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CONTRIBUTIONS OF PLATFORM MOTION TO SIMULATOR TRA?INING EFFECTIVENESS
- STUDY - AEROBATICS

P

% - . L iNTRODUCTION -
. _ .

" Advances in simulation technology have made .
available a variety of subsystems which purported- = -
S ly énhance training effecpweness by increasing the

fidelity or realism of thl@'d
form motion systems:
freedom (DOF), G-seats,
systems are typical of ﬁdehty—orlented hardware

evicé. Synergistic plat-

" which attempt to provide realistic forcecueing
" information. It is well known that motion cues are -
- ‘not essential for effective simplator training, since

pilots have been learning to fly with the aid of

ﬁxed-base ‘devices for ycars. However, the extent .

to which these recently developcd force-cueing

systems add to the effectiveness of sxmulatlon' '

' trammg is unknown

Ina recent study, Martin and Waag (1978)

mvestlgated the incremental transfer effectiveness

of platform-motion cueing’ for one speaﬁc.
application—Undergraduate PNot Trainees transi- -

- tioning to the F-37 aircraft. A transfer of training
‘design was used to evaluate the contributions of a

synergistic six-DOF platform motion system to the.

acquisition of basic contact, approach, and landing

_ayrng six- degrees. of ©
‘G-suits, and buffet

.

" cues. Typ
expected . from such incidental _cues. is small

e

simulator training for both groups; {c) no differ- ;

ence was found in performance between -the -

Motion and No-Motion groups for any-of the tasks
on the two special data sorties flown in the T-37;
(d) no s1gn1ﬁcant differences were found between

~ . the Motion and No:Motion' groups in the task - .-
j frequency data, although there was a trend for the

Motion group to perform shghtly better; and (e) -

-the two groups trained in the ASPT' perform

srgmﬁcantly better than the control group on all

- of the more advanced tasks. In conclusron the

data failed to reveal any srgnlﬁcant or prattical

" enhancement of training effectiveness as a result of

the addmon of platform motjon.

One poss1ble explanatlon of these ﬁndlngs is” -
tha‘t with the exceptlon of stalls, motion - “cues
were, for the most part, incidental ot secondary .
lly; the magnitude of transfer effects-

compared to that from primary cues Moreover, N
there is not -a great deal of motion cueing involved’

~in these tasks.in that the amount and/or’ magnl-" "
tude of force chieing 1n the aircraft is- relatwely -

_ small. For this reason, it seemed- necessary to

transltlonmg to Undergraduate Pilot Training .

(UPT) ‘were divided into three groups—Motion, |
'No-Motior, and Control. The Motion and No-
Motion groups received 10 instructional sorties in

the Advanced Simulator for Pilot Training {ASPT)
on a large number of basic contact tasks ranging in
complexn:y from Stralght-and Level to the normal
Overhead Pattern ‘and Traffie Pattern Stalls.
Students in the Control group received no ASPT

‘~pretra.1n1ng Short-term _transfer was assessed for

‘the Motion and No-Motion groups on two special

% data rides in the T-37 aircraft. Long-term transfer

- effects were provided by task- frequency data

~ collected on selected tasks for all- groups on all'
flights through solo.

The "major -findings of the study were as. fol-
lows: (a} no d1fferences were found in simulator
~ performance - between the Motion and No-Motiox
. groups; (b) significant learning occurred during .

_evaluate the effectlveness of synergistic six-DOF ™
platform motion in enhancing the . transfer  of =

Co /extend ‘the . effort to aerobatxc tasks in wh1ch.

Skiﬂs To ‘brieﬂy summarize the study, 24 st'udc'n'tsu " motion cues are more prommept

The- objcctlves- of the present study were: (3) to’_';’f_'i‘-'i_-
evaluate the effectrveness of the ASPT in providing L
- . simulation .

tralnlng of _aerobatic maneuvers
normally taught in the T-37 phase of UPT, (b) to

training to the aircraft, and (c) to determine the '

‘effects of platform motion on.the acqmsmon of L

aerobatlc skllls in the simulator.

e

II. METHOD'

. General Approach -

A ttansfer of tra1n1ng paradlgm was used in

: whlch two groups of USAF UPT students received

training in the ASPT on selected aerobatic

manéuvers. One group way trained ifi the absence

v



-

- of platform motlon cues, ‘while~the other’ group
received the. sama tramlng scenano in the presence

" of platform ‘motion. These gréups, Motion (M) and

- No-Motion (NM), respectively, received two blocks’

of instructiorn in the ASPT, each followed by per-

formance evaluation in ‘the aircraft. A third group - .
received standatd syllabus training on these
maneuvers (i.e., n0 ASPT) and served asa Control . .

. -group -(C). -The performance of the two_experi-=. " -
mental ‘groups in the ASPT and the performance - -
of all three groups in' the T-37 were evaluated by'
e T-37 1nstructor pllots (IPs). .

Subjects : :
‘A total of 36. student p1lots in the T-37 phase

 of UPT at Williams AFB, Arizona, pamcnpated in’

~ this study. Exghteen students from" UPT Class " of. 60 mches The platform mot1on system soft-

- -ware_was designed. to prowde ‘translational “and
“rotational acceleration onset -cues t0 the student .-
. pilot’ position. The ‘drive phﬂOsophy for the dis-

77-04 and 18 students from UPT Class 77 06 were
selected at random from their respectlve classes' :
with. the restnctlon that forelgn natxonals were not |

-
"

allowed to pa.rtlclpate
o)

lnstructorPllots T

Sixteen T'37 1Ps from the 96th FTS, Wa]hams
AFB, served as ASPT instructors. The instructors

- participated in the ASPT phase of training on'a_ -

voluntary. basis from flight sections not involved in

the study, so that the ASPT IPs were not the same

~as the stiodents’ " regularly assigned flightline

% instructors, but the latter were used during the

airctaft 'po'rtion of the studv. _

o Eqmpment

Expenmental tramlng was accomplished in the .

. ASPT.  An overview of the aspects of the ASPT
most relevant to the present study is presented in
this section. Detailed descriptions of this device
~ may be found -in Gum, ‘Albery and Basinger

'(1975) The ASPT . is - equxppe’d with two T37

‘DOF, synerg!stlc platform-motlon system; and a

'16-panel pneumatic G-seat on ‘the left seat :

B (student postion). -

The. visual display is pro_]ected through seven-'

' 36tinch cathode. ray tubes (CRTs). The capacity .

far dlsplaylng visual image detdil is fixed and
"shared" between “the two  cockpits..

100% of the dlsplay capac1ty, however 50% of

_ A highly "
.-detailed scene, such as an au’port tequires 90% to

. simulated via- platforfn’ movement with a

dJsplay capacxty is adequate to dlsplay a general-'."v‘

ized ‘view from alntude, such as a horizon ‘and

surface texture : patterns. necessary for. aerobatif -
training. The visual system uses an infinity optics -

dlsplay with the exit pupil located at the student’s
This arrangement results ‘in .an '’

eye postnon

optlmal wsual scene, from the student p051t10n, but L
a distorted scene _from’ the IP. posxtlon ‘From the -
normal position, _ the IP is unable to see the vxsual :
_display 1mmed1ate1y in front of the ;urcraft The ..’
. scené . becomes less dlstorted ds the P scans later-' '

a.lly If the head posmon is moved nearer to that
of _;he student the IP can mcrease the forward-
lookmg view and’ reduce the dxstortmn

‘The. platfbrm motion- system is dnven by six |
hydrauhc actuators,. each with, a t:raVel capability

. play of translational acceleration cues is intended
,to match the aircraft acceleratlon in magnitude
and ‘shape, whereas the dlsplay of onset rotational

f‘_ﬁ.‘b.

accelerations is driven by a -cue-shaping philos- .

“ophy. Some sustained acceleration cues ¢

system ca]led “grav1ty align,” which position
. platform in an-attempt to_substitute for a portion

" of the external.force vector. (The G-seat can also'
display sustained accelerating cues; however, it was

not ‘used in thls study and will not be discussed:)
, The motion ‘system- also includes a special effects

sub- -
he'

_ package which is uséd to dlsplay such cues ‘as-

touclidown bump, runway rumble, aircraft buffet,

speedbrake extenslon and gear-down rumble.

The ASPT has the Capablllty of real-tlme, auto-
- mated measurement of. the pilot’s performance.

‘Measurements can be made of pilot inputs, system

~ form.

The: ASPT is equlpped w1th the capability to

dlsplay a prerccorded demonstration of a
"maneuver. At the time of the study, the infor-

mation was stored on magnetic. tape ‘which enabled B
~a reproductlon of the entire maneuver, 1nc1uchng o

visual display; -motion- cues, instrument readings,
rudder and throttle movements. Subsequently, this

' outputs, and -derived- scores A limited. amount of -
. this information can be displayed real-time in’the

cockplt via a.monitor located to the right-af the IP"
"position and/or following’ the mlss1on in. hard cbpy ‘



L '_-practlce ‘student.
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capablhty has been transferred to disc to 1mprove.
' system rehabll.lty : '

., Two addmonal Lnstructrona.l capabrlmés of

ASPT were. utilized in the present study: problem B )

freeze and reinitialization. The instructor can stop-
and hold the- system at its current position: l)y the..

“use of the problem frceze feature. From thls.-_‘_'

p051tlon, the instructor- can continue ﬂ.lght from -
“the “frozen” p051t10n or return to any. chosen .
‘starting point by use of the remltla.llzatlon feature.
Reinitialization allows .the . .system to' go. to. a
desngnated position and conﬁguratlon- ina matter’
of seconds. These ‘points’ are preprogrammed to .
correspond to- optlma.l ,start‘mg posrtrons for most

- maneuvers, " 1ncludmg cross;country positions, in

- the T-37 training. program. The rhain utility of the
" freeze. feature isin lts instructional .value, whereas
" the. rem:rtrahzatlon is a”time-saving feature which
also allows for tighter experrmenta.l control over
student practlce

“The adva.nCed mstr‘uctor operator console
(AIOS) is equipped with a Vector General monitor
“which has a spatial dlsplay option. This option can
- follow. the flightpath of the 51mulated aircraft,

~which "¢an be rotated around the x, y, or z axis.

"~ This image can be temporarily stored and then dis-’ :
- 'i)layed aftcr_th,e mission for usein-the debriéfing,

¥ Procedure

S Sub]ect Asszgnment The\ subjects wére ran-

'ydomly ‘assigned to ong of the three treatment

conditions: (a) No7Mot10n, (b) six-DOF Motion, or
* (¢) Control. A -total .of 36 subjects partlclpa&d
vnth 12 subJects per, group '

[nstructor Pilot T)’ammg All ASPT mstructors
‘received verbal and written bneﬁngs on the & expen-
: _=mental procedures and the use of the ASPT with

- .pertinent instructional features. Ih addition; the

ASPT instructors rchearsed each scenano with a
‘Al aircraft instructor prlots
" assigned - to one - of the student. suchcts were -
- briefed. on ‘the* data tecording format and recexved
one; session of data-takrng pract1ce in the ASPT,

9 ".'usmg prerecordcd demonstratlons of each candi-

B

.

E

".date ‘Mmaneuver.

ASPT Training. Subjects assigned to the Motion

and No-Motion groups received five training sorties
',..m the ASPTY The mstructlonal content of the
ASPT sorties was 1dentrcal for both groups w1th

o

PAFuiTox provided by ERIC - -

>

'

_sorties in the presence of motion cues, while the
sub_]ects in the No-Motion:condition recerved the -
'same sortie content-but w1th no platform motion. -

'v1ew condmons with - the wsua.l scene content set

v . the. only dlfference being whether or not ,ther .
platform motion system was operative. T

sub_]ects in the ‘Motion condltlon receive

Thc G-seat was inoperative throughout the study:. -
l\ll tralmng was’ accomphshed under full field-of-

at - 50% edge capacity. &The scene contained all -
section lines and mountams 1n the practlce area.

Mtssxon Content The content of each sortie

- was specified in terms of the order of maneuver .

instruction and the number of repetitions per
maneuver. -Instruction’ on  each new aerobatic :
maneuver was introduced by a Pprerecorded

. demonstration of that maneuver. Selected repeti-

- tions

of a- maneuver were
IP was proliibited from. instructing ‘the student.
The - ﬁve ASPT sorties’ were  divided - into two
blocks

Aerobatlcs ‘A summary - of the total number of *

task repetrtlons and the’content of each mission 1s\_-_
. found in Appendix-A.

¢

1. Basic Aerobatics. Each sub]ect was. requ1red.

- to complete at least the first aircraft sortie in the -
'-.,C23XX block" (last pre-sblo contact rides) prior to

receiving ASPT training in the Basic Aerobatlc

" maneuvers. The Basi¢ block was‘completed. prior

to entry into ‘the C25XX (Basrc Aerobatics) air-.
craft “missions. The -
instruction’ con51sted of three missions. "The first”

" lasted approxlmately 1.5 Hours and each of the -
last two approxrmately 10 hout. Following a brief -
'ASPT familiarization penod instruction was given -

- on four Basic Aerobatic maneuvers:, (a)- Aileron

~dadily basis.

~ block (Advanced Aerobatics),

attempt was made to administer the iissions'on a .
However, operatlonal constraints -
required - that the last two missions of the Basic'

" block™ be given' on the same “day for some. of the -
students.” When. the double mission ‘was. necessary, "

the missions were separated by at least 1 hour.

2. Advariced Aerobatics.. Followmg comple-
tion of -the C25XX -aircraft block (Basic-

(a)- -Basic’ Aerobaucs, and (b) Advaniced ‘

Basic “block. of the ASPT"-' -

de31gnated as - | -

'performance measurement trials durmg which the .

‘Roll; (b) Split’ S, (c)-Loop; and (d) Lazy 8. An

Aerobatics). and prior to initiation in the C27XX o

the students
received the ASPT block of mstructlon on -the
Advanced Aerobatics maneuvers of:" (a)



. ST

Immelmann (bf/Barrel Roll (c) Cuban 8; and dy

_Cloverleaf: The Advanced ASPT block consxsted

" two - mISSlO)lS, each approxlmately 1 hour- 1n"r
length: ln ‘most cases; the missions. were adminis-

' tered one per day over a; 2 day interval. |

Ferformance Measurement Perlodlcally.

charactensncs

factory, fair, good, and, excellent, are speclﬁed in
the’ 'ATC - training - “syllabus (July 1975).7 The

Y categories correspond’ approx1mate1y to unsafc, E
' minimum safety, proﬁcwnt and supenor These'.'

rat1ngs were glven 1mmed1ately following the’

. Mmaneuver OVer an. intercom system and .were not

a avallable to the student

_r_,Furthermore, venﬁcanon of 'the measurement
©.system software for- these ‘tasks had not been

more . detailed evaluatlons
control and ground track” control These evalua-
tions were recorded on speclal ddta cards

. developed. spemﬁcally for the study. ’§hese data o
. cards <and+ the’

s presented in Appendixes B and C. Each IP recewed-
. one data-takmg practice session in the

1nstruct10ns for.

prerecorded demonstrations of “chc

\ ™

maneuver _ L : e

‘ An attempt was made to collect objectlve data .
in’ the ASPT, using the automated petformance};,i
"measurement system However, numerous systcm A

failures résulted in large amounts of missing. data;

completed at the time of the study For these

T-37 'D'ammg and Evaluatzon All T- 37 trammg L

© was accomphshed by each student’s normal flight-
‘ling

' ‘syllabus procedures Each student received - four

_instructor, ‘in accordance w1,th standard

: mstructlonal sorties for the Basic Aerobatics block

(CZSXX) and. thrée for the Advanced Acrobatics
" block? (CZ7XX) .For each sortle it was requested -
L that the student fly at least one repetmon of each

: .~ (ANOVAs) with Motion vs.
o In adchtlon to these global evaluatlons, IPs were
.freqmred to record speclﬁc 1nformatlon,_ such as’
entry au'speecl and bank at entry, and to give -
‘such as p1tch rate

their's use: are

B ‘SPT ‘using _i

o 2 analysls IR S
reasons, no attempt was made to analyze. the data..-"
' collected :

- R . o T e

_of the four maneuvers trained for that block Per-
formance evaluations were accompllshed using the
speclal data card forms descrlbed in Appendlx B

) th/roughout the ‘five ASPT sorties,. the. student’s CETD e S
: performance was evaluated The IP rated the per-
'fformante on.a 12 pomt scale with the. followm(g-’f
1 to 3 representing an unsatis-’
j:,:factory performance 4t 6 representmg A f:ur_._.:_
i level; 7 t0' 9 reflectmg a good; 10 to 12. reprentlng o
“an excellent performance The criteria; unsatis-

ASPTTrammg .

All students: completcd the ﬁve ASPT training
‘sorties, “Two ' performance evaluations ‘were
obtained for each of the eight maneuvers, usually
Clat the beglnmng and end of simulator training. The

occurrence of these evaluations within the training

seqilence s gwen in' ‘Appendix A. For each .

evaluation, two ftypes. of information were
recorded, the overall IP rating and the 1nformat10n
required on the special data card (Appendlx B).
For each maneuver, the IP ratmg data were
analyzed using- split- plot analyses -of wvariance
o-Motion as the
_ between-sub_]ects “factor and with’ trials. as the
. - -repeated . measure. Missing data cells were esti-
. mated using the least-squares techmque described
.in Kirk ' (1968). Degrees of freedom in, the affected
ANOVAs were adJusted accordlngly

“For each manetver, a smgle factor multlvanate

v mdlwdual measures recorded on the data card, The
- MANOVA was selected as the appropriate overall
test, ‘due 'td the unknown 1nterdependenc1es
among " thé individual  measures. Stepdown uni-
-variate .Fs were computed ‘in order.to determine
“those variables which’ produced any overall effect.
MANOV As were computed for each repetition, as
- well, "hs ' their combmanon, due’ to ‘the  non-
- avallablllty of an  analysis program which - could
“handle ‘repeated measures. Appendix D presents
“the descrxptwe stanstlcs and results of the data

Results of the ANOVAs for the IP ratmg data
“are’ presented in Table 1. There were no significant .-
differences’ between the Motion and No-Motion

groups. for any of the maneuvers. A reliable tnals
effect however, - was found for all maneuvers
except the- Lazy 8. In each’ case, the reliable trials
- “effort was du? to an improvement in performance -
between the first and second measuied repetitions.
None of the motion-by-trials interaction effects
was found to be 51gn1ﬁcant

12

~

ANOVA (MANOVA) ‘was - performed using- the ~

.
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Tablc 1. ANOVA Summary for ASPT:

.. Performance Evaluations Uﬂgg o
o iP Ratings X
: o o o T:Ial:_x'
Ma‘t/\eu\ger . Motion Trials Motion
Aildron Roll .12 3.99% 2.42
Loop . ' 1.39 . 24.88%** 2,77
Splits T2 13,97 .31
Lazy 8- @ ' .88 1.50 ‘ ..58
Immelmann . - 1.59 23.84%** 2.26
Barrel Roll ~ . - .01. ~ 13.53*%** .. 92
‘Cuban8 01 = 15.65*** ) B
< «Cloverleaf 42 4.84%+ - - 12
*p<ito) L -
*kp < .05, .
.-**‘p <.oL. ' o .

Results of the MANOVAS for cach mancuver

41¥ presented in Table 2. Deseriptive statistics and
results” of the stepdown univariate F-tests are
# presented in Appendix D. No significant effects
~were found for the Trial 1, Trial 2, or_ the.

combmcd trial data for the Aileron- Roll, Lazy 8,.
or Cuban 8. A significant effect

Barrel Roll,
(p <.10) was obtained on Trial 1 for the Loop.
The stcpdown univariate F-tests revealed signifi-
cant’ differences (p<.10) on the first two
variables, Max G Dunng Pullup and Pitch Rate
Control. In both cascs, better perforjnance was
demonstrated by the Motion gro For the

- second trial, the overall multivaridte F-ratjos failed - .

to reach 51gn1ﬁcancc as well'as the individual step-
down univariate F-ratios. The same held true for
the combined analysxs with the.exception that the

: Table 2. MANOVA Summ’m:y for. ASPT
and T-37 Performance Evalusdtions Usmg
Special Data Cards

. C Trial Triat Trials T-37
Maneuver 1 .2 1&2 Evaluation
Aileron Roll .18 1.99 .53 .86
Loop, - 239 36 .89 1.02
Splits 71 2.62* .83 . 66
Lazy 8 22 41 .21 1.60
Immelmann 2.87%* 1.7 1.73 1.42
- Barrel Roll .63 .64. .46 2. 06**
" Cuban 8 ©.34 1.96 1,03 .93
Cloverleaf  1.03. ' 4.09% 3.00** 1.07
*p <.10.. -
**p <05,

-

univariate Feratio for Max G During Pullup .
reached significance (p <.10).

"For the Split S, ncnth_cr the individual univariate

= Foratios nor the overall multivariate F reached

‘significance on the first trial. The same was true

for the combined. data from both tfials. However,
for Tna] 2, the multivariate F did wreach signifi-

‘cance (p<. 10). Only one of the variables, Bank

inverted Prior to Pullthrough was sighfiicant
(p <.05) with superior performance dcmonstrated

~ by the No-Motion group.

For the Immelmann, a significant multivariate
F'was obtained on Trial 1 (p <.05), but not for '
Trial 2 or the combined data. For Trial 1, 51gn1ﬁ-
cant stepdown F-ratios were obtained for Pitch
Rate Control (p <.10) and Pitch at Completion
(p <.05), with superior performance evidenced by

“the Motion group. Bank at Completion was also

Slgnlﬁcant (p <:10). For this measure, however,

superior. performance was demonstrated by the.

‘variate

No-Motion - group. For the sccond  trial, these
differences_ disappeared. However, Bank Control
During Pul]up became significant (p <:05), with
superior performancc being evidenced by the

. Motion group. For the combined data, only Pitch'
Rate Control and Pitch 'at Completion produced

significant stcpdown F-ratios (p <.10), again in
fav0r of the Motion group. '

Fos: thc Cloverleaf,- nc1thcr the individual uni-
“Foratios ror the overall multivariate: F

~-reached significance on the first trial. The second

trial produced a sxgm icant multivariate F
(p <.05) with only onc siggificant stepdown F-
ratio (p <.05) for overall_Bank Contro‘l For this
measure, the Mofion group ewdcnccd better
performance. These differences were also found
for the combined -data. In addition, Pitch at the
Roll Point also emerged to be sngmﬁcant again

favoring the Motion group.

T-37 Training Transfer Evaluatigms

Although it was p]annca that one repetition of E

cach nmiancuver be flown on cevery sortic within the
Basic and Advanced trajning blocks, this was not

‘acc0mphshcd in every f£ase. In fact, the number of

repetitions varied cdnsidcrably across students. It
must be rcalized _that acrobatics are not c¢mpha-
SlZLd within T-37 training and are used as

‘‘confidence  building”

maneuvers. The only

_ requirement is that each mancuver be demon-

strated and that the student fly each task at a Fair
C < St
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level. In many cases, .these acrobatic sorties: arc

~ used to practice other advanced contact ‘tasks

‘considered to be more important? For this reason,

the number of repetitions “varied. Consequently,

for each measure taken, the value used in the data

analysis \ was the average of all the available data

Usmg the individual measurcs ‘recotded on the

" data c:u:d for each mancuver, a MANOVA was

performed Results ,of the MANOVAs are also
presented in Table 2. Stépdown univariate F-ratios
were also computed for each variable. 1n addition,

‘a priori t-tests were computed for each measure.

Theseé comparisons were between  the Motion vs.
No-Motion groups and the ASPT-trained groups

" combincd vs. the Control group. Deseriptive statis-

_.tics and results of thése analyses are presented in

Appendix D.

For the Aileron Roll, the multivariate F was
not significant, even though one measure, Bank

2
v %

companson Bank at Completion was also found
to be sxgnlﬁcant (p <.10) for this com;aanson
- None of the Motion vs. No Motion compansons
! was 51gn1ﬁcant -

The Cuban- 8 hkemse produccd no. sngmﬁcant -
multivariate F-ratio.” Two measures: did produce

~ significant stcpdown F ratios®Rudder Control -

Control, did have a significant (p <.10) stepdown .

F-ratio. A priori t-tests revealed only the ASPT-
trained vs. Control comparison to be significant

(p <.10), with superior‘performance cvidenced by

the two ASPT-trained groups. The Loop and Spht
S revealed no significant effects for the multi-
variate F/stcpdown umv.xnatc F-ratios, or the a
prlon t-tests.

The Lazy 8 produced two SIgmﬁcant univariate
F-ratios, Airspeed at 360° (p<.10) and" Pitch

~ Control (p <.05), although the multivariate F did
. not reach significane. Again, the two ASPT-trained

groups performed significantly better (p <.05 and

~ p < .01 respectively).

I -
The Immelmann produg)cd. no significant
univariate F-ratio. However, two a priori t-tests ’

For Pitch Rate Control,~the
ASPT-trained" groups perforned significdntly-
better (p <.10} than did the Control group. For
Bank Control, the Motion proup performed
significantly better (p <.10) than the No-Motion

group. .

were significant.

The Barrel Roll yiclded the only sngmﬁcant
multivariate F (p < .05). Three of the individual

_'measures produced” significant stepdown F-ratlos,l

Bank at the Inverted Position (p <.01), Roll Rate

Control (p <.05), and Reference Point Alignment

(p <.01). Each of these maneuvers was significant
(p<.01) for the ASPT-trained vs. Control group

-

r
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(p <.05) and Groudd Track Control (/ <.10).In
both cases, the two ASPT-tramed groups
performed significantly better (p<.01 and
P < .05, respectively) than did the Control group.
No- differences cmcrged between ‘the Motion and
No Monon@groups T, )

" For "the Cloverlgaf, Alrspeed Control produCCd '

. a significant (p <.05) stepdéwn F- ratio, although -

the multivariate F was not significant. The comi-
_parison between the ASPT-trained and Control
group was slgmﬁcant (p<.01). This comparison
also produced significant a priori t-tests for Pitch
at the Roll Point (p <.05) and “Bank Control
(p <.10). None of the Motion vs. No- Motlon com-
parisons was s%mficant , .

4

IV. DISCUSSION . T ARE

For data obtained w1thm the simulator, two
questions wch: of interest. First, did skill level
increasc in the simulator as a function of training;
Second, did platform motion affect such skill
acquisition? The data obtained clearly demon-

strated that learning did occur. Using the IP

. ratings, seven of the eight mancuvers produced a

significant trials ¢ffect indicating superier per-
formance on the sccond measured trial. The trend
for the other mancuver, the Lazy 8, was also’ in
this direction. Although thé measures obtained
from the special ‘data cards were not analyzed to
test this effect, a glance-at the descriptive statistics
indicates increased proficiency on the ‘second’
mcasu_rcd trial for virtually every measure.

The cffect
performance in the simulator was less «clear. Usmg
1P ratings, no significant motion cffects or
motion-by-trial interaction ckfects were found for
any of thé mancuvers. However, analyses of the
‘measures, from the special data cards did produce®a
number of stqtlstlcally significant effects. Unfort-

unately, the number of inconsistencics makes any

)

» . ®

of platform, motion cueing  on



.
o . -

b

1nterpretat10n -a matter of speculatlon Of the 24

' MANOVAs computed, only two reached the .05°

None. of ‘the maneuvers
produced a consistent effect over the two repeti-

significance level.

effect was fdund'_on;each fdf the two trials.

" Further inconsistency was noted for the same

mieasures across different maneuvers. For example,-

Max G Dunng Pullup was recorded for three

" maneuvers: 'Loop, Immelmann, and Cuban 8. For

. ..the Loop, the Motion group produced s1gmﬁcantly

tter performance only on Trial 1. For the

Immelmann, no differences emerged “For the
Cuban 8, the Motion group produced 31gmﬁcantly
better performance only on Trial 2. Overall, for
the 10 significant F-tests for the Trial 1 and Trial 2

" data- analyses, seven favored the Motion group,

while three favored the No-Motion group. These
findings, in con_]uncnon with a lack of any motion
effect for the IP ratings, indicate that platform-
motion cuemg does not strongly or consxstently
affect performancc in the s1mulator

- Two questions were of interest for dnta
obtaincd “from the aircraft.-

ASPT training with platform motion improve, such

transfer? The obtained data suggested only "a

rRodcst degree of transfer, Of the eight maneuvers
trained in the ASPT, only one, the Barrel Roll,

“tions. Likewise, for the stepdown .univariate F-": -
tests, there was no instance in which a significant -

First, did the skills .

, vifed during the ASPT training enhance, sub-
/:ﬁ:}ont performance m the aircraft? Second, did

. . . .,
~~/ produced an ‘overall significant transfer cffect .

E

RIC, -~ * - Y

~across the three groups. However, approximately

one third of th¢ ASPT-trained vs. Control group a
. priori ttests produced significant cffects. In all
cases, superior performance was demonstrated by
the ASPT-trained - groups. An examination of
‘group means indicated -the trends favorcd the
.simulator-trained group, for all except three of the
.measurcs taken. From these ‘data, it is apparent
‘that’ transfer of training did occur. However, the
magnitude of the effect was not great.

Data obtained from the aircraft indicated that
the addition of platform-motion cucing did not
significantly enhance the cffectiveness’ of “the
training. Of all the a priori. t-tests comparing the

Motion and No-Motion group, only one was found .

to be significant. Considering the .number of
measurcsg the probability of at lcast one

s

Aruitoxt provided by Eic:

comparison being significant by chance .is "quite "

hlgh A look at the dlrectlon of the means
indicated about two-thlrds favored the Motlon-

trmned“”gi‘oup Again, the magnitude of . these'..

differences’ was small ;md not statlstlcal]y‘
mgmﬁcant S S

W

The modest degree of transfer and theln-‘

consnstent “effects - -of platform motion- ‘are, to* .

some extent, the resultof certain. measturement *
and e}:perlmental control” problems The

evaluation of performance presented problems in

both the srmulator and thé aircraft. As indicated - |
prgvrously, systém’ “failures and ‘unvalidated soft- .
ware:!‘ prevented the use of data from the

autoftiated performa.nce measurement system in

the ASPT. The use of i lnstructor _]udgments also ~

- presented sorrie problems. During. the ASPT
*’training, an overall evaluation was obtamed using a
12-point scale. In°the instructor pretraining
sessions,
obtained when evaluating the precorded demon-

strationis. However, agreement among the flightline
_instructors who provided the mﬂlght evaluations

" was extremely low. For this reason, overall evalua-

tions ‘were ‘deleted from the T-37 sorties. In both-.

instances, however, high agreement'was'obtained
using the special data cards. Consequently, these
were used for both the- slmulator and aircraft
cvaluatlons

Desplte the acceptable rater. agreement usmg

the special data cards, the question of the valldlty._f' :
of the _]udgments taken remains unanswered. To

““the extent possible, an attempt was made to make

I1

the- - judgments’ criterion-referenced. . For example,

in the Aileron Roll, the desired Bank at Comple-
\\tion is zero, thereby making an objective error -
assessment .possible. However, the Lazy 8 required
the instructors to record airspeed at various points - -

in’ the maneuver. It was assumed that correct air-
spt:eds were indicative of the overall proﬁcmncy
level on the mancuver. However, the functional
rclationships between the airspeed values and
overall proficiency were based on analytic

_ considerations, not cmpirically derived, -thercby
making the meaning of these measures question- -

able. Furthemore, one or more judgments
concerning aircraft control (e.g., Pitch Rate
.Control) was requxrcd for each maneuver-in which

no objective criterion was available. And finally, =

the extent to which the sum, of- thc information
collected represcnts a . true’ asscssmcnt .of

high agreement among raters was .



“proficiency-\s anknown. ‘Unfortunately, an experi-
‘mental veriffication of ' ‘the data cards was not

'-possxhle pno to the initiation of the study

The inab ty to obtain high inter-rater agree;

‘ ment amang] the flightline instructors. pointed to
" one of thle experimental control problems

terms.of thei

encountered While’ the IPs who prowded instruc-
tion ‘in’ the

.piloti.ng and instructing expericnce,

- such was not the -case for the flightline instructors”
‘ who provided the transfer of training data. While

some -had be
varying lengths
whom subjects 1
their first stu'dent4.

instructing . T-37 students for

the present study . represented
Such heterogeneity among the

: _fhghtlme mstructo most likely accounted for the
“lack of inter-rater’ greement in the global evalua-

*tions of proﬁc1enc .

~experience 1

o the inability to control%
el of the fhghtlme IPs, it was

control- the content of the seven

In addition.

impossible

sorties flown in the two aerobatic blocks of T-37

training. It was requested that the IP have the '

student fly at least\\one repetition of each.

maneuver on.each sortie within a' given block.

However, as noted earlier, such a procedure was
not followed by all of. the instructors, with the
result that the number of repetitions . varied.
considerably. across\students The inability to

~ control the content of each sortie and the sub-

sequent vanablhty of the number of repetitions

for each student undoubtedly lowered the power 7

© of the expenmental desrgn

Despite these. experlmental control and
measurement problems, the data collected clearly .

'demonstrated that’ learmng "did occur in the

‘sxmulator and that a modest degree of transfer to -
petfoimance in the -aircraft did occur.’ When -
' consldenng the overa.ll effectlveness of the ‘ASPT '

training, the. rcader should be reminded that the
control procedures exercised probably reduced the

-_maxunum training va.lue that could have beer

Q

ERIC

Aruitoxt provided by Eic:

\

SPT were relatively homogenecous in

f time, others were new 1Ps for -

v 4
»

achleved in-a less restrained, more operatlonal

* training envu-onment Several factors dxscusscd in

the previous study (Martin & Waag, 1978) arg also

applicable’ to the: present -effort, Addltlon‘;ally,_ e |
- simulation experlcnce as a whole is quité hmltedl '

regarding the effective training of these: tasks. The
authors are aware. of only one other effort to
investigate the transfer of "training of. aerohatlc.
skills' (Woodruff, Smith, Fuller, & Weyer, 1976).
In that effort, simulator training produced only a

four percent savmgs of time in the’ alrcraft for a
Transfer Effectiveness Ratio (TER) of . 11 From” -
these data, it is apparent that the effective utiliza-

tion of flight simulation for these tasks has. not’ .
been demonstrated and that efforts are required to
~develop more effec‘twe tr:umng procedures. .

- o . Y
. CONCLUS[ONS .
4

In hght of the hm\qi effectwencss of the .
~simulator training, the questionof the added*
‘training value as a- result of platform motion

cueing becomes academic as opposed to practical.
It is clear from the data -that the addition of

platform mbtion. failed to.-provide’ any systematic -
. or practical enhancement of either performance in
the srmulator or the resultmg ‘transfer. to the air- -

craft. It is apparent that tho lack.of force cueing
information is not -the ° “reason for the. limited
effectivencss of the trammg It may be that aero-
batic skills may be more cost-effectwely trained in

 the. air¢raft. Certainly" within the "T-37 phase of L
"UPT in which aetobatic sktlls are not cmphaslzed '

such,,a case could be: madc From an academic
standpolnt the ‘question of the added training
value dae;.to platform motlon "cueing is not
resolved with “the data-from -the present study.

‘ However, from an’ operational viewpoint, the data-
revealed no’ “practical value of platform motion -

cueing and. seriously _questidned the cost-

effectiveness of aerobattc 2 snmulatlon trammg,
-w1thm the UPT env1ronmcnt
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. APPENDIX A: ASPT TRAINING SYLLABUS DESCRIPTION S
o Lo N B - .‘ o o I ‘ S &

b Table Al ASPT Training Task Summary . . |

" Basic Airw.orlic . = 'Straight and Level _4 o o f - ,2 

" Advanced Aerobatics . Ithmelmann:’

" Misslon T o U Task - - © . 7!  Repetition

. "Turn to Heading - I S :
N Steep Turn B R R

P>

_ ‘Basic Aerobatics . AileronRoll S ;22

Split S S T /30 LA
) LOOP . . ) : col ’ ’ - .» / ,”’:‘ . 21 . - N r ’e. 7
'LaZYS o . ' Y _' / . /‘ 11 0 . ' . ) -
. . B . / N - .t :
_ T /18 Coh
. Barrel Roll ST L / 15 0
- Cloverleaf & e S U 1+
. 'Cyban 8 - Coa .10 -

R -Tuble A2. ASPT Mission Scenarios

Missions -, ) T :Task 5 S L ‘ Repetition

— - v . :

1. Basic Aerobatics Straight and Leyel

- 1
Turn to. Headmg (R or L) 1
S . Steep Turn (R) S » 1
L " .. Steep Tarn(L):: booo 1 h
T " Aileron Koll (Rxght and Left) S ~ .Dem o
Y o . ‘Aileron Roll (R) ., e 2
: ' A.lleron Roll (L) 2

. C.ospht S(nght and Left) i Qamo'
L .. split S(R) o ' o Qﬂ
BT oo s SpheS (D). L ' 2%
' R " ,,Pefformance Measurement ' )
IS Aileron'Roll (R) - 1
. @ - pileron’ Roll (L) . : ‘ 1.
. Leop i v o D 1
gphts (R) ’ a IR |
"sphnS(L) o 1

Axlepon Roll (L) . : o o T K B

Aireron Roll (R)
L00p

3
3
‘ R I .5
4

~
'L .
3

Lazy 8" _
‘Lazy 8 C ‘
Performance Measurement

'Lazy8 e . : S 8



Lo LT R " Table A2 (Continued)

" © Misslons _ SR _ Task 1. - Repetition

-3. Basic Aerobatics . - Aileron Roll (R): o P
o o ' Aileron Roll (L) , o -
e _ ~Loop "’ o S S |
EOSE TR oo split S(R) B B
SR L. splitS(L) S
4 " Lazy8 e
T Do S .-~ . "Performance Measurement
S o - Aileron Roll'(R) . -
o s R o - . Aileron Roll (L)
s splieS(R) .. . oo
. _ Split'S (L) I c
- . - Loop B
o Lazy 8 S S

VUUOWwWw

o

4, Advanced Aerobatics Aileron Roll (R) 1
' S L © Aileron Roll (L) R ) 1
. o sleswmy 1
IR ' split S (L) Lo c1
* Immelmann Toe ‘ ' Demo . -
Immelmann _ ' o ‘ - .4
‘Barrel Roll - , A ' ‘,;’p-/ Demo
Barrel Roll = S _ A
: Cuban8 - S ' ’ o . " Demo
Cuban8 -~ o . S 4
Cloverleaf - . °= R ; ‘
: : _ " Cloverleaf - o : _ 4 -
4/ B Performance Measurement : - - ' 2
| : ‘ Immelmann S T 1
Barrel Roll o, ‘ .
Cuban8.. ' E , . 1 L
Cloverleaf. o : : 1 SRR

5. Ad\-/ence,d-Aerobati_CS Immelmann .~ - o : - _ 9
' I K Barrel Roll - S o 9
_ . Performance Measurement _ .
. ' ‘ o . Immelmann-, T . 1
s - ' Barrel Roll | . A |
Cuban 8 o
Performance Measurement L
S : - - Cuban8 . . S : 1 _ :
. B - -~ . Cloverleaf - - . .. o - 4 : >
' - : : Performance Measurement ‘ —_—~ . . ' ‘
" Cloverleaf '._ S R |

119

16




- APPENDIX B: DATA'COLLECTION FORMS
. " - . . . N . " ’ "

- . ANERONROLL ..

BTuoerr - 0 " IMSTRUCTQR DATE . . ° - WISSION

— ¥ T = <
~ PARAMETER . . , VALUE B

"“ - '- ) ‘ . . . -

-« B - -

- |_INITIAL PITCH ATTITWDE

BANK AT °COMPLETION ' R y

RN

L

e A " A .

o FORM e : —
AFHRL * op 16 _JO_S - ONE TIME EXPIRES” AUGUST 1976

e
R
Flat

. Figure B1. Aileron Roll Data Card. -




A

PITCH  RATE .

CONTROL _

1 2

3 .4

u

12

BANK CONTROL

O

—H

W,

. J .
AFHRL jop 76 105-

& ‘ .

- ONE TIME

Figitre B2. Loop Data Card.

\



s

[STUDERT ; - - INSTRUCTOR -

_ SPLIT.S”

"MISSION

PARAMETER ..

. VALUE

A4

: .

' |INITIAL PITCH ATTITUDE =

T =R~

ENTRY AIRSPEED -

a

BANK INVERTED PRIOR 7O PULL THROUGH

.. | crounD TRACK CONTROL

-/‘\.

(PULL _ THROUGH)

‘1., 2 3 4 &

v S -

# OF ATTEMPTS .

)

FORM ' .
AFHRL ppR 76 104 - ONE TIME

- Figure B3. Sblit S Data Card.

%\-' o 19

EXPIRES AUGUST 1976



o Y 7. & N R AR
TUDERT > -  |INSTROCTOR © DATE | MISSION

" PARAMETER ‘ o vAWwE .,

AlRSPEED - .
1 sapr- - o . 0 | . o
4 e R R B
B .| SR - 1
'“ﬂoo - L o -
360° V.

PAMK CONnROL . L - . | Ry

N ‘ E_ — - _ L
. : i . = 0
PITCH 'CONTROL . : o )
. : 1 2 3y 5 L N _ 1. :‘._;fn,'

g oF ATIEWPTS

MHENTS - ' s : o .‘:-_.'_;‘:.‘ F 1

o FORM . Sl . , R
AFHESE hon 6 102 X e il SR -
< ¢ ONE TIME . « .0 7 5+ .  EXPIRES AUGUST 1976

A

, ' Figure B4. Lazy 8"Data Card.




. [MMELMANN .

STUDERT ) " INSTRUCTOR | oATE. T T MISSTON -
. : . . . ,’ E LI . ) .
—- P = . e
PARAMETER Lot llvAWE U]
: [ -

L MAXCPULL-UP 6 FORGELC -

- ——

BANK CONTROL/PULL-UP i . B
TJ."L" ._..,2._’_.3_ iq.-,,.,i'.- _5 - _ Lo n e .
L E

] PITCH RATE._CONTROL - __ ..

1

3

5

Ty

2 .

']

- {_RUDDER __ CONTROL,

-1

2

3

‘NoNE

WRONS

———

CoRRECT

BANK ‘AT COMPLETION

| PITCH - AT COMPLETION ° e

# OF ATTEMPTS R .

cému:m‘s : - T T T T
- _ S

FORM N
APR 76 106  ONE TIME

. AFHRL EXTIRES AUCURT IOTS

E‘gure.BS . lnunelmam Data Card.

A\




BARREL -

ROLL

5 TUDENT ;Nﬁrnbc_ma v m-r'x"_'- ;~'n’x’ssxgi
| R vain
BN AT * HORIZON/INVERTED ~ S
| BaNK _AT - HORIZON/COMPLETION .
ROLL -RATE CONTROL/QVERALL (o
12 -3 .4 °5 SN
| _ REFERENCE_ POINT- ALIGNMENT _
1 -2 3 4 5 :
U E
_#_OF ATTEMPTS ™\
e T ———
L B 27 .
©yonM . 3}
AFﬂRL APR 76 107- - — -

Barrel Roﬂ Dﬁla Card.

.

.25‘

22




CUBAN 8/ 2nD LOOP

< ~JISTUDENT M INSTRUCTOR - = . .Toate ~ ] T Tn_xssxéu i

— __._7 s — -

° __n_ivx-:_aum.L(SmaI_Zm J.aum_.._.-.-_ ___ AR
| KL UP 6. FOBLE SR RN
| BaN CONTROL_—‘-- —

| L2 3 "y -5
.- .o ' E .
BRERE R N
. |_PITCH RATE CONTROL .__
ool 2. 3 4w 5

_RUDDER CONTROL w_ .
12 -3, L - -

sl __None - WRONG . ~CORRECT

_GROUND TRACK COoNTROL . - . | .
S 12 3 4 s~ il
oo b e e R L T -
~ # OF aTTEMPIS o .| ]

’ FORM ’ ) : :
AFHRL \pp e 101 — . . : . .
ONE TIME _ : : " EXPIRES AUCUST 1976

" Figu# B7. Cuban 8 Data Card. %




ISTULENT . . INSTRUCTOR DATE T ['MISSION

CLOVERLEAF

e e e e e

e ——— e — §r— - e st thainrvioeipa e s e ———— e —— it

————— e e —— e e —

Jeoe awrowvonuene o L}

B_ANK T_ HDRIZON”N}'ERTE" L

. _{2np _,_LFA_F. JONLYY 1 et

_U‘ U \f.‘__,.... _\___._T_,',__'__ SR

e e —— e i m e ey ——— e ——— e e f—— = — - pu—

AIBSEEED_C_Q!‘LIRO'/O_V_ERAL' RIS IS I
1.2 3 4 _Ls Y S

AJ!K_ _CONTRQL[Q‘{ERBLL_ N R S
27__:1_”"--; 5‘ e
_ —

".J .

—_—— T 0 B g ==

GROUND__TRACK CONTROL/GV&RALL R A
-1 2.3 4 |5 |

] U i i ) :-_ l\E e ~ « )
# OF LEAVES COMPLETED ‘\' N S o
S

4 OF ATTEMPTS . T P
- e
o s e 41 - — —-—— ———

AFHRL Fl‘ji o100 | ' A N
. S ONE TiMe, . EXPIRES AUGUST 1976

Figure B8. Cloverleaf Data Card.

b o o ' ' . ’ N

. . . v,
. . .. S N . - . 1 .
N Lo o . : RS .
. < . . . . ) .
. . ' N -
.

-
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APPENDIX C: DATA COLLECTION INSTRUCTIONS

:'As you are probablry already aware, you are being asked to collect information on the performance of -
some students in your flight on selected basic and advanced acrobatics thancuvers. Some of the students

have recelved prior ASPT training on these mancuvers; while others have not. We are trying to determine in
as prec1se and quantitative manner as possiblg the cffectiveness of this training. Sincd you are the best
qualified to evaluate their performance, and, therefore, the value of the training, we are r(dquestlng that you
assist us in obtaining the required information. . _ . : t

- This 1nformatlon has been requested by several agencies - w1th1n the Air Force, mcludlng ATC the,

" Simulator SPO, and Air Staff. The data that you are taking w1]l be used in decisions on what kind of
simulators to procure. Most major commands are in the proces§ of deciding what kind of trainers, with
what capabilities and relative ‘training cffectiveness, to buy. The Human Resources Laboratory has been
.tasked with supplying a major portion of the data to aid in these dec1s10ns Therefore, the data which you
‘are being asked to collect will have far-reaching consequences. - . g

In order to obtain meaningful information, it is necessary to collect systematic information in as’
standardized a manner as possible. On,each, sortie in the basic aerobatic block (C25XX), we need data cards
filled out on the first: attempts by the students on the followmg mancuvers: (a) Aileron Roll, (b) Split S, (c)
Loop, and (d) Lazy 8. Thus, on each sortie, you will have taker data on four maneuvers. Likewise, during .
“the advanced aerobatic block (C27XX cxcepting their solo ride), we need the first attempts by the students
- on the followmg maneuvers: (a) Immelmann, (b) Barrel Roll, (c) Cuban 8, and (d) Cloverleaf.

The precise format for data collection is discussed below If you have any questlons regardmg exactly
~what information is bemg rcquested please ask.

e

~ combination of your _]udgments and specific instrument values. You should be able to complete the cards

There is a separatc data card for each of the maneuvers pre\uously listed. The data requested arca

~accurately with little impact on your instructional dutics. The dati packets should be accompanied by rings

allowing them t6 be attached to your ﬂlght sit. It i is critical that you complete each card |mmed|ately after

completlon of the maneuver . - v .
oo . . o

,Basic'Aerob'a'ticS' czsxx T , C _ o
1. AxleronRoII A ' . _ - . B T

“a. Initial Pitch Attttude As nearly as you can mterpolate note the p1tch value 1mmed1ately prlor" )

to the roll , : ' g

e

e

vvvvvv

b. Bank at Completton As soon as the rollis completed ‘record the bank value. NOTE Ifthe )

student undershoots or. overshoots and then«corrects, record the value of thé undershootl0vershoot

" c.. Roll Rate Control: “This is a rating scale and calls upon your Judgment as to how well the
“student maintained a consthnt roll rate. A scorc of five (5) represents the highest score and should indicate
a constant roll rate throug (out the maneuver. A score of one (1) is the worst possible and shouldcrepresent
exceSslvely erratic roll rates. o .

2 Sp]lt S

féu.’ _ . . . \
b Entry Airspeed: Note the .u.rspeed at which the student beg1ns the roll * o _
o ¢ c. Bgrk.at Entry (Inverted} After the student rolls to the,mverted pos1‘taon and befOre he starts R
the pullth'rough note the bank angle. == - : N , ST

Ca. Imtlal Pitc Attltude As wrth the a.lleron roll notc the pitch value 1mmedxately pnor to: the'

ST d.: Ground Track Control (Pullthrough) This is aga.m 15 pomt rating scale asklng for your .

udgment as to how-well the student maintains his ground track A score of ﬁve”(S) represents the best

e



" performance in:iicatcd by a student who ‘r-n:'ﬁnt_ai'ns continuously the ‘prope;\ grotnd track alignmment: A - Y
score of one (1) would be called for-if the student loses all coficept of how to maintain alifnment: '

3. Loop. - . R o 4
a. Pullup G Force: Record t}_\e‘ maximum G force during the pull-up. |

.. * b. Pitch Rate :t'on:tfol: lAg'ain, a'5~p0illlt rating scale. A score of five (5) would indicate a constant
pitch rate, while a score of one (1) would indicate erratic changes. '

c. Bank Control: A score of five (5) would indicate that “the student maintained wings level
continuously throug}iou‘t the maneuver. A score of one (1) would indicate erratic shifts in bank throughout
the maneuver, or complete disregard for bank control. - ' Py " '

_ d. Ground Track Control: Record a score of,ﬁ\)c (5) if the student maiﬁtained- excellent ground
- track alignment and a'store of one (1) if the student was erratic or lost is track completely. - o
4. Lazy8 _.. - | '

a .

" ‘a. Airspeed: Record the airspecd value at each 9p° increment of the.manleuvér. 1f the student ‘
" fails to complete the maneuver, enter NA for the remaining points. ' _ ‘ E
b, Bank Control: Again, a 5-pi)int rating scale which will indicate how well the student
maintained bank control. Since bank varies throughout the maneuver and changes are induced in order to
arrive at.the prescribed points, we are asking you to judge how well he did this and how smoothly he did it. -
. A score of five (5) would indicate proper application of bank changes in a smooth manner. Ascote of one -
(1) would iridi%ttc inappropriate bank-changes and/or rough, jerky inputs. - b ‘ ' ' '

4

c. Pitch Control: As with bank control, we are asking you to judge how well the studént’ {ls:e&;lﬂ
.~ pitch inputs to perform the maneuver. A scorg of five (5) would indicate appropriate smooth inputs and a,
e, score of one (1) would indicate imappropriate and/or rough, jerky inputs. ' o .
! Advanced Aerobatics: C27XX ‘ ' '

" 1.7 Barrel Roll '

L an Bank -As Nose f_’assés Threugh Horizon {Start}: As the student pulls up‘througlh the horizon at
7+ the entry, note the bank angle. .~ . f .- ‘ : ' ‘ oy ; ‘ o

S - ,b. Bank -As Nose Passes Through® Horizon (Inverted): Again, note bank angle as nose passes
through horizoh- OTE If student-achieves wings level (inverted) above the horizon and then. continues
“with the roll, his bank angle at the ‘point at »\;h_ic'h't_he'nosé passes through-horizon is the data point we are’
. in,t_ere'éted in. -Conﬁvers?:cl:y,' he may not 'achigvé' wings level until the 'noéi_:'.'has passed through the horizon.
Again, we-need the bank at the intersectionof nose and horizon. -~ - - -~ a ' S

e , -

" c,__' Bank As Nqse' Passés -Through qu_izon' (Completio ) T'h_e' same consi_.dgrations‘ apply for this '
point as the previous two entries.. "\_ BRI S 3
o - d. Roll Rate Control (Qverall ):.\Th‘is item is again scored on the-5-point r;ﬁhg_scale.iﬁ which you
"~ must judge constancy of roll rate.A score of five (5) indicates'a'smooth, well coordinated, constant roll

rate. A score gpone_(l_) indicates erratic andvin‘consisten't roll rate. RS

e. V'Referen_cé Point Alignment: On the-, 5;poi_nt scale, j'udgé.aceurateIY' the gircraft r.Otated:about

"the student’s reference point and whether the student completed the ‘maneuver on the'same point that he
"started the maneuver. A score of five (5) indicates a constant radius with terminal position-the same as
'startiri'g position. .A"s’_core‘ of one (1) .indicétg's' erratic radial control z;nd'lor-the eicessi#e, deviation from
terminal point. . . - SR ' ' S ' o

2. Immelmann - .

Cw- . @

a. Pullup G Forcé"; As m ‘the‘.l'oc;‘p, note.the 'maximtim G"f_o.r_'c_e durmg .the_"pdlllip; o

C. o I N .28, 9 R




b. Bank Control Pullup ,,Judge h0'w wéll the student ma.lntamed wmgs level dunng the pullup
A score of five (5) indicates ‘a-consistent ‘wings level attitude. A~ score of one (1) md.lcates excessive"
, ‘devmnon from wmgs level and/or erratic changes in bank attltude :

' Pitch -Rate Control "~ Pullup: Assess How well the student mamtamed constant pltch rate
’ dunng the pullup A score of ﬁve (5) mdlcates constant rate, whlle a score of -one (1) indicates erratle
changes (37 - s i . .

-

d.. Rudder Control: lndlcate whether the student used rudder properly w1th three (3).
_ ApphcatJon of - wrong, rudder should be noted mth‘h two (2) whrle no rudder should be mdxcated with a -
" one (1). . , ,

. ,)
r“.

e.- Bank At Completzon Record the bank ang]e at thg complet1on of the roll. NOTE' lf the

f Pltch At.CompIetxon Record Pltcl’l valud at the termmatlon of the rol]

g Ground Track C'ontrol @n. the 5-pomt scale assess how well the student mamtalned ground
track ahgnment A score: of five (5) mdlcates continuous ahgnment wlule a score ‘of ‘one (1) mdlca;.K/
excessive deviation and/or erratlc dé\nanon fr:om the proper ground track.’ :

e

-3, C'uban 8 = Seconil Loop Onl

o ;_.,We are; 1nterested in. assessing the student s performance only
x _:.-'durlng the second loop of-the Cuban 87 e :

o ) a. D}Vé’ Angle (Startpf Second ];oopl After completlon of the roll in‘the ﬁrst loop untll the
. _begmmng o) Athe second loop, obs,érve thg d1ve angLy Re,t:ord the value which represents an average of the
7 p1tch atntude dunn,g this penod, dar T : :

v

b - Pullup’ G Force Record maximum G force dunng the pullup of second loop

<

_ ¢ Bank Control Assess the student s-ability to'maintain wings level prior to the roll, usmg the
8- pomt scale, Use cntena as 1n Loop' and. lmmclmann. o o

d: " Pitch Rate’ C’ontrol Assess thc student’ s ability to maintain constant p1tch fate prior to the
roll: Using the 5-point scalc appIy the same criteria as in Loop and Immelmann

e Rudder Controj As in the Immelmann record a three (3) if the student apphes appropnate
.rudder, a two (2) if he uses wrong rudder, and a one (1)if he does not use any rudder.

f.. Ground Tl"ack Control Usmg the 5- pomt sca]e, apply the. same criteria as Loop, Split S and ’

' lmmelmann S
.4, CIoverleaf

~a. Pitch At Roll - Second q[,eaf Only Record the pltch value _]ust prior to beg]nnlng the roll in.
. the second leaf. ~

4 ]

. _ b. Bank At Horizon — Inverted — Second Leaf Only Record the bank angle as the nose passes _
' .through the horizon (inverted during the second leaf) ' ‘

- Number of Leaves Completed Simply note the number of leaves completed If this value is’
less than four, indicate the reason on the back of the card . S :

d. Alrspeed Control (Overall): Constdenng the entire maneuver (or.for the number of leaves.
complcted) rate the student’s ability to maintain airspeed control A score of five (5) indicates that the
~ student attained proper airspeed at all critical points throughout the maneuver A score of one (1) indicates -

» " the student néver cage close to attaining appropnate a1rspeed

. e. Bank Conitrol (0verall} Considering: the ennre maneuver, rate - the. students ablllty to
_maintain bank control-on the 5-point scale. A score of five (5) indicates smooth’ application of aileron

inputs such that ‘the wings are- maintained level during pullup, smooth roll, and wings level dunng o |

pullthrough A score of one (1) mdmates excessive bank deviations and erratic inputs. s

f. Ground Track Control Usu?/g the 5-point scale, rate the student’s ability to achieve and | ,
maintain appropriate ground tracks. A score of five (5) indicates appropriate alignment for each leaf
_completed ‘while a'score of one (1) 1nd1ca/:es excessive deviations from the appropnatc ground tracks for all
leaves completed :

"W




APPENDIX D: DESCRIPTIVE STATISTICS AND DATA ANALYSIS SUMMARY = ¥ '

. ,
. R
- V . . ) N . : ' H
Table D1. Descriptive Statistics for ASPT IP Ratings ~ ~ =~ = '
. Motion . o ".‘f\. : . No Motion. 7
R Teiat 1t . o Teal2 CfL . o Triaid S - Trial 27
‘Maneuver X " sp X sD. . o X so X : . spD -

: N - . R i . . s i
AfleronRoll - 873 .81 * 892 ' 102 - 821 - 139 9.67 123"
Loop 789 151 . 925 116 6.52 2.36 . 9.25 1.23
Split S . 6.45 202  8.00 1.55 © - 6.45 . 196 854 122
Lazy 8 © 510 ¢ 2.61 543 1.78 5.09 1.88 . '6.65 . = 165

_.Immelmann 6.62 - 1.62. 8.22 1.90.  5.09 2.02 . 8.09 - 1.68
BarrelRoll . 521 . 273 771  2.05 . 5.82 2.37 . 7.27 1.91

_Cuban8 6.59 1.74 871 1.54 - '6 SM 2.23 8.65 1:86
Cloverleaf = =~ 7.57 - 250 .  8.86 12,17 '6.80 2.27 8.60 1.28

. .
Table D2.. Descriptive Statistics and Analyses for ASPT Data

Coie CL L e UNiotlon - L No Motion .- " F-Ratlos - L

- ‘'Measure . . ‘Friabv  Trlai 2 ¢ Triai 1'12,. UTrial 1 Triat 2 Triat 142 o Tral . Tral2 Triat 1+2 .
o _ Alleron Roll, - - ST T e e

Pitch Att - 6.00 587 . 592. 570 697 - 633 . .12 . 2.06 547

) Bank_Comp - 6;58 © 3.67 512 585 2.92 - 432 a2 38 .43
Roll'Rate . ~ 383  4.00 - 3.93 370 442 407 - .22, 3.87% .58

. R | Loop . o BT -

. MaxG 270 a7 21 77 19 45 415% 02 3.21%°
" pitchRate . 358 392 ©.375 = 309  4.08 3.67 - 373 .31 .12
Bank Cont ~ 3.33  4.00  '3.67 300 375 342 39 . .37 . .51
‘GndTrack ~ ~ 3.67  4.00 ~ ~3.83 345  3.75 367 .25 .34 - 257

Pitch At 804 892 851 809 712, .741 .00 . 188 1'36' f
Entry A/S - . 7.36- 13.25 - 10.04 2.50  9.46.  7.95 .90 60 - 12
‘Banklnv  '1059  6.58 825 1041  3.42 6.49 .00 5.19%* . °. .57
Gnd Track 3.00  3.62 333 . 336  3.79: 363 - -1.04 30 . °'1.22.

o S . - . ff o - . ‘. . . . ) )

~ A/8stat 5 00 .00 - .00 .00, T .00 .00 .00 .00+ .00
S VL 13.08 11.46 1221 _ 1583° 1250 1417 .35 . .. .06 - 51
" A/S180° 19.58 - "23.09 . -21.21 ( 20:92° 16.00 1846 .06 - -.90.0 .35
A/S270° . 2317 21.09 23,75 \23.00 17.42 . 2021 .00 - 43 .t 45
'A/S 360° - 19.00 i 25.91 21.58. }19.67 . 17.50 . 18.58. = .01 . "190 .27
. 'Bank Cont "’ 250 291 267 = 258 - 28 ;271 .08 . .07 .04
" Pitch Cont 2.58  2.55 +2.54 233 -3.00 267 . .61 169 61
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gt D BT Table D2 (Continued) -

TN U motlen” T - No Motion -, . .-F-Ratlos .

. Measurs©  Triatt . Trial2 . Trial 42 .Trial1 Triat2 . Tral1+2  Triall . Trai2  Trial 142
e I P TE R B
R _ st LT :
o0y oo xT TEe- ., “Barrel Roll

: 333 - 5047 [.817 408 613 19 - .11 18
BankInv .\ 35.00 ; 22:92.  28.96 . 19.17 1233 1575  1.75 67 . 1.28
BankComp™ ' -6.08. . 2.75. . ,,4.42" " "6.67 . 4.50 558 .05 119 .52
Roll Rate . .+ .2.42° "~ 3:58™° . 300 - 2.50  3.25 2.83' - .04. 160 .21
RefPt. -~ 233 . 358..7°29 ~ 233 .325 279 .00 77 .27

* ! \.-\

:fBa.nk Start "-'."-‘eu“.‘é'-?Sf. 333 ’

. , o Immelmann =~ - . | o
MaxG ©~ 100  51. .76 " . .90 . .33 61 13 . 1.61° 1,03
BankCont . 375 = 4.33  4.04 3.75 3.58 . . '367 - .000 = 547** 188
- PitchRate  '3.58 . 433 _ 1396 292  3.75 333 . -3.30% 237 - 3.85% .
Bank Comp ~ 8.08  4.25. . 617 = 3.67 425 - 396 344 00 . 1.86
- PitchComp .. 5.58 .7.42. @ 650 . 11.92  9.17--.;10.54 . 7.04** .78 - 4.19%
.. . . .. Cloverleaf Coe T : _ :
Pitch & Roll . '6.00 525 563 11.67 875 . 1021 = 2.85 1.59. - "3.99*% "
BankInv - - 18.00 20.83  19.42 ~ 6.67 ° 308 . 4.88 .58 .. 147 98

" AfS Cont. - 3.58 3758 ;| '3:58° 3.33  4{007 i 3.67 . .25 . 135 .10

~ BankCont’ - 3.42° " 4.08 .. 3.7% 275 342 308 2.33\_ 4.96*%*  4.82%*
© GndTrack . 3.17 ° 375 346 -~ 283  3.50] 317 -.-63~\~;-_. » .36 - .81

. Dive Angle = 8.58 - 583 . 7.21 1292 - 10.17; 11.54 -1.08 . | 231 231,
‘Max G .52 38 43 42 67" 0 .86 15 7 % 301* .58
Bank Cont =~ 325 400, 3.63 325 3.67 ‘346 ' .00 . .79 30"
PitchCont ~ 3.33 ° 3.67 3.5 . ' 350 392 371 19 =~ 86 - .66

'GndTrack . 3.08  3.92" - “3550 317 375, . 346 06 . 17 .03

*p <.10. . oo .
C oxxp < 05, B T 4

_‘Ta‘brle D3, liescfiptive S.tatisti‘cls- and.Analyso;é for T—37>hrcraft Data

Measure . ' N/M Motion Control - Feratlo. ' MvsN/M .~ ExpvsCon
L | ~ Aileron Roll | S
‘InitPitch. . 459 45 . 530  :.22' % .09 .66 .
Bank Comp = .° 1.79- 342 - 460 - 252 156 © . 1.82*
Roll Rate 387 38 .. 400 .22 . . .03 - 68"
o B . Loop . ' : .

MaxG ©~ - - .29 . .35 . - 46 . * .89 oo 64 124
Pitch Rate. - 3.34 342 ¢ . 326 21 36 .56
BankCont © = 3.20 - 332 - . '3.24 a1 47 . .08 .
GndTrack - -~ 319 - 356 . 337 - 1.01 S 148 o o 01
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. Table D3 (Continued) N
L . t t
.. ‘Msasure N/M Motlon - Contral F-ratio C MysN/M "ExpvsCon
: . , | Split S . ' _
 Init Pjtch " . 6.02 5.06 - 4.45 96 .82 1.1 |
Entry A/S w2 6.12° ‘6.44 31 .64 46 ,
~ Bank Inv . '6.30, - 4,57 6.18 1.07 < 1.40 .65 '\
“Gnd Track 317 . 340 - - 308 ° .68 .87 .82 RE
AlS Start .21 2 .38 .00 .87 49 119 - -
. A/S90° 22,12 "17:01 22.10 - a5 1.04 . 61" ' ‘
- A/S180° ' 22,58 122,40 C17.74 . 24 .02 a1
AlS270° 2028 & .16.56 . 23.84° 71.20 a5 1.34
AJS 360° 13.03 . -11.27 17.55.  2.72* 67 2.26%*
" Bank Cont L 2.97% . 2.83 271 .64 .64 97
: Pltch Cont 292274, 2.36. 470** .1.03 C2.97%*
: ; o ‘Immeimann = . - |
Max G . S39.0 .4 S5 119 - 140 ¢ . 1227
BankCont 298 3.68 . 3.26 " 2.05 —2.08% . 23 .
~ Pitch Rate 3.36 - 3.62 7 3.04.. . - 1.96, . =96 - 1.79* :
" Rudder Cont - 2.64  2.86 2.54 134 -1.06 120 .
"' Bank Comp 4.46 . 2.88 .2.56 104 110 92 :
_Pitch Comp 949 . 09.09, . 10.39° 14 .20 -.52
) . N Lo "'B'arr'ell'lolrl ' _ T .
Bank Start 538 . .246 48t - . 89 . . 1.63 —42
Bank Inv 7.71 £ 6.73 17, 22 | 5.98%%* 41 —3.50%**
Bank Comp 2.08 1,96 : - 457 173 . 1 -1.89*% | .
" Roll Rate "<« . .% :2.92 2,58 2.04 7 - -.1._73*".* 1.30 2.89%**: <
" Ref. Pt. . 2.89. :  2.80 2,060 . - 7.26%%F - 34 3.85%**
R _ - \ Cuban8 e ‘
Dive Angle = 9:58 0 10.69 .- - 13.68 .88 . =39 0 (—130
Max G 36 .28 53 62 Y56 .- 108"
Bank Cont . 3.35 3.30 3.14 29 ;a5 76
" Pitch Rate’ 3.29 3.44 3.22 .37 —.56 64
- Rudder Cont 1 2.83 2.71 2.29 4.23%* i .76 [2.87%%x
- Gnd Track, ©2.97 13.09 1< 2,50  2.61% B | o 2.27%%
AR . ~ Cloverleaf \ i - ' .
* Pitch & Roll 6,32 . ©6.35 0 10:24 - 2:04 i -1.38. —2.05%*
Bdnk Inv 6.58 . - -6.35 - - ° 1.0 - 05 7,02 —39. .
'A/S Cont’ 3.20 - 3.32° 2.50. '4.92%% ‘v o 45" C3.15%*x
Bank Corit ~ ° - 290 -3.20 2.61 S 2.04 - : -—1\14?- N 1.74*%
. Gnd Track . '2.90 - 3.05 2.51 157 ~:66 1.69.
: *p <10, C : , g ‘f .':
**p < 05,
*hkp < 01, | .
:“‘.' 3 9
R Ry o
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