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THE USE OF TOTAL SIMULATOR TRAINING IN TRANSITIONING AIR-CARRIER PIIOTS.
A FIELD EVALUATION

Robert J. Randle, Jr., Trieve A. Tanner, Jr., Joy A. Hamerman,*
and Thomas H. Showaltert

Ames Research Center

SUMMARY

A field study was conducted in which the performance of air carrier
transitioning pilets who had landing training in a landing maneuver approved
simulator was compared with the performance of pilots who had landing training
in the aircraft. The study was accomplished at the United Airlines Flight
Training Center in Denver, Colorado. NASA consulted in the study design and
gathered, reduced, and analyzed the data. Forty-eight trainees transitioning
to the B727 aircraft and eighty-seven trainees transitioning to the DC-~10 were
included in the study. It was designed and carried out in a manner that
provided minimal disruption to the normal trainee flow at the center.

The study results in terms of both objectively measured performance indi-
cants and observer and check-pilot ratings did not demonstrate a clear distinc-
tion between the two training groups. The results suggest that, for these
highly skilled transitioning pilots, a separate training module in the aircraft
may be of dubiocus value.

*Currently at Ford Aerospace and Communication Corp., Sunnyvale, California.
tStanford University, Stanford, California.
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EXECUTIVE SUMMARY

A fleld study was conducted in which the check-i1ide performance of pilots
who had landing training in a flight simulator was compared with the perfor-
mance of pilots who had landing training in the aircraft. The analysis of the
results ylelded tue following findings.

Nineteen measures of performance (rating scales, scores, measured data)
were acquired during the test flight. On all measures a significant overlap
in performance between simulator-trained and alrcraft-trained pilots was
obvious from the graphed data. On the basis of these performance measures it
was not possible to determine statistically which type of training the pilots
had experienced. On most measures there was a small difference in favor of
the airceraft-trained group., An overall statistical test of the results indi-
cated that the differences were "nonsignificant," that is, not statistically
reliable.

Safety pilots were asked to act as FAA check pilots and to provide a
"pass" or "fail" for each participant in the test flight. The results were
strongly influenced by the criterion utilized. When only a stringent NASA-
imposed criterion, which allowed no repeats, was used (Phase I), a statisti-
cally significant failure rate (simulator-trained pilots failing more often
than aircraft-trained pilots) occurred for the DC-10 trainees, When a ori-
terion more representative of an FAA check ride, which allowed repeats of
questionable performances, was added (Phase 11), all trainees were deemed to
have passed.

Flare and landing ratings assigned to each trainee by a NASA observerx
indicated that both training groups improved over the three landings of the
check ride,

In Phase 11 a unique set of data was acquired for a comparison of simu-
lator and check-ride performance on all trainees. The in-flight recorded data
(sink rate at touchdown, vertical acceleration at touchdown, etc.) were com—
pared with similar data recorded in the simulator. Preliminary results showed
that sink rate at touchdown was slightly higher in the simulator. These data
are being subjected to further analyses in a separate project, which is
attempting to develop feedback techniques based on such information for use
during training.

One of the parameters of interest, sink rate, was examined further in a
vorrelational analysis. It was shown that across trainees high sink rates in
the simulator were associated with high sink rates in the aircraft (and low
with low). The correlation was high and statistically reliable, indicating
that individual performance differences could be discerned in the simulator.
A possible capability for predicting aircraft performance from simulator data
using a multiple regression equation was indicated.

In a vomparison of the longitudinal touchdown distance of the trainees in
the NASA check-ride and revenue landings at Stapleton International Airport it
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was seen that the trainees (group) dispersion was less than that for pilots
on line flights. It was hypothesized that this result may have been due to a
greater attention to aim-point precision in the "instructional situation.

Trainee comments on the simulator's ability to provide landing training
highlighted known weakneases in training simulators: for example, lack of
cues to depth, inability to judge sink rates, lack of peripheral cues, lack of
faithful dynamic responses, and unrealistic environmental variables. These
were catalogued without further analysis. All trainees rated the training as
being above average. The B-727 trainees rated the training slightly lower
than did the DC~10 trainees.

The landing training program for the simulator in this study was an
initial effort at United Airlines and, as such, was of an experimental nature.
The study results would seem to justify further effort in developing total
simulation training programs.
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INTRODUCTION

The use of flight simulator: as substitutes for aircraft in airline pilot
training has increased dramatically during the current era of the jet trans-
port. A series of changes and exemptions to the Federal Aviation Regulations
(FAR'S) to allow the increased use of simulators in training has culminated in
the current regulation for Advanced Simulation (FAR 121, Appendix H), which
defines the requirements for total simulation training and checking. This
repulation defines three phases of simulator upgrade, each ailowing progres-
sively more critical types of training to be accomplished ia the simulator, so
that in the final r @se all pilot training and cnecking may be done in the
simulator.

The simulator upgrade requirements include hardware improvements to
increase the fidelity of the motion and visual systems and software improve-
ments to provide more realistic representation of aerodynamics and ground
handling. Also required, although less well defined, are changes in the simu-
lator training programs or in the ways simulators are used, including require-
ments for line-oriented flight training (simulation of complete missions and
mission segments) and increased training requirements for simulator instructors
and check airmen. These latter requirements reflect recognition of the goal
of implementing the regulation: there must be complete confidence in the
ability of instructors and check airmen to predict a pilot's performance in
the airplane from performance in the simulator.

In spite of the previously demonstrated value of the simulator in train-
ing, complete confidence in simulater training, in the absence of an airplane
check, may require that increased attention be given to the validity and
reliability of pilot proficiency assessment during training and checking. Pro-
ficiency assessment will have to be objectified and standardized to increase
its validity and reliability; any significant contribution that can be made in
this area should increase confidence in simulator training and checking.

In anticipation of the Advanced Simulattion regulation, the United Airlines
Training Center and the Man~Vehicle Systems Research Division of NASA's Ames
Research Center, encouraged by the Air Transport Assoclation's Simulator Train-
ing Task Force, conducted this study of tocral simulator training. The study
was limited to transition training (pilots moving to a new aircraft) of cap-
tains and first officers. Under the regulation for advanced simulation, tran-
sition training is permitted only after simulator upgrade according to Phase II
of the regulation, although the study was conducted on simulators that would
qualify only for Phase I. Therefore, the test of the simulators for training
was more severe than would be allowed under the regulation. However, to
insure safety in the study and vn the line after the study, an airplaine check
and (if needed) airplane training were provided after the "total simulation

training."

The purpose »f the study was to evaluate a transition training program
that totally replaced the airplane with a state-of-the-art flight simulator.
The evaluation procedure involved analysis of various objective measures and
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subjective ratings of pililot performance as a step toward objectifying and
standardizing assessment techniques. The method of evaluation was to compure
the performance in a standard check ride (FAR 121, Appendix F) of pilots
trained totally in the simulator with the performance of pilots trained par-
tially in the airplane in accordance with FAR 121, Appendix E. Performance
measures used in the evaluation were: (1) check-pilot pass-fail ratings;

(2) check-pilot ratings of specific check-ride segments; (3) a NASA-employed
vobserver's rating of specific maneuvers; (4) traince ratings of their own
performance and ¢f the training they reccived; and (5) automatically measur d
system variablcs. The statistical analysis of these Jata was designed to

(1) compare the performance of the simulator-trained with that of the airplane-
trained pilots; (2) identify any anomalies peculiar to the performance of the
simulator-trained pilots; and (3) explore the possibility of developing a pre-
dictive equation of pilot performance that in the future might be uscd to
support training and che: king.

The authors wish to acknowledge the contributions of the tollowing
persons.

Personnel of the United Airlines Trailning Center, Denver, Colorado, were
extremely cooperative in accommodating their scheduling and training activi-
ties to the needs of the study. In particular, Gary McCulloch, Manager of
Flight Simulation Services, was instrumental in making the study work from its
conception, for which he was mainly responsible, to its completion. John
Morrison, a flight instructor at the Training Center, organized the simulator
training course and worked with the authors in developing the test and data
collection procedures.

Without the consultation of members of the United Airlines Master Execu-
tive Council of the Airline Pilots Association, and of the Federal Aviation
Administration's Flight Standards Service, especially during the design and
nlanning stages, the study could not have been conducted.

Captains (UAL, Ret.) Glen H. Dorward and Cliften L. Bloom served as the
NASA observers, snd their dedication to the study, cooperation with the
authors, and general performance in carrying out their duties were outstanding.
In addition, Donna L. Miller, Informatics, Inc., and Joseph G. Guercio,
San Jose State University, contributed greatly to the data analysis and report
editing. A special note of thanks is due Robert J. Miller, Ames Research
Center, for the design, implementation, and maintenance of the on-board data
acquisition and recording system. That system will be described by Mr. Miller
in a separate report.

EXPERIMENTAL DESIGN

Facilities
The study was based at United Airlines Flight Training Center in Denver,
Colorado. To enhance the generality of the results, two types of airplane
were included: the Boeing 727 (B-727) and the McDonnell-Douglas DC-10. Two
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f simulatory were used In the study, one for pilots transitioring to the B-727

! (No. 704) and vne for pilots transitioning to the DC-10 (No. 605). Prior to

! the study, the aerodynamic programming for these two simulators was upgraded

in vrder to receive approval by the Federal Aviation Administration (FAA) for

simulator training of the landing mancuver. This upgrading subsequently qual-

| ifled these two simulators for Phase 1 of the new regulation. The airplane

training and check flights were conducted at Denver's Stzpleton International
Afrport for the DC-1U and at Pueblo (Coloradv) Airport for the B-727, the

h mormal procedure for United. Except for the special provision that the study
trainees receive all their simulator training on an approved upgraded simu-
lator, all of the training center facilities used in normal training were used
In the study.

T1ainees

Captains and first officers arriviug at the Training Center for transi-~
| tion training to either the DU~10 or B~/27 were selected a . random basis to
be part of the study or to receive normal transition training and checking
according to FAR's 61 and 121 (including Appendixes E and F). Those trainees
selected for the study were randomly assigned to either the total-simulator-
training (experimental) group or the normal training (control) group.
Ucecasionally, simulator availability modified the random assignment of
trainees, e¢ither to the study or te the study groups. This modification of
study procedure was necessary to minimise disrupcion of the regular flow of
trainees of all types through the Training Center., Also, for a variety of
reasons, including simulator and airplane availability, some pilots originally
assigned to the study had to be dropped later, In which case they became
normal transition trainees. These will be discussed in more detail later in
the report, A total of 135 pilot trainees completed the study, 53 captains
and 82 first officers. Of these, 48 (19 captains and 29 first officers) were
transitioning to the B-727 and 87 (34 captains and 53 first officers) were
transitioning to the DC-10 (see table 1).

Procedure

Trainees of both the experimental and control groups received normal
sround school and normal simulator training in the appropriate landing-
approved simulator without being informed of their group status. After pass-
' ing their normal simulator check, the control-group trainees progressed, as
normally, tuv receive Appendix E (IFAR 121) training in the airplane. We will
refer to Appendix-E-type training as landing training, since landing is con-
sidered to be the most critical part thereof. Trainees in the experimental
group received their landing training in the landing-approved simulator. The
simulator landing training course was developed by personnel of the Trzining
g Center and was designed to duplicate as closely as possible the standard land-

ing training received by the control group in the aircraft.

$~ e

Trainees nexi proceeded to the NASA check ride. For many in the experi-
aental group, the NASA check ride wes their first esperience at the controls
ef the wdrplane type to which thev were transitioning (B-742: vu 0C6-10). 'The
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WASA check ride was designed to simulate the normal check ride that would
result in certification of the trainee to fly the new airplane type in revenue
flights. A United Airlines check pilot served in his normal capacity in check-
ing the first officer trainees and in simulating the role of an FAA ingpuector
in checking the captain trainees. Check pilots were assigned to the NASA
check ride on the basis of availability. The check ride consisted of the
maneuvers specified in FAR 121, Appendix ¥, plus one additional normal landing
in the following sequence: (1) taxi; (2) normal takeoff; (3) VFR approach
without instrument guidance; (4) normal full-stop landing; (5) normal takeoff;
(6) hooded approach, one engine inoperative; (7) missed approach; (8) VFR
approach, one engine inoperative, instrument guidance availatle; (9) engine-out
landing, touch-and-go; (10) VFR approach without instrument guidance; and

(11) normal landing. The second normal VFR landing was added to provide addi-
tional data.

Upon completion of the final maneuver, the check pilot had the vption of
requiring or offering additional practice in the airplane before completion of
the flight. This option was almost invariably exercised regardless of the
trainee's performance on the check-ride maneuvers. In order to maintain his
respongibility as safety pilot, the check pilot did aot interrupt his monitor-
ing of the flight to record his ratings of the trainees' performance -ntil
after the additional practice; however, it was understvod that his ratings
were to be based only on the check-ride maneuvers. To guard against bias in
their ratings, the check pilots were not told prior to their ratings whether
the trainee had received the landing training in the airplane or the simulator;
that is, they were not told to which group the trainee belonged.

The original rating procedure used by the check pilots required a binary
pass-fail rating, five-puint ratings ol the approaches and landings, and over-
all comments on the trainee's performance. A preliminary data analysis was
conducted after 94 pilots had completed the study. Examination of their
ratings and comments at that time revealed that many check pilots had inter-
preted the pass—fail rating as perhaps requiring a higher criterion for pass-
ing the trainee than would be expected on a standard FAA check ride. There-
fore, the check pilot pass-faill rating procedure was altered for the remainder
of the study. Prior to alteration, the rating asked only for a strict pass or
fail with no consideration given to borderline or uncertain perfornance that
might have occurred on some segment of the check ride. This criterion was
maintained in the altered procedure, but two additional contingent criteria
were added. 7Tf the check pilot igssued a "fail" based on the first criterion,
he was asked t» judge whether the "fail" would stand if, as in a normal check
ride, borderline or uncertain maneuvers could be repeated. If the trainee
failed this second criterion, the check pilot was asked to consider a third:
whether the trainee's performance could be considered unsatisfactory ox
dangerous. That portion of the study that occurred prior to the alteration in
the check pilots' rating procedure will be referred to as Phase I; the portion
that occurred after the alteration will be known as Phase II. Check-pilot
criteria for pass-fail ratings will be discussed in more detail later in the
report. Because of an increased demand for B-727 simulator usage at the
Training Center, Phase II was limited to DC-10 transition training. Approxi-
mately half (41 of 87) of the DC-10 trainees participated in Phase TL.

N ¢ N S = "
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Throughout the check flight the NASA observer sat in the jump seat
directly behind the captain'sy seat. The observer was one of two ratired
Inited Airlines captains who workod under contract with Ames Resenrch Center.
The vbserver's responsibility wes basically to supervise data collection., In
addition to scoring his own raving shects, he installed and actuated the auto-
matic data recording system on tne alrplane, and issued and collected the
rating sheets of the check pilots and traineeas. The observer's ratings con-
slsted of instrument recordings and avaluative judgments made during the
various maneuvers. A two-axis accelerometer was mounted on the cabin floor
over the airplane's center of gravity. Vertical and lateral accelerations
were recorded on an FM tape recorder starting during the approach at an alti-
tude of 200 ft. Simultaneously, altitude was recorded from the airplane's

radiv altimeter. During Phase II, simllar automatic recordings were also
taken in the simulator.

Following the check ride the trainee completed a questionnaire about his
flying history, and made ratings of both his performance in the check ride and
of how well he thought his training prepared him for the check ride. Copies
of the three rating forms — check pilot, NASA observer, and trainee -- 1re

presented in appendix A; explanations of the scoring procedures are also
included,

After the check ride all of the collected data remained in the custody of
the NASA i 2erver until it was mailed to Ames Research Center; where it was

analyzed. The data packages had no identifying trainee names; trainees were
fdentified by numbers only.

The study was completed for the trainee when the NASA check ride was com-
pleted (about 35 min). Additional training was then given to all trainees.

First officers were then certified, and captains proceeded to the FAA check
ride.

RESULTS

Table 1 shows the number of trainees who participated in the study by
aircraft type, training type . und position held. As was to be expected, there
were certain contingencies within the scheduling process that resulted in some
study participants being dropped. The B-727 scheduling was so loaded that any
deviations from the planned schedule made it virtually impossible to retain
the affected trainees in the study. For instance, the NASA observer had to be
available on a new date, the approved simulator had to be made available for
the landing training, and an instructor other than the trainee's regular
instructor had to be available for a new aircraft date. Of the 68 B-727
trainees who were designated as participants, 21 were dropped for reasons
given in table 2; 47 of the trainees completed the study.

0f the 21 trainees dropped from the study 9 required additional simulator
training. Of the nine who required more training, only one was failed and the
others were dropped for the scheduling reasons shown by the column headings in




table 2. Those requiring additional training were about equally distributed
between simulator and aircraft trainees,

The term "falled" here refers to failing the normal transition ground
training, and the trainee could neither continue nor be in the study.

Similar information for the DC-10 is shown in table 3. Twenty-six of
113 selectees were dropped. Again, only one failure occurred. Also, both
training groups were represented in the group requiring extra simulator time.

Performance Measures

Of prime interest in considering the overall results of the study was the
measured and rated performance of the simulator-trained pileots versus the per-
formance of the pilots trailned in the aircraft. There were five sets of data
acquired in the study: NASA-observer objective and rating-scale data; check-
pilot rating-scale data; trainee ratings of the training; data measured auto-
matically in-flight; and data recorded during the trainees' sessions on the
land ing~-maneuver-approved simulator (DC-10, Phase T1). The mancuvers flown in
the NASA test flight are glven in appendix A and the method of scoring the
study forms of the observer, satety pilot (i.¢., check pllot), and trainee
are also glven there. The variables measured on the aireraft were vertical
and lateral touchdown acceleration and radio altitude from 200 ft altitude to
touchdown. From these data the following measures were derived:

1. Descent rate

2. Descent path deviation

3. Sink rate at touchdown

4. Vertical acceleration at touchdown
5. Lateral acceleration at touchdown

6. Standard deviation of vertical acceleration at touchdown plus
2.0 sec (on runway)

7. Standard deviation of lateral acceleration at touchdovn plus 2.0 sec
(on runway)

For the observer data, means were calculated for the two takeoffs, three
landings, and four approaches. This resulted in the eight mean measures shown
in figure sets 1, 4, and 7.

Each of the four safety-pilot ratings shown in figure sets 2, 5, and 8
are mean values calculated from the six performance elements listed on hils
scoring form in appendix A.




The awasured data are mean values based on thre landirgs; they are shown
In figure set- 3, 6, and 9,

Figure sets 1-3 show the results tor the B-727 aircraft in Phase 1;
figure sets 4-6 are for the DC-10, Phase I; and figure sets 7-9 are for the

Where it was 1vasible to do so the seale on the abseissa of each figure
was arranged to have better performance to the right. The vertical dot avivaye
indicate the number of tratnees who received that score or rating., The group
mean values are shown by the filled triangles. The number of trainces is
showa on each graph. Because of some data loss due to in-{light recording
equipment malfunctions, the graphs of these data show smaller trainee sample
sizes than for all others. In each graph the pilots who had simulator
lar-ling training are snown at the top, the aireraft-trained group at the
bottom. Also shown (circled do+ts) are the seores received by those trainees
who were deemed to have not passed the test ride when the NASA criterion was
applied by the check pilot (see the following section, Pass-Fail Ratings).

In reviewing these graphical rosults, a reeurring finding s that the
mean performance ratings for the aireraft-trained group are slightly higher
than for the simulator-trzined group. (Curiously, this trend is reversed in
consictently Bivher coavety-pilot ratings for the simulator-trained pilets in
Phase II. See tigure. 8(a)-80Gl1). There is an obvious overlapping of scores
in the two groups. Many simulator-trained pilots were rated or scored higher
than aireraft-trained pilots. The overlapping indicates that the two groups
are not distinet. Another way of stating this iLs that on the basis of the
measures used in the study, ore could not reliably ascertain whether any
glven ‘frainee had afreraft or simlator training. In the next section an
appropriate statistical test of this assertion is provided. The results are
that the differences between the two groups are statistically nonsignificant;
thus, for purposes of interpretation, they must be considered chance efficts.

(Incidentally, the use of the term "significant" has to do with the
results of statistical tests and nothing at all to do with practical import of
any performance differences that may have been identified. The authors con-
sider "reliable" and "repeatable" to be synonyms. All three refer only to the
level of confidence with which probabilistic events are held to be "non-chance"
or repetitive. The criteria for the practical significance of results are
discernible only in real-world, operational requirements.)

Another trend shown in the graphs is the lack of a clear and consistent
distinction between the scores of the "passes™ and "fails." Very freijuently a
"fail" has a higher score than many of the "passes," both within an hetween
the two training groups. There is a small tendency for the circles to cluster
to the left (the poorer performance) end of the graph but, except or the
check-pilot scores, this is not very distinct. One would expect, of course,
more consistency between the check-pilot ratings and their own pass-fail
judgment. Even here, however, several who failed werc rated higher than some
who passed. A statistical test of the differsaces between the "passes" and

16
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"fails" was not deemed valid due to the extremely small sample of "fails."
The pass-fail results are discussed more fully below.

In the next section a discussion is provided of vhe statistical procedure
employed to test the statistical significance of the consistent but apparently
small differences between the two training groups displayed in the graphical
results. Readers who wish to do so may skip that section and move on to the
remainder of the report without discontinuity. The following section merely
nutlines the process of optimaliy combining the many measures for a single

statictical test of the outcome, The differences were found not to be statis-
tically reliable.

A large amount of data was taken during the course of the study. At this
point it will be worthwhile to provide a rationale for the method of analysis
selected. A large field study such as this required descriptive statistical
procedures seldom utilized in more neatly contained laboratory studies where
conditions are tightly controlled. 1In the latter, univariate statistical
techniques are usually employed wherein a statistical test of the reliahility
of the difference between means or variances of the measures of a single
criterion is desired and is sufficient for many purposes. However, when mrny
variables have been measured the procedure of compariuag mean scores, between
the simulator and aircraft group, variable by variable is ill-advised and
unproductive, There are at least the following reasons for rejecting that
approach (either multiple t-tests or repeated analyses of variance).

1. On the basis of chance alone the expectation that one or more differ-

ences will result in a spurious statistical significance increases as the
sample of tests increases.

42  The several univariate tests will yielsd no information about inter-
correlation of the variables. For example, the four scoring categories of the
safety-pilot ratings are adequately represented by only on» of the four,
because of the high correlation among the four.

3. The collection of univariate tests provides a fragmented, incohesive
model of the study outcome. This collection of micro-outcomes is a poor basis

for forecasting future events. That is hecause their contribution relative to
each other is never discerned.

Given these difficulties with a score-by-score statistical analysis it
was decided to employ multivariate procedures for the evaluation. Multivariate
statistics provide a method for optimally combining the many variables into a
single linear equation relating the predictor variables (the 19 measures) to
an outcome variable. The outcome variable is taken to be group membership —
the aircraft-trained or the simulator-trained group. The specific analysis
selected from the multivariate family was discriminant analysis. The linear

equation that results provides maximal group discrimination on the basis of
the measured variables.

One of the constraints on multivariate techniques is sample size. The
sample sizes in the presert study were extremely small relative to the number

11
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of predictor varfables. Two things were done to attempt to ameliorate this
short coming:

1. DPiscriminant functions were Jdeveloped for each of the data types
separately.

2o Using the technique of principal components analysis the number of
variables in each of the three data types was reduced.

The method of finding principal components (PC) is part of the general
method of factor analysis in which data are reduced to a smaller number of
underlying or laten! entities cach of which includes two or more of the orip-
inal variables. In principal-components analysis linear combinations of the
original data are found which display maximum voriance and each principal
component is uncorrelated with fts predecessor. The first PC (PCy) will
account for most of the variance in the original data. The second will
account for wost of the remaining variance and be uncorrelated with the first,
the third accounts for the remaining variance and is uncorrelated with 2C,; and
PC., and so forth. The process continues until there are as many PC's as
there were original variables. The analyst then uses only those first N PC's
which acecount for a given percentage of the total variance. In the present
case the observer's cight measures were reduced to five, the check pilot's
four measures were reduced to one, and the measured aireraft data were reduced
from seven to five. Variances accounted for in each of the three sets were
9.2%, 90%, and 905, respectively, for the B-727 data. Yor © -~ DC=10 data they
were 91%, 84%, and 924 {or Phase 1 and 91%, 95%, and 91% fo. hase LI.

The scores that entered the three diseriminant analyses were these prin-
cipal components. For example. the check-pilot's four rating scores were

highly correlated so they reduced to a single PC or linear combination, as
follows, for both fraining groups:

PC = =0.49VC - 0.50WD - 0.511C - 0.50IP
where

VG

1

= VFR control

[

VP = VFR procedures
1¢ = 1FR control

1P

B

IFR proceduras

The check-pilot's ratings were "plugged into" this equation and a single
seore for each trainee was calculated. This single score entered the discrim-
inant analysis. Tor the observar data five PC's entered the discriminant
analvsisy also, tor the measur.a data, five PC's entered.

The resulis of the diceriminant analyses are shown in figures 10-12. The
actual diseriminant equations are available; however, in the interest of
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brevity they are not presented here. None of the functions was able to
weocriminate whether the trainees had had alrcraft or simulator training.
Tests of the statistical sirnificance of their "power" showed that they were
unreliable as discriminators. They are all near the 50% line drawn on the
sraph.  This means that one could do as well flipping a coin as by using these

performance measures in attempting to determine whether the trainee had had
aireraft or simulator training.

Note also chat the variance in the outcome accounted for by the several
prodictor variables iLs 80 low as to be almost nil. Also, the correlations
betweea the predictor variables and the outcomes are very small

(Many of the conventionally reported details of the analysis have been
omitted,  To have included them would have made this report much too large and
fnconvenient to read. However, much of cthe detailed information (e.g., the

aw seores, the principal component equutions, and the discriminant equations)
will be retained in the files of the principal investigators for a reasonable
perivd of time. They can be made available to interested investigators.)

Pass~-Fail Ratings

deﬁv I- In Phase I a total of 94 trainees participated in the study.
Table & shows the number and percentage of trainees deemed by the check pilots
to have passed or failed for cach equipment type and each training group. For
the B=727 gronp the difference in pass-fall ratios between alreraft-trained and
simulator-trained pilots was not statistically significant when evaluated by
the chi-square statistic. For the DC-10 group the aircraft-simulator differ-
ence in pase-tail raties was statistically significant at the p < 0.05 level.
Almast the same percentayes were obtained in the two equipment types for the
simulator trained, However, with no failures in the DC-10 aireraft trained

group, the estimated statistical reliability was greatly enhanced.

As stated in the Procedure section, comments by the check pilots during
Phase I led to the realization that it had not been adequately communicated
that the intent of the pass~fall criterion should be the same as that used in
a standard FAA check ride. Some representative check-pilot comments from
hase 1, which indicate this misunderstanding, are shown below for failed
trainees.  Hach comment is from a different check ride and by a different
check pilot. The training group of the trainee is indicated for each comment.

I would have required additional successful landings which

1 did and the pilot did make successful landings. (B-727,
simulator-trained)

Passing in all respects — exceprt reversing — used only
1.3 EPR on dry, snow-covered runway 10,000-ft length. Rest
of flight very good. (B-727, aircraft-trained)

Would have to repeat ILS due to runway alignment —~ good
landings. (DC-10, simulator trained)

13
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The following comments accompanying pass ratings (again representative)
suggest a different interpretation of the criterion.

Feellng for flare and 1D were satisfactory, but additional
landings after the check improved the technique notice-
ably . « . + (B-727, simulator-trained)

I would have requested a repeat of the maneuver indicating
that 1 was not satisfied with airspeed control. (DC~10,
simulator-ty.i:ot)

Would have r. . ..ed final landing for touchdown smooth-
ness . . . . (B=727, aircraft-trained)

The apparent difference in interpretation of the pass-fail criterion

acrnss check pllots severely limits interpretation of the pass-fail ratios in
Phase I.

Phage II- Table 5 shows the pass-fail results for 41 traineces in Phase LI.
Pags-fail Criterion A is the criterion used in Phase I. Criterion B is (in
the authors' opinion) the more accurately defined FAA check-ride criterion
allowing repeats of questionable waneuvers, A major difference between
Phase I and Phase IT is that in Phase II three of the aircraft trainees were
deemed to have failed under Criterion A. Also, the simulator=trained group
had a somewhat lower failure rate. Consequently, the pass-fail difference
between the simulator-trained and aircraft-trained was now not significant for
the DC-10. However. note that the failure rates are still unusually high (17"
for the aircraft-trained and 262 for the simulator-trained), suggesting that
Criterion A was still being interpreted as in Phase I, at least by some check
pilots. Check pilot comments in Phase II did not show the degree of incon-
sistency seen in Phase I, possibly due to the addition of Criterion B.

Table 5 shows that no trainees in cither training group failed under
oriterion B. Since a positive answer for Criterion B precluded consideration

of the third criterion, no trainee was evaluated as having been unsatisfactory
or dangerous.

Considering both phases of the study and the two criteria for pass-fail
ratings in Phase II, the pass-fail results taken alone suggest the following.
The aircraft-trained pilots seem to have been trained to a higher level of
proficiency than the simulator-trained pilots, based on Criterion A 1in both
phases. Although the interpretation of Criterion A by the check pilots seems
to have been inconsistent, one should not expect that there was more or less
consistency in either training group, unless there is reason to suspect bias
for or against training in either the simulator or the aircraft. Such pussible
bias will be discussed in the next section. However, even given a difference
in proficiency between aircraft-trained and simulator-trained pllots, the
results under Criterion B (Phase I1) suggest tuat the simulator-trained were

"tained to a degree of proficiency acceptable for the pilnts' certification
(at least for the DC-10).

14
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The implication for total simulator training is that simulator-trained
pilots, as well as aircraft-trained pilots, were ready to progress to line
familiarization under safety-pilot supervision. The results cannot be con-
sidered definitive in thia respect, since the conditions of FAR-121 Appendix H
(total training and checking in the simulator) were not exercised in the
study; simulator-trained pilots did experience the airplane check before moving
to the line. It could be that (under Criterion B) the NASA check ride merely
confirmed passing of the simulator check and could be considered superfluous.
Or it might be that some familiarization with the alrcraft 1s necessary before
unsupervised line assignment. The line familiarization experience 1s designed
to satisfy such a requirement, and is retained under FAR-121 Appendix H.

Possible study biases- It should be emphasized that it was noc possible,
nor perhaps even desirable, to apply certain experimental controls in this
field study. Perturbations such as weather, traffic, scheduling, and econom~
ics frequently operated to cause deviations from an ideal similarity of events
for each and every trainee who participated in the study. Some of the possible
sources of breaches in the original intent and ground rules of the study will
now be discussed. It should be made clear, however, that the general conduct
of the study and the determination of UAL training center personnel to accom-
modate to NASA suggested guidelines for the reduction of biases were extremely

well executed.

The study was designed as "single-blind." What this meant, in this case,
was that neither the check pilot nor the observer was to know whether the
check ride trainee had been trained in the simrulator or the aircraft. The
purpose of this strategy was to obviate pre-judgment arising from a possible

g predisposition for the check pilot to favor one or the other type of training.
The extent to which this was indeed adhered to is questionable. There are
many behavioral cues revealed by a trainee who enters an aircraft cockpit for
his first time at the controls, both explicit and implicit, that signal a
novice. It is reasonable to assume that check pilots frequently, if not

always, knew to which group a trainee belonged.

Given the possibility for bias to enter, it seemed appropriate to tabu-
late check-pilot responses over the course of the study to see if such was
indicated. Tables 6 and 7 show this tabulation. Generally, there are too
many check pilots, each having checked too few trainees, to make any statisti-
cal assertions. However, for the DC-10, check-pilot CC had a total of
13 trainees, 10 of whom had simulator training. Of the 10, he "failed" 8, or
807% over both phases. All the other check pilots over the two phases
"failed" 18% of the simulator-trained pilots. 'This appears to be a trend;
but it is not identifiable as (1) a bias against simulator training, (2) a
higher criterion of performance excellence, (3) the relaxed context of "no
jeopardy," or (4) some other influencing factor.

A further check was carried out. Starting with the twenty-ninth B-727
trainee and the thirty-first DC~10 trainee in Phase I, the NASA observer had
been requested to provide an independent pass or fail rating for each trainee.
Table 8 is a compilation of only those cases in which the check pilot and
observer judgments were different. These are the only ones that were different
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from the last 21 B-727 and 16 DC-10 test flights of Phase I and from all

41 test flights in Phase II. Of the eight disagreements, five involved check-
pilot CC., This is not to imply that the observer's determinations were the
correct ones; he may have had an unconscious bias toward the simulator-trained
pilots. The observer's fail rate for the 23 simulater trainees in Phase II
was only 4%, considerably less than the 26% for all ihe check pilots, although
much closer to the 9% for all check pilots except for €C. In fact, if CC's
riatings are eliminated, the failure rates in Phase Il are lower for the
simulator-trained pilots, 9% (2 of 21), than for the aircraft-trained pilots,
17% (3 of 15). The puint is not to discredit the ratings of check pilot CC;
he is an acknowledged professional along with all the orher check pilots. The
mint 1s to indicate how the results could be influenced if there were a bias
on the part of only one check pi'ot, particularly with such a small sample. A
second point is to suggest further evidence that all check pilots do not use
the same criterion for pass~fail ratings.

Finally, a ubiquitous yet su'tle source of bias was inherent in the
"no-cost" or "non-jeopardy" cast of the test situatior itself. There were no
real-world consequences associated with mis-riting trainees. The consequences
were a mark on a rating scale, limited to the study, and, except in the memory
of the check pilot, made in complete anonymity. The cost was further reduced
by the tact that all trainees were provided aircraft training after the NASA
test tlipht was completed. It is not at all elear, however, whether thig
context would have produced more '"passes'" or more 'fails."

Summary- To summarize, in the present study, as in any study lacking
rigid laboratory controls and requiring subjective judgments of performance,
there were several possible sources of bilas. Nevertheless, the authors feel
that the major conclusions that are suggested have not been compromised by
these possible sources. Again, the conclusions suggested by the performance
measures and pass~fail ratings are as follows. The simulator did train ade-
quately for pilot certification. For some trainees it may not have trained
yuite as well as the aircraft. However, although the average proficiency of
pilets trained in the aircraft may initially be higher than that of pilots
trained in the simulator, the overlap is so great that it must be acknowledged
that many pilots trained in tlLe aircraft are not as proficient as many trained
‘n the simulator. Finally the probability of a completely unsatisfactory or
danverous level of proficiency resulting from simulator training is, based on
this study, no higher than from aircraft training; there is no evidence of
cither in this study.

It is important to remember that simulators and aircraft do not train
independently of trainers and training programs. The training program used
for total simulator training in this study was un initial attempt; it was not
the result of a systematic, concentrated effort by a total training department
to produce the best possible total simulator traininyg program. Still the
simulator-trained pilots as a group seemed to perform almost as well as the
airplane-trained group. It is probable that a concentrated effort to produce
a training program that is tailored to the advantages (and shortcomings) of
the simulator will result in even higher proficiency levels. Finally, in
total simulator training progruas, at least at the outset, some ~imulator
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shortcomings may tend to produce slightly lower levels of proficiency; as a
result, simulator and line familiarization checking may need to be intensified.

———— T — —— meen

~ Trainee Progress During the Test Flight

) Two of the NASA observer's ratings appeaved frequently during data analy-
i sis in Phase I as important discriminators: the landing rating and the flare
rating. It also appeared that the first landing for all trainees was fre-
quently worse than the next two. The question to be asked was whether this
was less true for those trainees who had been trained in the aircraft. Also
it would be of interest to know if there was a significant improvement in the
landing and flare ratings over the three landings and if this differed for
the two groups. That is, was there more improvement for the simulator-trained
pilots?

Table 9 shows the results of an analysis of vartance of the observer's
landing rating data comparing equipment types, training method, and landing
number. As shown, there was a reliable difference becween equipment types.
| Ratings were slightly higher for the B-727., There was also a highly reliable
‘ difference between the landings, the major difference occurring after the first
one, for both groups. There was a small difference between the two training
groups, but it was not a reliable difference. The conclusion, from these
landing rating data, is that there were no reliable differences between the
two training groups related to whatever practice was afforded by the test
flight landing repetitions.

Table 10 shows the results using the flare rating as the criterion mea-
sure. Agalr, there is a highly significunt difference between landings or all
trainees. There are no reliable effects due to equipment flown or training
type. The LET interaction term, although not statistically reliable, i1s
interesting. What it would indicate if it were slightly larger is the ten-
dency that appears in the table of group mean scores. That is, the improve-
ment in flare rating was more pronounced for the B-727 simulator trainees
than for the DC-10 simulator trainces. This may be a reflection of the some-
| what more difficult flare technique in the B~727 aircraft. As with the land-

ing ratings, the flare ratings do not reliably discriminate between the
training-group types.

The regular and reliable increase in ratings shown in these analyses may
be due to the occurrence of further learning for all trainees. However, it
could also be due to a "warm-up" effect in accomplishing three landings in
temporal proximity. If it is the former, then learning continues even after
an ailrcraft training session; if the latter, then perhaps even highly profi-
client pilots would show a similar progression.

bl

Simulator versus Aircraft Data

The simulator and aircraft flare and landing data are being analyzed
further in a separate effort. They constitute a unique and valuable set of
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data that provides a side-~by-side comparison of simulator and aircraft perfor-
mance. It cannot be properly treated in time to be included in this report.
However, a gross comparison of the two sets of data is presented in figure 13.
The time to flare to touchdown is shown on the abscissa as At. Sink rates at
touchdown are on the ordinate (~h). These are raw data; means of three land-
ings were not used, as they were in previous analyses. For the aircraft,

168 landings are represented, for the simulator, 139.

Mean values for the two variables are shown by the horizontal and verti-
cal lines. The three connected curves indicate the trend of sink rate with
increasing time. They connect mean values for l-sec intervals centered on
the cardinal times. For example, the mean sink rate at 3.0 sec on the abscissa
is based on all sink rates falling between 2.5 and 3.5 sec, and so forth.
Curves are shown for the simulator data alone, the aircrart data alone, and
for the two combined ("both"). At the point At =8 and h = -2.0 ft/sec
there is a square. This is the point that represents the sink rate and flare
interval for the DC-10 autoland system. Data for four landings of the DC~10
in the autoland mode were made available to the authors through the courtesy
of the McDonnell-Douglas Aircraft Company. The landings were accomplished at
Stapleton International Airport, Denver, Colorado.

The figure indicates a rather good correspondence between the distribu-
tions of landings in the simulator and aircraft; but both have large variances,
The large spread of scores may have been due to the inexperience of the
trainees in the "new" aircraft. The data might have looked different for
experienced pilots, that is, a lower mean sink rate and a much tighter group-
ing of the data about that mean.

It is not intended that too much be made of the regular—appearing func-
tion that seems to emerge when means are plotted for each l-sec interval.
However, the incipient trends are interesting. Up to the 5th second, corre-
spondence is perfect., From the 5th to 7th second they diverge; from the 7th
to 8th they coaverge; from the 8th second onward there is a sharp divergence.
Where most data lie, the agreement between aircraft and simulator is good,
and both curves converge to a point very close to that resulting from the
DC-10 autopilot flare law. This suggests the possible use of the autoland
pitch program and altitude profile as a training model since time optimization
(and distance down the runway) for minimum sink rate for pilot performance
appears to occur near the autoland coordinates. Beyond the apparent optimum
(8 sec) there is an increasing probability of a high sink rate again for the
simulator, but not the aircraft. Data are too few here to permit conclusions
to be drawn, but the difference is nonetheless provocative.

Figure 13 also shows that sink rates in the aircraft are smaller
(1.6 ft/sec) than in the simulator and that At is larger (1.1 sec). Both of
these values were statistically significant (p < 0.0005). However, it is
difficult to imagine ary training ramifications of consequence being intro-
duced by these very small biases. The statistical significance is due to the
large sample size available, that is, the large number of landings. In fact,
the sample was sufficiently large that a difference between At's of
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0.33 sec and a difference between sink rates of 0.53 ft/sec would have been
"gignificant" at p < 0.05.

Figure 14 indicates that even in a homogeneous group of highly experilenced
pilots a range of excellence of performance is apparent. Those who had low sink
rates in the simulator tended to have low sink rates in the aircraft, and high
rates in the simulator went with high rates in the aircraft. (These data
points are means for three landings for the 18 simulator-trained DG-~10 pilots
in Phase II for whom aircraft data existed.) This relationship is strong, as
indicated by the correlation coefficient of 0.70, and, since the results
could be expected to occur in 99 of 100 similar experiments (p < 0.01), they

are reliable.

The equation that describes the functional relationship indicates that in
predicting aircraft sink-rate performance from simulator data, the score must
be increased in the ratio of 1.2 to 1.0 and a constant bias (y7intercept)
added. (Since the sink-rate dimension is negatively valued, ~h, the positive
constant will decrease the magnitude of the predicted value.) Thus, if a
trainee consistently landed the simulator with a 5.0 ft/sec sink rate it would
be predicted, using this regression equation, that he would land the aircraft
at 3.29 ft/sec., The slope of the function is 1.2. If it had been 1.0, then
prediction from simulator to aircraft would be effected by simply adding on a

constant (+2.71 ft/sec), a rule of thumb.

The utility of this equation lles in its use of training data gathered
in the simulator, during practice, to predict actual performance in flight.
Ideally, of course, one could include more predictor variables to include more
trainee performance attributes in a multiple regression equation, of which the

above bivariate equation is just a special case.
The general form of such an equation is, of course:

Yy =ap tax; +ayx, +. ..+ a,x,

Additional predictor variables (x's) would be selectable from instructor
ratings, simulator measures, and other evaluative instruments currently used
in the training program. Obviously, the many data types utilized in this
study are not available in conventional training. Further study is required
to select those variables (x's) and those weighting factors (a's) that provide
the most valid prediction of the outcome score indicative of flight perfor~
The model itself would not change; the ingredients would evolve with
increasing use and validation. The simple relationship illustrated in fig-
ure 14 indicates the validity of that particular variable, The multiple
regression model 1s a powerful conceptual tool for combining several indices
of performance and would support the instructional process. 1t does this by
providing a mathematical analog to the instructor's cognitive process of
integrating many elements into a unitary judgment. It also supports standard-
ization through the application of a commonly used and explicit process.

mance.

The interpretation of outcome scores (y) is dependent on training goals:
that se ‘re (or scores) which indicate the trainees' readiness to proceed, to
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whatever next step, as determined by training personnel. The conception of
criterial scores is in the domain of operational requirements, well beyond
the scope of this study in particular, but it is guiding it meithodologicatle,

Trainee Comments on Simulator Fidelity

One of the more interesting aspects of the rating scale responsos was the
spontaneous comments written in by the respondents. There were many 1f tise
provided by the simulator trainees. They considered the simulator to i
inadequate in the fonr categories shown in table 11. The number of cemments
(not trainees) is shown against the four categories. In the B-727 program
19 trainees (68%) offered 27 comments; for the DC-~10, both phases, 20 truinve
(41%) provided 32 comments.

Trainees in both equipment types had about the same number of comments
about items in each category, but there appeared to be, perhaps, a bit more
dissatisfaction with the DC-~10 simulator dynamics. Perusal of the original
comments reveals that no laudatory comments were submitted without qualifica-
tion. The comments ave given in appendix B.

Trainee Rating Scale Pata

In the preliminary analysis it was determined that the trainee rating
scale bore no relationship to outcrmes of performance evaluation. That is,
thelr expressed assessment of the adequacy of the training in preparing them
for the test flight — their "attitudes" — was not indicative of their perfor-
mance. However, because these respouse data were of interest in themselves
they were analyzed separately. Questions of interest were the following:

1. Did captains rate the training differently from first officers?
2. Did total flying hours influence the ratings?

3. Did the simulator-trained participants feel different about the
training from those trained in the aircraft?

4. Did DC-10 trainees respond differently from B-727 trainees?

Statistical analysis showed negative answers to the first two questions,
In response to question (3), those trained in the aircraft tended to rate the
training slightly higher than those trained in the simulator, but only for the
B-727 aircraft. The differ nce did not reach statistical significance
(0.10 > p > 0.05).

For the fourth question, a significant difference was found (p < 0.05)
between the B-727 and NC-10 trainees. The B-~727 trainees rated the training
slightly lower than did the DC~10 trainees. Since the simulator and aircraft
subgroups were lumped for this analysis, all the training was being evaluated.
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Care should be taken in interpreting these results. This is a clear case
of the need to evaluate the practical difference of the statistically signifi-
cant result, On a scale of 1 to 5 — with 1 best and 5 worst — the B=727 pilots
rated the training at a mean of 2.27; the DC~10 pilots rated it as 2.09. The
difference is 0,10 points. That is a difference of less than 4.07 of the fuil
rating-scale range. Thus, a practical difference may not be discernible. Also,
the whole group of participants assessed the training as being above average
in terms of its goals.

Simulator Landing Training

A key element in the study was the simulator landing training provided in
lieu of alrcraft landing training. The goal was to provide practice on i
same kind of maneuvers to be flown in the NASA test tlight. The simulator
records provided to the NASA researchers (the simulator measu..d data) were
recorded during the second of two simalator sessions. Except for practicing
yredetermined mancuvers, the training was frequently described as "ad 1ib,"

- that is, lacking in a tightly structured syllabus. Table 12 shows the number

of landings of ecach kind practiced by each trainece.

There is a slight tendency for the later trainees to be given fewer
landings than their predecessors. Also, the total number of lundings accom-
plished by each trainee varies considerably — from & low of 3 to a high of 16.
Tt is not known why this occurred, but it may have been largely determined by
trainee readiness and instructor judgment. However, why there is a clustering
of trainees requiring fewe. trials at the end is not thus explained.

In conducting transfer of training studies there are generally two train-
ing strategies. One is to train to a predetermined and measurable criterion
performance. The other is to provide a predetermined number of trials on the
task to each member of the experimental group. Since the simulator training
in this study was frequently described as "ad 1ib," this presupposes the first
paradigm. Since the criterion performance was subjectively determined, the
readiness level of trainees may have departed considerably from homogeneity.
This could have provided a sauple not fully representative of the simulator
capability and, thus, a les: than fair test of its potential.

A fairly universally agreed upon observation on the use of trainiug
equipment is that its efficiency in effecting training is a strong function »f
how it is used. Facwuows such as the training syllabus, training personnel
attitudes, pretraining and posttraining on the equipment, and trainee accep-
tance all contribute to the training outcome. Since the landing training
program in this study was part of the experiment, it was not expected to be a
finished product that would maximize training efficiency. Effort had been
expended to upgrade the simulator's physical fidelity to the level of "landing
maneuver approved," but this was the initial effort to develop a landing
training program. The next step requires the conceptualization of a total
simulator training context in which the simulator is considered as a training
tool, rather than as a substitute for the aircraft.
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TLongitudinal Touchduwn Performance

Prior to this study some data had been gathered at Stapleton International
Airvport pertaining to longitudinal touchdown distance from threshold for sev-
eral air carriers and several equipment types. Of these, 59 were B~727's and
9 were DC-10's. Comparisons of the mean distances for those landings and the
means for the present study are provided in table 13. The mean distance for
the B-727 landings in this study is reliably shorter than for the revenue
landings; the DC-10 landings do not differ. No interpretation of these out-
comes is offered. However, the smaller dispersion of the distances in the test
flight situation (the standard deviations are smaller) perhaps indicated a
greater attention to aim point precision in the "instructional' context.

DISCUSSION

The two training groups in this study were seen to be statistically indis-
tinguishable on the basis of the many performance indices that were utilized.
This may not be at all surprising, given the very high experience level of the
two groups of transitioning pilots., There is probably such a swift transfer
of previously learned skills that any real differences have evaporated before
they can be measured, or at least before they can be measured by the tech-
niques used in the study. The quick adaptation of the trainees over the three
landings, shown in the results. would scem to indicate that differences are

transient. This is also supportad by the check-pilot comments that occasioned
the shift to the Phase II criteria for pass~fail.

Even so, the slight edge held by those who had received aircraft training
motivates one to find ways in the simulator curriculum to eliminate or decrease
that small difference. It seems reasonable to shift emphasis from the ques-
tion of whether aircraft training is required to the question of how to maxi-
mize simulator training; it would seem uneconomical to use the aircraft in a

separate training module just to erase the small differences shown in this
study.

One way to increase the training value of the simulator is to set it in
a training context in which the curriculum has been optimized and training
personnel trained specifically to use the simulator as a training device
rather than as a surrogate aircraft. Another way is to include a proficiency
measurement scheme that is diagnostic, predictive, and is perceived as a
training strategem rather than a trainee examination. Prediction in the simu-
lator of ultimate performance in the aircraft would now seem to be a desired
goal. The simulator data taken in this study seemed t. indicate the feasibil-
ity of this goal. There is a rather high and narrow range of talent in these
highly experienced pilots; but, even so, the high correlation between sink
rates in the simulator and aircraft signaled that the small skill (or training
readiness) differences were being sensed. That simple relationship can be
expanded to include other measures of performance in a multiple regression
equation, a prediction equation. It should be kept in mind, however, that
validation of any quantitative model is required. One must know that cn "x"
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level of performance in the simulator will reliably (within acceptable limits)
result in "y" level of performance in the aircraft; otherwise prediction (and
control) does not exist. Such a predictive model will require much future
work; however, 1f successful, it will be extremely valuable over the long term.
Side benefits to such an endeavor would be the objectification of performance
aud performance criteria; this would contribute to the standardization of
performance requirements through the application of an explicit (versus an
implicit) assessment process.

As attested to by the comments of many highly sophisticated trainees in
this study, the problems of simulator realism persist: ". , , can't judge
sink . . . "; ", . . poor depth perception . . ."; ". . . it doesn't feel like
the aircraft . . . ." Why ar: sink rates higher in the simulator? It is
known that these are recurrent findings in simulator research, but it 1s not
known why. In this study a set of data was acquired that, to the knowledge of
the authors, is unique. Those are the data acquivred or the DC-10 simulator
and on the DC-10 aircraft using the same pilots iIn both settings. A side-by-
side comparison of these performance indices may provide insight into why
there are differences betwcen the two. Thrcough the application of servo-
theoretical models it may be possible to identify both system differences and
differences due to human control technique.




—————

APPENDIX A
FLIGHT-TEST MANEUVERS AND RATING FORMS

This appendix contains the NASA test-flight maneuvers and the observer,
safety pilot, and trainee rating forms. An explanation of how each of the
items was scored precedes each page requiring such explanation. The forms are
those used in Phase IL that were modified from Phase I, mainly in the interest
of ease of scoring and to omit some items that turned out to be of doubtful
relevance, The capital letters preceding each scoring explanation are those

used in the main body of the text.

Note that a significant change occurred friv Phase I to Phase II in the
safety-pilot rating form: in Phase II the pass—fail item now included multiple

criteria.
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EXHIBIT 1

TEST RLDF MANEUVERS AND CONDITIONS

Item
Taxi

Normal takeoff

VFR approach
(No instrumeiit guid-
ance for pilot flying)

VFR landing

Normal takeoff

Flight director
engine inoperative
approach (hooded)

Missed approach

VFR engine inoperative
approach (instrument
guidance available)

Engine inoperative
landing (T & G)

VFR approach (no
instrument guidance
for pilot flying)

VFR landing

1)

2)

3)

1)

2)

1)
1)

1)
2)
3)

1)

1)

1)

1)

2)
1)

Detaills

After takeoff, 1if the aircraft is flying
to Pueblo, the safety pilot is to assume
control of the aircraft until the down-
wind leg of the first approach.

If the aircraft is at the test ailrport,
the pilot trainee remains in control,

Aircraft is to maintain 15° flap config-
uration for the start of the downwind
leg of the first approach.

Turn onto final between OM and runway
at an altitude of 1000" AGL.

Activate glide slope ar. localizer
instruments of pilot-not~flying.

Full stop.

Return aircraft to 0° flap configuration
for the downwind leg of the next
approach.

Turn onto final beyond OM at 1500' AGIL.
Fail engine on base leg.

Decision height is 100" AGL.

Return aircraft to 0° flap configuration
for downwind leg of next approach.

Turn onto final between OM and runway
at 1000' AGL.
Return aircraft to 15° flap configura-

tion for downwind leg of next appro:ich.

Turn onto final between OM and runway
at 1000' AGL.

Activate instruments of pilot-not-flying.

Full stop.

25




—

EXHIBIT 2
TRANSITION TRAINING
and
TOTAL, STMULATOR TRAINING

STUDY

DATE

FLIGHT NO.

PILOT NO.

ATRCRAFT TYPE

DATA TEGHNICIAN

SAFETY PILOT

ATRPORT
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EXHIBIT 3
OBSERVER RATING

TAKEOFF

(A) The NASA Observer checked the appropriate letter in each of the eight

boxes on top of the page. The trainee's score for Take-Off performance was
determined by these check marks as follows:

Centerline Alignment:

Power Management: A score of 2 for Guod, 1 for Fair, or 0 for Poor.

Control Technique: A score of 2 for Good, 1 for Fair, or O for Poor.

Rotation Aivspeed: A score of 1 for Normai, or a 0 for either High or Low.
Rotation Rate: A score of 1 for Normal, or a 0 for either Fast or Slow.
Rotation Control Technique: A score of 2 for Good, 1 for Tair, or O for Poor.

Ini¢ial Climb Airspeed: A score of 1 for Normal, or a 0 for either High or
Low.

Heading: A score of 1 for Normal, or a 0 for either Left or Risht.

These eight categories of Take-Off performance could be scored with a maxi-
mum of 11 points. The points acquired by each trainee were summed and divided
by 11, thus providing a proportion of maximum pussible points as a Take-Off
Score.

(B) The boxes numbered one through ten were used as a rating scale with which

the Observer could indicate this overall subjective evaluation of the take-off
in general.

A one was scored as 100% and ten was 10%.
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NURMAI. TAKEOFF Wy vV,
CENTER LINE POWER CONTROL
TAKEOFF ALIGNMENT MANAGEMENT TECHNIQUE
L. N R G ¥ P G F P
AIRSPEED ROTATION CONTROL
ROTATION RATE TECHNIQUE
H N 1L F N 3 G F P
(5 (-5)
AIRSPEED HEADING
INITIAL
CLIMB H N L L N R
(5) (-5) | (10) (10)

Circle vne number which most nearly correspunds to your
impression of the overall excellence of the takeoff. 1 is
best (100%) and 10 is worst {i10%).

Comments:




EXHIBIT 4
OBSERVER RATING

APPROACH

(C) The rating scale at the bottom of the page was used by the Observer as an
overall subjective evaluation of the approach. A one was scored as 100% and a
ten was scored as 10%.

(D) Glide Slope Deviation: The Trainee's deviations about glide slope were
recuorded by the Observer at 6 different points during the approach. At each
point, a maximum deviation of 2 dots, high or low, was possible. The amount
and direction of deviation were recorded and an average deviation score was
determined for each approach.

(E) Airspeed Deviation: The Trainee's deviations about target airspeed were
recorded by the Observer at 6 different points during approach. At each point,
a maximum deviation of 5 knots low to 10 knots high was possible. The amount
and direction of deviation were recorded and an average deviation score was
determined for each approach.
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ALTITUDE LOCALIZER GLIDE SLOPE TARGET AIRSPEED

ILS OM i === =]
FINAL -t l "t . "‘5 A 5 10
: === =]

1400 | - 5 A 5 10

VFR 1100 ) T

FINAL (1000) A —_

400 : |- e[|

(700) " , . '-5 A 5 10

TAPE 500 - | === e [ ===
ON (400) coe | . . -5 A 5 10
200 . | |-~ |---]

(100) "t | N -5 A 5 10

Approach Rating Scale
Circle one number corresponding to the category which best describes the
attainment of target values over the whole approach and at missed approach

altitude.

1 { always on; on at minimums
1 { frequently on; on at minimums

2-3  always on; off at minimums

4-5 frequently on; off at minimums

30

6-7 frequently off; on at minimums
8~9% always off; on at minimums

10 { frequently off; off at minimums
10 { always off; off at minimums




EXHIBIT 5
OBSERVER RATING

LANDING

Lateral position was not used.

(F) The rating scale at the bottom of the page was used by the observer as an
overall subjective evaluation of the landing. A one was scored as 100% and a
ten was scored as 10%.

(G) Longitudinal position: The Observer made a mark on the scale provided to
indicate where the aircraft touched down. The number of feet from threshold
that this mark representad was transcribad as down range distance.

(H) Flare: The Observer checked the adjective which best described the
Trainee's performance of this maneuver. A score of one was given for Appro-
priate and a score of zero for either Excessive or Insufficient. For this
measure only, a sum over three landings was used instead of a mean.
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LANDING MANEUVER

FLARE

Excessive

Appropriate

Insufficient
LATERAL POSITION LONGITUDINAL POSITION
| | | | | | |
] ] ] i I ] |
L N R 0 1000 2000 3000

Circle one number which most nearly describes your impression of the
touchdown event.

1 | 2 | 3 4 | 5 6 | 7 8 | 9 10
Very Smooth Firm Hard Very Hard [Dangerous
Smooth l
Comments:
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EXHIBIT 6
OBSERVER RATINGS
MISSED APPROACH
The Observer indicated a YES or NO answer to the first three questions on
this page. Each YES answer scored 0.25 point and each NO answer scored 0, For

the last question, GOOD scored 0.25 point and either FAIR or POOR scored a O.
' Thus, the total possible ponints was 1.00 for the four categories.

ILS ENGINE INOPERATIVE MISSED APPROACH

ITEM EVALUATION
| Takeoff thrust at decision Yes No
| height.
Flaps 25 command. Yes No
' Gear up command at positive Yes No

rate of vertical speed,

—

Execution of published missed | Good Fair Poor
approach procedures at V,
or V, + 10.
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EXHIBIT 7

SAFETY-PILOT RATINGS

VFR APPROACH AND LANDING

(I) Control Usage: The Safety Pilot scored each listed aspect of performance
using the five-point rating scale shown. A mean of these was computed.

(J) Procedure Knowledge: As above.

IFR APPROACH AND LANDING

(K) Control Usage: As above.

(L) Procedure Knowledge: As above.

These four mean scores were the input data for the statistical analyses.

The third page is the Phase I pass/fail rating form. The fourth page is
the revised form used in Phase II.
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Safety Pilot Evaluation Form

- Safety Pilot Trainee No.

This form is to be completed by the safety pilot after or during the pilot
trainee's NASA test ride. Use the rating scales below and place your numeri-
cal rating in the appropriate column.

VFR Approach and Landing

Control Procedure
Usage Knowledge

Rate of Descent
Centerline Orientation
Airspeed Control
Flare

Touchdown

Roll-Out

Rating Scales

Control Procedure

Usage Knowledge
Smooth with no unwanted 1. Excellent All maneuvers initiated
or erroneous inputs. at proper time or situation.
Smooth with few unwanted 2. Good Most maneuvers iniltiated
or erroneous inputs. at proper time or situation,
Usually smocth with few 3. Fair Many maneuvers initiated
erroneous inputs. at proper time or situation,
Usually jerky with many 4., Poor Some maneuvers initiated
erroneous inputs. at proper time or situatiun.
Erratic. 5, Unacceptable Few maneuvers initiated

at proper time or situation,
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IFR Approach and Landing

Control Procedure
Usage Knowledge

Glide Slope Tracking
lLocalizer Tracking

Airgpeed Control

e me————

Flare N
_ Touchdown .
Roll-Out .
Rating Scales
Control Procedure
Usage Knowledge
Smooth with no unwanted 1. Excellent All maneuvers initiated
or erroneous inputs. at proper time or situation,
Smooth with few unwanted 2. Good Most maneuvers initiated
or erroneous inputs. at proper time or situation.
Usually smooth with few 3. Fair Many maneuvers initiated
erroneous inputs. at proper time or situation.
Usually jerky with many 4. Poor Some maneuvers initiated
erroneous inputs. at proper time or situation.
Erratic. 5. Unacceptable Few maneuvers initiated

at proper time or situation.
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L III. Had you been asked as an FAA standards pilot to rate this trainee, would
E you have "Pagsed" or "Failed" this trainee? Circle ovne.
]
Passed Failed
h
i Comments:
l
]
l
i
|
\
P
l
r
?
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Had you teen asked as an FAA standards pllot to rate this trainee, would
you have "Pagsged" or "Failed" him/her? Cirecle cne.

Pagsed Tailed

Tf failed, in your opinion, could he/she have passed the FAA check given
the traditional latitude to repeat unsatisfactory maneuvers? Circle one.

Yes No

1f no, in your opinion, was his/her performance unsatisfactory or danger-
ous? Circle one.

Unsatisfactory Dangerous

Comments:
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EXHIBIT 8
’ TRAINEE RATING SHEETS
(M) VFR Approach: The Trainee rated each of the three elements based on the
five-point rating scale on the last page. A mean of these three scores was
computed.
(N) IFR Approach, Engine Inoperative: As above.
(0) VFR/ILS Approach, Engine Inoperative: As above.

(P) Missed Approach: The Trainee rated these two elements and a mean was
compuied.

(Q) Landing Maneuver: The Trainec rated each of the six elements and a mean
of these six scores was computed.

The remainder of the questions require no scoring explanation.

39

Bsidae” | o - e s L




i —

————

—— e
e e

Trainee Post Test Ride

Questionnailre

Pilot No, Alrcraft

Dato

I. Regarding your performance on the NASA Test ride, use the attached rating
scale to show how well the training program prepared you to perform the listed
maneuvers. See rating scale at end of questionnaire.

A. Approach, Visual Reference Only, all engines,

1., Airspeed Control
____ 2. No Reference Lateral Tracking

3. No Reference Vertical Tracking

Comments:

B. Appro ch, Instrument Reference, Engine Inoperative.
1, Adrspeed Control
2. LOC Tracking
3. Glide Slope Tracking

Comments:

Approach, Visual Reference, Instrument Guidance Available, Engine
Inoperative.

1. Alrspeed Control
2, LOC Tracking

3. Glide Slope Tracking

Comments:
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Missed Approach
1. Decision Height Performance

2. Airspeed Control during climb out

Comments:

Landing Maneuver
1. Flare Performance
2. Decrab Performance
3. Touchdnwn Performance
(a) Lateral position at T.D.
(v) Longitudinal position at T.D.

—

(¢) 8ink rate at T.D.

Comments:
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II. using the same rating scale, how would you rate your performance on
each of the three landings?

Comments:

Landing 1

Landing 2

Landing 3

III. In general, how do you feel the test situation affected your flying
performance? Check one.

A. The test ride situation made me somewhat anxious, which hindered
my ability to perform.

B. The test ride situation challenged me so that I performed to the
best of my ability.

C. My emotional reaction to the test ride situation was minimal.
My test ride performance is typical of my flying ability.

D. Other. Please explain.
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IV. How many flight hours, approximately, do you have as a pilot?

Have you ever flown the Test Ride Aircraft before as a pilot (i.e., cap-
tain or first officer)?

A. If "yes," when was your most recent experience?

B. Also, if "yes," how many flight hours as a pilot did you accumulate
on that aircraft?

VI. What equipment type were you flying in your most recent set of line
operations?

VII. On that aircraft, what position did you hold, captaim or first officer?

VIII. During this training program, what type of landing maneuver training.
simulator or aircraft, did you receive?

43
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Rating Scale

1. The training program prepared me
or misjudgments.

2. The training program prepared me
errors or misjudgments.

3. The training program prerared me
or misjudgments.,

4,  The training program prepared me
or misjudgments.

5. The training program prepared me
or misjudgments.

to

to

to

to

to

44

perform the maneuver with no errors

perform the maneuver with very few

perform the maneuver with few errors

perform the maneuver with some errors

perform the maneuver with many errors




e — e gy

APPENDIX B
SIMULATOR TRAINING: TRAINEE COMMENTS

This appendix presents, verbatim, the comments made by 17 B-727 and 19
DC-10 trainees concerning their simulator training. The comments are grouped
by aircraft type and study phase. Multiple comments by a trainee are listed
together. Trainee numbers are not included in order to preserve anonymity.
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B~727: PHASE I

The touchdown itself cannot be simulated,

The simulator provides no feel for sink rate, hence no help for this ’
phase of landing.

The failure to flare properly on the first landing resulted in a firm
touchdown. This is a phase of landing which cannot be simulated.

* * *

The simulator does not allow for wind changes along the descent path.
In other words, it is more mechanical In the simulator.

* * *

I feel that what I got out of the simulator for landing maneuvers could
have been given in 1.5 hours.

* * *

Found variable wind in the airplane but not the sim., that is, head and
tail wind on same approach.

Better visual reference in airplane.
Touchdown performance: Need practice in A/C.

* * *

All sim. periods were done at higher simulated gross weights and my power
settings on A/C were slightly high for low gross which caused minor problems
in getting slowed.

Flare to T.D. in sim was totally unrealistic compared to A/C.

I still wasn't sure of A/C tendencies in last few feet and nose lowering
rate.

* * *

On all flight maneuvers the effect of tail skid extended on aircraft
performance was not duplicated on simulator.

Ground effect in the simulator is significantly greater than in A/C.
Performance improved as I developed a feel for ground effect . . . Differ-

ence in runway width between width of runways simulator/aircraft made it
slightly difficult to judge the visual glide-slope angle (vertical slot).
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Landing lights used in the visual simulator had a specific c¢nto. € point which
affected visual perception during the flare portion of the landing maneuver.
The simulator training appeared more effective with the landing lights off
(only three or four landings were made in the simulator with the landing lights

off).

* * *

I was never sure of relationship of simulator to A/C T.D. performance.

* * *

A side presentation in the visual simulator might help during training.

* % *

The simulator has no resemblance to the aircraft. Simulator very little
or no flare is required to keep from balooning. A/C very different.

No X-wind in A/C but simulator seemed unrealistic.

Once again, as above, simulator tells nothing as to touchdown performance.
Very unrealistic and worthless for training V/V A/C.

Long. Pos. at T.D. Simulator a little unrealistic.

Simulator gives a very false sense of smooth landing regardless of flare.

No learning is evolved as far as sink rate from simulator at T.D.

First landing tried to land like simulator with little flare. Mard
landing resulted.

* * *

(Pilot response to all categories on the trainee questionnaire regarding
how well the training prepared him for the NASA test ride was: '"No help"

(10 times).)

* * *

Most difficult to determine height above runway in simulator -— no problem
in A/C, howev-rx.
* k%
While I think the simulator is an excellent training device, I also think
it was experience that made the success or failure of the test ride; and it
will be experience in the A/C that improves the aircraft handling performance

(specifically landings). I can't help but wonder what these test rides would
have shown if we had used initial training F/0's instead of tramsition.

* * *

47




— T T T

s 4

Profile in simulator seemed steeper than A/C. I felt I was too high on
several occasions as compared to actual profile in A/C.

I feel the training was adequate. I just need more time in A/C.

* * *

Simulator touchdown lacks accuracy in reflecting what would be a very
firm landing in the A/C — hard to make a poor landing in the simulator,

Corrections to centerline are more difficult in simulator.
Simulator provides only very vague clues to sink in last 50 feet.

% % *

Simulator does not properly train for the rudder forces required to keep
alreraft tracking on two-engine miss.

* % %
Excellent training to get the proper protile for VFR fly.ing.
Best training is in the airplane to get the proper feel.
x k%

I find it most difficult to determine what part of my performance is

based on previous experience and which part on tlhe training received.
DC-10: PHASE I

It appeared that the pitch in the aircraft was lighter by far during the
ilare than the simulator.

Airplane easier to fly with engine out than simulator.

Simulator very good but aircraft some different in pitch.

Simulator height at T.D. good but some different.

* * *

SINK RATE AT T.D.: Fair/hard to judge height in simulator.

* * %
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Real world much larger and airplane appears much higher from ground.

Airplane touches down much harder than sim.

Lights in sim. do not make runway appear as bright as in real world.

Firm touchdown compared to those made In sim.

* * *

The simulator is good but can't completely match actual. You use visual
cues strictly for the first few landings. The simulator is pretty good in

providing these.

* * *

Instructor stressed looking at end of runway during flare — impossible to
do in simulator (focus at end of runway — only about 3,000 ft available on

visual system).
x k%
The visual in the simulator doesn't have anywhere near enough lights
(that is, ground lights).

I think the simulator brings one to on course both vertically and hori-
zontally quicker and easier than the airplane.

* * *

Depth perception was somewhat different from simulator.

I could have made smoother touchdowns had I been more familiar with
rotation rate versus sink speed of aircraft.

* % k%
It's difficult to judge height in A/C because trainer lacks in presenting
cockpit height above ground.

* * *

First landing was made in reference to S/0 calls, just as in simulator,
probably mechanical in some respects. After first landing a better understand-

ing of the rate of flare needed was noted.

* * *

Light A/C 295 — 275,000 1b versus 315,000 in training — made for more
rapid reaction requirements in aircraft.

* & *
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Training Jdid not give realistic airplane feel through flare and T.D.

* * *

Present landing simulator syllabus is worthless in my opinion. I believe
that my performance would have been as good after the normal transition simu-
lator. The concept of landing training in sim may be feasible but not with
present curriculum.

* * *

In summary, the landing performance training (simulator) appears to have
merit. It smoothes out the expected profiles. My own impression is that this
program is excellent, provided it is integrated with some flying training.

DC-10: PHACE II

Interior of aircraft scemed different from simulator in regard to airspeed
bleed~off with throttle position. A/C round out requires greater pitch change
and control basic pressure than simulator.

* * *

I don't feel the sim training is very effectual in lateral tracking due
to limited peripheral vision in simulator.

* * *

Teach a "hall park" N1 power setting of final approach configuration,
Will save many periods of constant searching so more training can be spent on
other important things.

* * *

Simulator does not give the feeling of mass — I tended to overshoot
turns on visual approach.

Simulator didn't prepare me for the initial 50 ft above touchdown call —
I couldn't believe I was only 50 ft — the flare check at 30 ft was mechaaical
as it was in the simulator.

Never saw a decrab performance.

From 30 ft down I felt like a spectator but seemed to improve with later
landings.
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Simulator just ain't the same.

* * *

- Use of flight guidance covers a lot of sins.

! The training was cxcellent from highly qualified personnel. May I sug-

) gest thut the first three simulator rides be done mainly on autopilot and/or
CWS so that you learn the flight guidance system first — I felt these periods
were well spent in learning the simulator which slowed down, by a magnum
amount, my absorption of the FGS.

{

) Gentlemen: I am morally opposed to the idea of training on the line. If

i we take the historic position that passengers are entitled to a qualified crew
for each trip — it is inconsistent to place a captain you say is unqualified

; (since he is being "shotgunned") and adding further "insult" by his never

| having seen the airplane he is about to fly.

* * %

T T T e
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TABLE 1.- TRAINING GROUP COMPOSIYION

B-727 DC~-10

— L e T

Sim {A/C ! Total | Sim [A/C | Total

Phase I

Captain 12 7 19 9 110 19
First officer 16 i 13 29 17 | 10 27

~

28 | 20 48 26 | 20 46

T e s WEEEOTEOTREE

— e — e

v

Phase IT
Captain 9 6 15
First officer 14 12 26
23 18 41
52
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TABLE 2.~ TALLY OF B-727 TRAINEES DROPPED AND TRAINEES REQUIRING ADDITIONAL TRAINING

Trainees drcpped

£2 PEPPR

Missed assignment | Exceeded 3-dav limit E Simulator Cempleted cim | N'BSA
could not make up | between sim and A/C unav:ilable Failed | tng early and | ocbserver
(sim 1dgs) (or 1MA 3im) f refused to stay Eunavaij.able
1 Sim 0 Sim ! 5 Sim 1 Sim | 3 Sim
0 A/C 1 A/C ! 3 A/C %1 A/C 3 AlC 3 A/C
Trainees requiring additional training
<3 Extra s"m pericds; | >3 Extrs sim periods | Dropped | Completed
5 §im 0 Sim 5 Sim 0 Sim
3 A/C 1 A/C 4 AflC 0 A/C

TABLE 3.- TALLY OF DC-~10 TRAINEES DROPPED AND TRAINEES REQUL..ING ADDITIONAL TRAINING
FGR PHASE I AND PHASE IT

Trainees dropped

1

I Same instructor not . i NASA
— 1

Strike Exceeded ? day,llmlt available for both |Failed Scheduling | cbserver
between sim an® A/C s error | .
Indg train sim sess lunavallable

6 Sim 4 Sim 3 Sim 2 Sim
4 A/C 5 A/C 1 A/C 1 A/C ;
i

Trainees requiring additionz’ training
<3 Extra sim periods | >3 Extra sim periods | Dropped | Completed

5 Sim 1 Sim 3 Sim 3 Sim
7 A/C 2 A/C 3 Alc 6 AfC
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TABLE 4.- PHASE I STUDY
RESULTS BY AILRCRAFT TYPE

B-727

DC~10

No. %

No. %

San. Pass
Fail

19 68
9 32

18 69
8 3l

20 100

A/C Pass

Fail 2

18 90

10

0 O

N

ote:

The alrcraft-trained

groups served as control
groups.

TABLE 5.- PHASE T1 STUDY RESULTS

DC~-10

DC-10

Criterion A

Criterion B

No. % No. %
Sim Pass 17 74 23 100
Fail 6 26 0 0
A/C Pass 15 83 18 100
Fail 3 17 0 0
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TABLE 6,- B-727 PASS-
FATL RATINGS BY CHECK
PILOT: PHASE I

Check

pilot S1im A/C
A P
B ?,F,F ¥
c P,P P,P,P
D P P
E F P
F P
G P,F
H P P,p,P
I 1 F
J P,P,F P,P
K o P
L P,pP,P P,P
M F
N ¥,P P
0 P
P P
Q P
R P
S P,P
T b P
U P
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TABLE 7.- DC-10 PASS~FAIL RATINGS BY CHECK PILOT:
ALL TRAINEES, PHASES I AND II

Phasge I Phase II

Check

pilot

Sim

A/c

Sim

A/C

AA
BB
cc
DD
EE
FF
GG
HH
II
JJ
KK
LL
MM
NN
00
PP
QQ
RR
§s

g rd g Hd

p,?,P,P

ooy

a=-av}
g

?,P,F,¥

F,F,F,F

g g g d

TABLE 8.~ ALL CASES IN WHICH THE OBSERVER AND
CHECK PILOT GAVE DIFFERENT PASS-FAIL RATINGS
OVER 78 TRAINEES

A/C | Type of training | Check pilot | Observer

Phase I

DC~-10 A/C MM/P F

Sim CC/F P
Phase I1

DC~10 A/C NN/F P

Sim CC/F P

Sim CC/F P

Sim AA/F P

Sim CC/F P

Sim CC/F P
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TABLE 9.- ANALYSIS OF VARIANCE OF LANDING RATIN
FOR ALL TRAINEES

GS

Source Sum of squares| df |Mean square F P
Equipment 0.034 1 0.084 4.134 | <0.05
B-727
DC-10
Training .043 1 043 2,143 [ N.S.
Simulator
Alrcraft
ET .005 1 .005 +239 | N.S.
Error 2.647 131 .020
Landings . 145 2 .073 12,928 | <0.001
LE .003 2 .002 .300 [ N.S.
LT .021 2 .010 1.876 | N.S.
Let .009 2 . 004 .765 | N.S.
Error 1.473 262 .006
Means, % rating
B-727 DC-10
Sim tr. | A/C tr. | sim tr. | A/c tr, | Overall
mein
Landing 1 77 83 76 78 78
Landing 2 84 84 81 2 82
Landing 3 83 86 80 81 82
81 84 79 80
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TABLE 10.- ANALYSIS OF VARIANCE OF FLARE RATINGS
FOR ALL TRAINEES

Source Sum of squares | df [ Mean square F P

Equipment 0.015 i 0.015 0.063 | N.S.
B-727
DC-10
Training .726 1 .726 2,974 | N.S.
ET .213 1 .213 .872 | N.S.
Error 31.971 131 .244
Landings 4,441 2 2.220 17.473 | <0.001
LE .102 2 .051 .401 | N.S.
LT 426 2 .213 1.676 | N.S.
Let 563 2 282 2.216 | N.S.
Error 33.295 262 . 127
Means, 7% rating
B-727 DC-10
Sim tr. A/C tr. Sim tr. A/C tr Overall
mean
Landing 1 46 80 61 63 61
Landing 2 78 80 82 82 81
Landing 3 89 95 81 92 88
71 85 75 79
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TABLE 11.- ARBITRARY CATEGORIZATION OF
TRAINEE SPONTANEOUS COMMENTS ON STMULATOR

INADEQUACTES

Category

Number of comments

B-727 DC-10

Flare
Height estimation
Depth estimation
Sink rate
Visual geometry

Dynamics
Mass
Response
Feel
Gross welght

Environmental
Wind
Turbulence
Ground effect
Random natural phenomena

General
Sim inadequate
Sim easier to fly
A/C easier to fly
Sim syllabus inadequate
S5im session too long
Philosophical reservations

12 12

e . i i e
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TABLE 12.- DC~10 SIMULTAOR LANDINGS BY
TRAINEE AND TEST-FLIGHT MANEUVER

B a Total
Trainee | VFR-1 | VFR-2" | VFR-3 landings
1 12 4 16
2 8 3 11
3 7 2 9
4 11 1 1 13
5 1 4 5
6 3 1 2 6
7 3 2 1 6
8 3 2 1 6
Yy 2 2 2 6
10 1 1 5 7
11 1 1 2 4
12 1 1 1 3
13 1 1 1 3
14 1 1 1 3
15 2 1 1 4
16 2 1 1 4
17 i 1 1 3
18 3 2 2 7
19 4 3 1 8
20 2 1 1 4
21 2 1 1 4
22 3 1 4
23 3 1 1 5
Total 77 33 31 141

a , ,
One engine out, instrument guidance

available.

TABLE 13.- COMPARLSON OF LONGITUDINAL TOUCHDOWN DISTANCE
OF REVENUE FLIGHTS AND NASA TEST FLIGHTS

Revenue Test

flight Difference ]

B-727
N 59 42
Mean 1721.66 1316.38 405,28 <0.005
Standard deviation 470.00 238.90

DC-10
N 9 84
Mean 1611.11 1767.48 156.37 N.S.
Standard deviation 561.68 447.68
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Figure l.- Phase I observer scores for B-727 trainees.
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