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PREFACE |
\

This report was- completed under Project 1123, USAF Flying Training
Development; Task 112303, The Exploitation of Simulation in- Plying Training; Work
Unit” 11230307, Handbook of Research Designs for Advanced Simulation in

| - : Undergraduate Pilot Trajning Dr William V. Hagin was project scientist and Dr. Thomas

S 4 4 At
1. UTd Yy Wdas LU aoiiat ot
'

- " AFHRL-TR-75-26(1) is based upon work done by Life Sciences, Incorporated (LSI)
.under USAF Contract F41609-73-C-0038 and documented in LSI Technital Report 742,
f“Traming Research Program and Plans. Advanced SimuMtion in Undergraduate Pilot
l’Training,” (Matheny, 1974). The LSt report (AFHRL-TR-75-26(I1)) was based upon
[work done before the Advanced Simulator for Undergraduate Pilot Training (ASUPT)
‘was fully devﬁoped and was published shortly before ASUPT was formally accepted.
| AFHRL-TR-75-26(1) not only provides an executive summary for the LSI report, but also

o | adds reality to what has been conceptual planning; Appendix A specifies the issugs Which

will be investigated this year and depicts AFHRL/FT facility programming during the

first calendar year of ASUPT operation.
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AFHRL/FT CAPABILITIES IN UNDERGRADUATE PILOT
TRAINING SIMULATION RESEARCH:
EXECUTIVE SUMMARY

L]

< . .
1. INTRODUCTION AND APPROACH * . 2

1 L]

P e S T T

The mussion of-the-Asr-Force Human Resource Labora

N —

to “improve flymng traming” through the development and evaluation of innovative training methods and

devices. A sophsticated —faciirty—housing -a-ntiriibei—of -unigue pilottraiging vesearch devices; has-beep—  -— ——— -

developed at Williams Air Force Base, Arizond to accomplisft "this missioni. Of these devices, the Advanced
Simulator for Undergraduate Pilot Training (ASUPT) has the greatest potential for the investigation and
resolution of flying training issues. o )

ASUPT has been designed to be a state-of-the-art research device with every advanced capability that
f]ight simulator technology ¢2n provide. visual and motion cueing and advanced training features. It will be
systematically used.in research studies to validate the contribution of altemate hardware configuration and
tramming methodology combinations to pilot training. Emphasis will be focused upon undergraduate pilot
traming (UPT), but generalizability to other pilot trajning programs is also considerggi highly important.

The exceptional capabilities of ASUPT and the broad spectrum of possible research tasks, coupled
with heavy workload and an acute shortage of in-house manpower, justified a decision to contract for
wdentification of the simulator design and training research problems considered most important on
cost/benefit criteria and delineation of the AFHRL/FT efforts appropriate for efficient utilization of
facility resousces. In addition, me thpdological outlines of first priority studies were required. .

There were three phases in the contractual work effort: (1) development of a list of priority research
issues, (2) assessment of the research facility capability, and (3) recommendation of the initial

investigations to be performed. »
¢

o

11. PRIORITY RESEARCH lSSUF

The invéntory of priority résearch issues was developgj in tivo steps. In step one, a list of research
issues was generated by canvassing a “panel” of selected individuals recognized 3s expetts-in the field of
pilot training and related res rch.- AFHRL-TR-75-26(11), Appendix A lists their names and current
organizational affiliation and p?élvides a copy of the letter of instruction sent to each. Each of the twelve
panel members submitted a list of issues believed to be most important for pilot training research. Their
inputs, combined with data from the contractor’s literature reviewl, produced an initial listing of fifty-five
possible research issues. R ’

In step two, the research issues were clarified, consolidated apd returned as an unordered list to each
expert, The panel members were asked to rank the issues according to judged importance using a modified
pair comparisons technique. AFHRL-TR-75-26(11), Appendix B lists the research issues evaluated and
AFHRLATR-75-26(11), Appendix C 1s a facsimile of the rater instrugtions. Ten of the twelve panel members
responded with rankings of the research issues. AFHRL-TR-75-26(11), Appendix D depicts the full list of
prioritized issues. ’ Y . )

The top and bottom priority issues, abstracted from AFHRL-TR-75-26(1l), Appendix D, are
presented in Table 1 and Table 2, respectively. - .

.

1. CAPABILITIES OF THE AFHRL/FT RESEAIl{CB FACILITY
X - . .
The research equipment ‘at AFHRL/FT (fully described in gHagin and Smith, 1974) are briefly

summarized. '

The Advanced Simulator for Undergraduate Pilot Training (ASUPT)

ASUPT is a two-cockpit, full-motion simulator with a wide-a gle computer image generated (CIG)
visual system. Motion cues are provided by az_sixdegree-of freedon) synergistic motion platform and a

; 8 /
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Table 1. Rankings of Top Priority Research Issues * ~ [ ‘
(10 Raters) S
L Ranking i ttem e Median Rank _ Q . e
1 Content of the Visual Display 6.0 10.75 ’
-2 - Motion-Vision Interaction ARV § 51 ¢ EESSURS § K. | ¢ SO
T —Quality of the Visual- Display 125 19775 .
4 Performance-Measurement-Systenr— S S o o
Output Measures ' 125 12.75
: 5 Sequencing of Training Tasks 140 11.00 .
. , 6 Contribution of the Individual or o
) Combined Degsecs of Freedom of Platform 14.0 11.75 ’
7" Instructor Training—Performance Evaluation 14.5 11.00
8 Cognitive Pre-Training . 15.0 9.75
9 *Contextual Training N 220 9.00r
10 Adaptive Training . : 25.5 10.75 .
y ° i‘k
Table 2. Rankings of Lowest Priority Research Issues /o : .
(10 Raters) ) :
Ranking 7 ftem Median Rank Q
. ] 46 Instructional Ards  Mancuver Demonstration - 3150 1550
. 47 Extension of the Traming Syllabus 350 1435
48 Contribution of the Gravity Alggnment o
. Cue to Traming ) 350 T0.25
+ 49 Disonientation Traming . 1S5 7 125,
50 Feedback Time Delay . 0 10,00
51 * Tramee Motivahion . 05 20 50
52 Performance Measurement  Observer ; 4
, Opmion Data ' ) 380 T K00
53 Determination of the Tinportance of the ’ -
. ‘ Auditory Spectra as a Means of Adding .
./ Realism ti the Traming Situstion 40.0 " 8.50 .
54 Determination of the Impaortance of the
M ' Auditory Spectra as Interference or Nope 44 0 10.75
55 /\lrU:xﬂJ)ynmnqu Snnulnmyn . . 45.0 ’ 18.75 . l ’
(/Ihc seminterguactile ange valnes (0) o flect cemyne ditfesences of oprajon mum{y raters on the
“ relative importance of the ksues -~ . .
; ]
* G-seat. The 7-faceted display provides a representation of the visual scene simlar to that seen from the T-37
aircraft” ASUPT also has a pumber of advanced instructional features designod to increase its training .

effectivencss, including selective malfunction msertion. simblator freeze and rapid re<initialization:
automated demonstration; self-confrontation, and a nymber of methods of providing student feedback.

) . ~ -

5, Instrumented T:37 Aircraft’

An mstrumented Te37 aircraft is an important resource for obtaining basic data on pilot aircraft
* control behaviot. Itis essential to testing the concept of performange equivalence (Section 1V) because 1t
permits investigation of the relationship between pilot aircraft cofitrot and aircraft system response.

. .
B “ -

.
*

.

L
. The T4G Trainer |
A T4 instrument trainer on a two-degree-of-frecdom-motion platform with an clectronic perspective

transfornfation (EPT) limited field-of-view visual system provides a high-quality scenc of the approach, :
landing and" take-off sequence. -
o .
ot S z;éﬂ}? S ) . ’ .
; 9 A P
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: — . . .
" ERIC o ¢ ‘ s
, . . - » .
- . . . . R ‘ .

'




/;" ‘ ) ' ! i )
i ' :

N - \ -
! The Eormation Flight Trainer (FFT)\ A
The formation flight trainer is a fixed-base, Fart-task trainer which provides some of the essential
. visual cues for teaching basic formation flight skills. The cockpit has a stick, throttle, rudder pedals, and
\ii, ~simple instrument displays. The FFT simulates the rudimentary flight dynamics of the T-38 or T 37 e
. %‘ aircraft. A spherical screen provides a 200-degre{: horizontal and 90-degree vertical field-of-view. : |

The T.’4g:['rninpr [ - [ -

. ;: ,Ihqjl‘_-t},()_is an instrument and procedures trainer on a tyyg-degree-of-freedom motion system. It has a |
side-by-side seating-cockpit with instrument panel cornfigara; forr-stmifar-fo-fhat-foundiirthe T-3%aireraft.— ————

Other Equipment and Devices within HRL/FT

(1) The automatic data acquisition and control system (ADACS) can be used with the T-4G, T40 and
FFT to record and process experimental data on up to 29 measurement parameters. (2) A helmet-mounted,
eye;movement recorder can be used in aircraft or simulators to provide data on field of view and stimulus
information used by the pilot (AFHRL-TR-75-26(1l), Appendix F). (3) An audio-visual instructional
facility includes % video laboratory for the production of instructional presentations, a series of learning
center carrels, and the audio-visual instrument training (AVIT) device developed by Life Sciences, Inc.
AVIT presents visual and aural information with programmable branching in either mode. The student
interacts with AVIT through simulated aircraft controls and multiple choice response Keys
(AFHRL-TR-75-26(11), Appendix G). -

s .

3 L 1V. METHODOLOGY AND RESEARCH PROGRAMMING‘

In applied studies, research methodologies and resource utilization are incxorably intertwined.
Procedures that may work well in the laboratory may be operationally infeasible if the equipment or
' techniques required are too “delicate” or %ostly. This issue will be briefly addressed in the following £

section.

Methodological Considerations 5 , ' .

13

The classical transfer of training paradigm is often used for research on training methods and training  «
effectiveness. Results are expressed as transfer ratios (TRs), or when cost/benefit concern exists, as either
transfer effectiveness ratios (TERSs), or incremental transfer effectiveness ratios (ITERs) (Roscoe, 1974).

Thé »‘running time” and subject requirements of these methods present real problems in an operational
environment such as UPT. The primary, problem lies in the flight and calendar time required for

, *_ demonstrating skill transfer to the aircraft aftex-device training. The flexibility of ASUPT and the number
of experiments possible demanded a search for alternative, more efficient methods. Otherwise, the real
dollar costs per study would be excessive and the total information output from the AFHRL/FT $30
million facility .relatively low.

’ . Requirement for Alternative to Classical Transfer Approaches. A large number of studies can be done
using ASUPT, as the criterion device if it could. be shown that it is a valid representation of the T-37 airc raft.
For operational trainets, this has been partially accomplished By implementing:the mathematical model of
_ the airctaft’s flight dynamics as accurately as possible and parkially by pilot evaluations during acceptance
< testing. For ASUPT to be used as a rescarch criterion instrumient, it is essential that it be ,more
quagtitatively validated as “T-37 equivalent.” .

‘ Performance Equivalence. The procedure for establishing ASUPT as T-37 equivalent has been termed
“performance equivalence’ (Matheny, 1974). Thig* concept hypothesizes that if pilot and system output
measures are statistically equivalent whensintulatof and aircraft are flown to specified tolerances, the two
devices—simulator and gircraft—are equivalent for training purposes. Equivalence is assumed to be established

o — upon-demonstration-that system performance (ie., ntan and machine) under one set of conditions is not
different from system performance under a reference set of conditions.

* If ASUPT’s performance equivalence becomes established, it can be the criterion system, both for
.many transfer of training experiments and for research which is impracti€al or inadvisable in the aircraft

~v
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(e.g.,situations which impose safety hazards or unusual stress¢s on-thé aircraft). Establishing the utility-and
validity of this technique for ASUPT investigations will also provide the groundwork for its use in the
evaluation and calibration of other training simulatofs within the Air Force. ™ - ) ’

-

The gerieralizability of the findings on training methods and devices obtained in this manner might be
questioned: it coyld bethat resulfs obtained using ASUPT as the criterion system are not valid for inferring
transfer of training to the aircraft. If this were true, the results would also not be valid in other_simulators —

dmw?e@ﬁﬁnﬁmgﬁﬁﬁﬁ‘m—‘mﬁgénefauzam fo_another_Either
contention is contrary to long standing practice in education.and training: many training methods and— -
Tl techniques_developed _in. ‘one_context_have proved valid when used across a variety of training situations.” - —-————
: Thus, training on simpler ygtems’ which transfefs positively to the criterion ASUPT would be effective
training for the aircraft, although no. training method, procedure, or equipment can be “p)roved” effective
il

until positive ‘transfer to the aircraft.has beenlemonstrated. . X .
¢ i Y v
LA ety Y T
Research Program S LE

P ~

e : " LT s
The research program was dgxpeliap\e$f?3ma conceptual model in conjunction with considerations o
v

resource utilization ang 5{?1£T§ngﬂqathn. 2 . k3

Program Modél* “fhe two/major elements iy the suggested research program (Figure 1) are: (1) the 3
development of progedures, methods, and-measurement techniques as a technology base for ASUPT, and
(2) explorattesh!experiments and *validating -experiments in the research phase. Development of a §‘ .
stechnological base is fundamental to research generalizablelto other training research programs and future ST
simulator procughent. , x/

The research phase of the program is divided into two parts: investigations of training methodology,
and investigations of simulator hardware requirements. Each of these areas is further divided into screening
and validating phases. The exploratory, (or screening) phase will systematically reduce the number of
variables and will be performed prior to formal experimenation. Results of exploratory experiments could
form the basis for recommendations for improving training effectiveness without going through the formel
experimental stage. {

Training methodology and simulator hardware requirements are not mutually exclusive areas of :
research. Certain training methodologies require unique simylator cRaragteristics. Conversely, certain
simulator characteristics necessitate specific methodologies.

s Research Program Considerations, There weré two primary considerations used in the development of
the model.

Resource Utilization Programming. For efficient resource utilization, research dealing with training
methodologies and student progression should utilize the least complex and most inexpensive devices. For
example, the use of the T-40 and T-4G simulators in the T-37 UPT program demonstrated the worth of
such devices in determining the contribution of different training approaches (Woodruff & Smith, 1975; g
Woodruff et al., 1974). These inexpensive simulators can also be valuable in the investigation of system and
operator output performance geasurements. . *

Dimensions for evaluating training. A distinction is mad® between efficient training, economical
training, and effective traifinig, Efficient training brings the student to the immediate training goal in the "
shortest training time..In many situations, however, criteria other than time must be considered. Economic
and human résources, noise abatement, and many other factors affect the evaluation of proposed training

- strategies. The decision maker must weigh these costs in terms of economical training apart from the time
dimension used in assessipg efficient training. If the skills acquired in attaining the immediate training goal
can be applied in a larger training objective, the training is effective. For example, if the cues used in
approach and landing can be taught more quickly using a highly abstract display, we have an efficient
training technique. It will be an effective technique only to the extent that the skills acquired using that
technique can be gpplied in the larger, more realistic situations; i.e., positive transfer takes place.
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* V. ESTABLISHMENT OF A TECHNOLOGICAL BASE*
Establishing a technological base involves the ‘development and test of procedures, measurement
techniques, and equipment operation. necessarily antecedent to carrying out the research program.
Although the technological base entails establishing ASUPT as the criteriori device_for the conduct of
experiments, it may also provide data supporting simulator design recommendations. .

Equipment Familiarization. Dunng this phase, research personnel will gain familiarity with the
equipment and establish operating procedures for ASUPT. Information obtained on the most economical .
. way of changing from one equipment condition to another will save valuable resources i later research.

Small preliminary studies and investigations wﬂl collect data on the reliability of the e&unpment-and
identify idiosyncrasies withip the system to aid planning future expeénments. The type and frequency of ~~
calibration necessary to keep the equ1pment functioning at an acceptable level will be established during
this phase. The determination of experimenter and the instructor functions at the ASUPT console and
“nstractor stations is an important task to be accomplished during this phase. Since the two
instructor/operator stations differ in terms of information available, the procedures and practices for .-
providing ,xnstructlon from each must be defined. 3

System Measures »

A complex system such as an aircraft or sitnulator may be evaluated at two points, system outputs
(eg., heading, airspeed and altitude measures) -and control inputs measuring control movement (e.g.,
throttle, stick and rudder). This model and the measurement points'(MP) are shown symbohcally m Figure .

. '__.y’ MACH INE
Voo s CONTROLS | | DISPLAY

» v .
MY .
»
L} L

s

L4 1 ’
- L d ~

¢ Figure 2. Peformance measurement points (MP) in the man/machine system. . -
Ry < -
r'd

-

System output measures are referred to MP, in Figure 2 and reflect the performance of the total .o
man-machine system. Jn the aircraft, MP; parameters are airspeed, heading, altitude, pitch or roll angle, etc. .
These measures must be developed and specified for each of the AFHRL/FT research devices (ASUPT, the
instrumented airplane, the T-40 and T-4G trainers). The specnﬁcatlon of these measures is important

_ throughout all phases of experimentation, although their use varies between training methodology and

simulator requnrerﬁents research. . . /

Vahd reliable measures have been developed for evaluating the precision of aircraft control in the °

simulator and aircraft. However, criteria against which performance may be measured remain to be

established for the majority of piloting tasks. System output measures are being established bK AFHRL/FT

. inhouse and through contiact efforts. The AFHRL/FT effort (Waag, 1974) emphasized that the major

. thrust in present performance measurement development will produce measures which reflect system
output performance. The AFHRL/FT ighouse work will also define the objectives for particular maneuvers = .
or sequences of training tasks and develop criterion 'measures for those particular objectives. These measures
will. (1) determine the'degree to which the criterion objeatives are met, (2) be useful to the student and the
instructar pilot, and (3) be generated on a real-time basis to provide immediate feedback.

. | , B . ’ 13 . . ¢ ) )
ERIC . : 10 \ |

L 4 .
.
i ! ¢ .




-

ERIC

Aruitoxt provided by Eic:

Operator performance measures define pilot inputs into the system and depict behavioral responses to
stimuli. They are distinguished from system performance measures which are composed of pilot response
plus the variability within the system he is controlling.

Simple system output measures are necessary, but insufficient, since the human operator can adapt

his control behavior to produce the. same system output. Thus, the simulator could reinforce control input
behavior not positively transferable to the aircraft if the-simulator system differs significantly from the
arrcraft system. Concern with the control iniput parameters reflects the desire to trgin in a simulator the
skills required for precise control of the aircraft. : ) .
Measuring operator behavior at the control input point is fundamental to investigating the validity of
the concept of performance equivalence. If the experienced pilot is to be 2 “calibrated” control element
and 15 observed to determine under what conditions hist cqntrol input behavior changes while system
performance remains constant. a feliable description of ‘pilot control behavior is necessary. This measure

must be sensitive to changes in task conditions such (}as the dynamics of the_system (e.g., changes in -
[ . ’ ’

simulator motion parameters). . .

Previous work has shown that measures 'such as the power density spectrum, the breakpoint
frequency of the transform of that spectrum and the percentage of power in selected portioris of the
spectrum are summary measures which reflect meaningful changes in operator behavior as functions of
changes m the conditions of the task (Normman 1973; Matheny et al., 1974). The reliability. of these
summary measures and their inter-relationship needs to be established. An examination and analysis of pilot
control output behavior across a range of conditions of systent disturbances and of requirements for control
(r.e., maneuvers or tasks) 1s necded. The behavior of the human controller in a complex closed-loop system
1s exhibited as a complex time varying output through the controls of the system. A simple, direct and
preferably “on-line’” summarization of this qutput is desired& ) - *

¥
For experiments 1n which operator output measures are,being examined, the pilot must control the
system to a prescribed*level of performance. System perfdg nce must be constant so that pilot input
changes are reflected 1n changes in the operator’s control out . If such changes do not result in changes in
the-experienced operator’s control behavior, the vonditions being studied are concluded to be behaviorally
equivalent. * ' . .

. 1

’

Technological Base Experimentation

The ASUPT. T-40 and T4G sunulators, and the instrumented T-37 aircraft are systems which have

the capability for manipulation of system dynamics and can provide answers to practical questions

regarding simulation requirments. The specific studies, outlined subsequently, are subjget to modifications
based upon hardware and software constraints and the results of prior experiments.

Operator Performance Measures. T-40 Study. Investigations using the T-40 simulator will examine
procedures for summarizing time-varying operator output from the controls, for examining ifrdividual
differences m pilot output measures, and for determining the stability of these measures. The conditions of
the experiment are given in Table 3. T »

Jable 3. Experimental Conditions for Investigating
Performance Measures.in the T-40 Trainer

-, 2 variables vl
Condition ° Turbulence Level . Trainer Motion Maneuvers
1 Low " On -~ St& Level
» 2 Moderate On St & Level
<3 3 High . On - St & Level 4
4 Low Off St & Level
- -5 Moderate +  Off " St& Level !
_ R A . 6 High - Off 'St & Level !
. 7 Low On 30° bank turn —_—
. . 8 Moderate On * 30° bank tumn "
. 9 High o On 30° bank turn '
) 10 Low Off 30° bank turn
-1 Moderate off - 30° bank turn
, s 12 1 High Off + 30° bank turn

: , no 14




Five experienced instructor pilots will serve as subjects, trials are two minutes in duration. Stbjects
practicestraight and level and 3Q° left bank maneuvers under each condition until they reach cntenon ,
performance on the system output measures of heading, altitude, airspeed, bank angle and pitch angle.

The order of trial conditions will, be counterbalanced between subjects to reduce order effects.
Subjects will repeat the tridl the following day and again after one week. B

. The dependent measures are pilot control and system outputs after criterion perfopmance has been
reached. The pilot control input measures are derived from fore-and-aft and lateral movements of the stick,

3

and:movement of the throttle. .- A

Dependent variable measures should reflect practicg effects and stabilize after criterion performance »
is achieved. Proposed measures are tick force (mean and mean square value), stick Z score and throttle Z
score (Waag et al., 1975): and, cross-over power (Norman, 1973).

The results of these analy'se‘s’will be used to guide the development of operator performanée feégrds

in ASUPT and the instrumented aircrafs. -

Operator Performance Measures. ASUPT: This ASUPT experiment will essentially repeat the T-40
study described above with ‘“visual display” as an additional independent .variable, final selection of
conditions will be guided by results of the T40 experiment. This experiment examings the question of the
interaction betweeri the motion and visual display-in the simulator. For planning purposes, the variables and

levels listed in Table 4 will be investigated. . >
*  Table 4. Experimental Conditions for Investigating Operator s .
. Performance Measures in ASUPT . | . -
- Variables
* Condition Turbulence ” Platform Motion *  Visual Display G—5Seat

1, Low On On Off
2 High On On off
3 Low On off off- -
4 High On off off -
5 Low Ooff On off - .
6 High Off On LOff
7 Low off Off off
8 High off off T Off
9 Low On On + On

10 High On - On On

11 Low On ' off On

12 High On » Off On

13 Low Ooff : On. On

14 , High off On On

15 Low . Off ’ Off -On

16 High Off ) Off On

The experimental paradigm is the same as the T40 experiment. Experienced pilots will practice each
experimental condition to criterion at which time control outputs will be recorded over a two-minute trial.

e horizon line

“The visual display for contact maneuvers will use a full field of view with a defin}
with distinguishing features used as external referents for heading. ‘ ,

Operator Performance Measures: Instrumented Aircraft. Data ¢ollected in the instruménted aircraft
provide the technological base against which performance in ASUPT will be compared. } opefully, the
comparability of the twe devices will be established with respect to the closeddoop dyramic tracking

behavior required of the pilot in controlling the systems. %
4’ v " i .
15 - ' ‘
12




_ Pilot performance will be recorded n the instrumented T-37 aircraft across representative maneuvers
and conditions. Summary measures of the time varying control output will be obtained. Population
parameters of meam and variance m performance outputs will be Estimated. -

The mieasures to be recurded m the aneras’t are given in Table 5. Data collection conditions are shown
- 1 Table 6. This 1able must be mterpreted 1n gonjunction with the flight pattem and sequence for recording
trials depicted in Figures 3 and 4 ' N . .

Tabte 5: Measures Recorded in the Instrumented T-37 Aircraft

A ;-

- - 3 : Sarﬁple
.t i Parameter Range Accuracy RatesSec
. Elev Stick Force 0-301b +11lb 20 -
Aderon St Torge 0-2016 | EREI) 20
_ . Rudder, Foree 0301b +11b .20
* Elev stor Position 16°  +24° , 50 () .
) i} Adle on Position ) +15° .5° 20 L
i Rudder Position . +24° (50 .2 .
Throttle Position, « Full 50 L .
Low Altitude - 0~5m’ £0° - - 20 . ) -
. . Hgh Altitude = 0-25m 500 20 '
G's - -1G-$5G . +IG 20 ~
‘ < Heading . 0-360° - 21° 20
.ot g Yaw Rate . +70°/Sec © +1%/Sec - 20 . .
- ' Trim Tab Position On - Off- .20 . .
Pitch Rate ¥ +90°/Sec - /Sec 20 ) :
; Aspeed 0-300Kk - MK 20 ' o
: Roll Rate < +100°/Sec +1°/Sec 20 g ’
‘Roll Angle 0-260° A 20
Pitch Angle : 0- 360° B b S0
Right Eng RPM 0-110% LA 20
Time . - .20 ,
Event Marker . Actuated by 1P ‘ 20
Linear ) : . ,
‘ , Aceclerometers (3) 0+3g Olg - 20
Angular : . ’
. Accelerometers (3) + 2 rad/sec 4°[sec? 20
e Table 6. Sortie Conditions Per Pilot in Aircraft v . .
Sortie ° Tnal Order* A/S Inst/Contact ’
. 1 A 200 Inst .
. 2 B 200 Inst ’ , .
3 A 100 - Inst S -
4 B 100 . Inst o
. 5 A 200 . Contact .
6 B 200 Contact
7 A 100 Contact
8 B

100 *Contact

« . ’
*+See Iigure 4 for tral order.

‘
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Ssquencs , L -
) A . sal , 30° , S&L , 30° , SAL , 30° , S&L 4 30° ,
‘ - - T
N : - R E -
! ‘ O
, 3
- _ : | S&L - 3,2 min trials (optional) :
' . Return to Base . / S
.,
B . 130%, S&L gy 30°, SaL , 30° , saL , 30° , saL ,

T
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1

S&L - 3, 2 min_trials (optional)
Return to Base ;;

-
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Figure 4. Order of trials for blocks of 2 sorties in Table'6;
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Data from the instrumented T-37 will be collected on stagglard climb, straight and level, 30 degree

bank and deseent maneuvers. Maneuvers will be performed under instrument and contact flight cq'njditions

In sortie one (AFHRL-TR-75-97(11), Appendix E), data will be collected cumulatively for dlfernating
trials between straight and level flight and 30 degree bank tums. sortie two reverses the maneuvef sequence
for counterbalancing. Each, pilot flies four instrument arid four contact, sorties. Five pilots will fly the
aircraft sorties and repeat them in ASUPT. o

After completion of the conditions, listed in Table 6, data will be collected on stalls and loops, during
which the awrcraft will be flown closer to the limits of its performance envelope. Each of the pilot-subjects
will fly eight stalls and loops, maintaining as close tolerance to prescribed limits as possible, while the
- parameters, listed in Table 5, are recorded. It is estimated that this step will require two more sorties per

. pilot. .

ASUPT-The Criterion Device ] -
- The developmeﬁt of system and operator performance measures are designed to provide objective

data for trying to establish ASUPT as the criterion device. Validation of ASUPT as a criterion device not
only would provide a means of increased ASUPT efficiency in UPT -research, but also has major

implications for future simulator validation procedures.

.\)( ‘ . \18 . . ) P
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Projected Reseaych

The following suggested research closely follows the list of top priority issues given in Table 1. The
propo\se;d research will address both simulator hardware requirements and training methodology.

VI. VISUAL DISPLAY RESEARCH *

As shown in Table I, the definition of visual display gfontent for contact fhight training received the
highest median rating by the panel of experts. The irhpogtaqéé of the outside world scene in the simulator is
underscored by data collected by Bm“m&Rmt(lWS).T}‘egmfﬁcpattern was found to be the most cntical
element of flight instruction, and the most difficult to teach and learn. Unfortunately, evidence on the

specific features of the visual world which should be dfsplayed in the simulator has not been published..

Primary emphasis in ASUPT has been placed upon tfie content of the visual display and its effect upon
training tasks and maneuvers under varying conditions g simulator motion,

Definitive research dealing with visual or motion cueing must. of course. consider the interaction
between these cueing mechanisms; however, preliminary studies on motion and vision alone can be
undertaken with one of the two variables held constant. Though the basis of emphasis in a given study may
be motion or vision, this approach does not imply a neglect or unawareness of possible interaction effects.

-

Visual Research Objectiv’&s

The overall objective of research in simulator visual displays is to identify essential visual cues which
allow the pilot to control the attitude of his aircraft and to position it properly in three dimensional space.
It is possible that the visual display for the naive pilot trainee should be composed of only features which
enhance his control of the aircraft about its axes and the axes of three dimensional space. Later, he must
learn to extract from the real world scene those objects which enhance his control and navigational
functions. He must learn to discriminate these referents when they are obscured by visual “noise.” (Visual
noise denotes conditions which ¢bscure the referents the pilot uses as cues. Atmospheric attenuation,
smoke, haze or any condition which causes an object to have low definition consitutes such noise. To the
extent that this noise degrades pilot discrimination of changes between (he referents whi¢h he uses to
control his aircraft, precision of control i degraded). The identification and discrimination of changes
between objects are hypothesized to be functions of the level of detail of the object and background
contrast. These factors are controllable as experimental variables in ASUPT and may be varied
systematically by the number of lines used~to define an object and the shades of gray used to provide
contrast or between objects and background (figure-ground contrast).

A Visual Model as a Tool for Research . 5;; o

’

e G
The visual model described in Thielges and Matheny (1971) served as a basis for generating
hypotheses The model assumes that external referents in the real world and internai eferents associated

~ with the vehicle ‘being controlled ean be projected Jéing perspective geometry upon a picture-plane
“perpendicular to the pilot’s line-of-regard. The relationship between the internal and external referents

’ 7y

provides information with respect to the aircraft’s departures from desired positions iy six axes of mation.
It is hypothesized that different positions of referents on the picture-plane will _di;?erentially affect the
pilot’s ability to discriminate changes in aircraft position. For example, an external and internal referent
picked near the vertical mid-line and on the horizon of the picture plane will not/allow the pilot to
discriminate as fine a change in bank position as if those referents were picked farthey put on the horizon.
Referents selected near the horizon do not allow as fine a discrimination of forwdrd translation as do
referents chosen closer to the aircraft on the earth’s surface; i.e., downward from the horizon line on the
picture plane. Yy

The model assumes that it is necessary for the pilot to select internal and y;(ternal referents in order
to make discriminations of changes in the attitude and position of his aircraft ip space. The model defines
the pilot’s learning process as the identification of the most appropriate extemal ang internal refererfts for
exercising closed-loop control. It investigates how the pilot extracts these fcues,'from the appropnate
referents in the real-world scene; and, how he filters out “noise” in the reaf’ or} scene.

,
: ~
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The model deals with five dimensions of aircraft control: (1) Pitch control alone réquires only an
identifiable reference object directly ahead of the aircraft_on the vertical mid-line as near to the horizon as
possible. For each maneuver, the optimum placement of the reference object relative to the ground or sky :
plane 1s maneuver specific. For straight and level flight, a pitch reference point ahead of the aircraft at the
honizon hne, or the honzon lite alone, provides a reference against which the pilot judges pitch attitude.
For a nose down attitude during approach to landing, a reference object lower on the ground plane is
hypothesized to be preferable. (2) For bank control, objedts displaced laterally from the longitudinal center
line of the aircraft provide greater positional displacement per unit of bank, the farther they are from
center line. An ubject placed on the horizon at the vertical mid-line exhibits little perceptible movement to
the pilot ‘per umt of bank. The same object placed 30 degrees from the vertical mid-line provides greater
displacement per umit of bank and allows greater control precision. (3) For heading control, objects on the
horizon in the forward viewing area which the pilot can relate to an internal referent provide equal
displacement on the display per unit of heading change. For pilot ease of scan, the object should be directly
foward on the vertical mid-ine at the honizon. (4) For the detection of longitudinal motion of the aircraft,
the pilot uses objects directly in front of the aircraft which appear to move toward it. Objects directly
below the awcraft have the greatest perceived displacemeént while those directly foward and .on the horizon

‘have the least per umit of longitudinal movement. To maximize the pilot’s detection of forward motion,

objects nearly beneath the aircraft. provide the greatest information for control. (5) Control of lateral
displacement parallels that of Jongitudinal. For discrimination of displacement along the vertical axis, the
pilot must discnminate changes in the size of objects by_recognizing changés in the relative distance
bet ween one edge of an object and another or the change in distance between objects. \

These .visual cues allow the ptot to control the 'at‘titude of the aircraft about its three axes and to
discriminate position changes in three dimensional space. The pilot must discriminate and identify objects
which allow him to direct the aircraft purposefully from point to point in the fulfillment of some objective
or mission. * . ‘

Methodology

Two novel aspects to “the methodology are proposed for investigating visual issues in simulation: (1)
the use of eye-movement recordings, and (2) the utilization of “performance equivalence.”

Eye-Movement Recordings. Eye-movement recordings will identify the external and internal referents
used by the pilot 1n the performance of UPT maneuvers. The identification of these referents will define the
mayor visual variables to be investigated in ASUPT. "Eye-movement records provide data for identifying
environmental factors which inject noise into the visual scene. The objects in the visual display which cue
the pilot to exercise aircraft control can be quite abstract; but it may increase the value of the display if
terrain features are, recognizable. Eye.movement recordings f experienced pilots flying UPT maneuvers
provide the method for obtaining information about the objects and. features in the real world scene used
by the pilot. A program for collecting and analyzing eye-movement data is given in AFHRL-TR-75-26(1I),
Appendix F. . - ; .

Performance Equivalence i Visual Scene Investigations. The performance équivalence approach uses
an experienced pitot to standardize input conditions. The effort will be made to define a.visual display
which is equivalent to the real world scene jn terms of performance by systematically modifying the visual
scene in ASUPT. If the simulator system and operator performance are statistically ‘the same as in the
aircraft, the two systems will be assumed equivalent.

Establishing a set of visual content conditions which provide equivalent performance (system and
operator) for a specific task in the aircraft is of primary concern. The visuaf display configuration could
then be taken as the criterion visual system for future experiments. .

For trainjng issues, an investigation of the relationship between visual display content and student:

progress will be made systematically using the performance equivalent visual system’ as a baseline. For °
example, 1n training the student to discriminate the visual cues for flare and landing, hypotheses regarding

the optimum CRT resolution (number and pattern of lines displayed) for training may be tested.’
Instructional cues foreign to the real world scene also can be added to demonstrafe the most relevant cues

for the task (Payne, 1954).

[y
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Proposed Expeg'umehfzﬁ Investigations "
- Four'studies on content of the visual display aré shown in Figure 5. They comprise. (1) establishment
. of ASUPT as criterion system, (2) determination of transfer from that system to the aircraft, and (3) .,
~ eyaluation of the performance equivalence approach, while obtaining information relevant to two different
configurations of the visual display. ’ ) ‘

<
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5 Two criteria can be used in establishing the ASUPT criterion visual system; first, equivalent
nerformance by experienced pilots both in terms of system and operator output, and second, consensus of
subjective opinion from experienced pilots that the visual scene in ASUPT is acceptable as an adequate
cueing stimulus to the real world scene. ’ .

Major variables important to the investigation of the ASUPT visual display,are. (1) number of objects
in the display, (2) position of the objects in the display, and (3) “stylization” or amount of detail per
object. The number and placement of objects tested will be defined after analysis of thé eye-movement
data, although early hypothesis formulation may result from the visual model previously discussed.

Visual Study 1, Using the NAC Eyc Mark Recotder adapted to an HGU-26P flight helmet, a Singer
portable camera, and *a Singer portable video tape recorder, experienced pilots will fly contact and
instrument maneuvers from the T-37 syllabus. This progedure will provide an accurate, objective record of
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the pilot's eye movements as he performs actual UPT flying tasks. This process will be duplicated in ASUPT
? using the same pilot subjects. If the recorded eye movemems show essentially the same scan pattern,
frequency and duration of focus in the T-37 and ASUPT, ASUPT will be suppotted as a criterion system.

Visual Study 2. Thus study will employ the classical transfer of training paradigm discussed by Gagne,
Foster and Crowley (1948). A small number (approximately 8) of UPT students will be trained in the T-37
syllabus contact maneuvers using ASUPT as the criterion system. When these students reach proficiency, -
they will fidvance to the flight line for T-37 arcraft training. Their progress will be monitored and the
average number of hour§ of flying instruction required to pass their contact check ride will be recorded.
This will be compared to the average number of flying hours for control group students to determine the

training transfer achieved through the use of the simulator.

i Visual Studies 3 qnd 4. These experiments deal with the content of the visual display and are divided
into two categones. (1}-determination of content necessary for control of the attitude and position of the -
awrcraft, and (2) definition of cues required for the identification and use of environmental featiites. Results
will be generalizable to the specifieation of displays for both simple and complex aircraft simulatofs.

. The third and fourth studies allow the determination of features of the environment which enable the
' pilot to change the aircraft’s position i a purposeful way. The two major UPT tasks in this category are’
(1) traffic pattern, approach and landing, and (2) formation flying. The traffic pattem, including approach - .
and landing, has been researched more extensively than formation flying, but recent work at AFHRL/FT
using the formjtion flight training (FFT) has provided data directly applicable to the speciﬁcati;;n of

formation trainers. ; R
The variables and levels for studying visual cues essential for attitude and position control afe given in ¥ ;:6
Table 7. -
Table 7. Visual Display Experimental Conditions—Attitude and !
. ' e Position Control “ : . .
/ Al : - ' ] %
p‘ Display Features ) =, - %&‘, !
Dimension of Contro!  Condition 1 Condition 2 Condition 3 - 4_
’ Pitch _Criterion  Horizonline ~ To be determined ’
ASUPT through
ystem equivalence tests
) Banka Horizon line '
SN Heading . Vertical line sub ’ . . :
. - . . tending 1° visual } o '
: an%le placed each .
45 in azimuth on
. v + horizon line
Longitudinal Grid pattern
, ground plane >
Lateral Grid pattern . o
ground plane
» Vertical - Grid pattern

ground plane

NOTE: 1. Grid line spacing to be determinéd in pretest.
2. Figureground contrast to be determined through pretest to provide positive
differentiation of figure from ground.

3. All encoding in Conditions 2 and 3 rhust be expenmentally determined in equivalence
pretesting to insure non-cquivalence for Condition 2 and®quivalence for Condition 3,
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’ .. The ASUPT visual display ’'capability allows the presentation of the relevant referents for'the

. touchdown phase of landing. Satisfactory study of this flight phase has not been possible prior t0 ASUPT.
. The variables and encoding suggestions for the approach and landing study are given in Table 8. i
Table 8. Visual Display Experimental Conditions~Approach and Landing

-

- . . « i Display Featurss
Dimansion of Control Condition 1 Condition 2 * Condition 3 e,
. Pitch Criterion Horizon line To be determined
) ASUPT through
T system equivalence tests !
Bank . . Horizon line o
Heading, ’ Vertical lipe sub-
. : - tending 1 visual
angle placed each
. 45" in azimuth on - .
horizon line N >
Longitudinal + Grid pattern, runway T,
outline cross stripes .
, each 100 yards X '
Lateral y Grid pattem, runway o ‘
» edges and runway . )
. centerline ’ Tty
‘ * Vertical . Grid pattern, runway .
- “ . edges and cross
¥ > oS
".’g"a"" ! St-npe [N ]
NOTE: 1. Cross stripe spacing may be modificd after pretest. . .
% 2. Figure-ground contrast to be determined through pretest to provide positive differentiation
. A Y of figure from ground. to :
# . 3. Encoding in Condition 2 and 3 must be expgrimentally determined in equivalence pretesting
s . to insure non-equivalence for Condition 2 and cquivalence for Condition 3,
. : The essential features listed under Conditions 2 and 3 in Tables 7 and 8 can be defined mofe
W accurately after the eye-movement records and the full visual capability of ASUPT have been analyzed.
. LI .
. Studies 3 and 4 will test the performance equivalence approach for simulator development. They-will
. assess the training transfer to the aircraft of smaller FOV vistal systems. The measures of number, position
N and stylization of objects will be varied so that. (1) a condition not equivalent to the criterion .ASUPT is
W . obtained, and (2) a condition equivalent to the criterion ASUPT system is obtained. Classical transfer of

training experiments will be conducted to determin® whether equivalent systems yield a greater amount of
#7+  transfer than on-equivalent systems. .

Thé,design[ormat for Studies 3 and 4 is shown in Table 9. "

Table 9. Design Format for Visual Display

- >

Condition 1 Condition 2 Condition 3
ASUPT criterion Non-equivalence to+s Equivalence to ASUPT .
system ASUPT criterion Ssystem - criterion system - z
. ’ established using”> established usiﬂg“}? ., >
. experienced pilots: experienced pilots / | . [
© Data from Study 2 Students trained to Students trained tof/ )
» ” Figure 5 criterion in non-¢quivalent .. criterion in equivaleft
’ . system and transferred to system and transferred
: T-37 aircraft . to T-37 aircraft ‘

Q

ERIC - :
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o VII: MOTION CUE RESEARCH
~ . r N . )
» ~ - . . - - !
Determining the necéssary axes of cockpit motion Yor -traifling simulators wag listed sixth ‘on the
_priority dist of tramning, 1ssues: Experimental manipulation of motion, G-seat and gravity alignment cueing is
%, . particularly easy using ASUPT. :. - / ‘ S
5.0 As pointed oﬁ_ by Smith (1972), it is not feasible to investigate all of the possible permutations of
the six axes of motions gravity Alignment-and-G-seat configurations that could be used.’Screening of these
s+ variables by, pretest experimentation or “common sense.” is necessary. The combinations of experimental
T ¢ -wonditions® to bejstudied may use either olassical transfer methods or ‘be approached through the
;- .. performarce eqtiivalence method. (In the discusSion to follow, the perforhance equivalence method is
“eno0 cassumfed). v s o, ’ . .

a
v

" -The Effective Time Constant Model - } .
SRR .The Ef kqttxé‘ Time Constant (t,) Model (Matheny, 1969 ; Matheny & Norman, 1968) provides a basis
3oy . for understanding-the vision/motion, interaction effects a8 well as to formulate hypotheses to be tested. In
brief, the model assumes that the -precision of closed-loop error-nulling behavior is a function of the
. ° . immeditcy of feedback to the controlling operator (e.g., the pilot). The time used for feedback to occur has
- bé'e'n‘:tenned thie-Effective Time Constant of the man/machine system. The value of t, depends upon the
. » .~ modalities tl}rou'gh which the information is received and the threshold level of those modalities.

v g . L
IR According to the model, information about -the aircraft, particularly changes in attitude of the
aireraft, is transmutted more rapidly as feedback to the operator through the motion senses than the visual
senses. The model assumes that the motion senses are cued by rates of onset of acceleration which allow for
+ ° the initiation of response much earlier than would be occured by the positional changé of the visual
- - stimulgs. Increasing the gain on a given display will increase the immcdiacy of the feedback te the operator,
" thus increasing the precision of control. Likewise, visual displays which provide the operatot with rate,
+ % acceleration,ot onset of acceleration information aﬂow him to receive more immediate information about

the system and to control it more precisely. c

s - ,‘FrOm the Effective Time Constant model, the prediction can be made that in systems such as the
- » T-39 aircraft, performance of the precise attitude control task will be enhanced by addition of propgf
. > motion cues, while other ‘tasks such as ‘positional control in which the visual feedback is timely and
. adequate will not benefit_greatly from the addition of motion cues It is further predicted that the visyal
T displ:\xy which inoofgog?ies the higher gain will result in a higher preciston of control.

* . 7/ d‘/
\ " “Experimental Studies of Motion . R
i - The overall question addressed by these expcriménts is: “under what method of introducing motion

. “~  cues and across what conditions of flight are the control performances of ‘experienced pilots equiValent™?
. The determinatiofivof how pilot ‘performance varies as a function of motion-cue conditions across different
mancuvers.and different levels of extemal disturbances is the prime: research issue in this study. Particular

- . combinations of platform motion, Gseat and gravity alignment yariables have been selected to ebtain data
. about ten specific research issues. The experimental conditions are listed in Table 10 and matrixed with

appropriate experimental issues in Table 11. o .

Table 11 shows the experimental conditions required for providing information, on ten specific
research issues dcaling with motion. Three data collection sessions will provide infgrmation relevant to the
ten research issues. The issues have been selected sequentially so that successive data collection sessions
build upon carlier results.’ Combinations of coriditions are examined to determine the relative contribution
of levels of the variable under study to pilot performance. Effects under one set of conditions guide the

lection of experimental conditions in the next session. The incremental design outlined by Demaree in “A
gccommcnded Design for Experimental Studies Using ASUPT” will be followed (AFHRL-TR-75-26(11),

. Appendix H). .
¥ ‘ Lt
. The first research issue listed in Table 11 requires data collected under experimental Conditions 1, 10,

11, 15, 16, and 17, Performance under these conditions will show if the major simulation conditions of: (1)
no motion, (2) six degrees of freedom platform, (3) six degree of freedom platform with gravity alignment,
(4) six degree of frecdom platform with full G-seat, (5) six degree of freedom platform with full G-seat and
gravity alignment, and (6) G-scat only, differentially affect performance.
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Table 10. Experimental Conditions for Motion and G-Seat Studies -

Experimental - ‘Condition

Condition Description*
\ 1 - No Motion
2 P, R (Platform)
3 P,R, Y (Platform) ’
4 P,R, Y, H (Platform)
5 P,R, H (Platform) '
6. P,R,H, L (Platform) . ,
7 -~ P,R,H,F, &A (Platform) *
8 PR HLF&A (Platforru
. 9 P,R, Y, H, L (Platform) ° .
10 6 Degree of Freedom Platform .
11 6 Degre: of Freedom Platform with Gravity Alignment .
12 P, R (Platform) with Gravity Alignment .
13 P, R, H (Platform) with Gravity Alignment '
14 P,R, Y, H, L (Platform) with Gravity Alignment - ’
15 6 Degree of Freedom Platform with Full G -seat
16 6 Degree of Frecdom Platform with Full G -seat |
A and Gravity Alignment . . -
17 Full G-seatonly =~ ‘ C
18 P,R (G-seat), H (Platform) ... . - -
19 - P, R (Platform), H(G seat) . . N
20% P, R (G--seat) PR L IR
: 2% P, R, F,& A (Platform) - : '
22 - Honly -~ ~ -
*Legend- ) L :
P- Pitch ' ; v .
R- Roll )
Y -Yaw
E Heave -,
. L Lateral \ '
F&A Toreand-aft .

if expenimental Conditions | and-10 difgerentially affect perforgfanie, the second session will be
rformed using expenmental Conditions 2, 3,4.5,6,7,8.9, 24, and 2§ toydetermine the combination of
'“%s*(_)f motion that are equivalent, * .~ - .
As a tcs'?’é'ﬂ the performance equivalence approach, it is proposed that Conditions 1 (no motion), 10
(full motion) afid conditions found to be equivalent to full motion be used in the paradigin shown in Table
12. In this paradigm, equivalence and nonequivalenee are established by the methods outlined on pages 14 ‘
through 16. (it 1s assumed that a condition of less than the full criterion ASUPTsystém may be
established.) , P
In the_ final session, expenimental Conditions 12, 13, 14. 18,19, and 20 are investigated. Comparison
of Conditions 13 and § will answer, the question of the contributivn of gravity alignment to a two degree of
freedom platf6rm (i.c., one with prtch, roll and heave). Analysis of the second research issue may redefine a .
- nominal platform and, therefore, change this assumption. .

The compar%son of Conditions 15 and.16 s designed to investigate the contribution of gravity
alignment when maximum platform is used with the G-seat. )

The comparison between Conditions 2 and 12 gives information about the contributjon of gravity
alignment with minimum motion platform (i.e., one which provides only pitch and roll Qtimuli). -

) Condition 14 will be compared with Conditiuns 9 and 10 to analyze the longitudinal acceleration cue
.contribution when maximum motion platform is used, i.e., whether the gravity alignment or fure-and-aft
translation effects performance.
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Tab?g 12. Paradigm for Test of Performance Equivalence Method for

. Motion Requireents 7
Condition 1 Condition 2 Condition 3 a
. No-motion-non- Equivalence to ASUPT  ASUPT criterion ’ ‘
g equivalencg to ASUPT criterion system system . b
. - . criterion system established using .
. established using experienced pilots N - !
experienced pilots ; . -
- St.ude.nts trained to Students trained to Studentstrained to
criterion on this system  criterion on this system  criterion on this ~
and transferred to air- . and transferred to air- system and transferred . )
craft craft to aircraft ’
. v he * I*
1 ! . ’ ' ‘ ]
. For all three sessions, the experir'n%ntal conditions will be applied to instrument flight using the
maneuvers of straight and level flight, 30° bank turns and unusual attitudes. Three levels of disturbance
(¢.g., none, medium, high) will be imposed upon the basic flight tasks to determine the equivalenceof*
physical systems across representative tasks and disturbances. Disturbance level for conditions will be
- defermined through pre-testing of the turbulence generation system of ASUPT.
, Motion-Visual Interaction Study - . ' .
Results from the visual and motion studies will guide an experiment on the interactive effects of these |
.’ two variables The experiment will be conducted using visual cues that the pilot uses to control aireraft -
attitude and position. The experiment is designed to determine if different platfurm motion conditions
produce differential interactive effects (Table 13). ) . .
s . »
£
[ ’
- . Table 13. Experimental Conditions for Initial Motion— Visual
. Interaction Studies ) .
. ' ' lasks Approach to landing ", h -
A Straight and level - : “
E Variables Motion—no motion and full 6 degree - )
° ) . ‘Turbulence~high and low .
' Precision of centrol-high and low : -
. -Subjects  ° Experienced pilots ’
N .o | Y
’ el 3 4

‘ , N
- * . ¢

It is hypothesized that the motion-vision interactive .effect is influenced primarily by the level of
precision and control required and the nature of the external forcing functions (typically, turbulence) .
imposed upon the system. The first interaction experiment will examine close precision attitude control 1n :
which the interaction effect is likely to be greategt, as predicted by the effective time constant model. ..

® The performance equivalence paradigm will be used for this experiment. Experienced pilots will. fly
cach of the conditions and tasks to deterpine whéther their control behavior differs under the varous
’ conditions when aircraft performance remains constant. In possible follow-on studies, performance of
groups of“students trained under.each condition .and subsequently transferred to the aircraft will be

compared’ as a furthestest of the validity of the performance equivalence approach to developing ASUPT as
acriterion dgvjcg. . } < , -
S v .' A
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RIC T o L .

[3

LS
Rl

E

1

|

i

|

| .




.o VI TRAINING METHODS RESEARCH

This report does not address training methods research in depth inasmuch as the long term use of
ASUPT in this regard is the basic mission of AFHRL/FT and is continuously documented in Project 1123

_and the AFHRL Research Program. Consequently, the following discussion is intended only to highlight

key areas of interest. \

' Training method research has high potential for producing results which will increase UPT program
effectiveness. The basis for the proposed research is the establishment of ASUPT as a criterion system for
ipvestigating training methods. This is particularly critical for research in two areas: cognitive pre-training
and feedback. . ’

. . » )
Cognitive Pretraining , . )

* Cognitive pre-training refers to practice on the intellectual elements and understanding of ation

requirements n a task prior to its being formally trained. For the perceptual and cognitive aspects of flying

. tasks, (e.g., learning to scan, read and interpret the instruments or learning procedural sequences)

multi-media nstructional aids provide highly effective and inexpensivg, training. Mental practice may“be
excellent traming for continuous control tasks through use of simple devices or even no equipment at ali
(Prather, 1972). ' .

~ Flexman et. al., (1950, 1954) support inclusion of, cognitive, pre-training direotly into the training
program. These techniques require the student to become proficient at verbalizin§ pertinent cues and
responses necessary to meet the requirements of the task. The instructor determines whether the student is
merely “parroting” the words or whether he understands the concepts and -responses required for
accomplishing the task. Investigation of the time savings through the use of cognitive pre-training methods
is highly recommended. .- ) .

AFHRL/FT has an audiovisual instrument training device (AVIT) programmable for cognitive
pre-training in scanning, reading and interpreting the instruments for basic instrument flight. The capability
of AVIT to reduce simulator training time in’ teaching basic flight maneuvers will be investigated. A
functional description of the device is given in AFHRL-TR-75-26(1If), Appendix G. Using time to reach
criterion proficiency in the simulator as a dependent variable, an experimental group will be trained to
criterion proficiency in AVIT and compared with a control group trained only in the simulator. Both
groups will be taught-all maneuvers in the basic instrument UPT flight curti¢ulum to determine the degree
of generalization ffdm the three maneuvers trained in AVIT to othey ’man'eﬁfﬁf?ined in the gjgulator.

The capability fof AVIT to teach perceptual cues required in contact maneuvers will be investigated.
If the major portidn of the learning task of the JUPT student is composed of perceptual and cognitive

factors as contrasted to motor responses, it is hiypothesized that once the studgnt has learned-the desired

stimutus relationships, recognizes departures from these desired relationships, and knows in which direction
he should initiate control movem{:nts to correct them, his training time will be sig@ﬁcantly‘reduced.

Feedback . : ' . .

Feedback (i.c., knowledge of results) faclitates training (Smode, 1958). Cautiaps, however, should be
observed when applying this principle to particular tasks. For example, Briggs (1962) points to the
interactive effect of augmented feedback (positive or negative), complexity of thte feedback criteria and
level of training. He also draws attention to the importanct of the feedback withdrawal schedule. Ward and

Sanders (1966) suggest that adding feedback to the task has a workload associated with it and may interfere °

with carrying out the primary task.

Feurzeig (1971) provided instructional monitoring as a method of feedback. The trainee was given,

computer generated diagnostic information, instructional suggestions and a two-dimensional dynamic
display ‘of his progress through a holding pattern. This technique should prove quite beneficial in UPT, but
interference effects and feedback withdrawal schedule must be investigated. *

Sequending of TrainingjTasks .
Sequencing of training tasks was listed as a top priority issue by the training issues panel. Sequencing
problems are more properly solved using the instructional system development (ISD) task analysis approach
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* . , .
suggested in AFM 50-2 Separate tasks also may be approattred through research in training methodology
(e.g , cognitive pre-training and feedback). The comparison of two sequences may be tested using ASUPT as
the criterion device, within which all training is given and final training is. tested. This comparative
experiment should be undertaken after thorough analyses of the tasks and should include a synthesis of the
tasks of the total curriculum based upon the task analysis suggested by Meyer et al., (1974).

Contextual Training . . - -

The arguments for investigation of contextual training -are identical to those just presented for
sequencing of the training tasks. The context within which certain tasks are to be, trained should be

established and synthesized by task analysis prior to exyciimental investigation. Comparative studies of the_

issues for “contextual” training should then be investigated in ASUPT using it as both the training and the
criterion device. v ~
Individualized Instruction

A data base will be developed for guiding management decisions about individualized instructional
programs Adaptive instructional strategies and incentives could guide the trainee’s progress as a function of
his rate of skill attainment, biographical background and other individual characteristics. Two major
research thrusts are foreseen for AFHRL/FT in the area of individualized instruction. First, techniques for
effectively and efficiently individualizing instruction into flying training programs will be developed and
evaluated Segondly, the managerial aspects of implementing individualized instructional programs mto the
operational environment will be considered. | : )

IX. CONCLUDING STATEMENT

. This volume presented a precis of a much larger'and more detailed document. If the reader desires
further clarifying information at’this point, he should referto AFHRL-TR-75-26(11). Also, as concems the
programming of AFHRL/FT facilities illustrated in Appendix A, it must be remembered that all plans and
research activities are dynamic in nature. They, are, subject to change as additional information is acquired.
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APPENDIX A: AFHRL/FT CALENDAR YEAR.1975 RESEARCH PROGRAMS

Hardware Configuration
“1 Motion G-Seat-Visual Interactions
2 Visual Display Brightness and Motion Interaction
3 The Contributions of Motion to Training - I
4 The Contributions of Metion Lo Training - II
Software Configurations
1 The Development of ASUPT as the Criterion System
2 Pilot Discrimination of Motion Simulation Conditions
3 Visual Cue Utilization During Flight
~ Training Methods
Automated Performance Measurement
Orientation Ride Pretraining
Task Load Measurement - :
Simplified Instruction of Normal Landing
Evaluation of Prereviewed Demonstrations
Fatigue Effects During Acquisition of Flyin Skill
.7 F-15 Emergency Training -
Operational EffeCtiveness
1 Studies of Operational Utility: I
Systems Engineering
Formal Helicopter Demonstration - ..
A-10 Demonstration

Ideal Airport Data Base
Cross-Country Airport \
Data-Base Pefincuent
‘Motion Actuator Velocity Distribution
_Control Landing/Ground Prquisition
Non-Linear Device for G-Leat
Buffet Philosophy
10 ASUPT Wing Implementation
‘ 11 Flight Module Pedesign
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