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'bé used to reliably predict ACM ilnflight criteria. Results of a larger sample of F-l4
-pilots (Study II) indicated that an overall ACM grade (OAG) assigned by VF-43 adversary
"personnel can be pradicted reliably by an objective kill difference composite score and

. “three subjective maasures: situational awareness, mutual support, and energy managemant,

" “These four measures .scounted for 78% of the variance with the OAG., A correlational
analysis suggests that tba VF-43 grrndiug process is reliable and consistent. -

. — o 1

Additional results were obtained on the relation betwaen the Naval Aerospace Medical
chnqarch Laboratory vision tests and ACM criteria (Study III), Contrast sensitivity
fmeasures were significantly related to a mean time-to-first-kill measure. Visual acuity
"and accommodative flexibility msasures were significantly related to the initial sighting
{tally~ho) and visual identification (VID) of advecsary aircraft on an instrumented range.

‘Age aud/or experience in ACM may be an important variatle ia relating vision tests to *
‘pilot perforumance,

'

It is recommen.ed that: (1) improved performance-based tests should be administered to a ‘
sample of Navy pllots performing in Fleet Fighter ACM Readiness Evaluations to replicate

‘initial test results; ani (2) an overall ACM grade regression equation should be applied

to a supplementary sample of pilots performsng in Fleet Fighter ACM Readiness exarcises to

confirm the reliability aud validity of the VF-43 adversary squadron's grading process.
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SUMMARY PAGE

- THE PROBLEM

A difficult aspect of predicting fleet pilot performance is acquiring
meaningful and reliable, inflight criteria, Without such criteria,
performance assessment is both theoretically andi realistically impossible.
This study was an attempt to predict Air Combat Maneuveriug (ACM)
performance using performance-based laboratory tests and to evaluate the VF-
43 adversary squadron's grading of inflight ACM performance in the Fleet
Fighter ACM Readiness Program at Naval Air Station Oceana. The purpose of
the latter effort was to select convenlent and reliable criteria for ACM
performance assessweat and use in the validation of the laboratory tests.

FINDINGS

In an initial evaluation (Study I), F-4 pilots performed in Fleet
Fighter ACM Readiness exercises and completed performance-based perceptual
motor and multitask tests. Results indicated that dichotic listening test
measures, obtained duriug multitask conditions, could be used to reliably
predict ACM inflight criteria. Results of a larger sample of F-1l4 pilots
(Study II) indicated that an overall ACM grade (0AG) assigned by VF-43
adversary persounel cau be predicted reliably by an objective kill
diffavrence composite score and thrge gubjective measures: situational
awateness, mutual support, and energy managemeut. These four measures
accounted for 78% of the variance with the OAG, A correlational analysis
suggests that the VF-43 grading process is reliable and consistent.

Additional results were obtained on the relaiion between the Naval
Aerospace Medical Research Laboratory vision tests and ACM criteria (Study
III)s Contrast seusitivity measures were significantly related to a mean
time-to~first-kill measure. Visual acuity and accommodative flexibility
mneasures were significantly related to the initial sighting (tally-ho) and
visual identification (VID) of adversary aircraft on an instrumented range.
Age and/or experience in ACM may be ar important variable in relating vision
tests to pilot performance.

RECOMMENDATIONS

l, Improved performance-based tests should be administered to a sample of
Navy pilots performing in Fleet Fighter ACM Readiness Evaluations to
teplicate initial test results.

2, An overall ACM grade regression equation should be applied to a
supplementary sample of pilots performing in Fleet Fighter ACM Readiness
exercises to confirm the reliablility and validity of the VF-43 adversary
squadron's grading proceass.
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INTRODUCTION

Research is ongoing at the Naval Aerospace Medical Research Laboratory
to predict fleet aviator inflight performance using perceptual psychomotor
and information processing tasks, The goal is to develop relevant
laboratory tasks, test aircrew, and relate aircrew test performance to
simulated and actual flight performance. From this effort, it may be
possible to aid decisions concerning aircrew selection, training pipeline
sasignment, and post-training aircraft assignm:nt. Crucial to this research
is the identification of useful, valid, and reliable measures of flight
pexformance for the validity assessment of predictor tests.

Previous United States Navy resezrch to predict operational performance
has been encouraging (1-7). Rickus and Berkshire (4) reported that peer
ratings obtained in Navy preflight training were useful in identifying
successful and unsuccessful aviators in combat (Viet Nam), Bale et al. (2)
evaluated F=4 Neplacement Alr Group (RAG) training during the mid-60s and
devuloped a prediction equation that could reduce RAG attrition from 13,3 to
8.3% A study of Tactical Aircrew Combat Training System (TACTS) F-4 air
combat maneuvering by Ciavarelli et al. (1) in the late 70s found three
weasures (angle~off-tail, closing velocity, and iandicated air speed) that
were eignificartly related to ACM performance, Briceson et al., (3) were
able to successfully predict F-4 carrier landing performance. Shannon et
al. (7) found that a relatively small set of RAG measures can reliably
predict final overall RAG grade (multiple R = .84). The two most important
measures (carrier qualification power/mose control and offensive ACM)
accounted for 73% of the variance with the final overall RAG grade. In two
subsequent studies, Shannon and Waag (6) found that an equation based on an
east coast RAG reliably predicted performance of F-4 pilots on a west coast
RAG and reported (5) that experience aud seven undergraduate training grades
reliably predicted final overall RAG grade (multiple R = .51).

7 Despite these positive results, new aircraft and weapons system

: technology may have made the research obsolete, In addition, the approaches
of the previous r .udies and the present effort differ. Previous studies (2«
6) used pencil-and-paper selection tests and undergraduate training measures
to predict performance. Our approach used performance-based tests of
cognitive, perceptual, aud multitask functioning to predict fleet
operational aviator pervformance,

The present study represents an attempt to predict ACM inflight
performance using performance-based automated tests, and an evaluation of
the VF-43 adversary squadron's grading of aircrew performance iu the Flaet
Fighter ACM Readiness Program at Naval Air Station Oceana. The purpose of

: the latter effort was to select useful and reliable criteria for ACM
perfornance assessment and validating future laboratory tests. In addition,
correlatiuns between measures of the TACTS and vision tests were determined.

Studv I, Multitask Test and Marine Pilot ACH Performance

The purpose of this evalusztion was to test the feasibility of
predicting ACH performance with performance-based perceptual-motor and
cognitive multitask tests.
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SUBJECTS

‘Twenty-two F-4 pilots from Mariune Squadroun 451 served as subjects
during their participation in a Fieet Fighter ACK Read.ness krogram exercise
at NAS Oceana during the summexr of 1985,

PROCEDURE

Air combat maneuvering performance data are routinely collected at the
NAS Oceana TACTS facility. The data are used by VF-43 adversary squadron
personnel to develocp aircrew and squadron ACM performance rativngs. The
performance ratings provide craining feedback to individual aircrews by
highlightine their strengtiis and weaknesses in ACM, and also provide a
method for wilitary managers tc asgess overall squadron readiness. In
addition, the TACTS Fleet Fighter ACM Readiness Exercise results serve as a
base to evaluate the tactical employment of aircraft and weapon systems,
Typical data resulting from the readiness exercises are presented in Table
l, A description of the TACTS training system aucd defianitions for specific
TACTS performance measures are in Appeundixes A and B, cespactively.

Eighteen of the 22 Marine pilots completed single- and multitask
cognitive and perceptual-motur tests during the readiness exercise. The
tests consisted of a 24-tiial dichotic listening task (DLT) followed by 6-
min performaunce on a psychomotor task., Both tasks were th~u performed
simultaneously. Correlational and multiple regression analyses were
conducted on the ACM performance measures to identify suitable criteria and
to evaluate the strengths ot the corzelations among the various measures,
Subjects' test performance data were correiated with the identified
criteria.

RESULTS

Pearson correlations of 27 measures associated with the VF-4? adversary
squadron’'s evaluation of ACM performance of 22 F-4 pilots are presentad in
Tabla 1, The overall ACM grade (0AG) was significantly related to offensive
maneuvering (r = .67), situationai awareness (r = .81), and mutual support
(r = .56), 1In addition, the OAG was significantly related to mean time to
first kill (x = ~-.42), number of VF-43 adversary squadron missile shots (r =

-.65), and the number of timer a pilot was "killed" (x = -.70) in the
simulatad exercises, The negative correlations indic.ted that a higher ACM
grade was aasocisted with shorter timas to first kill, fewer adversary
squadron missile shots taken, and fewer times being "killed" in the
simulated exercises (better ACM performance).

A multiple regression analysis indicated that situational awareness,
offensive maneuvering, aumber of times kiiled, and mutual support accounted
for 89% of the variance associated with the OAG criterion (R = 95, F(4, 17)
= 36,19, p < .,0001). The OAG and these four me2asures were then correlated
with the single- ani multitask cognitive and psychomotor test performance of
18 of the 22 pilots”, A derived composite kill-difference score (the total
cumber of ACM kills minus the number of times a pilot was killed in the
TACTS simulated exercises) was included in the correlational analyses as

1

Four pilots did not volunteer to complete the series of tests.




wibe

A AR, 4o e

well as the total number of flight hours, which ranged from 337 to 1925. Of
the 42 correlations computed between the tests and ACM criteria, 4 (10%)

. were significant at the ,05 or .0l level of confideunce.

TABLE 1, Pearson Correlations of Individual
ACM Performance Measures with
Overall ACM Grade(a) (E = 22),

Subjective measures T
Use of eavironment .05
Start/VID start .07
First move -.18
Aggressiveaness .16
Offensive maneuvering YA
Defensive maneuvering -.04
Keeping sight/lookout «39
Energy management 23
Mental plot .17
Situational awareness 8 Lkx
Bugout technique ~s13
Weapon system employment 24
VID technique -.08
VID communication «05
UHF communication 24
Game plan usage «16
Mutual support «56%k
Debrief -.17
Reconstruction =27
Objective Measures x
Total number TACTS kills 31
Number of misgiles launched «16
Mean time (s) to first kill - 42
Visual tally-ho mean range .01
VID mean range -.05
Number of times killed =, 70%%
Number VF-43 missila shots ~o65%%
* p < .05
**2 < L0l

(a) The overall grade is a composite of the 19
subjective measures,

Note: Performance measure definitions are in
appendix B,

The Pearson correlatlons of the cognitive and psychomotn: tests shown
in Table 2 {ndicated that a DLT measure (DLT-1) obtained during multitask
performance was significantly related to offensive maneuvering (r = ,62) and
the kill-difference composite score (£_= .49), A DLT multitask measure




R e d e R et D Bl L T R B S S L S Sy R e U DAL RS EATER R RR P8 Bar FAT AR L aVE JTR AV AR BTR. G P08 W0 Vah TP A0 VaP AN, AV "ANL AN,

based on a slightly different scoring procedure (DLT-2) was significantly
related to tha OAG (xr =.49) ard the cffensive meneusering score (r =.60),
Number of £light hours was unrelated to any ACM or test performance measure.
These results, although based on a small sample of Marine pilots, support
the feasibility of developing a series of performance-based cognitive,
perceptual, and multitask tests to predict aviator performance.

ﬁ%TABLE 2, Correlation of ACM Performance Criteria and Single and Multitask
Cognitive and Psychomotor Tests (pn = 18 F-4 Pilots).

Msasures 1 2 3 4 5 3 7 8 9 10 11 12

1, Overall ACM grade

2, Situational awareness ,83%*

3. Offensjve maneuvering ,83% 61k

4, Number times killed =,75%k -, 58% =, 58%

«- 3¢ Mutual support Slk  58% 25 <21
SO »-6. K‘.l.l"diff‘m score 050* 025 o41 '059** “003
- 7. Flight hours 13 =01 06 =39 21,05
: - .8, Multitask D’T 1 43 .10 H2¥k = 27 16 9% 1L
- 9, Multitask DLT 2 4 12 60k =33  ~,03 37 27 93k
10, Multitask RiT =14 04 =425 .13 «20 =05 -,18 =40 =5

o36%  53% o, 72wk
JO0%k  E5kk 674k 85k

11, Single task DLT 1 221 =02 28 =17 =15 .35 .04
{12, Single task DLT 2 32 15 36 =20 - 19 22 10

13, Single task BMT 10 <03 ,16 -18 =29 ,16 ,07] .27 .29 31 =12 =06
05 = 47
** 0Ll = 59

]

5' Unresolved was a series of important questions councerning the Fleet

Fighter ACM Readiness Program evaluation process: Are the resulting grades

reliable f£»or Navy pilots flying contemporary F-14 aircraft? What is the
relation of the VF-43 grading process to more objective TACTS ACM

% performance measures (i.e., total number of kills, visual idactification

(VID) range, VID kills and engaged kills)? Which ACM measures are most

predictive of ACM performance?

i Study II: Fleet Fighter ACM Readiness Program Grades as Criteria

. The purpose of the second study was to answer the questions posed
4 above, aud assess the utility of VF-43 ACM grades and TACTS ACM performance

measures as criteria for the validation of tests developed to predict ACM
performance,

SUBJECTS

Subjects were 125 Navy F-14 pilots (10 fighter squadroms) who
participated in the Fleet Fighter ACM Readiness Program agaiust the VF-43
adversary squadren at NAS Oceana during 1985 and January of 1986,

&
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PR(OCEDURE

Alr combat maneuvering '‘competitive exercise" performance data were
collectsd for the Navy participants in the Fleet Fighter ACM Readiness
Program and analyzed to derive correlational statistics. Multiple
ragression analyses were performed to study the relative importance of
specific predictors and to derive criteria that would predict the overall
ACM grade.

RESULTS

Performance measure descriptive statistics and Pearson correlations
between the OAG and 19 subjective and 12 objective TACTS measures are
presented in Table 3. The kili-difference composite score was the measure
most highly correlated with OAG (r = .76), tollowed by the engaged kill-
diiference composite score (r = ,70). The total number-of-kills measure was
related to OAG (xr = .65), as were missiles launched (x = .58), VID-kill (x

= ,39) end engaged=-kill (x = 57) scores. As expected, the number-of-times-
killed measure was aignificantly and negatively related to 0AG (r = =,51),
Number of radar locks was significantly correlated with the OAG ?} = ,24) as
well, Four of the objective measures--mean time-to~first-kill, radar lock
mean rangs, visual tally-ho mean range, and VID mean range measures--were not
significently re! { to OAG,

We wer: aury. «=d that the mean time-to-first-kill score was unrelated
to OAG., One expla {on for this result may be that the time-to-first-kili
gcorae 1s an average of beth VID and engaged-kill times. This pooling of
relatively short (VID) and longer (engaged) kill times may have a
confounding efiect on the resulting correlations. Separation of VID aud
engaged kill times might enable a better understanding of the relation of
this ACM score with the OAG and other TACTS measures,

An examination of the subjactive measures, as shown in Table 3,
indicated that ll measures were significantly correlated with the 0AG.
Situational awareness (described by VF=43 adversary persounel as a synonym
for ACM proficiency) corxrelated most highly with OAG (r = .70), followed by
offensive maneuvering (xr = ,53), aggressiveness (x = 45), mutual support (r

= ,44), and start/VID start (r = .40). Defensive “maneuvering, keeping
sighc, energy management, weapon system enployment, VID technique, and game
plan measures were significantly correlated with the OAG as well, with
corvelations between .23 and .39. Those measures not significantly
correlated with the OAG were use of environment, first move, mental plot,
bugout technique, VID communication, UHF communication, debrief, and
reconstruction,

The full correlation matrix is preseuted in Appendix C, Of 496
correlations, 163 (33%) were significant at the .05 level or above,

9,1




TABLE 3. Performance Measure Descriptive Statistics and Pearson Corxelatlons
Between Overall ACM Grade and ACM Performance Measures (N = 125),

Subjective measures r Mean SD Min Max

Overall grade -~ 2,01 «05 1.90 2,15
Use of environment .00 2,01 .05 1.83 2,20
Start/VID start AL 2,04 .16 1,67 2,88
Fitst move (n = 113) .12 2,01 .18 1,50 2.50
. Aggressiveness AT 2,08 .13 1,88 2,75
g Offensive maneuvering 0 53%x 2,08 .18 1,67 2,50
2 Defensive maneuvering o 390k 1,96 o 14 1,56 2,25
Keeping sight/lookout o 35%% 1.95 14 1,50 2.29
Energy management 0 37 %% 2,00 15 1,57 2,38
Mental plot .11 1.98 .11 1,50 2,90
, Situational awareness o 70%% 1,93 «25 1,25 2,75
A5 Bugout techunique o1l1 2,03 .17 1,67 2,50
o Weapon system employment 0 J0W* 2,06 .19 1,25 2,50
VID technique o 30%* 1.99 .12 1.67 2,33
VID communication -.08 1.99 «05 1.75 2,17
UHF communication 12 2,00 .08 1,50 2,25
Game plan usage 0 32%% 2,08 .18 1,50 2,50
Mutual support oblkk 1,95 «26 1.33 2,50
Debrief (n = 112) .11 2.01 .07 2,00 2,50
Reconstruction .16 2,01 .04 2,00 2,25
Objective measures r Mean SD Min Max
Total number TACTS kills 65k 5.63 2.80 0.0 14,0
Number of missiles launched « 58Kk 13,14 6.85 1.0 31,0
Number of VID kills «30%% 2,66 1,64 0.0 7.0
Number of engaged kills o 57 %% 2,97 2,05 0.0 10,0
Mean time (s8) to first kill -,02 42,98 25,31 6.0 115,3
(n =124)
Number of radar locks o 24Kk 4,95 1,55 0.0 7.0
Radar locks mean range =-.04 13,82 3.22 0,0 26,0
Visual tally-ho mean range .12 2,80 1,37 0.0 6,5
VID mean range .16 1,59 0.38 0,0 5.2
Number of times killed = SL%k 1.68 1.10 0.0 5.0
Kill-difference score o 16%% 3.92 3.14 ~2,0 13,0
Engaged-kill-difference gcore  ,70%* 1.29 2.44 «3.0 9,0
**R < .01

REGRESSION ANALYSIS

To examine which subjective and objective measures would best predict
the OAG, a series of forward selection multiple regression analyses (8) was
conducted, A forward selection stepwise multiple regression technique was
used because of multi-colinearity (high intercocrelations) among certain of
the objective and subjective measures, The first regression (Appendix D,
Table D-1) was based on the subjective measures in Table 3. Results
indicated that a 6-measure regression model accounted for 83% of the
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variance with OAG (R = .91, F(6, 113) = 98,57, p < .0001), The situatiomal
Awareness measure entcred the regression first aud accounted for 497 of the
variance with the OAG, Offensive maneuvering, mutual support, start/VID
stagt, energy managemeunt, and keeping sight measures them entered the
regression equation accounting for 11, 7, 8, 4, and 4% additional variance,
tespectively,

A second regression analysic (Appendix D, Table D-2) was conducted using
the objective performance wmeasures in Table 3, The measures total TACTS
kills. kill-differance score, and engaged kill-difference score were
excluded because they represented rombinations of other measures. As shown
in Appeadix C, number of missiles launched was related to total TACTS kiils
(x = .83), engaged-kills (xr = ,67), VID-kills (r = .57), and the kill-
difference score (r = «78).~ Since this measure 1z simply a means of
achieving TACTS kills, it too was excluded. These composite and/or
duplicative measures werxe omitted from the regression to increase insight
finto those spacific performance measures most important to the OAG. The
resulte of the multiple regression indicated that engaged-kills, number-of-
times~killed, and VID-~kills accounted for 62% of the variance with the OAG.
The engaged-kill measur< eutered the model first and accounted for 337% of the
varisvce associated witn tha OAG, Number-of-times-killed aud VID-kill
zeasures followed in succession, accounting for 19 and 10% adéitional
variance, respectively, Finally, the mean time-to~firsi-kill measure entered
the regressioa model but accounted for only 1% additional variance (R = .79,
F(4, 120) = 5102, p < ,0001). It is important that both engaged-kills and
Vib-kills entered the regression model (both are significantly correlated
with OAG, but the correlation between the two measures is low, r = .l4).
These results suggest that the VID«kill and engaged-kill performance
rassures ave statistically independent in this population of Navy pilots,

They also e«uphasize the importance of pilot training in both of these ACM
akills,

A third multiple regression wmodel (Appendix D, Table D-3) was based on
a kill-difference score (& composite of the first three measures entering
the second regression imodel) and the subjective measures of Table 3, The
kirl~differenze measure entereu the regression first, accounting for 577 of
the variance with CAG, Next, the situational awareness measure entered the
regression, sccounting for an additional 147 of variance, followed by energy
management and mutual supprrt, which each contributed about 4% additional
variance (R = .89, F(4, 120) = 109,39, p < .0001),

These resulcs, indicating the importance of kilils im the VF-43
adversary squadrou's gradiang of ACM performance, were expected since kill
ratios from the competitiv.y exercizes of the Fleet Fighter Readiuess Program
represent a basic component of the gr=ding process (9). Unexpectedly,
situational awureness and other subjective measures contribute important
additional variance in the prediction of CAG, Apparently human judgement of
ACM proficiency is au important elemant i: these performance evaluatious,

SITUATIONAL AWARENESS

At NAS Oceana, VF-42 adversary personnel define situational awareness as
the "total of ACM,"” This definition seums appropriate based on the results
reported here, Table 3 shows that situational awareness is the subjective
measure most atrongly related to OAG (r = .70), Item 1l in Appendix C shows
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the various correlations between situational awareness and the other
objective and subjective measures.

Those measures most strougly related to situational awareness, in
addition to the OAG, are the kill-difference score, engaged-kill-difference
score, number~of-times-killed, VID-kills, eungaged-kills, total TACTS killsa,
ané numher of missiles launched. Subjective measures--start/VID start,
aggressiveness, offensive maneuvering, defensive maneuvering, keeping sight,
VID technique, game plan and mutual support--are also significantly related
to the situational awarenzss measure,

Objective measnres unrelated to situational awareness (in this acalysis)
are visual tally and VID raunge, number of radur locks, radar lock range, and
mean time-to-first-kill., Subjective measures that are not significantly
related to situational awareness are environment, first move, energy
managementc, mental plot, bugout, weapon employment, VID and UHF
communication, debrief, and reconstruction,

PERFORMANCE MEASURE RELIABILITY

An important aspect of this study concerns the reliability or
cousistency of the VF-43 performance measures. 7To evaluate the reliability
of the TACTS objective performance scores and the more subjective VF=~43
scoring process, we randomly divided the Navy pilot sample in half and
examined performance measure correlations with the OAG (Table 4). Subjects
were divided or the basis of even/uneven chronological subject number®,
Tabls 4 includes Pearson correlations based on the total sample to allow
comparison with the correlations of both subsamples. In addition, the
absolute difference of the Pearson correlations are presented. Table 4
reveals remarkably sinilar results, especially for the more olLjective TACTS
parameters, The one objective mersure that indicated a major correlation
change was the meun time-to-first-kill measure, with an r of .09 for the even
and ~.12 for the uneven subsample, an absolute differeace of .2l. This
chauge in correlational value is not siguificant at ths .05 level, Moreover,
the mean time-to-first-kill measure is not significantly related to the OAG,
All other objective measure correlational values were highly similar., Six of
the subjective measures had an abgolute difference correlation value of .20
or greater. Only two of these measures, UHF communication and reconstruction,
represented a significant difrference between the even and uneven pilot
subsamples (p < .05), based on a Fishers Z test of significant differences of
correlations. Neither of these correlational vaiues, however, were
significantly correlated with OAG for the total sample or the two subsamples.
Ia summary, the objective and subjective measures most highly correlated with
OAG differ only slightly for the two randomly derived samples.

A secoud approuch to establishing the reliability of the OAG was to
apply the regression model of Appeudix D, Table D-3 (based on the kill-
difference, situational awareness, energy management, and mutual support
measures) to various pilot subsamples. This particular regression model was
used because it represents the best prediction of OAG using both objective
and subjective performance measures. A Pearson correlatfon value was

2 Subject performance data were ordered for statistical analysis by date
of the ACM readiness evaluation aud the alphatetical order of pilot name.

ki
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computed between the predicted and actual OAG grade for eight differaat pilot
subsamples (Table 5). Based on a Fishers Z transformation, the avarage of the
eight correlation values is .88,

v e ar amem. A et AT

TABLE 4. Pearson Correlations for Total, Even, and Uneven Ordered Pilots,
and Correlation Absolute Difference Scores,

Performacce measure All pilots Even Uneven
correlation with OAG (N = 125) (n = 62) (n = 63) Difference |
Use of environment .00 .03 -,03 .06
Surt/VID start JA40%* 0 38%% A2%% 04 )
First move .12 «05 (n=56) .20 (a=57) .15
Aggressiveness A5kk chlkk YL L .06
Offensive maneuvering o3k e L9k o 7%k .08
L Defensive maneuvering e 39%% 0 38%% oGl .03
R TN - Keeping sight/lookout o 350% o 45%* 26% .19
- Energy management o 37%% AL o 28% .18
¥ Mental plot =511 -.13 =.06 .07
JCI Situational awareness o 7Q%*k o 63%% o T6Nn 013
£ , Bugout technique 11 022 .01 21
5 A Weapon system employment e 30%% o 3Ynx .18 W21
- S VID technique ¢ 30%* a29% o 34%% .05
- - vVID GomuﬂLC.tioﬂ '008 002 - 16 .18
UHF communication 12 ~o15 0334w 48¥N(1)
Came plan usage o 32%% s l2%% 022 .20
Mutual support o hlhk «38%% o 49k o1l
Debrief o1l «10  (n=55) 12 (n=57) .02
Reconstruction W16 J32%k - 10 W42%(1)
Total number TACTS kills o 65%% o 68%% 61 ¥% .07
Number missiles launched «58%% e 60%* «56%% .05
Number of VID kills L L 0 33%n 45%% 12
Number of engaged kills AL a63%% o S1lk% .12
Mean time~to~first-kill «,02 «09 (n=6l) =-,12 (n=-63) .21
Number of radar locks o 2%k «23 o26% .03
Radar locks mean range =04 .02 -,08 «10
Visual tally-ho mean range 12 04 .17 .13
VID mean range 16 07 22 15
Number of times killed =s5Li¥k YA L =y 56%% .09
. Kill~-difference score W T6%% o 79%% o 73%% .06
Engaged kill-difference score .70%* o Tldk s 67 %% .07
. *p < .05
*k p < .01

(1) Fisher Z test of significance of Pearson correlations
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TABLE 5., Pearson Corcelation Values for Eight Pilot Subsamples Based on
‘ Predicted and Actual OAG,

Pilot subsamples r Number
Even . 89 62
Uneven .88 ‘ 63
First half .84 62
Second half «90 63
lst, 3rd quarter .88 62
2nd, 4th quarter «89 63
2nd, 3vd quarter +89 62
lst, 4th quarter .89 63

c e 1

Average r (based on Fisher Z transformations) = ,88
All values significant, p < .01,

In summary, regardless of the sampling procedure, the model for
predicting the 0AG provided similar results., Because the grading of the
alrcraws by different adversary pilots seems consistent, we ~an assume that
the iuternal criteria by which the grades are assigned are similar across
adversary pilots. In essence, the grading process appears reliable,

“i.  PILOTS, AIRCREW, AND VISUAL PERFORMANGE

Although the F=14 aircraft normslly employs both a pilot and a Radar
Intercept Officer (RIO) working as a team, we addressed those measures
associatad with pilot performance. The VF-43 scoring process emphasizes
pilot proficiency, since the pilot maneuvers the aircraft, fires the
missiles, and as the aircraft commander is responsible for engagement
outcome., However, it is important to realize that the RIO's efforts in
operating the radar, keeping sight, and performing lookout have an important
effect on ACM engagement outcome, Consequently, we included two RIO
measures (number of radar locks and radar lock mean range) in this analysis
to examine the relation of RIO performance to pilot tally~ho and pilot
aircraft identificatlon range (important in pilot visual performance). The
importance of the RIO's radar skills and pilot visual performance is
demoustrated by the significant Pearson correlations between thec number of
radar locks, visual tally-ho mean range, VID mean range, and other objective
TACTS ACM scores of Table 6,

Initially, it was unclear as to why an RIO performance parameter
(number of radar locks) would be significantly related to pilot visual
; tally-ho (r = .43) and VID mean range (xr = .50). After careful
consideration, we believe that a radar lock acts to decrease the visgal
target search area for the pilot, who then can attend to the diamond”,
knowing that an adversary aircraft will ultimately become a visual target at
the indicated location on the head-up display.

3 An area of the head-up display, delineated as a diamound shape, indicating the
location of the radar target,

10
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TARLE 6. Pearson Correlations Between Radar Locks, Pilot Visual Tally ang VID,
and Objective ACM Performance (N = 125 Navy Pilots).

. Number of Radar lock Visual tally VID
. ACM objective measure radar locks mean range mean range imean range
Total number TACTS %ills oA Liew - 10 o 30%% hLww
Number missiles lesunched AL “a21% e 32%% ch2%k
Number of VID kills N YLl .12 45%% 4B *%
Number of engaged kills «22% -.05 «05 .16
Mean time-to-first-kill -ol2 -, 01 - 19% -, 14
: Number of radar locks - o 25%% A3 Nk e 49 %%
(T ‘Radar lock mean range e 5%k - «05 -.07
. Visual tally-ho mean range e l3kk +05 -
VID mean range e S0%¥ -, 07 68 % -
Numbetr of times killed «06 «00 .10 .07
Kill-difference score o 3Gk =.09 023 %k 033wk
Engaged-kill-difference score .14 -.0f .00 o1l

*p < 05
wp < L0L

A vadar lock is important to kills, and it 1s a requirement for successful
use of a forward aspect missile, We found significant correlations between
X number of radar locks and VID kills (_r. = ,42) and, to a lesser exteant, engaged
- kills (r = ,22)s The number of radar locks was significantly related to total
S number of TACTS kills (r = .41), number of missiles launched (x = .40), and the
kill-difference score (E = ,34). Radar lock mean range was not a significant
predictor for the majority of objective ACM performance measures. Apparently,
when radar lock is accomplished, it occurs at distances so great that the
variability in lock ranges does not influence subsequent ACM pecrformance.
Failure to acquire radar lock is another matter, however, as noted above.

Visual tally-ho mean range and VI: mean range, as previously noted, are
strongly correlated with the radar loc'. measure. Apparently, a radar lock
significantly enhances tha pilot's acquisition of visual targets. Since VID
of adversary aircraft is required before missile launch, under present

. tactical rules, vision-dependent ACM performance measures should be positively
related to number of TACTS kills., Our data support this hypothesis, That is,
a4 greater visual tally-ho range and greater VID range are each significantly

R assoclated with a greater number of TACTS kills QE = .30 and .41,
raspectively). Further, we hypothesized that vision-depeudent ACM performance
might be more highly related to the number of VID kills rather than engaged
kills”. Our data support this hypothesis also., Visual tally-ho performaunce

% VID kills are those that occur immediately following initial target
detection and identification and are generally made with radar directed
wivsiles fired head-on. Engaged kills occur during subsequent dogfighting,

when pilots attempt to maneuver behind their adversary to fire guns or heat
seeking missilea.
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~is significantly correlated with VID kills (r = .45) but not eugaged kills
‘¢ = ,05), Visual identification perfcrmance is also significantly related
“to VID kille (r = .48) and not engaged kills (r = .16).

' Number of radar locks, visual tally~ho mean range, and VID mean range
c-are negatively related to the mean time-to-first~kill measure. These
.correlations are uegative sivce the launch of a forward aspect missile (the
7" best means of achleving a quick kill) generally depends on achieving each of
*"“thess measures in sequence. Haviang a longer tally-ho or VID vange ecables
" +‘better alrcrew preparation at the merge and reduces time-to-first-kill,
~ -Additionally, a radar lock allows more certainty in visual search and
produces longer range visual target acquisition and aircraft identiZication,
In summary, the relation of radar iocks to improved vision-dependert ACM
‘ ‘performance and the relation of visual tally-ho and VID performance to
subsequent missile launch and a VID kill roflect a neceasary sequence of
performance events for achieving mission success.

Study III: The Relation of Vision Test, Experience, and A-H Performance

A series of psychophysical ‘sisiou tests developed at the Naval
Asxospace Medical Ressarch Latoratoxry (NAMRL) is currently being evaluated
. to determine critical visual skills required iu navel aviation. The
-availability of both TACTS ACM performance and vision teast data represented
. an opportunity to study the correlational relation between the two. In
“addition, pilot age and flight hours, collected as a part of the vision test
effort, enabled us to study the relation of experience with TACTS ACM
" performance,

RO SUBJECTS

Eighty-nine of the 125 Navy pilots of this evaluation participated in a
visual testing evaluaticn at NAS Oceana. Not all subjects completed all
tests in the visinn test battery.

PROCEDURE

Relevant ACM criteria (0AG, situational awvareness, kill-difference
score, VID-kllls, eugagad-kills, and number of times killed) of Study II
wers correlated with vision test scores. Additionally, TACTS visual tally-
hio, and VID range scores were included because of their relevance to pilot
vision test performance. The mean time-to-first-kill measure was included
because it might be reluted to pilot experience. Pilot experience measures
were age and flight hours (jet hours, total flight hours, TACTS flight
hours, and total ACM hours) as reported by subjects during vision testing.

RESULTS

Table 7 presents the Pearson correlations for the vision test and ACM
performance criteria. One vision test measure, spot detection threshold
siress response time (SPOT-SRT), was significantly related to the OAG QE =
=+22), The nagative correlation indicates that longer spot detection
response times (i.e., sluwer performance) were associated with lower
(poorer) OAGs., Vision test scores were not sigunificantly related to
eituational awareness, VID kilf{, or engaged kill criteria. Contrast
sensitivity measures at spatial frequencies (CS 3,0 cycles/degree, r = -,24;

12
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CS 11,4 cycles/degree, r = -.26; and CS 22.8 cycles/degree, r = -,25) were
significantly related t» the mean time-to-first-kill criterion. Im
addicion, a high contrast acuity threshold mean measure (ACHI-TM) was
significantly related to mean time to fivst kill (_t; = ~,21), Generally,

for the five contrast sensitivity spatial frequencies and the high contrast
aculty threshold test, poorer vision test scores were associated with
shorter mean times to first kills (i.e., better ACM performance). The
consistent direction and magnitude of the correlations between contrast
sensitivity and mean time to first kill ifudicate a reliable effect, although
not in the expected direction, We expected better vision test scores to be
associated with better ACM performance, however, mean time to first kill was
inversely related to age, jet hours, toctal flight hours, aand TACTS hours, as
.shown in Table 8, Older and more experienced pilots achieved shorter mean
times to first kill, The literature indicates a progressive general
deterioration in visual functions with age. In particular, visual acuity
and contrast sensitivity dacrease significantly with age (1C,ll).

© TABLE 7., Pearson Correlatious for the Vision Test and ACM Performance Criteria
(n varies).

‘ Mean time Nunber Kill
Vision Situational to first Visual tally vID times VID IPngaged diffevence
tast n 0AG awvarenass kill mean range mean range killed kills kills score
ACHISMM  (89) .05 15 .o 2% =06 =04 - 09 Jda =10 00
ACHI-SRT (88) «=,08 10 KA 19 15 Jd2 -09 04 -.CO
M (89) 007 .12 ‘.13 -.22* ".07 ".13 '.00 -.09 ".01
ACLO-SRT (88) =,04 05 .08 W21 .18 .05 Ol 18 o1l
GLAR~M  (89) =02 04 -13 =g 26WH - 12 - 22% 03 -.15 -,08
GLAR-SRT (88) =,15 =13 07 J12 .05 .07 03,12 .08
GLRV-IM  (61) .16 .13 =12 - 14 -,03 =26 =00 .07 06
GLRV-SRT (61) «,05 -.03 oll o26% T .10 =07 =05 03
SFOT-TM  (89) =.06 .08 “.16 ., 22% ~,03 -.06 10 =09 =12
SPOT-SRT (88) =,22% “e09 02 J12 .03 J12 J0 =07 =05
m (63) "012 ".07 -.m -.02 .03 -.08 .08 "'007 e 17
FAFN-SRT (63) .0l -09 -1l o25% Ryi .16 A3 =05 .10
FXPM (63) 0L .21 =23 =05 -, 13 =05 -.08 =.18 -.16
FRWF-SRI {63) =,04 -.08 .05 .13 +35%w .06 =07 =06 07
CS 0.5 (71) .04 .02 =22 W12 o 24% .12 00 -,03 )
e L0 (71) -.09 -9 =17 b .19 A3 -0l =16 -15
Ccs 3,0 (71) -,08 -.03 -y 2h% .08 o 320 04 ~03 =18 - 14
S 6,0 (71) ~,06 -,05 =22 .05 11 .02 .03 =-.18 -.15
' CS 114 (71) =.09 -,01 - 26% 04 .12 01 04 =22 =12
cs 22,8 (1) -,08 -12 - 25% -,03 =06 -.04 JAl =21 - 20%
* P < .05
*ik P < .01

Note: See text for vision test identification.
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Our results suggest that experience is mediating the inverse relation
between contrast sensitivity and acuity, and mean time to first kill. That
is, pilots who obtained shorter meaun times to first kills had poorer
contrast sensitivity and acuity. They also waere more experienced (and
older) and apparently used this experience to achieve faster kills in ACM.

A contrast sensitivity measure (CS 22,8 cyclea/degree) was significantly

related to the kill-difference acore (r = = _24), The contrast sensitivity

' ‘test score is a negative number score. A greater negative number indicates
better performance. Thus, a negative correlation means that better contrast

.-scusitivity is associated with & greater kill-difference score. The

. divection of the relationship between contrast sensitivity and the kill- ,
.difference score is opposite that between contrast sensitivity and mean time he,
to first kill, We have indicated previously that age may be a4 possible :
mediating variable between contrast sensitivity and mean time to first kill,
and may account for the finding that poor contrast seasitivity is associated
with better ACH performance. Now, rssults are presented that do mot support

. this interpretation, i.e.,, better contrast sensitivity was associated with an
improved kill-diffarence score. Hewaver, as shown in Table 8, the age and
experienca variables were related to mean time to kill but generally not to
the kill-difference score. Thus, our data may not support an experience
effect mediating the relationship between coutrast senaitivity and the kill-
difference score, but doee regarding mean time to first kill,

As expected, the vision test scores waere related more to the highly
: vision-depeudent components of ACM, e.g., visual tally range and VID range 7
RN than to other criteria. Both low coutrast acuity threshold mean (ACLO-TM)
B «nd low contrast acuity threshold stressed response time mean (ACLO=-SRT)
correlated significantly with visual tally raage (r = =.22 and r = .21,
respectively). Low contrast acuity with glare threshold mean (GLAR-TM)
correlated significantly with visual tally range as well (r = -.26). Spot
detectioun-threshold mean (SPOT-TM) (x = =,22) alsr ~strelated significantly
with visual tally range,

Low contrast acuity (with glare and visor) thrashold stress response
tine mean (GLRV=SRT) was significantly correlated with both visual tally
range (r = .26, aud VID range (r = .34). Also, an acccmmodative flexibility
(f£ar to near) chreshold stress response time measure (FXFN-SRT) was
significantly correlated with both visual tally range (r = .25), and VID
vange (r = .37), The accommodative flexibility (near to far) thrashold
stress response time measure (FXNF-SRT) was significantly correlated with VID 5
range (xr = ,35) but not visual tally rangs. In every case, the significant '
correlations batween vision tests and visual tally/VID range were in the
expected direction. For each of the siguificant correlations reported sbove,
the threshold mean (TM) values are negatively correlated with visual tally

and VID range, and the threshold stress response time (SRT) measures were iy,
positively correlated with the visual tally or VID range measures. These i
inverse relationships between the TM and SRT measures have been reported 4
, elsewhere (12,13) and seem to be reliable effects. Apparently, aviators with ﬁ$
i a low threshold responue mean score (better vision performance) achieve '4$
; visual tally and VID at longer ranges. They also have longer threshold 19
stress respouse times, thus producing negative correlations between SRT ‘%ﬁ

=5

measures and visual tally aund VID ranges., It is uacertain why this occurs,
One hypothesis is that better performers on the threshold mean vision teats
are more deliberate, and hence slower, in making responses.

L v

14

A AL WA MR AT . ; x o ; - ; )
R TR RO DL IR AN LA R A RIS DAL DE OAON I A AL MK DS SODAL DAL DAL LA OO LB DO Bl




Other visual tasts that correlated siguificantly with VID range (but
not visual tally range) were contrast sensitivity at 3.0 cycles/degree (r
= ,32) and 0.5 cycles/degres (r = .24), These latter correlations were not
in the expectad divection however, We anticiprced that bstter contrast
sensitivity (a wore negetive number) would be assoclated with a longer (not
shorter) VID range, thus producing a negative rather than a positive
correlation,

An additional significant correlation was found between the number-of-
times-killed score and low contrast acuity with glare threshold mean GLAR~TM
{(r = =,22), However, the negative corzelations indicated that better
parformers on this vision test were killed more often in simulated ACM!
Again, age or experience may be affecting these correlations since the vision
of older pilots mazy be more susceptibie to the effects of glare. Older
pilots, however, may use their experience to an advantage in ACM.

In summary, the results indicated that vision tests scoraes were related
to components of ACM performance that were associated with highly vision
depeudent tasks. This should not be too surprising. The vision test battery
was speacifically designed to identify critical vissal functious predictive of
success in ACM, particularly, the range of initial target detection and
identification, Thus, we did not expact the NAMRL vision tests to correlate
with all aspects of ACM performsunce. For example, VID kills are accomplished
on tha initial pass where performance may reasonably be depeundent on the
range of iunitial visual acquisition. - In contrast; an engaged kill occurs
during the portiou of ACM when each pilot tries to maneuver behind the other
to fire. Engaged kills may require fewer visual skills and are affected
comparatively more by psychomotor skills, the skilla of the adversary, and
particularly tactics associated with weapon systen employment.

Table 8 presents correlations between ACM performance criteria and
measures of experience--specifically, age, jet hours, total jet hours, TACTS
hours, and total ACM flight hours. Of 45 correlations, 8 (18%) were
significant at the .05 or .0l level of confidence. The one criterion
consistently related to age or flight experience measures was the mean time-
to=firrt<kill score, which piroduced significant correlations with age (r = -
= =,22), In each case, greater age or more flight experience was assoclated
with shorter mean time-to~first-kill scores (better performance), Visual ID
performance was significantly related to jet hours (r = .24) aud total ACH
flight hours (5 = ,21). The total number of ACM flight hours was the only
experience measure significantly related to the OAG (r = .23) and the kill
difference score (r = .21). There were no significant correlations between
age or flight experience measures and situational awareness, visual tally
range, VID xange, number of times killed, and the number of engaged kills,
Further, ouly one experience measure, total ACM hours, was significantly
related to the OAG, VID kills, and the kill-difference score. These

correlations were generally quite small, accounting for only 4 or 5% of the
variance with each criterion.

15




EH AT o (e n g 5 1 S g
VI R UE: RBI

R Jet Total TACTS Total
ACM performance Age hours hours hours ACM
‘criteria n=89 n=88 n=88 n=85 n=85
. OAG «10 20 17 13 «23%
Situational awareness 04 .08 .06 -,02 .08
‘Mean time-to~first-kill -,34%% ~e36%¥ T =g 32%% - 22% -l 16
. Visual tally mean range .05 =.01 -, 04 .06 -,01
- Visual ID mean range «e02 -. 06 -.11 -,08 .06
_Number of times killed =.06 =,05 .03 .14 -,02
- VID kills - .09 o 24% 017 .16 21¥
 Engaged kills .13 .10 .13 -.02 .13
_Kill-difference score «06 .10 .07 04 «21%
v .*: P < «05
2 < .01

A aspecially in achieving VID kills and improved time-to-first-kill scores. On

~  situational awareness, visual tally, VID range, engaged kill, or or being killed

TABLE 8, Pearson Correlations for Experience Measures and ACM Performance (n varies).

Our results indicate that ACM experience influences ACM performance,
the other hand, these results alsc suggest that experience is not related to

criteria. Future evaluations of ACM TACTS performance should include
experience factors similar to those examiuned here to better understand the
relation of age and experience to TACTS ACM performance.

DISCUSSION AND CONCLUSIONS
Study I. Nultitask Test and Mariune Pilot ACM Performance,

This evaluation was conducted to test the feasibility of predictimng ACM
performance with perceptual motor and cognitive multitask tests. Eighteen F-4
pilots performed in Fleot Fighter ACM Readiness exercises and completed
automated performance-based tests,

Initial analyses indicated that the overall ACM grade (OAG) associated
with the VF-43 adversary squadron's evaluation of ACM performance of F=-4
pilots was significantly and positively related to offensive maneuvering,
situational awareness, and mutual support measures. In additiom, the OAG was
significantly but negatively related to the objective TACIS measures, mean
time-to-first-kill, adversary squadron missile shots, and the nuinber of times a
pilot was killed in the simulated exercises. The negative corrzlations indi-
cated that a higher ACM grade was assoclated with shorter times to first kill,
fewer adversary squadron migsile shots taken, and fewer times being "killed" in
the simulated exercises. A multiple regression analysis indicated that four of
these measures, situational awareness, cffensive maneuvering, number of times
killed, and mutual support, could reliably predict the OAG criteriom.

The OAG and the four criterion measures were then correlated with the
single- and multitask coguitive and psychomotor test performance of the F-4
pilots, A derived composite kill-difference score, based on the total number
of ACM kills legs the number of times a pilot was killed in the TACTS simulated
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exercisus, was included in the correlational analyses as well,

A DLT measure obtained during multitask performance was significantly
related to offensive maneuvering and the kill-difference composite score. A
DLT multitask test measure based on a slightly different scoring procedure
was significantly related to the OAG and the offensive maneyvering score.

Conclusion: Multitask tests veliably predicted ACM performance for a
small sample of r-4 pilots,

- Unresolved, however, uas a series of important questions concerning

s the Fleet Fighter ACM Readinesa Program evaiuation process: Are the

' resulting grades reliable for Navy pilots flying contemporary F-14 aircraft?
What is the relation or the VF-43 grading process to more objective TACTS
ACM performance measures (i.e., total number of kills, VID range, VID kills,
and engaged kills)? Aud which ACM measures are most predictive of ACM
performance?

Study II: Fleet Fighter ACM Readiness Program Gralrs ss Criteria.

B Objectives of Study II were to identify criteria for the validation of
tests designed tc predict ACH performance and estimate the reliability of
. readiness grades used to assess Navy pilot ACM proficiency.

‘ An exaunination of subjective and objective measures of the TACTS ACM
competitive exercise performance of 125 naval aviators participating in Fleet
Fighter ACM Readiness Program Exercises at NAS Oceana, indicated that the
overall grade (OAG) can be reliably predicted by a relatively few measures,
These were a kill-difference composite score (resulting from adding the
number of TACTS VID aud engaged kills and then subtracting the number of
times a pilot was killed during TACTS competitive exercises), situational
avarensss, energy management, and mutual suppori measuyres,

3 B B RA 9
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A separate correlational analysis examined the reliablility of the Fleet
Fighter ACM grading process. Subjects were randomly divided into two groups
and the correlations between the various performance measures and OAG were
examined. The resulting r values were highly similar. In additiom,
correlation values were computed for eight different pilot subsamples based
on a total group prediction model of OAG and the OAG actually obtained, The
average of the elght correlation values was .88. These results suggest that
i the Fleat Fighter Readiness grading process is reliable, Regardless of the
- subject sampling procedure, the model for predicting 0AG provided highly
similar results. Apparently the grading of ACM performance by different VF-
43 adversary pilots was consistent,

i g P

TR ey 88

Conclusion: Fleet Fighter ACM Readiness program grades are reliable and

# suitable criteria for validating tests designed to predict F-l4 pilot ACHM

B performance.

e

b Study III: The Relation of Vision Test, Experience, and ACM Performance,
%

3 The purpose of Study III was to examine the relation between

& experimental NAMRL vision tests and ACM performance measures identified in

; Study II. Contrast sensitivity tests were significantly correlated with a

R mean time-to-first-kill score, and visual acuity and accomodative flexibility
&

3
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tests were significantly correlated with TACTS visual tally-ho and VID range
criteria. Many of the vision and TACTS performance correlations secemed to be
affected by an age or experience factor. For example, pilots who obtained
shorter mean times-to-first-kills had poorer visual contrast sensitivity and
acuity, but also were more experienced (and older) and apparently used this
experience to achieve faster kills in ACM,

Conclugsion: The NAMRL vision teut scoreas were related more to the highly
vision-depeudent components of ACM, e.g., visual tally range and VID range,

Additional correlations were computed between ACM performance criteria
and measures of experiencu--specifically, age, jet hours, total jet hours,
TACTS hours and total ACM flight hours, The one criterion consistently
related to age or flight experisnce measures was the mean time-to-first-kill
score, produciag significaut correlations with age, jet wours, total flight
hours, and TACTS hours. In each case, greater age or more flight experience
was associated with shorter mean time-to-first-kill scores (better
performance), Visual ID kill performance was significently related to jet
hours and total ACM flight hours. Total ACM flight hours was significantly
related to the OAG, VID kills, and the kill-difference score, There were no
significant correlations between age or flight experience measures and
situational awareaess, visual tally range, VID range, number of times killed
and the number of engaged kills,

Conclusion: Experience in ACM influences performance, egpecially in
achieving VID kills and improved time-to-first-kill scores, Experience in
ACH was not related to situational awsreness, visual tally, VID raunge,
engaged kill, and being killed criteria.

RECOMMENDATIONS

Results (Study I) demonstrated the feasibility of using automated,
synthetic, cognitive, perceptual, and multitask tests to predict TACTS F=4
pilot ACM proficlency and indicated (Study 1I) that Fleet I'ighter ACM
Readiness Program grades are reliable criteria for validating tests designed
to predict ACM performance,

To achieve the goal of validating tests to aid lvo alrcrew selection and
assignment decisions, the following research 1s needed.

l. Synthetic cognitive, perceptual, and multitask tests should be
administered to a suitable sample of F-l4 pilots performing in Fleet Fighter
Readiness Evaluations to replicate initial test results,

2, Pilot experlence data should be included in the above effort to
study the relation of age and experience to TACTS ACM performance,

3. An analysis of additionmal OAG data would be useful in assesgsing the

veliability and validity of mathematical models to predict Fleet Fighter ACM
grades,

The successful validation of synthetic tests to predict ACM performance
would be valuable for improving the quality aud capabilities of fighter
aircrew through their initial selection and subsequent assignment to training
pipelines and aircraft.

18

;

R B AR Sty S e e



REFERENCES

. 1.. Ciavareili, A, Brictson, C. A.,, and Young, P. A., Development and
Application of Performance Criteria and Aircrew Assessment Meathods
Tor the Alt Combat Maneuvering Range (ACMR), NAMRL Special Report
79«5, Naval Aercspace Medical Research Laboratory, Pensacola, FL,
1979,

2, Bale, R. M., Rickus, G, M., and Ambler, R, K., Replacement Air Group
Performance as 8 Criterion for Aviation Training, NAMRL 1126,
Naval Asrospace Medical Research Laboratory, Pensacola, FL, 1973,

3. Brictaon, C. A., Burger, W. J, and Gallagher, T. J., "Prediction of
‘ Pilot Performance during Initial Carriex Landing Qualifications.”
Aerospace Medicine, Vol. 43, pp. 483-487, 1972,

o 4, Rickus, G, M. and Berkshire, J. R., Development of an Aviation Combat
' Criterion, NAMI-1047, Naval Aerospace Medical Institute,
Pensacola, /L, 1968,

5, Shaunon, R. H. and Waag, W. L., The Prediction of Pilot Performance
iu the F-4 Aircraft, NAMRL-1186, Naval Aerospace Medical Research
Laboratory, Pensacola, FL, 1973,

6, Shaunon, R, He. and Waag, W. L., Toward the Development of a Criterion
for Fleet Effectiveness in the F-4 Fighter Community, NAMRL-1173,
Naval Aerospace Medical Remsearch Laboratory, Peusacola, FL, 1973,

7. Shannon, R, H., Waag, W. L., and Ferguson, J, C, A New Approach to
Criterion Development in the Replacement Air Group, NAMRL-1158,
Naval Aerospace Medical Research Laboratory, Pensacola, FL, 1973,

8. SAS User's Guide: Statistics (5th ed.), SAS Institute, Inc., Cary, NC,
1985,

9., Commander Fighter Wing One Instruction 3710,3E, Naval Air Station
Oceana, Virginia Beach, VA, ll Feb 1985,

10. Pitts, D, G., "The Effects of Aging on Selected Visual Functions: Dark
Adaptation, Visual Acuity, Stereopsis, and Brightuess Contrast."
In R. Sekuler, D, Kliune, and K, Dismukes. (Eds.), Aging and Human
Visual rfuuction, Alan R, Liss, Inc., NY, 1982, pp., 131-160,

ll. Sekuler, R. and Owsley, C., "The Spatial Vision of Older Humaus." 1In
R. Sekuler, D. Kline, and K. Dismukes. (Eds.), Aging and Human
Visual Function, Alan R, Liss, Inc., NY, 1982, pp. 185-202,

12, Monaco, W, A, and Hamilton, P, V., "Visual Capabilities Related to

Fighter Aircrew Performance in the F-1l4 and Adversary Aircraft."
Advisory Group for Aerospace Research and Development Conference
Proceedings No. 396, pp. 38-1 to 38-9, December 1985,




13, Morris, A., Hamilton, P, V., Morey, W. A., and Brizgs, R. P., "Vision
Test Battery Threshold and Response Time as Predictors of Air-to-
air Visual Target Acquisition in F-14 and Adversary Aircraft."
Advisory Group for Aerospace Regearch and Development Conference
Proceedings No. 396, pp., 39-1 to 39-8, December 1985,

i
\

20




APPENDIX A




WA MWSTWADUAW A WU GO I WU KW WG A U NSRS WA XA A BTV TR 0 Al Bt A

APPENDIX A

The Tactical Aircrew Combat Training System (TACTS) is one of the most
technologically sophisticated training systems in existence. The system is
& computer based tracking and data communication network that enmables ACM
traiuning and simulated weapous firing of actual aircraft engaged in ACM in
real time. The TACTS system provides military managers with visual flight
dynanics, weapons system status, and weapons firing information. All data
(including the visual representation of aircraft) are recorded on magnetic
tape for use in the debriefing of both adversary and fighter aircrews. The
need for such a training system became apparent during the Viet Nam conflict
in which pilots often failed to recognize when they were in a correct firing
-envelope for the missile weaponry of that day. The TACTS system enables the
employment of both rear-aspect and forward-aspect missile weapoury aund
serves as a means of evaluating the tactical use of both missile and
aircraft weapon svstems in simulated air combat.
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APPENDIX B
ABBREVIATED ACM PERFORMANCE MEASURE DEFINITIONS

OVERALL ACM GRADE -~ a composite of 19 subjective measures - (see page 4
of text, Figure l).

ENVIRONMENT = use of weather conditions to gain an advantage in ACM.

START/VID START - position at start of engagement when the fighter and
adversary aircraft mexge¥,

FIRST MOVE - a positioning advantage the fighter tries to obtain just
before the merge¥*,

AGGRESSIVENESS - how aggressively the fighter employs his aircraft weapon
systems.

OFF%NSIVE MANEUVERING - fightaer's ability to optimize offensive
and achieve missile shots,

DEFENSIVE MANEUVERING - fighter's ability to maneuver while defensive and
avoid being shot.

KEEPING SIGHT -« awareness of position of wingmen ard adversary aircraft,

ENERGY MANAGEMENT - optimizing airspeed while maneuvering,

MENTAL PLOT - fighter's mental picture of aircraft positioning while
engaged.

SITUATIONAL AWARENESS = the total of ACM performance,

BUGOUT - techanique used to disengage from ACM aud arrive at a safe area.

WEAPON EMPLOYMENT - radar use in intercept and use of weaspons while engaged
in ACM,

VID TECHNIQUE - appropriate use of radar in the intercept.

VID COMMUNICATION ~ fighter-to-fighter and fighter-to-ground control, radar
intercept communications.

UHF COMMUNICATION - fighter to fighter communication while engaged.

GAME PLAN - execution of tactical engagement plan,

MUTUAL SUPPORT - fighter's ability to protect and support wingmen.

DEBRIEF - participation in the fighter/adversary debriefing.

RECONSTRUCTION = ability to remember and rveconstruct the ACM fight,

NUMBER OF KILLS « combination of measures 23 and 24,

NUMBER OF MISSILES LAUNCHED ~ Self explanatory.

NUMBER OF VID KILLS - pre-merge* kills. (These are made prior to actual
ACM, usually with forward aspect missiles.)

NUMBER OF ENGAGED KILLS - post-merge* kills. (Those made during actual
ACM, usually with heat seeking missiles.)

MEAN TIME FIRST KILL - calculated from 10-mile separation point of fighter
and adversary aircraft.

NUMBER OF RADAR LOCKS = Self explanatory.

RADAR LOCK MEAN RANGE - mean range at which radar lock obtained.

VISUAL TALLY=-HO MEAN RANGE- mean range of initial sighting of adversary
aircraft during intercepts.

vVID HEAQ RANGE - mean range of adversary aircraft identifications, i,e,,
"A_a.O

NUMBER OF TIMES KILLED = Self explanatory.

KILL DIFFERENCE SCORE - measure 21 minus 30 - a composite score.

ENGAGED KILL DIFFERENCE SCORE - measure 24 minus 30 - a composite score.

position

i * Merge point: The point at which the fighter and adversary aircraft first
pass during the intercept,
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APPENDIX C

WABLE C-1. Correlation Matrix of TACTS Subjective and Objecy °

0T, Overall AW grade - 1
02, Environment +.002 -2
N3, Start/VID start +.404 -.106 =~ 3
04, First move + 119 -, 012 -, 7 -4
05. Aggressiveness  +.449 -, 040 +.148 +,074 - 3§
%- 0 !‘nﬁiVl gan. +0529 ‘.012 +. 121 --%6 +-300 - f
07. Defensive wan,  +.393 -, 105 +,277 « 068 +.280 +, 141 -7
08, Keeping sight = +, 350 -.038 +.110 -.019 ~.006 + 107 ~.075 - a8
0. Energf managesent + 371 +.006 +, 19 +.171 ~.026 +.248 +,103 +.057 -9
10. Mental plot -, 108 -.061 +.048 -,051 -,055 -.052 +,084 -, 046 +.2i0 -10
11, Situational aware +.697 +.014 +.203 +.004 +, 319 +,298 +,235 +.256 +.056 -.135 -
12, Bugout #4112 = 116 +. 110 -, 156 =, 181 -, 065 -, 016 +.064 -, 041 -.054 +,
13. mm Blgloymt +.299 "'5035 +, 102 _0093 ) 160 +. 1“ +u°31 +.203 +|M5 e 139 + .
{4, VID technique  + 302 -. 124 + 132 +,182 +.202 =, 032 +,139 +.134 +,133 +.066 +.3 %"
1S, VID coms. «,078 +.123 -, 154 +.013 -,039 -, 069 ~.090 +.099 -.013 +.038 - ¢
) 16. UHF cocm. +.115 4,062 4,214 =, 105 +, 145 +.028 +,155 -, 009 =008 -, 025 +
g . 17. Bu gl‘ﬂ +, 382 +o°59 '0018 +1016 +.159 +, 147 “e 123 +l°53 *, 1‘5 ".075 +, Py a
18, Mutual support  +, 435 +.142 -, 066 +.243 +.191 +,032 +, 108 ~.093 +,034 -.330 + @5
. 19, Debrief +.110 -,035 +.037 =008 +.290 +,0% -,066 =105 +.009 ~.033 +,
T 20. Reconstruction  +. 162 4,037 =, 123 %,235 +,138 =018 +,068 ~. 101 +.066 +.092 +,
: 21, Total TACTS kills +.648 +.131 +.253 -.024 +,265 +.472 +.132 +.278 #,242 -, 113 +
2. Missiles launched +.582 +.148 +,383 +.086 +.284 +,3% + {11 +,235 +,271 -.060 +.§ ...
R ., 23, No.VID kills +.391 +.078 +. 181 -, 143 4. 132 +. 304 +,072 +. 135 +,201 =021 + L
e 2, No.engaged kills +,572 +.116 4,201 +.085 +.257 +, 401 +.122 +,271 +.169 =137 +.ifkey
' . - ﬁo Time i)‘!t kill ".034 +|089 -, 058 +DM +,003 +,066 =, 121 +, 166 "0052 +.001 -, .
%. No.radar locks  +.235 +.103 «,171 =022 -.101 +. 194 +,074 4,227 +.197 =064 +. Ruyu.
8 Radar lwk range -, 040 +.00 +,001 +.080 -, 182 -, 165 =074 +. 133 +.002 =161 -, Tl
23. Ey“ﬂlly X rm +. 118 + 13‘ + 180 '.222 -, 054 +. 170 +, 125 +-°53 +¢055 - 052 +.§
&, E'é’ 1D x r;h?! +.156 +,044 +, 185 =051 -.015 +.189 +.021 +. 119 +.133 +.015 +§.
30. No.tises killmd - - ;

—

'151‘ +|°38 +, 1% '0075 -.210 '.075 12& e 192 '0219 -184 = RS

1. Kill dif.score  +.757 +,107 +.285 +,005 +,314 +.M9 +,220 +.312 +,292 =037 +.F7°

2, Eh?i?ld killed 4,704 +,084 +,262 +,107 +,305 +,351 +.224 +,312 +.201 ~.039 .4 .
difterence score >

.05 = #,17b
.01 = 4,230
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0. ~10
%'1155 -11 :
1L - 05 4,085 -12
19 ] 139 *‘-051 -0012 ~13
™ &, % 4'.2% *-105 "'-193 "14
- e 9 '.'0038 -~ 049 -, 130 - 115 ~.012 -19
. 08 =, Q25 +. 147 ~ 177 =29 +.192 +.064 -16
ﬁﬁi =078 * 19 ".055 ’0'.035 -, 009 +.209 +.03% ~-17
St 3h =, 330 4,231 +. 002 +,127 -,036 -, 181 -,086 +.067 -18
)9 -.053 *.063 +o°35 5077 +.007 *.042 +.176 +, (40 +, 049 -19
“ + 032 4, 045 -, 062 - 4 +. 124 +,060 -, 007 +,242 +,162 +,07h -20 y ot
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11 =060 +,385 =, 068 +.179 +,100 +,079 +.061 +.286 +.195 +, 018 +,035 +.827 =22
)1 ".031 +-3ab -, 008 +.223 +-068 +, 055 -, 003 +,23) ~.007 - 009 +.010 +.689 +.571 =23
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APPENDIX D

*  TABLE D~l, Subjective Measure Forward Selection, Analysis of Variance,

Coefficient, F Values, and Model Summary Statistics.
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Stepwise regression procedure for dependent variable (overall ACM grade)

Step 6, Variable V8 entered Multiple R = .91

R Square = 0,83
Adjusted R Square (shrinkage) = R = ,81

O W D P S Gk S G 5 4D S0 U P A M) 60 b0 B0 NP AD EN D U Gt A hat OB 4D VA D G N5 AP S AN U A6 SN S W 0 WS S 0 G A 46 M D U GD G5 B A 56 G A wb S5 45 WD GD AR W @0 A S W G5 M0 0D tm WD W W N

af Sum of Squares Mean Square F P
Regression 6 0.2658 0,0443 98,57 0.,0001
Exrror 118 0.0530 0.0004
Total 124 0.3189

B Value Standard Error Type ll S8 F P
Intezcept 1,1111
v3 0,0760 0.,0124 0.0169 37.62 0.0001
vVé 0.,0732 0.0L11 0.0195 43,49 0.,0001
\L 0.0747 0.0143 0.0123 27,37 0.,0001
V9 0.0731 0.,0136 0.,0129 28,70 0,0001
Vil 0,0869 0.,0087 0.0445 99.08 0.0001
vis 0.0669 0,0077 0.0336 74,66 0,0001
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Susmmary of stepwise regression procedure for dependent variable V1 - 0AG

Number Partial Model

Step Variable Entared In xl r2

1 V1l Situational awareness 1l 0.4862 0.4862
2 V6 Offensive maneuvering 2 0.1132 0,5995
3 V18 Mutual support 3 0.0747 0.6742
4 V3 Start/VID start 4 00,0777 0,7519
5 V9 Energy management 5 0.,0432 0.7951
6 V8 Keeping sight/lookout 6 0,0386 0,8337
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TABLE D-2, Objective Measure Forward Selection, Analysis of Variance,
Coefficients, F Values, and Model Summary Statistics.

Stepwise regression procedures for dependent variable (overall ACM grade)
Step 4, Variable V25 entered Multiple R = .79
‘ R Square = 0,63
Adjusted R Square (shrinkage) = R = .61

ke D A A S G A S R A YD S D G O D ED A AE G G b MO S i U At s S D D G v D G G B T W G AP RS S A NS S Oy OO W I G D R A L LT X 1 ¥

af Sum of Squares Mean Square F B
B Regression 4 0.2008 0,0502 51,02 0,0001
Exror 120 0.1181 - 0.0010
Total 124 0,3189
: B Value Standard Error Type 1l SS F )]
Intercept  1,9973 . .
v V23 02,0075 0,0020 0,0134 13,62 0.0003
V24 0.0131 0.0016 0,0671 68,17 0.0001
V25 -0,0003 0.0001 0.0044 bbb 0,0371 '
V30 -0,0205 0,0026 0.0624 63.40 0,0001

Bouunds on condition number: 11,5855, 42,7055

Summary of stepwise regression procedure for dependent variable V1 - 0AG

LD DL L LI AL L L LI LI L L P Y P P P P P Y P P P Y Y Y Y P Y P R L LR P Y Y P Y P Y Ly Y

Numbes Partial Model

Step Variable Entered In xl r2

1 V24 Engaged kills 1 0,3273 0.,3273
2 V30 Number times killed 2 0.1919 0.5192
3 V23 VID kills 3 0,0968 0.,6160
4 V25 Mean time to first kill 4 0,0137 0,6297
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TABLE D~3., Subjective and Objective Measure Forward Sslection, Analysis of
Variance, coefficieants, F Values, and Model Summary Statistics.

Stepwise regression procedure for dependent varfable (overall ACM grade)
Step 4, Variabla V18 entered Multiple R = .89

R Square = 0,78

Adjusted R Square (shrinkage = R = .78

af Sum of Squares Mean Square F B
Regression 4 0,2503 0.0626 109,39 0.0001
Error 120 0,0686 0.0006
Total 124 0,3189

B Value Standard Error Type II SS F P
Intercept 1,5826

. Vil 0.,0880 0.0101 0.0432 75.61 0.0001

V9 0.0757 0.0154 0.0138 24,12 0,0001
vis 0.0400 0,0088 0.0119 20,78 0.0001
V3l 0.0067 0,0008 0.0358 62,59 0.,0001

Bounds on condition number: 1,5474, 41,0336
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Summary of stepwise regression procedure for dependent variable V1 - 0AG

. Number Partial Model
Step Variable Entered In x2 xr2
1 V31l Kill difference score 1 0.5724 0.5724
2 Vil Situational awarenass 2 0, 1356 0.7080
3 V9 Energy management 3 . 0,0395 0.7475
4 V18 Mutual support 4 0.0373 0.7848
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Other Related NAMRL Publications

Griffin, G.R. and MecBride, D.K., Multitask Performance: Predicting Success in
Naval Aviation Primary Flight Training, NAMRI,-1316, Naval Aerospace Medical
Besearch Laboratory, Pensacola, FL, March 1986. (AD# A168 246)*

Griffin, G.R. and Williams, C.E., “The Effects of Different levels of Task
Complexity on three Vocal Measures.” Aviation Space, and Environmental
Medicine, Vol. 58, No. 12, pp. 1165-1170, December 1987,

* This publication is available from DTIC, Cameroun Station, Alexandria, VA
22314 (Phone: (C) 202/274~7633 or (A) 284-7633). Use the AD number to request
reports, The report listed without an AD number may be requested from the
NAMRL author or Code 0Q0A4.
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