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ABSTRACT . - —

This study examines the transfer of training for pilots from the simulator +o the
aircraft for the task of receiver refusling, Receiver refueling requires the
receiver pilot to position the aireraft behind the tanker aircraft and maintain
the position  while:taking on fuel. This task is trained in the KC-10 £light
simulator (six degree-freedom of motion system and day/dusk/night computer
generated image visual system) during Pilot Initial Qualification and Refresher
training. The investigation used student performance sgores from both the
simulator and aircraft for like conditions. Pilots completed critiques
containing questions regarding the fidelity and usability of the simulator visual
and motion system as compared to. the actual airecraft and real-world refueling
environment. The results showed a positive transfer of training with
implications for the training of air refueling and the configuration of training

devices.

INTRODUCTION

The study described in. this report is an
effort to determine whether simulator
training of the KC-10 receiver refueling
task transfers positively to task perfor-
mance in the aircraft. A positive transfer
of receiver refueling. skills would suggest
that less aircraft training time is needed
to train a student to proficiency in re=-
ceiver refueling. A reduction of aireraft
training time would result in increased
safety and decreased costs. There are also
implications regarding the design,
configuration and allocation of £light
simulation devices.

The effectiveness of advanced flight simu-
lation technoclogy in training qualified pi-
lots in those skills needed to transition
Tto 2 new type of aircraft has been demon-
strated repeatedly by the military and ma-
jor air carriers over the past decade. The
effectiveness of this technology in
producing a positive transfer of training
from +the simulator to the aircraft is
considered reliable enough that the Federal
Aviaticn Administration has modified its
regulations governing the acquisition of
type ratings. A transitioning pilot may
receive all of his training on a new
alrcraft type in a properly certified
simulator-based training program (FAR Reg.
Part 121.14, App. H.). Under contract to
the United States Air Force, McDonnell
Dourglas Training Systems, Inc. {MDTSI) has
applied this advanced simulation technclogy
to the task of training KC-10 pilots.
MDTSI has undertaken to prodoce fnlly
qualified pilots with mninimum use of
aircraft flight time dedicated for train-
ing. This goal applies to all KC-10 flying
tasks except air refueling as the receiver
aircraft; i.e., where the pilot takes on
fuel from another tanker aircraft. The re=
ceiver refueling task requires the receiver
pilot to -establish a precontact position
approximately 50 feet from the tanker refu-
-eling boom. After c¢learance is received
from the tanker boom operator, the receiver
Pilot moves to the contact. position and
maintains this position; at the same time
the boom operator inserts the boom nozzle
into the receiver's ajir- refueling
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-native exists.

receptacle and fuel is transferred.
Maintenance of the contact position is
aided by Pilot Dixector. Indicatsors (PDT's)
located on the underside of the tanker
aircraft  {either KC-135 or KC-10). The
PDI's signal to the receiver pilot the

corrections needed to maintain contact.,

For example, the PDI's may signal the re-
ceiver pilot to move back and down. When
the receiver is in position, the green

PDI's are illuminated and the redeiver is’

"in the green". Few pilots. rely exclu-
sively on the PDI's and use other wvisual

cues to maintain the contact position., Pi--

lots must be able to perform without PDI

" lights for contingency operations or if

lights are not operating.

The contractor-cperated training system has

attempted to reduce the number of aircraft
training flights required to 4initially
qualify from 16 te 12 to 5 £to 6. This re-
duction in training time has been offset by
simulating the receiver refueling task in
the KC-10 flight simulator, a high-fidelity
advanced flight simulater whose math model
and computer-genexated-imagery (CGI) wvisual

system have been engineered to accommodate

the training requirements of this task.
METHODOLOGY. _
Owerview

"This study was performed within the frame-—

work of an operational training system, for
which no past or concurrent training alter-
The historical data on
those few pillots trained solely in the KC-
10 aircraft on the receiver refueling task
was not available. Therefore, the study
design is focused on repeated measures of
pillot trainee performance of the receiver

"refueling task in the simulator and the

aircraft. The study does not attempt to
investigate or. control intervening vari-
ables such as variations in instructor
techniques or instructor emphasis on areas
df student weakness. These factors may be
operative in KC-10:tralning but are not
susceptible to control. . :

The study investigates the transfer of re-
celver refueling performance from the




simulator to the . aircraft by testing for
significant differences in scores on the
last sinulator receiver refueling mission
and the first receiver refueling mission of
like conditions te¢ cccur in the alrcraft.
Four conditions of receiver refueling
addressed the type of tanker alrcraft (KC-
1o or KC-135) and time refueling occurred
{day or night); thus, the conditions were
KC-10 Day, KC-1C Night, KC-135 Day, and _KC=
135 Night.

Although determinating the existence of a
transfer of training is feasible under this
approach, the c¢ritical factors affecting
transfer are not identified. In an effort
to identify for subsequent research efforts
those elements of simulator training that
.affect the transfer of training to the air-
craft, descriptive data . are gathered from
. students through guestionnaires.

their simulator training are helpful or not
helpful in learning the receiver refueling
task. Of particular interest are the wvi-
sual cues used in both the simulator and
the aircraft, the differences in the visual
- cues utilized between the two training en=
vironments, and the quantity and quality of
suitable visual cues presented by the simu-
lator wisunal system.
determine. the existence or nonexistence of
a transfer effect and indicate productive
directlions for future research.

. Subiects

Both KC~1C Initial Qualification and Re-
fresher pilots were subjects to this study.
The exact number of subiects used in each
analysis wvaries and is reported in the
applicahle section of Data Collection,
Analysis, and Results. Initial
Qualification pilots are those pilots
qualifying Zfor the first time in a KC-10
and may or may not have prior receiver
refueling experience  in other aircraft.
(Each student's previous experience is
described in 'the analysis of student
background data.} Refresher pilots have
previcusly been through
Qualification, received training and con-
ducted operational missions in.the aircraft
and have returned for required refresher
training. The pilots in Refresher training
served as a source of information regarding
simulated: recelver refueling as viewed by
pilots experienced 1n receiver refueling in
both the simulator and the airecraft.

The data collected inclide student back-
greund, scores of receiver refueling per-
formance in both the simulator and the air-
craft (Initial Qualification Pilets only},
and student critiques of simulator wisual
and handiing fidelity (before and after
training in the aircraft}. The sinulator
and ailrcraft instructors were provided a
data collection package for each student.
Each package contained all required data
collection forms and instructlons for use
of the forms. The following sections
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Students.
are asked to identify which elements of

These . data help

Initial.

. or night).

describe the data collected, T t£he
descriptive and/or statistical procedures
used for interpretations, and the results
obtained.

Previous receiver refueling experience as
pilot in command (PIC) is a student back-
ground variable that could contribute to
performance differences among students.
(Previous  experience was always in a dif-
ferent aircraft than the KC-1C.) The Stu-

dent Background Form is completed by the

student during Initial Qualification
tralnlng and presents -questions pertaining
to previous receiver refueling experience
and the type, amount, and recency of that
experience. In c¢rder to determine if
subjects with previous receiver refueling
experience should be considered separately

from subjects without previous experience:

in the analysis of performance data, a non-
parametric test; the Kruskal-Way ANOVA by
ranks, was used to test for significant
differences in the performance scores on
the last recelver refueling simulator
migsion between experienced and non-
experienced subjects. .

Sufficlent data was ayvailable only for an ..
analysis of the KC-10 Day {a KC-10 as the

tanker under daylight conditions) receiver
refueling condition. Five students had

_previous receiver refueling experience and

11 students had no previcus experience.
{Previous. B experience did not include re-
ceiver refueling in the KC-1¢.) At the .05
or .01 levels of significance, the analysis
indicated that no significant difference

existed between the last simulatcor perfor—

mance score for students without previous
experience and those with previous receiver
refueling experience. Because of this re-
sult, furthetr analyses did not separate the
data collected based on whether the student
had prewvious exparlence or not.

‘Student Performance Data

Measures of student receiver refueling per-

" formance were collected during simulator
and aircraft receiver refueling missions.
The Performance Score is an okijective mea-

sure based on the -rate at which errors are
made. A o

A Performance Scoré is determined from the
elapsed time (in seconds) the recelver
pilot is connected to the tanker air
refueling boom prior to a disconnect, the
type of disconnect (inadvertent or inten-

-ticnal/malfunction), and the conditions

(type of tanker, KC-10 or KC-135, and day
The data is collected each time

the student establishes contact with the

. tanker during the refueling mission. The

Performance Score 1s computed by dividing
the number of inadvertent disconnects by
the total contact time. . This result is
multiplied by 100 te arrive at a more
workable number::



Receliver Refueling Performance Score = D/T
* 100

Number of inadvertent disconnects
Total time on boom in seconds

An inadvertent disconnect is defined as a
.disconnect causaed by the receiver pilet
leaving the boom envelope or disconnecting

prier to leaving the envelope because of an.

inability to maintain position. A discon-
nect caused intentionally by egquipment mal-

functions is not counted against the stu-

dent. The Performance Sc¢ore then is the
reciprocal of the average time on boom be-
fore an inadvertent disconnect. . This rep-
regents a score for the rate at which er-
rors are made. Poor performance (high er-
ror rate) is indicated by high performance
scores;
performance (no inadvertent: disconnects).

The hypothesis investigated is that change
in pilot performance cof the receiver refu-
eling task from simulater to aircraft is
non-existent (or very small) and positive
{better performance in the alrcraft than in
the simulator).. The Wilcoxon Matched-Pairs
Signed-Ranks test, a non-parametric test
for matched samples or repeated measures of
the same subiject,
hypothesis.

The analysis o¢f Performapce Scores used
data from simulator and aircraft receiver
refueling missions. Sufficient data was
available only for analysis of the of KC=10
Day (e#ight students) and XKC-~13%5 Day (seven
students) conditions. The Performance
Scores for the last simulator mission and
first. aircraft mission are listed in Tables
-1 and 2 below. The results of the Wilcoxon
Signed Ranks tests showed no significant
difference at the .05 or .01 levels between
performance scores on the last simulator
mission and those on the first aircraft
mission for either KC-1C Day or KC-135 Day.

TABLE 1 - Last Simulator and First Aircraft
Scores for KC-10 Day

|
E
|

i 11 . b
2 0 0
3 1.43 .83
4 .67 -60
5 1.10 0
8 a ©.07
7 1 .63
8 .48 2.22

TABLE 2 - Last Simulator and First Aircraft
Scores for KC-135 Day

STUDENT SIMULATOR AIRCRAFT

1 l1.82 o ..

2 0 1.18

3 1.48 .83

4 .72 2.30

5 2.22 .28 -
6 -1.18 0

7 15 .14
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‘However,

a score of zero indicates perfect.

was used to.- test this.

-the simulator and aircraft.

. mrits - simul B . Re-
fuelinag

Three critigues werxe completed by students
at the end of simulator or aircrafi frain-
ing: Pre—-flight training, Post-flight
training, and Refresher training. The Pre-
flight training critigue <c¢ontained
guestions pertaining only t¢ thea visual
system, befause students had never flown
the KC-10 and were not in a position to

‘compare simulator handling characteristics

and responsiveness -to the aircraft.
it was felt that the students
could comment on the adeguacy and usability

of the simulator wvisuwal.  Pést-flight

training and Refresher training critigues _
‘included questions

comparing simulator
contrel responsivensess and characteristics
to the actual ailrgraft and visual cues used
in actual recelver refueling in _the
aircraft. In addition, the same questions
about the wisual system that were asked on
the Pre-flight training critiques were
included in the Post-Flight . Training:
critique. This - allowed the simulator
training only receiver refueling critiqgie
responses to be compared te those critigues
completed by students, exposed to both
simulator and aircraft receiver refueling.

It may be the cdse that student perceptions ~ -

of simulator adequacy change after exposure
to the real world environment af receiver
refueling. ’ N ' ) s

Those critique guestions answered yes or no
were analyzed using Chi Square to determine
if there was a significant difference of
opinion between those students exposed only
to simulater training and those exposed to
The answers
supplied in response t¢ the remaining cri-
tigque. gquestions were reviewed, and the

answers and comments summarized and listed .

below.

The analysis .of the KC-10. Simulator Re-
ceiver Refueling Critiques focused on those
gquestions requiring yes/no answers in corder
to determine if there was a difference of
opinion regarding the adequacy of the simu-
lator wvisual system between students ex-

posed only to simulator training and stu-— ___

dents exposed to both simulator and air-

craft training. The freguency of yes and
no responses to .the question, "Did the wi-
sual system provide realistic cues for re-
celver refueling?" are summarized below. .
Simulator . Simulator
Training Only & Aircraft
Yes No Yes No
KC-10 Day 13 0 1z "0
KC-10 Night 10 3 o 7 1 .
KC-135 Day 13 0 12 1
. KC=135 Might 7 4 .. __ & 7 2

Since the responsges fegarding the KC-10 and
KC-135 Day cenditions obviously indicate a

- concurrence of opinion, Chi Square was used

to determine if the responses for only the
KC~10 and KC-135 Night conditions were sig-
nificantly different.

The results indicate _



that the responses are not significantly
different between those students exposed
only tec simulator receiver refueling and
those exposed to simulator and alrcraft
training.

Two additional yes/no type questions were
asked of those students trained in both the
simulator and the aireraft. The guestions
and responses are Iincluded below.

1. Was simulator response to control in-
puts realistic?

Yes = 8 No = 5

2. Was simulator response to power inputs
realistic?
Yes = 12 No = 1

B Chi 3Sguare was computed. for the first
question and the results indicated that the
difference of opinion is not significant.

The simulator receiver refueling training
critigques alse contained guestions
pertaining to the wvisunal cues used by the
receiver pilot during refueling. - Those
students trained only in the simulator
listed those visual cues used in the
simulator; those students who had trained
in bkoth the simulator and the aircraft
listed those cues used in the aircraft.
The questions referred to two phases of re-
ceiver refueling: (1}
mile to the precontact position (50 feet
from the boom), and (2} c¢losure to.the con-
tact position and maintenance of that posi-
tion. The responses are summarized below
and listed by simulator training only and
simulator and aircraft training for compar-
ison purposes. Suffidient data was avail-
able only for the KC~10 and KC-135 Day con-
ditions.

i. What wisual cues do you use to close
from 1/2 mile to precontact position
(50 feet from koom)?

KC-10 DAY
Simyilator Simulator
Training Only c 2 ft Trains

Tanker Boom
_ Tanker position in
windscreen -
UHE antenna
Drain mast

Tanker Boom

Tanker position in
windscreen

UHF antenna

KC-135 DAY

Tanker boom
Tanker position in

Tanker boom
Tanker position in

windscreen windgcreen .
UHF antenna on white UHF antenna on white
line line

2. What wvisual cuas do you use to close
to the contact position and maintain
that position?

_ UHF antenna

the most common cues,

closure from 1/2_

data indicates that the students
depend on a feature of the simulator. visual,

KC-10 DAY .

Simulator o

Iraicipg onlv & Aircraft Training

Pilot Director Pilot Director . _. _
Indicators Indicators

UHF antenna .
Tanker position in
windscreen
Drain mast
* Flap hinges

UHE antenna
Tanker position in
windscreen

- KC-135 DAY ~
"T" on underbelly 7 "T" on underbelly
{(inverted) _{inverted)
Pilot. Director Pilot Director
Indicatoxrs Indicators
Tanker position in . Tanker #4 engine
‘windscreen . position

. . UHF antenna

Tanker engine position :

This aumhéiy indicates that there is little
difference in the vxsua; cues used for re-

celver refuellng whether the pilet is in

the simulator or the aircraft. Pilots. in

the airecraft seem to be better able ko _use

cues of fine detail, such as flap hlnges,
which are not usable in the simulator but.
for example, the bhcom
and the tanker position in the windscreen,
can be effectively used in the 31mulator
and the aircraft.

Those students who received training both

in the simulator and the aircraft were

_asked two additional questlgns,regerdlng

the use of visudl cues in- receiver refuesl-
ing. These students were asked to, lisft
useful aircraft v;sualvgues that were not
present, or not useful, in the simwlator.
The results are summarized below.

KC 10 DAY -
Antenna on gear” door
Detail of wing underside,
.gine
Antenna on nose

detail of én-

KC-135 DAY ) .
S5ides of engines, certain panels, de-
tailed engine pylons L

With the exception of the antenna, which

had beaen reported as being a useful wvisual

cue " in previous questions, students
reported those cues that require a degree
cf detail not possible with the present
visual system as being useful in_ the
aircraft but not in the simulator.

The ¢ther guestion- asked the students to

list any simulator. visual cues that théy;'

found useful that did _not _wcrk in the
aircraft. There were none reported. "This
do not

that is not usable in the aircraft. -

DISCUSSION

The Kruskal-Wallis analysis 6f pfevicus re-
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celver refueling experience and it's
effect on final simulator performancé
indicates that there is no significant
difference in the performance of those
students with previous receiver refueling
experience and those without such
erxperience. Several factors. must be taken
into account when c¢onsidering this result.
First, the students did not receive the
same amount of training in receiver
refueling. The training program is
designed to be flexible enough to address
specific student weaknesses by allowing
extra time on those areas. Therefore, if a
student did not have any previocus
experience in receiver refueling, more time
would be spent on training for this task
than would be spent by a student whe had
previous experience and demonstrated the
basic skills. However, the .intent of the
analysis was "to determine if student
receiver refueling performance was.edquiva-
lent upon completion cof simulator training.
If there had been a significant difference,
the groups would have had to be analyzed
separately with respect to performance in
the alxcraft. Since the difference was not
significant, the performance scores for
both groups were combined.

The finding that there was no significant
difference in Performance Scores between
the last simulator mission and the first
alrcraft mission (for KC-10 and KC-135 Day
conditions) supports the hypothesis that
training in the simulator transfers to the
aircraft. This finding indlcates that less
aircraft training time is required for a
student to become proficient in the
receiver refueling task. Reduced training
of the receiver refueling task in the
alrcraft will result in improved safety and
reduced costs. Another consideration from
this finding regards the development of a
trainer dedicated only to the air refueling
task. The implication is that it may not
be cost effective to i1nclude a simulator
and a2 dedicated alr refueling trainer in
the suite of training devices allcocated to
a training system. It is less expensive to
build a simulator that, ‘in addition to
simulating most: training tasks, can also
address the reguirements of training the
receiver refueling task than it is to build
beth 2 simulator without such a capability
and a:.device dedicated solely to the re-
ceiver refueling task. In addition, the
simulator has the capability to simulate an
entire refueling missien, including ren-
dezvous and Flight Engineer part101patlon.
This capability is lacking in a dedicated
alr refueling trainer.

An analysis of the critigque data using chi

Sgquare showed no significant difference in
the wvisual capabilities of the simulator
between those students exposed only to the
simulateor and students exposed to both the
.simulator and aircraft. This is evidence
that the simualator wvisual system can
realistically create a receiver refueling
environment . Those students trained in
both the simulatecr and aircraft also had no
significant difference of opinion regarding
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the realism of the contrel and power inputs
in the simulator compared to the aircraft.
This: indicates that the simulator can alse
realistically replicate the kinesthetic
environment of receiver refueling. Since
the conclusion of this study, improvements

to the air data package in the simulator

have been implemented that make the

simulation even more realistic.

An?examination-af the visual cues used by
students: in the simulator and the aircraft

shows that almost all cues are usable in

either environment. Those cues that were

not useful in the simulator were of fine.

detail, difficult for the simulator to
realistically display. An upgrade of the
visual systems 1s planned that will add_
even more realism to the receiver refuellng
visual environment. -
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