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VISUAL-PROPRIOCEPTIVE CUE CONFLICTS IN THE CONTROL
OF REMOTELY PILOTED VEHICLES

L INTRODUCTION

An investigation was made of operator tracking
performance under conditions of visual-
proprioceptive conflict. (The term proprioception
as uscd here refers to sensations arising from the
receptors of the nonauditory labyrnth of the
inner car and from muscles, tendons, and joints.
Kinesthesis refers to sensations of movement
arising from the receptors other than the non-
auditury labyrinth.) The experimental scenario is
described as follows: An operator is asked to
maneuver a remote'y piloted vehicle (RPY) from
an ajrbome control station (a mother ship). This
stat,on is equipped with a television monitor,
control stick, and other controls and displays
necessary to maneuver the RPV through a
specified course. The RPV, containing a television
camera mounted in ite nose, relays an image of the
terrain to be displayed on the television monitcr in
the contro! station. Thus, the visual scene dis
played to the operatorrepresents the scene viewed
by the camera. The task of the operator is to use
the controls and displays to “fly” the RPV in
much the same way he woul ‘iy a conventional
aircraft.

The scenario is complicateu vy several factors.
First, the visual inputs to the operator from the
RPV are independent of the moticn inputs from
the contro! s«tation. Thus, the overator will
experience motien cues that are uncorrelated with
the visual inputs 1eceived from the RPV. Second,
while traditiona! pilot training prograns operaie
on the philosophy that proprioceptive cues
provided by the motion of the aircraft should be
disregarded, reszarch has shown thst these cues are
compelling, not casily ignored, and may improve
performance when used in training simulators (see,
for example, Borlace, 1967, Cohen, 1¢70;
Douvillier, Tumer, Mclean, & Heinle, 1960,
Fedderson, 1961; Huddleston & Rolfe, 1971,
Rathert, Creer, & Douvillier, 1959; Ruocco,
Vitale, & Benfari, 1965). The task simulated in the
experiment presented here, however, required that
the RPV operator disregard sensations of motion
in order to maintain adequate performance. Under
conditions of visual-proprioceptive ccnflict (as
when the mother ship and/or the RPV are in
turbulence) the stereotypic responses of pllots to
cotrect angular accelerations will be inappropriate.

The objectives of the experiment were to
obtain Cata applicable to the following:

1. The relative difficulty of controlling an
RPV from an airborne station under different
visual-motion cnmbinations (e.g., visual-motion
combinations that produce conflict, or no con-
flict).

2. The relative ability of pilots, navigators, and
nonrated Air Force officers to operate an RPYV
from an asirborne station (i.e., the effect of
previous sxperience).

3. The differential effects of expericnce on the
acyuisition of skills necessary to operate an RPV.

4. Selection and training of potential RPV
operators.

5. The need for motion in RPV training
sunulators.

B. METHOD

Simulation System

This research utilized the Simulation and
Training Advanced Research System (STARS)
facility of the Advanced Systems Division, Air
Force Human Resources Laboratory, Wright-
Patterson Air Force Base, Ohio. The equipment
consisted of an opemtor station mounted on a
motion platform, hydmulic pump, terrain wnodel,
television camera and optical probe, experimenter
station, and a Sigma 5 digital computer. A brief
description of the hardware system is presented as
follows.

Operawr station. The operator station, illus.
trated in Figure 1, was designed to simulate the
environment of an airbome control station. This
station contained a ftelevision monitor that
provided visual images relayed to it from a
simulated RPV. These visual images were
generated from a television camera and optical
probe, which viewed the terrain model. The path
followed by the camnera and probe over the terrain
model was commensurate with the vehicle flight
path as determined by control stick inputs
provided by the subject. Since the control stick
and viaual system were independent of the motion
platform, the capability existed for the subject to

P
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Figure 1. Operator station mounted on motion plaform.

mancuver the simulned  RPV O undes Various
envitonmental conditons. This atrangement
pernmtted the intioduchion of conditions i which
the RPV slone, the airborne station alune, vr both,
were upder o air turbulence.

The subject sat in an aiteralt-yy pe seat durevtly
facing a 14- by 1lanch (356 by 279 m)
television muonitor, winch was mounted ina center
sectiong panel ol the opetator console. The
distance between the subject’s eyes and the center
of the television screen was 28 mches (711 em).
The viewng angle subtended 28.077 in the laterad
plane and 2223% iy the venical plane ol the
monitar. An altuneter, altitude waning hght, and
an attitude director mdicator (ADI) were
mounted on g Nat sechional panel to e Teft ot the
subject and at an angle of 457 trom the center
panel (see Figure 2). The altimeter was a vertical
straght-scaled indicator with a moving pointer
that provided altitude readings in fegt sbove sea
level. An amber altitude waning fight flashed
whenever the simulated RPV altitude dropped toa
tevel. below 1RO feet {549 m) remained on

whenever altitude exceed 1,00 feet (304.8 m), and
was off between 180 and 1,00:0 feet.

A 6anch {15.2 cm) side-arm rate control stick
was mounted on the Aghthand side console
armirest {(see Figure 2). The control was a spring-
centered strek wiih a dual-axis (fee positioning)
capability that required 4 ounces (113.4 g)
oreakout foice. The same amount of force was
needed to hold the stick at full deflection. The
range ot detlection on both lateral (right — left)
and longitudmal (fore ~ aft) stick was O to 25°
(hencetorth referred to as G te 100 percent
deflection).

In addition. the operator station contained 2
foot switch to allow the subject fo commuricate
with the experimenters. White noise was input fo
the subject’s headset to musk extemal disturb-
ances. The aircraft seat was equipped with a
standurd hamess and lapbeli to protect the
subject. An air conditionei maintained the station
temperature at 707 F (21.1° €). Finally incident
ilumination was at an average of 37 footcandles
at cye level

ey ST




Figure 2. Opemtor station instruments and control stick.

Motion sysiem. The operator station was
mounted on a motion platform that provided
onset cues in two degrees of freedom of angular
acceleration. Roll onset cues were provided by
tilting the simulator about the longitudinal axis
(e, the X axis) and pitch onset cues were
provided by tilting the simulator about the laeral
axis (i.e., the V axis). Motion was achieved by
actuation of hydraulic cylinders :nout.ted under
the 9 by 8fcet (2.74 by 2.4 m) simulator plat-
form, es shown in Figure 1.

Visual svstem. The visual system consisted of a
three-dimensional terrain model (a modified
SMK-23 Visual Simwulator, The Singer Company),
television carmera and optical piobe, and three
monochsomatic television monitors. The terrain
model provided real-world” ground cues for
visual tracking over the surface. Tne real-world to
terrgin model scale was 3,000:1 and sepresented a
six- by twelve-mile (9.65 by 19.3 km) area. The
model was mounted on an cendless belt thet was
servo-driven to represent visually the continuous
changes in scepe as the simulated RPY travelled
along north-south directions. A television camera
viewed the tercain model through an optica) probe
that contained a servord niechanical assembly to
permit the introduction of headiny, roll, and pitch.
Both the camcra and probe were mounted on a
servo-driven carriage system that moved across the
terrain model to simulate movemient of the RPV
along ecasi-west directions, and in and out to

simulate  altitude changes. The ficld of view
represented on the television monitor subtended a
viewing angle of 50° horizomaliy and 38°
vertically over the terrain model. One television
monitor was mounted in tie operator <tation and
the other two were located in the experimenter
station. All three monitors had a 1,000 ine resolu-
tion vertically.

Experimenter station. The experimenter station
contained the equipment necessary to munitor the
status of the hardware/softwaic and control
activities of the subject, and to se. up the varous
stimulus conditions. This station was manned by
two experimienters. The task of the first was to
prepare the system for operation, insure that all
hardware was operating effectively and reliably
prior and during the experiment, and set up the
conditions for all experimental trials in accordance
with a prepared check list. The task of the second
experimenter was to determine the appropriate
rime for introducing specific stimuli to the subject.
V/hen certain criteria were met, the experimenter
pressed a discrete hand-held iusert button to
initiste 8 stimulus tral.

Computer system and interfaces. A Sigma 5
digital computer was veed to drive the penpheral
equipnent, and to record data during experi-
mental runs. Resident software consisted of a real-
tune aerodynamic mathematical mode!, executive
routine, and data recording progiams. The
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nathenutical mod:bwas g sivdeprecot freedom
simulation of a Inced wing aarcratt aswed  to
tepresent an ®PV O His moded ecened ainpuats
tronm the subjects control stk and provided oat
vuts vo dive the vamcon and probe to produce the
proper vsual inape, as well as other data necassay
to dive the gl taclated displays at the expen
menter and  operator stations The executive
touhine senved as soltvae mterface between the
expenmenter statton and die nathomatical model
and motton platfoon by praducing stimuis Qe
mxriny h'l\!ll){ functions) when commande
Depending on switch settings at the expenmenter
station. visaal and/or mwonen st weore
produced by analating & sudden change ol or
pitch o smbar to alat pioduced by g sharp wind
past. Actual activation ot seseal stimuli was
acamnplishied by addine a predetermined value to
the sampled stick value and sending that sum to
the mathenmatical model in hea o sending the
actual st posttion ever the fined number of
progrnt cyJdes. Ths proved 1w be a simple and
cffective nethod ot poducmp realistie visual
stunul When g tmotion stimulus was required, the
necessary  forcing tunction. piogiammed on the

analog cumnpater, wos trigeered under contiol of

the exccutve toutime Data ecording progras
recorded all required weasures oa 9-track magnetic
tape, inserted header infonnation used to denuty
expeament! unsy and tngls, and produ ed some
ontin, plnls and cumpu(cd values neeessary tor
the conduct of the ¢ periment.

An ang’op comnmuter was used pumanly o
contiol the mevon platform. Ths included
confinual gencration of low-amphtude inputs on
hoth 1ol end piteh axes to simulats rongh an,
thereby adding realvam to the task.

L nerimentai Tasks
and Stineuli

The task consisted of mancuvering a simulated
RV throughk a predetesmined truching course.
This was a form of visual contact flying that
requnted the subgects o track ten ground targets,
1y the simualated RPV over cach, and maintain a
level honizon (re o wangs Jevel) Bigure 3 s an
Wustration ot the gound teran and target as
viewed by the subject. Since scaled references were
nol provided on the television muonitor, the task
consisted o1 a subjective form of compensatory
tracking.

Figire 3. Ground terrain and target as viewed by the subject.

Easy visible ground targets wese numbered
and placed on the terram modll at intervaly
reorssenting two statute udles (3.2 km). There
wert ten targets, five on the right-hand side (east)
and 1ive on the left-hand side (west) of the terrain

model. The five targets, spaced on the east side of
the model, were numbered sequentially toward the
northem region of the model. Similariy, the other
Tive targets were numbered sequentially, but
spaced at intervals {from north to south, down ihe

.
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west side of the moedel This arrangement of
targets gesulted 1 the maost ctficient use of the
terrain miodel  In addition, the tarpets were
altemated left and nght at distances representing
A2 mile (19 km) from the centerline between
targets. Thus, the subjeet was regquired to nake
heading conections ay the simulated RPV was
tlown toward cach target. After a fly-over
occuried, the target left the ficld of view at the
bottom ot the television screen and the next target
appeared over the horizon to the left or nght of

the current heading. Heading cotrections to the
target were nade at this pownt. This process was

repeated until the subject tracked the RPV over
the fifth target, upon which he was instructed to
bank to the left to acquire the sixth target. Turpet
tracking continuzd unti! the simulated vehicle had
been tlown over the tenth target. The RPV was
flown at an airspecd of 150 knets and at an
altitude between 180 and 1,000 fect (54 9 and
304.8 m). The average altitude flown was SO0 feet
(152.4 m). The average tracking time over the ten
targets was 6 minutes 30 seconds.

Since the operator station molion  was
independent of the visual system, it was pessible
to simulate conditions in which the echicle only
(i.e., the visual inpuy from the RPV), the operator
e, the motion input Do ihe
mother ship) or hoth simultancously weie under
clear &ir turbulence. As the subjects mancuvered
the dmulated RPV over the ten targets, they were
presented, at random intervals, with stimuli
representing the effects of gusts on the operator
station and/or the RPV. The subjects were asked
to respond with an appropriate control stick
deflection to null the effects of these gusts on the
RPV. The visual stimulus duration was one second
and the displacement was 118" /second on soll
and pitch during the ininal .S second  and
+21°/second  on roll and 114°/second  on pitch
during the remaining .5 sccond  Any control stick
activity occurring dunng this period either
decreased or increased the rate of error. With no
corrective input, the maximum displacenient was
limited by software control to $21° on roll and
t14° on pitch.

The motion stimulus was provided by tilting
the motion platfonn about the longitudinal axis
(roll) or the latcral axis (pitch). After reaching a
maximun excursion of $8° on roll and £7° on
pitch in 3 period of one second, the piatform was
restored to a level position in an equal zmount of
time. Restoration of the r s, 2rm did not inveolve 2
washout function below  sory threshold. While
such functions are used in pilot training simulators

to chmnate  uncorrclated  visual-propnocepiave
cues, the cnvitonment simulated o thys expen
ment required that motion be independent of the
operator’s control acuvities. Thus, it was assumed
that a pilot would acstore a motha shap
inunedately tollowing the onset of tarbulence.

Subjecis

Fifty cmane male volunteers, all untormed
members of the Lhuted States Air Foree, served i
subjects i this expermient. These subjects weie
assigned 1o one ot three experience groups con
sisting of twenty pilots, twenty navigators, and
nineteen nomated (inexperienced) otficers. The
sclection of subjects depended upon ther prios
experience. It was required that the pilots be on
current flying status and that they have at least
300 hours of flying eaperience. It was further
required that neither the wavigatoss nor the
noniated participants possess pilating experience
and that the nonrated be Aght-handed.

Questionnaures designed specitically tor cach of
the three experience groups were admimistered to
all subjects. Aside from the demog-aphie charac-
tenstivs on cach subject, it was ofnterest also to
obtain cther inforaahon rerevant 1o the thne
eapericnice of piots and  navigators and any
possible informal (i.c., obscivational, back scat)
piloting expericnce poss ssed by navigatues and
nonrated  subjects. Alsu of mterest was intor-
mation relative to the subject’s suscepnbility to
motion sickness. The general charactensues of
each experience goup are summanzed as toliows.

Pots. The average age of pilos was 345
(median, 34.5) with a range ot 26 to 45 years. All
pilots possessed at least four years ol higher
education (mean, $.3 years). The mean number of
flying hours was 2,953 (nedian, 2.924) with a
range of 350 10 5,100 hours. The mean number of
years of flying experience was 9.9 (median,
10.25), with a range of 3 to 32 years. The most
recent flying experience had occurred on the
average of 6 months (median, 3 months) prior to
participation in this experiment. Two pilots
reported that they had experienced cither car or
seasickness, but none reported aursickness.

Navigarors. The average age of navigators was
32.5 (median, 33) with a range of 25 to 44 years.
All navigators possessed at least four years of
higher education (mear, 54 ycars). The mean
number of navigation flying hours was 2,206
(median, 2,100), with a range of S50 to 5,700
hours. The mern number of vears of expsrience




was 7.1 tmedian, 7.5) with a range of 1 5 to 19
years The most tecent navigation cxpenenve had
oceurred 8 months (median, 6 maonths) pnog to
partiapation in this expenment  bive navigators
reported that they had some presalo pilloting
expenience. but an all cases ths had occurred at
teast seven years pnom fo the eapeniment {median,
10 years) Nine navigators had some anformal
piloung expenence Three reported that they had
expenienced arrsickness and one ot these also
reported seasickness

Nonrated The aversge age of nonrated subjects
was 315 (median, 32). with range of 23 1o 44
years All uf these subjecty had at least four vears
of hgher education (incan 58 ycars). Three
subjects repurted that they had sume presolo
ploting experience, but in all cases thus expenence
had occurred at least seven years prior to the
experiment and was of short duration. Three
subjects reported some informal observational
experience and two had mummal expenence in a

ground sunulator. Three subjects reported that
they had experiernced airsickness and one had
expenenced seasickness

Experimente! Conditions
and Design

Subjects 1n each experience graup were assigned
to one cf five experimental conditions. As noted
carlier. the congitions wete selected for their
potential 1o produce visual-propriocepive conflict.
The conditions represented various visual-motion
stimulus combinations existing between the
simulated RPV ard control station. As shown in
Table 1 the five conditions consisted of : (a) visual
only (VO), in which the RPV was tepresented as
being in turbulence, but not the control station,
(1) motion oniy (MO), in which the control
station was 1epresented as being in turbulence, but
not the RPV (c) single-axit incompatible (SAf). in
which both the control station and thé RPV were
simultaneously in turbulence. but the

Table l Visual-Motion Stimulus Combinations

ane L@l

lm annh I:V|\nnmpn’-| Condition

Expsrimentat Condhtions

(Axis ang Dimction
of Dispiacament)

Vistual Stimulus Motion Stimulus
{Axis and Owection

of Displacament)

Visual Only (VO)

Motion Only (MO)

Single Axis Incompatible (SAI)

Single-Axis Compatible (SAC)

Boub) -Axis incompatible (DAl)

Pitch-Up 0
Pitch-Down ¢

Roll Right 0

Roll Left 0

0 Pitch-Up

Q Pitch Down
0 Roll Right
0 Roll Left
Pitch-Up Pitch-Down
Pitch-Down Pitch-Up
Roll Right Roll Left
Roll Left Roll Right
Pitch-Up Pitch-Up
Pitch-Duwn Pitch-Down
Roll Right Roll Right
Roll Leit Roli Left
Pitch-Up Roll Right
Pirch-Up Roll Left
Pitch-Down Roll Right
Pitch-Down oll Left
Roll Right Pitch-Up
Rell Right Fitch-Duwn
Roll Lefi Pitch-Up
Roll Left Pitch-Down
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visual-motion combinations were in conflict with
respect to direction (e.g., a visual pitch-up was
combined with a pitch-down motion), (d) single-
axis compatible (SAC), in which both the control
station and the RPV weraz simultaneously in
turbulence, but the visual-motion combinations
were consistent with normaj contact flying
conditions, and (e} double-axis incompatible
(DALl), in which both the control station and the
RPV were simultaneously in turbulence, but the
visual-motion combinations were in coenflict with
respect to axis (eg., a visual pitch vp was
combined with a roll right or left motion).

Sixteer. subjects in each ot the three experience
groups (i.e., pilots, navigators, and nonrated) were
randomly assigned to one of the first four
cxperimental conditions (1.e., VO MO, SAl, and
SAC). An additiona) four pilots,  ur navigatorss,
and three nonrated subjects participated in condi-
tion DAL The ideal design would have required
that all subjects be administered all conditions
(ic., 2 withingroups design). This type of design
was not used because the relatively large number
of conditions (and combinations within condi-
tivas) wouid Cicaie a fonmdable balancing
problem. Also, the possibility of asymmetry due
to transfer effects (Poulton & Freeman, 1966) in a
within-groups design would require that all
combinations of conditions be administered and
examined. Constraints on subject availability
rendeied this approach impractical, if not
impossible.

All subjects served for approximately 45
minutes on 5 consecutive days (sessions). The first
session was for the purpose of fanuliarizing the
subjects with the ¢quipment and procedures, and
for training in the tracking task. The experimental
tasks were performed in Sessions 2 through S. A
trial was defined as the introduction of 2 single
stimulus duting the experimental sessions. A block
of trials consisted of the presentation of ten trials
during the simulated flight over the ten targets.
The subjects were presented with jour blocks of
trisls in each of the four experimental sessions
The stimulus combinations in each condition were
randomized (without replacement) so that each
tubject experienced the same combinatiuns over
the four sessions. Thie towal number of trials by
conditions and experience group is presented in
Appendix A.

Procedures

Upon arrival st the first session each subject
was asked 10 read s prepared set of instructions.
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These instructions contained a general overview of
the procedures and the task to be performed. The
subject then sat in the operator station and the
experimenter demonstrated the training task (e,
one flight over the ten targets) to better acquaint
him with the procedures. The subject then
completed one flight in the presence of the
experimenter. After a brief question-and-answer
period, the exneritnenter assumed bis position at
the e¢xpc menter station and the subject
proceeded ts complete two additional training
flights. No motion was provided in this session,
but the subject had use of the ADI Upon
completion of training, the subject was provided
with a copy of the questionnaire.

In each of the four experimental sessions, the
subjects were c¢scorted to the operator station and
were given assistance in adjusting the protective
restraints. Instructions were then read "~ the
subject over the communication system. These
instructions are presented in Appendix B. The
sinulated rough air and the television monitor
were then activated, the ADI deactivated, and the
subject was asked whether he was ready. Upon a
“icaly™ 1esponse Niow thie subjeci, ilie vy sicin was
released from frecze status and the subject began
maneuvering activities toward the first target.

Experimental trials were initiated from the
experimenter station in accordance with pre.
established decision critena. Briefly, it was
required that a minimum of ten seconds lapse
between trials. Moreover, 1t was required that the
simulated RPV be in a stable and level attitude and
that the heading be toward the next target. To
insure that the data not be confounded with
normal tracking activities, trials were presented
only when the subject’s control stick input was
minimal, if not at zero percent. Finally, to aveid
problems of anticipation, the presentation of trials
occurred at different Jocations on the tracking
course. Various displays were used to aid the
experimenter in making a decision as to whether 4
trial should be initiated. When al criteria were
met, the experimenter pressed the insert button,
which caused an vutput to be made for the pre-
selected trial. A 45second rest period was
provided between blocks of trials. The last session
was followed with a debnefing, a tour of the
simulation facility, end a discussion of the purpose
of the experiment.

Peddormance Measurcs

Data collected during all sessions (intluding
training) were recorded on 9-track nagnetic tape.




The vanabley, umity, and samplig s1¢ on cach are
presented as follows

TJune. Clock ume into the traching task was
revarded every 08 second.

Lateral conrrol stick  deflection (roll axis).
Percent and directren of deflection from center
position te full detlection was recorded at a rate of
20 sawples/second

Longuudmal  control stick deflection (nitch
avs) Pereent and direchion of deflection from
center position to full deflection was recorded at a
rate of 20 samples/second.

Longinede . The location of the simulated RPV
over the terrain model in an east-west direction
was recorded at a rate of 10 samples/second. Data
were converted to feet travelled fram the left (ice.,
west) side of the terrain model.

Latitude The location of the simulated RPV in
a direcvion runming lengthwise over the terrain
model was recorded at a rate of 10 samples/
second. Data were converted to feet from the
lower (1.e., south) end of the terrain model.

Altrtude. Altitude of the simulated RPV,
measured in {eet above sea level. was recorded gi a
rate of 10 samples/second.

Header informatiun - Recorded prior to the
initiation of cach tracking task was the subject
identification number, experimental condition,
and block number. The trial number and the visual
and/or motion combination used was recorded
whenever a stimulus was presented.

Computer programs were developed to retrieve
data from magnetic tapc and to compute relevant
performance measuies. Two principal measires
were computed: response time (RT) and error
rate. The former was defined as the time interval
between the onset of a stimulus and the first point
(i-e., time sample) in the tracking record in which
control stick deflection exceeded a predeterminerd
}imit of aliowable tolerance (i.e., a band of toler-
anice for small control stick deflections regarded as
noise rather than responses to trials). The methed
used to compute these bands, for both lateral and
longitudinal stick deflections, is described in Reed
(1977).

Response times were computed on three types
of responses: correct, reversal ertors, and uxis
errors. Reversal errors were those responses in
which stick deflection was in the same axis but
different direction as the visual stimulus. This type
of response added error by increasing the iate of

an already existing stimulus error. Axis crrors were
those responscs in which stick deflections were in
the axis other than the one provided by the
stimulus. A stick defleciion to the left in response
tu a pitch-up visual stimulus, tor example, added
roll error to an already existing pitch error.
Finally. crosscoupied responses to a stimulus (ie.,
rosponses that combined simultaneously both
latesal- and longitudinal stick defiections) were not
subrnitted to analysis because of their random
occurrence, and because they could not be
regarded as either correct or error respanses.

Error rates on 1eversal and axis errors were
computed from data on all conditions except MO.
The primary purpose of this measure was to
determine (a) possible effects due 1o practice, (b)
possible  differential effects by type of error
(reversal vs. axis errors), (¢) effects due 10 expen-
ence, and (d) effects due to conditions. All
proportions were obtained by dividing the number
of errors by the total nuinber of responses. Since
all responses to MO were regarded as errors,
proportions wete obtained by dividing the number
of 12sponses by the total number of trials

1il. RESULTS AND BISCUSSION

Effects of Visual-
Proprioceptive Confiict

The rescits of this study revealed that the
experimental condiuuns (sec Table 1) differed in
their potential to engender visual-proprioceptive
conflict, as measured by the proportion of reversal
and axis errors. An analysis of variance! on
reversal emors (see Figure 4) revealed that the
effect of conditions was significant, F (3, 35) = 1§,
p< 001 (.11, .25, .07, .12 in VO, SA], SAC,and
DAL, respectively). A Newman-Keuls (Winer,
1971, p. 191) test of the means revealed further
that this effect was due to the large proportion of
reversal errors in SAl (p < .01) in contrast to the
other conditions. Sinilarly, the peoportion of axis
errors (see Figure 5) also resulted in an effect due
to conditions, F (3, 35) =27, p < 001 (.08, .08,
07, 30 in VO, SA), SAC, aud DAL, respectively).

1Al analyacs of variance were performed with the
VUL2 - Vanderbilt Staristical Package (1971). The
missing data {i.#., unequal n) option supplied with these
progranis was apphed where needed.
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In contrast to reversal errors, however, the highest
proportion of axis errors was made in DAI as
revesled by a Newmnan-Keuls test of the means
(p <.01}.

The DAI condition was included in this study
as an added feature to corroborate the predicied
effect in SAI and to verify the notion that this
effect was produced by visual-propricceptive
conflicts rather than by random control activities.
Thus, it kad been predicted that the visual-motion
relationships in SAl would result in a greater
proportion of reversal than axis errors and that the
opposite would be the case in DAL To test this
possibility, an analysis of variance was carried out
to compare the proportion of reversal errors with
the proportion of axis errors made by all subjects
in VO, SAl SAC, and DAL Of particular interest
was a possible Conditions X Type of Error (ie.,
reversal and axis errors) interaction. The analysis
resulted in a significant interaction in the expected
direction on pitch, F (3, 35) =6, p= .0027 and
roll, F (3, 35) = 43, p < .001. As shown in Figure

6, the interaction effects were obviously due to a
higher proportion of reversal errors in YAl than
DAl and a higher proporion of axis errors in DAI
than SAL Thus, the overall results of this analysis
confirmed the supposition that the distribution of
these two types of control errors wouid be
systcmatic rather than random. It can be safely
concluded that the incompatible conditions (i.c.,
SAl and DAI) produced visual-propioceptive
conflicts and that these experimental conditions
were independent with respect tc their eftects on
the performance of all subjects, regardless of
experience (there was no Conditions X Experience
Group interaction). Finally, it must be pointed out
that only two percent of the axis errors in DAl
were inappropriate with respect to direction of
motion (e.g., a control stick deflection to the right
in response tc a right roll motion). These data
were not included in the analysis. This latter
finding lends further suppori to the notion that
the axis errors in DA resulted from responses to
motion and were not random.

¥ Single Axis Incompatible (SAI)

@ Double Axis tncompatible (DAI)

40
f' Pitch
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Figure 6. Proportion of ervors a5 3 function of type of erros.
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1t had been aaticipated that VO and SAC (no
molton motion comparisons) would differ in
thewr potential to produce reversal cerrors The
presence of motion in SAC was thought to aid
spatial orientation and result in a very smali
proportion of inapproprigte responses. While the
difference between these two  conditions was
cansistently in the expected direction, the
Newman-Keuls test laled to reach significance
(p > .05). Also, the proportion ol reversal errarsin
these Twa conditions was relatively low (.11 vs. .07
i VO and SAC. respectively) and did not duffer
from the proportion of axis errors. This latter
finding suggests that the errors in VO and SAC
were rapdom and non-task related. Although it is
tempting 10 conclude that the visual factors
provided the necessary 1iformation for spatial
oricntation and that motion in 5AC served no
useful role, the effect of motion was obviously
present in SAl and DAL Accordingly, the jole of
motion in SAC is not dismissed. It must be

recalled that VO did resut in a strong and

consistent  tendency to produce more reversal
errors than SAC. Detailed interpretation of these
results, however, must be carned out in the light
of other reievant daia.

If motion alerts the subjects to changes in
attitude, as claimed by Matheny, Dougherty, and
Willis (1963). then the experimental conditions
providing motion should result in shorter RTs than
those that did not. This assumption was
confirmed. Analysis of variance on RTs of correct
responses was significant. F (3, 35)= 6, p < .01
(.75, .67, 57, 14 seconds in VO, SAl SAC, and
DAI, respectively). Newman-Keuls tests of the
means by axis (sce Taule 2), revealed that RTs on
correct responses in VO were significantly longer
than in SAC (p< .0l) on both axes, and also
longer than SAI on the roll axis (p < .05)
Response ‘imes on correct responses in SAI and
SAC did not differ significantly, although there
was a consistently strong tendency for SAC to
result in shorter RTs on both axes. This tendency
is interpreted to mean that compatible visual-
motion relationships provide alerting cues that aid
performance. That RTs were longer in VO than
SAl and the failute to obtain a significant
difference between SAl and SAC, however, suggest
that motion, even when it is incompatible (i.e., in
conflict) with the visual stimulus, alerts the
uperator to changes in attitude.

Tahl: 7. Mean Response Times {in seconds) on Correct Responses
and on Reversal and Axis Errors

Pitch Rolt
Conditions Correct Reversal Axls Carract Revanasl Axis
vO 63 37 35 .86 57 Si
SAl .61 .38 2 n 47 41
SAC 52 .27 .29 61 40 .38
DAl 67 43 A4 81 .53 .58

The assertion that motion provides alerting cues
cennot be gencrahized easily to the incompatible
visual-motion relationships in DAL Response times
on correct responses in this condition differed
neither from VO and 5Al on pitch nor from VO
on roll. The relatively long RTs in DAI can be
attributed to several factors. Fimst, it will be
recalled that the proportion of axis errors in DAI
was high relative to SAL This difference in errors
may have been due to the disproportionate
number of visual-motion stinwlus alternatives in
DAl as compared to SAl {sec Table 1). It is
assumed that adaptation to the visual-motion
r#lationghips in SA} was considerably easier than
in DAL In SAL the subject merely learned that a
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stick deflection in the op;~tite disection from the
one provided by the motion cue would result in an
appropiiate response (i.e., the subject learned to
deflect the control stick on the same axis and
direction of motion). Similar adaptation would
have been difficult, if not impossible, in DAI
because the visual-motion combinations were
always on different axes ang there were two
alternative ditections of motion displacement
witain each axis (i.e., a visusl pitch up was
accompanied with a roll tight or roll left motion}.
Taking these factors into consideration, it can he
safely concluded that motion in DAI not only
interfered with the response tendencies of the
subjects, but required that decisions be brought to




bear on the task. The subject needed to sclect an
appropriate response among alternatives, a process
requiring time.

It 15 of interest to note that the RT relation-
ships found on correct responses existed also on
reversal and axis ¢rror RTs. Response time on
reversal errors resulted in a significant effect due
to conditions, F {3,35) =3, p <.05 (47, 43, 34,
.48 seconds in VO, SAl, SAC, and DAl
respectively) as did axis errors, F(3,35)=10,p<
.001 (.43, .35, .33, .51 seconds in VO, SAI, SAC.
and DAL, respectively). An examination of Table 2
will show that RTs on errors are generally longer
in VO than SAC and that SAI falls between these
two conditions. Mareover, RTs on errors in DAI
are generally comparable to those in VO. Thus, it
is concluded that the variables that have an effect
on RTs of correct responses have the same effect
on RTs of error responses. Note, liowever, that the
RTs on errors are always shorter than RTs on
correct responses. The difference between RTs on
correct responses and on reversal errovs was
statistically significant on both pitch, F (1, 34) =
144, p < 001 (.61, vs. .37 seconds) znd roll, F (1,
34) = 63, p <.001 (.75 vs. .50 seconds). Simularly,
this difietence was significant between RTs on
correct responses and axis errors on both pitch, F
(1, 33} = 148, p < .001 (.61 vs. .34 seconds) and
roll, F (1, 35)= 233, p< .001 (.75 vs. 47
seconds).

Reed (1977) interpreted the effects, discussed
in the preceding paragraph, in terms of the
anticipatory behavior occurring prior to the onset
of a stimulus event. In some respects, the task of
the subjects can be likened to classical reaction
time tasks. When the subject awaits the onset of
the stimulus event, errors are Jess likely to occur,
but latency is expected to be considerably longer.
Anticipation allows the subject 1o predict when a
siimulug is to take place and to select the most
probable resporse among the possible stimulus
alternatives. When response selection is initiated
prior to the time that anticipatory processes are
complete, the subject may likely respond
prematurely and make an error. This does not
mean that some anticipation does not occur. It
simply claims that the process is terminated early.
Ascordingly, varisbles that have an effect on
correct responscs imay sppear also in the errors
because some information processing actually
occurs. If this model of anticipatory behavior
accounts for the results obtained in this
experiment, then it would also predict that some
correct responzes would have short RT. That is, if
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the anhiaipatory pracess is terminated early, the
sclection of a response 1s roughly random, but on
occasions may result in the selection of a correct
response. Analysis to this level of detail was not
carricd out on the data from the present
experiment.

To snmmiarize. visual-moticn relationships that
are incompatible interfere with the subject’s
performance and result an errors and longer RTs.
The absepce of motion lengthens RT on correct
responses, but results in a lower propoition of
contro] errors. The short RTs in SAC on both axes
and the short RTs in SAl on roll relative to VO,
provide evidence favoring the alerting role of
motion. Mearcover, since the onset of both the
visual and motion stimuli occurred simultaneously,
the results are consisient with the assumption (but
do not necessarily imply) that proprioceptive cues
derived from notion preceded, in time, the visual
ones as had been reported by Matheny et al.,
(1963). A rough estimate of the possible contribu-
tion provided by the presence of compatible
motion relationships to response time is obtainable
BT jn SAL ficm the
average R1 in VO. This difference is found to be
.11 seconds on pitch and .34 seconds on roll. A
sunilar, but weaker contribution is found when
VO is compared to SA! (.06 seconds on pitch and
.13 seconds on roll).

by subtracting the aversge

The results provide compelling evidence in
support of the assumption that motion cues play
more than an alerting role in the subject’s attempt
to cope with visual-proprioceptive corflict. The
large proportion of reversai errors in SAI in
contrast to DA1 and the large proportion of axis
errors in DAI relative to SAI suggest that motion
also provided directional information. Moreover,
that the overwhelming number of axis errors in
DAl were commensusate with the direction of
motion lends further support to this conclusion.

Effects of Experience

The difference between the experimental condi-
tions was the presence or absence of motion and
the axis and direction of niotion with respect to
visual displacement (see Table 1). The direction of
displacement of the visual scene presented on the
television monitor, however, remained upaltered
with respect to the direction of stick deflection
(i.e., the control-display relationship was not
varied in this experiment). Accordingly, if a pilot's
responses to aircraft sttitude changes are
dependent on motion cues (i.e., the pilot uses
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rather than disregards motion), then a motion
function which is i conflict with these old and
oveilcarned response habits should intesfere with
his performance. It performance in SAC is
dependent upon learned habits peculiar to pilots,
then the performance of nonpilots should be
worse than that of pilots in this condition. On the
other hard, if pilots arc able to ignore motion,
then the absence of motion (ie., VO) or the
presence or visual-moticn relationships that are in
conflict with normal flying operations (i.c., SAl
and DAD should have no cffect on their per
formanee. Simtlarly, the pilots should have no
difficuity in the condition in which only motion
cues are present (i.e., MO). The extent to which
previous expericnce has an effect on operator
1csponses o motion cues can be obtained hy
comparing the performance of piots, navigators,
and nonrated subjects on each experimental
corditions.

The recults revealed that the proportion of
ermors among the three experience groups was
roughly equal. There was no difference in the
proportion of ieversal errors among expericnce
goups, F (2, 35)= .24, p > 05 (.13, .14, 14 tor
pilots, navigators, and nonrated subjects, respec-
tively). Similarly, there was no difference in the
proportion of axis errors, ¥ 2, 35) = 38, p > .08
(.14, 14, 12 fur pilots, navigators, and nonrated
subjects, respectively). Expected differences, as
might have been revealed by a Conditions X
Experience Groups interaction, were absent. It
must be noted (sec Figure 4) that pilots in SAl
made more reversal errors on the roll axis than
nonpilots (.41 vs. .24). Furthermore, pilots made
more axis errors in DA than nonpilots on both
axes (.25 vs. .16 on pitch and .40 vs. .35 on roll),
as shown in Figuie 5. A descriptive statistic on
reversal errors to roll axis stimuii in SAT showed
that the visual-motion relationships in this condi-
tion had a greater impact on pilots than nonpilots.
These results must be interpreted with caution. It
can be safely voncluded, however, that pilots were
unable to ignore the effects of motion and that
previous exposure to flight conditions did not aid
them in overcomung the effects ¢i cue conflict. In
fact, it was surpnsing to find that the pilots made
occasional errors when visual-motion relationships
were commensurate with those encountered in
contact flying (i.e., SAC). Lqually surprising was
that the proportion uf errors made by nonpitots in
SAC were only slightly, but not significantly,
higher than those of pilots. Moreover, a similar
relationship was found in VO,
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Obviously, mot.on provided compelhing cucs 1o
subjects in all expenience groups. but pumarily the
piots. Postcxperimental debriefings revealed that
pilots were painfully aware that the visual motion
relationships in SAT were in conflict wath thase ot
nomal flying operations. Nonpalots, on the other
hand, were unaware thut there was something out
of the ordinary, yet all of them made more
reversal crrors in SAL than SAC. Jacobs and
Roscoe (1975) obtained similm comments fiom
tlight naive subjects. Accardingly . the errors made
by the pilots in SAC can he attnibuted to tactors
of attention vt motivaton and thase ot the
nonpilots to their aneapencnce. It
interpretation is accepted, then it folinws that the
visual-mation relaiionships i SAC were
compatible with the visual-propriocepuve
sensations that engender adequate spatial
orientation. Such relationships do not interfere
with response tendencies. regardless ot the
experience of subjects.

Further evidence that motion had a pieates
effect on piiots than nonpilots comes trom the
ohserved tendency for pilots to respond to motion
cues even whicii vistal ongs were absent (e the
mation only condition). An atempt 1o null the
effects of motion in this conditon was, by
defimiuon, an  error fesponse. Two types of
responses were possibler ihose that were
“consistent”™ with the motion function (2 roll nght
motion was responded to with a control stick
deflection to the left), and those that were
“inconsistent”™ with the motion function (a roll
right motion was responde J to with a conteol stick
deflection to the right). Presumubly, a legitimuate
response to motion in the absence of visual stimuli
would require that stick deflections be on the axis
and direction commensurate with the motion
function. If the past expericnee of pilots
influenced their performance in the MO condition,
it would be expected that their responses be
primarily on the consistent axis and direction,
relative to motion. On the other hand. the absence
of experience among nonpilots could result in a
random distribution of responses between
copsistent and inconsistent. This prediction was
confirmed. Pilots made significantly more
consistent than inconsistent responses en both
pitch, F(1, 3= 21, p= 02 (13 vs. (1) and roll,
F(l,3)=17,p=.02 (15 vs. 02). in contrast to
these results, there was a tendency for navigators
to make meoere consistent responses than
inconsistent ones, but the ditference failed to
reach significance on pitch, F (1,3)=1.9,p > 05
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Cllvs O7)andgoll, F(1, 30 =9,p> .05(.09 vs.
05). Similarly, nonrated subjects tended to make
more  consistent  responses but  the  difterences
failed to reads signiticance on pitch, F (1, 3) =1,
p>.05¢09 vs. 05)and roll, F¢1.3)=3,p> .05
(.09 vs. .03). These results suggest that there was a
strong tendeney for pilots to respond to motion
cues though the expecied visual ones were absent.
By responding to motion only, the subject
provided an input which was fed back to him as
pitch or rall errot on the visual display. This
feedback should have been sufficient to effect
leaming, and therefore, to result in a strong down-
ward trend of responding. Yet, all subjects, but
prmarily the pilots, responded to motion
throughout all sessions. Obviously, motion
previded compelling cues that coald not be easily
disregarded.

The previous experience of pilots (or factors
due to pilot seicction) did not aid them to over-
comre the effects of visual-proprioceptive conflict
as measured by the proportion of reversal and axis
crrors, but i did help thein reduce their response
Jatencies. There was a significant effect due to
expericnce, F (2, 35) = 8, p < .05 and 3 Newman-
Keurs test fevealed that plot K's on cerrect
responses were considerably, and significantly,
shorter than those of nonpilots (.58, .74, .71
secands for pilots, navigators, and nonrated
subjects, respectively). It had been thought that
navigator RTs would be shorter than those of
incxperienced subjects, but the differences were
not significant. Apparently, the types of tasks
conducted by navigatoss did not transfer positively
to thosc in this expeniment. It is of interest to note
that the differences between pilots and nonpilots
was preserved on veversal errors, F(2,35)=4,p<
05 (.36, .43, .49 seconds for pilots, navigators,
and nonrated subjects, respectively), but not on
axis errors, F (2, 35) = 1.5, p > .05 (although there
was a tendency for nilot RTs to be shorter; .38
.43, .41 seconds for pilots, navigators, and
nonrated subjects, respectively).

To summarize, the results present & rather
dismal picture of man's capability to function
under the conditions simulated in this experiment.
All subjects appeared to make use of motion and
had difficulty responding appropriately when
these cues were in conflict with visual ones.
Fuithemore, each subject in this éxperiment was
exposed to a single condition in which rate and
amplitude of the stimuli did not vary; a rather
ideal situation. Isolated instances of the visual-
motion relationships as experienced by subjects in
this experiment could vccur in an operational
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environment. Neve:theless, an operator of a
remotely piloted vehicle would need to adapt to
continuous changes in angular acceleration in one
or more axes to the vehicle and/or the aithorne
station. Accordingly, he must leam to restrict his
manual activities to visuul information rather than
to accept some mix of the vehicle status with that
of the station. Whether operators can learn to
disrcgard the cffects of motion in these environ-
mental conditions is a matier for research. -

Effects of Practice

Practice usually improves the performance of
motor skilis. Thus, it was safe to assumie that at
least some learning would occur among the subject
in this experiment. In view of the conclusions in
the preceding paragraphs, the importance of
learnijng factors to the operation of RPVs cannot
be overlooked. The primary questions, however,
dealt with the specific charactenstics of
improvement in performance and with the
particular dependent variables affected. A related
question asked whether motion was pecessary for
training future operators.

shouid be evidenced pnimanly in those conditions
most conducive to visual-proprivcepiive conflict.
In view of the results discussed eadier, SAI and
DAl were expected 1o result in the greatest
amount of learning. Moreover, since roll creates a
severe problem to spatial orientation (u tapic to be
discussed later), it was anticipated that practice
would be mosi evident on responses to stimuli on
that axis. Tnese predictions were confinned. The
proporiion of reversal errors made by subjects in
all experience groups in SAI declined signiticantly
with practice (see Appendix C). An examination
of Figure 7 will shew that most of the leaming in
SAl occurred by the end of the first scssion on
pitch control and by the second session on roll.
The latter reveals that acquisition of skills was
more difficult when the stimuli were presented o.
the roli axis than on pitch. It is noteworthy that
virtually all subjects continued to make control
reversals on the last session. The rate of decline
over sessions suggested that considerable leaming
took place. Had the test continued for additional
sessions, the proportion of errors might have
declined even further.

Unlike SAI, learning failed to occur in DAl (see
Appendix D). As shown in Figure 8, axss errors
declined slightly over sessions on pitch control,
but the errors were distributed about evenly on
roll. Thus, it is impossible to determine from these

O e e Ty




———

e

Proportion of Errors

Proportion ot Errors

40

.30

20

10

.00

.60

40

.30

.20

A0

Figure 7. Propostion of reversal errors as & function of seasions on each experience

proup.

Pitch
-
2 3 4 1 2 34 1 2 3 4
Piots Navigators Non-rated
Sessions
Roli
——
]
—
et
——
2 3 4 1 2 3 4 1 2 3 4
Pilots Navigators Non-rated
Sessions

20




m Puich
§ .o} N
w
B =
8 .20f
g pot—
Lo 1] 3
ooL. -
1 2 3 4 1 2 3 4 1 2 3 4
Pilots Navigators Non-rated
Sessions
.60
3 Roll
50
[ ——
g
g o} LT — —
wi
- hﬂ
5 o} u
£ .30 -—1
f _—
oL
.00
1 2 3 4 1 2 3 & 1 2 3 4
Pilots Navigators Non-rated
Sessions

Figure 8. Proportion of axis errors as a function of sesiiors on zach experience group.

2]




data whether continued practice in DAL would
have aided the subjects. Since ftaster leaming
occurred to pitch in SAT and there was a slight
decline in axis errors to pitch in DAL it 15 assumed
that extensive practice would eventually result in
leaming. As noted carlicr, the difference in
learning rate between SAT and DAL may have been
due to the disprovortionate number ot visual-
motion stinulus combinations between the two
conditions, thereby making the task in DAl more
difficult.

It was anticipated that ihe absence of motionin
VO would result in more reversal errors than the
compatibie relationshios in SAC. Thus it was
assumed that more learnng would occur in VO
than SAC, at least among the pilots. While there
was a strong tendency for all subjects to make
more reversals in VO, only navigators showed a
significant practice effect in that condition and
none showed an effect in SAC (sec Appendix C).
Apparently, learning occurs only under circum-
stances of severe spatial disorientation.

Whiie the difference in the propartion of errors
made by pilots and nonpilots was not sipmificant in
MO, the tendency for pilots to make more
consistent respon:2s than inconsistent ones was
stronges than for nonpilots. Moreover, there wasa
tendency for pilots to make more 1eversal errorsin
SAl and axis errors in DAL These results suggested
that practice should have a greater effect on pilots
than nonpilots in these two conditions. Some
evidence for this assumption was revealed by an
omega squared index (a descriptive sratistic)
applied to roll axis data in SAI (see Reed, 1977).
The difference between pilots and nonpilots was
maintained throughout all sessions, but the
difference between navigators and inexperienced
subjects {i.e., nonrated) was minimal. Observation
of pitch axis data {see Figure 7) reveals that pilots
tend-d to reduce the incidence of reversals at a
higher rate than nonpilots. With axis pooled, the
seduction of errors from Session 1 to 4 was 28%,
25%, and 1€% for pilots, navizators, and nonrmed
subjects, respectively.

Unlike reversal errois, there was no evidence
that RTs on correct responses changed with
practice, regardiess of experience. That RT
remains stabie on certain kinds of tracking tasks
has been reported earhiesr by Gotisdanker (1956).
Yet pilot RTs were consisiently shorter than those
of nonpilots in all conditions, but there was no
difference between the two nonpilot groups.
Either the number of trials in this experiment was
insufficient to effect a change or the short RTs
made by pilots were due to selective factors.

To summanze, it is apparent that the eftects of
practice en performance are predicated on the
potenual of visual-motion relationships to produce
contlict. As expected, pilots tended to be affected
by the incompatible relationships more than non-
pilots and show a greater cffect due 10 practice.
The number of test sessions, however, was
insutficient to reduce errors in SAland DATto the
level of SAC.

Personnel Selection
and Training

Can nonpilots be assigned to operats RPVs?
The answer to this guestion is a cautious *yes.™
While the various visual-motion relationships used
in this experiment had about the same effect on all
experience groups, the nonpilots tended to make
less errors in SAL and DAI than pilots despite their
lack of expenence or familiarity with flight
operations. It could be argued that pilots have the
advantage of flight experience. Under stress,
however, the pilots may revert to old habits and
respond to attitude changes of the airborne station.
A related question asks whether pilot performance
would detcriorate upen retum te ilying status.
The sesulis of this and other experiments have
shown that motion is an imrorant factor in pilot
performance. It a pilot is trained to distcgard the
effects of motion ia order to operate RPVs from
an avborne station, the effect ot this training
could have dire consequences il he is retumed to
flying status. While problems in flight usually arise
when the aircraft accclerations are below
threshold, training to ignore sudden changes in
attitude compounds the problem.

This experinent has shown that under the
conditions tested, motion provides alerting and
directional cues. Yet the operator of an RPV must
learn to ignore these cues and place full confidence
in the visual display. The extent to which
confidence can be instilled in prospective
opaators might depend on their previous experi-
ence with these displays. If a display has caused s
pilot to expericnce confiict (as with artificial
honzon displays), there may be a greater possibility
that he will expericnce these same conflicts.
Finally, whether pilots or nonpilots are selected,
the results of this experiment strongly suggest that
the operators be trained in the presence of motion
cues (i.e., the cue must he mesent in order for
fearning to occur).

Effecis of Axis

It has been known for many years ‘aat
problems in interpreting the direction of attiv 1e
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shown on airciaft artificial honzen displays ate
greater on roll than pitch. In their analysis of
pilots <rrors, for example, Fitts and Jones (1947)
found that of 22 reversal erron, 19 were due to
misiaterpreting  the direction of bank. Similar
fin..ngs have been reported elsewhere (e.g.,
Kelley, 1968, Kelley, de Groot, & Bowen, 1961).

Judging from the studics cited above, it was
assumed that differential effects would result from
visually displayed pitch versus roll. This
assumption was confirmed.

Overall, there was a greater propurtion of
reversal errors on roll than on pitch (15 vs. .13),
but this difference was ¢ tributed to VO (13 vs.
08) ard SAl (.30 vs. .21). No difference was
found in SAC (.06 vs. .08). It will be recalled that
the effects of practice were observed in VO, but
prnimarily in SAl, and these affects were attrnibuted
w0 roll conwrol. Apparently the effect disappears
whenever compatible visual-motion relationships
are present as in SAC. (This finding does not mean
that the compatible relationships in SAC d&d not
present problems to the subjects. Reversal errors
were made by all subjects in all experience groups
throughout all experimental sessions) In a study
compaable o VO, Keliey et ai. (1961) reported
similar findings and noted that it was easicr for
display content to become the frame of reference
for pitch than for 1o0ll displacements.

It is of interest to note that the effect produced
by visually displayed rofl in VO, SAI, SAC, and
DALl persisted on axis errors. While the difference
was small (.17 vs. .10 on roll and pitch, respec-
tively) it was nevertheless highly significant, F (1,
35)= 23, p< .001. In DAI the expected axis
effect was cvident, with a higher proportion of
axis errors made to visually displayed roll than
pitch (.39 vs. .20). The differenwe ir the
proportiun of revenal errors in DAL, however, was
not systematic (.10 vs. .13 on roll and pitch,
respectivily). These findings lend support 1o the
assumption thst motion in DAl interfered with the
subject’s response tendencies. Moreover, the
results suggest that motion interferes with visually
mediated orientation. Had the visual stimulus
interfered with the responses to motion in DA,
then more axis errors would have been made to
visually displayed pitch in which the motien
function was roll. From these results, it is
tempting to oonclude that spatially oriented
behavior is mediated primarily by visual rather
than proprioceptive factors. This cerainly is not
the case here. Jt must be recalled that the expen-
mental task required that subjects rely on visual

cues;, caontrol stick deflections were totally
independent of motion. Neverthelcss, motion cues
were extremely compelling. Even when these cues
were provided in the absence of visual ones, the
pilots responded to motion. Support for this
conclusion. was found in the differential axis effect
on pilot consistent responses to MO. While
nonpilots did not show differences (additional
evidence that the responses of nonpilots in MO
were random, but not those of the pilots), the
pilots made a higher proportion of responses o
roll motion than to pitch (.15 vs. .12).

Previous investigations have shown that dis-
crimination RT is shorter to honzontal and
vertical lines than to oblique ones (Appelle, 1972).
This effect is preserved even when the head is
tilted 45 degrees right or left (Attneave & Olson,
1967). Thus, it was expected that visually
presented roll would result in longer RT than
pi.ch. regardless of conditions or experience. This
prediction was overwhelmingly supported in the
experimental results. Response timas for correct
responses were consistently and significantly
longer on roll, F (1, 35) =110, p< .001 (.61 vs.
.75 seconds). This effect was found also on RTs of
revegsal errore, F (1, 33) = 19, p< .00 (36 vs.
A9 seconds) and axis errors, F (1,33)=29, p<
.001 (.34 vs. .47 seconds).

In summary, it is apparent that visually
presented roll presents greater problems to -spatial
orientation than pitch. Response times are longer
and more errors are made on roll control.

V. SUMMARY AND CONCLUSIONS

The purpose of this experiment was to
investigate operator performance in an environ-
ment which was conducive to visual-proprioceptive
conflict. More specifically, the intent was to
determine the relative ability of subjects to
maneuver an RPV from an airbome station. To
conduct the task adequately. it was necessary for
the subject to disregard the effects of mation
inputs from the control station. Previous studies,
however, have shown that motion is not easily
ignored and may be used by pilots as a cue to
sudden changes in aircraft attitude. The
overleamned responses of pilots to the changes may
interfeie with their performance under conditions
of visual-proprioceptive conflict. Accordingly, it
was of interest to compare the performance of
pilots with subjects who have not develeped these
response tendencies.
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Several specific expenumental objectives were
histed i the inttoduction. The experimental results
associated with cach are suramanized as follows:

|\ The c¢ffcer of oonfhicr. It had been
anticipated that the experimental conditions
would difter in their potential to engender visugi-
proprioceptive confict . This prediction was
confirmed  Visual-motion commbinations 2hat were
wcompatible with normal contact flying condi-
uvons interfered with performance and resulted in s
high proporiion of errors and longer response
itmes by all subjects, regardiess of experience. The
absence of motion Iengthens response tims, but
results n a lower proportion of control ervors.
There was evidence to support the notion that
mution not only plays an alerting role, but alao
provides direction information on  attitude
changes.

2 The effect of experience. The previous
experience of pilots did not help them overcome
the effects of visual-proprioceptive conflict. While
all subjects, regardiess of experience, appeared to
make use of metion and had difficulty in
responding appropriately when these cues were in
conthict with visual vnes, this eficci was evidenccd
more strongly by pilots. The previous experience
of pilots, however, did haip them reduce response
latencies. These results indicate no advantage in
training pilots, as opposed to nonpilots, to
perfonmn sirborne control of RPVs (as represented
by the conditions of this exptriment).

3. Effect of practice. The effect of practice
was primarnly in a condition that was conducive
to visual-proprioceptive conflict. All subjects
reduced the proportior. of reversal errors in the
single-axis incompatible (SAT) condition, but littie
evidence of learning was shown when conflict wa
produced by the double-axis incompatible (DAT)
condition. 1t was concludad that the numbe; of
test sessions was insufficient to reduce the
proportion of errors ini SAl and DAL to the level of
the single-axis compatible (SAC) condition.

4. Selecrion and training. The results indicate
no advantage in training pilots as opposed to non-
pilots to perform airborne contiol of RPVs.
Nonpilots tended 10 make less errors under
conditions of visual-proprioceptive conflict despite
their lack of familiarity with flight operat ins.
Moreover, if pilots are trained to disregard m. on
to operate RPVs (under conditions simulatey in
this experiment), the effect of this training could
have dire consequences if they age returned to
flying status.

5. Need for motion in training sirudatcrs for
APV, The tesults of this experiment reveal that
potential RPV operators should be trained in the
presence of motion. There was evidence 1o support
the notion that the subjects can learn to disregard
“notion; but in order for leaming to occur, these
cues must be present.
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APPENDIX A: SUMMARY OF TOTAL NUMBER OF TRIALS AND RESPONSES

Visual stimulug

#itan Ron
Correct Rovarsal Axis Crosxe | Coreet Revemol Axls Cross]| Totat Data Total
Conditions  Groups | Raeponses Eerors  Errors Cpid [Mosponies Emors  Errors Cpia| Kesp  Low Trisk
Pilots 253 22 16 6 250 36 20 21) 604 36 640
VO Navig. 228 24 28 4 210 34 29 21y 578 62 640
N-R 243 24 20 5 192 46 20 37; 587 43 630°
Piots 220 61 16 2 142 120 26 16] 603 37 640
SAl Navig. 213 56 18 1 194 68 25 191 594 46 640
N-R 206 66 23 i 184 78 41 6] 605 36 640
Pilots 250 14 14 8 250 10 12 22| 580 60 640
SAC Navig. 219 21 18 6 221 22 26 21] 545 95% 640
N-R 240 32 9 8 217 i8 39 24| 587 53 640
Pilots 170 25 n 0 | 126 10 147 10} 559 81 640
DAl Navig. 139 45 37 17 91 36 112 27) 504 102¢ 606°
N-R 152 24 35 0 115 29 61 8] 424 56° 480
Maotion stimuius
Pituh RoM
Consistentd Inoonshtent® Cornsistent 1nco rzltont
s
Pilots 37 3 45 5 90 40! 640
MO Navig. 28 21 26 16 9] 62 640
N-R 35 14 28 9 76 50 640
1

2Eguipment problems resylted in a lower numbes of rrials presented to tubjects.

Twenty trials were not recorded due to equipment problems.

€Of these totals, 17 trials given to pilots, 62 to navigators, and 29 to nonrated resulted in axis exrory in the wrong

direction with reapect to motion,

SThe number of responses in the correct axiy with respect to motion.

“The number of responses in the incorrect direction, but cotrect axiz, with respect to motion.

[Tcn trials were not recorded duc tu equipment problema.

Py
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APFENDIX B: INSTRUCTIONS TO SUBJECTS

VO cwndition. As you fly the remotely piloted vehicle through the same course you have previously
(i.¢., during training), it will encounter clear air gusts. These gusts will be observed on the television display
as pitch or roll. Your task will be to level the remotely piloted vehicle as quickly as possible? and continue
the flight over the various targets. Do you have any questions?

MO condition. As you fly the remotely piloted vehicle through the same course , ou have previously
(i.e., during training), the airborne control station, but not the remotely piloted vehicle, will encounter
clear air gusts. Your task will be to continue to maneuver the remotely piloted wehicle through the
prescribed course. Do you have any questions?

SAl, SAC, and DAI condizions. As you fly the remotely piloted vehicie through the same course you
have previously (i.e., during tiaining), the remotely piloted vehicle and the airboine control station will
encounter clear air gusts occurring simultaneously. These gusts will be observed on the television display as
pitch or roll. Your task will be to level the remotely piloted vehicle as quickly as possible and continue the
flight over the various targets. Do you have any questions?

3The fundamenul iwue in this experiment (i.e., viaual-proprioceptive confl’:t) wes explored by snalyzing the
response characteristics immediately following the introduction of » stimulus rather than by measuring overall tracking
performance. To avold possibie variabflity in the data (ie., response timz) that could result from unapecified set for speed
or sccutscy (Pites, 1966) the instructions given to the subjects emphasized speed.
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APPENDIX ¢ F RATIOS FROM THE ANALYSES OF VARIANCE
ON PROPORTIONS OF REVERSAL ERRORS

Exparfance Sossions Axks Seuslons x Axis
Cond:tions Groups {d7= 3,0 (at=1,1) (ar = 3. 9)
Pilots 93 441 1.00
YO Navigators 4.12* 20.76* 225
Nonraied 1.01 5.42 69
Filots 6.58* 6.28 1.40
SAl Navigators 12.84%* 1.04 265
Nonrated 6.64° 61 56
Pilots 44 67 17
SAC Navigators 376 03 27
Nonrated 64 .70 13
Pilots 22 3.51 1.00
- DAI Navigaters A4 2.30 06
Nontated 1.90 33 .50
*p < .05
"tp < 01
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APPENDIX D: F RATIOS FROM THE ANALYSES OF VARIANCE
ON PROPORTIONS OF AXIS ERRORS

Experiancs Sasslom Axly Ssislons x Axis
Conditions Groups {(at = 3. %) (¢t & 1, 3) at =3, 9)
Pilots 1.2 33 1.77
YO Navigators 1.82 .20 1.30
Nonrated 25 01 .14
Pilots 1.04 180 2.00
SAl Navigators 2.12 60 1.33
Nonrated 2.61 2.00 269
Pilots 2.35 50 S0
SAC Navigators 3.56 15 25
Nonrated 40 368 .20
Pilots 227 4123 1.54
DAI Navigators 38 8.49 47
Nonrated 54 2.87 .60
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