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ABSTRACT

The Visual Technology Research Simulator {VTRS) at the Maval Training Equipment Center

was used to study the effects of six factors on carrier-landing training.

An in-simulator

transfer design was chosen, in which students were trained under various conditions, and

then tested under a standard condition that represented maximum realism.

The experimental

design permitted a relatively large number of variables to be studied, using a relatively

small number of student subjects.
experience:
P-3 pilots.

The subjects were pilots who had no prior carrier-landing
16 recent graduates of Air Force T-3% training, and 16 highly experienced Navy

Factors investigated were field-of-view, scene detail, platform motion, desceni-
rate cuing and training task (straight-in approaches vs. circling approaches).

TurbuTence

was included as a factor and pilot type (Navy P-3 vs. Air Force T-38) was also Tncluded as

a factor to control this source of subject variability.

After training under a certain

factor-level combination, students were tested on the day, wide field-of-view, circling task

with motion and without descent-rate cuing.

Results showed that the simulator and training

factors generally produced either small differences or no differences at all in transfer

effectivensss.

There were some advantages of the wide field-of-view and high-detail condi-

tions, but these effects were small and/or short-lived, generally disappearing after a few

transfer trials.

Training with strafght-in approaches resulted in transfer performance

that was equal to or betier than that produced by training with circling approaches. There
were no motion or descent-rate cuing effects on the transfer task. )

INTRODUCTION

The Yisual Technology Research Simulator
(VTRS) at the Naval Training Equipment Center
(NTEC), Orlande, Florida is designed for research
on flight simulator regquirements for training and
skill maintenance. The VYIRS consists of a fully
instrumented MNavy T-2C jet trainer cockpit, a six-
degree-of-freedom synergistic motion platform and
a wide angle visual system that can project
computer-generated images onto a spherical screen.
The visual system is capable of displaying images
via target and background projectors subtending
50 degrees above and 30 degrees below the pilot's
?ge1ie¥§q and can display 160 degrees of horizontal

e .

A major effort at VTRS has involved research
to define simulator reguirements for the carrier-
landing task. There is a need to investigate a
large number of visual and other simulator fea-
tures having substantial cost implications. A
research program was planned around the halistic
experimental philosophy and paradigm propased by
Simon 11:32Y ynieh stresses the importance of
studying as many factors of interest as possible
within a single experiment. The first phase of
this program consisted of performance studies in
which the effect of various simuiator components
on experienced pilots in the simulator was exam-
ined. 182371 The second phase consisted of a
quasi-transfer study in which the simulator was
both the training and the criterion device. Phase
three will eventually inciude a simulator-to-field
transfer study involving actual flight tests.

This report presents results from the phase two
in-simulator transfer-of-training experiment.

The information obtained from phase one
experiments was directly relevant to the design
of simulators for experienced pilot skili main-
tenance and transition training. The information
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from the phase two experiment reported here is
relevant to the design of simulators far under- |
graduate pilot training. The experiment invoived
pilots with no carrier-landing experience who
trained in the simulator under various conditions
representing levels of several simulator equip-
ment and training factors. The pilots were then
tested in the simulator jn its high fidelity
configuration. An in-simulator transfer-of-
training paradigm was used to study the effects’
of six factors plus a pilot-type factor on
carrier-landing training. A total of 32 pilots
with no prior carrier-Tanding experience were
involved in the experiment. Sixteen were recent
graduates of Air Force T-38 training and 16 were
experienced Navy P-3 pilots.

METHGD
Task
The mission was a daytime carrier approach
and Tanding on the deck of the aircraft carrier

Forrestal. The carrier was moving at 20 knots
with a zero effective crosswind over the landing

deck and 25 knots relative wind down the deck.

The mission for this experiment was restricted to
inciude only the final turn of the full circling

maneuver as well as the final approach and landing.

Factors and Levels

_ A large number of Tactors potentially affect-
ing the carrier-landing cues were tentatively
selected as candidates for study. These were B
pared down hy a panel of engineers and psycholo-
gists inta a set of factors which were investi-
gated earlier in performance experiments, 16217
Decisions regarding factors to be included in this
jn-simulator transfer-of-training experiment were
based partly on results from the performance .
studies. Other considerations were the potential



cost impact of factors and the potential training
effects and interactions involving factors falling
in the categary of training aid or type.

"High" and "low" factor Tevel settings were
chaosen in order to bracket the reasonazbie range of
interest. For the equipment factors, the high
levels were generall set at the highest attainable
while the low Tevels were chosen to be the most
degraded form of the factor Tikely to be employed
operationally. Other factor levels also bracket
the range of interest, but do not necessarily con-
Fform to “high" and "low" definitions. A summary
of the factors involved in this experiment is
given in Table 1.

Field-of-View.
was a 160 degree horizontal by 8C degree vertical
wide-angle display.*1 This wide field-of-view
is costly and is representative of that currently
avaitable for carrier-Tanding training only on
multi-task trainers such as the 2B35 and the F-14
Wide-Angle Visual System (WAVS). The field-of-
view Tow level was a plus or minus 24 degrees
horizontal by -27 degrees to 9 degrees vertical
narrow-angle display. This narrow Tield-of-view
is representative of the Tower cost Night Carrier
tanding Trainers (NCLTs) used for F-4, F-14, A-6,
A-7, and 5-3 transition training. .

Scene Detail. The ship detail for the high
detail scene was a daytime solid model computer-
generated image (CIG) carrier whose surfaces were
defined by 985 edges!®)The daytime scene included
a background seascape colored a uniform bTue and
a well defined horizon. Brightness levels were
approximately 2.80, 0.50, and 0.16 foot Lambert
(fL) for the ship, sea and sky, respectively. The
detail Tevel was representative of that availabie
from typical dayiime CIG systems costing several
mitlion dallars. The Tow level of scene detail
was an image of a night point-1ight CIG carrier
consisting of 137 lights. It contained all deck
outline, runway, centerline and drop lights. The
background was dark with no visible horizen. This
display is representative of a night CIG system
casting less than a million doliars and used on
several Mavy NCLTs.

Motisan. A six-degree-of-freedom 48-inch
synergistic motion platform was fully operational
for the high level, and was stationary for the low
level of this factor. )
to those on the Navy's 27 T-2C Instrument
Trainers (device 2F101) used in Undergrade Pilot
Training (UPT) except that VTRS computation rates
are higher for reduced cuing time lag. While it
is representative of many older platforms on
existing trainers, it does not have the Tow noise
and improved response of new platforms. An
attempt was made to fine tune the operational
platform for optimal respensiveness for the car-
rier landing task by setting gains at 7.5, 2.0,
and 1.2 for lateral, heave, and pitch cuing,

respectively. Roll, thrust, and yaw cuing gains
remained at 1.0.
Approach Type. Pilots performed their

training trials with either straight-in approaches
or circling approaches. For the circling approach
the aircraft was initialized abeam the LSO plat-
form at 5700 feet from the ship and at 600 feet
of altitude in the approach configuration (full
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The field-of-view high level |

“factor.

This platform is similar

flaps, speed brake out, hook and wheels down and
15 units angle-of-attack). Fuel was fixed at

3200 pounds to give & gross aircraft weight of
10,000 pounds. A trial consisted of the final
turn, final approach and attempted landing.

The straight-in approach was initialized with
the aircraft 11,990 feet behind the ship and 4i50°
feet to the left of the runway centerline. The
jnitial altitude was 400 feet with the aircrafi
in the approach configuration. The aircraft was
trimred for straight-and-Tevel f1ight in both
initial approach conditions., The straight-in
approach was defined specifically to provide task
requirements similar to the circling approach but
with the ship in view at all times under the nar-

__row field-of-view condition. ~Thus the aircraft
was set to the Teft of the runway centerline and

headed at 18 degrees to the right of the ship
centerline heading. (AL 25 degrees of aircraft
heading reTative to ship centerline heading the
ship would go out of the narrow field-of-view.)
PiTots were instructed to fly this modified
straight-in approach straight-and-level out of
the initial condition until approaching the run-
way centerline, then execute a turn and rollout
on the runway centerline.

This factor was included in the experiment.
because of the hypothesis that the daytime mission
can be trained adequately with (modified) straight-
in approaches. This hyEothesis was supported by
results presented in ' and by preliminary obser-
vation. If this hypothesis were true, it could
have fmplications for the field-of-view question
since a wide field-of-view is not required to
keep the ship visible to the pitot during straight-
in approaches. . ,

FLOLS Rate Cuing. The conventional version
of the FL isplay defined one Tevel of this
The ather level involved the use of
vertical bars displayed with the FLOLS which pre-
sented glidesTope rate of change information to
the pilots. This information was presented to the
pilots in "command" fashion, that is, the bar
height could be interpreted directly in terms of
action required to change to the desired vertical
velocity. The height of the bars indicated devi-

_ ation from correct vertical velocity relative to

current glideslope dispiacement and nulled bars
indicated correct vertical velocity Tor any glide-
slaope position. The FLOLS rate cuing factor was
included §n the experiment on the basis of VTRS
work, which indicated a large improvement in
glidesTape control with rate cuing displays for’
experienced carrier pilots.(®°?) The latter ref-
erence (Experiment II} includes a description of
the algorithms used to define the command rate bar
operation.

Turbulence. Turbulence was included in the
experiment at two levels to allow examination of
other factor effects under two difficulty TeveTs,
The two levels, no turbuTence and the highest
amount of turbulence under which operations would
cantinue at sea, represent the range of expected
real-world turbulence. The main effect of turbu-
lence was also of some interest in this experiment
as a training variahle. Turbulence was generated
in the form of "winds" acting on the Tongitudinal,
Tateral, and vertical aircraft axis. These winds
were pseudo-random sine waves which were generated



TABLE 1.

SUMMARY OF EXPERIMENTAL FACTORS AND LEVELS

LEVEL SETTINGS

FACTORS "7 ow"

Field-of-view -27 degrees to

9 degrees vertical,
24 degrees horizontal

Scene Detail Night:
ship
Motion Fixed hase

Approach Type

FLOLS Rate Cuing

display
TurbuTence? Close to maximum
flyable
Pilot Type Air Force T-38

*Indicates setting for the transfer test configuration

point-Tight * Day:

*CircTling approach

*Conventional FLOLS

Ilh.lghil
* -30 degrees to .
50 degrees vertical,
+80 degrees horizontal

solid surface
ship

* Six-degree-of freedom

Modified straight-in
approach

FLOLS dispiay with
*command® rate cuing

No turbulence

. Mavy P-3

Turbulence was set at half the “Tow" level setting for

the transfer test.

by the summation of pure sine waves of various
frequencies and amplitudes. The RMS values of the
winds used were 3.00, 1.25, and 3.00 ft/sec for

the longitudinal, Tateral, and vertical dimensions,
respectively. These values produced a fairly large
amount of turbulence judged to be near the 1imits
for safe operation. Freguency and ampTlitude val-
ues used are given in

Pilot Type. PiTots for this experiment were
selected from two populations without carrier-
landing experience. One group was made up of
recent graduates of Air Force T-38 training and
the other group was comprised of experienced Navy
P-3 pilots. The pilot group factor was included
explicitly in the experiment s¢ that the expected
large source of subject variance resulting from
differences between the groups could be directly
estimated and partialled out of the results.

Factors Held Constant. A number of factors
investigated earlier were held constant in this
training experiment. %2171 (CIG images of both
ship and FLOLS ware used throughout the experi-
ment. The TV Tine rate was 1025 and engine com-
putations were done at 30 Hz. Visual lag was. at
the system's optimum 100 msec and the G-seat was
off.

Transfer Configuration

After completing their training sessions all
pilots transferred to an in-simulator maximum
realism version of the daytime circling carrier-
landing task. The initial position for the
circling approach was the same as that used for
circiing approachss during training. A wide
field-of-view was present along with the daytime
scene, motion on, conventional FLOLS and an
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intermediate level of turbulence. RMS values for

_the "winds" used during training were halved for

the transfer test. This amount of turbulence was
judged to be somewhere between small and moderate _
in size. ’

Pilots

Pilots for this experiment were volunteers
from two populations with nao carrier-landing
experience. One group of 16 pilots was made up
of recent graduates of Air Force T-38 training.
A11 the pilots in this group had approximately
200 hours of total flight time with about 100
hours of flight time in the T-38 in the six months
prior to the experiment. The other group was com-

_prised of 16 experienced Navy P-3 pilots. This

group averaged 1550 hours of total flight time but
varied considerably in overall experience with a
standard deviation of 529 and a range of 600 o _
2530 flight hours. Experience in the six months
preceding the experiment averaged 229 hours, ali
in the P-3. - o

Performance Measures

A1l of the summary measures described and
collected in 7Y were also collected for the
present experiment. Due. to space limitations,
analyses for only one measure, which essentially
summarizes final approach glideslope performance,
are presented here. A percent time-within- .
tolerance measure for the final approach was used

_to summarize final approach glideslope perfor-

mance. This score, referred to as the glideslope
tracking score, was calculated from 3000 feet to
the ramp and used a tolerance band of .3 degree.
This tolerance was recommended by Navy Landing
Signal Officers (LSOs) and represents



approximately plus or minus one "meatball" of field-of-view by approach type and scene detail by

deviation of the FLOLS display. Resuits for other approach type interactions which were considered
scores are discussed, including a wire (Tongitud- important a priori. AlT other estimable inter-
inal) accuracy metric for assessing touchdown actions were examined individually, but in the
quality. This score 1s similar to Brictson's absence of strong evidence for an effect, were
Landing Performance Score (LPS), but Tt is based included in varicus omnibus terms. The basic
on absolute deviation fram the desired touchdown "residual" term for an andalysis of variance was
point rather than wire catch per se.*} Touch- created from the sum of the two- and three-way
downs resulting fn a three-wire catch were 7 string terms. The sum of two-way interactions not
assigned a score of 100, while touchdowns move than involving pilot type and the sum of two-way inter-
100 feet behind the one-wire or beyond the four- actions involving piTet type were tested against
wire were assigned scores of zerp. Touchdowns * the basic residual term. If these effects were
inside these Timits were assigned scores linearly not significant, they were combined with the .
between zero and 100. . 77 residual term to form a residual estimate against
which all other effects were tested. Thus, for
Procedures ) example, the F ratios shown for the single degree-
of-freedom effects in Table 2 have a 22 degree-of-
The experiment consisted of 40 training freedom denominator whose sums-of-squares is from
trials and 16 transfer trials. Before flying any all the indicated sources. i
trials, pilots were given approximately one and .
one-half hours of instruction in carrier-landing The entire transfer-cf-training design may
procedures in the form of a briefing and an in- be thought of as a special case of a repeated
structional videotape. They then flew twg three- ~ measures' design with observations repeated on a
minute familiarization flights in the simulator trials' factor.!®V In this sense, the residual
before commencing with the experimental training estimate represents an estimate of subjects within
trials. Instructional feedback was given after groups error. Trial Dlocks were tested .
each training trial by a YIRS staff member and an against a term comprised of all estimable three-way
"automatic LSO" was used throughout the experiment and higher interactions invelving blocks which is
to give calls during the fiights. (A VOTRAX voice then an estimate of error within subjects. Two-
generation system was driven by software developed factor interactions involving blocks were tested
fram a modified version of the model described in’ omnibus fashion against this same term.
1.} Instructional feedback was not given during )
the transfer test trials. Figure 1 graphically describes the experi-
mental results for the main effects on glideslope
Experimental Design track1ng performance. The numbers in parentheses
in Figure 1 above a block of triais for the
A transfer-of-training paradigm was super- effects represent the resulis of an analysis of
imposed on the basic experimental design which was variance for that block of trials. The numbers
an adaptat1on of National Bureau of Standards, are the ranks of the sizes of the effects {within
Plan 4.7.16.7'%Y Each pilot performed 40 training the 31 estimable effects) of the basic. design.
trials under one of the conditions of the basic Thus, for example, appreoach type had the largest
design followed by 16 transfer trials in the simu- effect in the first block of training trials,
Tatoy on the high fidelity transfer configuration. field-of-view ranked fifth, etc. An effect can -
The basic_design was one-fourth of a fully rank high by chance alone, of course, and such
crossed 2/ design resulting in 32 experimental things as stability over time and effect size
conditions and 31 estimable effects. rust also be taken into account when judging the
meaningfuiness and reliability of an effect. On
A11 main effects are confounded only with the other hand, if an effect size does not rank
three-way or higher interactions as are 15 of the very high, it probably is neither meaningful nor
21 two~way interactions. The other six two-way real since it cannot be differentiated from noise.
interactions are confounded in strings of two each
and the remaining six estimable terms in the basic. Table 2 and Figure 1 indicate a Tlarge dif-
design represent strings of three-way interactions. ference between pilot types on the transfer task.
As the basic design was vepeated across trials, This was not unexpected because of the differing
trial effects are also fully estimable. The two- flight backgrounds of the groups and there is
way interactions judged least Tikely to be impor- Tittle interest in this effect per se other than
tant a priori were assigned to the strings of con- to indicate that this large source of subject
founded two-Tfactor interactiaons. Implicit in the variance was successfully controlled. The wide
use of this fractional factorial design is the field-of-view results in a sustained transfer
assumption that three-way and higher-order inter- advantage of about 6.3 percent more time within
actions will generally be negligible. Each of the +.3° of the desired glideslope. This effect is )
estimable effects in the basic design is also con- the fourth largest in both blocks of transfer
founded with the subject effects defined by the trials and accounts for 8.4 percent of the experi-
groupings invelved in a particular comparison. mental variance on the transfer trials. These
results are in the same direction as those obtained
RESULTS in Y, although significance for transfer trials
was not obtained in that experiment. Although the
Table 2 presents an analysis of variance field-of-view transfer effect appears real here,
summary of transfer test trials for the glideslope it should be mentioned that there was ng Ffield-opf-
tracking score. This analysis estimates effects view transfer effect on touchdown performance. I
averaged across 211 16 transfer trials which are is felt that a glideslope effect which is not
represented by two blocks of efght trial means. reflected in touchdown performance should be
Main effects were tested separately as were the regarded as small. Thus, in an averall sense, the
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TRBLE 2. ANALYSIS OF VARIANCE FOR GLIDESLOPE TRACKING

ON TRANSFER TRIALS

Source of _. LEVELS -~ Mean
Variance High Law df Difference! E
Field-of-view Wide MNar 1 6.3 (8.4)* 6.45%
Scene Detail Day Night 1 .6 (4.6) 3.48
Motion On 0ff 1 3.2 (2.2) 1.65
Approach Type - St. In  Circ 1 2.5 (1.4) 1.05
FLOLS Rate Cue Cuing No Cuye 1 -3.9 (3.3) 2,49 .
Turbulence Calm Winds 1 2.8 (1.8) 1.26
Pilot Type Nav P-3 AF T-38 1 -7.6 (12.3) 9.37%*
FOV X App. Type 1 (=) 0.49
S. DLl X App. Type 1 ) (-) 0.44 .
2-Factor Int {No Pi1)® 7] Re- (9.7} 1.14
2~Factor Int (Pi1)® 6 >»sid- (8.1) 1.10
2 + 3 Way Strings Sf ual (11.0)
Blocks {8 Trials) 1 -5.9 (7.5) B, 42%%
2-Factor Int (Blocks) ) 7 (7.4} 1.18
3-Factor Int (Blocks) 24 (21.4)

Grand Mean 4.8

Std. Err. Difference 2.3

Std. Deviation 6.5

'Mean of observations taken under high level, minus mean of observations
taken under low Tevel of factar. ’

*Values in parentheses are
ment. Percents less than

Percent variance accounted for in the experi-
1.0 are shown by a dash {-).

*Two-factor interactions not invelving pilot type.

*Two-factor interactions involving pilet type.

8 3

20
10

8483

10

*» < .05
**p Z .01
TURBULENCE APPROACH TYPE SCEME DETAIL PILOT TYPE
{3 50 (13} % fa4) = { m
1y 113 1) 2
T 40 & iz [29)(52!, ljy a0 o1 @y
- . - .. ]
vo SR B e 0 » ny/ :
7 se=- Calm 20 '/‘/ Straight in 20| -=-- Day 0 o -+ Nawy P3
— Winds 10 —— Circling 10 — Night 10 — Air Force T38
12 3 4 5 B 12 3 4 5 & 1 2 3 46 6 12 3 4 5 8
Blocks Blocks Blocks Blocks
FLOLS RATE CLING
= 1103410}
4D @ 24 -
FIELD OF VIEW MOTION 20 | )8 :/.
s eems Command rate tuing
4 8o (i » m
sy D @) - 40 113)(22}H15) » 10 — Convenzlonal FLOLS
{15) e"la ¥ - P ..
I5) &= « 0 (23)_ - 1 2 3 4 5 6
o w<= Wide 01t ¢ *== - Mation Blacks
—— MNemow 10 = Mo mation NUMBERS (N PARENTHESIS
C ARE RANKS OF EFFECT SIZES
123 456 8§ 12345 @ WITHIN A BLOCK OF TRIALS.
Blocks Blocks
. . . BLOCKS 1 - 4 {Training Trials)
Figure 1. Main Effects for GTideslope ARE 10 TRIAL MEANS,

Tracking Score: Percent .39 of BLGCKS 5 - 6 (Transfer Trialsi

ARE 8 TRIAL MEANS.

Desired for 3000 Feet to Ramp.
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field-of-view impact on transfer performance was
not large.

Training on the high level of scene detail
results in an initial advantage on the transfer
task. As Figure 1 indicates, this is the largest
experimental effect on the first block of transfer
trials. However, by the second block of transfer
trials, this difference has essentially dissipated
and the overall transfer effect is not significant,
accounting for only 4.6 percent of transfer task
variance. No other differential transfer effects
were evident, although the approach type effect is
noteworthy. PiTots who trained with modified
straight-in approaches did as well on the transfer
task as those training with circiing approaches.
This was true despite the fact that the transfer
task incTuded a c¢ircling approach and those pilots
training with straight-in approaches had not flawn
the circling approach prior to the transfer task.
This result is alsa In agreement with results
given in 5

Tt should be noted also that the FLOLS com-
mand rate cuing did not result in a performance
advantags, even during training. This is in con-
tradiction to results given in which show a
Targe improvement in performance with the rate
cuing display for experienced pilots. The pilots
in this study were completely novice to the task
and apparently did not have the skill Tevel neces-
sary to effectively utilize the rate informatign
at this stage, at least not with the command dis-
play mode used here. Most pilots did show consid-
erable general improvement in performance over the
Tength of the experiment, indicating that a great
deal of learning was taking place over a wide
variety of conditions. The Air Force T-38 group,
in particular, had reached an intermediate pro-
ficiency level by the and of the experiment, an
accompiishment which suggests considerable poten-
tial for the simulator as a trainer for the
carrier-Tanding task.

SUMMARY

The following summary of this experiment
includes more extensive results presented in 183
as well as the Timited results presented here.

The main conclusion to be drawn from the results
is that equipment differential transfer effects
were small from a practical point af view. Trans-
fer landing quality was not affected by any factor
other than pilot fype and approach guality was
geherally only temporarily affected by equipment
factors, i.e., effects had essentially disappeared
after eight transfer trials. The only exception
to this is field-of-view which did show a sus-
tained effect on glidesTope tracking performance.
Although final approach effects are important in
their own right, approach effects that are not
reflected in touchdown performance must be
regarded as small. The pilot type effect was
genarally Targer than all other effects combined
and the only other factor that had a sizable, sus-
tained transfer effect was a training factor,
approach type.

These findings have important implications
for simulator design. They suggest that cost and
reliability considerations should play the-major
role in selecting the design for an undergraduate
carrier-landing simulator. Simulator hardware
advance has apparently reached a stage--at least
for the carrier-landing task--where costly

increases in fidelity have smaller effects than
pilot and training factors and are producing small
gains at best. The findings suggest that optimal
cost-effective training will occur with a rela-
tively Tow-fidelity simulator (as defined by the
low Tevels of factors used in this experiment) and
judicious use of training variables and schedules.

Individual Factors

N approaches.

A brief summary of results follows with the
factor effects Tisted in the order of estimated
overall impact on the transfer task.

Pilot Type had by far the largest effect
during the transfer trials but the effect was

dependent on the dimension of performance measured.
Air Force T-38 pilots did better than Navy P-3

‘Bilots on glideslope tracking and landing wire

accuracy, but P-3 pilots did much better on final
approach lineup tracking and angle-of-attack
control.

The straight-in approach type training
resulted in better final approach Tineup control
on the transfer task despite the fact that the

transfer task involved a ¢ircling approach. Pilets
training with straight-in approaches had 15% more

‘time within the Tineup tolerance Timit on the

transfer task than pilots training with circling
Also, the circling approach training
showed no transfer advantage for other final

approach scores or landing accuracy.
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The wide field-of-view resulted in some -
advantage on the transfer task for final approach
quality but not landing accuracy. There was a sus-
tained effect on glideslope tracking and a tempo-
rary effect on 1ineup and angle-of-attack
tracking. The overall effect on final approach
guality after eight transfer trials was small at

est.

Daytime scene detail training conditions
showed no transfer advantage over night scene de-
tail training conditions on Tanding accuracy.
There were transient effects on glideslope and
angle-of-attack performance with the daytime
training scenes showing the advantage. There
appeared to be a linesup performance advantage on
transfer for the daytime training scenes but only
with straight-in training approaches.

The presence or absence of motion during
training did not make a difference on transfer.
The addition of rate cuing information to the
FLOLS did not result in a transfer advantage com-
pared to training with a conventional FLOLS.

Considerations

Two things should be kept in mind when con-
sidering these results. First, as mentioned ear-
Tier, subject effects defined by the particular
group comparisons were confounded with experi-
mental effects. Although this is true for any
transfer-of-training design, the problem is more
acute with the one-subject-per-cell design used
here in which there was an & ?riori interest in
examining most of the estimable efTects. It is
very 1ikely that a few experimental effects will
be mare than trivially biased by subject effects.
The subject factor (pitot type) which was incTuded



in the experiment did remove a Jarge amount of 8.
subject variance and thus reduces this concern

somewhat. Further, a covariate task was employed

in the experiment {not reported here) which

showed some relationship to the criterion task.
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sulted in only trivial effect estimate changes 9.

for
for

Taking intc account this covariate, re-

effects of interest. Thus there are grounds
suggesting that subject confounding was ade-

quately controiled, but this probiem was net
fully resalved.

biTi

Second, there is the issue of generaliza-
ty of results because of the in-simulator 10.

"quasi" transfer of training design. Ultimately,

& simulator-to-field study with undergraduate

Naval aviators is needed to confirm these

resylts. This study provides recommendations for

such an experiment and at the same time depends

on a field-transfer study for its own ultimate 11.
value. Confirmatory results could go a2 Tong way

toward increasing confidence in in-simulator

results and thus saving some of the enormous

expense associated with field-transfer studies.

1.
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