@ https://ntrs.nasa.gov/search.jsp?R=19820014364 2020-03-21T08:16:54+00:00Z
A Vf“z‘l%J IV A, T e T AL
NASA CONTRACTOR REPORT 16624 2

NASA-CR-166242
19820014364

A Tactual Display Aid for Primary
Flight Training

Richard D. Gilson .
vpnany GOFY
The Ohio State University Research Foundation ik g U

LANGLEY REGEARCH CENTTR
“ LIBRARY, NASA

HATM"{ TON, VIRGINIA

CONTRACT NAS2-8954
July 1979

NNASA
AR



NASA CONTRACTOR REPORT

A Tactual Display Aid for Primary
Flight Training

Richard D. Gilson

The Ohio State University Research Foundatlon
1314 Kinnear Road

Columbus, Ohio 43212

Prepared for
Ames Research Center
under Contract NAS2-8954

NASA

National Aeronautics and
Space Administration

Arnes Research Center
Moftett Field. California 94035

NS 2~ 02 285



ACKNOWLEDGEMENTS

The author gratefully acknowledges the efforts of Ms. Sheryl L,
Prince for the great number of hours of research assistance, data analysis,
and patience throughout this project. A sincere appreciation is expres-
sed to Mr, Ronald W. Ventola for his expert technical and flight assist-
ance, Sincere appreciations are also extended to the many faculty and
staff who provided inspiration, technical assistance and many hours of
their time toward the completion of this study,

ii



TABLE OF CONTENTS

ACKNOWLEDGEMENT
LIST OF FIGURES

ABSTRACT

INTRODUCTION
EXPERIMENT 1
Introduction

Methodology
" Subjects
Apparatus
Procedure
Results
Approach
Flare
Touchdown
Discussion
Approach
Flare
Touchdown

EXPERIMENT 2
Introduction

Methodology
Subjects
Apparatus
Procedure

Results
Training Periods
Test Periods, Post Training
Pretraining
Skill Acquisition

Discussion

Summaxy

REFERENCES

iii

Page

ii

vi

t"ﬂ'\)'\? A RN

13

13
19
19
19
21
22

2h
24

2k
2k
25
28
31
31
35
35
35
35
42

L5



TABLE OF CONTENTS (Continued)

APPENDIX A - SCL50--Angle of Attack System Techniéal Descrip-
‘ tion

APPENDIX B - Instructions to Instructor and Student Pilots

APPENDIX C - The Singer GAT-1 Single Engine Airplane Ground
Trainer

iv

W7
51

57



Figure

© N o v - w

10

12
13
1k
15
16
17

LIST OF FIGURES

The Kinesthetic-Tactual Display

The Control Loop for Angle of Attack

The Desired Control Information

The Kinesthetic-Tactual Display Protruding Forward
The Kinesthetic-Tactual Display Protruding Backward
The Experimental Aircraft BE 19-234

The Runway with Marked Touchdown Zone

Example of Elevator Deflection Recorded During the
Approach

The Number of Unassisted Landings for Each Group on
Each Test Period

The Number of Assisted Landings for Each Group on Each

Test Period

The Number of Instructor Pilot TakeoVers for Each
Group on Each Test Period

The Advent Projection System with the GAT-1 Trainer
The Visual Simulation of the Runway

Group Effects with the Displays

Grdup Effects without the Displays

Test Period Effects with the Displays

Test Period Effects without the Displays

&S
O o O n 4

10
%

18

20

20
26
27
34
38
39



ABSTRACT

EXPERIMENT 1

Problem. Primary flight instruction has remained fundamentally un-
changed for 75 years. Student trial and error practice traditionally has
been carried out with the aid of an array of visual flight instruments
and under the close supervision and verbal assistance of an instructor
pilot,

Objective., A novel means of instruction was attempted here in which,
in addition to verbal assistance, control feedback was continuously pre-
sented via a nonvisual means utilizing touch, In-flight and similator
evaluations of novice pilot performance were made with this feedback and
subsequently without feedback to assess perceptual learning.

Approach., An initial in-flight study was conducted utilizing a
kinesthetic-tactual (K-T) display as a readout and tracking device for a
computer-generated signal of desired angle of attack during the approach
and landing. Six novice pilots were initially trained with the K-T dis-
play and their performance was compared to that of another group of six:
novice pilots trained with a conventional display of airspeed. After the
initial training, the display conditions were reversed, Both groups re-
ceived the necessary verbal assistance,

Results, The following performance results were obtained: the
tactual group while using the K-T display and subsequently using the con-
ventional airspeed display (a) utilized the elevator more fully for angle
of attack control, (b) had fewer verbal assists from the instructor pilot,
(c) made a greater muber of unassisted flares to landings, (d) had fewer
takeovers by the instructor, and (e) more closely adhered to the runway
centerline, Those using the K-T display, regardless of their grouping,
(a) more accurately controlled angle of attack, (b) had fewer verbal as-
sists for lineup, and (c¢) less often required instructor takeover on
landing, Some problem or conflict did occur, however, for conventionally
trained pilots when they were transferred to fly with the tactual display.
The results was a substantial increase in the number of instructor pilot
takeovers, :

EXPERIMENT 2

Problem, From the first study it was unclear as to whether the
findings were the result of the novel K-T display presentation, the in-
formation contained in the computer-generated signals of desired angle of
attack, or both,

Objective, Therefore, a second study was conducted to control these

conditions by presenting airspeed and glide path information via either
kinesthetic-tactual or visual "heads-up" display techniques, Selective
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feedback was provided by the simultaneous use of any combination of the
two displays.

Approach, The second study was carried out in a laboratory setting
where sixteen novice pilots flew simulated visual approaches to landing
in a ground-based trainer. The experimental tasks during training and
subsequent testing were control of both pitch and throttle, Training
for each subject consisted of one of the four combinations of visual and
tactual displays of airspeed and glide path error, respectively. Per-
formance was measured during initial practice, and during test approaches
(without the displays) following each hour of practice, Unlike the first
study, none of these subjects received verbal assistance during training.
Therefore, an additional group of four novice subjects received only ver-
bal assistance during training and no such assistance during testing.

Results. Findings dquring the training periods with display feedback
show performance with the heads-up display of pitch information was sig-
nificantly better than performance with the K-T pitch display. Throttle
error did not vary for the two groups during this training. These findings
concur with those of others (Jagacinski, Miller, Gilson and Ault, 1978)
indicating that the information fed back by K-T displays must be quickened
~with additional velocity information in order for K-T performance to com-
pare equally with the unquickened visual display of the type used in this
study.

In contrast to the results obtained during training, testing without
the displays showed that novice pilots who had received tactually presented
pitch error information performed both pitch and throttle control tasks
significantly better than those who had received the same information from
the visual heads-up display of pitch, during the test series of approaches
to landing. :

Testing for the verbal group showed that they significantly outper-
formed both display groups in pitch control, in apparent contrast to the
poor showing of the conventionally trained group in the first in-flight
study. However, in the first study necessary amounts of supplementary
verbal assistance was given to both the K-T and airspeed groups, while in
the second study verbal assistance was given only to the verbal group.

Conclusions. Under the conditions of Experiment 2, visual perceptual
learning of the approach to landing task is more greatly facilitated by
training with K-T than with visual heads-up displays of the same informa-~
tion., Secondly, smple verbal assistance by itself yields a training ad-
vantage over both K-T and heads-up displays when these displays are the
only source of control information unassisted by verbal instructions.
Therefore, based on these results and those of Experiment 1, the combina-
tion of verbal instruction and the K-T display of control information dur-
ing approach and landing appears to be the best combination, of conditions
tested, to significantly improve conventional training.
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A TACTUAL DISPLAY AID FOR PRIMARY FLIGHT TRAINING

INTRODUCTION

In order to successfully control and meneuver an aircraft, the pilot
must learn to utilize a great amount of information., The most effective
and efficient means of presenting this information in training has been
the subject of extensive research. Besides verbal instructions during
training, the vast majority of information has traditionally been pre-
sented via an oftentimes overwhelming array of instruments and displays
using the visual sensory modality. This is justifiable since most infor-
mation in the natural environment, especially that required for locomotion,
is visual. Consequently, the visual modality has become tremendously
overloaded by panel instruments and visual environmental information,

Studies have shown, however, (Kahneman, 1973; Treisman and Fearnley,
1971) that when vision is overloaded there remains some capacity in other
sensory modalities to receive information. Accordingly, numerous non-
visual aircraft displays have been investigated, in particular those
ubilizing aural and cutaneous signals. For example, Hasbrook and
Rasmussen (1971) investigated the use of an aural-versus-visual glideslope
display in a study where experienced pilots flew ILS (Instrument Landing
System) approaches under both display conditions. Despite scme limited
success, it appears unlikely that this technique would carry over well
into the training enviromment, A student pilot's perception of aural in-
formation is already highly taxed by instructor's verbal comments, radio
communications, aural warning signals, and other relevant aircraft sounds.

The use of cutaneous signals for communicating discrete information
to a pilot is not new., Stick shakers for stall warning have been employed
for many years. Further, a number of other techniques have been investi-
gated for continuous communication including: a two-way vibrotactile
communication system (Hirsch, Shafer, and Eitan, 1964), a stomach-chest
mounted "cross" of stimulators for information transfer (Levison, Tanner,
and Triggs, 1973), and an airjet stimilator moving across the forehead
(Bliss, Link, and Mansfield, 1966). An excellent overview of such efforts
is contained in both Bliss, 1970, and Geldard, 1973, special publications
devoted to tactual displays., Unfortunately, many of these systems are
difficult to implement in a cockpit which surrounds the pilot with extra-
neous vibrations and often require attachment to the pilot, posing a
safety problem ‘during rapid egression,

The displays used in the present studies are not known to be effected
by vibration nor are they worn by the pilot, but rather consist of a rel-
atively stationary part of the yoke and throttle controls. Both kines-
thetic and tactual information are provided by touch and manipulation of
the servo-controlled element embedded in the controls, Sensations of the
stimulus and the necessary manual control response occur in the same hand
and in the same modalities, i.e., touch and kinesthesis. Also, this
presentation lends itself well to stimulus-response directional compati-
bility (Greenwald and Shulman, 1973), see Fig. l.
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Fig. 1 - Kinesthetic-tactual display
embedded in a control stick

depicting a servo-controlled slide



This display has been used for many types of control tasks. Car-
following (Fenton and Montano, 1968), aircraft approaches to landings,
and turns around a point (Gilson and Fenton, 1974), helicopter instrument
approaches and hover over a target (Gilson and Ventola, 1976), and a crit-
ical tracking task (Jagacinski, Miller, Gilson, and Ault, 1977) are ex-
amples of past research., In the present studies, this display will be
tested as an aid to primary flight training.

During primary flight instruction, a student must develop a reason-
able competence in both approaches and landings before any advanced train-
ing is undertaken, Such development, while time consuming, is at the
very foundation of critical piloting skills. Unfortunately, considerable
problems, both during and after training, arise primarily because aircraft
control during approach and landing is relatively difficult, even under
the best conditions, as is vividly illustrated by accident statistics.
Current statistics show L3% of all civil aviation accidents (National
Transportation Safety Board, 1976) occur during the approach and landing,
even though this consumes less than 2% of all flight time (Hasbrook,

1975).

The difficulties inherent in an accurate approach and landing are
often compounded by the heavy demands placed on the pilot--especially the
division of visual attention required to control the flight path and air-
speed. During the approach, information pertaining to the flight path is
primarily obtained from visual cues outside the cockpit, while pitch in-
formation is, in part, obtained via a panel-mounted airspeed display.

Tn addition, just prior to touchdown, the pilot's visual attention
is progressively drawn towards runway-specific cues allowing little, if
any, use of instrument panel information. This results in a division of
visual attention--a division which can be especially critical for student
or inexperienced pilots who lack the skill to use relevant pitch, inertial,
and aural cues, '

Accordingly, a nonvisual or a visual heads-up display may be of bene-
fit by allowing:

(a) an alleviation of this division of visual attention during the
approach, particularly during initial training,

(b) the opportunity of also presenting pitch-command or other in-
formation during the roundout (or flare) just prior to touch-
down, and ’

(¢) enhanced visual perceptual learning of the subtle information
needed for the approach and landing.

Although a simple visual heads-up display could provide some or all
of the above, it cannot provide information when a subject is looking
elsewhere, e.g., to the side during downwind or base leg segments of the
approach or at the runway edges just prior to touchdown (Gilson and



Fenton, 1974). Therefore, the kinesthetic tactual display was the first
choice for study.

The visual approach to landing, has two major components: pitch and
glide path control, Airspeed, and therefore pitch, must be closely reg-
ulated to prevent overshooting the runway if too fast, or reaching aero-
dynamic stall and a lack of control, if too slow. The second component,
glide path regulation, itself is twofold, ILateral aligrment of the ground
track with the Tunway centerline and glide Path vertical angle along the
centerline determine the point of touchdown.

Airspeed control is accomplished in small aircraft primarily by
pitch adjustment. Thege adjustments can be made by direct observation
of the distance between the aircraft nose and horizon, as viewed from
the cockpit. Quantitative information concerning airspeed is provided
by the airspeed indicator,

The lateral glide Path component is controlled by roll and yaw of
the aircraft. Detection of deviation relies on the observed offset of
the runway centerline from the airecraft's ground track, and may be aided
by reference to the directional gyro and, in some cases, localizer. How-
ever, this facet of the task is relatively easy to learn and perform un-
less a strong crosswind is present (Lane and Cunming, 1956).

As evidence indicates, control of the glide path angle is difficult
even for experienced pilots. Eighteen bercent of the approach and landing
accidents, in 1976, were due to overshooting or undershooting the runway
(National Transportation Safety Board),

The vertical glide path angle is a function of airspeed and rate of
descent, Once the broper approach airspeed is established, the glide
path is corrected by the throttle control. The information in the runway
environment that reflects the accuracy of the glide path angle includes
the position of the point of expansion in the optic array (for a descrip-
tion of this phenomenon see Gibson, 1955; Gibson, Olum and Rosenblatt,
1955). The angular distance between the horizon and the runway threshold,
the apparent shape of the runway, the estimated glide angle, and when
available, a deviation in the instrument glide slope also provide this
vital information, All these cues, save the latter, are difficult to
detect and interpret, The difficulty increases substantially with distance
from the runway (Palmer, 1969), low visibility (Hasbrook, 1975), and at
night (Mertens, 1978). With a combination of these conditions, errors of
great magnitude can be unperceivable,

To properly land an aircraft, a student Pilot must learn to attend
to all the relevant information in the runway enviromment, and to ignore
that which is irrelevant, This learning is not accomplished easily, -
rent training techniques, based on verbal corrections by the instructor
pilot, are at best spotty, and often characterized by trial and error,

The addition of more sensitive and interpretable feedback information can
likely aid in the acquisition of landing skills,
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In order to maximize the perceptual capability for assimilating and
relating information from these diverse sources, one must attempt to
minimize divided attention. It has been shown by Burke, (1978) that sub-
jects using tactual, as opposed to even highly compatible visual displays,
have less cross task interference when simultaneously performing another
visual task, Hypothetically then, tactually trained pilot subjects may
be more able to perceptually learn the subtle but relevant visual infor-
mation available through the windscreen than those using visual displays
which may compete with the perception of this information. When the dis-
plays are no longer available and only the subtle information is present,
these pilots may be expected to perform the landing approach more accu-
rately.

The above hypothesis addresses modality-divided information, How-
ever, many would argue that such a division of information does not reduce
cognitive or. attentional demands and thus no differences should be pre-
dicted.

A study by Burke (1978) also comparing tactual and visual displays,
addressed the issue of attention capacity. The tactual display for a
primary critical tracking task used velocity quickening to produce the
same level of performance as the visual position error display, based on
the results of Jagacinski, et al. (1977). Equal performance to a crite-
rion level with the two displays was obtained before a secondary visual
critical tracking task became operative, Preliminary results showed bet-
ter performance on the secondary visual task when the primary task was
tactual., This suggests that division of information via separate sensory
modalities facilitates multitask performance and perhaps facilitates at-
tention to secondary visual perception.

For the purpose of discussion, we may consider compensatory display
tracking to be the primary task of the approach and landing study and the
secondary task that of attending to relevant visual feedback cues from
the runway enviromment. Should this analogy be valid, we would expect
better subsequent performance by those previously using the tactual dis-
plays, due to their increased attention capacity for the secondary visual
task prior to transfer.

EXPERIMENT 1
Introduction

The first study was conducted to evaluate the effects of presenting
information pertaining to the desired and actual aerodynamic state of an
aircraft via the kinesthetic-tactual display during the approach and
landing. The control loop which was used is shown in Fig. 2. The refer-
ence input was a desired angle of attack (ap) which was, of course, closely
related to the desired aircraft pitch attitude and airspeed. The feedback
signal was the measured angle of attack (@), and the display input was
simply the difference ap - Q.
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Fig., 2 - Control loop for angle of attack
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The tactual display was programmed to present desired pitch commands
from the beginning of takeoff roll through the approach and flare to
landing. Figure 3 depicts the desired control information, Whenever the
aircraft was higher than 50 feet above the ground the desired angle of
attack was held at a constant (o = A) appropriate for both the climbout
after takeoff and the approach to landing (see Appendix A). Below 50
feet, ap was an increasing inverse linear function of height (h), so that
ap was near aerodynamic stall when h was equal to zero at liftoff and at
touchdown [ag = A - B(50 - h)]. Thus, the desired signal was a function
of the aircraft's state with respect to the runway. Since the display
input was the difference ap - «, the presentation was essentially a com-
pensatory tactual "director" for the takeoff, climbout, approach and
flare to landing.

Methodology
Subjects

Subjects were 12 male student volunteers from those registered for
an introductory aviation flight course (The Ohio State University Aviation
Course No. 201). They received this flight experience at no personal
cost,

Apparatus

The kinesthetic-tactual display consisted of a metal slide mounted
in a conventional aircraft control yoke, The position of the slide in
the display indicated information of the magnitude and direction of the
error scaled to the maximum deflection of the 1,25 cm. The movable metal
section is shown in Fig. 4 as protruding from the forward part of the con-
trol grip and recessed into the aft part, This protrusion corresponds to
an unwanted increase in angle of attack (QD < @) and the pilot responds
by moving the yoke forward so as to decrease and return the display to
its neutral or flush position (op = @). Next, in Fig. 5 is a view of the
display protruding backward (op > o) which requires an aft corrective
motion of the control yoke. In essence, the pilot "follows" the display
commands to reduce errors to zero. The slide displacement was proportional
to error up to the 1,25 cm limit, Slide movement was controlled by a
closed-loop servomotor with a natural frequency of some 32 rad/sec and a
damping ratio of 0,5, Thus, the display dynamics were negligible in com~
parison with those of the pilot and aircraft.

The experimental aircraft was a Beechcraft Musketeer (BE19-23A, Fig.
6) modified by the installation of a 180 hp Lycoming 0-360 engine. The
aircraft was equipped with sensors capable of measuring absolute altitude
h, elevator position, angle of attack, and localizer/glide slope errors
during the approach to landing. Just prior to touchdown, vertical velocity
(h) or sink rate was recorded by a modification to the Sperry RT-220 radar
altimeter measuring h. The actual touchdown "g" loading was recorded with
a cockpit "g" meter. Electrically the exact time of touchdown was recorded
by an accelerometer attached to the landing gear and sensitive enough to



| h
RADAR ALT. h
'S
FLARE
P DISPLAY
|  GENERATOR |
ANGLE o !
| OF ATTACK |
L h = Absolute Altitude

hg= Flare Altitude set
o = Angle of Attack

Fig. 3 - Desired control information



‘

Fig. 4 - Kinesthetic-tactual display protruding
forward

Fig. 5 - Kinesthetic-tactual display protruding
backward
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record the initial spin-up of the wheel. The touchdown could thus be
shown on a strip-chart record and measurements were made with this point
as a reference, In addition, at touchdown maximal angle of attack and
elevator position were recorded.

The generation of the flare command signals and the modification of
the outputs for recording were accomplished with an onboard analog com-
puter capable of multiplying, summing, and attenuating the various in-
puts., Continuous records of the above measures as well as all verbal
comments made by the instructor were recorded on a 7-channel FM Lockheed
Model 417 magnetic tape recorder,

Procedure

The experimental in-flight study considered novice pilot performance
while flying approaches and landings. There were two study objectives:

(a) To separately evaluate performance with a tactual display of
op - @ and a conventional visual airspeed display during the
approach and landing.

(b) To compare the effects of discontinuing the tactual display on
subsequent performance with a conventional airspeed display and
the effects of initiating the tactual display after preliminary
experience with airspeed.

Initially, each of the 12 novice pilots received flight instruction
from an FAA certified flight instructor. Tnstructions given to both stu-
dent and instructor pilots appear in Appendix B. The standard FAA-approved
training syllabus was designed to teach students the fundamentals of air-
craft control supplemented by the conventional array of flight instruments
including airspeed, i.e., the minimum required for visual and instrument
flight by FAR 91.33 (byc, and d) excluding navigational displays such as
localizer and glide scope, The primary maneuvers taught were standard
combinations of straight and level flight, turns, climbs, decents, and
airspeed control., Practice also included slow flight in the landing con-
figuration used for the experiment but the actual practice of landings
was not permitted.

At the completion of this preliminary phase, these novice pilots were
evaluated on a standard series of test maneuvers designed to equally match
subjects by performance, into two groups. This evaluation was conducted
by the chief flight instructor of The Chio State University Department of
Aviation, who had no prior exposure +o the subjects. This selection proc-
ess was intended to supply some measure of uniformity of groups.

The first experimental phase then commenced, wherein the subjects
flew four, one-hour test periods each consisting of six takeoffs and
landings, One group, designated the airspeed group, received the visual
display of airspeed with the tactual display deactivated. The other, the
tactual group, received the tactually displayed information with the

1



airspeed indicator covered, Both groups had available the other conven-
tional flight instruments, i.e., the minimum required for visual and
instrument flight,

The second experimental phase then followed, consisting of two one-
hour test periods, wherein the display conditions were reversed; that is,
the airspeed group now flew with the tactual display, while the tactual
group received vigual airspeed information, In all the experimental
DPhases, performance was analyzed during the final approach and landing
from approximately 1-1/2 miles out to touchdown.

Performance measures were broken down into three categories: the
approach, flare (or round-out) and touchdown. These included:

1. Approach‘measures (from 60 to 30 seconds prior to touchdown) of:
(a) angle of attack errors from the desired value,
'(b) elevator deflection from an average position,
(¢) 1localizer error,
(d) glide slope error,
(e) instructor pilot verbal assists of
(1) 1lineup corrections
(2) power corrections
(3) pitch corrections.

Performance for a, b, ¢, and d, above was assessed on the basis of
the percentage of time a preselected deviation threshold was exceeded,
Visual Approach Slope Indicator (VASI) lights aided the subjects in glide
path control.

2. Flare measures were categorized in the following way by degree
of instructor pilot assistance:

+

(a) the number of unassisted flares,
(b) the mumber of assisted flares,
(c) the number of instructor pilot takeovers.
Unassisted flares were those not expected to exceed three "g's" at
touchdown, Assisted flares were those that could be redeemed with an
assist from the instructor pilot. Instructor pilot takeovers were those

flares where safety of flight was in danger and complete takeover was
deemed necessary.
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3. Touchdown measures (those touchdowns preceded by unassisted
flares) of: ‘

(a) lateral and longitudinal touchdown position,
(b) sink rate of "g" loading at touchdown,

(¢) pitch attitude from one second prior to touchdown as
measured by Q. .

The point of touchdown was obtained via sightings by the two on-
board experimenters. The instructor pilot observed the lateral touchdown
deviation from centerline. Longitudinal deviation from the marked touch-
down zone (Fig. T) was noted by the second experimenter, Lateral devia-
tion was scaled in proportion to the runway width and was rounded off to
an equivalent of 3 feet.. Longitudinal touchdown position was noted
by markers placed every 100 feet from the touchdown zone and sightings
were made with +50 foot roundoff errors.

Results

An analysis of variance was performed on all data for subject group
including performance with both displays, display condition, and inter-
actions. The results are shown in Table 1,

Approach

During the approach phase, two of the five measures had significant
group effects; (p = .05), elevator deflections (p = .005), and verbal
assists (p = .02), and the display used significantly affected angle of
attack control (p < .001) and verbal assistance for line-up with the run-
way centerline, “The direction and magnitude of these four measures show
that subject utilization of the tactual display facilitated performance
during the approach, First, control of « was enhanced with the aid of
the tactual display by a factor of nearly two to one during the approach.
Second, the tactual display group in controlling a, utilized the elevator
to a larger degree than the airspeed display group (see Fig. 8). Third,
the tactual display group required less verbal assistance by the instructor
pilot than the airspeed display group, particularly in regard to the use
of power, All subjects required less verbal assistance in line-up when
they utilized the tactual display.

The other two approach measures were localizer and glideslope error.
Neither of these were significantly different for the groups oOr displays.
Both measures had a significant group by display interaction which indi-
cated greater error by both groups using the initial display, a learning
effect.

Tlare

Instructor pilot assistance, or lack thereof, during the flare shows
a definite superior performance by the tactual group compared to the

13
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Table 1

F Ratio. Table for Experiment 1

6T

Dependent Measure Between Subjects Effects: Group Eitects
Hypothesis Within Cell Error
SS daf SS af- F
alAngle of Attack .1661 1 «.1924 428 .04
blElevator deflection .1144 1 .6054 428 8.08 **
c|Localizer error .1270 1 .4448 428 1.22
& |alclide slope error .2240 1 .4093 304 1.66
& |ejverbal assists (total)}{ =~ .6230 1 .4541 428 . 5,87 **
& 1 lineup .1042 1 .6314 428 .71
f 2 power .4356 1 .1723 428 10.82 ***
< 3 pitch : 7407 1 1121 428 .03
ajUnassisted flares .7669 1 .1180 20 13,00 **¥
b|Assisted flares .2456 ) 3 .8681 20 5.66 *
i |c|Takeovers .6009 1 .2017 20 5.96 *
% |ajLateral position .1281 1 .2698 200 9.50 **
3 E|bjLongitudinal position .5518 1 : .7584 200 1.46
O Blc|sink rate/"g" loading |}8749/.6052 1/1 .8332/,570 - 74/119 .08/2.80
B Algipitch attitude .3739 1 .2523 200 2.96
# p < .05
*k < .01
¥t p < ,001
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Despendent Measure

Within Subjeét Effects:

Display Effects

Hypothesis Within Cell Error
SS df SSs af F
alAngle of Attack .1574 1 .1924 428 35,01 *¥%
blElevator deflection 4092 1 .6054 428 .29
c|Localizer error .3189 1 .4448 428 .31
8 d|{Glide slope error .1254 1 .4093 304 .93
& |e]verbal assists (total) .1852 1 .4541 428 .00
] 1 lineup +9375 1 .6314 428 6.36 **
o 2. power .9375 1 .1723 428 2.33
« 3 pitch .1852 1 .1121 428 .01
ajUnassisted flares .2615 1 .1180 20 .04
bl Assisted flares .6534 21 .8681 20 1.50
m  |c]Takeovers .4426 1 - .2017 20 4,39 *
& |a]Lateral position .4104 1 .2698 200 3.04
3 & b/ Longitudinal position .1833 i .7584 200 .48
S 8lc[sink rate/"g" loading [{7369/2121 1/1 .8267/2649 74/120 .66/.10
d|Pitch attitude .5827 1 .2523 200 .46
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Dapendent Measure

Groub by Display interaction

Hypothesis Within Cell Erxror
SS df SS daf F
ajangle of Attack .1848 1 1924 428 .41
biElevator deflection 4530 1 .6054 428 .32
cjLocalizer error .1824 1 .4448 428 17.55 ***
& lajclide slope error .1410 1 .4093 304 10.47 *4*
S |ejverbal assists (total) .8563 .4541 428 8.07 *¥*
& 1 lineup +.8963 1 .6314 428 6.07 **
& 2 power .5807 1 .1723 - 428 14.42 *k*
< 3 pitch .2141 1 .1121 428 8.17 **
ajUnassisted flares 2903 1 +1180 20 4,92 *
biAssisted flares .1648 1 .8681 20 3.80
&, |c|Takeovers .6549 1 .2017 20 .65
& lalLateral position .6294 1 .2698 200 .05
QZIbjLongitudinal position .2990 1 .7584 200 7.88 *%
O 3]c|sink rate/"g" loading © NOT, AVAILABLE
EAlglpitch attitude .5871 1 .2523 200 4,65 *
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Fig. 8 - Example of elevator deflection recorded during the approach



airspeed group. Figure 9 illustrates this difference with the total num-
ber of unassisted flares performed by group per test period. The statis~
tical analysis shows that the group initially utilizing the tactual
display significantly (p = .0l) outperformed the airspeed group across
test periods. Figures 10 and 11 illustrate that the airspeed group re-
quired not only more assisted landings but more takeovers (E < .05).

Two other points must be noted, First, that when airspeed trained
subjects were transferred to flight with the tactual display, there was
a significantly greater mumber of takeovers (p < .05). Secondly, that
there was a significant group by display interaction effect (p = .05)
for unassisted flares. When the group initially utilizing the airspeed
display was transferred to fly with the tactual display, they actually
made fewer unassisted flares than did the tactual group during their first
experimental phase (Fig. 9).

Touchdown

For measures of unassisted touchdowns, performance was largely re-
markable. The only significant difference found was lateral touchdown
position (g < .0L), wherein the airspeed group had larger mean deviations
from centerline., All other touchdown measures did not reach levels of
significance (p < .05). ’

Note that for the approach, flare, and touchdown there were several
interaction terms for group by display which were significant (g < .05 or
.01), 1In general, the directions of these terms suggest a practice effect
in that the subject groups showed improved performances for the second
experimental phase,

Discussion
Approach

Considering the approach from 60 to 30 seconds prior to touchdown,
the present findings support previous in-flight studies (Gilson and
Fenton, 1974). Angle of attack errors were substantially smaller while
using the tactual display than while using the conventional airspeed in-
dicator,

Tt must be noted that previous results showed little or no difference
between a tactual op - @ presentation and a visual op - & presentation
during the approach. This finding was attributed to the highly structured
task wherein the instructor pilot positioned the aircraft initially and
the fact that the visual display was placed on the instrument panel in
nearly a direct line with the pilot's view of the runway itself. Without
evidence to the contrary, it is presumed that for the approach segment,
the previous results would be substantiated in the present study if a
visual ap - @ display was utilized. However, during the flare, a high
degree of division of visual attention would be required between a visual
ap - @ presentation and the fast approaching runway. Under these
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conditions of high visual loading, the previous findings suggest that
there would be substantial differences between the tactual and visual
presentations (see Gilson and Fenton, 197h).

The two other significant approach measures, i.e., elevator deflec-
tion and verbal assists, not only support the o findings, but suggest
some beneficial learning effects., First, considering elevator deflection,
the tactual group had significantly greater elevator deflection than the
airspeed group across test periods (Fig. 8). Presumably, the elevator
deflections are in response to perceived errors in pitch control as noted
by ap - @ errors with the tactual display. Initial experience for the
tactual group not only brought about greater elevator responses than the
airspeed group, but these responses continued to be greater even during
the transferred condition when the airspeed indicator replaced the tactual
display. This would suggest that other cues had been learned and were
being used by the tactual group under the transferred airspeed display
condition, e.g., perceived pitch attitude.

Second, considering verbal assists, the greater number of verbal
assists for the airspeed group suggest, (a) a reduced visual attention
to external runway cues and/or (b) poor airspeed control created enough
variability to make it difficult for subjects to perceive relevant "con-
stancy" cues needed for the approach, That visual attention was divided
is supported in part by the fact that all subjects needed more verbal
assistance for line-up when they were using the airspeed display. This
implies concentrated visual attention on the airspeed display. That poor
airspeed control created confusion with regard to approach cues, is im-
plied by the greater number of verbal assists for power required by the
airspeed group. Poor attitude (airspeed) control engenders improper con-
trol of power since there is a high degree of interaction between pitch
attitude and power during an approach, Thus, the airspeed group did not
learn to judge power cues as well as the tactual group either in the ini-
tial experimental phase or subsequently under the transferred condition,

Flare

The tactual display group significantly outperformed the airspeed
group in terms of unassisted flares, This suggests that: (a) the group
initially trained with the tactual display was facilitated (50% unassisted
flares) in their flares to landings by following the tactual display, and
(b) that they had learned enough to later perform quite well (almost 70%
unassisted flares) with the conventional airspeed display. This latter
finding rejected an initial hypothesis that a "crutch-like" dependency on
the display might manifest itself when the tactual group was transferred
to the airspeed only condition,

The airspeed group performed approximately 2294 unassisted flares
during the first four test periods., What was remarkable, however, was
that the airspeed group did not substantially improve when they were
transferred to the tactual display--there were only 40% unassisted flares
in the second experimental phase compared to 50% unassisted landings in

[

21



the first experimental Phase for the tactual group. This smaller than
anticipated improvement is also evident in the number of instructor
takeovers, It is apparent from Fig. 11 that when the airspeed group was
transferred to the use of the tactual display (test periods 5 and 6)

there was a dramatic increase in the number of takeovers. These data
suggest that some apparent problem or conflict occurred when the airspeed
group was transferred to the tactual display. One potential conflict

may have occurred for the airspeed group because of their initial strategy.
Their utilization of the available visual cues developed largely by trial
and error, Such strategies most likely differed from the commands di-
rected by the tactual display., Conversely, the group initially trained
with the tactual display was forced to use and observe the desired flare-
to-landing strategy. Thus, when the tactual group was transferred to

the use of the visual airspeed display they relied on previous learning
rather than trial and error, Further study of this and alternative hy-
potheses with regard to strategies used by subjects is obviously necessary
before a firm conclusion can be drawn,

Touchdown

Considering the measures taken of unassisted touchdowns as indicants
of the quality of touchdowns, few differences were found. The only sig-
nificant difference was lateral Position error with respect to the runway
centerline which was significantly greater for the airspeed group. One
possibility for this finding was that these subjects without tactual com-
mands devoted their attention to learning to flare the aircraft at the
expense of attention to runway centerline. Moreover, this initial con-
centration on proper flare may have carried over to the transferred con-
dition, since they continued to make large lateral deviations at touch-
down even with the tactual display, Accordingly, the tactual group may
have performed better with regard to lateral touchdown position because
with tactual commands "directing" their flares, they could devote more
attention to lineup.

The lack of other group or display differences for unassisted touch-
downs indicates that the subjects' unassisted landings were largely uni-
form, This implies little or no instructor pilot bias in the form of
Premature or unnecessary assists,

Initially, it had been hypothesized that the following benefits
would accrue for a novice pilot utilizing a kinesthetic-tactual display
of ap - a control information during the approach and flare:

1. the pilot would have better performance during the approach and
flare through increased control, aided by a continuous knowledge
of ap - a, thus reducing the risk of errors that might result in
stall-spin or touchdown accidents;

2. the pilot would be more proficient for the normal number of
practice periods with respect to landings, aided by correct
flare information and exposure to appropriate visual cues from
outside the cockpit;
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3. the pilot's improved control of aircraft attitude and flight
path should carry over to later nontactually aided flight situa-
tions, e.g., during flight in aircraft equipped with only con-
ventional airspeed displays where visual attention would be
divided.

The present results suggest that the first two hypotheses were gen-
erally correct. Pilots flying initially with the tactual display were
facilitated in their control of the appropriate pitch attitude for a
given flight mode and in their recognition of inappropriate pitch attitudes
that might result in aerodynamic stall or high touchdown loads. This is
supported both by a closer control of o when the tactual display was em-
ployed and by the higher number of unassisted landings made by the tactual
display group. ’

With regard to the third hypothesis, learning rather than a "ecrutch-
like" dependency occurred during the initial practice by the tactual dis-
play group. Performance, as measured by unassisted landings, remained
high and continued to improve after the tactual group was transferred to
the conventional airspeed display. This may have been fostered through
a continued observed relationship between aircraft pitch attitude and
accurate regulation of ¢ and/or through a higher degree of attention to
subtle visual and nonvisual enviromment cues.

Some unanticipated problem of conflict did occur when the convention-
ally trained airspeed group was later transferred to the use of the tactual
display. Not only did they require more instructor pilot assistance during
flare, but this assistance was in the form of takeovers. The reason for
this conflict is merely speculation at this time (see preceding discus-
sion).

Additional benefits that may have occurred for the tactual group may
only be implied from the present data. The kinesthetic-tactual display
mounted on the yoke, leads to a natural stimulus-response action of either
bushing or pulling that control. This may have resulted in eliminating
the frequently encountered confusion in the subject's mind as to whether
to compensate for ap - o % O (or airspeed changes) with either the yoke
or throttle, thus easing the instructional situation., This is perhaps
supported by the fewer verbal assists for power given to the tactual versus
the airspeed group., Secondly, there may also be a gain in collison avoid-
ance because a pilot, without visual attention being drawn towards infor-
mation within the cockpit, could be more continuously aware of events and
information outside the cockpit. This is suggested by the tactual group's
observance of the runway as evidenced by more accurate lateral touchdowns,
A previous study by Gilson and Fenton (197h4) also suggests this increased
awareness., Novice pilots more accurately controlled angle of attack with
a tactual display while maneuvering with respect to a ground reference to
the side of the aircraft. Such speculated benefits should be the subject
of further investigation to establish or deny their validity.
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EXPERIMENT 2
Introduction

Experiment 1 demonstrated the advantage of presenting angle of attack
information tactually over airspeed information visually to novice pilots
during the approach and landing. The tactual information facilitated
control performance not only while the display was present, but also in
a transfer condition, where only visual airspeed indication was available,
Based on the conditions of Experiment 1, it could not be determined,
whether the improved performance with the tactual training was due solely
to the sensory modality of presentation. The tactual information was dif-
ferent, i,e., angle of attack as opposed to airspeed, Also, due to the
unavailability of a visual windscreen (heads-up) displays, the pilot using
the airspeed indicator had the added distraction of looking inside the

cockpit for that information, in addition to control by envirommental
information,

The second study was designed to delineate the performance differ-
ences due to the methods of information presentation, i.e,, tactual versus
visual displays, rather than differences due to the actual information
displayed., To equate the information to the two modalities, both a tac-
tual display and a version of a visual heads-up display were used to pro-
vide airspeed and glide path error information, Angle of attack was not
used. In addition, the experimental work was conducted using laboratory
simuwlation, rather than in flight, to eliminate such confounding factors
as crosswinds and airport traffic.

It should be noted that performance with the tactual display was
conservatively tested here; a known disadvantage was incurred. Jagacinski,
et al, (1977) found that the tactually displayed error signal must be
quickened with velocity information in order to result in the same level
of performance as with a visual display on a critical tracking task, One
apparent explanation for the need of quickening may be tactual insensi-
tivity to small deviations that are visually discernable, The velocity
quickening emphasizes these small errors and brings tactual sensitivity
and, apparently, information extraction to the level of visual modality,
Thus, with identical information provided by these different displays,
subjects using the information visually perform better than those receiving
this information tactually. Accordingly, any performance advantage for
the tactual display upon transfer to the unaided (no display) landing ap-
proach is not caused by better performance with the tactual displays prior
to transfer,

Methodology -
Subjects
Five female and fifteen male volunteers of 16 to 55 years of age,
took part in the present study. To each of the experimental groups, one

female and three males were randomly assigned, None of the subjects had
previously performed, or assisted in, the landing of an aircraft,
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- Apparatus

Experimentation was conducted using a motion-based Singer GAT-1
single engine airplane ground trainer (see Appendix C). Only two controls
were used, those for pitch and throttle. The three degrees of freedom
rotational motion base of the trainer was limited to that of pitch. The
built-in auditory systems for engine sound and stall warning alert pro-
vided supplementary information regarding throttle setting, pitch attitude,
and excessively slow airspeeds. To encourage the pilot to direct visual
attention out of the cockpit, all panel instruments, except those for the
engine, were inoperative,

A visval simulation system of a simplified runway envirorment was
developed for this research project by members of The Chio State Univer-.
sity Electrical Engineering and Psychology Faculty. The 525 line, raster
scan display (with 256-line resolution) was projected by an Advent Model
1000A System (Fig. 12), The pilot within the trainer's cockpit had a
viewing distance of 2.4 m from the projection screen, The concave screen
measured 1.2 m vertically and 1.8 m horizontally and subtended 28° by 41°, -
respectively, of the viewer's visual angle. The simulation provided a
horizon across approximately the center of the screen where the blue sky
met the green ground., No ground texture cues were provided, A gray tex-
tureless runway, with a blue numeral "1" at the approach end, varied in
perspective with the distance and altitude of the aircraft (Fig., 13).

Two visual heads-up displays were generated as horizontal lines super-
imposed on the background view., One line in black extending the width of
the screen, with a .6 m vertical range of movement, represented the pro-
jected point of touchdown. The line overlaid the point on the earth's
surface where the aircraft would make contact, if the present vertical
velocity (rate of descent) and groundspeed were maintained, Since a zero
wind condition existed in this simulation, airspeed and groundspeed were
equivalent. The desired point of touchdown was the approach end of the
runway identification number., Projected touchdown error was graphically
depicted when the line did not overlay the number, This error also pro-
vided a performance measure whether or not it was displayed to the sub-
Ject, The pilot's task was to keep the projected point of touchdown over
the number by varying the vertical velocity. This was accomplished pri-
marily by the throttle control. Increasing throttle by forward movement
of the control resulted in a decrease in the rate of descent,

A second line, colored red, comprised the visual display for airspeed
error, and ranged .3 m in relation to the horizon reference. At an alti-
tude greater than 50 feet (15 m), this red line, properly positioned on
the horizon, corresponded to 75 mph, the desired approach airspeed for
this aircraft, Below 50 feet the desired (reference) airspeed decreased
linearly as a function of altitude, such that aerodynamic stall speed,
with full flap and landing gear extension, was reached just at touchdown,
When the red line was above the horizon, an aft movement of the control
yoke was required for correction, This resulted in an increase in pitch
attitude and therefore, an appropriate decrease in airspeed, If the
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Fig. 12 - The advent Projection System with the
GAT-1 trainer
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U

Fig. 13 - The visual simulation of the runway changes, view a to b, as
distance and altitude decrease
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difference between the actual and desired pitch attitude, i.e., the dis-
tance between the red line and the horizon, was kept within a close tol-
erance throughout the approach and touchdown, the approach would culminate
in a gentle flare and full stall landing., Such accurate control would
generate a low amplitude error signal which was also available for meas-
urement whether or not it was displayed to the subject,

The same information was presented tactually. The tactual displays
were, as before, mounted in the control handles. In this experiment
there were tactual displays in both the yoke and throttle controls., An
aft slide protrusion in the yoke control as shown in Fig, 1, corresponds
now to a less than desired pitch attitude. The proper response would
again be an aft movement of the control so as to increase the pitech atti-
tude returning the slide to its flush position, The pilot's task was to
track the slide to minimize the displayed error, The same error signals
generated for the visual displays were used to drive the servo motors of
the tactual displays., The pitch error was a function of the difference
between the desired and actual airspeeds; the throttle error was a func-
tion of the difference between the projected and desired touchdown points,
The sensitivities of the displays, with a range of +1.25 cm, were set to
correspond to the maximum sensitivity range for the visual displays.
Also, with linear functions the rate of movement of the slides and the
visual displays yielded indirect information as to the rate of increase
or decrease in the error,

A warning system for the tactual displays was implemented, such that
any time the force exerted on the slide's servomotor by the pilot caused
a restriction in its movement, a light would be activated. This would
alert both the pilot and the experimenter of the excessive hand pressure
on the display, Typically, only a few such cautions were needed before
the subjects developed a gentle touch on the displays. Movement of the
control was easily accomplished without any interference in the display's
movement,

The experimental data were recorded on a Brush RF1783-L0 eight-chan-
nel strip-chart recorder, '

Procedure

The experimental work took place in the Aviation Psychology Laboratory
at The Chio State University Airport. 1In general, participants reported
for one hour a day, on four consecutive days.

On the first day, the experimenter gave all subjects an introduction
to the visual simulation system without any display aids. Visual ap-
proaches were described to highlight perspective shape changes of the run-
way with varying distances, altitudes, and approach angles, Particular
emphasis was placed on the center of expansion of the optic array as the
projected point of touchdown (Gibson, 1955). Subjects were told to observe
this point with the intent of keeping it on the runway number, Pitch as
indicated by the relative distance between the engine cowling and the
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horizon, was presented as the reference visual cue for airspeed. The
pitch and throttle controls necessary for the regulation of both airspeed
and glide path were explained, followed by a demonstration of their move-
ment, The use of fore/aft yoke movement, resulting in changes of pitch,
was shown as the primary method to accomplish airspeed control, Parti-
cipants were told to keep the desired approach airspeed until within 50
feet (15 m) of the ground. At this altitude, the airspeed should be
gradually decreased until reaching stall and minimal vertical velocity

at the time of touchdown., A brief explanation of aerodynamic stall was
included.

The throttle was introduced as the control for glide path angle and,
therefore, touchdown point, For example, forward throttle movement re-
sulted in an increase in power and a decrease in rate of descent, The
interaction of airspeed and throttle changes was discussed and the neces-
sary pitch changes accompanying throttle changes described.

Two demonstration approach and landing trials were performed jointly
by the subject and the experimenter, The subject, now the pilot, subse-
quently made four pretraining unassisted approaches and landings., Often
the recordings showed these "landings" to be short of the runway thres-
hold.

Each trial began with the aircraft positioned approximately 2 miles
(3.2 km) from the runway and 500 feet (152 m) above ground level at an
engine power of 2200 revolutions per minute. Each approach and landing
took approximately two minutes to complete.

As previously mentioned, the roll and yaw capabilities of the ground
trainer were disabled; the aircraft never deviated from alignment with
the runway centerline,

There were five experimental groups (Table 2). Subject assignment
to the groups occurred at the onset of experimentation, Group 1 used
both the visual pitch and visual throttle displays. Group 2 had both
tactual displays. Group 3 had the visual pitch and tactual throttle dis-
plays, and Group 4 had tactual pitch and visual throttle, The control
group had no displays, only verbal instructions from the experimenter
(see Appendix B).

On Day 2, the subjects were introduced to their respective display
for pitch information, according to grouping. Eight training trials were
run with the pilot controlling error with the respective display. It
should be noted here that only the pitch displays were utilized. Previous
work had shown that when subjects were given both the pitch and throttle
displays initially, confusion from their interaction resulted in poor
skill acquisition. Therefore, during these initial training trials, the
experimenter controlled the throttle in order to minimize throttle error,

After these first eight trials, the throttle display was introduced
as appropriate to the subject's grouping. Eight additional training
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TABLE 2

The Respective Display Modality
of the Experimental Groups

Pitch Throttle
Grou Display Disvlay
Group Lisplay Bispoay
1 visual visual
2 tactual . tactual
3 visual tactual
4 tactual visual

5 none none
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approaches to landing were made with both pitch and throttle displays
activated. Data were recorded on the last four trials of this series.

For all trials, pitch control was emphasized as the primary task., This
emphasis was justifiable because the interaction between the two control
systems was such that without pitch being held constant, throttle control
was quite difficult. Also, a correction in pitch would often result in a
correction in the projected point of touchdown and, therefore, no throttle
control movement would be needed. Finally, the pitch control/display
system had only a small time lag associated with it as compared to a
rather long time lag associated with the throttle system.

Pilots were told to attend to the runway cues when using any of the
displays to maximize transfer to the no-display test period. However,
no verbal assistance was introduced during a trial except for the control
group who received constant individualized verbal instructions.

The final four trials of Day 2 comprised Test Period 1, during which
data were also collected, These approaches to landing were accomplished
without the use of any displays.

On day 3, another series of 16 training approaches and landings was
conducted with the respective displays, followed by 4 test trials without
the displays or verbal assistance. The following day, two series of 16
practice and 4 test trials took place,

Results

Recorded data consisted of pitch error, throttle error, vertical
velocity and altitude, Pitch and throttle error were analyzed in detail.,
Vertical velocity and altitude were used as validation references for
strip-chart data analysis., Of the approximately 120-second trial, the
central 60 seconds were examined., Errors during the flare and touchdown
were not utilized as data because of a significant amount of noise in the
two error signals during this portion of the approach, For the 60-second
-approach phase analyzed, two measures of each error signal were taken:
root mean squared error and the integral of the absolute value of the
error, sampled each second. These two measures did not differ appreciably
in sensitivity to variance and yielded the same levels of significance.
The integral error will be used for discussion. .

Training Periods

Data were analyzed for the final four approaches of each sixteen-
trial training series., As was expected with identical information from
the two displays, those using the visual display performed pitch control
significantly better than those using the tactual display for pitch error,
while the displays were present, F (1.15) = 17.33, p < .00l (Table 3).
There was no effect of pitch or throttle display modality on throttle
error control with the displays. Figure 14 represents the group scores
of mean integral error for these last four trials of each training ses-
sion,
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TABLE 3

F Ratio Table Generated from the Analysis of
Variance Using the CANOVA Program (Poor, 1973)
of Performance with the Displays

Hypothesis Within Cell Error F
SS Ss
Pitch Throttle df Pitch Throttle df
Between Subjects Effect: Group Effects '

Between Subiject Source Pitch Throttle

43

. Group Main Effect 229822 54915 4 84008 161701 15 10.26%%* 1,27
. Pitch-Visual vs Tactual 97056 21438 1 84008 161701 15 17.33%%% 1,99
Throttle~Visual vs Tactual 12873 25057 1 84008 161701 15 2.30 2.32
Pitch/Throttle Interaction 16738 168 1 84008 161701 15 2.99 .02
. Within Subject Effect: Test Period Effect

Main Effect 3 13 .49 4,54%
Linear 1184 19816 1 33774 54458 15 .53 5.46%
Quadratic 3192 7847 1 32397 38024 15 1.48 3.10

Cubic 174 2643 1 39685 65164 15 .07 .61

Group by Test Period Effect

Group by Test Period 12 34 .37 .39
by Test Period Linear 2728 1788 4 33774 54458 15 30 .12

by Test Period Quadratic 2885 10129 4 32397 38024 15 .33 1.00

by Test Period Cubic 3154 11194 4 39685 65164 15 .30 .64
Pitch-Visual vs Tactual ‘ 3 13 .56 .21
by Test Period Linear 2516 266 1 33774 54458 15 1.12 .07

by Test Period Quadratic 308 1224 1 32397 38024 15 .14 .48

by Test Period Cubic 2021 2593 1 39685 65164 15 .76 .60
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Hypothesis Within Cell Error F

SS SS

Between Subiject Source Pitch Throttle df Pitch Throttle df Pitch Throttle

Throttle-Visual vs Tactual 3 13 .24 .84
by Test Period Linear 112 1109 1 33774 54458 15 .05 .31
by Test Period Quadratic 336 6907 1 32397 38024 15 .16 2.72
by Test Period Cubic 991 5771 1 39685 65164 15 .38 1.33

Pitch/Throttle Interaction 3 » 13 .26 .56
by Test Period Linear 47 335 1 33774 54458 15 .02 .09
by Test Period Quadratic 546 1931 1 32397 - 38024 1s .25 .76
by Test Period Cubic 135 2679 1 39685 65164 15 .05 .62

Trial Effect ,

Main Effect 3 13 1.48 1.73
Linear 728 6157 1 26310 20848 15 .42 4.43%*
Quadratic 4447 407 1 31218 13568 15 2.14 .45
Cubic 2429 21 1 14169 15703 15 2.57 .02

_ ' Group by Trial Effect

Group by Trial 12 34 1.95 .49
by Trial Linear 1576 3796 4 26310 20848 15 22 .68
by Trial Quadratic 3879 516 4 31218 13568 15 .47 .14
by Trial Cubic 20192 2505 4 14169 15703 15 5,34*%% .60

Test Period by Trial
Test Period by Trial 9 7 1.66 1.67
Group by Test Period by Trial ,
Group by Test Period by Trial 36 27 .34 1.32
*p <.05
** p =<.01
**% p < ,001
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Test Periods, Post Training

Data from the four test approaches subsequent to the training series
were examined, It should be noted that no displays were present during
these unaided test trials, the approaches were made with reference only
to the runway enviromment.,

The main effect was the significantly improved performance on pitch
control with tactual pitch information prior to testing, (Groups 2 and L)
F (1,15) = 4.97, p =.05. In additionm, this performance advantage was
also reflected in throttle control, i.e., throttle control was signifi-
cantly better for those pilots who had received training with tactual
pitch error, regardless of the display modality of throttle error pres-
entation, F (1,15) = 5.16, p = .05 (Table 4). The group effects during
the test periods may be seen as mean integral error scores in Fig. 15.
The pilots trained with both tactual displays had the least amount of
pitch error (£4.33 mph), whereas, those trained with both visual displays
exhibited the most error (+7.58 mph). The respective throttle errors
were +.,193° and +.235°,

Contrary to expectation, the test period performance of the verbally
assisted control group equalled, for pitch control, and significantly
exceeded, for throttle control, that of the experimental display groups.

Pretraining

To insure that the random subject assignment to the groups eliminated
any group biases, the initial four approaches were analyzed; these occur-
red before any display experience, There were no significant differences
between the four experimental groups on integrated pitch error, F
(3,27) = 1.58, p = .26 or integrated throttle error, F (3,24) = .6k,

p =< .6l. The combination of Groups 1 and 3, which subsequently had visual
pitch training versus Groups 2 and 4, which had tactual pitch training
also were not significantly different in pitch error, F (1,33) = 1.17,

p < .30 or throttle error, F (1,30) = 2.0k, p = .18 in these first four

pretraining approaches.

Skill Acquisition

The improved performance without the displays due to training across
test periods was significant, ¥ (3,13) = 12,05, 17.02, p = .00L. Figure
16 indicates the progressive but complex linear and cubic relationship of
the training effects on pitch and throttle integral error with a negative
slope of .38 and ,03. Performance with the displays is depicted in Fig.
17 across practice periods., Throttle error was significant and linear
with a negative slope and closely resembled the shape of the throttle
error for performence without the displays. \

Discussion

This second study shows that training with tactual presentations
facilitates subsequent unaided performance more than training carried out
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TABLE 4

F Ratio Table Generated from the Analysis of
Variance Using the CANOVA Program (Poor, 1973)
of Performance without the Displays

Hypothesis Within Cell Error F
Ss _ Sss
Between Subiject Source Pitch . Throttle df Pitch Throttle df Pitch Throttle
Between Subjects Effect: Group Effects
Group Main Effect 803608 71909 4 1591191 73765 15 1.89 3.66%
Pitch~Visual vs Tactual 527622 25371 1 1591191 73765 15 4,97*% 5.16%
Throttle-Visual vs Tactual 58867 551 1 1591191 73765 15 .56 .11
Pitch/Throttle Interaction 11936 2927 1 1591191 73765 15 .11 .60
Within Subject Effect: Test Period Effect ’ .
Main Effect ' 3 13 12,05%%% 17,02%*%%
| Linear 253584 139277 1 519871 50501 15 7.32% 41 ,37%%%
: Quadratic 15610 846 1 357889 36857 15 .65 .34
Cubic 72441 17043 1 83353 62226 15 13.04*«* 4,11
; Group by Test Period Effect
Group by Test Period 12 34 2.80%%* 2.76%%
by Test Period Linear 274900 61798 4 519871 50501 15 1.98 4,59%
by Test Period Quadratic 72305 26665 4 357889 36857 15 .76 2.71
by Test Period Cubic 146805 21489 4 83353 62226 15 6.60%%* 1.30
Pitch-Visual vs Tactual 3 13 6.14*%* 4.,80%*
by Test Period Linear 125432 5223 1 519871 50501 15 3.62 1.55
by Test Period Quadratic 6290 12420 1 357889 36857 15 .26 5.06%*
by Test Period Cubic 39516 5298 1 83353 62226 15 7.11%* 1l.28
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Hypothesis Within Cell Error F
~ §S SS
Between Subiject Source Pitch Throttle df Pitch Throttle df Pitch Throttle
Throttle~Visual vs Tactual -3 13 1.24 1.49
by Test Period Linear 95513 8821 1 519871 50501 15 2.76 2.62
by Test Period Quadratic 6879 597 1 357889 36857 15 .29 .24
by Test Period Cubic 2685 10847 1 83353 62226 15 .48 2.62
Pitch/Throttle Interaction , 3 13 5.72%% 3.69%
by Test Period Linear 2467 37045 1 519871 50501 15 .07 11.00%*
by Test Period Quadratic 57390 13603 1 347889 36857 15 2.40 5.54%
by Test Period Cubic 104292 3981 1 83353 62226 15 18.77%%% .96
Trial Effect
Main Effect 3 13 1.98 9.97%%*
Linear 42766 15038 1 231384 46565 15 2.77 4.84%
Quadratic 22095 4056 1 231418 12202 15 1.43 4.99%
Cubic 10045 18683 1 98978 14553 15 1.52 19.2G%**
Group by Trial Effcct
Group by Trial 12 ‘ 34 .97 2.79%%
by Trial Linear 44258 24220 4 231384 46565 15 .72 1.95
by Trial Quadratic 38364 15489 4 231418 12202 15 .62 4.76%
by Trial Cubic 60349 3600 4 98978 14553 15 2.29 .93
Test Period by Trial
Test Period by Trial 9 7 5.83% 12.12%*
) Group by Test Period by Trial
Group by Test Period by Trial 36 27 1.12 1.23

*B 5.05
#x p < .01
*** p < .001
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Fig. 15 - Group effects for visual (V) and tactual (T) displays; perform-
ance without the displays

38



Pitch erroi + 8
(mph)

(1.6l km/h)

w P o O N

i 2 3 4
Test period

Throttle error
(deg) , 251
201
AD 1
1

| 2 3 4
Test period

Fig. 16 - Test period effects of the integrated error for all subjects;
performance without the displays

39



Pitch error 30

(mph)
(L6lkmm) 25;

- \ o A
1.51

I 2 3 4

Test period
Throttle error 5
(deg) ¢

A5 1

- O -0

ﬁf~ + + + +

I 2 3 4

Test period

Fig. 17 - Test period effects of the integrated error for all subjects;
performance with the displays

4o



with even optimized visual heads-up displays of the same information,
Facilitation occurred even though performance using the visual display
exceeded that of the tactual, This suggests that the results of Experi-
ment 1 may not have been as pronounced had a heads-up visual display of
angle of attack been used since testing occurred during display usage.
Thus, the display technique contributed to the training enhancement in
both studies. This advantage may exist because of the high demands
placed on the visual modality during training, by the visual compensatory
control tasks. Because of the sublety, necessary visual information in
the runway enviromment is difficult to perceptually extract and interpret.
A pilot therefore must learn the relationship between the visual trans-
formations and control of pitch and throttle, This learning would not
necessarily occur if one is simply looking at the runway, without per-
ceiving (being aware of) the visual relationships and transformations,

The tactual display has been shown in both experiments to facilitate
the perceptual learning and integration of approach and flare information .
to a greater degree than the visual display. This facilitation may be
all or in part attributed to the lack of interference in the visual field
with a tactual display. Without perceptual interference in the visual
modality, visual attention may be entirely consumed by the processing of
the information available in the runway environment. Therefore, without
the displays, the facilitated learning is evident. Further evidence sup-
porting this argument is found with the verbal group who outperformed
both display groups. Verbal assistance, like tactual information trans-
mission has the advantage of little visual interference with the approach
and landing task. However, in flight verbal assistance can cause atten-
tional interference with radio communications, aural warning devices and
other important aircraft sounds,

Due to the interaction of airspeed and glide path, a more stabilized
and accurate air speed control could enhance glide path control. The
significant effect of the pitch display training on throttle control, re-
gardless of throttle display modality, reflects the importance of this
interaction., Also because pitch control consumes muich of the pilot's
visual attention, the reduction of intramodality interference with the
tactual pitch display may allow increased learning potential for throttle
control, Therefore, the lack of significant performance improvement with
the tactual throttle display training may not be surprising.

As a final point concerning throttle control, the visual simulation
equipment provided no texture cues either on or around the runway. There-
fore, the expansion of the runway edges can be assumed to have provided
the only cue for projected touchdown point, in the unaided trials. This
expansion was apparent only from a relatively close distance to the runway.
Tn actual flight, objective texture cues normally are available, even at
a great distance, in the form of the large texture of fields and trees
below, or just in front of, the aircraft., Rapid descention is detectable
by the texture expansion in this optic array. It is quite remarkable,
given this lack of information, that glide path control via throttle con-
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trol was so well accomplished by the novice pilots in this study. Paren-
thetically, this finding has specific impact for visual simulation con-
siderations, :

The reasons why individual verbal instructions in the second study
were more effective than either the tactual or visual displays by them-
selves seem clear, There is more to the approach and landing task than
Just compensatory tracking of the yoke and throttle controls, Control
interactions, anticipation of control input, and extraction of informa-
tion from the landing enviromment are all required and can be provided
by verba