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ABSTRACT

Vought Corporation - Systems Division is
under contract to NAVATIR (L131) to develop a
pilot performance measurement system that will
aid the Landing Signal Officer (150) during
training in the A-7 Night Carrier Landing
Trainer (NCLT). This paper discusses (a) how
parametric performance data (lineup and glide-
slope errar, sink rate, airspeed, etc.) are
cellected on categories I and IT A-7 replace-
ment pilots during NCLT and night carrier
qualifications, (b) how the data will be
statistically analyzed to determire those
factors that indicate student progress, (c)
how these factors will be. combined intec a
single predictive index, and {d) how the
program products can bte applied as ftraining
aids, Finally, the results of preliminary

relationship between NCLT and CARQUAL perfor-
mance exists and that a more in-depth analyti-
cal effort should be undertaken to validate

the system and to develop the desired program

" products.

Figure 1 is a simplified averview of
data collection, dats analysis and program
product relationship. Shown are the data
from two samples {development and validation)
of 30 replacement pilots (RP's) going through
the NCLT-FCLP-CARQUAL cycle. fThese data are
then shown to be analyzed for the ultimate

. development of the program products - a grad-

ing system and an instyuctiocnal strategy
(training aid), Data collection, analyses
and vealidation, and training 2id development
are discussed in later paragraphs.

analyses dare presented,
INTRODUCTION -

The Vought Corporation - Systems Division
is conducting a Night Carrier lLanding Trainer
data collection program for the Naval Air .
Systems Command (ATR-4131) under Contract No.
NOCQ19-T3A-0010, The objective of the program
is to develop valid conputer-scored measures
of student pilot progress in the NCLT. These
measures are also to be explorsd for their
predictive value in the field carrier landing
practice (PCLP) and the carrier gualification
{CARQUAL) enviromments. The resuliant mea-
sures are to be incorporated into a student
pilot trend analysis summary printout as a
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training aid to the Landing Signal Officer
(180) community.

Vought is currently contracted to, (a)
develop and install an automatic data collec-
tion system in the NCLT, (b) eollect quanti-
tative NCLT and CARQUAL performance data on
60 A-7 replacement pilots, (e} colleet
questionnaire data and gualitative LS80 student
performance comments and records for the 60
replacement pilots, (d) perform preliminary
analyses on, these data, and (e) recommend
NCLT training aids.

Preliminary performance meagsures, grad-
ing bounderies, and training aid formats have
been developed for the data colleetion system.
At this time, the data collection system has
been implemented at NAS LeMoore, Californisa,
and is operational. The data collection
effort is complete. The results of prelimi-
nary analyses indicate a predictive

153

Figure 1. Overview'of Program

Prelimivary Performance Measures

The initial candidate performance mea-
sures sgelected included lateral and vertical
.erzor, sink rate, and alrspeed at specified
intervals (374, 1/2, 1/4, 1/8 N and at the
ramp). These measures were selected becduse
they are the only measures that can be col-
lected through the carrier ACLS SPW-42 radar
system, However, additional performance mea-
sures were selected for collection in the
HCLT. These include glideslope, lineup, fuel
flow, angle of attack and pitch attitude as
well as velocity wvector and a work response
index. The measurement system is designed to
continuously sample these parameters from
1 1/4 WM to the ramp, and o print out means
and variances for each of six selected seg- =
ments. Both absolubte error data, and error
data weighted by range, are considered.
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Weighting by range emphasizes the criticality

of errors when “close in.

1t

in tolerance for the first five of these
parameters are also ccllected across each of . .

the six segments.

The HCLT data collection system printout
The figure shows

is shown in Pigure 2,

Mean percent time

that the printout includes initial and ter- -
minal conditions, record-keeping data, and
computed grades for lineup, glideslope, angle
of attack, fuel flow and pitch attitude.
These grades (D to 4 scale) are based on pre-

liminery perfeormance boundaries established

early in the program and are implemented in

the current data collection system.
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Figure 2. NCOLT Data Printout Formai
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Preliminary Performance Boundaries

Preliminary boundaries /standards were
identified from existing operaticnal data and
from handling qualities characteristies of
the A-TE, These were refined through evalu-
ation by 1S0's and are currently used as the
initial set of standards.

At this time, preliminary boundaries
have been further refined for glideslepe,
lineup, angle of attack, fuel fiow, and pitch
attitude. This modification was based on the
results of & group of seven LSO's flying 202
approaches in the NCIT. The approaches were
grouped by LSO grade (0.0 to 4.0) and com-
pared with the total sample of mixed grades.
Figure 3 illustrates the rationale for hounda-
ries that are being established for slil per-
formance measures. This example (based on
glideslope performance data) shows how upper

1374 KM

[-Em—

2

Figure 3. Sample Vertical
Error Boundary Raticnale

and lower limits for 0.0 through 4.0 grades
are established at six points from 1 1/& MM
out to the Number 1 wire. "Acceptable" upper
and lower limits -are being established by,
examining three types of data: (a) one stan-
dard deviation from the mean errcr at the .
"windows" for all approaches (class average),
(b} the mean values for a minimally acceptable
approach (grade of 2.0) and (¢} the region
within which LSO comments do not oceur.

The irnitial boundary sets will be .updated
and refined, subsequent to.the completicn of
the data analysls phase.

DATA COLLECTICN

Initial dats collection activities in-
volved testing 2 sample of 7 LSO's from NAS
LeMoore (VA-122, VA-125) and NAS Cecil Field
(VA-17L} in the NCLT to refine the preliminary
rerformance standards, This data collection
effort was conducted at NAS LeMoore,
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California. NCLT predictor and criterion
data were collected for the LSO sample during
NCLT simulation as currently defined in the
A~7 Replacement Pilot NCLT syllabus. '

In addition to flying the NCLT, the LSQ's
have participated in the program in other
ways: Tirst, they were consulted to provide
subjective information relevant to the ration—
ale behind their descriptive comments and
synbology when evaluating a student night
carrier landipg pass. This information aided
in the formulation of a rationale for develop-
ment of a computerized trend analysis system.
Next, the LSO's again flew the NCLT to pro-
vide additional flight data for debugging the
initial computerized procedures for assessing
trends and assigning grades. Finally, the
L80's continue to monitor and assess both

" NCLT and CARQUAL performance teo provide

grades,

Data from twe separste samples of 30 A-T
category I and category II replacement pilots
(RP's) was collected in the NCLT and during
CARQUAL to provide a basis for development of
the pilct performance measurement system
products., Syllabus variations have been
minimized by utilizing, for analytical pur-
poses, ohly those data applicable teo the
relatively standardized approaches Tlown
during NCLT syllabus perigds two through six.

CARQUAL data collection efforts to date
included cruises aboard the USS Enterprise,
UBS Saratoga, USS Nimitz, USS Coral Sea, and
the USS Kitty Hawk, Data obtained aboard
these carriers included LSO comments and ana-
log %races from the carriers' SPN-42 eqguip-
ment. These traces include ranges, ship heave
and pitch, vertical error, lateral error, air—
speed, sink rate and closure speed for each
pass. Figure 4 is a partial sampis of a ’
SPN-U2 strip charti recording for a carrier
approach,
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Figure b4, “Sample SFH.L2
Strip Chart Record



SPN-42 data will be converted to digital
form for comparison with similar NCLT data.
IS0 comment data from both the NCLT and the
CARQUAL environments will be used to develop
a trend anslysis summary as a training aid,
This training aid is discussed in a later
paragraph.

DATA ANALYSIS AND VALTDATION

The first analytical effort will involve
development of normative performence (norms}
for each independent varliable using KCLT data
only. Statistical studies will examine
function distribution variances and means to
determine those measures which are most
descriptive of techniques resulting 1ln good
performance. It is anticipated that for some
of the measures, mean values may be the most
descriptive of normative performance. For
others, such statistics as mawimum deviation
or percent time within tolerance may be more
appropriate to predict the number of pericds
{passes) required by & pilot to reach the
ecriterion performance level as set by the
L80's for NCLT training. The data for meking
these predietions will be based on pilot
flight histories and from NCLT data.

Normetive performence values will also
be established for final performance measures.
These normative performance values will be
determined for each of the two RP samples
of 30 students, and for the combined sample .
(60 students). These data {mean errors and
standard deviations) will be plojted for the
five parameters that comprise the NCLT grading
system (e.g., lineup, glideslope, angle of
attack, fuel flow and pitch attitude) at each
L3S0 grade level., The plots will be used to
establish criteria for grading the parameters.
Figure 5 is an example of this type of pleot.
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 DISTANGE FROM KO. 1 WIRE INMI}

Figure 5. Parameter Grading Criteria
Data for the example was extracted from

the LSO sample that was colliected and analyzed

early in the program. Grading boundaries will
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be adjusted such that the parameter grades
"west £it" the overall LSO grade. The initial
boundasries (those currently in the NCLT) will
be adjusted during further dats analysis
efforts.

Subsequent to establishment of final
performance norms for each of the performance
measures, multiple correlation technlques
erploying a linear regression model will be
used to account for the variance in ISO scores
and Lending Performance Scores (LPS). The LPS
assesses the quality of a lending on the basis ™
of terminel conditions (wire no., etec.). The
objective is to determine the equation whieh,
according to a defined criterion, best des-
cribes the dependent variable (LSO grade or
LPS) in terms of those independent (predictor)
varigbles that the analysis shows are factors
that influence the LSO's evaluation of the
quality of 'a night carrier approach.

Tt is planned to employ the Efroymson
method (Efroymson, 1960 and Rosenthal, 1966)
which combines the forward selection (step— .
up) and the backwerd elimination (step-down)
procedures with a check for co-linearity.

The essentisl idea of the Efroymson hethod ism,
of those varisbles that were in the regression
equation at the last step, delete thai vari-
able which gives the "minimum nonsignificant
(2t a specified Pwvalue)} increage to the
residual sums of squares” and where the
mrltiple correlation coefficient is not
significantly large. If no variable is
deleted in the first stage, those variables
that were not in the regression at the last
step are inspected. Amorg the variables,

that varisble which gives the meximum signifi-
cant (judged by the P-test) decrease to the
residual sums of squares is added. If no

such varisble exists, the procedure is

finished and the "best" eguation has been
determined.

Datsa collecte/d during the program will
be employed in the development of the final
performance measurement system for the NCLT,
based on both CARQUAL and NCLT varisbles. An
intercorrelation mabrix will be computed on
each of the sample groups of RP's to modify
the preliminary NCLT performance standards
and grading eriteria such that they are con-
sistent with their CARQUAL counterparts.

NCLT predictor scores and correlations wiil
be redetermined in these cases where accept-
able performance envelopes have been modified.
Intercorrelations bebween segments will also
be presented.

Resulbs of the regression equation
developed for the first sample group of RP's
will be evaluated for effectiveness by using .
predictor data in the regression eguation
and comparing predicted criterion data to
NCLT and CARQUAL criterion data.

-

L



A double cross-validation design will be
employed; that is, the data collected on the
second RP sample will be used to validate the
regression eguations developed on the first
RP sampie, and the data collected for the
first RP Sample will be used to validate the
regression eguations developed for the second
RP sample. The Tinal regression eguations,
grading and prediction system, performance
standards,. and trend analysis forms will be
based on all 60 pilot subjects utilizing
both NCLT and CARQUAL data. The cross-
correlation analysis will be tesied for
residusl or second order effects.

Analysis of LS80 Comment Daba

An important feature of the NCLT train-—
ing aid to be developed during this program
will be automatic emulation of IL30 qualitative
comments whenever performance does not meet
specified eriteria. To establish these
criteria, both NCLT and CARQUAL dabta will be
analyzed., For example, if during CARQUAL,
the LSO records the comment, "high in the
middle" (HIM), the anslog trace will be
examined for a peak in glideslope error. Both
the range of this peak and the corresponding
magnitude of the glidesiope error will be
recorded., This data will be sorited and
analyzed to determine how many feet above
glideslope the LSC considers to be 'high', and
at what range the LSO considers %o be the
'middle' of the approach. Suvbsegquently, range
and glideslope error thresholds can be
established which, if exceéded, will cause an
sutomatic 'high in the middle' comment to be
printed, Ranges for the CARQUAL data may be
slightly different from those collected from
the NCLT. This cquld cccur bhecause NCLT data
is being collected at discrete 'windows',
whereas CARQUAL data is being collected on a
continuous analog *trace.

For example, it will be possible to .
determine the range from touchdown the LSC
considers the 'middle' of the pass. (See the
vertical dashed line in Figure 6). Tnis value
will be determired from the average range of
the flzazged data. Glideslope error threshold
values (shown by the horizontal dashed line)
will also be determined. This will be accom-
plished by selecting a value lor the glide-
slope error thresheold that may include, for
example, T75% of the flagped data.

It is anticipated that a combination of
the glideslope error thresholds from 'high
start', 'high in the middle', 'high in close',
and 'high at the ramp' comments, will result
in more objective glideslope sScoring bounda-
ries. These scoring boundaries will be com-
pared to the results of the regression analy-
ses, From these dual analyses, quantitative
scoring boundaries will be identified.
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Figure é. Range Versus LSO Comments

TRATNING ATD DEVELOPMENT

.One of the products of this program will

be an automatic NCLT perfornance trend analy- -

sis printout to 2id the LSO in the NCLT train-
ing environment. Development of this training
ald will be accomplished through analysis of
L8O suggestions and from NCLT and CARQUAL
data collected during the program. L3S0 com-
ment data will be examined and compared with
digital arnd analeg data to establish boundary
values pertaining to specific comments. These
data, along with extensive discussion with
L30's, will be used to develcp a performance
trend analysis printout addressing those
elements which the LSO considers cexitieal,
dangerous, or unacceptable,

The Current Training Aid Format

The training aid format as currently
printed out in the NCLT is shown in Figure 7.

#LOT: : SSH: . SQoN:

BATE: PERICD: RuN:
L50: LP3: WIRE: TOTAL RUNS: ‘
PASS PERFORMANCE 3TD  GRACE CALLAALL  MIDQLE 1N CLOSE AT
MEALURE 0.75 kMt 0.50 KMI  0.25 HMI RANP

LiNEUP xxx¥ 248 LEFT LEFT  ame b

GLIDE SLOPE XXXX B0 hiad Laid " bLLd

ANGLE OF ATTACK XXX 121 - FAST  FasT FASY

FUEL FLDVI XNKX 36t baad .- - e

PITCH ATTITUDE Xxx 1 had hhad NOSELOW NOSELOW

L50 GRADL 0

WORK NDEX xXX% 153

ACCURATY INDEX XXxx 410

TALLULATED GRADE E 5

Figure 7. CARQUAL Trend Analysis Format

The specific features of this printout
are:

1. Records of such data as pilot’s name,

7 . 88N, sguadron, date, LS0's name, Landing Per--
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formance Score (LPS), wire caught, NCLT lesson

or period, number of runs Tor the period, and

w,



the total number of runs to date,

2. Qualitative comments when a para-
meter houndery is exceeded at one of four .
windows (3/4, 1/2, 1/k MM from touchdown, and
the Ramp) are printed ('left!, 'right’,

‘high', "low', 'slow', 'fast‘, ete.). In |
sddition, the performance score or grade fox
ezach parameter is printed under the heading
"GRADE." After data collection and analysis
are completed, standards for each parameter
grade will be determined for evaluating an
individual pass, i.e., how an individual's
performance in lineup, for instance, compares
to the population or standard lineup perfor-
manece.

3, The LSO grade, LPS, work index,
accuracy index, wire caught and an cverall
calculated grade.

L, Appropriate LSO comments that are
entered at the teletype. TFour additional dis-
crete performance items or comments will be
autematically flagged for use in the printout.
These are: "WING ROCK IN CLOSE," "DROFPED
NOSE IN CLOSE," '"LANDED ON WAVEOFF," and "APC
IN USE."

A Refined Version of the Training Format

The initial NCLT data collection software
system included a preliminary version of a
performance analysis printout. An improved
training #id will be developed during the
analysis phase., The LSO's inpub is the key
element in this development. The goal of
this printout is %o assist the LSO in his
training task. There are several potential
output formats; one possibility is shown in
Figure 3,

nLoT: BATE: NCLT PERIOD NO. 150
RVE closE
GRASE ZALL BALL MOOLE N SLDSE Rampe
CLIDESLOPE 321 H"L —p— _-Kﬂ_l_ HenBoHen
LINEUP 332 LRm=fim=Rk  =R=—R=i= R ————
ACA i U e * -“"L"' ELICTTY
FUEL FLOW 118 l_—“--‘-l - m———— “L_l ==y
HIGH 280 HK.—LL—-—-— _HLLL--- ===l
PASSES1THROE
PSS 12143678
I 13433341
L53 GRADE 132343322
MEAN LSO GRADE 280
MEAN CALL GRADE 255
SUMMARY COMMERTS pY L50
Figure 8,  Period Trend Analysis Sunmary

This printout summarizes an entire NCLT
period., Eech column under each segment of
the approach corresponds to a separate pass.
In the example, the first pass was high on
‘the glideslope, the second pass was on the
glideslope, the third pass was low, ete. The
wire number and LSO grade are summarized in
the block at the lower right. It can be seen
that significant trends would readily show up
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in this summary.

Coordination with the LSO
will further define the most desirable
summary Tormat.

Current NCLY trend analysis comments
flag positional and range parameters that
stray from nominal values. LS0's have wen-
tioned that the decelerating pass never gets
identified, nor is a good correction ever .
recognized in the date owtput.
siveness (acting upen or ignoring) to a LSO
command is also not considered. _Several L80's
and pilots have mentioned the desirability
of giving the pilot credit for exceptional
performance. The LSO will do this occa-
sicnally with comments such as 'good correc-
tion' or 'rails pass'. An attempt will be
made to explore the possibility of making
similar note of outstanding performance in
the NCLT. It 1is felt that the collection of
both L300 comment data and objective perfor-.
mance data offers a unigue opportunity with
which to explore this relatively untouched
region of performance evaluation,

For example, if beyond a ce€rtain minimum
range, a pilot can correct an excessive (but
not dangercus) positional error and maintain
the optirmum flight path for the remainder of
the pass, such a complimentary comment could
bte made, If implémented, the feature cowld
rrove to be & strong motivator for the pilot
in the simulator.

In addition to the automatic commepts
featured in the current training aid printout,
dangercus performance tendencies or 'NO-NCs'
will be investigated. In conjunction with
this, several LSO's have mentioned that it
may be desirable to call greater attention
to the existance of such unacceptable per-
formance., This could be done by printing a
large 'X' through the output. In order to
betier distinguish performance that is just
outside acceptable boundaries, LE0's indicate
'slightly high', 'slightly low', ‘slightly
fast', ete, The LSO currently notes this
with parentheses, i.e. (HIGE) means slightly
high, The same scheme will be considered for
the automatiec trend analysis printout.

Preliminary Analysis of a Samplé of Replace-
ment Pilofs

This is a quick analysis of NCLT data
for twenty-three replacement pilots. The~
sample is a mix of RP's who subsequently

reported for CARQUAL aboard either the USS  ~ °°

Saratoga during the period 10-11 May 1975,
or the USS Kitty Hawk during the perzod 2-G .
February 1976.

Qf the total sample of twenty-three
R¥P's, three failes to qualify during night
CARQUALS, This situatlon offered an oppor-
tunity to test for the predictiva capability

Pilot respon-



of NCLT performance and system credibflity.
Two other pilots failed to qualify during
these CARQUALS., However, sufficient NCLT
data for these two pilots were not available
for inclusion in this analysis.

Figure 9 compares mean NCLT lineup error
data for the three RP's who failed during
CARQUAL with the samples of 20 RP's who did
gualify. For reference, values for the tobal
sapple are shown as a dashed line. Percentage

LINE-Y®
ERROR
{FEET)

= L]

1 ! 1 |
T

I B T T
i 1" 'Ifﬂ it RaMP NG.1
DISTANCE TG KG. 1 WIRE NM) WIRE

Figure 9. Mean Lineup Error - Qualified
Versus TUngualified Groups

differences between those who qualified and
those who did not are shown at the midpoint
of each segmént, The differences are rather
startling.

Figure 10 is a similar comparison for
mean glideslope error.
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Figure 10, Mean Glideslope Exrror -

Qualified Versus Unqualified Groups

These figures show that the three un-
qualified individuals performed far worse
than the class average in both lineup and
glideslope control. The percent differences
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(A) values between the two groups are shown
at five points. The overall A is shown in
the box in the lower center of the figures,
I should be noted that the data plotted re-
flects arrested landings only. Waveoff and
bolter rates for the three ungualified
individuals were also significantly higher
than the class average.

Figure 11 compares qualified and un-
qualified group performance grades for lineup,
glideslope, fuel flow, angle of attack and
pitch attitude. This comparison shows that
the unqualified group was graded lower in
lineup, glideslope, and fuel flow, but higher
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Figure 11, Parameter Grades -
Qualified Versus Ungqualified Groups

in angle of attack and piteh attitude. Thiz
could be an indication that the unqualified
group tended to emphasize control of these
parameters at the cost of control in the
others (i.e.,, cockpit instrument scan versus
position cues), The lineup and fuel flow
deltas appear %o be about right, but the
glideslope grades are closer than the prelimi-
nary data warrants. This indicates that the
glideslope grading equation may need to be
more reflective of "close in” error.

Figure 12 compares a student who was
disqualified during NCLT and FCLP with another
student who was killed as a result of a ramp
strike and with the two samples of students
who either gualified or were disqualified at
the ship. It should be noted that in all
cagses of disgualification, the students were
graded lower in lineup, gilideslope, and fuel
flow but higher in angle of attack and pitch
attitude., This indicates more emphasis by
the student on certain parameters,

The foregoing data indicated e strong
predictive relationship betweer NCLT perfor-
mance and night CARRUAL performance, even
though the preliminary analyses to date
represent only rudimentary efforts,
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Figure 12, Comparison of Computed Parameter Grades
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