x§
missiles. ‘The distriliati.. of this group is as Tollows: ;
N :
AIM 4 0 -
AIM 4, + 7 0
AIM 4, + 3 1 o
AIM 4, + 7, + 9 1 )
AIM 7 3
AIM 7, + % 11 .
AIM 9 6 Lo
Np = 22 .‘j
5DeLegn p, The peacetime evaluation of th. pilot skill o

factor in the alr«to~a1r combat,  Kand Report R-2070-PR, i
January 1977, i ' i P
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This group of 22 subjects wgre examined fox' their per-

fostance in. the turkey shoot elimination. It was £ound that

three of the 22 subjects were winnexs of turkey shoots.
Also, -seven subjects (30.4 pergent) were found to be either

winners or first runners-up, and all seven had experience

£iring both the aAZIll-7 and AIM-9 missile.

It was also found that a- total of seven of thé 22 sub-
jéctsf{30.4zpercent) finished in the last two places in the
turkey shoot, The CIP rankings were also compared for this
group. Of the 22 subjects, two were predicted to win the

turkey shoot and six were predicted to finish in last place

'iibgrtheir iﬁs.

Fighter Wespon Instructor Course {FWIC)

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

Of the 80 subjects du the study sample, only one of ther

students in the TAC ACES prgyram had completed Fighter Wea—
pon Instructor Course {EWIC) tzadning., It was also found
that there has been a total of 11 FWIC graduates out of thn
456 subjects completing the TAC ACES trai.lng.

The subject had experienced 1780 hours of total flying
time, 1500 hours of fighter aircraft time, and 1330 hours of
F~4 flying time.

A comparison of turkey shoot data shows that the sub-
ject placed second in the turkey shoot contest. Both his
Monday and Friday GS1 performance scores were above 700
points. Anslysis of the Friday GSI part scores, however,
did indicate a dz<line of up to 30 percent from the Monday
GSI part scores.
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Previous ACES Attended

"Have you previously attended: TAC ACES I
TAC ACES 1I ; NONE "' (D-1l6)

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 stuvdy respon-
ded that they had previously participated in the TAC ACES I
or TAC ACES 1l 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 compizted
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.ACSS I training had finished in the last
nuartile; seventh and eighth 'place, Of the 11 subjects in
this group, there were eight subjects (72.7 percent) that
finished in the top four ranks of the turkey shoot contest,
The mean r-4 aircraft flying hours experience for this group
was 333,6 hours,

For the TAC ACES II program, seven respondents in the
sample indicated that they had completed the trainin:/,. Of the
seven subjects, it was found that thvee 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 exporience. The mean
Friday GSI score increasecd by 36.4 perceat 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 bays , Less than 180 Days , More Than
180 days , Never ' (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, less than

180 days, and more than 180 days. An additional category,
"Never," was provided for those sukjects 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
turk2y shoot performance is contrasted in Table 38. It can

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

DACT experience ( < 30 days) were also winners of the tur-
key shoot competition., In addition, these same subjects
(N = 4) comprised one-third of the total group of 12 turkey
shoot winners in the study. The table also shows that more
than half of 12 winners had some DACT 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|{>180 D2YS| NEVER

WINNERS 4 1 5
RUNNERS=-UP 2 2 4
THIRD ELIMINATORS 3 10 3 8
SECOND ELIMINATORS 1 8 3 10
FIRST ELIMINATORS 0 4 5 10
TOTAL 10 28 14 37

TOTAL SAMPLE N = 89
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can be contrasted with the winners and first runrers~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 fiown?"
(D=18)

The question was included to determine the extent cf
the subject's experience with other visual air-to-air simu-
lators, As anticipated, the seven subjects that responded
to the question concerning TAC ACES 11 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, ught 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-
pants, the results were inconclusive. Only cne: 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 to
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 combac 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-10) 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 in 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

"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 sampie 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 CSI 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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V. FSYCHOMETRIC AND EDUMETRIC DATA ANALYSIS
DISCUSSION

Individual and group performance daca 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 the 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 ncrmal
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 guadratic
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),

- —

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 8l data
point- were used to fit linear‘and quadratic least-square
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TABLE 39 - CLASS AVERAGE GSI DATA

; CLASS MONDAY FRIDAY
; NO. GSI 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
INTERCEPT 526.574,6212 688,474,0909
SLOPE -12,111,031,47 ~9,155,437,06
X =1 514,464 675,318
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 presentatior, the individual
subject data has been grouped by class). When compared with
Figure 20, it can be seen that both the linear and the
gquadratic 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 fouxr students, which is half the zize 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 and 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
training phases.

The distribution of the GSI scores by day of training
are shown characterized by normal distributions in Figure 22,
It can be seen that the mean ( X ) GSI scores improved with
length of training.

table 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-
bility 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 NO. MON (X=0) WED!X=2.55 FRIZX=3-5,
1 359 583 595
2 312 628 601
7826 3 266 471 589
4 125 508 547
1 309 494 499
2 393 743 549
3 304 590 552
1628 4 210 635 794
5 531 638 447
6 234 332 562
7 304 645 370
8 199 414 494
1 393 546 487
2 68" 617 851
3 391 522 739
1825 4 553 524 751
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 performance score (GSI)

improvement of 6l.3 percent for the 27 subjects in the sample.

Ecdumetric Analvsis

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 ho training, i.e., X=0, on Monday when
the first GSI scores are measured. The students were
assuned 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 2] shows a scatter diagram of the GSI scores
versus days of training using the data provided in Table 40,
The figure alsc 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 training. 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
day to day overlap also points cut 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
119
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TARLE 41 -

ANALYSIS. OF VARIANCE OF

LEARNING EFFBECTS

LINEAR MODEL: GSI = 376.345 + 55,344,2 (DAY)

SOURCE OF

VARTATION | SUM-OF-SQ. | DF MEAN $0. F-RATIO
SS DUE To | 840,790,0326 | 1 840,790.0326|56.894,993,72:
REGRESSTON

S ABOUT L,167,456.189 | 79 |14,777,926,45

REGRESSION "

(RESIDUAL)

TOTAL &S [,008,246.222 | 80

ABOUT MEAN

R (Coefficient of Determination) = 0,418,668,798,3
R (Multiple Correlation Coefficient) = 0.647,046,210,4

QUADRATIC MODEL: GSI = 361.7 + 98.964(DAY)-9.873,3(DAY)2

ABOUT MEAN

1 SOURCE ULF
VARIATION | SUM-QF-5Q. DF MEAN SQ.
SS DUE TO | 884,476.7408 2 442,238,3704
REGRESSION : ’ '
88 aBouT (1,123,769.481 | 72 | ¥4,407.301,04
REGRESEION
(RESIDUAL}
TOTAL SS [2,008,246.222 80

DAY :
MON. = O
WED. = 2.5
FRL. = 4.5

R2 (coefficient o tmtermination) = 0.440,422,459,7
R (Hultiple Cu:oofovron 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-
tien (Rz) for both equations, The F~ratio for the linear
model 1s included and is significant at the 99.9 percent
lzvel, (F.999(1,79) = 11.68)., This indicutes that the slope
of the straight line is significantly greater than zero and,
thus, that GSI1 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 multiple 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 (Rz = ,419) of the
variation and the quadratic equation explains about 44 per-
cent (R2 = ,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 straight line in Table
41 results in the following breakdown:7

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.95(1,78) = 3.92

7Draper & Smith. Applied regression analysis. New York:
John Wiley aud Sons, 1966, 26-31.
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Now since 3.032 < F.95(1,78) = 3,92 there is no reason to
doubt the adequacy of the linear model, i.e., the lack of
£it 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 scores
for each day.8 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 reasonible to present Figure 23
which shows three normal densitics 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) = 147.8). By Wednesday, howzaver, this has de-
crzased 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 ¢hi-squarc test? for
equality of standard deviations from normal distributions
was applied. It was determined that the null hypothesis of
no difference between variances, (Ho:(lz(MON) = 02(WED) =
o Z(FRI), cannot be rejected at the 95 percent confidence

level but can be rejected at the 9G percent confidence level,

8Ostle & Mensing, Statistics in research (3rd ed.).

Ames: lowa State University Press, 1975, 489-490,

¢
)Ostle and Mensing, Statistics in research (3rd ed.,).
Ames: 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 cof 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, The 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 cusitain 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 iwcasure 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) but
was related to the whole by statistical inferencs, 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:

l., 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 G51 data collected 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 reascnable controls are placed on
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-
,ing can result in collection of data from essentially
differcnt 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 assess.ng
- . . . . 11
trainring and trairing requirements in ACM simvulators,

llOn file at Vouyght Corporation, ballas, Texas.,
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It is reCommended that an investigation be initiated to as- ’
¢ertain what demographic correlations can contribute to the

overall readiness traihing program. In order to accomplish .o
thig objective, it is necessary to contihue to a) collect

thegse data, b) supplement these data with cthér data which
may be of value, and c) analyze the ‘data td obtain correla-

SN DS KPR

tion with simulator performance measures: and, ultimately,
d) assess performance on the ACMI range -gxercises,

Apply GSI to Other ACM Simulator Training ¢

H The paraméters comprising the GSI, if measured in a

: similar manner and under similar conditicns, are applica=-
ble toiothex BeM simnlator trainina. The interrelation- L
g ship vf these parameters, i.e,, weighting ard interaction, -
f is believed to be specific for a particular simulator and
training syllabus. It is recomménded that the GSI, as
derived fox TAC ACES I, be introduced as @& prospective
measure of student pilot performance in ajf ACM simvlator
such as the SAAC and adjustments made in ‘the parametric ’
3 contributorxs to develop a statistically dirived GSI specific

‘ té6 that facility and training syliabus..

L The: GSI Applicatioh £o ACHMI Range

I The promise of the GSI as a screeniny tool to aid in I
: the ‘selection of fighter talent is premattre, bhut given '
g a larger data sample and successful application of the GSI

to range operational -exercises such as thg ACMI range at
Nellis; the GSI could become that powerful tool.




Potential Utility of the GSI

The GSI was shown to be a measure of student pilct 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 cverall performance measure., These "part scores"
are associated with basic flying maneuvers, tracking, wea-
pon switchology, etc. from which judgements may be ma3z b
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 simulstor train-
ing period. The skills of pilots in air combat can vary
greatly depending upcn 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 varying in duration. A cursory survey of the
12 class sample in this experiment incicates that an
optimal training period in the simulator can be established
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 utilive the same or simi-
lar methodologies as presented in the report to achieve
comparable simulator performance measures.

Ucility of Data Taken During Turkey Shoot

S E ey o

The turkey shoot data were examined to investigate the '
utility of the data collected during turkey shoot zompeti-
tion, The performance measures and the data formats were
esgsentially identical to those used in the GSI data. A

1

|
basic difference is that performance data were recorded t
separately and simultaneously for each pair of combatants, |
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 pilcot 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 dacta may be of value since they approximate
engagements on an air combat maneuvering’ rang2., The data
may also be useful in determining iinks between G351 per-
‘formance predictors and those predictors to ke determined
for the ACMI range(s).
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Limitaticns 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
simulatoxr) .

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 wwc-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 are used iu conjunction,
they produce a maximal evaluator of air combat simulator
skill,

GS1 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-

nal stimuli. The ability of the student to transcend to

128

—



e vt~

e o 2

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 oth&r 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
parameters of the GSI,
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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 aralyze relationships be-
tween the variables,

Regression analysis was used extensively in an attempt
to define suitable functional predictive relationships be-~
tween the various candidate predictor variables and turkey
shoot outcom:s.

T™wo Y-var.akbles (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 asc the ratio of total wins to total engagements in
the turkey shoot for « 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 relaticnships (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 generallr 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 tc sample. Another difficulty was
shown to exist from the analyses of variance performed.

This was the significant variation detected hetween classes,
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The regression models were obviously affected by this and
the fact that no constraints were (or could be) applied to
rank predictions. For example, only one winner is allowed
pexr 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 paraweters did
stabilize, as might be expected, the predictive rates de-
¢lined 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 i% became apparent that the regression programs were
act 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 g2neral,
significant differences tended to appear between days and
between classes,

At the beganning 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-
veniently 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 un Vought's System 370, Discri-
minant analysis can be used to classify data sets i.to pre-
defined ygroups., 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 technigues
were also employed, Among these were the calculation of
confidence intervals on the propurtions of correct classi-
fications of cases by the discriminant program using data
from the l2-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 l2-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 l2~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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TAC ACES BACKGROUND SURVEY

. FULL NAME RANK (D-1) 2, DATE
. CLASS & PILOT # 4. ACES I [], ACES 1iI [

MIL ADD. SQDN (D-2) WING (D-3) BASE (D-0) 2ZIP (D-0)
TOTAL FLYING TIME (D-4) 7. TOTAL FIGHTER TIME (D-5)
TOT. F-4 TIME (A/C & IP)(D-6) 9. SORTIES (LAST 6 MOS) (D=7)
10. CURRENT IN: F-4C[], F-4D[] , F-4E[] , (OTHER) (D-8) [
1l. PRIMARY DOC: A/A(] , A/G[] , Rty 1P(] , (OTHER) (D~9) (]
12, RECENT BFM/ACM EXPERIENCE: SORTIES-TOTAL (D-10),
LAST 6 MOS (D-1l1), LAST MO {D-12)
13, TIME SINCE LAST BFM/ACM: 0-2 WKS[] , 3-4 wks[] ,
5-12 wks(] , 13-25 wks[7l , 26-52 wks[]  (D~13)
14, WHAT A/A MISSILES HAVE YOU PIRED? AIM-7[] , AIM-9(] ,
AIM-4(] , NONE[]  (D-14)
15, ARE YOU AN FWIC GRADUATE? YES[ ] , Nof ) (D-15)
16, HAVE YOU PREVIOUSLY ATTENDED: TAC ACES I[] ,
TaC Aces 11{] , no[]) (D-16)
i7. DATE OF LAST AGGRESSOR DACT FLIGHT: LESS THAN 30 DAYS[] ,
LESS THAN 180 DAYS[ ] , MORE THAN 180 DAYS ] ,
NEVER(]]  (D-17)
18. WHAT QTHER VISUAL A/A SIMULATORS HAVE YOU FLOWN? (D-18)

@ &t W
L]

£ AT S > s | I N YR s o S

19. COMBAT EXPERIENCE: YES (], NO [J. IF YOU HAVE HAD COMBAT
EXPERIENCE, WHAT IS YOUR TOTAL COMBAT FLYING TIME? (D-20)
HOURS. HOW MANY COMBAT SORTIES HAVE YOU FLCWN? (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 CF SAM ENCOUNTERS (D-23).

20, DATE OF BIRTH (D-0).

*D~0 - NOT INCLUDED IN ANALYSIS
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INSTRUCTCR OPINION FORM

In your opinion, how will each of the students in class —_—
perform in the Turkey Shoot Competition? Pleese rank-order the stuclents
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, ti. ra.k of 2 to identify the first

runner-up, and 8o on until the rank ot 8 to identify the student who you

feel will place last, Piease rank all the students,

INSTRUCTOK PILOT DATE

NOTE: Please complete this form before the student Turkey Shoot Competition

each Friday, The form will be collected from you by Mr. R,A. Jorge sen,
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TAC ACES PROGRAM EVAIUATION AND CRITIQUE

NAME/RANK CLASS #_ PILOT # DATE

TAC ACES ProgRAM: I (), II ()

ROTE: This evealuation will be conducted in three parts.

In part I you are asked to give your retings of the utility of this training
concevt, In short, would regular exposure to visual aireto-sir simulation be
beneficial? Does it possess the potential to increase your combat cepability?

In part II you are asked to assess end rate the relative benefit of the
simulator jtself, including instructional features, What inprovements must it have?
Where is it good enough?

Part IXI consists of unstructured Guestions releting to simulator training
capabilities and limitations, course value, instruction, and the TAC ACES progrem
in total,

PART I1:

Use the following scale to rate each question end add appropriate comraents
vhen necessery:

Rating General Meaninz
] Scbstantial positive training
4 Slight positive treining
3 No effect
2 Possible negative training
1 Drfinite negative tredning

A. What 15 the value of the overall training providec in this course to:

s14]3]¢ J.i COMENT

-

Experienced pilots

Incexperienced pilots

Yourself

A/A DOC pilots

A/G DOC pilots

RIV 1Ps

e i Snrr -




B, How did this training affect your knowledge or proficiency in the following tasks?

Use rating scale on page 1.

sl [3)]2)1 COMMENT

Engagement Geometry

Includes visial slant range,
aspect determination, closure
rate control, ste.

AIM-7 Employment

Includes status monitoring,
launch envelope, launch
constraints, ete.

¢ m e e e e e

AIM-9 Duployment J i

Sec above

Gun Enveleope and LCOSS
-
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PART II

The simulator’'s chief purpose is to aid the instructor in teaching various
alr-to-air tasks. As such it should be like the aircraf* in many respects but not
3 necessarily in every detzil. In addition i should be design d to ease the workload
] on the instructor while still providing effe~tive control over the engagement.

A. Ccmpare the simulator to the aircraft in che following areas using the rating
scale provided:

S - Much beitter than aircraft
L - Slightly better
3 - About the sane
2 - Slightly worse
1 - Much worse

5|4l 3[2 1 COMENT

Accelerztion Performance i |

Deceleration Performance

Roll Performance !

Pitch Performance )

Yaw Performance

Turn Rate :
|

AOA Indications
| (tucfet, tone, woise) 1

longitudinal Stick Feel

Iatersl Stick Feel

Rudder Feel

AIM-T Performance

AIM-9 Pevformance

Gun Performance

Gunsight Performance l

IR Tone Operation |
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B. Do you feel cockpit motion is necessary for an A/A sizulator? Yes ( ) No ( )
Corment:

PART III

A, VWhat A/A tasks and/or BF maneuvers CAN be trained in the simulator?

B. What do you consider to be the best training features of this simuleter?

C. What A/A tosks end/or BT maneuvers CANIIOT be trained iw the simulator?




[N

=l

RN

P.

G.

¥hat do you consider to te the most significant limitations of this simulator?

Has the tredning provided during this week improved your oversll operaticnal

fighter skilis? Yes ( ) o ( )

Corrzent:

Should the course be offered on & recurr’ng besis?

Comment:

Corment on the quality and quantity of instruction.
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H., What features/capabilities would you like to see added to this simulator?

I. list eny comments/recommendations you have regarding the TAC ACFS progrea.
{1.e., syllabus/edministrative/scheduling/quarters/transportation/ete...)
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APPENDIX C
TAC ACES 1 TRAINING SYLLABUS

AND
TURKEY SHOO'TT COMPETUTION RULES
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TAC ACES 1
SYLLABUS

DAY 1
4 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

¢. Turning maneuvers

d. High and low altitude flight
e, High and low speed stalls

o o ar g o e % v b

Sortie #2 - Wearo.ons Familiarization (:30) (F-4/F-4)

Objective: To become familiar with AIM-7E, AIM-9J,
and 20mm employment.

Pilot wil& perform/demonstrate following tasks:

a. AIM-7 and AIM-9 employment against 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-
recorded profile,

The performance measurement will consist of the
following exercises:

a. 2 x Stabilized (Cine) tracking exercises
b. 3 x Head-On maneuvering exercises
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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.

Eacin pilot will perform the following:
a. High and low Yo-Yo
b. Quarter plane maneuver
¢. Lag roll
d. Acceleration and separation maneuvers

DAY 3

Soxtie #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. Cvershoots
b, £Extensions
. Reversals
d. Jink-outs

Sortie 47 - Air Combat Maneuvering - Similar (1:00)
(F-4/F-4)

Objective: To increase proficiency in entire
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

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 contrcl responses

b. Turning capability

c. Performance envelope (altitude, airspeed,
etc.)

Sortie #9 - Air Combat Maneuvering - Dissimilar (1:00)

DAY 5

(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 be
discussed during debriefing.

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 maneuvering.

Sortie #11 - Performance Measurement Data (:15) (F~4/

Computer Flown Target)
Objective: To collect an end of course performance

measurenment 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
k. 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 c¢liminated after losing to two
other pilots in a double elimination tournament.

Rules of engagement will be briefed pricr 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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10.
11.

12.

TURKEY SHOOT RULES

Double Elimination

Initial pairings will be made by drawing names from
a hat.

Both aircraft will be F-4E's at 15,000 feet and 425
kts, head on at 18,000 slant range.

Paired participants will flip a coin for choice of
cockpit.

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.

Aircraft over-G (10 G's), hitting the ground, and
spins that bomb the computer are automatic kills.

Head on gun kills are not authorized. An aspect angie
greater than 135 degrees for the shooter at time of
kill is considered a head on gun kill.

Radar lock-on can only be accomplished by pilot acti-
vated auto-acq after the second engagement. Radar
missiles will not be used until the third engage-
ment.

Switchonlogy trickology is .unauthorized.

Entry fue will be decided by the class (normally $1/
pilot).

These may be agreed to or changed by the entire class.

Lie, cheat, and steal, but keep your six clear and may
the better man win!!

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
a/C
ACES
ACM
ACMI

AFHRL
AVG
BEF'M
CIp
CIPP

CF

CTK, CINETK
D, DEM,
DISCRIM
DF

Elir,

ENV

EXP,

P

FCN

F - ratio

F test

FTO
FWIC
G, ¢
>

GP
GS1I

~ Alr~to=-Air

- Aircraft

- Alr Combat Engagement Simulator
-~ Air Combat Maneuvering

- Air Combat Maneuvering Instrumentation
Range

- Alr Forces Human Resources Laboratory
- Average

- Basic flying maneuvers

- Chief Instructor Pilot

- Chief Instructor Pilot predictions of
turkey shoot ranking

- Classification Function

~ Cinetrack exercise in tracking maneuvers
- Demographic data

- Discriminant analysis program used

- Degrees of freedom

- BEliminated(ors) from Turkey Shoot

- Envelope

- Expanded (list of variables)

- Friday scoring data

Function

Variance between groups divided by
variance within groups

Test of significance used in analysis
of variance

Flight Training Operations
~ Fighter Weapons Instructor Course
~ Acceleration relative to that of gravity

!

- Greather than

~ Group
~ Good Stick Index
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LIST OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (Cont.)

HON, HD~ON
INT., Int,.
Ip

LBS

LT,

M

MIL ERR

N

0/D

OTOPS

R=MIS
R.U.

SAAC
SAM
SR

Lok AR
LR o
H PP F e
s . \f&*}'}‘ A "’:w* s

> A A 74 -
L~ R AP SE AL SN
R TINAL . & BN LS

Hit
Hypothesis where Py # Pn

Heat misgsile

E = Pp

Hypothesis where P
Head-on exercise
Internal
Instructor Pilot
Pounds (fuel)

Less than

Monday scoring data

Average pointing error in Mils
Sample size

Ratio of offensive time (target in front
hemisphere of subject aircraft) to defen~-
sive time

Opaque Target Optical Projectoxr System

Pointing Angle Advantage (Time in envelope)

Proportion of correct classifications

using data within the experiment
Predicgtion(s) =~or(s)

Proportion of correct classifications
using test data from outside the experi-~
ment

Correlation coefficient
Coefficient of determination
Radar missile

Runner(s)-Up of Turkey Shoot
Standard deviation

Simulator for Air-to-Air Combat
Surface~to-Air Missiles

Slant range
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e
g
}w LI5T OF ABBREVIATIONS, ACRONYMS AND SYMBOLS (Cont.)
43
g ss - Sums of squares
;; TAC - Tactical Air Command
-%» K TAC ACES I - Simulator training program at Vought
b Il - at Luke Air Force Base
i TAS - Training and simulation
,@ TFWC - Tactical Fighter Weapons Center
% T.S., TS - Turkey Shoot
;é TTFK - Time from start of engagement to first
i3 kill
%E VAR - Variable
;f 02 - Variance
E; W - Wednesday scoring data
? Win. - Winner(s) of Turkey Shoot
‘Sf X < Sample mean
i x2 - Chi-Square test statistic
% X; - Variable quantities
%8 Y - Dependent variable quantity
X |
.
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