-

- A i it Tl Tl o2

Naval Training Systems Center

P

NS ae el e B g By U MM AT AT B . T U, s -

e NAVTRASYSCEN 85-C-0044-2 ~N

P

ot P B

21

SIMULATOR DESIGN AND INSTRUCTIONAL ;
FEATURES FOR CARRIER LANDING: 2
A FIELD TRANSFER STUDY

AD-A169 962

D. P. Westra, G. Lintern, ,
D. J. Sheppard., X. E. Thomley, i
R. Mauk, D. C. Wightman, ;
and W. S. Chambers N
v v -

;\\\ ;o ‘_‘,‘

< \\\\: .P\ :r\ 4 r; ,ur‘

A

N
\\-\\."- - -~ :~"“ &

\\ RPTF. o SURNMUVRRERERP S
LR
:

A

LN

JUL 2§

RN N
; ' Lo RN

R TR LN BN e RO ’ et , .
o ' ' A . “ - N

R N :




A R R R S R T R R & T T N T T T R VT i s TV CRTAN AT

oo NAVTRASYSCEN 85-C-0044-2

SIMULATOR DESIGN AND INSTRUCTIONAL

FEATURES FOR CARRIER LANDING:
A FIELD TRANSFER STUDY

D. P. Westra, G. Lintern,

D. J. Sheppard, K. E. Thomley.
R. Mauk, D. C. Wightman,
and W. S. Chambers

Submitted by:
Essex Corporation

1040 Woodcock Road
Orlando, Florida 32803

Prepared for:

Naval Training Systems Center
Orlando, Florida 32813

Contract N61339-85-C-0044

Interim Final Report for the Period
26 April 1985 -~ 25 April 1988

DOD DISTRIBUTION STATEMENT

S AF Rl L 1K

Approved for public release;
distribution unlimited.

/2

N,

\

Quatiry
INSFECT
1

! drcenaian Pap

URTh B Sty Ly
SR TR L
PTTC T3 h

Unannnruncen 7}
sustificention |
By e
Distritutiony/

Aveilal ity ‘odeg

BN S SN

Dist Tpacinl

|
Al

\_ 3
&
il
ool

P

i
E.‘;
Rt
o

Cel
¢

.-_
AV R
LI P g

=, T ¥ g
<

{8

T, T W
Iy

. [ G e ot
DEAOD - RARNOE AN RNy,  [ikindo
Sl s, . :

- .-
2y

|k Srinsaledap LW

Ay £\ X2 Ky Xy

1 ey Y

.
% 78R



AL MUA L R TALE Rt HatAtARS R IR R SRt PR he et AL AR LSRR PSS SRR SRS L b SRS A GRS S VA

y ]
s

ARET

: NAVTRASYSCEN 85-C-0044-2

(ST

By

A2

T
s

AL

~

I

gl o

r, 2,

GOVERNMENT RIGHTS IN DATA STATEMENT
Reproduction of this publication in
whole or in part is permitted for
any purpose of the United States
Government .

P
LAV T NN g
JI‘{‘_{‘:‘ e

T

fl_

WS
Tal

IR
A

.
4t

v

. .
Lo
<

=1 .

g
P

};7

-

-

ta

~as t e v PRV e
P {- v'-("lll.lf D ;.‘.r-"' O

[

P
[



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

——

REPORT DOCUMENTATION PAGE

s meaggi?ﬁbv CLASSIFICATION

1, RESTRICTIVE MARKINGS

2¢. SECURITY CLASSIFICATION AUTHORITY

3. DISTRIBUTION/AVAILABILITY OF AEPORT
Approved for public release;

b, CECLASSIFICATICN/OOWNGRADING SCHEDULE

distribution unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

5. MONITORING ORGANIZATION REPORT NUMBER(S)

NAVTRASYSCEN 85-C-0044-2

b, OFFICE SYMBOL
(If applicabdle)

65. NAME OF PERFORMING ORGANIZATION
Essex Corporation

7a. NAME OF MONITORING ORGANIZATION
Naval Training Systems Center

6c. ADDRESS (Cily, State and ZIP Code)

1040 Woodcock Road, Suite 227
Orlando, FL 32803

7b. ADDRESS (City, State and ZIP Code)

Orlando, FL 32813

8b. OFFICE SYMBOL
(1f appliceble)

8s. NAME OF FUNDING/SPONSORING
ORGANIZATION

Naval Air Systems Commanc

9, PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

N61339-85-C-0044

8¢c. ACORESS (City, State end Z1P Code)

Washington, DC 20301

10. SOURCE OF FUNDOING NOS.

PROGAAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. NO.
N637-33N SP-01 0785-2P3 4780

11, YITLE (Include Security Classification)

(See Continuation Page)

12. PEASONAL AUTHORIS)

D. P.
D. C. Wightman, and W. S.

Westra, G. Lintern, D.

J. Sheppard, K. E. Thomley, R. Mauk,

Chambers

13a. TYPE NF AFBORT

13b. T'ME COVERED
Final TO 4/88

FROM4/85

14, OATE OF REPQRT (Yr.. Mo., Day) 15. PAGE COUNT

18 June 1986 86

16. SUPPLEMENTARY NOTATION

17. COSAT! COOES 18. SUBJECT TERMS (Conlinue on reverse il necessary and identify by block number)
FIELD snoue suB. GA. Carrier landing, Transfer of training, Field of view,
Q5 08 Scene detail, Incremental transfer, Backward chaining,
14 02 Visual Technoloqy Research Simulator (VIRS)

the aircraft carrier landing task.

detail (day contrasted with n1ght)
or 60).

“who did not receive simulator training.

19. ABSTRACT (Continue on reverse if necessary und idenlify by block number)
AA transfer-of-training experiment was conducted asAthe-culmination~of the carrier
landing behavioral research program at the Visual Techno]ogy Research S1mu1ator (VTRS).}
at the Naval Training Systems Center—{NAVTRASYSCEN)} in 0r1ando,,F10r|da.
—~of this exper1ment/prov1de 1nformatlon on the design and use of simulators for training
"The results>also provide input on design issues
for the Navy's new T-45 training system-{T-45TS)> Two visual display variables and
two simulator training variables were selected for inclusion in this experiment:
field of view (wide versus narrow);
(circling, modified straight-in or segmented); and number of simulator trials (20, 40,
A total of>72 student pilots were trained on the VIRS prior to going through
the Field Carrier Landing Practice (FCLP) phase of their pilot training program.
performance of these students at FCLP was contrasted with that of a group of 54 students
Results show that students trained in the -

[ N

The-results”

scene
approach type

The -~

A -

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT

UNCLASSIFIED/UNLIMITED & SAME AS RPT, D OTIC USERS D

21. ABSTRACT SLLURITY CLASSIFICATION

UNCLASSIFIED

223. NAME OF RESPONSIBLE INDIVIOUAL
Dennis C. Wightman

22c. OFFICE SYMBOL

N732

22b. TELEPHONE NUMBER
{Include Arca Code)

(305 646-5130

DD FORM 1473, 83 APR

EDITION OF 1 JAN 7315 OBSOLETE.

UNCLASSI

e LA

/

2ot

r % ™ T e
P
ol aly e §

1N
L

"y

MK
T

AR
P e
SN TN SRS O IS e o)

.

l’
] ‘{

. I;’

AT S

I3
)

'z

N
_;c""/

~fFF T T r v .
4 A .

v
L .
VP e

a
-

.

,

LN I T I R
v
y TVt

r

b |

a

 Te st
ey,

N
P )

RS

. T
A
D

r

o o« =
PP S

.

.
LR g §

’
.

1d

"‘4‘
N

.



ALY Lt SR b 5 A Y Y e e bt e T i Bt e

UNCLASSIFIED

SECURITY CLASSIFICATION OF THiS PAGE

Part ey g il

11. (Title): Simulator Design and Instructional Features for Carrier Landing:
A Field Transfer Study (UNCLASSIFIED) o

.

19. Abstract (Continued) - P -

i -
v e e S
[ B A (&

-==»sinulator performed better at FCLP than)students.in-the control group.™There was no

transfer advantage for those trained with a daytime high-detail scene compared to
those trained with a lower cost nighttime low-detail scene. There was at$e ho
transfer advantage for those trained with a wide/field of viewdcompared to those
trained with the lower cost narrow<field~of-view scene. Transfer performance was
better for the-students who had 407or 60 simulator trials than for-therstudents who
had 20 simulator trials. The pilots who trained with a segmented approach schedule
did as well or better on transfer to FCLP than those training with the modified
straight-in approach schedule or all circling approaches. The segmented approach
schedule is recommended as it involves the least time in the simulator.

UNCLASSIFIED

SECURITY CLASSIFICAYION OF THIS PAGE

i e~ Y

-

i

porors, -

llllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'i



TR an o

Section

I

II

I1IX

v

Vi

VIl

NAVI'RASYSCEN 85-C-0044-2

TABLE OF CONTENTS

INTRODUCTION ....... ® & & 2 & B B e 0 2P R S AN e
Research Plan........... Cess s s re ettt i e
1 5 ) 0 ceaen
Apparatus.......... Gttt e e et se s tei et et e
Procedure...... Chre et te sttt ettt v e
Simulator Flight Tasks......a..... et chaenas
Simulator Factors and Levels.......coovrinenenen .
Simulator Performance MeasULemMeNnt...osoorereeesss .
Field Performance Measurement.......c.:ccreeeenens
Experimental Design. .....vetevecametesccncncnsas
SIMULATOR TRAINING DATA. . et eereensoncones e v st s e
Analysis of Simulator Training Data..............
Training Performance ResultsS......cccereecrennens .
ANALYSIS PROCEDURES' FOR TRANSFER DATA....... creea
MeasUuLement FIrEOL. .. .veetonesnsansrsesncennncs “en
MissSing Data....u.i i vttt ieecereeconconncasonnssa
Data Editing........ Cee e Ce et enee e bt areeen
Flight Means......oovvv.. Chtee et rease s eoaseen e .
Late Transfers.......... L ets v rseesnserasane e
Analysis Of Transfer DAta....ceeeeecoccoonoancnne
TRANSFER RESULTS............ C e st s as s s e v e N
Glideslope PeLLOlMANCE. c vt evosveoosnonrvonssnsos
Lineup PerformanCe. . ..o v verovenececeoeneannceesea
LSO GradesS..veerisressosorttnsonsaccsssas ce e v
Carrier Qualification SCOLeS. ...t irvenceecsmannn
Other RESUILS. . it ctterontoectestosnssnscacsnssnans
DISCUSSION/RECOMMENDATIONS . . & ittt c ettt ceeencesnnvs
Judging the Size of EffectsS. ... ereereecncsnanoen
The VTRS Experimental FACLOLS ... uv.cveveeeassn che e
Recommendations for T-45 Training System.........
SUMMARY . ¢ vttt e e cveooseoscarsosecsnsenssvessasensecs
REFERENCES..... cr e e s e e e et ettt et e s te st eesnn

APPENDIX A - FRESNEL LENS OPTICAL LANDING
SYSTEM. . . ittt sttt i it i ii ittt st et

AFPPENDIX B - INSTRUCTOR AIDS.................. ..

Page

12
13
13
17
18
19

21

21
21

27

~ -

27
28
29
29
29
30

33
34
37
41

44
44

49
49
52
56
59

61




=) FACNIMEFIARAN FNRSIZTE IV AWV R AT AERNAVANE BT TV ATV YA I IF5-2 VAN 573 T O Gt A WM W\ N7 QA M AAMSRZR vy W R T M N e R Ry MR RV \(‘F:E‘,ﬁ'!\_.““,\i\;(w

é‘ ]
-

| i

] E

.“E' NAVTRASYSCEN €5%5-C-0044-~2 ]

b

3 ]

3 1

5 1

l LIST OF JTLLUSTRATIONS 3

3 Figure Page

5 1 Simulated Day Carrier Scehe........... B ¢

- 2 Simulated Night Carrier Scene..........ovevvnvenn. 10 L

r

3 3 Overhead View of Typical Daytime Circling

2 Carrier Landing Pattern and Modified 4

k Straight-in Approaches........eeeeeeen.. P Y

i q Alternative Field-of-View Display Plots

i‘\ fOI.' Ca[[ier Landing-...........'...-.... nnnnnnnnn 16

£

- A-1 Carrier Approach Geometry Depicting FLOLS :

R Projection of Glideslope Deviation

" TREOEMAL 0N, et vttt i it e snees s e naaeeennnn veeres 66

g B-1 Instructor/Operator Station............ cerenseres 69

:: B-?. Layout Of Format Cv.l'.u.l‘!oi.".'....'. oooooooo 70

. .

S B-3 Layout O0f LSO DiISPlay..u.eeeereeecoennenneonnnnes 72

! c-1 A T-2C About to Track Down During FCLP...... cease 76

ﬂ C-2 HYTAL Tracking Head as Mounted in the Van

- Ready for Glideslope Tracking............ ceesenes 77

i Cc-3 Two Views of the Retroreflector Mounted in

S a T-2C Landing Light Housing...........cccivvienn. 78

< Cc-4 Mecasurement of Relative Ground Height at

K Test Reflector and HYTAL Head by the

o Water Level Method.......... et us e asasasesssnnn .. 80 1

g c-5 FLOLS Calibration Procedure Used by Landing

- Signal Officers to Set the FLOLS Glideslope...... 81

; c-6 Moving Average Filter Mechanization............ .. B85

ﬁ c-7 Calculation of Height of Main Wheels

~ Above Touchdown......oovovienenion S T cv. B6

2 C-8 Top View of Range of Retroreflector from

A the HYTAL HEAd . ..o v ivreereroeeerenennonnnnaeanens 86

T IR

b JIRPILT



AR R KA A AP AN AN O R PRI G BER P S 4% Rt f a3 G a1 A 1% P o aTa Y g T S AN o RN T8 CaXTa 08 Batiegn IR _at o s b ol bl O B YR 2 D'AN:3 ) D OB TS 2ain

NAVTRASYSCEN 86-C~0044-2

LIST OF TABLES

Table Page
1 Experimental Factors for a VIRS Carrier
LLanding Non-Transfer Experiment............. B |
2 Experimental Factors for a VTRS Within-

Simulator Carrier Landing Transfer
BXperiment ... ...ttt ianasnnsaneas

B -

3 Simulator Factors and Constants ... ... cenean 17

+ AL POt Ua N

4 Statistical Significance of the Learning
) Effect in Training Trials for Selected
3 Performance MeasuleS. .. vceerseve Seevrens e rereenae e 22

5 summary of Main Effects and Significant Inter-
actions of Scene Detail, Field of View, and
Number of Training Trials: Training Deta......... 23

v Apde-Te
o

Analysis of Variance Summary and Mears for
Segmented and Modified Straight-in Groups on
the Third Quartile of Training Trials:
Glideslope Tracking...... Ciees ettt ese e

-,

cere. 24

7 Analysis of Variance Summary and Means for
X Approach Type Groups on the Fourth Quartile
[ of Training Trials: Lineup Tracking......veeeee.. 25

\ 8 Summary of Time Between VTRS Training and
Start of FCLP. ..o veaannn e v e s nesanrsean .

- !
. 9 Flight Means at FCLP for Glideslope Variability
> from 3100 to 100 Feet from Ideal Touchdown....... 35 ‘

[
Ve

|

10 Analyses of Variance for FCLP Glideslope l
Variability from 3100 Feet to 100 Feet from |

Ideal TouChAdoOWN. ¢« v et e vttt e et nonsneasceacasaas ..

11 Flight Means at FCLP for Percent Time
within +75 Degrees of Center Line from 3100
to 100 Feet from Ideal TouchdowWh........oeeeeveas 39

12 Analyses of Variance for FCLP Lineup TOT
Scores from 3100 to 100 Feet from Ideal
Touchdown......... e e e c b et e e e e

P e ML

13 Flight Means for Lineup TOT Scores for the
Approach Segments 3100 t0O 1100 Feet and 1100
- to 100 Feet from TOoUChAOWIN. ot e vt v o vt e v v onnnveeeaen 41




"My

X

!

o

[RLIPLIPRL i

S YWCAAIIRE

-

e 40T

Tahle
14
15

16

17

18

L9

v w
|
1 %)

NAVTRASYSCEN 85-C-0044-2

LIST OF TABLES (continued)

Flight Means at FCLP for LSO Grades....evsea..

Analyses of variance for FCLP LSO Grades.

Cartier Qualification Grade Means for
the Experimental Groups....

Analysis of Variance for Cacrier

Qualification Grades.,.

Group Membership of Recycled Pilots..

Recommendations for Other Simulator

Design Opti

ons. ...

L B IR Y B A

Instruments Displayed in Format C....

Performance Measures Plotted in the

.80 Digplay

-------

@ e o a s e e e e =

LI

o

Page
43

43

45

46

48

~3

(734

......




NAVTRASYSCEN 85-C-0044-2

SECTION 1
INTRODUCTION

Carrier landing. as a task that is both difficult and
unique to Navy obperations, was the first task selected for
intensive study at the Navy's Visual Technology Research
Simulator (VTRS). This work on carrier landing started in 1978
when VIRS became operational as a research facility. It
energed as a good candidate for early study primarily because
its acquisition consumes a considerable amount of training
time, and because it remains a difficult and potentilally
dangerous phase of flight operations throughout a pilot's
cateer. Purthermore, it appears that carrier landing skills
can be taught in a simulator designed for that purpose
(Brictson and Burger, 1976).

An effective training simulator for carrvier landings should
be particularly valuable because the current method of
preliminary carrier landing training, to practice approaches to
a field site that is specially prepared to simulate features of
a carrier landing deck, does not permit practice on some
crucial characteristics of the task., For example, the field
carrier cannot simulate deck movemenits found at sea. These ‘
movements add to task difficulty and pose significant learning f
challenges to Student Maval Aviators (SNAs). The presence of
air turbulence from the carrier island and the absence of
ground effect are other features of carrier operations that are
not represented accurately at Field Carrier Landing Practice
(FCLP), and that adds to the difficulties encountered by SNAs
duriug their early carrliec approaches.

RESEARCH PLAN

The goals of the behavioral research program at the VTRS
are to determine simulator design requirements and instruc-
tional features for teaching Navy flight tasks. The overall
research plan is to examine selected tasks in a series of
within-simulator studies and culminates with a study that
invelves transfer to the airplane. The research reported here
is the final (field) transfer axperiment that followed the
series of within-simulator studies (Collyer, Ricard. Anderson,
Westra, and Perry, 1980; Westra, Simon, Collyer, and Chambers,
1981; Hughes, Lintern, Wightman, Brooks, and Singleton, 1981:
Westra, 1982; Wightman, 1983; Lintern, Kaul, and Collyer,
1984). It was aimed at identifying optimum design and
instructional features for a simulator to teach <cariier
landings. In addition, this experiment was nhecessary to
determine the ultimate value of tackling major simulator design

research problems in the manner currently being employed at the
VTRS .
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A sequential research plan, progressing from within-
simulator to field studies, was developed because a simulator-
to-airplane transfer study is both expenslive and daifficult to
conduct properly. The first major step in the sequential
tesearch plan was a nontraining or pecformance study (Westra,
1982). Although this effort provided limited information about
training effestiveneag for Student Naval Aviators, it did sernve
to validate experimental manipulations and poerformance
measures., in additlon, these data were used as a basis for
excluding sone experimental wmanipulations from later training
studies. That procedure was founded on the assumption that a
variable that dues not directly affect performance is unlikely
to vroduce any worthwhile differential effect in subsequent
transfer to a standard condition.

Skilled pilots were used as subjects in our performance
study s0 that the results do have some implications for
simulators that are used for sklll maintenance and transition
training. Conditions shown to help pilot performance in the
slmulator may be considered desirable for skill maintenance
simulators, although data from this type of study do not
indicate whether there will be any subsequent enhancement of
flight performance.

The bulk of within-simulator research at the VTRS has been
in the form 0f quasi-transfer studies. 1In these studies, a
variety of simulator conditions were used to train independent
groups of subjects. After predetermined periods of training,
subjects were transferred to another simulator condition (the
criterion condition) that was as similar to the aircraft as
possible. A control group trained and tested on the criterion
simulator configuration was also inc¢luded. This procedute can
be contrasted to a true transfer study in which subjects
transfer from the training to the operational device.
Quasi-transfer refers to a situation in which subjects are
tested in the traiuning device, but on a criterion configuration.

Quasi-transfer studies were used to examine variables that
may affect training. Those that sutrvived the performance
studies, and others that pre-experimental work or other
reseatch had suggested would have a worthwhile effect, were
tested in this phase. Quasi-transfer studies were first
proposed as a means of screening variables for subsequent
transfer studies. They provided an economical method of
screening the variables of interest in transfer and thereby
enabled more effective use of resources available for the
transfer studies.

PERFORMANCE EXPERIMENTS. 1In one of the first experiments at
the VIRS, Westra, Simon, Collyer, and Chambers (1982)
investigated the eifects of 11l simulator-design factors onh the
performance of experienced pilots. The factors and levels are
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shown in Table 1.

Thig experiment represented our first

attempt to apply the economlcal multifactor methodology
proposed by Simon (1973, 1977).

TABLE 1.,

— . W em e n W AR W v e W eE W W

FLOLS
Field of view
vertical
Hocrizontal
TV 1line rate
Engine lags
Ship detail
Visual-system lag
Seascape
Brigitness
Ship
Sea

Sky

Platform motion

Ship type
G-seat

Turbulence

" e e = o - m ae E TR MR MR R MR e e e Y M P S Y MR W e 6 e b b SR = W e v e G W R S YR m T mE e W M s G bR A Ge W YR S Us me M e e W

Pilots: Eight fleet

EXPERIMENTAL
NON-TRANSFER EXPERIMENT

Projected CIG
=27 to +9 deg
+/-- 24 deg

525

7.% Hz update
Night peirnt light
217 msac
Homogeneous gray
0.40 fL

0.04 fL

0.02 fL

Fixed base

CIG

FACTORS FOR A VTRS CARRIUR LANDING
(WESTRA E1 AL. (1982)

R M. WS W W MM mA m T R R TR GE W R4 GG SR e P We S e

Projected light modsl
=30 to +50 deg

+/- B0 deg

1025

30 Hz update

Day solid surface

117 msoc

Wave pattern

2.90 f£L

0.50 fL
0.16 L

Six degrees of
freedom

Camera/Model board
30 pneumatic bellows

Close to maximum
fiyable

pilots, expericnced in carrier landing.

.
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The only substantial effect on critical measures of task
outcome quality came fcom a comparison of two methods of
modelling the Fresnel Lens Optical Landing System (FLOLS).
Glideclope tracking performance with a computer-generated FLOLS
was better than with a projection from an incandescent..light-. .
gsource model. This effect was thought to result from the size
difference of the two FLOLS simulations. 'The computer-
generated FLOLS had been modeled at larger than scale to
overcome limitations in the resolution of the line-scan
projector system.

Two other factors had effects which, although smaller in
overall impact, were considered potentially important. -
Approach lineup was better with the day scene than with the
night scene, and the shorter visual system lags resuited in
less roll variability during the approach. The other factors
had negligible effe~nts. The display and simulator factors had
been varied over a wide range of interest that represented
expensive versus inexpensive simulator options. Thus, the
small to null effects resulting from variation of equipment
factors in this experiment suggest that the simulator
performance of experienced pilots on the carrier landing task
is not enhanced substantially by high levels of fidelity.

QUASI-TRANSFER JAPERIMENTS. The information obtained from the
performance study aided the design of a subsequent
quasi-transier exveriment with pilots who had no previous
carrier landi.. xperience (Westra, 1982). 1In general, if a
factor effect was considered practically negligible, the factor
was either not studied further or it was combined with others.
Thus, the model-board image-generation system was not used
again, and the g-seat, TV-line rate, and engine lag factors
were not tested further. Elements of scene brightness and
seascape detail were incorporated with ship detail into a new
scene detail factor. The optical FLOLS was also dropped from
further study since it had resulted in poorer performance, even
though it was the more expensive of the FLOLS display methods.
However, FLOLS size, whic¢a was believed to be primarily
responsible for the effect, was studied in a later
quasi~transfer experimant (Sheppard, 1985).

The factors tested in Westra's (1982) quasi-transfer
experiment are summarized in Table 2. Field of view, which had
been investigated only for straight-in approaches, was tested
in combination with approach type (straight-ia or circling).
Platform motion was retained for the quasi-transfer experiment
primarily because-of its high cost implications. Visual system
lag was not included becaugse of a concern that it would
interfere with the effects of other variables. FLOLS rate
cuing (the addition of descent rate information to the
glideslope displacement information normally provided by. the -
FLOLS), which had been tested in a performance study (Lintern,
Kaul, and Collyer, 1984), was alsn included as a factor in the
gquasi-transfer experiment.
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TABLE 2. EXPERIMENTAL FACTORS FOR A VTRS WITHIN-SIMULATOR™ " -
CARRIER LANDING TRANSFER EXPERIMENT (WESTRA, 1982)

—— e e e e e Et ot e e s AR A Am B b W S e mm AR R e et e e B e S ML M e e P M e e wm e R W P S e b e e e o s e o e e

LEVELS

FACTORS "low" "high"
Field of view

Vertical -27 to + 9 degrees ~30 to +50 degrees*

Horizontal +/-24 degrees +/-80 degrees*
Ship detail Night point light Day solid surface=*
Platform motion Fixed base Six degrees*
Approach type Modified Circling*

straight-in
FLOLS rate cuing Command ' None*
Turbulence None Close to maximum
flyable

Pilot type Air Force T-38 Navy P-3C
* Indicates setting for the transfer test configuration.

Turbulence was set at an intermediate level setting for the
transfer test.

Although small and transient, there were glideslope
tracking and lineup advantages in transfer from training with
the wide field of view and high scene detail conditions.
However, platform motion and FLOLS rate cuing had no
differential transfer effects. Approach type d4id have a
substantial effect on lineup, with better transfer performance
resulting from training with the straight-in approach. These
findings indicated that only field of view. scene detail, and
approach type should be tested in a subsequent simulator-to-

airplane transfer study.
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Data from other laboratories on FOV and scene detail
effects have been mixed. A wide FOV appeared to help simulator
performances during turns to final and during glideslope
tracking (Kraft, Anderson, and Elworth, 1980). However, runway
scene detail can modify these effects in that, with some
measures at least, performance with a narrow FOV was better
than with a wide FOV for low scene detail on the runway. A
quasi-transfer study by Collyer, Ricard, Anderson, Westra, and .
Perry (1980) showed strong FOV performance effects during
I carrier landing training, but no effect of these training
N differences on transfer to a criterion simulator condition.

In the Kraft et al. (1980) study, and another by Bucklanad,
i Monroe, and Mehrer (1980), scene detail affected landing

B performances in the simulator. 1In contrast, Martin and Cataneo
- (1980) found no effects of simulator training with different

‘2 levels of scene detail on conventional landing performance in

- an airplane. The scene detail issue is thrown into further

> confusion by the work of Brictson and Burger (1976). They

4 showed that prior training with a night carrier display helped
! night landings but not day landings. This result is puzzling

B in that the crucial sources of information from outside the

[ cockpit, those being Fresnel Lens Optical Landing System and

& deck lineup indications, are similarly represented for both day

- and night landings. Of course, much environmental information
Y is lacking in night landings, but the use that carrier pilots
- make of that information is not obvious. Taken as a whole,

[ these data indicate that further research on the transfer

- effects of variations in FOV and scene detail is warranted.

. Other quasi-transfer experiments were undertaken at the
" VTRS to examine instructional features. The most promising

-_ result was obtained by Wightman (1983) in a test of a

N backward-chaining procedure for teaching simulated carrier

- landings. His experimental subjects were taught carrier

- approaches in a series in which early trials were started at
.. 2000 feet behind the carrier, and later trials at 4000 feet,
s and then 6000 feet behind the carrier. This procedure was more

effective than whole-task training in which subjects flew all
their trials from the 6000-foot mark. The result was perceived
as consistent with the advantage shown for straight-in
approaches in the Westra (1982) quasi-transfer study. Thus, an
approach-type factor combining features of the manipulations
tested in both of these studies was developed for the transfer
study.

Dty
B SN o

One further important result from the quasi-transfer
research was that FLOLS size did not affect acquisition of the
carrier landing task (Sheppard, 1985). This had become an
important issue because the FLOLS in the VTRS is represented on
a larger scale than it is at the carrier. Limitations in the:
resolution of the out-of-cockpit visual display had forced the
larger representation. A true-scale representation, although
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tested, was impractical because small but critical elements of
the display flickered excessively as they crossed raster

lines. Engineering redesign would have corrected the problem,
but the oversize representation was a more convenient and less
expensive solution. The Sheppard study indicated that
simulator training with an ovetrtsize FLOLS would have no adverse
effect on transfer tc a normal-size FLOLS in the field.

Several other training manipulations were also examined.
Hughes, Lintern, Wightman, Brooks,. and Singleton (1981l) tested
a procedure in which the simulated aircraft approach was frozen
on the approach to the carrier whenever a student made a
serious error. After the instructor discussed the errors with
them, students were either released from freeze to continue
their approach or were reset to an optimum position on the
glideslope and then released. Wightman (1983) reduced the lags
between throttle movement and simulator response during
training. Sheppard (1985) fixed his students at a constant
(1500 feet) distance. from the carrier to allow intensive
practice with control responses required for glideslope
tracking and also examined the use of descent rate cuing in
training. All of these training manipulations were reasonably
effective, but were not generally better than the conventional
procedures and, therefore, were not included in the transfer
experiment.

In summary, two equipment factors, those being field of
view and ship detail, were included in the transfer experiment
on the basis of the results from the within-simulator research
at the VIRS. That research also supported the inclusion of a
backward-chaining type of instructional factor, referred to
here as approach type. 1In addition, training time was included
as an expetimental factor so that incremental transfer
effectiveness (Bickley, 1980; Orlansky, 1982; Povenmire and
Roscoe, 1971, 1973) could be estimated.

PERFORMANCE MEASUREMENT. oOur considerable research experience
with the carrier landing task has helped us establish a viable
performance measurement approach for the simulator and that
same approach seemed preferable in the field. Nevertheless, it
proved impractical to gather all measures in the field that hag
been possible in the simulator. A substantial independent
effort to prepare for the transfer experiment identified LSO
ratings of approaches as a measure that could be obtained with
relative ease and that had strong face vaiidity (Isley and
Spears, 1982). However, it also became apparent that LSOs
often used their ratings for motivational rather than for
assessment purposes; an observation that had been made
previously by Brictson and Burger (1976). In some cases the
ratings appeared to be more heavily influenced by individual
LSO criteria than by student ability.
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Further developmental work for performance measurement was
undertaken by McCauley and Cotton {(1982). A laser systen,
designated HYTAL for Hybrid Terminal Assist Landing, was
identified as being available for the experiment and able to
measure altitude and lineup errors in the final approach to-

H touchdown. As measures of altitude and lineup error had
dominated the analyses of simulator data, the HYTAL system was
considered suitable for the experiment. The loss of Angle-of-
Attack (AOA) error data was regrettable, particularly in view
of the emphasis that LSOs place on AOA control, but McCauley
and Cotton (1982) could not identify a system to measure AOA

g that could be acquired with the resources available for this
experiment.

Statistical power was considered as an important issue.
Waag (1980) has noted that many transfer investigations of
simulator design issues have not had sufficient power to
demonstrate real effects. The use of statistical power to
estimate the number of subjects needed in a transfer--of-
training experiment has been discussed by Lintern, Thomley,
Nelson, and Roscoe (1984). Our requirement in this carrier
landing transfer study, to test for differential advantage from
various simulator conditions in contrast to merely comparing
simulator to no-simulator training, was judged to stress power
requirements. Preliminary analyses, using VTRS quasi-transfer
data as a gquide, together with consideraticns of achieving a
balanced factorial design for the four factors of interest,
indicated that 72 experimental (simulator) subjects and a
smaller number of contrcl (no-simulator) subjects would be
satisfactory.
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SECTION II

METHOD

A transfer-of-training design was used to study the effects
of two simulator design factors (field of view and ship detail)
and two instructional factors (approach type and simulator
training time) on carrier landing training. Navy undergraduate
pilots visited the VTRS for simulator training immediately
prior to their normally scheduled field carrier landing
practice which is used as a workup for initial carrier landing
qualification. Seventy-two experimental and eight control
(no-simulator training) subjects visited the VTRS facility.
Field and carrier data were collected on an additional 46
control subjects who did not visit the VTRS.

APPARATUS

SIMULATOR. The Visual Technology Research Simulator (VTRS),
described elsewhere by Collyer and Chambers (1978), has a fully
instrumented T-2C Navy jet trainer cockpit, T-2C flight
dynamics, a six degree-of-freedom synergistic motion platform,
a 32-element g-seat, a wide-angle visual system that can
project computer-generated color images, and an instructor/
operator control station. The motion system and g-seat ware
not used in this experiment.

VISUAL SYSTEM. The background scene is displayed by a
1025-1line raster system, subtending %50 degrees above to 30
degrees below the pilots' eye level, and 80 degrees to the left
and right sides of the cockpit's loengitudinal axis. The
carrier image, which was a representation of the USS Forrestal,
is overlaid on the background with a 1025-1line tarcget
projector. A carrier wake and FLOLS are also displayed with
the target projector. Both daytime and nighttime carrier |
images are available (Figures 1 and 2). 1

Average delay between control inputs and generation of the
corcesponding visual scene is approximately 117 msec.
Calculation of new aircraft coordinates requires 50 msec, while
calculation of the coordinates for the visual scene corres-
ponding to the viewpoint for the new aircraft coordinates
requires approximately 50 msec. Generation of the new scene
requires 17 msec. An updated visual scene can be displayed
every 33 msec.

The sky brightness for the day scene was 0.85 fL (foot-
Lambert) and the seascape brightness was 0.6 fL. The brightest
area of the day carrier was 4.0 fL. Except for the horizon,
there were no background features represented in either the sky
or sea. The night background luminance was 0.04 fL. The
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Figure 1. Simuloted Day Carrier Scene

Figure 2. Simulated Night Carricr Scene
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horizon was visible but the seascape was not. The night
carrier appeared as lights of 0.8 fL brightness outlining the
landing deck and other features.

FRESNEL LENS OPTICAL LANDING SYSTEM. The FLOLS and its use-are+
described in Appendix A. The simulated FLOLS is shown with the
simulated carrier in Figures 1 and 2. To prevent some of its
smaller elements from shimmering and disappearing temporarily

as they crossed raster lines, the simulated FLOLS was enlarged

, by a factor of 4.% when the distance. behind the ramp was

greater than 2250 feet. From 2250 feeét its size was linearly

b reduced until it attained 1.5 times its normal size at 750

feet. It remained that size throughout the remainder of the
approach. The FLOLS was set for 3.25 degree glideslope.

L INSTRUCTOR/OPERATOR STATION. AN experimenter and a Landing

[ Signal Officer (LSO) sat at the instructor/Operator Station

s (I0S) and were able to communicate with the student pilot from
that position. Two color monitors, one displaying the
background ime.;< and the other displaying the target image,
provided a general perspective of what the pilot viewed in the
simulator.

2 4

T roY

Two graphics monitors provided the LSO with feedback on
student pilots' performance. One display was a real-time view
of maior cockpit instruments and the other display presented a
time history of control and performance measures plotted from a
distance of 6000 feet from the carrier to touchdown. Further
description of the 108 and graphic displays are included in
Appendix B.

7 7 1 ¢ TN T ¥

FIELD APPARATUS. Flight trials with the T-2C jet trainer were
undertaken first at Goliad ¥ield, Texas, and then on the
carrier USS Lexington during operations in the Gulf of Mexico.
8 These flights were a normal component of the Navy basic jet

3 training program which culminates with Carrier Qualification

J (CQ) aboard the USS_Lexington. Four FCLP sites in the vicinity
. of Goliad Field were used at one time or another during the
period of data collection for the experiment. Different sites
were used depending on weather conditions and convenience. A
FLOLS of the type simulated in the VTRS is available both at
FCLP and at the USS Lexington.

A laser tracking system (HYTAL) was placed near the active

; runway during FCLP. This system recorded altitude and lateral
X deviations from glideslope in the final approach to touchdown
3 (McCauley and Cotton, 1982). An optical glass retroflector was
mounted in the landing light housing of each experimental air-
craft to return the laser signal. A detailed description of
the HYTAL system is given in Lintern, Mauk, and Cotton (in
press), and a less detailed description is provided in Appendix:
C.
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PROCEDURE

Appreximately 60% of the students frowm each intermediate 3
class of training squadron VT-26 at NAS Chase Field,: _
Texas, were selected to visit Orlando. Although this selection-.
was intended to be random, it was made by Navy personhel at the
training squadron. WNonrandom factors, such as delayed progress
of individual students in the course due to poor weather or
aitcraft mechanical problems, may have influenced the selection ©
to some extent. Experimenters monitored the selection of ]
available students throughout the experiment, and as far as |
could be determined, no critical biases were introduced. The
Orlando visit was made generally on the weekend before the
commencement of FCLP. Eight to 12 SNAs, and twoe to three
Landing Signal Officers (LSOs), visited VIRS every six weeks.
Data collec¢tion extended from October 1983 to August 1984.

btk s il

The students who did not visit the VTRS were classified as
Texas-control subjects. Originally, it was planned that 16
membeiss of each class to visit Orlando would be randomly
selected as additional control subjects and would not fly the
simulator. However, due to lack of availability, only eight
pilots were assigned to this category. This number was [
considered too small for comparison purposes and these VTRS 1
controls were combined with the other controls who did not
visit VTRS.
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The students who were to be trained with one of the
experimental simulator conditions were briefed on the simulator
by VTRS experimenters. They were then briefed on the task
requirements and on their simulator training condition by VT-26
Landing Signal Officers who had accompanied them to Orlando.
Each pilot had two minutes of preliminary £light time in the
simulator prior to experimental trials. Simulator training was
conducted in 10-trial sessions with a minimum of one-half hour
rest between sessions. The number of sessions for each pilot
was dependent on the number of training trials in their
experimental condition. Pilots who had 20 or 40 trials
completed their training in one day. Pilots whc had 60 trials
were trained over a two-day period. Each pilot was assigned a
VT-26 LSO who monitored their simulator trials throughout
training from the instructor/ operator station. LSOs gave
instructional advice during and after a trial, much as is done
at FCLP and at CQ.
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1The VT-26 squadron is located at NAS Chase Field, but FCLP -
is normally conducted at nearby Goliad Field. Several LSOs

and students fly the T-2C aircraft from Chase to Goliad:

daily. The remaining students travel to Goliad each morning

by bus. A new group of students take over the aircraft during
refueling between "events" or "flights."
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Following their simulator training, the experimental
subjects and the VTRS control subjects rejoined their
classmates at NAS Chase Field to continue their undergraduate
flight training. The FCLP portion of the course was generally
scheduled over 10 consecutive weekdays at Goliad Field.
Students generally flew one "flight" each day, consisting of
eight FLOLS approaches, to a runway that was marked near the
approach end to represent a carrier landing deck. 1Instructors
flew with the students on the first. two flights and typically
controlled the aircraft for the first flight and half of the
second flight. Students flew solo on their remaining eight
FCLP flights. 1Inclement weather, delays for individual
students earlier in the course, and aircraft problems could
disrupt this schedule so that students occasionally missed
flights, or started their FCLP late, and made up that time by
flying two events on one or more of the succeeding days.

A major influence on FCLP schedules was the availability of
the USS Lexington. FCLP was scheduled to start approximately
12 days before the Lexingtonh was available, and LSOs went to
some trouble to ensure that their students had completed the
required number of flights (L0) in time to meet that schedule.
The students flew to the Lexington soon after completing their
FCLP and made several approaches and landings at the ship over
a two-day period.

SIMULATOR FLIGHT TASKS

All approaches were initialized with the simulator in its
landing configuration. Those from 3000 and 6000 feet were
initialized with che simulated aircraft on glideslope 2nd
lineup: 349.5 degrees heading, 103 knots airspeed, 83% power,
and a 500 £pm descent rate. The modified straight-in
approaches were initialized with the simulated aircraft in
straight-and-level flight, 15 degrees to the port (left) of
centerline (see Figure 3), heading 18.5 degrees, 400 feet
altitude., 104 knots airspeed, and 86% power. 1In starting from
thls position, students were required to fly forward at this
altitude and heading to intercept the centerline and
glideslope, and then to commence their landing approach. The
circling approaches were initialized with the simulated
aircraft in straight-and-level £light and 4421 feet off the
port beam of the simulated ship, heading 170 degrees, 606 feet
altitude, 96 knots airspeed, and 86% power. From this position
students were to undertake a descending left turn to intercept
the centerline and glideslope for their landing approach.

SIMULATOR FACTORS AND LEVELS

FIELD OF VIEW. The high level ficld of view was a 160-degree
horizontal by 80-degree vertical display (Singer-Link, 1977)
whtich is costly and is representative of that currcently
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available for carrier landing training only on multitask

trainers such as the 2B3% and the F'-14 Wide Angle Visual System
(WAVS). The low level field of view was plus or minus 24

degrees horizontally by -27 degreces to +9 degrees vertically,
which is representative of the lower cost Night Carrier- Landing...-
Trainers (NCLTs) used for F-4, F-l4, A-6, A-7, and S-3

transition training. Figure 4 gives a graphical depiction of

the alternative fields of view.

SCENE DETAIL. The high level of scene detail was represented
by a daytime solid model CIG (General Electric, 1979) carcrier
whose surfaces were defined by 985 edges. The daytime scene
included wake, light blue sky, and a uniform dark blue seascape
below a well defined horizon., This level of detail was
approximetely representative of that available from daytime CIG
systems costing several million dollars, such as the 2B35
trainer, although displayed at higher resolution than available
in the 2B3S.

L2

The low level of scene detail was represented by an image
of a night peint-light CIG carrier consisting of 137 lights.
It contained all deck ovwtline, runway, centerline, and drop
lights. The background was dark with a visible horizon. This
display is representative of a night CIG system costing less
[ than a million dollars and used on several Navy NCLTs.

LRI amrme a2 o

NUMBER OF TRAINING TRIALS. <aree levels of VIRS training time
L were included so that incremental transfer effectiveness could
§ be estimated. Pilots were trained at VIRS for a period of 20,
40, or 60 training trials. However, the amount of simulator

1 time within each session was dependent on the approach-type
condition (described below) that was assigned. 1In addition,
the control group who flew no VIRS trials technically provided
a fourth level of this factor.

AFPROACH TYPE. Three levels of approach type were varied in
the experiment. One group of pilots flew all circling
approaches while the other two g¢groups performed a backward-
chaining sequence of approaches. The modified straiqht-in
_ group flew the first 756% of their approaches from the modified
) straight-in start position, and the last 25% of theirc
y approaches from the circling start position. The group flying
the segqmented approach schedule flew the first 25% of their
approaches straight-in from 3000 f£t, the next 25% straight-in
from 6000 ft., the next 25% as modified straight-in approaches,
and the last 25% as circling approaches. The initial
conditions for each approach were described earlier under the
heading "Simulator Flight Tasks." The c¢ircling approach took
approXimately 90 seconds to complete, while the modified
straight-in approach took approximately 60 seconds. the 6000
ft. approach 40 seconds, and the 3000 ft. approach 20 seconds.
For an equal number of trials, the modified straight-in group
had 25% less actual simulator time than the cirecling group,
while the segmented.group had 42% less time than the circ¢ling

15
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group. “able 3 gives a summary of the simulator conditions
uged in the experiment.

TABLE 3. SIMULATOR TACTORS AND CONSTANTS

FACTORS

Fleld of View
Vertical
Horizontal

Ship betail

No. of Trlals

Approach Type

LEVELS
~-27 to +%o - =30 to 500
t+ 240 - + 800
Night point light - Day solid surface
20 40 60
Segmented: Modified stralght-in: All circling

25% of trials each 75% of trials with
with straight-in with 150 offset

approaches

from 3000 €t, left from 8000 ft,
stralght-in from 25% circling
6000 ft,
180 offget lofr from
8000 ft,
circling
CONSTANTS
wind speed 5 knots
Wind direction 169.50 (directly down the landing deck)
ship speed statlonary
sShip heading 3600
Glideslope 3.25¢

SIMULATOR FERFORMANCE MEASUREMENT

Parameters of aircraft position and attiitude were sampled
within the simulator at 30 Hz and were used to derive altitude
and lineup error scores from the desired approach path and

deviations from desired AOA (15 units).
error, mean algebraic error,
were calculated for

...........

Root Mean Square (RMS)
and variability around those¢ mecans
the three performance diwensions over four

R
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segments of the final 6000 feet of the approach. These four
segments were 6000 ft. to 500 ft. down the ramp, 4500 ft. to
2000 ft., 2000 ft. to 500 ft., and 1000 f£t. to the ramp.
Time-on-target (TOT) scores were also computed for these
segments for time within desired limits in the lineup and-
vertical dimensions during the approach. Tolerance limits were
set at +0.3 degrees for the glideslope (roughly plus or minus
one "ball") and +0.75 degrees for lineup. Pilots flying within
these limits will generally be flying safe; high quality
approaches without LSO intervention. Distance down the deck,
distance from the centerline, and descent rate were measured at
touchdown, and the lLanding Performance Score (LPS) (Brictson,
Burger, and Wulfeck, 1973) was calculated. The LPS is a score
assigned to each pass, ranging from 1.0 (technique wave-off) to
6.0 (#3 wire trap).

FIELD PERFORMANCE MEASUREMENT

Glidepath tracking scores for FCLP were measured by the
HYTAL syvstem at Goliad Field (see Appendix C). Loss of HYTAL
data was occasioned by equipment breakdowns, runway changes due
to wind shifts that often found the experimenters still
relocating the equipment as the first trials were flown to the
new runway, and public holidays or poor weather that forced
events to be flown at Chase Field rather than Goliad Field.

LSO ratings were, however, available for all FCLP and CQ events.

The HYTAL system sampled aircraft range, azimuth, and
elevation positions at 20 Hz at the field. This raw data was
later reduced to a 5 Hz sample rate on permanent storage tape
and then used to derive summary scores for the approaches.
Root Mean Square (RMS) error scores and time-on-target (TOT)
scores over the segments 3100 ft. to 1100 ft. from touchdown,
1100 ft. to 100 ft., and 3100 ft. to 100 ft. were used as the
primary indicators of approach performance. The independent
RMS error components of mean algebraic error and variability
about these means were also computed over the secments
indicated. Relative position at touchdown was also extracted
from this data, but apparent errors in calibration caused
inconsistencies in touchdown score transformations.

Within flight trial-to-trial variability scores were also
computed as part of the effort to obtain glideslope performance
indices that were unaffected by biased glideslope deviation
measures. The trial-to-trial variability score was constructed
by computing the standard deviation of the mean glideslope
deviation values for the approaches within each flight for each
pilot. The score was declared "missing” if at least three mean
values were not available within a flight. This score is
unaffected by glideslope position measurement bias only under
the assumption that the bias is constant over a flight. This
assumption appeared 3jenerally true, although there was also
some small bias drift within flights. It is felt that this
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drift did not pose serious validity threats to the scores. The
problem of biased glideslope deviation measures is discussed at
length in this report.

LSO GRADE. The LSO in charge assigns a grade to each-approach—-- -

flown during FCLP. This grade is ostensibly a summary
indicator of approach and landing quality using the following
value designations:

4.0 - reasonable deviations with good corrections
3.0 - reascnable deviations with average corrections
2.5 - bolter

2.0 - below average but safe pass

L.0 - technique wave-off

In practice, a rating of 4.0 is not often given during
early FCLP trials and technique wave-offs are fairly rare.

CARRIER QUALIFICATION DATA. Although CQ data are presented in
this report, there were reasons to suspect that they would not
be sensitive to group differences. Objective performance
measures were not available at the ship, and the installation
of a glideslope tracking system proved to be impractical.

Thus, the only data available from CQ are the LSO grades. In
addition, students flew only a small number of approaches at
the Lexington (generally less than eight) so that the stability
of the data was in doubt. CQ data were further compromised by
carrier availability. While students flew to a Naval Air
Station (NAS) close to the Lexington within two days of
finishing their FCLP, the time between their arrival at that
station and their f£lights to the Lexington varied by several
days. During their wai+ students practiced FLOLS approaches at
the field. Thus, the CQ data were judged to provide an
insensitive indicaticn of simulator effectiveness because of .
the subjective natura2'of the available measures, because of the -
small number of observations made on each student, and because
of the variable amount of practice between FCLP and CQ.
Further, the VTRS training was intended to impact FCLP and it
was considered very doubtful that transfer would carry over to
CQ. This point is discussed in more detail later.

COVARIATE TASK. Ten trials of a psychomotor video game called
Air Combat Maneuvering (ACM) were administered to obtain scores
that might be used as 2 covariate in the analysis. ACM is an
Atari (TM) video game that has previously shown an association
with simulated carrier landing performance (Lintern and
Kennedy, 1984). These scores were collected at the VTRS
facility for those students who visited Orlando and at NAS
Chase Field for those who did not.

EXPERIMENTAL DESIGN

Table 3 .ists the four experimental factors manipulated in
simulator training, those being field of view (two levels,
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scene detail (two levels), approach type (three levels), and
length of simulator training (three levels). Each of the 72
experimental subjects who visited the VIRS was randomly
assigned to one of the experimental conditions. This gave a
fully crossed 2X2X3X3 factorial desgign with two subjects:in ...
each cell for the VTRS-trained pilots. 1In addition, there were
54 control subjects whi received no VIRS training. Thus, the
experimental design was a factorial experiment with a single
control group.
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SECTION IIl
SIMULATOR TRAINING DATA
ANALYSIS OF SIMULATOR TRAINING DATA

The training data represent an unusual situation in which
the student aviators flew varying numbers of total training
trials. Three levels of training trials were ma.ipulated in
the experiment. To equate the number of trials for the
repeated-measures ANOVAS and to accurately reflect differences

in the amount of training, the data files were constructed as
follows:

1) For 20-trial subjects, All trials
2) For 40-trial subjects, Trials 2, 4, 6,...40
3) For 60-trial subjects, Trials 3, 6, 9,...60

Three levels of approach type were also manipulated in the
experiment. One group of subjects flew all circling approaches
while the other two groups performed a segmented or modified
straight-in sequence of trials. Within-simulator assessment of
part-task training was possible from comparisons on the fourth
quartile of their training trials when all groups were
performing the circling task.

The considerable number of performance measures available
for analysis of the training data forced selection of those
measures that have been validated from previous carrier landing
research at" VTRS. In addition, log transition was applied to
all RMS scores to correct for violations of normality and
homogeneity of variance prior to statistical analysis (Levine .
and Dunlap, 1982). Time in tolerance (TOT), average error, and
variability scores were not transformed.

TRAINING PERFORMANCE RESULTS

As argued by Salmoni, Schmidt, and Walter (1984), only
transfer data provide an appropriate test of stable differences
in learning effects resulting from different training
conditions. Nevertheless, several features of the training
data were examined briefly for insights they might offer.

Learning effects. for performance measures selected for
analysis are shown in Table 4. All were significant and
substantial. The improvement in performance throughout the
training phase was considerable. This evidence was considered
as a validation of the pertformance measures. Lack of a
learning effect would have cast doubt on their validity as
measures of differential quality of performance. The effects
of training time were also significant for all measures with
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the longer training times beipg associated with better
performance. This result indicated that the selected training
times were appropriate for the experiment.

TABLE 4. STATISTICAL SIGNIFICANCE OF THE LEARNING EFFECT
IN TRAINING TRIALS FOR SELECTED PERFORMANCE MEASURES

Measvre P

Vertical glideslope, 2000 to 500 ft

RMS error 0.001
Time in tolerance 0.001
Variable error 0.001
Average error 0.001

Lateral glideslope, 2000 to 500 £t

RMS error 0.001
Time in tolerance 0.001
Average error 0.001

Angle of attack, 2000 to 500 ft
RMS error 0.001
Time in tolerance 0.001

Main effects and significant interactions involving FOV,
scene detail, and training time are summarized in Table S. The
effects of training time were significant for all measures.
with the longer training times being associated with better
performance. FOV also had significant training effects but
these effects were restricted to the approach lineup
performance dimension. Performance acress the training trials
were better fcr both lineup TOT and RMS error scores with the
wide FOV. These results are shown in Table 5. The scene
detail factor did not appear to affect any measuree of training
performance. '

Because of the experimental design, it is possible to view
certain contrasts within the training phase for the approach
type factor as quasi-transfer (within-simulator) experiments.
Performance during the third quartile of trials can be compared
for the segmented group and the modified straight-in group to ‘
test the effect of the different approach schedules on modified
straight-in performance. 1In the third quartile, both groups
were performing modified straight-in approaches, but the:
segmented group flew 3000 ft. approaches in quartile one
trials, and 6000 ft. approaches in quartile two trials, while
the modified straight-in group flew modified straight-in
approaches during the first two quartiles. The modified
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TABLE 5. SUMMARY OF MAIN EFFECTS AND SIGNIFICANT
INTERACTIONS OF SCENE DETAIL, FIELD OF VIEW, AND
NUMBER OF TRAINING TRIALS: TRAINING DATA

RMS Glideslope Error Tine on Tolerance Glideslope

Factor

Factor di E Factor aef F
Scene betail 1l .00 Scene Detail 1 .14
Field of View 1 .40 Fleld of View 1 .01
No. Trials 2 7.35** No. Trials 2 6.28"*
variability Glideslope Error Average Glideslope Error

Factor daf F Factor at F
Scene Detail (sD) 1 .69 Scene Detail 1 3.03
Field of View (FV) 1 .00 Field of View 1 1.07
No. Trials (NT) 2 5.26** No., Trials 2 1.07
FV X NT 2 4.66*

RMS Lateral Error Time on Tolerance Lateral

Factor df E Factor df F
Scene Detail 1 .82 Scene Detail 1 1.01
Field of view 1 7.81** Field of View 1 7.03%*
No. Trlals 2 9.81** No. Trials 2 6 .45%*
Average Lateral Error RMS _Anqle of Attack Error

Factor af F Factor af F
Scene Detail 1 .04 Scene Detail 1 .00
Field ci View 1 .21 Fleld of View 1 3.08
No. Trials 2 3.80* No. Trials 2 1.60
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straight-in group did perform batter in the third quartile on
glideslope tracking than the segmented group. This difference
is shown in Table 6 which indicates that the modified
straight-in group was within tolerance 58% of the time,

compared to 39% for the segmented group. Obviously, the. .change-w.

to modified straight-in approaches was difficult initially for
the segmented group. There were no significant differences
between these groups on other. measures of performance ia the
third guariile.

TABLE 6. ANALYSIS OF VARIANCE SUMMARY AND MEANS
FOR SEGMENTED AND MODIFIED STRAIGHT-IN GROUPS ON THE
THIRD QUARTILE OF TRAINING TRIALS: GLIDESLOPE TRACKING
(Percent time within +0.3 degrees of center)

FACTOR af F
Scene Type 1 0.63
Field of View 1 2.25
Number of Trials 2 T.LO*
Approach Type 2 18.10**
GROUP Means
Segmented 39.4%
Modified Straight-in : 57.9%

In the fourth quartile of training trials, all groups vere
performing circling approaches. This afforded a quasi-transfer
type comparison of all three approach type groups on a (within-
simulator) circling task criterion condition. There were no
differences on the glideslope tracking scores which implies
that the disadvantage for the segmented group in the third
quartile was transient. 1Indeed, examination of lineup tracking
scores in the fourth quartile indicates that the segmented
group performed best. This result is shown in Table 7 and
indicates a substantial advantage for the segmented group. The
segmented group was within the lineup tolerance limits 64% of
the time compared to 44% for the modified straight-in group,
and 46% for the circling group. This result is particularly
striking when it is noted that the segmented group had not
flown any circling approaches until the fourth quartile, while
the circling group flew all circling approaches.

i S 2
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TABLE 7. ANALYSIS OF VARIANCE SUMMARY AND MEANS
FOR APPROACH TYPE GROUPS ON THE FOURTH QUARTILE OF
TRAINING TRIALS: LINEUP TRACKING
(Percent time within + 0.75 degrees of center)

FACTOR

Scene Type

Field of View
Number of Trials
Approach Type

GROUP
Segmented

Modified Straight-in
Circling

df

NN

E
2.36
1.39
0.86
8.64%*,

Means
64.4%

44.0%
15.5%
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SECTION IV

ANALYSIS PROCEDURES FOR TRANSFER DATA

Analyzing the flight data proved to be a formidable task in
which difficult problems were encountered. Data analysis
involved considerable time and effort and yet, despite
exploring virtually every possibility, it was eventually
determined that no completely justifiable solutions to certain
problems were possible. 1In the interest of timeliness and
parsimony only those analyses and results considered to be
essentially free of controversy will be presented. It is felt
that despite the difficulties, the results presented here

accurately and more or less completely describe the outcome of
the experiment.

MEASUREMENT ERROR

The most serious problem encountered with the data involved
the measurement of vertical glideslope position during the
approach. There appeared to be a bias in the measurement of
this variable which approached 0.5 degrees in some cases, an
amount which far exceeded the 0.1 degree of measurement
resolution which was originally specified as allowable for the
system. It was concluded that an error in calibration or
setting was at fault, but to this date the exact source of the
error has not been pinpointed. An attempt was made to pinpoint
the problem, but this proved impossible as the HYTAL equipment
was packed and returned to China Lake immediately after the
experiment and thus was not accessible. The most likely
sources of error are in the reference measurement used to
calibrare the HYTAL system, calibration error in setting in the
FLOLS itself (which was done by the LSO's), electronic drift in
the HYTAL system (only a small bias appears possible from this
source), drift in the FLOLS setting, or a combination of these.

The bias in measurement could have been statistically
adjusted quite simply during data analysis had this bias been
constant and of a kunown value over an identifiable period of
time. But the bias eventually was identified as variable on a
day-to-day basis within the runway in use for FCLP. Even
within this wide range of variability in the bias, a post-hoc
adjustment was possible in principle as long as the bias was
constant within a known period. However, there was some
evidence of measurement drift within a one day period in
addition to the bias for that period, and although this drift
was not large (not more than 0.1 degree), various attempts at
adjusting the data did not appear satisfactory. It was finally
concluded that data dependent on the unbiased measure of
glideslope vertical position was unrecoverable. Although a
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great deal of time and effort was expended on these data, to no
avail in the case of specific measures, it would seem that the
effort was justified when considering the overall cost and
importance of the experiment.

Not all vertical glideslope information was lost. Since
bias could be considered constant within a trial, the summaty
measure of variability about the pilot's own mean ¢glideslope
was not affected. This measure is considered a useful
indicator of pilot control ability and has been used previously
to report results from VTRS experiments (Westra and Lintern,
198%). Of course, glideslope measures which summarize
performance in terms of overall deviation from the optimal
glideslope (including RMS and forms of time-on-target (TOT)
scores) were not available as a result of the measurement
problems. There was no evidence of a bias or error in the
measure of lateral glidepath position. Thus, all summary
indicators of lineup performance were not affected by
measurement error and were considered "clean." Furthetmore,
the LSO grades given €or the FCLP approaches were available.

MISSING DATA

Despite the fact that over 10,000 approaches were made
during FCLP as part of this experiment, there was sufficient
missing data to cause serious problems for certain analysis
procedures. Data came up missing altogether for a number of
reasons. The primary reasons were: 1) Bad weather caused a
runway change and the HYTAL technicians were not able to switch
the equipment in time to get the data, 2) equipment breakdown,
3) errors in transmitting the data from the video tapes taken
at the field to computer tape. The latter was responsible for
much of the missing data and apparently was due to recording
error, although the exact cause is not known. 1In addition,
there were a significant number of wave-offs given by the
LSOs. Most of these were test wave-offs given as a matter of
course for training purposes. Usually one test wave-off was
given per flight (which consisted of eight approaches) for each
pilot. Wave-offs were also given for safety reasons (technique
wave-offs) approximately 3% of the time. Whenever a wave-off
was given for any reason the objective measures of performance
clese in to landing were, of course, affected and so this data
was not used. Due to all sources more than half of the
approaches flown at the field were "missing” in the data
summary files for certain measures, even before data editing
was undertaken. Although there was nominally stil)l more than
sufficient data available for analysis, the real problem was
that entire flight means (which were used as the basic data
points for analysis procedures) often had to be declared
missing.
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DATA EDITING

After eliminating all unusable data, the remaining data
were plotted and the distributions were examined. Means and
standard deviations were taken and this information was. used...
together with the disttibution plots to establish cut.-off
limits for deviant data points. Limits were established on a
case by case basis since for some measures there were a few
obviously deviant values which could simply be eliminated. 1In
these cases there was most likely a recording error not
detected during video tape playback and transmission or a
wave-off which had not been recorded properly. In other cases
it was not as simple to establish cut-off limits based on
examination of the distribution plots without being arcbitrary.
For these cases a cut-off of six standard deviation units from
the mean for the measure was used. These data were probably
from more or less complete approaches, but involved performance
that went partially "out of control."

FLIGHT MEANS

Flight means for each pilot were computed after data
editing was complete and these means were then used as the
bas ¢ measures of pilot performance for subsequent data
anal rsis and results presentation. Pilots typically flew eight
approaches during a flight so that ideally the flight means
would represent the average of these eight approaches,

However, due to missing data, most pilots had only 3 to % valid
scores available from a flight. Thus, flight means typically
represent the average of 3 to S approaches within a flight, but
in some cases not enough good data was available to compute a
mean. An entire flight mean was considered missing if at least
two valid approach scores did not exist witnin that flight.

LATE TRANSFERS

Unfortunately, not all pilots trained at VTRS went directly
to FCLP as planned. This was due to an unforeseen repalr delay
for the aircraft carrier Lexington which was used for carrier
qualifications. FCLP schedules for student pilots are
dependent on the availability of an aircraft carrier for
carrier qualification which must immediately follow FCLP (i.e.,
students are not assigned to FCLP unless it is known that a
carrier will be available for gualification testing after the
completion of FCLP). As a result of this, a number of pilots
did not start FCLP for as long as 8l days after completing VTRS
training. The actual time delays between VIRS training
and commencement of FCLP are summarized in Table 8.
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TABLE 8. SUMMARY OF TIME BETWEEN VTRS TRAINING
AND THE START OF FCLP

Days Between Number of
VYIRS and FCLP Pilots

1 - 8 37

9 -~ 18 7

34 - 39 8

40 ~ 47 10

79 - 81 10

Because it can generally be expected that a training
benefit will decay with time, the pilots in the experiment were
divided into two groups. One group consisted of pilots who
transferred to FCLP within eight days of completing VTRS
training. The other group consisted of pilots who transferred
to FCLP more than eight days atter completing FCLP training.

In data analysis then, the first significant test performed was
a comparison of these two groups. If these groups did not
differ, the two groups were combined and compared to the
control pilots (not trained at VTRS). 1If these groups did
differ significantly, they were treated separately for purposes
of analysis.

ANALYSIS OF TRANSFER DATA

Transfer data were grouped into three major sets prior to
performing analysis-of-variance procedures. 1In the first set
data for each performance measure from flights 3 and 4 were
combined into a single mean for each pilot. This category (the.
combination of flights 3 and 4) was labelled "Block 1" and \is
referred to as such hereafter. These data were considered to
be the most sensitive available for detecting the presence of
transfer effects and should accordingly be given high priority
in terms of judging the size and nature of transfer effects.
These data were considered the most likely to show transfet
effects because they were the most proximaive valid data to the
training phase of the experiment. Flights 1 and 2 are, of
course, more proximate to the training phase of the experiment,
but these passes were flown by instructor pilots in the case of
flight 1 and the first half of the passes in flight 2. The
second half of the passes in tlight 2 were flown by the student
pilots., but with an instructor pilot in the plane and typically
providing a great deal of verbal assistance. The data from
those passes in flight 2 flown by student pilots were in fact
analyzed, but results clearly indicated a large instructor
effect and so these data were not used to judge transfer
results,
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Data for the second set, which was analyzed and presented
in the Results section, included Block 1 described above and
"Block 2" which combined data from f£lights & and 6 into a
single mean for each pilot. Data for the third set included
Blocks 1 and 2 and "Block 3" which combined data from flights-7"
and 8 into a single mean for each pllot. Analyses for data
sets 2 and 3 were performed to track the transfer effect (if
any) over time. Thus, the analyseg of the three major sets
provides for an assessment of initial transfer effects and the
stability of thogse effects over time.

PRIMARY CONTRASTS. Tests of significance were made via
analysis-of-variance procedures in the following sequence.
First, a comparison was made between early and late VIRS
transfers as described earliervr. If there was no difference
between thesz2 groups, they were combined into a single VTRS
experimental group and compared to the control pilots who did
not train at VIRS. Last, differential transfer within the VTRS
pilots as a result of the experimental condltions was

examined. Within the VTRS trained group. the main effects for
the four factors (field of view, scene detail, number of
trials, and approach type) were tested along with the
two-factor interactions. Of course, iLf overall transfer for
the VTRS group is not present, the interpretation of any
within-VTRS group differential transfer effects will be altered.

TEST RESULTS. Analysis-of-variance procedures were used to
conduct test of significance. In the case of set 1 (ho
repeated measures), analysis consisted of standard procedures
for a factorial experiment with a single control group (Winer,
197L, p. 468-473). In this procedure the within-group error
terms for both the control group and the VIRS group were pooled
into a "between subjects" error term and it was this term which
the factorial effects were tested against., (Note that the

three-way and four way within-VIRS group terms were also pooled
into the error term).

Procedures were similar for the analysis of sets 2 and 3
(two blocks and three blocks of transfer data) except that a
block (or trials) repeated factor was included in the
analyses. In these analyses the block by within-VTRS group
factors (main effect and two way interactions) were examined to
test for the stability of effects (if any) over time. This
procedure made it pessible to determine the approximate point
at which a transfer differential diminished or decayed. 1In
addition to the within-VTRS group factors, the block by the
Control group vs. VIRS group interaction, as well as the
interaction involving the block by Barly vs. Late VTRS
traunsfers (if a difference existed), was tested.
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SECTION V
TRANSFER RESUILTS

The transfer results for this experiment are presented
separately for the FCLP performance dimensions of glideslope
control, lineup control, overall performance (LSO grade), and
the carrier qualification scores at the ship following FCLP.
Results are presented in the form of flight means for the
various experimental groups along with the analysis-of-variance
results for the means across the combined f£lights (blocks)
described earlier. The analysis of variance (ANOVA) tables
show the sums-of-squares accounted-for by the various terms as
waell as the percent-variance-accounted-for in the data (eta
squared) for the between subject terms. Note that only eta
squared values for the between-subject terms are shown for the
repeated-measures analyses. These terms sum up to 100% only
for the between-subject part of the analyses and are thus not
true eta squared values. Eta squared values were reported this
way to provide more equitable comparison of results between
repeated and non-repeated measure ANOVAs. The tables of means
show means for £lights 3 through 9, but it should be Kept in
mind that analyeses were performed only on flights 3 through 8.
Means shown for £light 9 were often bhased on considerably less
data than the other flights and should be viewed accordingly.
A tenth flight was also flown at FCLP, but ther. was so much
missing data trom the f£light that it was not reported.

The results in general, and £or the analysis-of-variance
tables in particular, have been condensed in the interest of
Keeping a reasonable bound on the amount of information
presented, pacticularly in terms of data that mighr be
redundant or overlapping. Thus, each table presenting analyses
of variance shows the results for two of the three basic
analyses conducted for each FCLP measure. The analysis-of-
variance summaries for flights 3 and 4 (combined into a single
measure for each pilot as described earlier) gives the best
available tests for initial transfer. The results for flights
3 through u (combined into 3 blocks for each pilot) then
provides tests for effects over the FCLP time period.
Analysis-of-variance summaries for data from flights 3 through
6 are not presented but will be discussed where necessary to
fully describe the time history of the effect. Additional
condensation was done by combining the within-subject block by
two-way interactions into a single omnibus term. These
interactions were tested individually prior to combining
them. However, for the measures presented, there were no
gsignificant interactions and so no discussion of the individual
terms is hecessaty.
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There were several summary measures available for the
performance dimensions of glideslope and lineup control.
Within the dimensions, summary measures were available in feet
and degrees, over the three approach segments, and in several
different transformations (e.g., RMS error and time-on-target--
transformation for lineup). Much of this information is, of
course, redundant and ove