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SUMMARY

Several recent studies reported that
simutator motion did not benefit subsequent
flight performance. Other studies have re-
ported various effects of motion upon pilot
performance in simulators. These possibly
contradictory findings are examined in the
Tight of recent distinctions made between
maneuver and disturbance motion. The studies
in which simulator motion did not benefit
transfer predominantly employed maneuver
motion cues, whereas the other group of stud-
ies incorporated more disturbance motion cues.
Pilot reactions to simulator motion also were
examined in terms of maneuver vs. disturbance
motion, and it was noted that judgments of
the training value of simulator motion were
related to the maneuver-disturbance distinc-
tion. It is concluded that maneuver motion
may be of 1ittle potential training value,
under many ¢ircumstances, and data necessary
to an adequate simulation of disturbance
motion may not be available. An analysis of
the training requirements associated with dis-
turbance motion is needed.

MOTION AND TRANSFER OF TRAINING STUDIES

Although motion simulation represents a
stgnificant portion of the cost of simulator
procurement and operation, the investigation
of the influence of motion upon transfer of
simulator training to operational aircraft
has been Targely ignored. There were a num-
ber of studies of simulator motion in rela-
tion to aircraft handling qualities and |,
control during the 1950s and 1960s, but most
of them addressed transfer of training only
indirectiy. The first significant published
transfer of training study of the effective-
ness of simulator motion upon subsequent
performance in flight was reported in 1975 by
Jacobs and Roscoe.

Jacobs and Roscoe reported that pilot
performance “in the aircraft did not benefit
from the presence of normal washout cockpit
motion in the simulator. 1In that study,
training received in the GAT-2 in a two-axis
{pitch and roll} normal washout motion condi-
tion, compared with training in the same
device without motion, resulted in non-
significant differences in amount of transfer
to the aircraft for those two conditions.
There was, however, significant positive
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transfer for both motion and no-motion con-
ditions. Similar results have been obtained
in a U.S. Air Force undergraduate pilot
training study involving the more sophisti-
cated six-axis motion system associated with
the Advanced Simulator for Pilet Training
{ASPT) (Woodruff, 1976).

MOTION AND SIMULATOR PERFORMANCE STUDIES

The findings in these two recent stud-
ies that the presence of motion did not in-
crease simulator iraining effectiveness is
of. considerabie interest, since there are
other studies showing that, at Teast under
some circumstances, motion does influence
simutator training. For example, Fedderson
(1962) reported a slight advantage in favor
of a motion simulator trained group over a
no-motion group during brief transfer trials
hovering a helicopter. More importantly,
perhaps, the motion group in his study
reached asymptotic performance in the simu-
Tator more rapidly, suggesting that simula-
tors with motion may provide more efficient
training. A recent U.S5. Air Force study of
pilot responses to engine failure in a simu-
lated transport-type aircraft found that
training is more effective when motion is
added to a simulator with a visual display
than when the same simulator and visual are
used without motion {(DeBerg, McFarland, &
Showalter, 1976).

Further, there is evidence that pilot
performance differs as a function of the
presence or absence of motion. For example,
Perry and Naish (1964} found that pilots
respond to external forcing functions such as
side gusts more rapidly, with more authori-
ty, and in a more precise manner in a simu-
lator with motion and visual cues than when
only visual cues are present. NASA research-
ers (Rathert, Creer, & Sadoff, 1961) found
that the correlation between pilot perform-
ance in an aircraft and in a simulator
increased with the addition of simulator
motion cues where such cues help the pilot
in coping with a highly damped or unstable
vehicle or a sluggish control system, or
under some circumstances, where the control
system is too sensitive. Where the aircraft
is easy to fly, however, as s the case with
the aircraft used in the Jacobs and Roscoe
study (Piper Cherokee) and in the Air Force
ASPT study (T-37), motion may have no effect.



In another NASA study (Douvillier, Turner,
McLean, & Heinle, 1960) of the effects of
simulator motion on pilot's performance of
flight tracking tasks, the results from a
moving base flight simulator resembled the
results from flight much more than did those
from a motionless simulator. 1In a British
study, Huddleston and Roife (1971) reported
that the presence of simulator motion pro-
duced patterns of control response more
closely related to those employed in flight.
That is, using simulators without motion,
experienced pilots were able to achieve ac-
ceptable Tevels of performance, but their
patterns of control response showed that
their performance was achieved using a stra-
tegy different from that used in a dynamic
training environment. Research at the Uni-
versity of I1linois related to instrument
display design found that the quality of the
simulator motion involved affected pilot
responses to display types differentially,
with inappropriate banking motions interfer-
ing with command flight path tracking (Ince,
Williges, & Roscoe, 1975},

Thus, numerous studies provide evidence
that the presence of motion, i.e., movement
of the platform upon which the simuiator
cockpit rests, does affect performance in the
simulator. Not only can motion affect Tearn-
ing rates, but the performance of the pilot
in the presence of motion may be different
than 1t would be in the absence of motion.
With motion, his simulator control responses
to external forcing functions appear to be
more rapid and accurate and more 1ike res-

ponses used to control the aircraft in flight.

While it cannot be concluded from these stud-
fes that simulator motion during training
will enhance subsequent performance in the
aircraft, they do suggest that simulator
motion can affect the acquisition of skills
in the simuiator. These effects of motion
upon performance in the simulator have been
demonstrated under controlled experimental
conditions that tend to make it unlikely that
the noted differences in performance could be
attributed solely to factors other than the
presence of motion during simulator training.

The infiluence of platform motion is not
necessarily beneficial, however. Excessive
or inappropriate motion, e.g., high levels of
simulated turbuilence, could make learning
less rapid if it were a factor in making the
simuTator more difficult to control. Like-
wise, motion that is out of synchronization
with visual or other cues couid interfere
with simulator control if it made trainees
ill or presented misinformation to them. For
exampie, it has been reported that the simu-
lator used in the Air Force ASPT study cited
above has time lags in the motion system that
make the .performance of some maneuvers diffi-
cult {Hutton, Burke, Englehart, Wilson,
Romagiia, & Schneider, 1976).
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“sible.

MANEUVER MOGTION VS, DISTURBANCE MOTION

In discussing the influenhce of motion
upon pilet performance in simuTators, Gundry
(1976a, 1976b) distinguishes between two
kinds of motion cues and suggests that they
might affect performance differentially.
Maneuver motion is that motion that arises
within the control loop and results from
pilot-initiated changes in the motion of the
afrcraft in order to change its heading,
altitude, or attitude. Disturbance motion,
on the other hand, arises outside the control
loop and results from turbulence or from
failure of a component of the airframe,
equipment or engines that causes an unexpec-
ted (to the pilot) motion of the aircraft..
Matheny (1976} made a similar distinction in
a study in which he fdentified aircraft mo-
tion as resuiting from either external forc- -
ing functions or input into the aircraft
controls.

The reason that platform motion can re-
sult in quicker, more accurate simulator
control probably is that the disturbance
component of that motion resulting from simu-
Tated turbulence or equipment failure can
provide more rapid and relevant alerting cues
about forces acting upon the aircraft than
could be obtained from other cues sources..
Maneuver motion does not fulfill an alerting
function, because it results from pilot-
initiated control movements. Research involv-
ing maneuveér motion, Gundry states, indicates
that this component of platform motion has
Tittile effect upon the control of an aircraft
whose flight dynamics are stable. For un-
stable vehicles, however, the presence of
maneuver motion will allow the pilot to main-
tain control even in flight regions where
control by visual cues alone would be impos-
Thus, disturbance motion permits more
rapid and accurate aircraft control under all
flight conditons in which such motion is
appropriate. Maneuver motion, however, im-
proves aircraft control only when the air-
craft is unstable.

In both the Jacobs and Roscoe and the
Air Force ASPT studies cited above, emphasis
was upon simulation of maneuver rather than
disturbance motion. Since maneuver motion is
pilot induced and the aircraft involved in _
these studies were quite stable, the most
Tikely role of motion was to provide feedback
to the pilot. If sufficient feedback were
available from other sources such as the ajr-
craft instruments or an extra-cockpit visual
display, as likely was the case, the maneuver
motion provided jn these two studies could
not be expected to have a large effect upon .
simulator training effectiveness, and probab-
ly would be ignored altogether by the train-
ees. Had these two studies examined the
influence of disturbance motion resulting



from factors outside the control Toop, e.g.,
malfunctions, the results might have been
different.

The evidence that disturbance motion may
have a large effect upon pilot performance
in the simulator and upon his subsequent per-
formance in the aircraft should not be over-
looked by personnel making desisions concern-
ing the importance of platform motion in
aircraft simulator training. The fact that
the influence of such motion was not apparent
in two recent transfer of training studies is
probably attributable to the absence of a
significant disturbance component to the
motion involved in those studies. The man-
euver motion that was present appears not to
have been a significant factor in transfer of
training for the undergraduate Tevel trainee
in the relatively stable aircraft involved in
these studies.

PILOT PERCEPTIONS OF MANEUVER AND DISTURBANCE

CUES _

The author recently had occasion to
examine four Air Force simulator training
programs in which simulators with motion were
employed. The simulators were the C-DA, the
FB-111B, the F-4D and E, and the A-7E. Al-
though the contribution of motion to the
effectivenass of the combat crew training
and continuation training activities in which
these simulators are used has not been in-
vestigated empirically, the perceived value
of the platform motion cues they provide
was discussed with Air Force pilots and in-
structors who participate in that training.
Many of these personnel held strong opinions
concerning the probable value of motion.
While those opinions were predominantly
favorable, there were a few unfavorable ones
as well. In all cases, whether favorable or
unfavorable, the basis for the opinions ex-
pressed was explored by the investigator.

Favorable opinions were difficult to ~
relate to specific aspects of motion simula-
tion and in many cases were considered to be
endorsements of the general idea that simu-
Tator motion s important because the air-
craft moves. Those who were the most
enthusiastic in their opinions favoring
motion cited motion characteristics of the
disturbance type as the primary basis for
their positive views, 1.e., motions associa-
ted with equipment failure, weapons release,
buffet and turbulence. Very few pilots ex-
pressed strong positive feelings toward
maneuver motion -- it contributed to reaiism
but was not cited as specifically related to
particular training goals.

The relatively few negative opinions
expressed concerning motion were all strongly
held, and they invelved both maneuver and

- _LAMBS.
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disturbance motion. In one simulator in
which maneuver motion cues lagged noticeably
behind instrument displays and tended to be
jerky rather than smooth, the motion was
viewed as annoying, and pilots using that

particular device preferred to train with the

motion system inoperative. Apparently,
maneuver motion can have little positive
vatue in most simulator training programs,
but it can have a negative infiuence, at
Teast upon pilot attitudes, if it is not
representative of comparable motion in the
aircraft, e.g., if it Tags noticeably the
_pilot's control input or the cues provided
by instruments or visual displays. '

Most of tﬁé negative comments received
during the interviews could be related to

disturbance motion -- or, more precisely, to

the absence of disturbance motion cues that
the pilots knew to be characteristic of the
aircraft simulated. Two examples of this
situation were noted, one involving the A-7D
simulator and the other involving the C-5A
simulator.

A critical condition invoiving the A-7D
aircraft is that labeled "Departure.” It is

a high angle of attack condition in which the

aircraft yaws abruptly and enters an uncon-

- trollable spin. The yaw in this case is a
disturbance cue that alerts the pilot to the
condition's onset. Training in recovery
from the departurg is considered of critical

- importance, but such training in the single-
place aircraft is not included in A-7D
training for reasons of flight safety. At-
tempts to provide the desired training in
the A-7D simulator have been unsuccessful,
reportedly because the yaw motion cues can-
not be simulated in that device (it Tacks .
the yaw motion axis).

The A-7D manufacturer has a research
- simulator, called LAMBS (for Large Amplitude
Motion Base Simulator), in which the depar-
ture can be simuiated with the yaw motion
component. A1l Air Force A-7D pilots have
undergone departure recovery training in
Pilots who have previously experi-
gnced a departure in the aijrcraft have re-
ported that its simulation in LAMBS is
"realistic.”
in LAMBS and subsequently experienced a
departure in the aircraft credit the motion
simulator training for the ease with which
they were able to reestablish aircrafi con-
trol, although such reports are purely sub-
jective. In any event, the yaw disturbance
cue provided by LAMBS is well received by
Air Force A-7 pilots, whereas the absence
of that cue in the Air Force simulator ren-
ders departure recovery training in it un-
acceptable.

One of the A-7D pilots interviewed had
recently flown the Navy's A-7E simulator

Pilots who received training



that has a six-axis motion system. That pilot
expressed a highly favorable opinion concern-
ing A-7D simulator training.
a number of differences in these two simula-
tors and the manner in which they are used,
the extent of motion simulation was singled
out as an important difference between the
two devices which, in the apinion of that
particular pilot, influences training.

The C-5A simulator motion platform, like
that of the A-7D, lacks the yaw axis, so the
yaw disturbance motion associated with loss
of an engine cannot be simulated. Pilots

-associated with C-5A training at Altus AFB
cited this deficiency in the simulator as a
negative factor in determining the effective-
ness of simulator training for engine losses =
at Tow altitude. It was not cited as a fac~-
tor in other training operations, including
operations that invoive yaw maneuver motion,
however. Thus, where yaw could be considered
a disturbance motion, it was perceived by
these pilots to be needed for training; where
it could be considered a maneuver motion, it
was not perceived as important.

The C-5 simulator described above has a
visual display, and the yaw of the aircraft
associated with engine loss is reflécted in
the visual scene. The pilots indicated that
the visual yaw cue alone was insufficient, in
their opinion, when engine loss occurred
during landing and takeoff maneuvers. They
felt that pilots in the simulator responding
to visual cues were much siower in initiating
corrective action than they were in the air-
craft where motion provides an early and more
pronounced alert that a disturbance has
occurred.

DISCUSSION

The influence of platform motion upon
transfer of simulator training has not been
clearly established by the data available at
the present time. It has been demonstrated
that motion can affect pilot performance in
the simulator in ways that may make his per-
formance in the simulator more 1ike his per-
formance in the aircraft, but it has not been
shown that simulator motion enhances his sub-
sequent performance in the aircraft. The two
studies that have addressed the question of
transfer directly did not support a conclu-
sion that motion is needed. Likewise, there
is no consensus among pilots as to the need
for motion in simulator training. ) o

The distinction between maneuver and
disturbance motion is useful in attempting to
understand both the prior research on motion
and the reactions of pilots to the motion
component of aircraft simulators. In the
transfer of training studies in which motion
did not appear to influence subsequent pilot

White there are
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“motion than to disturbance motion.
" has been upon providing in a simulator the

_ three-fold:

performance, the motion involved was predomi-
nantly, if not exclusively, of the maneuver
variety. On the other hand, disturbance

~motion was the predominant type of motion in

studies in which changes in pilot performance
were rélated to motion simulation. Thus, the
results of both sets of studies can be ac:
cepted and attributed to the nature of the
motion simulation invelved in each. Bistur-
bance motion is important, at least in train-
ing situations where disturbance cues can be
refated to specific training objectives and
when the aircraft simulated is unstable or is
particularly responsive to contral input.
Maneuver motion may be important also under
some circumstances, but the evidence avail-

‘able at this time has not shown that it

contributes to transfer of training in easy-
to=fly aircraft with undergraduate level
trainees. .

More attention has been paid in the
design of training simulators {o maneuver
Emphasis

motion cues associated with well-coordinated
pilot control inputs, scaled down to the
limits of travel and accelerations of the
motion platform.” Since most training and
operational aircraft are relatively stable

and easy to control in flight, this kind of

motion simulation may be of very Tittle po-
tential value in training. It might be more
beneficial from the training standpoint to
provide the motion cues associated with dis-
turbances to the aircraft not or1g1nated by
the pilot, and then only at their initial
onset values, so that the pilot can learn to
respond specifically to such cues rather
than learning to respond to visual or other
cues that occur later in time.

Because the distinction hetween maneuver
and disturbance motion has only recently been
articulated, there has been 1ittle opportu-
nity to examine systematically the influence
of each upon simulator training effective-
ness.. Most prior training research on motion

_appears to have dealt primarily with maneu-

ver motion, and maneuver motion appears rea-
sonably well represented in the newer simu-
lators, although time lags between pilot
manipuiation of aircraft controls and motion
system responses have been a major problem
in some of them. Disturbance mpfion has -~
been less thoroughly investigated, and it is
poorly or incompletely represenféd in many
newer simulators. In fact, data on distur-
bance motion cues generally have not been
developed and consequently are not available
to motion system designers. .
Additional research upon the role of
disturbance motion in training is clearly
needed. Emphasis in such research should be
. (1) analysis of reguirements
for disturbance motion cues associated with



R N

T

TERERTY T

L ol Ll oL UK B Ll L)

T TI Y e

specific simulator training objectives;

{2) development of models for the representa-
tion of critical components of such motion in
simulators; and (3) determination of the
effects on transfer of training of the pres-
ence and absence of such motion.

Because of the continuing concern over
the costs associated with motion simuiation,
future research on motion simulation should
also examine the use of platform motion sys-
tems with Timited axes of motion, g-suits and
seats, and "seat shakers" to determine whe-.
ther the disturbance cues found to be impor-
tant in training can be represented adequate-

1y in such relatively low cost motion devices.

In any event, future motion sysiem designs
should be responsive to requirements to pro-
vide specific movements which cue specific
pilot responses rather than to provide mo-
tions which simply correspond to motions of
the simulated aircraft.

The real issue in simulator motion sys-
tem design is the relating of motion cues to
required pilot responses. What are the mo-
tion cues to which a pilot responds during
flight? What discriminations must he make
among them? How do they affect his. perfor-
mance? How can they be provided economi-
cally?
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