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ABSTRACT -

Simulator design and instructional issues for helicopter shipboard landing operations are presently

under investigation at the Navy's Visual Technology Research Simulator (VIRS) following the recent
installation of a Vertical Take-Off and Landing {VIOL) simulator. Research strategy at VIRS to provide
answers for applied training problems has employed economical multifactor experimental design to deal
wlith the many factors which may influence performance and an iterative three phase process to deal with

=transfer of training” as the ultimate issue.

The first phase of this process consists of performance

studies in which -the effect of various design features on experienced pilots are examined in the simu—

lator.

The second phase consists of in—simulator transfer-of-training experiments in which pilots

novice to the task are trained under various simulator confiqurations and instructional conditions and
then tested under a high fidelity simulator confiquration. The third phase employs the transfer—of-
training experimental paradigm with training in the simulator and  testing at an operational site.
currently, the VIRS helicopter shipboard landing research program is in the second phase. This paper
presents results from two major performance experiments already completed, and show how the results
were used fto progress from the Eirst experiment to the second and then to the current in—simulater
transfer-of-training experiment, which will also be discussed.

TNTRODUCTION

A major Eocus of the research effort at the
Ravy's Visual Technoiogy Research ~Simulator
(VIRS) is to experimentally evaluate simulator
desiqn options and training procedures for
important flight tasks. This research provides

guldelines for (1) decision making for flight

simulator design options, and (2} the develop—
ment of instructional procedures to achieve
optimal use of simulater training time.
Currently, simulator design and instructional
feature issues for the helicopter - shipboard
landing task are under investigation. A program
‘of research is underway which includes perfor-
mance experiments and transfer-of-training
experiments.

RESEARCH STRATEGY

A three-phase research process, combined
with © principles of economical multifactor
experimental design, has Dbeen employed to
guickly investigate many simulator design and
instructional feature issues economically and in
a reascnable period of time. The three phase
approach has been used previously in VIRS
research to determine simulator design require-
ments for the carrier landing tesk [10, 7., 12]
and for air-to—ground weapons delivery {5, 3.
2]. This research has been partially summarized
by Lintern, Wightman and Westra [4]. This pro—~
cess is iterative in pature wherein information
obtained at each -phase is used in the planning
and design of succeeding phases. The first
pPhase of this process consists of performance
expetriments in which the effects of wvariocus
design Ffeatures on experlenced pilots are
examined in the simulator. The second phase of
this process inveolves in-simulator transfer—of-
training experiments which employ the transfer-
of-training experimental paradigm. . In this
phase, pllots novice to the task are trained in
the simulator under various simulator configu~
rations and instructlonal ceonditions and then
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tested under a high fidelity simulator configu-
ration. The third phase employs the transfer-
of-training experimental paradigm with transfer
testing taking place in the field. Currently,
the VIRS helicopter shipboard landing research
program is in the second phase. This paper will
present results from two performance experiments
already completed, and show how the results were
used to progress from the first experiment to
the second and then to the current in-simulator
transfer experiment.

Although transfer of training is the bottom
line in training research, performance experi-
ments are extremely valuable, indeed necessary,

as the first phase of a research program inves- --

tigating the effect of a large number of
factors. First, they serve as a vehicle to
develop and validate performance measures -and
experimental procedures. Second, they serve to
"screen” variables for subseguent transfer
experiments. Factors that have little or no
effect on performance are unlikely to affect
transfer and may be .excluded from transfer

‘experiments. This assumption may be guestioned,

but. exceptions are difficult to £ind in the
literature. Preselection has. always been a part
of planning for transfer studies, and in cases
where theory and prior data do not offer a use-
ful quide, performance experiments provide a
rational basis for factor selection.

Third, the results from performance experi-
ments, particularly in the case of null results,
do provide direct- information - regarding- skill
maintenance or transition training for experi-
enced pilots. &And, finally, by taking advantage
of experimental designs which use the same

subject across numerous conditlons, a great deal . ’

of informition can be obtained at relatively low
cost. This means that even very Jlarge-scale
multifactor experimental designs can be conduc—
ted. with only relatively few representative
pilots. In contrast, pilots can perform on only
one training condition in a transfer-of-training
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experiment, so that the conduct of even an in-
simulator transfer experiment of &sny reasonable
power requires a great deal of resources. Con-
ducting a fleld transfer—of-training experiment
requires even greater resources,  introduces
difficult logistic problems, and can reduce
experimental control. Thus, it would appear not
only prudent and economical to employ this
research strategy, but necessary in the case of
a many factor problem for which generalizatle,
applied results are desired. In all fthree
phases of research a holistic experimental
philosophy is used as proposed by Simon [6].

RESEARCH PROBLEM

Landing a helicopter on a small ship is a
particularly difficult task and that Aifficulty
is accentuated in turbulent seas. Typically.
the pilot establishes the aircraft on a descent
path about one mile behind the ship and
approaches the landing area - while reducing
speed. The pilot transitions to a hover rela-
tive to the ship at a height of appreximately 15
feet above the landing deck. A hover  is
maintained above the touchdown point until the
pllot ascertains that the deck is level and
stable enough for a safe landing. At that
moment, the aircraft is gquickly lowered to the
landing area and secured to the deck. Communi-
cations from the fleet indicate that® their
present simulator is not satisfactory for
teaching the  final stages of the helicopter
approach and landing. -

The Light Airborne Multipurpose System Mark
I1IT (LAMPS MK IIY) integrates an FFG7 Ffrigate
and a SH-60B Sea Hawk hellcopter to provide an
over—the-horizon detection and strike capability
for antisubmarine warfare and antiship surveil-
lance and targeting. The system has -recently
been introduced to the U.S5. Navy and it is
anticipated  that approximately 100 units {i.e.,
100 ships and 200 aircraft) will eventually be
deployed., The SH-60B cockplit was installed at
the VTRS facility so- that simulator design and
instructional issues for helicopter small ship
operations could be examined.

VIRS RESEARRCH FACILITY

The simulation at the VTRS Facllity support-
ing helicopter training research includes an
SH-60B cockpit with ali displays and controls
that are important £or £light control and
guidance. These displays and controls function
in real time and closely simulate those of the
aircraft within the flight regime of the
appreoach and landing. The cockpit is mounted on
a fixed base in a 17-foot (5.18m)} radius dome.
It has a pneumatic g-seat, with buttock, thigh.
and back cushions that simulate tactile pres-
sures ' experienced in flight. ‘'Twin 1025-line
color projectors are used to provide a 160
degree (H)} by 70 degree (V) computer generated
image .of. the ocutside visual scene. This field
of wiew is set 40 degrees to the left, 120
degrees to the right, 20 degrees above, and 50
degrees below the forward line of sight set for
helicopter operations. Maximum-scene brightness
is approximately 0.2 ft Lamberts {0.685
cd/m2). Herndon [1] provides -a - more com-
plete - description of the VIRS helicopter
simulatoer.
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.landing area, and descent

- PERFORMANCE EXPERIMENT T

- Bight experienced Navy pilots made
approaches and landings on a representation of
an FFG7 frigate 1ln the wvertical take off and
landing (VTOL} simmlator at the VIRS. ‘The
pilots were from operational : squadrons and
routinely flew VEOL aircraft in thelo/ship
operations. The experimental task involved the
approach and landing of the simulated SH-60B
helicopter to a simulated FFG7 frigate moving
forward . at 10 knots (18.5 Km/h).
was initialized at 160 feet (48.4m) altitude on
an appreach heading 2000 feet (609.3m) behind
the ship.
ized at an airspeed of 43 knots {79.%9 Km/h} for
a descent rate of 128 Ffeet per minute (39.0
m/min) descending appreach to the FFG7. ‘The
glideslope appreoach angle was nominally set at
3.5 degrees, although no glideslope indicator
was available and pilots were not specifically
concerned with maintaining that approach angle.
The approach and landing involved a descending
and decelerating  approach to the ship, tran-
sition to hover near the stern, hover owver the
te. the designated
rapid securing device (RSD). 3  complete
description of this experiment and the results
was reported in wWestra and Lintern [11].

Factoers and Levels

Factor and level settings represented those-

of most interest  and were generally chosen -to
bracket the reasonable range of interest.
"High" factor levels were generally set at the
highest fidelity attainable under VIRS capa-
bilities. Low level settings represented the
most degraded form of the factor likely to be
used in an Operaticnal Flight Trainer (OFT) or a
level currently belng used in.a flight trainer.
One exception to this was the scene detail
factor whose "low" level was little more than an
outline of the ship with sclid surfaces. This
was done as the Eirst step in a process of

identifying and isolating specific scene detail-

effects. -

In all cases, the factor contrasts involved
Fidelity and cost issues, and in some cases a
considerable - cost difference was represented.
Seastate/turbulence and pilot experience were
added to enhance the generalizability of the
experiment. Factors and levels are summarized
in Table 1. The field-of-view "low" level was
set to represent values for the SH-60B OFT

{preliminary design values since the OFT :was not:

yet operaticnal), while the "low" setting for

The aircraft.

The simulated aircraft was initial-.

visual delay (217 msec) represents the slowest

response time normally ceonsidered in simulators

with wvisual systems. Both g-seat acceleration
and vibration cuelng were included in  the
experiment so that g-seat effects could be fully
defermined. T

performance Measurement _

Raw data were recorded at 30 Hz and reduced
to a set of trial summary measures. For
measurement purpeses, the task was partitioned
into four segments. These segments were (1) the
approach f£rom 1500 feet astern to the stern of
the ship, (2) transition from the stern to a
hover above the landing point, (3} hover above
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TABLE 1. EXPERIMENTAL FACTCRS AND LEVELS

FACTOR

Scene Detail

Field of View

visual Delay

G-3eat Cueing

G-seat Vibration
Collective Scund

Seastate

LEVELS
"LOW"

outline of deck &
hangar

20 deg left to 100 deg
right, 15 deg up to

25 deq down {(left half
field), and 3 deq up
to 40 deg down (right
half of field)

217 msec

Off

Off
Off

Moderate seastate
and medium air

"HIGH"

Full Peck & hangar markings,
ship's wake and seascape patterns

40 deg left to 120 deg right
20 deg up to 50 deg down

117 msec

Translation and
angular accelerations

Oscillating cushions
Augmented aurzl cues

Calm with nco alr turbulence

average Flight 830 hours 2323 hours
Experience
TABLE 2. SUMMARY OF EFFECTS
Factor Effect Sire Seqment/Measures . Best Option*

Scene Detaill

Visual Delay

Field of view

G-seat
Vibration

G-seat
Acceleration

Collective
Sound

Moderate/Large All segments/most
quality measures,

pilot opinion

Hover, touchdown
roll, pitch
control, pilot
opinion

Small/Moderate

Small Approach, hover
touchdown/ lineup
control, aircraft

- pitch

Small Approach,  hover

descent/stick

lateral cyclic

None

None

High detail = _

117 msec

Wide pOV

“w

L]

* The opticn that resulted in best simulater performance.
affected, no -determination of

guality

measures were not

performance was possible.

In cases where
"best”
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the landing point, and (4} descent to touch—
down. Primpary summary measures were root mean
square (RMS) error from the prescribed flight
path and touchdown error scores. Extensive
pllot opinlon dJdata were also collected via
questionnaires. More detall .on performance
measurement can be Eound in Westra and Lintern
[11].

RESULTS I

Scene detail had by far the largest effect
with most measures " and all task seqments
affected. Performance #as considerably better
with the high "detall ship and wake scene.
Visual delay had the next largest effect of the
equipment factors. There was a small but
significant effect in favor of the shorter delay
time. Pilot opinion strongly supported this
effect. Fleld of view was ranked next in terms
of overall effect wmagnitude with mostly small
performance effects Favoring the wide Eield of
view. G-seat acceleration cueing, g-seat vibra-
tlon cueing and collective sound had essentlally
no meaningful performance effects in the experi-
ment. The effects are summarized in Table 2.
Effect size refers to the degree of variabllity
in performance which can be attributed to the
factor listed.

DISCUSSION/RECOMMENDATIONS I

Tdeally, if no particular problems with
methods, measures, equlpment and procedures were
noted, the results of a performance experiment
would feed directly into the planning apd design
for an in-simulator transfer  experiment.
Unfeortunately, - several problems- came to light
which suggested that further work was needed
before. moving to the in-simulator transfer
experimental stage. First, despire extensive
development work and pretesting, the g-seat
acceleration cueing was judged by most pilots to
be inaccurate and distracting.  Also, perfor-
mance differences were not noted with the g-seat
cueing  present. Therefore, more work was
required to determine if g-seat cueing could
afFect -performance.

Second, with the task performed continucusly

. Erom start to touchdown, . there were problems

with widely varyihg amounts of time gpent in the
hover. Two pllots in particular typically came
over the stern low and qulickly landed, often
resulting in little or no hover time during
which data could be collected. "Since the hover
is considersd a very important element of the
task, this problem was considered serious enough
to warrant a change in procedures so that hover
dataz would be collected. Third, performance
measurement was considered inadequate for fully
documenting the visual delay and g-seat effects.

The scene detall effect indicated that the
low detall scene tested was inadeguate and it
was recommended that this level not bhe studied
further. It was also concluded that the longer
visual delay was unacceptable for this task.
Since performance effects were small, it was
felt that the relatively narrow OFT field of
view was. adequate.. However, it was noted that
rapresentation of the chin window area 1is
important, and this area was not fully tested in
the experiment. G-seat vibration and collective
sound had no appreciable effects on performance
but pilots seened to like these Efeatures as

indicated on the pilot opinion surveys. It was
recommended that they be  incorporated into the
simulation and not studied further, since they
are relatively inexpensive, add face validity to
the simulation, and do not impalr performance.

FERFORMANCE EXPERIMENT II

Based on the outcome of the first perfor-
mance eXperiment, a second performance experi-
ment for the helicopter shipboard landing task
was planned and conducted. This research effort
actually consisted of two separate experiments;
an approach, hover, and landing rask, and a
precizion hover task. The precision hover task
was selected ‘both to correct procedural problems -
by insuring a defined hover segment, and to
enhance performance measurement. The hover task
was set up to include wind gusts - at specific
times so that pilot reaction time and frequency
response under different conditions could be
measured. Other measures of aircraft control
and activity were also added to the performance -
measure set to insure complete description of -
any effects. A complete description of this
research effort and results is given 1n Westra,
Sheppard, Jones, and Hettinger [9]. ’

A number of developmental improvements were
made to the g-seat cueing algorithms in an
attempt to correct the deficiencies noted in the
first experiment. 1In particular, the accelera-
tion cueing drive algorithms were deemphasized
with emphasis shifted to rate and- position
cueing. Further, the major cueing activity was -
focused in the vertical dimension. This
strateqy was derived froem results given in
McMillan, Martin, Flach, and Ricecio [E]}. G-seat
vibraticn cueing was removed completely from the
inflatable seat pads and presented .via a
mechanical seat shaker. In the Ffirst experi-
ment, vibration cueing was presented through the -
seat pads along with acceleration cueing, and it
was felt that this may have contributed to -
"overloading” the g-seat with more information
than cotild reasonably be assimilated.

Tasks

Two tasks were defined and an experiment was
performed for each task. The £irst task was
defined as before with an approach, trangition
te hover, descent and landing. However, the
hover portion of the task was altered to force a
minimim of 20 seconds in a defined hover. Once
pilots entered the defined hover segmenf, they
were required to hold hover and not attempt a
landing until given a green light. This proc-
edure corrected problems with data collection in
the hover segment during the first experiment.
The second task was a 60-second precision hover
over the landing deck during which three
vertical wind gusts were presented, randomnly
either vp or down.

Factori_épd levels

Dynamic seat cueing was included as a factor
for both tasks {(on or off) while seat vibration
cueing wvla the mechanical seat shaker was . a
constant condition. Visual delay was included
as a factor for the precisjon hover task only at
values of 183 and 117 msec. . The 183 msec
condition represents one frame less than the 217

_msec . investigated in the previous experiment.

This is the next logical value to examine after



determining that 217 msec  1s unacceptable. B
major - software update to the aerodynamic model
was also tested in this experiment and included
as a factor for both tasks {updated model vs.
standard medel). This factor is referred to as
dynamic inflow.

Field of view was included as a factor for
both tasks. However, in these experiments, the
low level wvalues were based on actual measure—
ments at the now operational SH-60B OFT, as
opposed to preliminary design values used in the
previcus experiment. - These values dlffered from
the values used in Performance Experiment I in
several ‘respects, most c¢ritically in the down-
ward field of view, which was approximately 9
degrees -less. In addition, vertical dark areas
present .in the OFT but not medeled in the flrst
experiment were included in the low lewvel Field
of wiew. The high level field of view was the
widest VTRS capability, 160 degree horizontal by
70 degree vertical. .

Scene detail was included -as a factor for
both .tasks, but in this experiment, the com-
parison was & VIRS model of the detail available
in the $SH-60B OFT versus a ' higher - level of
detail ship. The primary differences in detail
were a VTRS higher detail wake, "pad eyes™ on
the deck of the high detail ship (an attzmpt to
provide some texture for altitude cueing), plus
added antennae and a ladder on the hangar wall
of the high detail ship (see Fligures 1 and 2).
Seastate was used as a difficulty factor for the
approach, hever and lending task and pilot
experience was categorized as a Factor in both
tasks. A total of 12 experienced SH-60B pilots
participated in the experiments. A summary of

the factors and levels in the experiments is
given in Table 3.

Figure 1. VTRS model of SH-60B OFT visual scene
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Figure 2. VIRS "high" detail scene.

RESULTS IX

Results from the second research. effort are
summparized in Tables 4 and 5. By far the most
striking . result is the large field of view
effect. In contrast to the fairly small effects
that were found in the first experiment, the
effects were pervasive (influencing all _task
segments -and many measures) and - strongly Favored
the VIRS wide .field of .view. ~ Scene detail
effects were more modest as expected with the
only substantial effect (favoring the higher
detail) occurring during the approach segment on
lineup control.

The updated - aerodynamic _model . proved
beneficial as performance was enhanced for
several measures. The visual delay Factor .had
only a small effect on performance, affecting
primarily roll activity in the hover, with
greater roll variability evidenced with . the
longer delay- Dynamic seat cueing did not
appear to have any meaningful performance
effect. Pilot opinion was
favorable toward seat cueing than in the first
experiment, but pilots still did not favor it
over the no seat cueing condition.

DISCUSSION

The problems noted in the first performance
experiment appear to have been resolved in the
second performance experiment. In particular,
problers with procedures for the hover seqment
were successfully resolved and performance

generally nmore
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TABLE 3. SUMMARY OF EXPERIMENTAL FACTORS AND LEVELS

Approach, Hover, and Landing and Pracision Mover Tasks

Factor Level

Scene Detall Moderate detail High detail
(SH-60B OFT) {VIRS}

Field of View Restricted (SH-60B OFT) Wide (VTRS)

Pynamic Seat Cueing G-seat Off G~seat On

Dynamic Inflow Standard Rotor Enhanced Rotor
Aercdynamic Model Aerodynamic Model

approach. Hover, and Landing Task Only
Factor Level
Seastate Moderate Seastate (2) Calm Seastate and

and medium air turbulence no air turbulence

Precision Hover Task Only

Factor Level
Visual Delay - 183 msec 117 msec
Difficulty Three distinect vertical gust disturbances

{counterbalanced combination of up or down)

TASBLE 4. SUMMARY OF EFFECTS FOR THE APPROACH,
HOVER, AND LANDING TBSK

Factor Effect Size Seament /Measurement Better Option* .
Field of View Large Effects in all task segments WVIRS wide
ACross many measures field of view
Dynamic Inflow - Moderate/ Effects in glideslope during - Enhanced Rotor
small the approach and altirude Model

control during hover

Scene Detatl _Small Effects in lineup and roll Upgraded VIRS
activity in the approach Scene
segment

Dynamic seat

Cueing Small Did not have a meaningFul ? B
effect on performance

Seastate Large Difficulty factor perfor- - nfa
mance was better without
seastate

Pilot Large Large centrol differences n/a

Differences

*The option that resulted in better simulator performance. Tn cases where ~
quality measures were not affected, no determination of "better” was possible.
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. TABLE 5. SUMMARY OF EFFECTS FOR THE PRECISICN
HOVER AND LANDING TASK

Factor Effect Size Segment/Measurement Better Option* _
Field of View Large Effects in all task segments VIRS wide
across many measures field of view
Scene Detail Small _BEffected pitch control ?
in hover
Dynamic Inflow . Small Response time to qusts Enhanced mcdel
Visual Delay Small Effected longitudinal and 117 msec ) S
vertical positioning and
roll activity in hover
Dynamic seat Small -No meaningful performance ?
Cueing benefits with g-seat on
Pilot Large - Large control differences n‘a
Differences

*The option that resulted in better simulator performance. In cases where
quality measures were not affected, no determination of "better® was possible.

measure 1inadequacies were also corrected. Pro-
cedurally then, and with regard to performance
measurement, we are now ready to move into the
in-simulator transfer-of-training .
rhase. G-seat cueing has been pursued through
two extensive stages of development and refine-
ment, and still appears to offer no real benefit
to performance or even face validity for the
shipboard Jlanding - task. It would seem that
further research with seat cueing for this task
is not 1likely to result in any meaningful pay
off.

The large performance effects due to Field
of view were -unexpected in light of the rather
small effects observed in the first experiment.
There - are several probable sources contributing
to this difference., the most likely being that
the actual. measured OFT Ffield of view used in
this research effort Adiffered in some critical
ways from the preliminary design values for the
OFT field of view used in the first experiment.
Most jmportantly, the downward field of view was
approximately 9 degrees less for the OFT field
of wview in the second research effort. In
addition, there were two vertical dark areas 5
degrees in width present for the OFT display in
the second: research effort but not the first.
These dark areas are present in the OFT where
thers are spaces between display screens.

reseatrch -
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- for performing the task,

RECOMMENDATIONS

Baged on the outcomes from the performance
experiments a number of specific statements and
recommendations can be  made. The following
recommendations have direct implications for the
design of future transfer—-of-training experi—
ments at VTRS and design considerations for the
SH-60B OFT:

1. The field of view in the OFT appears
inadeqguate. The downward field of view in the
chin window area i3 probably the most critical

and any efforts to upgrade the OFT field of view

shouid start in this area. -However, since
transfer of training is the ultimate issue in a
training environment, not performance per se,
final Jjudgment should be withheld until the
completion of a transfer-of-training experi-
ment. Due to the large performance effects, and
the high cost nature of the issue, it is recom-
mended - that field of wview be included as a
factor in the next in-simulator transfer-of-
training experiment.

2. The scene detail in the OF! appears
adequate with the exception of -the wake. The
first experiment gave results clearly indicating
that a very low level of detail was not adequate
50 certainly . less



detail than is present in the OFT cannct be
recommended. $Since this issue has been somewhat
resolved on a performance level, there is not a
clear need to carry this £factor into the
in-simulator transfer phase.

3. The aercdynamic model update should be
incorporated at the OFT and at VIRS as a
constant condition.

4. G-seat cueing should be dropped Eron
further consideration - for future VIRS research
on hellcopter shipboard landing.

5. G-seat vibration cueing should be
incorperated as a constant condition at VTRS via
- the mechanical seat shaker.

6. A visual delay of 217 msec appears too
long for this task. A delay of 183 msec is
probably the longest delay that should be con-
sidered in a visual system for the task. Al-
though performance effects compared to 117 msec
are small, it is felt that 182 msec is only
marginally acceptable for existing OFTs, and a
shorter delay would be recomnended for new
acguisitions or upgrades of visual systems.

DEVELOPMENT FOR AN IN-SIMULATOR
TRANSFER-OF-TRAINING EXPERIMENT

At the present time, planning and
development for an in-simulator transfer—of-
training experiment is underway at VTRS. The
transfer—-of-tralning experimental _paradigm
brings an additional dimension - into focus,
namely training. In this environment, not only
equipment variables may influence the tralhing
process and subsequent transfer, but instruc-
tional wvariables alzo affect learning and
transfer. In fact, previous experience at VTIRS
has suggested that instructional wvariables have
potential for a greater impact on learning than
equipment wariables. Further, instructional
variables may interact with equipment wvariables
in such a way that equipment costs can be saved
if certain instructional strategies are
followed. For example, Westra [7] found that
the carrier landing task can be more quickly
trained under a backward chaining scheme than a
whole task (from the abeam position} strategy.
It was further determined that 1f the backward
" chaining scheme is used, a wide field of view is
not necessary for the visual display.

For the experiment under development, the
results of the previous performance research
have been incorperated, and as a result of this,
field of view will be included in the design.
Ho other equipment Ffactors will be directly
manipulated since those issues were essentially
resclved on a performance basis. Howevar,
several instructional . variables are under
constderaticn for inclusion in the experiment.
These wvariables are number of training trials,
task cheining, and augmented cueling. Task
chalning involves seqgmenting  the task and
progressively adding segments until the whole
task is presented. Thus, the hover and landing
phase would be taught £first, £ollowed by the
transition to hover, hover, and landing, and
finally the whole task—approach transition to
hover, hover, and landing. Bugmented cueing
refers toe the use of artificial cues in addition
to the normal cues already present.
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‘program,

SUMMARY . . R

This paper has attempted  to provide an
overview of the research program on simulation
and training Ffor the helicopter shipboard
landing - task at VIRS. The overall research
strateqy incorporating a three phase process and
holistic experimental philosophy  was presented
and discussed. Twe major research .effeorts
representing the first phase of research were
presented and discussed. It was shown how the
research proceeded in- a logical manner with
results used to bulld on previous findings and
quide succeeding research. The impiications of
the first phase of research were discussed and
it was. shown how decislons were made to either
make recommendations for simulator design or the
next step of the resear¢h process. Finally, the
development for the second phase of the research
an ln-simulator transfer-of-training
experiment, was discussed. The issue of
instructional strategies can be investigated in
this stage of research, and the implications

were discussed.
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