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® SUMMARY : v
A considerable effort has been undertaken at' the Naval-Training Equip-
ment Center's Analysis and Design Branch, Computer and Human Factors Labora-

tories toward answering three questions regardlng computer generated visual
system technology. The questions were: /

a. Do visual system presentation delays on the order of 0.1 seconds
. have any adverse effects on pilot trainee learning ability?

b. Do the presentation delays cauee the pilot subjects to exercise
their piloting skills differently than when their visual stimuli are not i
delayed? ’

’

c. What is the nature of the differences in piloting techniques
utilized when the pilot's visual stimuli have been delayed, if any?

Questions a, b, and c have been answered by a two experiment study
for the specific task of landing an aircraft simulator, with performance
similar to an F-4, on an aircraft carrier visual display generated by
computer generated imagery.

Experiment 1 of the study addressed the first question posed. Twelve
pilot subjects of varying age and background were asked to "fly" carrier
approaches both with and without a 0.1 second delay in the visual scene
presented to them. The performance criterion of merit was the number of

' trials required for the subjects to complete three successive carrier
arrestments. ‘ ‘ '

Experiment 2 of the study addressed the second and third questions
posed. For Part,1 of Experiment 2, twelve pilot subjects were asked to
"fly'" carrier approaches until f1ve successful carrier arrestments were
made. Real time data recording was used to record six pllot control
inputs. 7tatlstrca1 unit of measure known as the variance was computed
for each of'the control inputs. These variances were compared for the
delay and no-delay cases using some standard statistical analytical
procedures known as multivariate analyses.

/ .
Part 2 of Experiment 2 addressed question ¢ and utilized the data
gathered under Part 1. Fast Fourier transforms were performed on the
pilot control inputs for the delay and no-delay conditions transforming
theéﬁeemingly random time histories to the frequency domain for easier
intgrpretation. The frequency spectra for the delayed environment of
thé recorded control parameters were compared to those for the non-delayed
efivironment,

/

4

The results of tLis study indicated:

a. In Experiment 1, the difference between the mean number of trials
required by the pllq& SUbJeCtS to reach criterion performance in the delay
condition and the mean number in the no-delay condition was not statistically
significant. In fact, except for the earliest trials, the differences
between mean performance with no delay and mean performance with delay
were practically non-exlstent

D 1
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P - | SECTION I

< , INTRODUCTION

Because.of the current national economy, the fuel shortage, concern
for ecology, and the ever increasing compliexity and cost of modern weapon
systems, there is, and will likely continue to be, emphasis on the develop-
ment and utilization of sophisticated flight simulators. Military and
commercial aircraft users are investing heavily in flight simulators equipped
with visual systems and in visual systems to be attached to existing flight
simulators. : ’

In general, visual simulators are conceivga'as add-on systems, to flight
trainers. Investigation of interfacing such systems has been, hjstorically,
and typﬁcally, less than rigorous. Addition of one system to apfother seems
inevitably to affect the operation of the combination. Such ji4 the case
with visual systems when attached to flight simulators.

{

An inherent delay exists between the time a visual system receives
its inputs and the time a visual presentation is displayed. For.example,
the Computer, Generated Image Advanced Developmgnt Model visual system
attached to bevice 2F90, a TA;4J OFT, at Kingsville Naval\i}r Station (NAS),
Texasy in late 1973, required a little in excess of 100 ms™ to_generate a
visual scene. This time delay added to the 50 ms update cycle time of the
2F90, represented.% 200 percent change in time related effects on the pilot's

‘ control responses.

(3 .

The question naturally arose as to what effect this additional delay
is likely to have on the training effectiveness of a flight simulator
system.

-

L

o
- I
~ \
1Healy, L. D. and Cooper, F. R., "Verification of Simulator Performance by

Frequency Response Measurement,'" Proceedings of the 6th NAVTRAEQUIPCEN/
. Industry Conference, Nov 13-15, 1973, NAVTRAEQUIPCEN IH-226.

2O'Connor, F. E., CAPT USN, Dr. B. J.- Schinn, and Dr. W. M. Bunker, '"Prospects,
Problems, and Performance: A Case Study of the First Pilot Trainer Using

N CGI Visuals," Proceedings of the 6th NAVTRAEQUIPCEN/Industry Conference,
Nov 13-15, 1973, NAVTRAEQQIPCEN IH-226.
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SECTION II

STATEMENT OF THE PROBLEM

The purpose of the experiment was to attempt to answer the following
questions:

. ‘

. a. Does a 100 delay of a visual presentation affect pilot learning )

performance? ?; '

b. Do pilofs perform their piloting skills differently when their “ o
visual stimuli have bee delayed for 100 ms?

c.. If pilots do perform their skills differently when visual stimuli
are delayed 100 ms, in what way(s) is their performance different? ‘

| o
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‘ ' , - | SECTION IIT T ’ ~

EXPERIMENT DESCRIPTION.

: .- /
- APPROACH A -
. \The previous quesﬁlons were addressed by two experiments., Experiment 1 }
_/—/1 was designed to answer Question a, Experiment 2 was deslgned to answer ,
' " Questions b and c, o N “
S \ - S . - . \
- The approach takem to answer Question-a was to design specific carrier
G« §§?moach tasks which incorporated both delay and no-delay conditions to be ;
arned by pilot subjects. The pilot subjects were then required to fly 3

the tasks. An aralysis of the number of carrier approach trials taken to
achieve an establlSQSZnsuccessful criterion of‘gggformance was then conducted.

The approach taken to answer Questions b and.c was to focus the investi-
gation on the pilot/simdlator interface -- the flight controls, Pilot ¢tontrol
displaceménts and forces were measured while flying specific carrier approach
tasks with and without 100 milliseconds {ms) delay. An analysis of the re- B
corded measurements was accomplished to determine if pilots manipulaBed the

" controls with more or less displacements and/or with more or less -forces
> _.when their visual stimuli were deliyed. Finally, the measurements of control
" displaceménts and forces were subjected to a Fourier analysis to exagiine, in
the frequency domain, the effects of the 100 ms visual presentation delay on

flight control act1v1ty. " ,
\\\‘? - * HARDWARE AND SIMULATION SOFTWARE USED \\\ya Lo ‘
‘ . The experiments were cenducted with the Naval Training Equipment Center's

(NAVTRAEQUIPCEN's) TRADEC F-4 Flight Simulator, fhis simulator system con-
sists of a Xerox Data System Sigma 7 digital comdeEQ with a full complement,
of general purpose digital computer peripheral equipment (figures 1 and 2),
’ a four-degree-of-freedom motion platform (figure 3), a y\rlable configuration

simulated aircraft c6ckp1t (flgure 4), and an operator's eentrol console ;
(flgure 5). .

e 4 pam nad Spafres St e Ao o et s ke A A s A g b

The computer syStem hardware consists of 48 000 words of\;ore storage,
. 13,7 million bytes of random access disc memory, four magnetic tape drives,
-~ . a high-speed line printer, card reader, card punch, paper tape reader/punchj
and a Calcomp incremental plotter, The simulator software is a program
which simulates the F-4 airtraft. The F-4 simulator is utilized in the con-
- duct of research in various aspects of simulation techniques and of human
factors relating to simulation, The program is written to support operator's
console funetions such as establishing modes of flight, recording of data,
aiding in conducting tests and establishing different conditions and confi-
gurations of flight. The program allows recording of up to 165 selectable
parameters on magnetic tape each program iteration cycle, i.e., every 50 ms,

\

e S e e n e AR e Aot At o8 o Pt

-

) The simulation program was modlfied to provide appropriate operator
“ control of the conduct of this experiment. Program modifications provided \
for: .o ' , S

. : . 13

11
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a. Operator insertion of test subject identification and carrier
approach task conditions (e.g., Delay/No-Delay, Task Selection, etc.).

b. Presetting the position of the simulated aircraft to one of three
selectable points in space from which carrier approaches began.

/
Cc. Operatér releasé of control of the simulator to a pilot subject
enabling him to fly an approach and attempted arrestment on a visually
depicted carrier, -

b

d. ApprOprlate termination of each carrier approach

e, Control of recording selected data on magnetlc tape during each
approach. :

The F-4-gimu1ator was interfaced with an Evans and Suthegland Line )
Drawing System (LDS) I line drawing visual CRT display system” which provides
a 19~ horizontal by 19° vertical field of view, This monochromatic visual
system consists of a line drawing scope shown in figure 5, a special purpose
high-speed processor, figure 6, and an associated slave scope located in the
simulated cockpit in view of the pilot, shown in figure 4. The special pur—
pose high-speed processor accepts aircraft and aircraft carrier position and
orientation information from the simulator computer and produces the correct
perspective picture at the two.display stations in real time, The time re-
quired for the visual system to compute and display the aircraft carrier
scene used in these experiments varies from 12,5 ms to 25 ms. The time
.taken within this range depends upon the number of lines that are in view
of the pilot's eyepoint, which is dependent upon the distance between the
aircraft and the ‘aircraft carrier as the approach to arrestment progresses.

The F-4 simulator program's iteration cycle is 50 ms. P051t10n and
orientation of the aircraft and aircraft carrier are computed each Program
iteration. The method of simulating 100 ms additional delay in the visual
system was accomplished by withholding, from the Evans and Sutherland visual
system, this air¢xaft and carrier positional information for two program
iteration cycles (2 iterations x 50 ms per iteration = 100 ms). This was
accomplished by software, the implementation of which is illustrated in
figure 7. Carrier and aircraft positioning infaqrmation was stored in buffers,
the first buffer containing the position information calculated during the
preceding program iteration cycle, (therefore 50 ms old), the second buffer
the iteration cycle before that (100 ms old), etc., with the 9th buffer hold-
ing the information calculated during the 9th previous iteration (i.e., 450
ms old).

?Sutherland, Ivan E. and Dan Cohen, '""Display Techniques for Simulation,"
Technical Report: NAVTRADEVCEN 70-C-0025-1,

19
' 17 : ? .
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At the end of each simula igg/program iteration cycle the contents of
buffers 0 through 9 were transferred, or shifted to the adjacent buffer.
Information in the 9th buffer was discarded. Selection of a given buffer

to be presented to the Evans and Sutherland visual system therefore deter-
mingd the amount of visual system time delay simulated. The subject experi-
ment utilized the selection of "buffer" 2 when a delayed task was to be flown
and "buffer" 0 when a no-delay task was to be flqﬁﬁ.

The implementation just described resulted in effectively adding 100 ms
time delay to the actual time required by the Evans and Sutherland system to
produce and display the position of the aircraft carrier scene. Therefore,
the actual visual cue delays presented to the pilot subjects was 12.5 ms to

25 ms for the no-delay condition and 112.5 ms to 125 ms for the delayed con-
dition,

PILOT SUBJECTS USED
. Sixteen Navy, Marine and Air Force pilots and former pilots, assigned
to or employed as civilians. by the NAVIRAEQUIPCEN, or employed and self-
employed in industry in the Orlando area, volunteered their time to serve
as pilot subjects in the experimentation. (Table 1 contains a summary of
their flying experience.) All but two were carrier qualified from two and
one-half years to twenty-five years ago.

5

TASKS PERFORMED BY PILOT SUBJECTS

The tasks selected were rather exacting and purposely so, for it was
thought that if an artificial delay of 100 ms were to have an effect, it
would show up more readily in the more difficult parts of the flight training
regimen. o "o

The basic task for the pilot subject was to learn to land a simulated
aircraft on the carrier deck displayed on a Cathode Ray Tube (CRT) screen.

Six variations of this basic task were used. Two were considered a priori

to be of least difficulty, comparatively speaking, two of moderate difficulty
and two, the most difficult. This was done in order to afford the pilot sub-
jects some early opportunity of success to prevent possible discouragement on
their part and also in the later analysis to determine if an interaction exis-
ted between Delay and Task Difficulty.

Certain initial conditions.were common to all six task variations. 1In
each case, the carrier moved at a rate of thirty~five (35) knots, The air-
craft was always positioned one (1) nautical mile from the carrier at an
altitude of three hundred ninety (390) feet and at an airspeed of one hundred
thirty-five (135) knots (i.e., on the glide slope and at the correct airspeed).
Except for pilot control positions, initial conditions were the same for
each approach trial. Each successful approach trial required about 30
seconds flight from the time the pilot subject was given control until -
approach termination occuxzsi. 2?\&‘_‘

>

The six task variations were.as follows:

Task A (Least Difficult)
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NAVTRAEQUIPCEN IH-250

The aircraft was set 600 feet to the right of the center line of the
carrier's angle deck, figure 8: The pilot subject was required to make a
left turn to line up on the center line of the carrier's angle deck.

~ Task B (Leqst Difficult) .

Thé a1rcraft was set d1rect1y on the g11de slope and on the center
line of the carrier's angle deck, figure 9. No turns’were required and
the~pilot subject's objective was to hold the aircraft on the glide slope
until arrestment,

Task C (Moderately Difficult)
This task was the same as Task B, figure 9, except that an arbitrary

/level of turbulence representative of "light turbulence" flying conditions
was added to the simulator motion system. i )

O

Task D (Moderately Difficult)
The aircraft was set 600 feet to the left of the center line of the
_, —ecarrier's angle deck, figure 10. The pilot subject was required to make

\a rlght turn to line up on the angle deck's center line. ./

. /
J . ,
Task E (Most Difficult) //,/

'This was the same as Task D, figure 10, (right turnl;éﬁuired from
600 feet to the left of the angle deck center line) w1th an arbitrarily /
selected more severe level of turbulence, representative of "heavy tur-
bulence' flying conditions, added to the simulator métion system.

Task F (Most Difficult)

.This was the same as Task A, figure 8, (left turn requlred from 6
feet to the right of the angle deck ggnter line) with the more severe leVel
of turbulence added to the problem.

There were five conditions which had to be met in order for a trap
(aircraft arrestment) to be successful:

r a. The trap area on the carrier deck was rectangular in shape and
simulated a carrier deck area 50 feet wide by 80 feet long. A trap was
possible if the aircraft center of gravity was in an altitude range of .
64 to 69 feet above sea level and within the trap area.

b: The landing gear had to be down.

c. The rate of descent of the aircraft had to be less than or equal
to 1000 feet per mlnute as it entered the space defined in paragraph a.
above.’

d. The aircraft could not be p1tched down more than two degrees from
horizontal #nd not be pitched up more than eighteen degrees from horlzontal
as it entered the space defined in paragraph a.

v

p 22
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Figure 8. Visual Display Starting Position (Left)
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.
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‘ Figure 9, Visual Display Starting, Position (Center)
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Figu;e 10. Visual Display Starting Position
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' , e. The aircraft could not he rolled to the left or right more than
fifteen degrees from horizontal as it “%ntered the space defined in para-
graph a. Yy

N

- DESCRIPTION OF EXPERIMENTS S -

Two experiments were designgd to answer the questions stated in Section
II, Statement of the Problem. ’rlie first experiment was designed to address
- Question a of Section II. The second experiment was de51gned to address
Questions b and c of Section II,

, The procedurg, common to both experiments was as follows. Each pilot
‘subject was brie¥#d before entering the simulator cockpit. After the
s briefing and while the pilot subject was buckling into the cockpit seat,

the operator entered the pilot's identification code, task selection, and
delay/no-delay control code into the simulator program. The operator then
preset the simulated aircraft's position to a point in space associated
with the selected task. The pilot at this time could see a visual display ]
of an aircraft carrier as seen from 39}3 feet altitude, at 3 distance of
one mile, and either 600 feet left of, 600 feet right of, or directly
aligned wi th the center line of the carrier's angle deck figures 10, 9,
and 8 respectively. The simulated flight airspeed was set at 135 knots.
When the pilot subject indicated he was ready, the operator released con-
trol of the simulator to the pilot. The pilot was then completely in

‘ ’ control pfethe flight simulator. Recording of the pilotis flight control ‘
activity magnetic tape began at the instant the operator released control

to the pitot. The pilbt,uas then required to fly the approach visually to

‘the displayed carrier and attempt an arrestment. Automat,l/c data recording

every 50 ms Oligliéiztlc tape continued until.the approach terminated with -

an arrestment olter, a wave off, or a crash. Upon conclusion of the
approach, the operator reset starting conditions as described previously
so that the pilot could attempt an ther approach. The pilot subject con-
tinued making ‘approaches in ‘this ﬁg.shlon until successfully completing the
establlshed success criterion for the experiment. After successfully
completing a task, the operator inserted appropriate task selection and
delay cbdes into th"‘mgram to set up the subsequent task. (ﬂ

EXPERIMENT 1

PROCEDURE. Twelvd of the pilot subjects practiced each task until each
was proffcient in task performance. A pilot subject was considered to
have learned a task if he made three successful arrestments in a row in
that task. The dependent variable was number of trials to criterion per-
formance for each task.
b

The tasks were always presented in the a priori order of difficulty,
that is, Tasks A and B preceded Tasks C and D and the latter preceded Ta‘sks
E and F. Within this general order, however, the Delay vs No-Delay condi-

> ci?tion was interleaved so that one condition may not have an obvious advantage
Y over the other due to "practice effects," The order in which the pilot
' ~ subjects learned the tasks is summarized in table 2. Each pilot subject
. \ was assigned to a presentation order at random with the restriction that
e the last pilot subJects were assigned to orders to mal(\tam tbe\verall
. . -
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« . .
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\\ NAVTRAEQUIPCEN IH-250 N
balance in table 2, The\numbers in the Endy of table 2 specify the order
in which each pilot subJect learned the tasks under the two (Delay/No-Delay)
conditions. R .
A ~
Table 2 indicates that six p110t subjects learned Task B flrst three \
in the Delay condition and three in the No-Delay condition. Those threeA
that had learned Task B in the No Delay condition then learned Task A in
the Delay condition., Those three that had learned Task B in the Delay
condition then learned Task A in the No-Delay condition. The other six
pilot subjects learned Task A first, three with No-Delay and three with ‘
Delay, and then learned Task B second with the conditions reversed. Tasks
C and D, and then E and F were learned in the orders indicated in table 2.
The pilot subjects were not informed of the Delay or No-Delay conditions,

-

Overall then, each of the twelve pilot subjects learned six tasks,
two tasks at each of the three Difficulty levels, and at each Difficulty
level, one under the No-Delay condition and one under the Delay condition.
Each pilot subject was considered to have learned each task when he per-
formed three successful entrapments in a row (successful performance).
The dependent variable was the number of trials on each task requiyed tb
reach successful performance,

DATA RECORDED. A log was kept of each pilot subject's carrier approach

trials for each task and each delay condition. The log contained the "

results of each approach, i.e., trap, bolter, wave off, or crash. Figure

11 is a sample of the log. .' .

The date, pilot identification code, and task sequence designation

were recorded on each page of a subject's record. The approach trial
number, the approach outcome (e.g., wave off, bolter, crash, or trap),

y the number of wire caught (wire 1 through 4), the task de51gnat10n (task

. A through F, with indication of delay or no-delay), and remarks, as
applicable, were recorded for each approach trial. The remarks column ¥as

~«__ intended primarily to note spontaneous, off-hand comments from thg subject

pilot that may have supported or been relevant to, the analysis of the
experiment.

As indicated in figure 11, a task was flown until the subject .
achieved three successive traps. The next task called for in the given
pilot's task sequence was then set up, The subject continued in this
fashion until completing all six tasks.

DATA ANALYSIS AND RESULTS. The analysis of variance model used in the,

data analysis is a special case of three-way classification mixed model

in which the Delay/No-Delay condition and the Task conditions are fixed

constants and the assignment of the pilot subjects was a random variable,
~ :

~~ .
4 \ ' ’ .\'\
See McNamar, Quinn: Psychological Statistics, John Wiley & Sons,™NhY., N.Y.,
1969, pp 364-371 o~ ‘ e ~
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Date; 10 Jupe 1974 Pilot ID_1010 Sequence___ I

.- Approach Bolter Crash Trap Task Remarks
B(D) 1 MI on” Center Fuel 6000

' X A(ND) ] 1 MI 600t Right

D(NDY | 1 MI~600' Left
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Figure 11. Experiment Part 1, Sample Log
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i The results of the analysis of variance are presented in table 3. The
main interest was testing for effects of the two manipulated variables (Delay/
No-Delay and Task Difficulty) and their interaction. For the influence of the

Delay/No-Delay condition on pilot subject performance, F = 0, 53 which is oeb-

' y&ously not significant. For the effect of Task Difficulty, F = 6:666 which

~‘is ,a statistically significant ratio (. 0§>p>- 01, df = 2,22). Ehe .Delay by

eraction, F = 0,89, is also not a 51gn1f1cant result. ' No further
tests arg available in this model.

The fact that task condition has a significant effect on pilot subjects'
léearning performance is not surprising. Recall that the Tasks were presented
roughly in the order of .difficulty that was agreed upo . Thus, stwo
factors influenced the pilot subjects' learning performance frpm task to task
throughout theexperiment. The first factor (task difficulfy, presented in
the order - rel 1ve1y easy to difficult) tended to cause a greater number
of trials-to-criterjon to be required for the more qifficult task. The
second factor, pragtice effect, operated in the opposite direction and tended
to cause fewer trials-to- cr1ter10n~as time went by after longer practice. The
effect of the first ¥actor, difficulty (perhaps because the range was narrow),
was overshadowed by the effect of the second factor, practice, and the gen-
eral diminution of the\ trials-to-criterion on the latter tasks is evidenced
by the significance of \the Task factor in the analysis of variance.

4

Further evidence on this point is presented in table 4. Each average
in table 4 is based on the performance of twelve pilots. The diminution
of the average number of trials-to-criterion is especially noticed in pro-
gression from the least difficult to the moderately difficult tasks. Per-
formanc€ levels off thereafter so that the,''most difficult" tasks were _
learned in approximately the\same number of trials as were the "moderately -
difficult." \\

Within each "Difficulty" level, however, the aifferences between

the Delay and the No-Delay conditions are of no statistical nor practical
significance. The only possible exception from the practical point of

. view lies in the "Least Difficult" task level where the average number of
trials-to-criterion was greater under the Delay conditions. This difference
was due solely to the performance of one pilot who took 157 trials-to-
criterion in the Delay condition (his first task) and then made only one
subsequent error during the remainder of the experiment. "

in conclusion from this part of the study is that, overall, the
1ntrod tion of a 100 ms delay in presentation of the visual information
had no effect on the learning by the pilot subjects. '

o

/

5For the choice oﬂ ‘the error terms in these tests.see McNamar Quinn,
1b1d., PP 377-378."
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Table 3. ANALYSIS OF VARIANCE FOR: PERFORMANCE
SCORES FOR 12 PILOT-SUBJECTS FOR TWO "'DELAY"
CONDITIONS AND THREE LEVELS OF TASK DIFFICULTY

i
v

~

B

SUM DEGREES . )
‘OF OF . VARIANCE
SOURCE SQUARES FREEDOM ESTIMATE F RATIO
Delay (D) 234.72 1 234,72 0.53
Task (T) 4,649,69 2 2,324.85 6.66
Pilot- - '
Subject 4,890.94 11 444.63
Interaction
DXT 852,03 2 426.02 0.89
DXS 4,884,95 11 444,09
TXS 7,684.98 22 349,32
DXTXS}10,537.30 22 478.97
TOTAL 33,734.61 71

-

v

Table 4. MEAN NUMBER OF TRIALS TO CRITERION

TASKS A§B TASKS C&D TASKS E§F
LEAST MODERATELY MOST
DIFFICULT | DIFFICULT DIFFICULT
No' Delay 20.8 11.0 11,2
Delay 34,2 ° 9.4 10.3
Both 27.5 - 10.2 10.7
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EXPERIMENT 2

PROCEDURE. All pilot subjects were quite proficient after completion of
Experiment 1. The flight tasks and operating procedures were familiar to
them at the beginning of Experiment 2,

The object of Experiment 2 was to record, for later analysis, each
pilot subject's flight control activity while flying assigned carrier
approaches with and without the delay condition., Twelve pilots completed
these tasks. Task B, an easy task, Task D, a moderately difficult task,
and Task F, a difficult task used in Experiment 1 were chosen for use in
Experiment 2.

+

It was found to be convenient to refer to Tasks D, B and F as Left,
Center and Right Tasks, respectively, each with Delay (D) and with No-Delay
(ND). Subsequent references to tasks will be made in this manner.

Experiment 2 required each pilot subject to make five successful
arrestments for each of the Left, Center, and Right Tasks with and without
the delay condition. This resulted in a total of 30 successful arrestments
required of each pilot subject. Successive arrestments were not required.
Typically, a subject would make 40 to 60 approach attempts in achieving 30
successful traps. ‘Pllot's control activity was recorded on magnetic
tape during all of his ‘approaches, however, only that recorded during suc-

Tﬁ§g55ful approaches, i.e,, resulting in arrestment, were subjected to later

alysis. The sequence of tasks flown by each pilot subject was identical.
The sequence was as follows:

(1) C () - Center with Delay
(2) L (ND) - Left with No-Delay
(3) R (ND) - Right with No-Delay
(4) L (D) - Left with Delay

(5) é (D) - Right with Delay

(6) C (ND)¥ - Center with No-Delay ‘ -

DATA RECORDED. Six (6) pilot control parametérs were recorded on magnetic
tape each program cycle. These are:

DDs - Stabllator Control Stick Deflection

DSA - Alleron Control Stick Deflection

DRP - Rudder Pedal Deflection )
FSSA -~ Force Applied to Stabilator Control Stick
FSAA - Force Applied to Aileron antrol Stick
FRPA - A

Force Applled to Rudder Pedal

31 33
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A
1 The three parts of figure 12 are time histories of the six parameters
recorded during an approach by one of the pilot subjects. These plots are
typical of all approaches made by all pilot subjects.

DATA ANALYSIS- VARIANCES IN CONTROL FORCES AND DISPLACEMENTS. The first
step in the analysis of variance was to compute the means and variances of
each of the six control parameters (DSS, FSSA, DSA, FSAA, DRP, FRPA)
recorded for each successful carrier approach made during the experiment.
The results of these calculations were recorded on magnetic tape and were
listed.
.
';gﬁ$ The next step in the analysis of Experiment 2 data was to average the é
. five values of variance for the five successful approaches of a given task
¢« (Left, Center or Right, Delay or No-Delay) for each of the six control

' parameters (DSS, FSSA, DSA ..., FRPA). To aid in explaining this and sub-
sequent steps in the process followed in analyzing the data, consider the
three dimensional model shown in figure 13. Figure 13 is a sample model
structure of one of a typical recorded control parameter. Each cell indi-
cated on the model represents the average variance of the given control
parameter taken over five successful approaches by one of twelve pilot
subjects, flying one of three basic approach tasks (Left, Center, Right)
with one of two visual presentation time delay conditions (Delay or No-Delay).
For example, the upper left-hand cell entry shown on figure 13 represents
the average of the variances in a variable for five successful approaches
made by one pilot subject for the left task with delayed visual presentation.
Table 5 contains the computed average variance values for each of the six
control variables (DSS, FSSA, ..., FRPA) for each pilot subject (12 pilots)
for each task (Left, Center, and Right) for the two delay conditions (Delay
or No-Delay). '

. At this.point, it is important to draw atténtion to what may be —
subtle enough to confuse. Note that the analysis discussed in the remainder
of this section is an analysis of variance in variances.

An Average of Statistics program, figure 14 (4 parts), calculated an
average variance for each cell of the model. The same program was used
to compute the average variance of the variances of each control parameter
for all pilot subjects in each of the three tasks (Left, Center, Right)
with and without delay. The results are summarized in figures 15, 16, and
17. o 1 )
Since the entries in cells are the average variance in the control
parameters for a specific pilot and flight condition, the differences in
these entries represent the effect of the flight conditions on the manner
in which pilots exercise their piloting skills.

The results of averaging the cell entries, shown in figure 13, over
all pilot subjects -are given in tables 6, 7, and 8, and are plotted in
figures 15, 16, and 17. Notice that for all three starting positions the
delayed visual task had greater variance than the non-delayed for the
following parameters: longitudinal control deflection (DSS), lateral
control deflection (DSA) and lateral control force (FSAA). In fact, in
only four of the eighteen comparisons of variance (Left, Center and Right

32 34
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EXAMPLE

This cell contains the
average variance for
five successful
approaches by

pilot P1

flying the

left task

with delay

ND 1
L C R
Origin

Figure 13,
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Q.\\\\1'2 Pilot Subjects

LEGEND

3 D, ND Delay Condition
L, C, R Task Origin -=
- Left, Center, Right
Pi' The Pilot Subjects
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Ana1y51s of Variance Model Sample
Experiment Part 2 ;
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FILBT SUBSECT AVERACE VARIANCE

TABLE 5 (CBNT)

RY TASK, CELAY AND
, CENTREBL PARAMETERS
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*C1545

'C1254
20C266

*C0916
*C0329

e 095
22168

oC141C
+GCh89

000498

*C0313

200860
000338

fouses
oC1173

*CC899
2 C0374

CELAY B8R . :
NB DFELAY LEFT CENTER
-

e ,“ @1ACE
N 45128
ceG€73¢S
c 2463645
C W 21cE7
ANC 07752¢
c 2:S2784
NC ce72424
C 1e47121
-NC 1924265
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AN 077631
c 2o (S8432
NC v1147%
c o 043868
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C NIk
NG sCE44C
L e08776
NC eC8C43
L o CHR3IE
RC’ eC3337
L (7138
NG 'CERRA
> Nc1sce
oCl4cC
D 013735
NC e12144
C 1 C251 4
NE 2625
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AVERAGE VARIANCE’

RIGHT

1011321
09874¢C

436092
2¢60337

106535
*9303¢

ce987c28

2e2454%.

1e8338¢
019428

1012737
+735562

*10315
*11713

N

*103%8

v0817¢ -

162014
#1333}

006051
009268

°04314
0 034C7

C4682

'Ch652
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¢

604477,

41

&

-

PARAMETER
DSA
DSA

DSA
DSA

\DSA
DSA

DSA
DSA

bSA
DSA

DSA

\§ DSA

FSAA
FSAA

FSAA
FSAA

.~ FSAA

FSAA
FSAA
FSAA

© FSAA
FSAA -

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

FSAA
FSAA

L

BT IR

%
b s 9 o7 Pt S i




o - - " ST
NAVTRAEQUIPCEN IH-250 . ‘

TARLE 5 (CBNT)
FILET SLBJECT AVERAGE VARIANCE
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T o

RY TASK, CELAY AND
-~ BNTRBL PARAMETERS
CELAY 9R AVERAGE VARIANCE PARAMETER
N DELAY LEFT CENTER RIGHT
_ ' 13377 +03065  .15858 FSAA
NC 1dguc  ec2282 12288 FSAA
+CESES -caséif"‘-ioaaa FSAA
NC .C5698‘\\~4Q§891 11338 FSAA
e vC721C  eClSaZ «c7731 FSAA
NC 531¢é '£1786 0 (6368 FSAA
\ CO4EE  oCC132  ecCIRT DRP
\ NE «CC271  +CC1G7  +0C338 DRP
N «CCC3C- +CGCh7 JCCCHz DRP
AC «CCCY40 «coC3C «G004C ORP
g «CC732 «cC263 - «0l0CS DRP
NE oCl148 +C0C49 «c1c8cC DRP
- 'C5384 «C0121 676z .DRP
c oC4s78 00643 e Q4623 DRP
A
zCze o »C3182 CC120 +05038 DRP
ZCEC NC CemyS *CC1l63 001839 DRF
glal ¢ .c47se 1406123 0124y DRP
£121 aC o(70CS cC217 C2113 DRP
clotc Tl _e(214E 450635 +Q325§ - DRP
3C3¢ M +C2C19 *C0377 oC4126 DRP
3333 - ¢ «CC181 ., +CCO21 «C0157 DRP
3333 AL «CC2S7  ~uxgC1C1 001463 DRP
4444 ¢ «CCRTS *C0082 *+ 00558 DRP
4444 NC «£C230 +C0051 «012C7 DRP
EESE [ “C37A1  +00035  +00128 DRP
BRES AL +CC151 «COC7¢ «C0173 DRP
‘ 666¢ «C4344 . 000190 « 05229 DRP
€E66 N[ «C231C 002437 510 DRP
$S9g [ 07378 «0027C  +02514 DRP .
$295 AL «C3780 +C1150 +03298 DRP
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\ \\‘TABLE 5 (CONT)
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\ BINT. SLBWECT AVERAGE VARIANCE
: BY TWEK, CELAY AND
CONTREL PARAMETERS . ‘
N, . \ R
FILEY CELAY SR  AVERAGE VARIANCE PARAMETER
COCE N8 CELAY LFFT CENTER "RIGHT
~ ~ ' \\
AAAA © 1425346 09?938§§i307779c FRPA
ASAA NC 1.C5358 2413049 s<58979 FRPA
ccéc & o30137 . eES441 1eCH0B3 FRPA
CCDC  AC . \ics . 31726 /,~°5071& ~ FRPA
EEEE € - 1041565 FRPA
EEEE NC u.quzgﬁ\\\ FRPA
181¢ °C EoCCUEL FRPA .
C A ze71578 FRPA
c 3.27354 : FRPA
AC 1475528 K6144  TLe21(57 FRPA
c T a,818%C 093255  Be416Ce - - RPA
NC S 38484 +93558 1243671 - _ FRPA  —
e Eeg04ps 18+6998¢ FRPA
NC 2956332 3Ce16136 FRPA

c 1483774 35595 1426641 FRPA

3333

3333 AC W4714S  Te73Bey  2e5(758 - FRPA
YR L UEALS  e4b64C  10756C7 FRPA
4h4y  N\C le 41689 24RZe3  L4e77768 FRPA
556 © v JAYGES | ezk41d 74423 FRPA
8S8E AL W4C573 ©2925¢ v4775¢ . FRPA
e6ée R,CCr43  1e4367% 19017815 FRPA
€66 NC WC1lABL  12e327SC 1141264 FRPA
sSSs ¢ 19468551  1e432CE 11475544 FRPA
5595 \C 5.75441  796618C 1205026¢ FRPA
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Data
Compression

Y
Data Editing
(operator and -
tape drive .
errors) 1 -

Statistics Program \\
Lalculates means A and vari-
ances (6% of 6 parameters (DSS, R
FSSA, DSA, FSAA, DRP, FRPA) for PO
each pilot, each carrien approach

trial. T

Average of Statistics .

Calculates the averagesand &> for each pilot for their 5 :
carrier approaches for each task for each: parameter (DSS, FSSA,
DSA, FSAA, DRP, FRPA). <Collects average mean and variance

(Mevy , 6ovg ) for each task and delay condition for each para-
, meter (DSS, FSSA, DSA, FSAA, DRP, FRPA). . 4
LEFT (D,ND), CENTER (D,ND), RIGHT (D,ND) g

R

Figure 14. Flow Diagram of Experiment Part 2
Data Processing '
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ANOVAS Progham

JAnalysis of variance of variances in
parameters (DSS, FSSA, DSA, FSAA, DRP,
FRPA) due to delay/no delay for all
subjects for each separate task (left,

center, and right).

AXS Analysis of variance
A Delay or no Delay
S - Pilot Subjects

ANOVABS Program

Analysis of variance of variances in
parameters (DSS, FSSA, DSA, FSAA, DRP,
FRPA) due to delay/no delay and due to
task (left, center, right) differences

for all pilot subjects.
A X B X S Analysis of variance

A Left, Center, Right~task
B Delay or No Delay

S Pilot Subjects

Figure 14, Flow Diagram of Experiment Part 2

Data Processing (CONT) .
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AVERAGES
Compute averages of control parameters
and subtract from time histories to

form modified time histories.

AUGMENT
Rugment modified time histories out to

.| 1024 data points for all runs with
| zeros for DFFT processing.

- ‘r‘.

o

DFFT .
Compute DFFT's for all modified time
histories.

.

N
7

DFFT's
all runs
all pilot

Figure 14, Flow Diagram of Exgeriment Part 2
Data Processing (CONT)
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@ \

AVERAGE

Rverage DFFT's for each harmonic
for each subject over his 5 runs
for a palecular task.

Verifica-
tion

Pilot
Average
DFFT's

Tisting

AVERAGE -1

LIST
Mean DFFT
for given
task for all
pilots

Average and compare DFFT's for
each harmonic for all pilot sub-
jects for a particular task.

>

CALCOMP
Mean DFFT
for given
task for all
pilots

AVERAGE -2

LIST
Mean DFFT
for all <
Jtasks for all
pilots

Average and compare DFFT's for
each harmonic for- all subjects for
all tasks.

. e

Figure 14,

Flow Diagram of
Data Processing

41,
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Table 6. STATISTICAL SUMMARIES LONGITUDINAL
AVERAGE VARIANCES-12 SUBJECTS

- DISPLACEMENT (DSS)

ROW \.
LEFT | CENTER | RIGHT| MEANS
DELAY | 1.4068 | 1.1192 | 1.6906 | 1.4055 Frask = 6.2534%*
Prask = .0072°
NO , Felay - 8934
DELAY |1.2698 | 1.0398 | 1.6401 | 1.3166 Poelay R
FTask X Delay = .0428
COLUMN P

MEANS 11.3383 |1.0795 | 1.6654 Task X Delay =  .9585

FORCE (FSSA)

ROW
LEET | ceNTER | RIgHT | MEANS
‘ _ r
DELAY | .8546 | .8666 |1.5983 |1.1065 Frask” = 30.7728%*
Prask = .0000
‘ NO Fetay = .1210 i
DELAY |.8395 | .6460 |1.7487 [1.0781 EDelay . g
- Task X Delay = 1.0796
COLUMN p i
MEANS |.8471 | .7563 {1.6735 Task X Delay =  .3582

* STATISTICALLY SIGNIFICANT AT .05 LEVEL

**  STATISTICALLY SIGNIFICANT AT .01 LEVEL
46
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- Table 7. STATISTICAL SUMMARIES LATERAL AVERAGE
VARIANCES-12 SUBJECTS

.. DISPLACEMENT (DSA)

: : | ROW
. LEFT | CENTER | RIGHT | MEANS
DELAY | 1.6824 | .3232 | 1.9945 | 1.3334 Frask = 40.5225%*
Prask =" .0000
NO Fetay = 10.2748%*
DELAY | 1.4481 | 2015 |1.5918 | 1.0804 oty = 0083
( - : Frask X Delay = 1.8443 '
COLUMN p ]
MEANS |1.5652 | .2623 |1.7932 Task X Delay = .1804
FORCE (FSAA)
ROW
LEFT |CENTER | RIGHT | MEANS
 DELAY | .0738 | .0187 | .0988 | .0637 Frask = 42.6083%*
Prask = .0000
NO Fetay = 5.3550%
R DELAY |.0660 | .0126 | .0865 | .0550 Phetay - 030
o Frask-X Delay =  .4156
P _ .
MEANS |.0699 | .0156 | .0926 Task X Delay = .6701

: ‘ ' . * STATISTICALLY SIGNIFICANT AT .05 LEVEL
* %% STATISTICALLY SIGNIFICANT AT .01 LEVEL
Ny 47 49 '




NAVIRAEBQUIPCEN IH=-250

Table 8. STATISTICAL SUMMARIES DIRECTIONAL
AVERAGE VARIANCES-12 SUBJECTS

DISPLACEMENT (DRP)

1
=
ROW |
LEFT | CENTER | RIGHT| MEANS , 5-
i
O ~; 1
DELAY | .0248| .0017| .0219| .0161 Frask = 8.4328%* |
' Prask =i 0022 |
NO Fhetay = .3393 "
DELAY | .0197 | .0045| .0207| .0150 PoeTay’ IR |
! ;
Frask X Delay =  1.2694 |
COLUMN p ] ~
MEANS | .0222 | .0031| .0213 Task X Delay = .3007
FORCE (FRPA) .
ROW
\ LEFT |CENTER | RIGHT | MEANS
Y
DELAY |4.5721 |1.1846 |6.5518 | 4.1028 Frask = 8.0062%* ;
: Prask = .0028
NO Fhetay = .5977 -
©DELAY [3.3919 |2.5284 |7.6548 | 4.5055 Poelay . 4613 ]
Frask X Delay = 1.0052
COLUMN | p )
MEANS |3.9520 |1.8565 | 7.1033 | Task X Delay =, .3839
* STATISTICALLY SIGNIFICANT AT .05 LEVEL
** STATISTICALLY SIGNIFICANT AT .07 LEVEL
Q o ' ' 48 50 . . ) ‘ -
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- } . »
Tasks for six control parameters) did the non-delayed variance exceed the
delayed variance. Of these, three were for the rudder control variables

(Center Task, rudder pedal deflection (DRP) and Center and Right Tasks,
rudder control force (FRPA)),

There is some chance that the differences in average variance observed

between the different conditions are due to chance or happenstance. One

accepted method for determining the probability that the observed phénomena ,
— are due to chance is known as the multivariate analysis of variance. There- 8
fore, a multivariate analysis of variance in the average variances of the.
six control parameters was performed to determine statistical significance
of the differences in average variance of the control parameters due to
both the task and the delay factors. For our purposes, two levels of
statistical significance arg considered and are defined to be those situa-
tions in which the F ratios resulting from delay effects being due to
chanct, are less then .05 or less than .0l. -

The analysis of variance program was obtained from what is known as
VUL2, the Vanderbilt Statistical Package , Written by Dr. Laird W. Heal.
The program, called ANOVABS (figure 14, part 2), calculates.an analysis of -

variance with two "within" factors, or repeated measures, ’

The differences in variances of the control inputs (DSS, FSSA, DSA, 3
FSAA, DRP, FRPA) for the two basic conditions of Delayed and Non-Delayed
visual presentatfon are shown in figures 15, 16, and 17. The results of
the multivariate analysis on the differences are presented in tables 6, 7,
and 8. The F ratios for the task origins are statistically significant for
all tasks. This indicates that all of the observed control parameters were
exercised differently for each task. This is not surprising since the
tasks are all different. The center task required the fewest control mani- ]

pulations of the three tasks. The principal difference in left and right
task was the addition of the turbulent air variable to the right task. The
F ratio based on the differences of variances due to delayed or non-delayed
visual presentation for the lateral control parameter is statisti8ally

significant at P = .0083 for the lateral control deflectiof and at P = .0392
for the lateral control force.

4
-

+

FOURIER ANALYSIS OF CONTROL INPUTS, The question "If pilots do perform their
skills differently when visual stimuli are delayed 100 ms, in what way(s)

is their performance different?" is difficult to answer by examining the . "
time histories of the pilot's control activity. One time history appears
( £ . R
i

Mendenhall, William, "Introduction to Probability and Statistics', Third
Edition, Duxbury Press, pp. 243f.

7Heal, Laird W., "VUL2 Vanderbilt Statistical Package", Xerox Computer
Users' Group Exchange Program Library, Catalog No. 890400-11B00.
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qg?yl tim toriés were mapped 1nto the frequency domain to better evaluate the

T NAVTRAEQUIPCEN IH-250
. - [ ~<,MM“~“ ’
= . MN_‘ 14

. . ‘. . . . ‘m\_
much the s%me as another and in particular, the time histories for the o

Delayed and Non-Delayed cases also appear to be very similar, The results
. of the multivariatg analysis of variance in Control Forces and Dlsplacements,
"indicate that cleaiégiiferences exist 'in the variances of the various control

ot

L

'

!
i

.parameters, but n the nature of those differences might be. One -method
“of examining time hlstorles is to investigate their frequency content. The

ex ture of the differences 'which occur in piloting technique when the
pilot subject's visudl stimuli have been delayeq, The Fourier transformation
to the frequency domain was accomplished by using a published program package.

The Discrete Fast Fourler Trans form (DFFT) is one convenient tool
performlng the required mapping from the time domain into the frequenq/igz-
main. One computer program, FOURT, processes the Cooley-Tukey Fast Fourier
Transform as defined by:

. N-1 -i29r mn v
xn=m=§° x,;,e-—N— 0< n< N-1
Where: i' = imaginary :
. m = summatlon index on the number of data points
V/:>V4r\\\§jy’) harmonic
( N = number(of data points in the recorded time history

\Xm\ = m th value of\rhe untransformed data
Xn\\ = .amplitude of the n th harmonic of‘rhe trans form

An error analysis of this program appears in a related publlcatlon.9
The various time histories were of differing %ength making comparisons

of the results of the Fourier, processing difficult. The different lengths
were all augmented with zeros to make $heir lengths 1024 data points,

(figure 14, page 44, Augment) allowing faster progrdm execution and a common-
ality of fundamental frequenc1es of the Discrete Fourier Transform (DFT).

So as not to introduce major harmonic content into the DFT's, the average
value of each time history was removed before augmentation of the data
strlngs.

S

8Brenner, N. M., "Three Fortran. Programs that Perform the Cooley-Tukey
Fourier Transformation,'" MIT Lincoln Laboratory Publication AD 657019,
& © 28 July 1967. ) - o -

Ferrls James F., and Nuttall, Albert H,, “Comparison of Four Fast Fourier
Transform Algorithms,'-*NUSC Report No. 4113, 3 June 1971, Naval Underwater
\%ysiems Center, Newport, R.I. . ‘ ,
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‘n—“"‘_’ w"""——w"_—_-—.-—“' - T e N
o . The choice of data string size -end-tie 50U ms sampling period results in a ' - \.
) fundamental frequency of .0195 Hz per frequency cell. Since preliminary
¢ analysis of selected time histories of each control parameter representing
each task indicated no appreciable energy in the spectra at frequencies

above 4 Hz, the calculations were halted .at 200 harmonics.

The following spectra were calculated for each control parameter.

a.s For each pilot subject, theﬁgpectra for five successful approaches
for each task in each delay condition were averaged. (Figure 14, page 49,
Average 1.) This produced three (one for each task) spectra for each delay
condition for each pilot subject.

b. Each of the six spectra thus produced per pilot subject were then .
averaged over all the pilot subjects, providing six spectra for the entire
group of pilot subjects, one for each task for each delay condition (figure
14, page 45, Average 2). '

Thus,. thirty-six spectra were prepared for the entire group of pilot
subjects; three (Tasks) x two (Delay Conditions) x six (Control Input
Parameters). These are presented in figure 18. Figure 18 also displays
the differences in the spectra discussed above, i.e., the differences in . )
the spectra for the Delayed visual presentation condition minus the Non- -
Delayed visual presentation condition. These differences were computed
by subtracting the real and imaginary amplitudes for each frequency cell
of the delayed spectrum from the real and imaginary amplitudes of the
Same frequency' cell of the Non-Delayed spectrum. Figure 18 shows the
general trend of the results of pilot activity in the frequency domain.
Notice ‘that the control input spectra have decreasing amplitude with
increasing frequency and that the difference spectra (Delay spectra minus
the No-Delay spectra) have the same general trend. This suggests that
the delay effects (as indicated by the difference spectra) are functions
of frequency and that the effects are greater at around .6 Hz. The results
of the frequency analysis are summarized in table 9. The principle fre-
quency and approximate amplitude refer to the difference spectra of the
delayed condition minus the non-delayed condition. The control input
limit refers to either the delayed or non-delayed case and merely states
the approximate upper frequency limit of information content.

10 b~ .. ~ .. . . VN
The spectrum averaging discussed herein is the arithmetic mean of the N

L contents of each frequency éé%l (multiple of the fundamental freqdéngy).
N N
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Table 9. SUMMARY OF ANALYSIS OF FAST FOURIER PROCESSING

CONTROL TASK

PARAMETER LEFT CENTER RIGHT
lDSS Zfs"
Principle Frequencies (Hz) .2 to .4 .1 1, .4
Approx. Amplitudes .08 ° .16 .07
Control Input Limits (Hz) .8 .8 .8
FSSA ‘
Principle Frequencies (Hz) .4 .2 to 1, Peak .6 .4
Approx. Amplitudes .05 .04 05
Control Input Limits (Ha) 1.6 2.4 2.4
psa i
Principle Frequencies (Hz) .1 .1 to .6 .2
Approx. Amplitudes .1 . 025 .1
Control Input Limits (Hz) .8 1.2 .8
FSAA
Principle Frequencies (Hs) .1 2, .4 .2
Approx. Amplitudes .02 . 006 .02
Control Input Limits (Hz) .8 .8 .8
DRP
Principle Frequencies (Hz) .1 .1 .1 to .4
Approx. Amplitudes . .015 .006 . 006
Control Input Limits (Hs) 1.6 1.6 1.6

Q

FRPA '
Principle Frequencies (Hs) .4 4, 1.2, 1.8 .4, .9
Approx. Amplitudes , .1 .04 12
Control Input Limits (Hs) 2.4 3.4 3.4
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> SECTION IV
CONCLUSIbNS AND DISCUSSION

The first question posed in the statement of the problem "Does 100 ms '
delay of a visual presentation affect pilot learning performance?" was
answered by Experiment 1. No statistically significant differences were
found between the "trials-to-criterion" (three successive traps) in the
" Delayed condition and in the Non-Delayed condition.

" The second question posed in the statement of the problem "Do pilots
perform their piloting skills differently when their visual stimuli have
been delayed for 100 ms?" has been answered in the affirmative insofar as
the pilot control inputs in the lateral control parameters (displacement
and force) are concerned. The effect of delay was found to be statistically
significant at the .0083 level for aileron control displacement (DSA) and
at the .0392 level for aileron control force (FSAA). The effect of delay
on the remaining four control parameters (DSS, FSSA, DRP, FRPA) was fotind
to be not statistically significant. //u
//

While the differences in the mean scores for all tasks for the remain-
ing four pilot, control input parameters for the Delay compared with the No-
Delay condition were all statistically not significant, it is 1nterest1ng
to note that of the eighteen mean comparisons made (see tables 6, 7, and 8),
four average variance values were less for the Delay condition than for the
No-Delay condition. (They were elevator control force (FSSA) dutring the
Right Task, rudder pedal deflection (DRP) during the Center Task and rudder
pedal force (FRPA) during the Right and Center Tasks )

It is believed that these four average variance vglhes can be explained.
Three of the four comparisons involved rudder contrql force and/or deflec-
tion. Several approaches by subject pilots were made with high angle of
attack, sufficient to activate the rudder pedal stall warning shaker. It
is believed that the directional displacements and forces recorded due to
the shaker masked the effect of the delay condition on pilot subject induced
control displacements and forces. The fourth comparison, elevator control
force during the-Right Task, is believed to be similarly masked by the
rough air turbulence used in this task. None of the other tasks utilized
rough air turbulence.

The third question, "If pilots do perform their skills differently
when visual stimuli are delayed 100 ms, in what way is their performance
different?' has been resolved by transforming the pilot control inputs to
the frequency domain and comparing the frequency spectra of the control
inputs for the delayed visual’presentation to the spectra for the non-
delayed visual presentation case. These comparisons are summarized in
table 9.

The time histories of-each control parameter for all successful
approaches were transformed to the frequency domain using the discrete
Fourier transform. The transformations were averaged for each given task
and each deldy condition over all pilot subjects. The difference spectra
were formed by subtracting the average delayed spectrum from the average

76 ,
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non-delayed spectrum for each task and.each caﬁtrol parameter, (figure 18).
The difference spectra show the effect of delay toglecrease with increasing
frequency. The major difference between the Delayed and No-Delayed spectra
typically occurred in the range 0 to 2 Hz. :

The results of these experiments are applicable to a high performance
simulation (F-4) using a narrow field of view visual presentation. However,
caution should be exercised before any attempt is made to extrapolate the
results to visual systems with wider fields of view or to aircraft having
different frequency modes such as large bomber or transport aircraft.

_ In conclusion, it has been determined that learning performance of
pilot subjects, executing the tasks specified for Experiment 1 and in the
simulator system utilized, was not affected by 100 ms delay in visual
stimuli. Perhaps this result could be due to pilot subjects responding,
with extra effort, to the delayed task conditions, i.e., they may have
"tried harder.'" It was determined that, in general, pilot subjects
manipulated their flight controls differently both in displacements and
in control force when their visual stimuli were delayed 100 ms. These
differences are indicated both by the general trend toward a greater
variance in control activity (in some cases the differences were statis-
tically significant) and by the differences in the frequency spectra for
the Delayed and Non-Delayed conditions. )
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SECTION V
{

RECOMMENDATIONS

In view of the findings of Experiments I and 2, the following studie
are recommended: ‘

a. A similar study be conducted which would allow both a variable
time delay and variable task as independent arguments. Sample areas of
interest would include: learning performance and input control variance
as functions of length of delay time and task type. Since the present
experiments considered only the carrier landing task, other task types
might be aerial fefueling, air-to-ground weapon delivery, and formation
flying. e\\\\_m~§ &

b. A simildr stuﬁy should be conducted for a large field of view  _~
visual presentation system. 7

c. A similgr study should be conéﬁ;ted for large muliti-engine
transport type aircraft whose natural frequencies are vastly different
than the strike type of aircraft (the P-4) used in these studies.

d. The study should be repeated utilizing predictive filters
designed based upon the frequency spectra of the differences in the
delayed and the non-delayed pilot control input performance. The pre-
diction could be expected to reduce the effects of the delayed visual
presentation. : . ‘

R
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