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TRAINING RESEARCH PROGRAM AND PLANS:
ADVANCED SIMULATION IN UNDERGRADUATE P1LOT TRAINING (ASUPT)

. 1.0 INTRODUCTION AND BACKGROUND

3

Th beFa#erT—£+y+ng—lﬁ&ktuﬁf£u~4540n—LHRL#EIl————wﬁ_—_———4

has developed a unique capability for conducting résearch on important |

methods and equipment problems in piiot training, Although the present -
orientation of the laboratory is toward the solution of undergraduate
pilot training probdems many of these study results wiil be generalizable .

to other training programs, Further, the fiexibility of the HRL/fT .
facitity makes 1t possibie to carry out lnvesfigaflons of many probiems
of training methodology and equipment unique to other pilot training
programs, ! , .

in ptanning the HRL/FT facility, contract studies were conducted
to specify the training probiems to be Investigated and the organization
and equipment requirements for conducting these investigations. The
contract results were reviewed and revised by Alr Force personne| and
formutated into a basic working document entitied "ASUPT Utiiization
Concept", Under this concept investigations were centered primarily up=
on the training problems and training device characteristics necessary -
for an effective undergraduate pilot training program to be carpied out
by HRL/FT, Consideration was also given, although not so expiicity, ‘to- .
the training probiems peculiar to programs beyond undergraduate piiot
training. .

As indicated, Human Resourcqs Laboratory research management planning
focused first upon research designed to increase the effectivaness of
the Undergraduate Piilot Training program (UPT), However, management
was equaily concerned that, to the maximum extent possible, the research
be carried out in a way whlch would make the resuits generalizabie fo -
other levels of pilot training., These considerations ied to the de-
cision to initiate a contractor conducted study to identify these ,
general training research questions., These questions were identified
through conduct of a survey of‘fhose individuals In the training
.community selected for their experience with the field. This pane! of
experts was composed of those Individuais 1n government and industry
who were recognlzed as experjenced and knowledgeable and who couig de-
vote the necessary time to the program, The panei members were asked
to fdentify those research questions which they felt to be»presslng In
terms of their impact upon pliot training effectiveness, They were
asked, also, 10 order these questions In terms of their importance to
lncreaslng the effectiveness of. beginning pllot ?ralnlng programs,

o

- The sfudy reported here is the result of work toward the goal of .
deflnlng those priority research investigations to be undertaken

cm// :'I*;ér




using the research capabilities of HRL/FT, Specifically the study en=
compassed the following major elements:

I. A statement of the major training research questions.

ZtAfAn—assJgnmen#—oﬁfpéiori#iesﬁbyfknowledgeableflndlvrduaIS'

~toTthese rgsearch questions in terms of thelr Importance

«

fo:increasLng_icainlng_§£§ecii¥ene§sTgf - e

3. Examination of the research questions in |ight of the
research capabilities of HRL/FT, .

4.. Restructuring the prlorities based upon the research
capablilities and constraints, .

5, Setting forth the details of those experiments and
Invesflgafions(ja be undertaken most immediately,

7

2.0 METHOD

The method used in carrying out the work may be described under
three major categories of effort, These were (a) development of a
priority I{st of research questions In terms of their impact upon train-
ing effectiveness, (b) examination of the capabi!ities of the research
facllity and, (c) delineation of the high priority experiments, and in-
vestigations to be carrled out using the facillty, .

1

2,1 Development of a Priority List of Research Questions

\ The development of the |ist of research questions and the deter=
mination of the priorities of the items on the list was carried out In
two phases. " During the flrst phase a list of research questions was
generated through review of the relevant current ltterature, and most
importantly, by a panel of selected Individuals, These Individuals were
generally recogniZed as experts in the field of pllot training and
research, Thelr background reflected experience in government agencies,
universities and private industry, These pane| members were contacted

An person or by telephone and a follow~-up letter explaining the project

in detall, was sent., A copy of this letter is given_in Appendix A,

Twelve panel members sybmitted research” questions which they believed
to be most rejevant to be Investigated in order to increase the effective-~
ness of pllot training. *In‘all; a Iist of fifty-five research questions
was generated. These research questions were not equal with respect to
the breadth or scope of effort which would be required, They were, how-
ever, those questions which were deemed important enough by this group of

experienced individuals to be included in a research program, These .

»
¢

10




; ]

questions were defined and exp lained as concisely and clearly as possible
and re-submitted as a total Iist to each of the indlviduals on the panel
for thelr judgments as to the priority rankings of the questions, The
definitions of the research ifems are given In Appendix 8, —Fhe Instruc-
+ions to the raters for assigning priorities are glven in Appéndix C,

The method suggested to the panel members for assigning priorities

——was a modified paired-comparison-technique. This technique required _

that each item be Iisted on a 3x5 card, The rater selected one Item and
+hen sorted the remaining Items as to whether each item was of greater
priority or lesser priority than the item selected, This procedure re=
sulted In two groups of items; one of higher priority and another of lower
priority than the selected {tem, Each of these groups were then sorted
in a similar mapner and the resulting groups further sorted In the same
way until| groups of four or five ltems were attained, These Items were
then ranked as a group and, finally, all items assembled into a priority
lis¥, Ten panel members assigned priorities, two being unable to because
of other commitments, The results of these listings and the priority
ratings are given and discussgd In Section 3.0,

2.2 Examination of the Capabllities of the Research Facllity ) .

The objective of this phase of the contract effort was to examine
the AFHRL/FT research capabllities and constraints so that particular ~
research investigations could be detailed and recommended, ' These recom-

! mendations could then be based on these capabllities and constralnts, as
well as the results from the panel of experts,

The ltems of research equipment at the AFHRL/FT facility will be
Identified here only In general terms since they are described In detail
in. Haglin and Smith (1974), g

The major Item of research equipment i{s the. Advanced Simulation in
Undergraduate Pilot Training (ASUPT) device. ASUPT has’ come to mean the
large scale two cockplt full motfon capability simulator with a 7 channel
computer generated visual system, This device is described on pages |7
through 26 in Hagin and Smith, To summarize, It has a six degree of "
treedom motion system and an _external world.visual system with a field
of view which essentiatly dupﬂlca?e§ that of the T-37 aircraft which it
represents, The Computer Image Generator (CIG) produces a very extensive
variety of objects for making up the visual scene for the pilot,

The ASUPT device incorporates a number of advanced instructional
features which may be tested for their contribution to teaching effective-
ness, These capabllities include selective task sequencing; variable
task difficulty and complexity; selective maifunction Insertion; .
simulator freeze; rapid . re~initiallzation; automated demonstration; sel f-
confrontation; and a number of methods for providing knowledge of results

to the trainee,

7
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- The total HRL/FT training research faciiity includes several de-
vices less complex than the ASUPT which makes it possibie to investigate
certain research questions using these less conp | icated and expensive
devices, The first of fhese Is the T-4G trainer, This dex{g;bls a two

degree of freedom motion pla?form trainen with a Slngér SPDN\glectronic
~ ——- —Perspective Transformation (EPT) visual system, The image gefferation

sys+em, based on a color movie fllm, uses a CRT to project an electron-

off sequence may be presented as . vlsuaj display for The trainee,

. Another important item of cesearch equipment Is the T-40 trainer,
This frainer Is an Instrument and procedures trainer Incorporating a two
degree of freedom motion system, It is a side-by-side seating cockpit
with an Jnstrument configuration similar to that instailed in the T=39
alrcraffd

A further research capabllity in the HRL/FT facld ity ls the Formation
Filght Tralner (FFT), This trainer is a fixed base iow fidpiity part-
task trainer which provides some of the essential visual cgge for téaching
undergraduate pilots the basic formation fiight skills, The‘cockpit has
a stick, throttie, rudder pedals and—slmple Instrument displays and the
?ralner incorporates the rudimentary flight.dynamics of the T-38 aircraft,
A spherical screen is used to provide a 200 degree horizontal and 90* de=-
gree vertical fieid of view upon which is projected an image of elither a
T-37 or T-38 model aircraft, The trainee Is glven the opportunity to
practice fiying formation from observation of the projec?ed Image of this
aircraft on the screen,

-~

o
An Important capability of the HRL/FT research faciiity is the Auto-
matic Data Acquisition and Controt System (ADACS), used in connection with
the T-4G, T-40 ¥ FFT trainers, This Is"a system which has as its basic
unit a Sysfem Engineering Laboratory (SEL) 72 computer. The ADACS is
capable of sampllng data from the T=40 trainer, the T~-4G and the FFT and
processing It for up to 29 measurement parameters, The ADACS permits
accomplishment of research in the area of recording techniques, perform= .
ance measures and proflclency measurement using both on~iine and off-line
fechnlques. The ADACS facility can be interfaced with the .SEL 86 com=-
puterg which are the cbore computers for the ASUPT device, Together the
SEL 86, computers and the SEL 72 comprise a powerful compu?aflonal cap-
for the HRL/FT facllity.

- +

capabllities within the HRL/FT factility support research both
in the determination of training device requirements and in trainin

movement recording capabllity which has been deveioped by HRL/FT p

The device can .o used both In alrcraft and simuiators and Is designhed

to provide data with—respect— *b—*he~+n*ormaf%en~org4ﬂmor*an$~een#enf

- of ?he display used byr?he plloT and the required fleld of view, A ¥
— §

> \"
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second capability Is the laboratory's audio-visual Instructional media
facllities, These are comprised of a video laboratory for the pro=
duction of video instructional presentations, a series of learning center
carrels and the Audio=Visual Instrument Training device (AVIT) developed
by Life Sclences, inc. This latter device has the capability for pre-

senting both visual and audio information, forward and backward branch=-
ing in both audio and visual modes and interaction with the device by the
student both with aircraft controls and multiple cholce answer response

keyg.»

A final major and important plece of equipment avallable to the
HRL/FT facllity is an instrumented T=37 aircraft. This aircraft is a
very important piece of equipment for obtalning basic information
relevant to the pllot's overall .sys?®m performance and s essential to
the test.of the performance equivalence thesls discussed in Section 4.0,

Most importantly, It allows for the correlatTon of the tevel of the - -
pilot's performance in controlllng system output parameters such as
heading and alrspeed with control input parameters-such as fore-and-aft
and lateral stick movements. These measures are essential to establish=
ing a data base for the determination of the equivalence of the ASUPT
device o the alrcraft belng sinulatéd. o o

2.3 Delineation of the High Priority Experiments

Based upon the priority assignment by the panel of experienced
individuals and the capabllities of the research equipment and constraints
surrounding the research facility, certain experiments and supporting
Investigations have been delineated. In the delineation of these ex-
periments. It was felt thaf the highest effectiveness possible should be
made in the use of the.research equipment and personnel. Therefore, a
second group of individuals with experience in experimental laboratory
and field Investigations was selected to provide expertise in how these
experiments should be conducted, |+ was a function of this panel to
provide guidance in designing these . experiments so that they would be
most economical and most effective In attaining results which could be
used with confidence in decisions with respect to training procedures
and training methods. These experiments are delineated In a later section.

_ It was also felt necessary +0 examine the research questions,

- particularly those having to do with training methodologies .and progression
of the trainee through the training program, utilizing less complex and
expensive devices to the maximum extent possible, It was felt that much
information directly useful for Improving the effectiveness of the Under-
graduate Pllot Training program could be gained through direct use.and
experimentation with the simpler devices, For example, earller work with
the use of the T-4G simulator in the T=37 Undergraduate Pilot Training
program has demonstrated the worth of such devices in determining the

" contribution of different training approaches., (see Woodrutff, Smith &
Morris, 1972). They have also proved valuable in the Investigation of

-
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system performance measures and are recommended to be put to further use
In the investigation of operator output performance measurement, The
-audio-visual capablility of HRL/FT along with devices such as the AVIT

are important to investigations of training in speciflc training objec-
tives which form the basis for accomplishing the final training objective
for the undergraduate pi lot,

3.0 PRIORITY RATINGS OF RESEARCH PROBLEMS y
The priorities assigned by the panel of experlenced training research
individuals were used to generate an Initial listing of problems Judged
to be important to increasing the effectiveness of pilot training, This
iist, taken In conjunction with the capabllities of the HRL/FT faciiity,
provided the basis for derlvingﬁg list of recommended investigations,

As was described earlier, the members of the panel were asked to
arrive at a listing of the Items usihg'a modified paired compar | son
technlque such that high priority items could be identified, This
technique Is described in detai! In the instructions to the répers given
In Appendix C, .

, - I o

The median ratings for the, Ifems were computed and are tabled In
Appendix D, along with their séml-lnferquarflle range (Q) values. An
abbreviated list in judged order of importance Is glven in Table 3,1,
This Tist Is derived from the panel Iist and considerations of adminis-
trative, scheduling and equipment constraints, |+ will be discussed In
detall in later sections,

Table 3,1 %

Abbreviated List of First Priority Research Questions
Formulated on Basis of Multiple Criteria

Motion=Vision Interaction,
Content of the Visual Display
Sequencing of Training Tasks

«- Cognitive Pre-Training . ,
Individuallzed Instruction
Feedback

o Instructor Training

Contextual Training

¥
GJ\IO\.UIb\NN-

.In considering.the items In these lists an examination of the seml--
__lInterquartile range values |isted under the Q column is in order. These
values reflect the variabllity among the ratings for the several items.
They show considerable vartabitity in the ratings of the Items given by

. . P
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the panel members, To a great extent, this variability arises from
genulne differences of opinion among the raters as to which problems are
mpré important_ for solution in improving the effectiveness of pllot
training, However, some of the variability comes from The seemingly in=
escapable intrusion of other criterion into the rating procedure. Since
the panel members have been working tirst hand with on=-going training
programs and carrying out training research in operational settings,

‘they found it difficult in some cases to assign priorities on a purely

detached "contribution to training effectiveness” basis, For example,
some judges felt that certain items required more effort in_pulling to-
gether relevant information in the literature and in applying that
information to the problem. The feeling was that if this were done,

the Item would not command a high priority in an on-going research
program. Some Judges felt that certain items were so Important on other
bases, such as pilot acceptance, that it would not be worthwhile to ex=-
pand efforh on evaluating them in ,terms of contributions to training per
se, Agaln, some judges felt that for certain items such as aircraft
dynamics simulation, the engineering developments were such that qpséarch
as to Its relationship to training effectiveness could not be considered
high priority. That Is to say, that providing high fidality in the atr=-
craft dynamics simulation was felt to be so feasible and relatively
economical that research on the fidelity of alrcraft dynamics simulation
was not particularly urgent

\ .

The comments and annotations by the panel of Judges in assigning
the priorities to the research items are important in interpreting the
priority list, However, those items which appear 'in the top ten of the
list in Appendix D are not dissonant with the general conclusions to be
drawn from discussions with the Individual judges. This Is also true of’
the low priority items In the list.

tt was indicated in Section 1.0 that the research investigations to

‘be undertaken as first priority. would be selected on the basis of the

research priorities assigned by the training problem and other consid-
erations., These additional considerations are: the capapilities of the
research facility, the criticality of a question in terms of timely in=~
put into the training change process, and administrative considerations
such as subject and resegrgfpersonnel availiabllity and practicality in
scheduling, _these considerations, taken along with the experts' ratings,
form the basis for an overall plan for undertaking investigations and
+he recommending of certain first priority experiments, The plarf and
the experiments are described in Section 5.0, t

-
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- 4,0 METHODOLOGICAL CONS |DERAT IONS

4,1 General Considerations. : 4

There are certain considerations which 1t is felt should be dis-
cussed before arriving finally at a plan for long range training
research, The first of these are the difficulties inherent In carrying
out classical transfer of training experiments, These difficulties make
It advisable to examine alternate méthods for obtaining experimental
data for use'in making decisions about training methods and training
.devices, The development and test of methods which may provide useful
data more economically and in more timely fashion is an area which is
recommended as worthy of Investigation because of the potential savings
In money and time, .

The difficulties attendant on classical transfer studies are time,
cost and avallability of experimental subject trainees, In order to
assess adequately the transfer effects of any ‘given vartable under study,
a representative sample of a class of students Is required for each of
the experimental groups and the control group. The calendar time re=- -
quired for an experiment can vary from a short period when the effect of
training in the simulator upon the performance of a single task is '
assessed to that time requiréd to train a class in a complete curriculum
as would be the case when investigating different sequences of the train-
ing tasks. When the experimental question Is that of the configuration
of the training equipment the methodological problems are somewhat diff=
erent from those in which the research addresses training methods. and
equipment wutilization, Let us first examine the training methods and
equipment utilization research area, since it Is here that the classical
transfer of training methods are most applicable and will need to be
preserved, -

The primary problem in the classical transfer approdgh lies In the
cost and calendar time required for transfer to the alrcr ft after :
training In the simulator. In order to expedite the acquisition of ‘
information relevant to the effectiveness of different fraining methods
and ways of utilizing the simulator, it is proposed that studies be
undertaken to establish the full ASUPT simulator as a criterion system

to be used in those transfer of training studies investigating training
methodology and simulator utitrzation,

With this approach, it Is essentlal that the ASUPT device be
established as a valid representation of the aircraft. In the past thls
has been done_in two major complementary ways. The first of these Is
to implement the mathematical modei of the flight characteristics of the
aircraft as.accurately as possible In the simuiator computer: The ’
second, is to make the general cue environment of the pllot as much like
that of the alrcraft as possible using the criterion of asking experi~.

Y

8 16‘ ’ :




;o

enced pllots to fiy both the simuiator and the alrcraft and to-make
judgments as to their similarity, It Is proposed that this technique

may be strengthenfd by the use of measurements of the pilots' control
performance whilp flying both the aircraft and the simutator, It iIs
proposed that af estimate of the population distribution of these per-
formance valuey for the aircraft be established through collection of
data in an ingtrumented T-37 alrcraft, ~The rationale Is that, if the
experlenced pflot flies the aircraft through maneuvers in which specified
system measuffes are required to be within speclfied limits and it is
shown that Hfis control performance In the ASUPT while performing within
identical Uimifs 1s the same as in the alrcraft, thisflis supportive data
Important -
to pilot gontrol. The outline of a data collection the alr=-
Iscussed in Section 5.2.5. .
H . \

Thé method being proposed -has been termed the performance equiva=
proach to establishing the characteristics of the training
simulator. The method constiitutes a quantification of the present
methods for wsing the skills|and, knowledges of highly trained and
experfienced pillots in making\the simulator equivalent to the aircraft

nce required, Establishing Yhe utility

in the ASUPT investigations will provide
thef/ground work for its use | the evaluation and calibration of other
trgining simulators. within thd Alr Force.

Performance equivalence I§ terms of operator performance Is assumed
+# be established upon demonstnration that his performance under one set
conditions Is not different \from his performance under a reference

et of conditions. That is to §ay that performance measures of operator
utput obtained in the instrumerited alrcraft may be used as an estimate
t the population mean (X) and the standard error about that mean (Ox)
for specified measures. Confidefce |imits may then be set up about the
mean to determine whether any other set of conditions, il.e., con=
figurations of the simulator, fal} within or without those confidence
limits with respect to the performance measures, being taken. It is
necessary to point out that the pekformance measures In question must

be estabiished as being reliable, discriminating, and logically and
meaningful ly related to the task at\hand.

Once the ASUPT system has been @stablished as being representative
of the criterion alrcraft and performance equivalence has been estab-
lished, the system may be utilized as the criterion system for transfer
of training experiments In which the alrcraft would normaily be used.
Also, it provides a criterion system f&k research in situations which
are not practical or advisable In the aircraft, These are those which ,
elther pose safety hazards or Impose unu val ‘stresses on the alrcraft,

The question. of the generallzabillfy, f_ihé ffndlngs reéardldg
training methods -obtained in this manner m be raised at this point,

»
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T could be held that results as to the comparative effectiveness of
different training methods obtained through using ASUPT as the criterion
system are not valid for training for transfer to the alrcraft. If this
thesis were true it would follow that the results could be held not to
be valid for use In other simulators as well or that methods used in

one training alrcraft are not useful in another. Either contention

“would seem to be contrary to the body of evidence and practice in

education and training in which training methods and techniques are
valid across a variety of training slfdét]ons and training materials
and are not unique to them. N :
The second major area In which training effectiveness decisions
must be made is that of the configuration of the training simulator.
Here again, we may consider the use of the classical transfer of train-
ing paradigm and the role that might be played by other methodologies
in support of training effectiveness decisions. When carrying out a
classical transfer of training study in which the question Is being asked
as to the relative importance to transfer of training of giyen levels of
the characteristics it is necessary to establish levels of that variable
for-experimental study. For example, a transfer of training study might
be carried ouf in which all combinations of degrees of freedom of move-
ment of the simulator are selected as exper.imental conditions. The
number—of possible experimental conditions and trainees, as we|l as the
amount of calendar time required for the experiment would be vary large
(see Smith, 1972). Further, and importantly, 1t Is necessary to.carry
out prior studies to determine whether each of the leveis of the experi-
ment as defined in physically measurable terms Is meaningful. These
antecedent studies would have ‘the .goal of determining which of these
physically defined conditipns are different in terms of the pilots!’ .
performance. ' - i < |
It Is-evident that many characteristics of a simulator 1n_which we
may have ‘a valid interest as to their.training effectiveness may be
defined in physical units which can be differentiated through use of the
appropriate metric but which cannot be differentiated by -the operating
pllot at the level of his perception and/or performance. This Is the
ciassical psychophysical problem in which intervals on the psychological

- scale bear.a relationship to the intefvals of the physical scale, but

not necessarily one which.is linear or even monotonic. In training
effectiveness research the levels of a variabile being Investigated must
be set based upon interval$ differentiated in terms of performance rather
than physical units, The determination of the performance Intervals is
prerequisite to tran§fer of training research for many variables of
interest, To illustrate further the Importance of the psychophysical N
relationship we may consider the fidelity of motion variable In training
simulator reseéarch. The degree of fidellty of motion may be defined in
physically measurable terms In a variety of ways which could be varied
systematically to-determine its effect upon transfer of training,
‘Parenthetically, In choosing the physical expression of a variable one

‘IO e
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should be selected which is meaningful and useful for the simula of de~
sign engineer, The fidelity of motion variable may be expresse In terms
of the freguency response of the motion’platform to some driving function
which might be varied over a range of physical values -for expe Imental
purposes, However, in this case, as Is true in many others, there is
virtually no background Information to guide the experimenter fin setting
levels of the experimental variable, As stated earlier, It is necessary,
through essentially a psychophysical procedure, to establish discriminable
intervals of the variable before considering further experimentation,
What must be established are the physical Intervals of the variable which
are different for the operator in terms of his performance, Like the
fidelity of motion variable, a great many variables of research Interest
require establishing the psychophysical scale before experimentation

can proceed. -

what is proposed is that prior to the conduct of transfer of train-

ing experiments, it Is necessary to establish, for many experimental

variables, that the conditions or ‘levels of any variable belng examined
are different in terms of operator performance. Conditions or levels
set up on the basis of the physical measurement of the variable may or
may not be different in any way meaningful or even perceptible to the
pllot. Those levels of the experimental variable which do not differ
with respect to performance -could not be expected fo differentiate with
respect to transfer of training, It is to be emphasized that establish-
ing the limits of the physical scale within which performance is equi-
valent establishes an interval on the performance scale and that levels
of the experimental variables must be set on the bas[s of this scale.

N !
Once the ASUPT has beern established as the brl;érlon system a less
costly method than ‘classical transfer can be used for obtaining Infor-
mation about the effectiveness of simplified systems. The method rests
on the assumptions that transfer of training from the criterion ASUPT is
positive and high and that a modification of ASUPT, even though different
from the criterion ASUPT in Its physical metric, when equivalent to it in
+erms of pilot performance will provide equally positive and high
transfer. Given these assumptions many simulator characteristics which
are Important to investigate from a cost-effectiveness stand-point may

be studied without conducting formal Transferxqﬁ training experiments,

The minimal system which is equivalent Td/fhe criterion ASUPT with
respect to any simulator characteristic Is jzéf that - the minimal
essential physical system which Is equlvalew In terms of performance
to the more complex one. It is assumed that franster to the alrcraft
would be as great using that system as witi the criterion system, How=-
ever, other conflgurations which could be ‘quite unllke the criterion
ASUPT in some of its characteristics ng%# be better training configu~
rations, That Is, the trainer may be modified In some of Its character-
istics or additions made to It to enhance Its efficiency as a training

device. R
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The point just made leads to making the distinction between effi~-
cient tralning and effective training, Efficient training is that which
brings the student to the immediate training Poal most economically in
the least training time. I1f the skiii attained upon reachlng the i1mme- -
diate training goal can be appiied In a larger training ob}ecflve the
immediate goal training Is effective In terms of the larger goal, For
example, If the cues used in approach and ianding can be tau
. quickly using a highly abstract display we have an efficient Hr
“technique. It will be an éffective technique only to the exten
skills acquired by that technique can be appiied in the larger
realistic situation, 1.e., positive transfer takes plcce,

that the
re

We may assume that any trailning which transfers positively to
ASUPT criterion system is effective training for the aircraft, Or we\may
not accept as effective any training method, procedure or equipment untii
It has been demonstrated that positive transfer to the aircraft is the.
case, The cholice is simpie but significant with respect to cost., The
adoption of the ASUPT as the criterion system for investigation of the
most efficlent training methods and simuiator utiiization is beiieved to
invoive small risk, In determining the minimaily essential character-
Istics of the training simulator, the use of performance equivaience
methods to estabiish the least common denominator which is equivaient to
the ASUPT criterion system appears logically sound, The experimental
" data to support it are sparse although experience with simulator con-
tigurations over the years lends 1t credence. it only needs to be re-
called that all manner of simuiator configurations have been used with
positive resuits, What Is needed Is the systemization of the method
for varying those configurations to determine which we might settie upon
tor use. The transfer of the training from that configuration seems
assured, Studies designed to develop and test such an approach are
proposed in later sections of this report.

4

4,2 Performance Measurement

In assessing the rate of acquisition of skill or the final ilevel of
skitl of an operator of a complex system such as an aircraft, performance .
may be evaluated at two points In the system, These are at fhe system -
output point through such measures’as heading, airspeed and aftitude and L.
at the control input point through measurement of control movements, , -
These measurement points (MP) are shown In Figure 4,1, R -

it seems a reasonable assumption that an efficient training system
"would establish in the trainee quickly and economically the control
input behaviors of the experienced and skiiied operator appropriate to
bringing about the specified system output, Training may be thought of
as shaping this control cutput behavior. Knowiedge of the level of
this behavior as training progresses wouid be useful to the Insfrucfor
In guiding the student, ’

? 20 . -
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When all training ls given In the alrcraf? f.e., the final criterion

- system, concern with the control Input as an index of skili level as
opposed to system output is a less important matter, System outputs are
avallable, have been used as measures over a long period of time and a
good deal 1s known about them, (See Demaree, et al., 1964) Concern with

. the operator output parameters begins when the desire Is to train In a

simulator the skills required for precise control of a dynamic system
such as an .alrcraft, It Is then that system output measures may be mis-
leading since the human operator can adapt his control behavior to bring
about the same system output over a broad range of different systems,
In this case, the simulator may shape control Input behavior not directiy
transferable to control of the alrcraft if the simulator differs fn the
criterion system in significant ways. It may be possible for the operator
to control the system such that the correct sysfem output is obtained while
at the same time requiring quite different control inputs - inputs which
would then be inappropriate to the criterion system with resulflng reduced,
or even negative transfer of fralnlnq.-

3

The emphasis here on measurement of operator output behavior at the

control input point Is its use in the performance equivalence approach to
i the Investigation of the necessary characteristics of training simulators,
— . With this approach fhe experienced pilot is a "calibrated" control element

being observed to determine whether his control output behavidr changes

with prescribed changes In the system which he Is controlling when

system performance is maintalned at a prescribed level., What is sought

Is a measure which is a reliable description of the pilot's control

— s
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* behavior and is sensitive to changes In ‘task conditions such as the
dynamics of the system.being operated or changes in the ‘sources of, his |
. Information for controlling the system, An example of the latter Is a

change In the dimensions of movement of control of the motion platform
in an alrcraft simulator, - o
The ‘behavior of the human controller in.a complex closed=loop syéfem

is exhibited in a.complex time varying output through the controlsof the '
system, A simple, direct, and preferably "on-line" summarization of this
output Is required. Previous work has shown that such measures as the
power density spectrum, the breakpoint frequency of the tramsform of that
spectrum and the percentage of power in séléc?ed portions of the spectrum
are summary measures which reflect meaningful changes in the operator's
behavior with changes in the conditions of the task and may be useful
measures, (See Norman, 1973 and Matheny et al,, 1974) The relative re~
‘liablltty of such Summary measures and their Inter-relationships need to
be established, What is required is an examination and anajysis of
pilot control output behavior in the complex control situation across a
range of conditions of external disturbances to the system and of re-
quirements for control, i.e.,, maneuvers or tasks. Systems which have the
capability for experimental manipulation of variables for.studying this
behavior and providing answers to practical questions regarding simulation
requirements are ASUPT, T-40 and T-4G simulators, and the Instrumented

+ T-37 aircraft., The use of these devices.in developing such per formance
measures and in the overafl research program Is discussed In.Section 5,0, °

5.0 RESEARCH PROGRAM

“ 5,1 Overall Plan ' . {

The major elements in an overall plan for a research program in under-
graduate pilot training are shown in Figure 5.1. This plan includes as a
first phase development of procedures, methods and measurement techniques
for use of the research equipment, The second phase Includes carrying out
screening experiments and more formal Investigations., The first stage )
serves to provide a technological base for experimentation and is funda-,

- mental to research.in the program, It is designed also to produce data
' applicable to other training research programs and to training research
device procyrements.

The research phase of the program Is divided Into Investigations of
training methodology and of training simulator requirements, Each of
these areas ls further divided Into a screening and a vallidating phase,
The screening phase is designed to narrow down the’ multitude of variables
in a systematic way, particularly with respect to the simulatce re-
quirements research area prior to more intensive formal experiments,

It should be mentioned that ?raTﬁlng me?ho%ology and simulator
requirements are not mutually exclusive areas of research, Certaln

14
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training methodologies will require the use of particular simulator
.characteristics., Conversely, certain simulator requirements will require .
the utilization of certain methodologies. It should be noted also that 7

tions for improving training efifedtiveness without going through the
more formal experimental stage. 1

The research plan provides for the investigation and test of certain
less well used investigative met ods with the goal of determining the
utility of more economical experimental approaches and designs,

the results of screening exper mqgii may form the basis .for recommenda-

The various elements in the overall research plan are discussed in-
the sections fo follow, , |
Ve

'5,2 ,Establishing a Technological Base

Establishing a technological base means simply .that the deve lopment
and test of procedures, measurement techniques, equipment checks and
the |ike are necessary antecedents to carrying out a research program,
The technological base discussed here extends beyond this since it
recommends a somewhat different approach by proposing to establish the
ASUPT as a criterion device for the conduct of investigations and
experiments, This phase of the program is intended to provide the data
for "the characteristics of a training simulator. This performance
* .-equivalence approach was discussed in Section 4,0,

It should be pointed out also with respect to establishing the

, techriological base that the working out of procedures, measurement
techniques and the |ike are, proposed to be accomplished using specifi-

cally designated experimental variables as the vehicle for developing
the procedures and techniques., The working through of such an experi-
ment is intended to provide practical information for the technological
base as well as to provide useful data on the variables involved,

however, limited or preliminary, This experiment is proposed to be one

in the simulator requirements’ research area. '

. 5.2.1 Equipment Familiarizatfon

The information to be gained and prqcedures to be establ ished under
this category are cohcerned principally with experimental equipment
characteristics, Here the research personnel witl gain familiarity
with the problems and procedures in configuring the equipment,
Generally, the order of experimental equipment configuration is deter-
mined by the experimental paradigm adopfed\by the researcher, However,
in those experiments dealing with simulator requirements using the .
performance equivalence paradigm the order of experimental conditions ;
may be set up to be most efficient in feg@s of equipment change rather
than overall experimental paradigm. This¥holds since experienced
pilots will be used as subjects and will be trained to specified levels
of system output under given experimental conditions, Under this

-y
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experimental method it is not critical that the conditions be ordered
in any particular manner with respect to subject learning. It is
possible then to order the experimental conditions in terms of ease of
transitioning from one equipment configuration to another rather than
in accordance with some overall experimental paradigm, Information
obtained as to the most economical way of changing from one equipment
condition to another,can be obtained during the early equipment familliar-
izatlon phase and will prove a valuable time saver later,

. .

These preliminary studies and Investigations will afford tha oppor-
tunity for.obtaining data on' the consistency and reliability of the
equipment under continued experimental use. Idiosyncrasies within the
system can be identified so that they may be faken into account in planning
future experiments, -

A necessary concerh Is with establishing calibration procedures for
the important and necessary parameters within the system during experi- .
mentations The type and frequency of calibration necessary to keep the
- equipmenf functioning at a standard level for experimenfal purposes must
be establ ished durlng this phase and provldes data for the technological
base.

.
Q@

An important function to be accomplished durtng this phase is fhe
determination of how the experimenters and instructors will function at
the ASUPT console of Instructors' stations in carrying out the experl-\
ments, Since the two instructor stations differ in terms of the |nfor-‘\
mation available to the experimenter or Instructor, the procedures and
practices for providing Instructions to the subjects need to be worked
out and function smoothly,

-

5.2.2 System Measures

These measures are those referred to as My in Figure 4.2 and reflect

the performance of the total man-machine system. In alrcraft they are

. such parameters as airspeed, heading, altitude, and pitch or roli angle.
It Is nécessary that these be developed and specified for each of the
research devices such as ASUPT, the instrumented airplane and the T-40
and T-4G trainers, The specification of these measures Is important
throughout all. phases of expérimentation although their use differs
between the training mefhodolon and the simulator requiremenfs areas, -

In the areas of precuslon of aircraft control useful and reliable
measures have been developed for most maneuvers both In the simulators
and in the alrcraft. Criteria against which performance may be meastured
can also be rather readlty established for carrying out the required task
procedures.

System output measures are being established by the Human Resources
Laboratory, Flying Training Division, through contract and HRL/FT
personnel efforts. The HRL/FT effort has been summarized by Waag (1974)
in which he points out that the major emphasis in the present performance
measuremenf development Is toward deveioplng those measures whlch reflect

“ . 17
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are concluded to be belaviorally equivalent,
‘ \

performance in the simulator, i.e., ASUPT, Emphasis is placed upon these l
performance measures since it is assumed that performance in the simulator
will be positively related to performance in the aircraft and it is,
Therefore, possible to use the simulator as a criterion device for in-
vestligating hardware configurations and training strategies. The HRL/F
in~house work Is also directed toward detining the objectives for any
particular maneuver or sequence of training tasks and to develop measures
for those particular criteria, A major effort is being directed toward
developing measures which wil| defermiheqfhe degree to which the crifg?Jon,-
objectives are met; reflect only the salient characteristics of perfor=-
mance; are useful by the student and the instructor pllot; and are
generated on a real-time basis so that feedback may be immedlate,

The systems measurement work being carried out by HRL/FT ;grsonnel
provides a sound basis for selection of system measures for any given
experimental investigation. Life Sclences' efforts have, therefore,
been directed toward the development of operator performance measures
rather than system measures. It should be. noted here, however, that
HRL/FT efforts have not been Iimited solely to systems measures but have
also been conceried with operator output measurement. = .

5.2.3 Operator Performance Measures - T-40 Experiment ’

§

"Operator performance measurement was discussed in Section 4,2 In
connection with the performance equivalence experimental paradigm. These
measures are taken at the controls operated by the pilot and reflect his
inputs into the system., They reflect his direct response to the stimull
presented to him by the system. They are distinguished from system
pertormance records which reflect his response plus the variabti|ity,,in
the system through which he is operating. : !

-y 2

- Investigations In the T-40 training slmulaTon:cén be designed.to
examine different procedures for summarizing the time varying operator
output into the controls, to examine Inter-individual differentes in

‘these surimary measures and to determine the stability or reltabllity of -

These measures over'time. This device coupled with the ADACS data re-
cording system constitutes a most suitable device for preliminary in-
vestigations of these questions.

As a general condition of the expe}lmenfs in which operator output . -
measures are being examined, the pilot must control the system to a :
préscribed level of gystem performance at which time his control output -
behavior ls‘recordeﬁ? It s necessary to standardize system performance -
in order that changes introduced Into the system being controlled may be
reflected in the operator's control output. Control output behavior is
then compared across changes introduced into the system or the task
being carried outy When such changes do not result in changeﬁ\;gépxa
experienced operator's control behaylior, the conditions being s ed

. .
- »
.
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' As indicated, the object of the proposed T-40 experiment is to

examine the methods for summarizing operator control outputs across .
different -levels of conditions in the T-40 trainer. In this experiment ’
the data of interest are the operators' control outputs for a specified

. period of time under the given experimental conditions after he has
reached a speeified level of performarice In systems output for that
condition, -The subject pllot will practice the condition until he has

- reached the specified performance level on the system output measures
- of heading, altitude, alrspeed, pitch angle and bank angle. The
*~ . ..several conditions of the experiment are given in Table 5.1,

e“" P2 DY
<t
:
+

- . . , Table 5.1

Experimental Condition# for Investigating
Performance Measures in the T~40 Trainer

I. Trials are two minutes in length,

2. Subject pilots are to be experienced instructor pilots.

CONDITION " VARIABLES .
| . -
| TURBULENCE LEVEL TRAINER MOTION MANEUVERS
| .
» I Low On St & level
| 2. Moderate On St & level
l 3 High on St & level
| o 4 Low Otf St & level
l B 5 _ Moderate off St & level
. 6 “High T Off St & level .
7 Low On 30° bank turn '
8 Moderate On 30° bank turn :
9 High On 30° bank turn
| 10 Low " Off 30° bank turn _ 2o
- Moderate . Off 30° bank turn a
12 High . Of f . 30° bank turn
’ The following list of plans and procedures apply-to the ¢conditions
given in Table 5,1: L \ ’

3.‘ Subject will practice the maneuver under each condition
‘ —untll .he reaches criterion performance on the, system
| speci fied output measures,




v

4. System output measures are heading, altitude, airspeed,
bank angie and pitch angle, '

5. Operator output measures are the subject of the Investigation
and analysis is performed on the recorded output of fore-and-
aft and lateral stick and of throttle.

6+ Conditions tabled above are for a single subject, The order
of trial conditions may be varied from subject to subject to
obtain an estimate of order effect. However, the subject
practices each conditlon to criterion level so this effect
- should not be significant. It is desirable to space trials
and conditions to avoid ‘fatigue and boredom,

7. Subjects repeat the conditions after one day and again after
one week,

In this experiment the measures of particular interest are the pilot's
contr®di output measures at the time he has reached specified levels of -
performance on the system output measures. The control measures are
‘derived from fore-and-aft and lbterd| movements of the stick and move-
‘ments of the throttle., These movements may be summarized In a number
of ways, - What is sought is a simple, on-line summarization which re-
flects rellably the pilot's performance and is sensitive to «changes iIn
ite Lt should reflect changes with practice and level off at the same
point at asymptote. Those measures which are proposed to be examined
are: Stick force (mean and mean square value): stick Z score and
throttle Z score as developed by Dr. W, Waag of HRL/FT for t+he ASUPT.
program (the sum of the squared differences between present stick vector
position and last stick vector position): stick fore-and-aft and
- lateral position computed In the same manner as stick Z: the proportion
" of operator-output power below™ radians and above 2, termed cross-over
power (see Norman, 1974): and transforms of the pilot output power ~,
spectrum which allow determination of the upper breakpoint trequency of
the pilot's output (see Matheny et al,, 1974)s It is also proposed that
the power in narrow frequency bands around 6 radians will be ‘examined
tor the shift In power as a function of experlmental conditions., The
results of these analyses will be used to guide the development of
operator performance records In the ASUPT and the instrumented aircraft,

5.2.4 Operator Performance Measures - ASUPT

It 1s proposed as a part of the collection. of technological base
information that an initial experiment be carried out in ASUPT. Thé
principle purpose Is the gathering of information about operator
performance measures and equipment procedures., However, at the same
time, it may provide information and insights about the effects of some
relevant variables. This experiment is proposed to repeat the )
essentials of the T-40 experiment described in Sectlon 5.2,3 with an

, - «
- . ™\
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additional variable ﬂé:med "visual display”. The selection of conditions
will be guided by the .results of “the T-40 experiment once they are
avaiiable, However, for planning purposes, i+ is proposed that the
variables and levels listed in Table 5.2 be those to be investigated,
This experiment becomes one which. essentially examines the question of
the Interaction between the motion and the visual display in the

simulator,

¢
}

Table 5,2

‘ Experimental Conditions for investigating Operator
Performance Measures in ASUPT '

CONDITION VARIABLES

Turbulence Platform Motion Visual Display G-Seat

I Low - On X On off

2 High ,On On off

3 Low on of f off

4 High - On off of

5 Low off Oon of f .

6 High of on | of f .

7 Low off - -Off of f :

8 High ~ of f of off
S99, Low e ON © On On

- 10 High ™ 0n On On

11 Low On . Otf On
N VA High On of f On

I3 Low of f : On On

14 High of f Oon On

15 "~ Low of of f - On

i6 High T off of f On . <

L4

The general experimental paradigm is the same as in T=40 experiment
in that experienced pilots would practice each experimental condition to
a specified ievei at which time control outputs would be recorded over
a two minute trial for analysis, Although the conditions are the same
as those for the T-40 experiment listed in Section 5.2,3, they are re-
peated here in the interest:of comp leteness., N

I. Trials are two minutes in length,
2, Subject pilots are to be experienced instructor pilots.

.3, Conditions are to be carried out for both Straight and
tevel and 30° Bank maneuvers, :

21 p ¢
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4, Subject will practice the maneuver under each conditien
until he reaches criterion performance on the system
specified output -measures,

) ¥

5. System output measures are heading, altitude, airspeed,

bank angle and pitch angle,

6. Operator output measures are the subject of the investigation
and analysis is performed on the recorded output of fore-~
and-aft and lateral stick and of throttle,

7. Cohditions tabled above are for a single subJecf. The
order of trial conditions may be varied from subJecf to
subject to obtain an estimate of order effect.- However,
the subject practices each condition to criterion level
so this effect should not be significant, It is deslrable
to space trials and conditions to avoid fatigue and boredom.

8~ Subjects repeat the conditions after one day, and again
3 after one week.

‘The contact visuzl display to be used is the full width of view
‘present in the ASUPT,” The content of the display.should consist of a
definitive horizon line with distinguishing features on the horizon as
external referents for a heading index. A ground plane selected from
those available in the visual display data bank judged by instructor
pilots to be representative of the local terrain will be used.

5.2,5 Operator Performance Measures in the Instrumentéd Aircraft

The need for operator performance data obtained in thé aircraft was
indicated in the discussion of methodological considerations, Section
4,0, Operator performance output data in the aircraft being simulated
is proposed to be used to establish a data base for comparing per formance
in the ASUPT to that in the aircraft. Data reflecting how the operator
responds in controlling the aircraft under representative maneuvers and
conditions are fundamental,to developing the performance equivalence

.approach to determining the necessary and sufficient simulator require-
.ments, By way of review, the performance equivalence approach postulates
that two systems are equivalent with respect tc performance |f operator
output performance is the same for both systems when those systems are
being controlled to the same levels of system output.

The existence of the ASUPT and an instrumented T=37 aircraft
presents an unusual opportunity to develop and test more objective
methods for stating and evaluating training simulator requirements. The
unique capability of the ASUPT of being varied Jn its characteristics,
coupled with the capability for obtaining reliable measures in the air-
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craft belng simulated, makes possible research into the perennial
problem of how phychological equivalence can be established between the
simulator and the vehicle being simulated in terms which are quanti-
tative and useful, to the. simulator design engineer.

As indicated in Section 4.0 it is proposed that pilot performance
be recorded In the instrumented T-37 aircraft across a representative
set of maneuvers and conditions and a data base be estabiished with re-
spect to this performance. It Is proposed that summary measures of the
time varylnggoufpuf to the contro! by the pilot be obtained and that
these measures be gathered using highly experienced pilots flying each
maneuver to a specified criteria, Data will be collected such that the
population statistics of mean and variance in performance may be
estimated. These statistical values wiil represent the population
values for the parameters under investigation. The operator control
performances of interest are proposed to be the inputsinto the stick,
both fore-and-aft and lateral, and into the throttle.

A further use--of the data obtained in the’instrumented T-37 air-
craft Is Its use In summarizing the kind of control Input behavior
exercised by experienced Instructor pilots in the T-37. These data can
be considered to be the criterion performances toward which the student's
behavior is to be shaped during the training process. Continuous
monitoring of the trainee's control inputs will provide diagnostic infor-
mation which may be fed back to the student to influence his rate of

learning.

In carrying out the Instrumented aircraft flights experienced
ingtructor pilots will perform to specified system output criteria during
csrtain designated maneuvers. System performance measures will be re-

corded along with the operator's control output performance. System per-

formance measures are to be the same as those recorded in the T-40 and
ASUPT experiménts and are heading, alrspeed, altitude, pitch angle and
rot! angle. The records of control movements during these performances
will be summarized In the, same manner as that developed from experimen=
tation in the T=-40 and ASUPT. The measurement parameters to be recorded
in the alrcraft with the ranges, accuracges and sample rates are given

In Table 5.3.

The linear accelerometers |isted in Table 5.3 are proposed to be
mounted orthogonal to each other at a position on.the pllot's seat as
close to the pilot's head as possible,

’

Y

The conditions under which data are to be collected are given in
Table 5.4. This table must be Interpreted in connection with the flight
pattern ana sequence for recording trials depicted in Figures 5.2 and

5.3 respectively.




- | 1 . =
Table 5,3
- Parameters|Proposed to be Recorded%in
~ the Instrumented T=37 Alrcraft .
‘ Parameter ' RaTge _ Accuracy Sample
e ’ ! Rate/Sec
- | Elev Stick Force O-_I_Ib .1 1b N 100
‘ Atleron Stick Force 0'201} Ib t.1 Ib 100 e
Rudder Force ) 0-30l‘ b .l 1b ) 100 \
__Elevator Position -6 e 4240 .5° ; 100
- Alleron Position  13§° - 50 100
Rudder Position £24° \ .5° | 100 .
~ Throttle Position®  Full | . .5° 100 g
Low Altitude - 0-5nft | 1 10 g
High Altitude o “0-25 - 50" o
o — ~16 < +56 6 - - 0
. Heading . ‘ Q:}GO/ £1°" . 10
o Yaw Rate T i70°/$¥c 1°/Sec Iq,
Trim Tab Posi+ion on - Off T
Pitch Rate - $90°/Sec i°/Sec 10
Alrspeed 0-~300K .il K. 100
. : Roll Rate { | £100°/Sec ) +1°/Sec - 10
" Roll Angle 0-260° fe 100 ‘
Pitch Angle 0-360° . +1° . - 100 )




Parameter

Right Eng RPM

Time

" Event Marker

Linear,
Accelerometers (3)
Angular‘ ,
Accelerometers (3) §

Table 5.3 =(Continued)

Range Accuracy
= %
0-110% 1%

- s anun -on

Actuated by IP

. 0&3g .0lg

+ 2 rad/sec 4°/sec

2

2

Sample

Rate/Sec

10

10

10

100

100




Table 5,4

b

Conditions and Seaquencing Data Collection Sortles
In Instrumented T=37 Aircraft Per Pllot

Sortie Trial Order* A/S Inst/Contact
—_— —_— - —_——
I A 200 Inst
2 B 200 Inst
3 A 100 Inst
"4 B 100 Inst
5 A 200 Contact
. 6 B 200 Contact
7 A 100 Contact
8 B 100 Contact

* For trial order see Figure 5,3

In the instrumented aircraft it is proposéd that data be col lected on
the maneuvers of climb, descent, straight and level and 30 deg turns,
During these maneuvers tolerances will be held as closely as. possible to

the standard determined for that alrcraft. Data wlll be recorded during
the periods shown in Figure 5.2, This scenario assumes that flight
data will be coliected with the alrcraft being flown from Wright-Patterson

AFB to a test flight area and that return from that area may be made at

low altitude during which additional data on straight and level may be
collected, It is proposed that the maneuvers be carried out both on

instruments and contact with the contact maneuvers being flown following

initial analysis of the instrument data, . -

A detalled scenario of the data collectlon flights in the Instru-
mented T-37 aircraft is given in Appendix E. The mahner In which i+ Is
possible to obtain a sample of sixteen two-minute trials for each of
the maneuvers of straight and level and 30 deg bank for two levels of
alrspeed In counter-balanced order Is indicated in Figure 5,3, The
arrangement of data collection trials in Figure 5,3 illustrates the
order in which the two minute trial segments may be recorded for both
straight and level and 30 deg banks during blocks of two sortles so
that the two-minute trials for each of the maneuvers may bé collected, -~
For example, in sortie one data Is collected in order A, Return to Base
“ from the test area may be flown at a 2,000 ft, altitude during which
three more two-minute straight and. level trials may be recorded, |In
sertie 2, trials are flown In order B, again with optional data collection,
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Trial
Sequence
A ¢ S&L , 30° , S&L , 30° , SaL [ '30° , S&L 4 30° ,
- S&L - 3,2 min trials (optional)
Return to Base f
B L30° , S&L 4 30°, SaL , 30° , S&L , 30° ; SaL

. S&L - 3, 2 min trials (optional)

Return to Base .

2

Figure 5.3 Order of trials for each block of 2 sorties for
_the flight conditions given in Table 5.4, \




sorties in obtaining data on, these maneuvers, both on instruments and
contact, 'i.e., those shown In Table 5.4, It Is proposed that a . . -
minimum of five pilots fly the aircratt data collection sorties and

repeat them in the ASUPT simulator. As indicated earlier comparison.

of the performances in the simulator and the aircraft will allow for: L
adjusting the simulator to be equivalent in terms of pilot performaﬁce

to the T=37 aircraff

After completion of data collection under the conditions |isted
in Table 5.4 data will be collected on maneuvers during which the air=
craft is flown closer to the limits of Its performance envelope,
These maneuvers are stalls and loops. It is proposed that each of tire
5 subject pilots fly 8 stalls and 8 loops maintaining as close tolerance
to préscribed limits as possible while the-parameters listed in Table
5.3 are recorded, |t is estimated that this will require two additional

sorties.,

‘ ,”r )

’ Trlals recorded during return to base, Each pilot performs eight "
In summary a total of 8 sorties per pilot will be necessary for

l complete data coflection on climbs, descents, straight and level and -

30° bank turns. An 2dditional estimated 2 sorties will be necessary

} to obtain data-on stalls and loops.

The data should be forma‘tted for analysis as fol lows:

* I. Nine track tape.
n 2. Less than' 136 characters per physical record
3. 1600 or 800 b!fs/lnch
,4, EBCDIC (Extended Binary Coded Decimal)
5. Even parity <

2

552.6 ASUPT as a Criterion Device

s v
K

The development of system and operator performance measures, both*
in the: ASUPT and In the instrumented T-37 aircraft are designed to
provide objective data for establishing the ASUPT as a criteriof device
for research, Establishing ASUPT as a criterion device .makes possible
its use in investigations of efficient fraining methods and the minimum
essential training simulator requiremen?s. The.manner in which it.is

’ proposed thgt this be done is through the performance equtvalence
- r*‘*,;pproach digcussed in Section 4.0,
Performance data collected in ?he ins?rumenfed alrcraft provide

the data base against which the performance in ASUPT may be compared,

It ts to be emphasized that’ the comparability of the two devices is |
being estiablished with respect to the closed=loop dynamic Tracking
behavior required of the pilot in controlling the systems. The - <
comparability of fhe two devices with respect to the procedures

2 -
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whereby other plloflng acflvlfles are carried out are establ ished on
the basls of task analyses and other direct comparison methods,

of

The performance equivalence approach Is used to establish the
equivalence of the simulator to the aircraft on the basis of its closed- ,
loop control characferlsflcs sometimes cal led handling qualities, As ’
indicated, insfigure | the present method for establishing the simulator
as being equivalen? to the vehicle being simulated is the use of expert:’
opinion, These opinions are-those of the design-.engineer and the
experienced pilot, The aim of the performance equivalence approach is -
to. provide, more objective data ?hrough direct comparison of perform=
ance both in the aircraft and in the simulator,

6.0 RESEARCH OUTLINES

The discussion of suggested research is divided into that concerned
with training methodology and that cancerned with simulator requirements,
Both of these areas are important to improving the effectiveness of the
training program, It is postulated, however, that the area of training
methodology can have the most immediate and significant effect upon the
'improvgmenf of flying training programs. The areas of investigation Iisted
in Tab'le 5.1 are discussed in this section with details of the experiments
recommended. to be conducted.

6.1 Training.Simulator Requirements Research

The major areas of simulator requirements research judged by the
panel to be high priority items were those of (1) the visual display to
be used in the simulator, (2) the characteristics of the motion system
of the simulator and (3) the Interaction of the two, Any research pur- .
porting to deal solely with the visual or motion cueing problem must,
die to.the nature of the process, be considered as a study of the inter-
action between the motion and the visual areas, Motion=vision interaction
studies are discussed in detail in paragraph 6.1,3, The two areas of
motion and vision research are takén up separately here solely on the
basis of the emphasis placed upon one area or the other in a glven fe-
search study and does not imply a neglect of importance of the interaction
effect, Thus, in the research dealing with motion, emphasis Is on the
Investigation ¢of a wide spectrum of motion variables under certaln
selective conditions of visual display. In the visual display resear
area, primary emphasis has been placed upon the content of the visual
display and its effect in various'training tasks and maneuvers under
conditions of simulator motion, Therefore, in reality all experiments
proposed to be undertaken in each of the areas provide information as to
the interactive effect of various motion and visual display conditions,

~ w'
/
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6.1.1 Investigation of the Content of the Visual Display

N

6.1.1,1 Background

The problem of the content of the contact visual display in the
simulator received the highest median rating by the Training Problem
panel, The importance of the outside world scene in the simulator is
underscored by the data collected by J. Brown {1973) from Air Force UPT .
students and instructors. These data show the traffic pattern to be
judged the most criiical element of flight instruction, and the most
difficult to teach and to learn, A contact visual scene is necessary,
ot course, for teaching this maneuver in the simulator.

The ques%ﬁon as to the appropriate features of the contact world
which should be displayed in the simulator has not been adequately
answered since the beqlnnlng of the use of simulators., Advances in_the

~state-of-the-art have produced several types of Complex visual dlsplay
generation and presentation devices., It is now possible to investigate
a broad range of -variables and to gain definitive information as to the
most effective display content for the training conditions of Interest,

Attempts at identifying and describing‘the visual elements of a
disptay used by a pilot as cues to control of his alrcraft have produced
both highly complex, and very simple displays. On the one hand very
detailed displays have been produced in order to insure that ali critjcal
elements are included. On the other hand, some very elemental displays ~
have been used or investigated. Both types are considered by fhelr -
users to be useful fdF the purposes Infended )
Prior to the completion of the présent study, agreement had been
reached with HRL/FT that the content of the visual display was an im=
portant area of investigation. ~ It was also agreed that during the period
of deiivery, installation, and calibration.of gertain research equipment f
investigations would be undertaken in this area, |t Is necessary to
narrow down the number and levels of the variables through ‘as sysfemaflci)
and valid a procedure as posslble before undertaking ASUPT experjmentatiop.
This is necessary since the numbep—-and combinakions of varTabtes' possible
of being investigated become asfronomical without~guch a screeningprocess. ,//
The use of eye movement recordlngs of experienced pilots flying.the under-
graduate pilot training maneuvers was proposed as a means of opfaining
useful information about the objects and features of the real world v
scene used by the pilot, (see Flgure 5.1) At fThe same time, data on AR
the dimensions of fhe field of view belng used by the pllof may also be
obfained . P /

.
° : 178 28 1‘

Based upon (Bynum et al., 1973). experience with eye=-movement recofd- ’
/ ings and using the visual, model for'closed-lahe\gonfrol developéd by Lite
g

Sciences, a program was oulened for obtainin formation relevant t8 .
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the problem of the content of the display. Thls program was infended T )
as one which would provide useful information upon which to base, "ASUPT

experiments relevant to visual display content, and which could. be e s .
carried outgprior to the insfallafion of the ASUPT equipment.” o s e TS
appreciate how these preliminary ‘investigations support ASUPT experl= . “i-j'f= .
mentation agd to relate*the eye movement recordings to the visual- model, v
~a brief description of the model and fhe part.played by eye movemen? e,
recordings Is in order, . . ‘ e Y KIS L

€~ -

6.1.1.2 A Visual Model as a Basls for Hypofheses f: e

The model referred to has been . described elsewhere in Thielqes and " R '
Matheny, (1971), in brief, the model assumes that exfernaJ referénts Lo,
in the real world and infernal refefents fixed to the vehicie being i o Yy

« controlled.may be projected through perspecflve geomefry upor & pigfure R
plane perpendicular to the pilot!s -tine-of= -regard, " The reldtionship, *’ R
between the internal referents and. the external referents provides infor- ’,- ]
mation with respect to deparfures from desired positions, of .the aircraft” S |
in its six degrees of 'freedom of motjion, Different posifiens af these | , K4
referents on the picture plane will affect differentially the pilot! s« L
abilitygto discriminate changes in position of the variqud difensions; of JEX I
movemen1;57—7*NLJ}PB$FQIT For example, an external ang |nfernal referenf A
picked near the verfical mid-line and on the horizon én. fhe:gicfure S ) o
plane will not allow the pilot to digscriminate as Jline a change in bank~
position as if those referents wqre picked furfher out on the hortzon ¢

from the mif-line. Also, referents picked near the horizon ‘do not allow * . g}
for as fine a discrimination of. forward franslafion as do referenfs . ’
picked closer to the aircraft on the’ earfh's\surface, -1 e., downward et
from the horizon line on' the plcfure plane, . . Lt A
"3 .. . P . . - - ".. *
It is a tenet of the mode! that if Is necessary for. the. piﬂof fo ' - L . -

select internal and exfergal referents’which allow him to make dis= ‘ N . o
crimlnaflons as to the changes in the attitude and posufion tn space of
his aurcraff it is assymed also that a part of the pilot's learnlnq
procéss is the, |denfificaﬁﬂon of the most appropriate extérnal “and in- .
f:;naj;;:je;:nfs for use in exercising closed-loop controk, It i3, ST .
.theref ecessary not only to identify®the appropriate referents io, * . ) .
tHg Teal-worid scene, but fo descr.ibe fhe'"nouse" from. which these referenfs L4 ’
‘musf be extracted by the piiot, L . ) . ,' .

e ' - > -

:
’ N L. »

L v i ol l 3 Eye-Movemenf Recordinqs ) SN Sl SooL - .
et ""“ . \ - . RN Lo \

. ' As menfioned experience in eye-hovemenf recording (BynUm et als, e ’

:..\; 1973) led to the belief that such recordings could be used to identify -: iy

" “extérnal and internal referents being used by the pllof in the ~ .

"+ performance of the Undergraduate Pilot Tralning Maneuvers, Their . _ .

- identification could then lead to recommendafions as the variables Jo .

* /\t ot v N :
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be investigafed more systematically tn the ASUPT complex, Therefore, a
program for gathering and analyzing such data was outlined and re-
commended, The, plan for collection and analysis of eye-movement data is
given In Appendix F, In that Appendix both content and tield of view
-_investigations age discussed since obtaining Information in the extent
of Visual fleld used by the pilof may be obtained from These recordings.
The fleld of view to be displayed In the simulator Is a practical -
problem about which direct information may be obtained without added
—~ . cost even though the panel of judges did not rate it particularly high .

o
as a research problem, .

6.1.,1.,4- Experimental Approach

] I+ 1s appropriate at this point to discuss the distinction between
the role played by the . performance equivalence approach to experimentation
and the Investigation of the confliguration of the visual display for

. training purposes, As is pointed out in Section 4,0, the performance
equivalence approach suggests that by using an highly experienced pilot
as a, standard control ler, that configuration of the vlsual display which
| is equivalent to the real world scene in terms of performance can be
arrived.at through systematically changing physical variables in the
o . TASUPT visual display and observing performance. So long as both system »
‘and operator pérformance sre “the-same as in the aircraft the systems acg<
judged to be equivalent, ‘ :

* ¢

J As indicated in the discussion of establjshing' a technological base, _
the flrst Interest is in the minimally essential set of wvisual content ’
conditlions which are equivdlent to performance (system and operator) In
the ‘alrcraft., - Of equal Importance Is the determination of that visual
display which is judged by the performing pllo?s‘?b be acceptable as
representative of the real world scene. The visual display conflgg;aflon
will then be taken as the criterion visual system which may be used..in
both performance equivalence and transfer experiments, The criterion, _
visu#l~system must be distinguished from those configurations which might
be best as aids to fraining and from that configuration which represents
the absolute minimum set of elements for providing the informatfon to

< the pllot and makes 1t possible for him to perform as he does in the

ééyr aircraft, . _ . ’ - /

\

-

. With respect to training, different hypothesis as to how changes in
display content should be Introduted to produce the most effectlve
trainee, progress may be tested systematicalby using the performance
equivalent system as the criterion system, For. example, in training the

. $tudent to discriminate the visual cues for level off and touch down In
landing, hypotheses regarding the optimum number and pattern+df |ines

| . . for training .in these cues may be tested., : Instructional assists:

. '\ entirely foreign to the real world scene may be tested aiso to point

\\ out to the student the most relevant cues fo his fask of "the moment.

» v
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.. 6..1.5 Expérimental Investigations

4

It will be recalled that in the study by Payne et al. (1954) it was
found that the introduction of an instructional aid in the form of a

" e=reference guage on the visual display enabled the student to learn the

proper relationships between the approach impact point and horizonh |ine
when they were unable to do so without the ald, Such training alds or
displays may bring the student more quickly to the point at which he
can control the system, (both with respect to system and operator out-
put) as well as The experienced pllot when he (the studenT) uses the
training oriented display. Thus, the training system is made more
efficient, However, the final ievel of skill to be attained is control
of the system, with respect to both system and operator output, using
the display configuration which was found with experienced pilots to be
equivalent to the real world scene if the training system is to be
effective, -

I+ may be noted that at this poln? the assumption-may be made that
transfer will be positive and high ‘from the equivalent simufafor system
sinde performance of |ike tasks requires like operator performance.
However, in Section 6.1.I@p tests of the relationship of performance

. equivalence methodology to classical transfer experiment are proposed

to be conducted, . .

’

-~

Ly

The ¥irst four proposed studies of the content of the visual dlsplaﬁ7

are shown in Figure 6.1, In brief, they comprise (&) tHe establishment
of the ASUPT as a criterion sysfem, (b) the detarmination of the transfer
from that system to the aircraft, and (c) two studies which are designed
to test the performance equlvalence approach while ob?alnlng information

‘relévant to two different configurations of the, visual dlsplay. ;.

~

“In deTerminIng the ASUPT criterior system two criteria will be used.
These. are (1) equivalent performance by experiencéd pilots both in terms
of system and operator output, and (2) consensus of opinion among ‘these
experienced pilots that the visuai scene In ASUPT is subjectively .,
acceptable as an adequa?e represenfa?ion of the real world scene. The
methods” and measures for determining perfocmance equivalence were dis=-
cussed Jn Sectlon 4.0. : . .

.

Three major var!ables are probosed to be important In the ASUPT
investigation of the visual display. These are (a) the number. of objects
in the display; (b) the placement or position of the obJecfs im the dis~-
play; and (c) the "stylization" or amount of detail 'in each object.

The number and placement of objects to be tested can be more completely
defined after analysis of the eye-movement data. However, certain

- guidance for hypothesis formujation can come from the visual mode |

referenced earlier, Thls model would-suggest that well défined ex-
ternal reference poln?s approprlately placad will provide Informafion

[ ] )
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to the pilot for controt of the six dimensions of movement of his air=
craft. Certain positions of the referents are more appropriate to
given dimensions of movement than are others, .

For control of the three attitude dimensions, pitch conTréT’?e-
quires a reference obJecf directly ahead of the alrcraft on"the vertical
mid-line and as near to.the horizon as possible., For ‘control of this
dimension alone, only an Identifiable point or object is required. This
obtains as a general rule for the control of pitch across all of the )

"maneuvers to be flown, However, for each par?lcular maneuver the place-

ment of the reference object with respect. to-the ground or sky plane is
specific to that maneuver in order for it to be accomplished best. For
straight and tevel flight a pitch reference point ahead of the aircraft
at the level of the horizon line, or the horizon Iine alone, will provide
a reference agatns? which the plilot can judge some internal referent on
his aircraft in order to hold his pitch attitude. For a nose down
attitude during approach to landing a reference object lower on the
ground plane would be hypofheslzed to be preferable,

For bank control, obJecfs displaced laterally from the fongitudinal
center |ine of the alrcraf? provide greater amounts of positional dis~
placement per unit of bank as they move further out from ?qe center line,
Thus, an object placed on the horizon at the vertical mid-1ine would ‘
exhibit iittle perceptible movement to the piiot per unit of bank, That

same object placed 30 deg in azimuth from the vertical mid-line would

provide a greater amount of displacement for the same amount of alrcraft
bank and thus enable greater precision of control, - -

. WIfh~respéET to heading contro!, objects on the horizon*in the
forward viewing area to which the pilot can relate an internal referent
will provide the same amount of dispiacement on the displiay per unit of
heading change. However, for ease, of scan for the pilot the object should
be directly forward on the vertical mid-line and on the. horizon,

For the detection of longitudinal motion of the alrcraft objects
directly in front of the aircraft which appear to move toward it are
necessary for the best detection of this movement, Objects .directly
below the aircrafi nave a greater perceived displacement while those
directly forward and on the horizon have the least per unit of longitu-
dinal movement. Therefore, to maximize the pilot's detection of forward
motion or change in that motion objects as nearly beneath the aircraft
as possibie provide The greatest information for control of this -
dimension,

The control of Ia?eral dlsplacemenf paraliels that of tongitudinal,
For discrimination of-: dlsplacemenf along the vertical axis the pilot
dust discriminate changes in the size of objects in that he must dis-
criminate changes In the relative distance between one edge of an object
and another -or the chafge in distance between objects.

[}
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The cues Just discussed are those which allow the pilot to control
the attitude of his aircraft about its three axes and to discriminate '
whether it has changed its position in three dimensional space. In
order to successfuMNy fly his alrcraft, however, he must discriminate
and identify objects in the real world which allow him to direct his
alrcraft purposefully from point to point or in the fulfiliment of
some objective or mission, Those objects which he must identify and
.use for direction of his vehicle are unique to his purposes and,objective
of the moment, Thus, when the objective of the pilot is to land the
alrcraft on.a particular spot the characteristics of that spot necessary
for him to identify it must be present in the display., Similarly, he
may be controiling his aircraft in three dimensional space to keep. It
positioned upon another alrcraft during formation flight., The relevant
cues peculiar to the other aircraft which allow him to maintain his
position must be presented In the visual'display in order for the
trainee to practice in their use and become proficient in formation

[ flying.

It is the overall goal of research In simulator vlsualhéfsplays to
identify those essential cues which allow the pilot to control the ...
l attitude of this alrcraft and to position it in three “dimensional spacs
in accordance with the objectives and goals of the moment, Further, it
Is the objective of that research to determine what assists or instruc- .
Tlona;m:lds may be added to the visual display to enhance the student's
attalhment of proficiency in the use of these cues. It Is the function
of “maneuvers In the pilot training syllabus to practice the student in
the accurate attitude and posltioning control of his alrcratt, Certain
maneuvers have specific and universal objectives such as landing the
alrcraft, However, in the main, maneuvers are not practiced for
maneuvers' sake but rather to practice the student in control of the
various dimensions of movement of the aircraft over which the student
* must have control in order to accomplish specific objectives and pur=
poses. Therefore, it Is suggested that the visual display for the
+« beglinning student must bé composed of'that essential set of features
which allows him to exercise control about the aircraft axes and along
three dimensional space axes as a general set of skills, He must then
learn to extract from the real world scene objects which serve him in
carrying out his control and navigational functions, " He must learn
also to discriminate these referents when they are buried 'in visual
"noise"., The term visual noise Is used hére to mean conditions in the
real world environment which tend to obscurg.or make difficult to dis=
criminate the referents which the pllot wishes to use. Atmospheric
attenuation, smoke, haze or any condition which causes an object to have
low definition constitutes such notse., To the extent that this noise
degrades the pilot's discrimination of changes befween the referents
which he Is using to control his aircraft his precision of control must
be. degraded. ‘ ‘ :

,




The analysls of The eye-movement records will provlde relevant da?a
for identifying the characteristics of those objects which must be
identified to- attain the goals of the pilot and to identify those
factors in the environment which tend to inject noise into the visual
sceng, The objects which must appear In the visual display to allow him -
" to exercise attitude and position control are not of necessity local
terrain features and could be quite abstract, However, it wil! add
appreciably to the realism and, therefore, the acceptance of the display
if they are recognizable as Iocal fea?ures.

The Identification and discriminafion of changes among ob jects may
be hypothesized to be a function of the level of detail of the object
and its contrast with the background. These factors are controllable
as experimental variables In ASUPT and may be varied systematically
through the use of the number of |ines used to define an obJecT and the
shades of gray used to provide contrast between objects or between ob-
Jjects and background (figure-ground contrast), ) -

Inj‘he light of ?he above discussion the first experiments dealing
with the content of the visual display are divided into the two cat-
egories of (|) that content necessary for control of the attitude and
position of the aircraft in three dimenslonal space, and (2) those
relevant to the lden?iflcaflon and use of features of the environment
which allow the pilot to control his vehicle In attainment of some
specifiable goal or purpose. Results from the first of these will be
appropriate to the specification of displays for simple basic aircraft,
control trainers. The results from both provide information for speclfl-
cation of more complex mission:oriented trainers. The variables and .
their levels for studying attitude and position control are given in -
Table 6.'0 3 M

This experiment illustrates the necessity for establishing the
discriminable intervals of a variable before going into the experiment .
proper. In the chojce of the—shades of gray for any object it is ,
evident that 1f shade 6F . gray |s to be varied over several levels those
levels must be chogen which are discriminably different by the subject.
Should any two levels chosen not be discriminable it follows that they
actually represent one level of the varlable to him,

The discriminable levels of gray may be established quickly simply
by asking the subject to fly the display while observing the shades )
of gray in specified objects., The shades of gray in these objects are
then varied up and down the scale with the subject reporting each time
he, discrimlnates a change in shade. ,This simple psychophysical procedure
will serve to establish those intervals minimally perceptible by the
subject while he Is engaged in his flying task, Establishing these
intervals allows the selection of levels of the variable demonstrably
different to the subject for use in transfer of training studies.

(—'j
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\

\ The second major category of study is the determination of those

teatures of the environment which allow the pilot to change his poslflon

or behave relative to those features in some purposeful way. "The two

major tasks In UPT in this category are (1) traffic pattern, approach

and landing, and (2) formation flying., Of these two frainlng problems

that of traffic pattern and approach to landing has been researched o

to a greater extent than that of formation flying. However, recent

experiments at HRL/FT using the Formation Flight Trainer (FFT) has

provided directly applicable data to the specification of tralners for

training in this maneuver, -

The ASUPT visual display capabliity allows the study of the re-
levant referents to be presented for the touchdown phase of the landing
and how they may be encoded in the display, Satisfactory study of this
area has not .been posslbla up to 1hls tima. The ASUPT capablility makes
it possible, , . - ]
~ B % - )
= The varlables and suggestions for their encodlng for the approach
and landing study are gt¥en -in Table 6.2, It is propesed that the
essential features |isted under Conditions | and 2 in both-Tables 2 and
3 may, be better defined after analysis of the eye-movement records and
the full capablli?y of the ASUPT for provtding display features has
been comple?ely checked out, .

The procedure for establ ishing fhe ASUPT criterion system in
Study | has been discussed in Section 4.Q,Methodological Considerations.
Study 2 will empioy the classical transter of training paradigm dis-
cussed by Gagne, Foster and Crowley (1948),
, S?udles 3 and 4 are proposed as tests of the -performance equlva-
lence approach as well as to .assess the transfer to the aircraft of
less complete visudl sys?ems. The parame?e?s of number, position and
" styllzation of 'dbjects will be'varied so that (i) a condifion not equi-
valentf to the criterion ASUPT is obtained’ and (2) a condition equlivalent
Yo the critérion ASUPT system Is obtained. This is to be done in the A - ,
" manner, deseribed in Section 4,0 using the performance of experienced
pllofs, Classical transfer of training experiments are then proposed
to be conducted using Conditions | and 2 of these studies to determine .
whether the hypothesis that equlvalenf systems bging about the same ©., s
amount” of ?ransfer while non-equivalent systems do not. The amount of
Transfer .obtained earlier in Study 2, :

e

-

The general design format for Studies 3 and 4 is shown in Figure
) 6..2"'. ’ w “ . ) ) 2

© 48
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6.1.2 Investigations of Motion In the Simulator

6.1.2,1 General

: The problem of ‘detérmining the necessary degrees of freedom of
cockpit motion in training simuiators was sixth on the priority list .
of training problems. (See Appendix D) Manipulation of-this variable’

in experimental investigations is particularly easy using the ASUPT,
*This device also has additional areas of Interest to.trainer motion
design - that of gravity alignment and the G-seat. Gravity alignment
cueing Is designed to come from tiiting the platform such that normal
gravity is used to substitute for the acceleration or decleration of "

of -two forms = those which come from movement of the elements of the |
seat to provide movement cues and those which provide sustained
pressures to the student's body. See Appendix B for more comp lete

. As pointed out by Smith (1972) it is manifestly not possible or
sensible to attempt to investigate all of the possible combinations and
" permutations of the six degrees of freedom of motion, gravity alignment
' and the ways In which the G-seat may be used. A sorting out on the
* basis of the characteristics and dynamics of the physical system being
Ysimulated and of the human sensory system was felt necessary and has been
' done. Further screening of these variables Is proposed to be carried
out In prétest investigations as indicated In Fikgure 5,1, °
i .
- The combinations of ‘conditions selected for recommended study and
‘.-'listed in Table 6.3 may be-used either in classical transfer experimgnts
! ‘or they may be approached through the performance equivalence method,
‘ _ . In- the discusslion to follow the performance equivalence method is used
although the fact of the prewigdus statement must be kept in'mind,
. st /e

- 6.142,2 Experiméntal 'Studies

' , . 7 )

¢ " The specific experimental-question to be addressed by these investi~

i gations Is "under. what method of introducing motlon cues and across what

4 copditions-of flight are the control ‘performances of experienced pilots

.equivalent?™ .The-approach taken supposes that i f two systems are
measurably dtfferent by some quantitative metric but thelr operation
results In no-measurable difference in the performance of experienced

"o pilots then thq'physlcal differences are behaviorally equivalent and are

“not .di fferent for purposes of a training simulator., This is the method-

ol'pgy discussed' in Section 4.0.

>

“ .7 4. " The independent vartable of prime Interest is that of the motion cue -
..., condition. What ls sought Is a determination of whether pilot perform-
" ~.ance varies as -3 functién of motlon cue conditions across di fferent
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' the alrcraft particularty during take-off or landing G-seat cueing Is -
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maneuvers and for different levels of external disturbances. The

motion cues to be investigated fall under the three broad: categories

Jjust discussed:(a) platform motion, (b) gravity alignment and (c)

‘G-seat, Particular combinations of .sub-categories of these major areas

have ‘beerf selected to obtain data about ten specific questions, These
. .conditions are listed In Table 6,3, The specific experimental questidns .

are given in Table 6.4, -

Table 6.4 shows the experimental conditions relevant to providing
Information about particular experimental questions. The.experimental .
procedure Is one in which the twenty=two conditions may be run in three
experimental sessions and provide information relevant to the ten )
experimental questions posed, THe experimental questions have been
selected such that successive data runs can be made with experimental
conditions on subsequent runs being dependent upon the findings of earlier
runs. A "sorting out" procedure Is used in which the various combin-
ations of conditions are examined to determine whether they effect any
differences in pilot performance and what the relative contribution of
‘the conditiohs are to performance variability, The effects found under
one set of conditions are used to guide the seiedtion of the experimental
conditions to be used in the next run. In order to accomplish this It

Is proposed that the incremental design outiined by Demaree in "A A
Recommended Design for Experimental Studies Using ASUPT" be used, Iﬁ)s
. paper s dgiven in Appendix H., . - ‘

'

Under the proposed experimental procedure as outiined in Table 6.4,
the first experimental question would Incorporate experimental Conditions .
l, 10, 11, 15, 16, and |7, Results from performance under these conditions
are intended to show whether or not the major conditions of simulation
of (a) no motion, (b) six degree of freedom platform, (c) six degree
of freedom platform with gravity alignment, (d) six'degree of fraeedom
platform with full G-seat, (e) six degree of freedom platform with full
G-seat and gravity alignment, and (f) full G-seat only, differentially
affect performance and, 1f so, what the relative effects are.

However, as a test of the performance equivalenice approach it is ‘ \4
proposed that Conditions | (no-motion), 9 (full motion), and that’ e
condition .found to be equivalent to full motion be used in the paradigm
shown in Figure 6,3. ‘ ’ ,

. . In this paradigm equivalence and non-equivalence is established by
the methods outlined in Section 4,0, In Figure 6.3 the condition of
no-motion is assumed to be non-equivalent to the ASUPT criterion system

in terms of performance. It Is also assumbd that a conditton of less.

than the full criterion ASUPT system may be established, .

I f Experimental Conditions | afd 10 differentially affect performance
Session Two will be concerned with obtaining data on Experimental

-~ s -
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Table 6.3
Experimental Conditions Selected for Test in Determining g
Plaftprm Motlon and G=-Seat Operation ;~ .
| Experimental Condition
} Condition Description* a
B P No Motion .
) 2, P,R (Platform) ’ ‘
} 3, P, R, Y (Platform) _ v oA
4, . P, R, Y, H (Platform)
| . 5. P, R. H {Platform) .
) 6. P, R, H, L (Plattorm) : )
.. 7. P, R, H, F & A (Platform),
. 8. P, R, H, L, F & A (Platform) '
9, P, R, Y, H, L (Pfatform)
10, 6 Degree of Freedom Platform .
I, 6 Degree of Freedom Platform with-Gravity
’ Alignment X T
12, P, R (Platform) with Gravity Alignment - '
13, P, R, H.(Platform) with~Gravity Alignment
' 14, P, R, Y, H, L (Platform) with Gravity
Al ignment
15, 6 Degree of Freedom Platform with Full -
. G-seat
16, ° * 6 Degree of Freedom Platform with Full
G-seat and Gravity Allgnment
17, . Full G-seat only
18, P, R (G-seat), H (Piatform)
19, P, R (Platform(, H (G~seat)
20, ° P, R (G-seat) .
21, . - P, R, F & A (Platform) Co T~
) 22, Honly : .
. \ L 3 >
*Legend:
P = Pitch o
» . R = Roll )
Y - Yaw . .
H =~ Heave o ' ‘ -
L - Lateral . ¢
F&A = Fore-and-aft g

’
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Conditions 2, 3, 4, 5, 6, 7, 8, 9, and 2I, The results from these D
conditions are lnfended To de?ermlne what combination of degrees of
freedom of motion bf “the platform are equivalenf. .
Experimental question No. 3 Is answered by comparison of Conditions
13 and 11 with experimental run I, This questlon concerns the contri-
bution that the gravi?y alignment cue makes to the maximum degree of.
freedom platform, .

In Experimental Session 3 the six remaining experlmenfal conditions
of 12, {3, 14, 18, 19, and 20 are added. Comparison of Experimental
Condlflon I3 wlfh Condlfion 5 Is intended to answer the question with
respect to a confribution of gravity atignment given:a nominal platform,
What <constitutes a nomlnal piatform has been assumed to be that re- ’
presented by Condlflon 5, l.6e, one with pitch, roll and heave., How=~ ‘
ever, the results of The analysis of Experimental question 2 may change
what |s considered to be a nominal platform and, ?herefore. change these
condltions somewhat, .

Lomparison ot Conditions 15°and 16 Is designed to give information ¢
about the contribution of gravlTy alignment when the maximum platform
Is used with the G-seat.

Addition of Condition I2 allows the comparison between Condiffon 2
and 12 and gives Information about the contribution of gravity alignment
with ‘the minimum platform, 1.e., one which provides only pitch and roll
.stimull, :

The addition of Condition 14 allows fqr a comparison of that o
condition wlfthonditlons 9 and G and gives Information about the
longi?udinal acceleration. cue contribution when a maximum platform is,
usad, i,s., whether the aravity alignment or fore-and=aft translation
IS the better clue or whether It has any effect at all upon performance,

In carrying out the experimental runs it is proposed that the ?x-'

perimental conditions be carried out under Instrument flight conditions A

using the maneuvers of straight and level flight, 30° bank turns and . - e
unusual attitudes. It is also proposed that the fundamental nature of ) .

the control task required of the pilot In performing "these tasks Is a a ;
.function of the external, forcing function or turbulence acting upon
thé system. His control behavior wili be affected by the natire of .
this disturbing function and it Is, therefore, proposed that three :
levells of disturbance be imposed upon each of the basic flight tasks in '
order to determine Tﬁe equivalence of various physical systems across

representative tasks and disturbances. The level of disturbance for

each conditiop is to be determined through pre-testing of the

turbulence generaflon system of the ASUPT,
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6.1.3 Motion=Vision Interaction Studies ’ .- .

6.,1.,3.,1 General -

[}

The results of certaln experlmenfs conducted In ?he visual and LT
motion areas are proposed to be used in experiments designed to provide .
information about the ‘Interactive effects of these two major variables,

These experiments are proposed to be conducted using the two major
areas of visual cueing discussed In Section 6,1.1, These are alrcraft
attitude control and alircraft position control.” Within these two areas
experiments are desfgned to defermlne whether differential lnferacflve
effects occur. -

\

6.,1.,3.2 Experimental Studies

As mentioned, the Interactive effects of motion and vision are
proposed to be investigated In.two rather different areas of pllot tasks,
First, are those conditions In which the pilot's task Is control of the '
attitude of his aircraft, This control is primary and antecedent to
control of 'the position of the alrcraft in three dimenslonal space.

It Is hypothesized that the interactive effect Is influenced by
numerous variables in the total task situation, Primary among these
variables are level of precision and control required and the nature of
the external forcing functions (ordinarily termed turbulence) Imposed
upon the system,

The model of control behavior adopted In considering alrcraft
attitude control is that of the Effective Time Constant (t_ ) of the
* system, (Matheny & Norman, 1968) This model Is used as a basis for under=
standing the interactive effects as well as to form predictive hypotheses
' to be tested, In brief, the model assugeé that the precision of closed=loop
ertor-nulling behavior ls a function of the Immediacy of feedback to the
controlling operator, e.d.,, the pklot, The time taken for feedback to occur
has been termed the Effective Time Con&tant of the man/machine system. The
“value of to ‘depends upon the values of given properties of the machine dynamics
- and of The human controller, The properties of the human controller of
.importance are the modalities through which the information Is received
and ?he Threshold level of those modalitles, W,

The relevance of this model fo the moflon/vlsloh Interaction problem
Is that certain Information aboyt the status of the atrcraff, particu-
larly.changes 'in attitude of the alrcraft, are transmitted more immedi=
ately as feedback to the dperator through the motion senses than the
v;sual. JIt is a tenet of the model ~that the motion senses are cued by. .
rates of onset of acceleraflon which allow far the initiation of re=-
sponse much in advance of that which would be triggered by the Tesulting
positional change of the stimulus detected by the visual sepse, It

. ’ Y
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follows from the model that increasing the gain on a given dlsplay to
a particular sense will increase the |mmediacy of the feedback to the
operator, Thus, increasing the galn of the visual display will resuit
in an increase In the precision of ‘control, Likewise, visual displays

- which provide the operator with rate, acceleration or onset of accel=-
eration Information allow him to recelve more Immediate information as
to the status of The system relaflve to the desired state and To control

. it more preC|sely.
' b
* From ?he Effective Time Constant model the predlc?lon can ge made

that in systems such as the T=37 alrcraft, performance of the precise
attitude control task wlll be enhanced by addition of the proper 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 can be further predicted that the visual
display which incorporates’'the higher galn (e.q., large contact display)

i

-

will result in a higher precisjon of control, It can also be hypothesized
that training a student to a given level of proficiency without those moction
cues which will be .present In the transfer tasks constitutes over training .

him'and he will do very well, i.,e,, transfer will be high, when he is
transferred into the task in which the total set of stimulus cues are avall=-
ableo ’

As mentioned earlier the first interaction experiments are designed
. 1o examine the situation in which interaction effect is likely to be .
greatest as predicted by the .effective time constant model., This area -
is in that of close precision attitude control. The experimental.conditions
suggested for this experiment are given in Table 6.5,

] It Is proposed that the performance equivalence paradigm be used
for this experiment, Experienced pilots will fly dach of the conditions
and tasks to determine whether -or not their output control behavior is

different under the various conditions given standard system output I
performance requirements, For those conditions found to be equivaient
and those found not to be, it Is proposed that groups of the students ’ ,

be trained under each conditich and subsequently transferred, to the air-
craft as a further test of the performance equlvalence approach,




Table 6.5

Experimental Conditions for Initial Motion-Vision
- Interactlon Experiments

=

Tasks: Approach to landing.,
~  Straight and level,

Variables: Motion - no motion and full. 6 degree,
: Turbulence -« high and low, N
Precision of(éonfrol ~ high and low,

Subjects: Experienced pllots for establishing
performance eaculvalence, Trainees for
training on selected conditions and
transfer to T«37 alrcraft,
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6.2 Training Methodology Research

. . s

As Indicated in the iIntroductory.section, this area of research Is
proposed to have high potential for producing results which will greatly
Increase training effectiveness and has immediate application, The.
adoption of ASUPT as a criterion system for investigating efficient
tralning methods Is the basis” for this oroposal, This is particularly
true of research in two areas judged to be important by the training
problems panel; namely, cognitive pre-training and feedback., These Two
areas will be discussed first followed by recommendations regarding the
areas of sequencing of training tasks, contextual training and individual=-
ized instruction,

6.2.1 Cognltive~pré-training

Cognitive pre-training refers to the complete understanding of the
cognitive and action aspects required for completion of a task before that
task Is attempted In the simulator or aircraft. In practice it may be
achieved in several different ways, 3 .

For the perceptudl and cognitive aspects of tasks, 5uch as learning
to scan, read and, interprét the instruments for instrument flight or
learning procedural sequences, a number of instructional alds such as
photos, work books, or audio-visual devices may be hypothesized to provide
effective training in these task_aspects, Cognitive understanding or
mental pre-practice may be highly effective pre-training for continuous
control tasks through use of simple or even no equipment at all.,

It is proposed that the evidence Is sufficient to support Institution

of certaln forms of pre=cognitive training directly into the training

. program, These Involve those techniques demonstrated to be efficlient by
Flexmar; et al. (1950) and Flexman, et al, (1954), |In general these
techniques require the student to become proficlient in his ability to
verbalize the pertinent cues and responses necessary to meet the require-
ments of the task, In this verbalization it is important that the
Instructor determine whether the student is merely "parroting" the words
of the instructor or whether he compietely and thoroughly understands the
perceptions and responses that are required for successfully accomplishing
the maneuver., With the advent of Increasing initial and maintenance
costs of simulators, the investigation of the amount of time which might
be; saved In reaching criteria in the ASUPT simuiator for certaln maneuvers
through the use of other pre-cognitive training methods fs highly
recommended. s

The Human Resources Laboratory/Flying Training Division has as a
part of Its_research capabllity an audio-visual instrument training
device (AVIT) with a program suitable for pre-cognitive training in
scanning, reading and interpreting the basic instruments for basic
instrument flight., The contribution of Thls}devlce to reduction of

-
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simulator training time for Iearﬁlng the basic fnghf maneuvers capable of
being taught by the device.should be investigated, The device Is con-

figured to teach a student to scan, read and interpret his.instruments for '

stralght and level flight, 30° bank turns and unusual attitudes., A
functional description of the device is given in Appendix G,

It is proposed that an experimental group be taught to criterion
level in the AVIT device and compared to a control group taught only In
the simulator in terms of time to reach proflciency In the simulator, |t
is proposed that both the experimental and the control groups then be .
taught al! other maneuvers in-*the basic Instrument” flight curriculum to
determine the degree of generalization from the three maneuvers taught in
the AVIT to.other maneuvers performed.in the simulator, v,

y

I¥ is proposed also that the capabllity for a device such as the
AVIT be investigated for its use in teaching the perceptions requlred in
contact maneuvers such as the approach to landing, This hypothesizes
that the major portion of the learning task of the pillot trainee is the
learning of the pefceptual and cognitive aspects of the task as opposed to
the motor responses he is required to make. |t is hypothesized that once
the pilot has learned to perceive the desired stimulus relatiohships, to
recognize departures from these desired relationships.and to know in which
direction he should initiate control movements in order to correct them
his,training time In the. actual performance of the continuous flme varylng

-task will be greatly reduced,

In brief, it is' recommended that the use of a programmed branching
audlo-visual instrument trainer be Investigated fqr teaching the perceptual
and cognitive side of contact tasks since these tasks are among the most
demanding of the trainee and require some of the most complex equipment
for simulation, B . \

o -

6.2.,2 Feedback

- in general Zeitgeist has been that feedback or knowledbe of results
factlitates tralning., (see Smode, 11958) While this Is true in the
general case there are cautions which should be observed when applying the
feedback principle to “the particular case or when carrying oyt research
with particular tasks. For example, Briags (1962) points to the inter-
active effect of type of augmented feedback (positive or negative), com-

»

plexity of the feedback criteria and level of training. He draws attention .

also to the importance of the feedback withdrawal schedule, Ward and
Senders {1966) suggest that adding an element to the task such as a

feedback method has a degree of workload assoctated with it and may interfere

with carrying out the primary tasks due to the time sharing requirements,

The work of Feuerzeig (1971) in providing Instructional monitoring
is belleved to be a method of feedback which should prove highly
beneficial In Undergraduate Pilot Training but must be investigated as
to the Interference effects and the feedback withdrawal schedule,
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Feuerzeig provided the trainee with computer generated diagnostic infor=
mation, instructional sugges?lons and a two~dimensional dynamic display
of the “pragress through a task such as a- holding pattern. His results
suggest that such an approdch to feedback to the UPT ?ralnee, par?lcularly
for instrument flight training, §hould be investigated.

¥
‘6.2.3 Sequencing of Training Tasks ~ .

While sequencing of training tasks was :listed as being one of. the
top priority items by the Training Problem Panel, it Is suggested that
the solution to this problem is more properly carrled out using the [SD
task enalysis approach suggested in Manua! 50-2, How best tp teach each
of the separate tasks may be approached throudh researéh in training
methodology such as those of cognitive pre-?rainlnq and feedback, ,It.is
recommended that the proper sequencing of these fasks, however, may more
properly be done Through synthesizing the tasks into an overall cyrriculum
by the use of ISD procedures, The' comparative test of two optimized .

* sequences may be carried out as a final test using the ASUPT as the
criterion device within which-all training is given and final training is
tested. This final comparative experiment should be undertaken after
thorough ana'lyses of the tasks.required of the pilot and should properly
include a synthesis of the fasks of the total curriculum based upon the
anaIyS|s carrned out by Meyer ef al. (1974), . d

6.2.4 Contextual Training o

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 any experimental |nvesflga?ions.
COMparaflve studies of two or three of the candidates for "contextuai"
training should then be investigated in ASUPT u$ing it as both the Tralnlng
and the criterion device. . - .

6.2.5 Individualized Instruction

Individualized Instruction is such a broad and diversified area;h

it is not possible to describe research relevant to it in this reporfégﬁiwi -,

The research outlined with respect to training methodotogies such as
feedback and cognitive training will provide information as to
instructional s?rafegles which may go into an |ndlvlduallzed Instructional
system. It is recommended that the individual characteristics such ‘as
biographical data and subject source, i.e., Air Force Academy, ROTA and
so forth be maintained on all trainees used as subject in the experiment.
The predictive validity of research findings will rest in large part on
information about. present and future tralnee ,populations, Thus, a daty
base may be developed for.making management decisions about lndlvidu@i-.
zed’ instructional programs which may be automated to assign Insfruc?!onal
strategies, incentives and guide the trainees' progress as a funt+!on of,
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APPENDIX A .

- .

' . X .

Letter of Invitation and Instructians to
I ] Research Problems Panel

0 . .

Life Sciences, Inc,, under Contract F41609-73-C-0038 with the
United States Alr Force, is carrying out an investigation the purpose of
which is to’produce a Handbook of experiments dealing with the design
and ‘'utilization of training simulatgrs,, This document will outline the
more important experiments necessary of being carried out in order to
answer critical questions regarding simulator hardware design and methods

.'of simujator utilization. The research to be recommended in this Hand~

v

book is to be carried out usirig the Advanced Simulator for Undergraduate
Pilot Tra1ning,(ASUPT) or-other research ‘facilities avallable fo the Air
Force Human Research Laboratory/Flight Training at Willlams Air Force
Base. ' - ’ ‘

It is expected that The_problems~?o be attacked will be those im-
portant to a wide rangg of training situations ‘in which the trainee
acquires cognitive and psychomotor skikls in learning to control a man-

_machine system; ,However, our emphasis is upon the fesearch through use

of the ground-based trainer and training technology tn beginning pilot -

training. : : A ’
. ‘ ‘.

In ‘order to make the Handbook of most value to Air Forte research

.and to -ensure-the most generality across a wide range of beginning

pilot training programs, we are attempting to involve as many individuals
with experience and knowledge in the problems of beginning training as
possible. .This invoivement takes tHe form of asking the individuals
to present their views-as to the most critical training protilems to be
attacked using a facility such-as ASUPI and the other HRL/FT devices. :
Therefgre, we arc attempting to obtain the considered judgments of a
aroup of experts in the field as.to the important training problems,
After these have been assembled they will be |isted and submitted back

.to the group for priority judaments or order -in which they shouid be taken

up in a research program, ¢’ .

| would appreciate very much your becoming a member of this group,
Your participation as‘a member would-be most valuable. ’

) © .

| should point out that other equipment avaiiable for research on
training problems consists of a T-4G simulator whith Is a modification of
the ME-1 buiit by Link. Its main features are a mostion base and 2
visual ‘system, The motion system provides three degrees of motion in
pitch, bagk'and heave, The visual display provides a visual image of
44° by*28° in" full color through use of coior film and 35 mm slides,
This visual system is known as the Electronic Perspective Transformation
(EPT) system and presents an approach, landing and take-off sequence
filmed at Williami Air Force Base,

./
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Other equipment includes three T-40 Tralné?s which were designed
to train flight personnel in. the typical twin engine jet alrcraft, This.
?ralﬁef consists of a cockpit mounted on a two degree of freedom motion
system and an instructor's station., The motion system provides motion L -
in the pitch and roll axes, However, the pitch motion also provides
vertical translation at the pilot's center of gravity to simulate heavs
motion. The trainer may be considered as an Instrument tiight trainer ,
and useful’ in research on the problems of Instrument flight, engine
systems, navigation, radio, communications and so forth for this, type
of aircraft, ’

A third trainer is termed the simpliffed Format&irs
(FFT), This device is configured to train the studen¥ in formation flying
of the T-38 aircraft, Thé student "flys" a television camera which views 4
a model of a T-38 training aircraft, The image of this model is pro-
jected on a wide angle screen at the student's station. ‘All basic formation
tasks from join up to position keeping and in cross-under can’be
accomplished in the trainer.

. | hope that you will be able to help as a member of our panel of
experts and can send me your, thoughts ‘on what you regard to be the
critical research issue in simulator design and utilization at an early
date . B . : ¢

Best regards, LY

K W, G. Matheny’
‘ President & Technical Diregtor
rA

1




APPENDIX B

Life Sciences, ’Inc.
Contract F41609-73~C~0038

%raininq Problems List

Visual Simulation Requjrements ' (
- The visual system in aircraft simulators presents the real world

visual scene outside the alrcraft to ?he trainee, Major problems in this

area are:

o Field of View = The solld wvisual angle to be covered'by the
display. Measured from a forward line-of-regard, the vertical
and horizontal visual angles to be covered by the display,

o Content of the Display - Objects, points, lines and so forth
in the display as sources of information for the trainee in ’
carrying out his aircraft control tasks, . '

1

o Ouality of the Display - Aspects of the display such as,
brightness, resolution, sharpness, contrast, and distértion
or aberrations of the depIayed image which have to do with
|Ts Ieglblllfy.

) Color - The chromaticity of the display, i.e., whether the
visual dispiay is achromatic or contains an approximation to
real world color,

A}
-

o Depth of Field - The Image being displayed 4o the trainee Is
. g collimated and thus appear at virtual infinity or appear as
a flat plane projection, ' ' -

Motion Cue Simulation

e m me—— - - - ,,—,_ - -

This area of research may be subdivided into what may be termed the
onset or true motion cues and their washout and those cues which are
sustained by means of pressures on the trainee's body, The latter may be
implemented by pneumatically driven elements in the simuiator seat (G-Seaf)
and through the gravitational alingment cue provided by tilting the motion
platform, Motion cues may be provided by the movement of-the—sim
motion platform and possibly the actuation of the pneumatically driven .
elements In the G-Seat. The individual research items have been broken’ W
out as follows: N

o Contribution of the individual or combined degrees of freedom
of motion of the platform to ?rajnlng of the undergraduate
pilot Tralnee.




/
% v .

< o Contribution of the individual or combined motions of the
- degrees of fréedom of motion of the platform to the. '
proficiency measurement of the trainee, e.g., periodic or , .

final checks,

o Contribution of the gravity alignment cue to training., This
cue comes from tilting the platform such that normal gravlty
is used as a substitute for the acceleration when the alrcraft
is accelerating or decelerating, e.g., during landings.,

- o Determination of the degree to which the seat pan-and be It
pneumatically driven elements (G-Seat) may provide the
motion cues available to the trainee durvna various fralning
tasks and maneuvers,

-

o Determination of the contribution to trairiing of the sustalned
pressures provided by the oneumaflcally driven element of
the studeAt's seat. -
. ~ , :
o Determination 'of the optimum frequency response in pitch,
roll and yaw of the platform for training cost effectiveness,
i.e,, what. fidelity of motion is optimum for training,

o N\ﬁe#egmlgf;igﬂ_gi,#ﬁe optimum.program for introduction and |
. washouT of linear movement of the motion plafform and G-~
Seat for fralnlng effectiveness, . A ’ .

I
Motion=Vision Inferacfion . , 2, -

’ re . .

This area of research Is concerned wlth determining the comblned
effects upon training effectiveness of the vision and motion’ characferlsflcs

of the device, s ’

Feedback

Thks area is concerned with the provision of feedback (knowledge of
results) to the sfudent about his performance., Usually feedback Is given,
relevant to some criterion or standard. This area can be divided into
categories.as follows: T : , b

o Freeze Capability - Refers to.the most effective use of the,

' simulater "freeze" capability in providing feedback.

’ o Sensory Channel - Refers' to fhe determination of the most .
. appropriate sensory channel for use in providing feedback —
L or knowledge of results to- the student, .
o} Instructor Provided - Refers to the determination of what

‘ information should be given to the student by the instructor
as to the quallity of his performance based upon Information

A

- -
-
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he obtains either from his observations of the student's
activities, panel instruments, contact scén& or, in the case
of the simulator, specific performance measures of both
criterion- and diagnostic nature,

o. Frequency - Refers to the frequency with which feedback should
be given to the student, i.e., continuous or at discrete »
Intervals during his" pracflce of the task,

.
’

o Time Delay - Refers to the time lnferval between' the performance »
" of the task and the presentation of information relative to ~
the adequacy orf qual ity of the performance, |1 .e., whether feed—
back Is Immediate or delayed .
o VESUaI Modeling - Refers to the process of exhibiting fo the -
student on a visual display his progress through a maneuwer .
as a developing two-dimensional spatial patftern on 'a visua\-

" 1display. For example, while the student «Is performing a
holding pattern using information derived from the instruments
on the alrcraft panel a- CRT display may graph for him his’
ground path relative to the desired holding pattern, This/-
information may be withdrawn as trainee learning progresses.

4
-

o Self-Confrontation -~ Refers to the playback of a trainee's
performance during a practice trial through activation of th
Instruments and controls of sthe'simulator. Playback may be

either in slow, real or fast time, , “

v - “

“

Disorientation Training- ;

«

¢ . - o

This category is c0ncerned wufh the research into training to recog-
nize and cope with disorientation, during flight, |t irivestigates the
requirements for a simulator to |nduce dlsorlenfaflon and themethods and
techniques for training in recognizing and coping with the problem.

Auditory Cue Simulatiocn

) .

Titis-area of research .is concerned with the auditory spectra emanating

from the aircraft which may be important in training in several different
ways as follows: . ’

" o As.an information source”which the student uses in directing
his control movements,

1

o As a means of adding realism tb the training situation, 3

o As noise which interferes with obtaining Information or
' which may otherwise be detrimental to performance..

“
. " .
]
'
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+ Kinesthetic Cue (Controt Feel) Simuiation T . . - ,’ ?f. /
_ This area of research deals with the investigation of the degree to 'n
. which the control forces and dispiacements in the aircraft being simulated
- should be represented in the simuiator,

Contextual Training

" Thi's area o% concern is wi?h training taking piace within the context
- “of operational tasks and appiications. For exampis, basic instrument .
maneuvers such as 30° bank turns could be taught in.the ‘context of an
T

overall maneuver such as an instrument approach, An experimenfal question ]
in this area might then be, shoutd:tasks such as 30° bank turns be :
practiced separately and uniouely or within the context of a broader
maneuver?

- Performance Measurement

 Within this category there are five idenTifiabfe, independent sub=-
categories as follows,

o Check-ride Performance - Extent to which check or criterion
rides In the simwlator may be substituted for those ‘in the
aircraft, N -

o Diagnostic Measures ~ Measures of specific items at a
- particuiar time during a practice session or learning process
which are designed to identify and isoiate speclf!c sources
of dtfficuity being experienced by the trainee in shis |
acquisu?ion of the criterion skills or knowledge.

o Confrol Output Measures: - Idenf|f|ca?ion of the parameters
to be sampled and ‘recorded, e.g., lateral 'stick input, and
the methods for s mmarIZ|ng or transforming them into the
most mesningful and valld form, e.g., spectral densify
function or- frequency analyses. ¢ )

ke SysfenJOu#puT Measures - Idenflfica?lon of those parameters
.7 ' fo be sampted and .recorded by maneuver or task, e.g., altitude
! or anrsﬁeed, and” the methods for summarizing +hem into the
most aningful -and valid form, e,g., “integrated absoiute

. epror, RMS, efﬁ\

© <

o Obserwer Records of Performance - InvestigationTof ‘the methods
and technlques. whereby the insfruc*or‘p?Lpf or other observer
‘ may recqrd performance through watching the standard instruments
! of the-atrcraft panel the contact 'worid scene and the actions

-

of the frainee. - . : [

~

-

v
-,

‘ o) Observer Opinicn Data - Invesfigafion of the methods and
techniques whereby an observer such as an insfrupfor piiot,

.
’
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test pilot, design engineer or behavioral sclentist may
record or express his judgments or opinions in a useful
and reliable manner,

0 Determination of the relationship between speclfic and
detailed diagnostic and criterion measures obtainable in
the simulator and those measures possible of being obtained -
by the instructor pilot observing the trainee performance 4\\
in the alrcratt,

_ Instructional Aids

This area of research is concerned with the methods, procedures and
part-task devices which may be used in connection with a simulator and
within a training system to bring-about more effective training, The Iist
of .items which may be broken out under this category are as fol lows:

o Maneuver Demonstration ~-Refers to the capablllfy of the dévice
for "playing through" the maneuver in automated mode for the
purpose of demonstrating it to the sfudent.

o Instructional Cues - In this item of research use is made of
the instructional cues derived from task analyses In that
the instructional cues for each task or maneuver are singled
out and made explicit for the trainee. Instructional cues
are defined as the stimull which provide the information,
often in the form of a rule or a set of procedures, which
enables the learner to perform the behavior described in a
performance objective., It is the minimal informational stimulus,
elther audible, visual or tactual, which must be supplied to
the learner in order to enable him to make the deslired response.
The emphasis In this area of research would be the pointing
out or making explicit to the learner what instructional cues
are involved in performing the task, This may be carried out
through use of the visual and/or auditory display capabilities
-of the ASUPT or use of other less complex audio and/or video -
devices. .

-

o Part-Task Trainers - Research using much less complex devices
than the ASUPT to train in parts or aspects of a task prior
to ASUPT tralning. Such devices might include full scale
panel illustrations or pictures, mock~ups, procedures, trainers
and audio-visual devices for training in procedural, perceptual
and cognitive type tasks,

o Prompting and Cueing -~ Prompts are signals which indicate that
the time has come for a specific action to occur and directs -
the student to perform that particular action, Cueling s
similar to prompting but usuallly refers to a simple signal
that indicates time to act, Thus, a cue Is less directive
+han a prompt,

65
73




[
Aircraft Dynamlcs Simulation

1

This area of research deals with the degree to which the equations
describing the motions of the simulated alrcraft should be represented
and implemented in the simulator, It is directed essentially toward .
the dearee to which these eauations might be simplified in their
implementation in the simulator with possible reduction in required
computer speed and/or capacity. -

Peer Training

Research in which the trainee's peers may observe and work with him
. while he practices or engages in the solution of problems, This category
may-be subdivided as follows:

. © Instructional Assist = In which the fellow trainee engages
’ in helping the trainee solve problems or improve his skills
through discussion, suagestion and critiaue of his
performance,
o Dynamic Observer - In which the fellow trainee acts as an 4

observer and notes the performance of the frainee
being observed, the types of errors which develop, and
can mentally rehearse his own techniaues and approach to

solving the problem or acauiring the skill,
/
\ .

«

Instructor's Role ‘and Training
- — This area of research is concerned with developing informatien which
may be used to make the instructor more effective in his guidance and
‘management. of the student's progress through the training curriculum,

It may be subdivided into the" fol lowing categories: .

o Performance Evaluation - This area includes*research,ln.fhe
training of the imsiructor in the evaluation of the performance .
. of .the trainee in the simulator and in the aircraft and the ’
d . relationship between the performance measures obtained in each
of these training situations, A greafer array of performance
evaluation means is avajlable +0 the.instructor in the
simulator than in the aircraft, Instrugtor training in the
use of diagnostic and criterion proficiency measurements
in the simulator is the concern of this research area. Of
particular concern is the interpretation and translation of
the more detailed measures taken in the simulator into !
instructional guidance and” performance‘evaluaflon in the :
aurcraff .

o Use of the diagnostic jnformation provided by the slmulafbr
performance measures for either extemporaneous or
— - -standardized instructions and guidance to the trainee,

. - - / . T
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o Degree of Instructor Participation - This research item
refers to the degree to which the Instructor actively
participates in the ongoing practice of the trainee, -On
the one hand the instructor may demonstrate the task,
talk the student through maneuvers and provide evaluative
and directive information throughout the course of the
student's practice, On the other, he may adopt a passive
role in which he provides information only when guestioned
by the trainee and injects himself Into the .training
practice only to assure safety.

o Instructor Motivation - Investigation of the incentives and
awards which may be used to increase instructor interest and
enthusiasm, T

o Instructor Standardization - Research concerned with training
and measuring the instructor's ability such that he maintains
his effectiveness at a defined and established level,

o Degree of Instructor Task Automation - This item refers to
the analysis of the instructor's task and the alidcation of
certain of these to automatic execution by the training
simutator, The types of functions and tasks that fall
within this category are briefings, demonstrations,
performance evaluation and assigpmenf of trailning.tasks,

o Instructor ds Training Manager - Refers to the instructor's
control of the progression of the student through the syllabus
based upon student performance relative to specified criterie
using specific task descriotions and criteria and having
avalilable to him detalled knowledge of the student's progress
through diagnostic as well as criterion performance measurement.

o Instructor Statlon and Role in UPT Simulation - Refers to such
questions as whether the instructor should be located in or out
of the cockpit and the optimum design of the instructor's
console,

Relationship of Trainee Tralts and Methods of Instruction ‘

This area of research is concerned with the investigation of
relationships between methods of presenting the training,materials and
! certain measurable traits of the individual, For éxample, measurable
traits such as visual field dependency, manifest anxiety or perceptual
and cognitlve style may be hyquhesized to be related to the appropriate

method or mode of instruction to be used for a given trainee, ,

™

Cognitive Pre-Training

This area refers to extensive briefing or complete understanding
of the perceptions and actlons required for completing a task before
it is attempted In the simulator or the alrcraft,

67

NI B




Y

Sequencing of Tralnlng Tasks, Maneuvers and Phases

This area of research is concerned with the ordering of the fasks,
maneuvers and phases such that optimum transfer from fundamental skills
and knowledges to tasks of greater difficulty Is obtained and results
in the most efficient progression through the syllabus, Specifi¢ research
. questions may range from whether instrument flight training should
precede or follow contact flight training to investigations which seek
"fo determine the hierarchy of skills in the optimum order and methods
of teaching these basic skills,

1

Trainee Motlivation N . ;

This area of research involves investigation of the. role which in-
centives may play in bringing about more effective fraanlng. These may
involve competion among trainees or other incentives and awards for
accomp | ishment, ,

. Extension of the Training Syl labus

P

This area is concerned with determining the emphasls .to be placed
upon training tasks and maneuvers which are avoided in the alrcraft for
reasons of safety,.and those which require controlling the aircraft to
the limits of its performance and structural integrity, e. g., control
at the #ritical alrspeed llmlfs.

Adaptive Tralnlxgi ‘

’

. In the simulated envirpnment, UPT may be adapted in various ways,
‘Under elther automated or manual control, the actual task, -the syl labus,”
and/or simuiator characteristics can be modlfled The speclflc items |
In this area are: . ! ’

o Indlvlduallzed Instruction - Determination and description of
the specific tasks to be taken up in the syllabus, specification
of criterion performance either, normative or administrative,

and progression of the student through the, syliabus on a

performanég\;j\frlferlon basis with provisions!for branching

.back for rehgarsal of tasks. . -

o Machine Adaptive Tralning - Adjustment of the bhargéferlsflcs
of the tralning device or media or task such that the trainee -
progresses to <riterion performance at his own individual pace
based upon measurement of his progress. Adjustment of the
training situation Is customarily such that the trainee's task
Is easy during his initlal practice trials and is adjusted ‘to

. become difficult based upon hls progress wuntil he reaches

criterion performance. "
- .

v
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.- L oo P Confracf F4I609-73-C—0038 C
- .t - , . o N ‘7~’ L . ‘
- . . Assignmenf of’ Prlorifles fo. = -', SR * ‘
° . . -| |Tra|nlng Problems e ..;. Ot L. -

<

The affached Iist .describes areas of research which .have beeﬁ ldenfl-
fied as fhose which are pressing in ?erms of' théir Imporfance for maklng
pl}o? Trainnng more effective, Reseanch results provldlng definitive Infor= |
mation .in these areas would be highty ‘ugeful* in making decigions as to the
way training should be conduc?ed ahd The ?ype of +ra1ning equlpmen? ?haf'
should be used CoL e g . o . ) .

= T N . L
Vo What is neededlnow s ‘an ordering of the !ts?ed i?ems in Terms of
their importance to nncreaslna the effec?:veness of beglnnlng or under-
graduate pilot traimina. Thaf parficufar i+em wh}ch the rater feels should
‘be taken up first in an. undergraduafe pflof ¢raining researgh program should
appear at the Top of the list, : The. basls for. assigning pf?oritlés should
be the lmpor#ance of ?he researchxlfem for st -potential, for lncreasTng
training effecfiveness. lncreasing Trainlng effechVeness s def¥Qed as
— bringing the student to crr*erlon pra#iccency in. {ess Tralnlng Tlme at Jess
fratnlng cosf*’ . . ‘n . L J . . g
The quesflon posed to the rater is = what 'Is. The parflcular order ln
- which the ltems of tesearch should be ,accomplished in order o prov}de T
the most useful information t¢ admln%sfrafors In maklng training ﬁrogram .’ .
decisions. It is hoped fHiat a reasonably concise and’unambigious deflnlflon '
of each of the research areas has ‘been gliven 50 Tha+'Fhey may be revlewed o

and prdorl?les assugned Lo N - ) - . L
. f / b ) ) - « ; " ¢
— s Each of the. l*ems has been |listed %eparafely on a 3 x -5 tarJ so thaf '
[ . they may be sorted and arranoed in ordep~of priority. 'As you recelve ° P

them the cards will be. in The same order as the items in the aifached rist,
The procedure for son?lng i's to select a glven card and’ place it"face up oot
before you., Each of the o?her'l?ems (cards) I's examined anda judgment PR
made as_to whether it is of greafer or lesser. priority than' the first o
chosen (reference) card. ; Any item which is judged to be of higher priority ~

" than tHe reference card is placéﬁ to the right of that card while those .
Judged tq be of Iesser’prrorlfy are placed. tc the left. At the «conclusjon
of this sort the rlghf.hand s?aqk of cards’ is taken up and sorted in bre-

..cisely the same manner. That ,is, a. reference card is chosén and placed

. tace up- before the rater, The remafnlng cards.in the stack are then sorted
into fwo piles, one on either side of the reference card.designating either , .

hlgher priority.or lower priority than the reference card, This.procedure

Is repeated for all stacks until no gne has more than three or four ifem .-~

cards in it, These three or four may then be ranked from high to low in

. prlorl?y. The ‘total stack of oards'is then reassembled from greatest to .

Ky
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- 19.
A - 20,
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P 23,
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. APPENDIX D

Ranklng of-Tralnlng Problems Based
i Upon Medlan Rank €10 Raters)!

o ITEM 7 o MED | AN
Contént of thé Visual Dispiay - 6.0
.Motion-Vision Interaction .. ~ = " . 11,0
.- Ouality of the Visual Display . ~ 12,5
Performance Measurement-System Oufpuf
Measures ' . - 12,5,
Sequencing of Tra|n1nq Tasks . ’ 14,0
Coptribution of the Individual .or -,

‘comb i ned Degrees of Freedom of Plat-
form Motion to Training’
Instructor Traanung - Performance

_Evaluatien | | . . 4.5

\Coonlfnve Pre-Training 15,0

Performance Measuremenf - Dlagnosfnc

Measures - . 18.0
. * Adaptive Tralnlng - Ind1V|dualized « e .

" instructton - . b 18,0
Feédback - Self—ConfronTaﬁxon o, 20,0
Feedback - Visual ‘Model irig "o T 72040
"Instructor Training - Use,of Diagnos- :
tic Information for Student Guidance ' 21.0
.Feedback ~ Sensory Channel , . . 21,5
‘instructiona) Aids = Instructional .
Cues ... . ! « 21.5
Contexfual Tralnlnq s o 22:0
..Contribution of the Individual or : '
Comblned Degrees of Freedom of Platform .

* Motion ta Proficiency Measurement ©C 24,0
“Instructor Training - Degree of

fnsfrqcfor Participation . o 24,5
Feedback = Instructor Provlded : 24,5
Field of View ‘ - 25,0
*Adaptive Training = Machine L " 25,5
Determination of the Optimtm Fidelity of .
Response in Plfch Roll and Yaw of ) y
the -Motion Plafform : ' ) . 25,5
Instructor Motivation ' ; " 26,0
Performance Measurément = Relafionshlp 27.5
Deferm:naflon of the Degree to Which :
-G=Seat May Provide Motion Cues - 27.5
Feedback: -~ Frequenty e "+ 28.5
Penformance Mbasurement - Observer

"Records of Pérformance

s 28,5

.
l M ’ i
; i

L

{©
~

10,75
11,50
19,75
12,75
1,00
11,75

11,00
9.75

10.,00

7.50
|4025

- 8,00

12,00

18,75
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28,

29,

30.

31,

32,

33,

34,
35,

36,
37.

38,

39.

. 40,

- 41,

42,
43,

44,
45,

46,
47,
48,
49,

50,

51,

52,

Ranking of ‘Training Prgb+em§ Based
Upon Median Rank (Cont'd)

1 TEM . MEDIAN

Defermination of the Optimum' Program for

Linear Movement of the Motion Platform 29.0.
Determination of the Importance of the

Auditory Spectra as an Information

Source , 29,0
Instructor Role as- Training Manager 29.5
Peer Training =~ Insfrucflonal Assist 29.5
Per formance MeasuTement - Control

Output Mbasures - 30.0
Instructional Alds - Part-Task T
Trainers 31.0
Dépth of Field of View in the 4

Visual “Display 31,5
Instructional. Alds =~ PrOmp?lng and i
Cueing - . 32.0
Instructor Standardization - - 32,0
Performance Measurement - Checkride .
performance *32.5

Determination-of the Contributions to

Txaining of the Sustained Pressures . - .
Provided by the G-Seat 33.0
Degree to Which the Control Forces

and Dlsplacemenfs Should be Represented

In the Simulator ) 33,5
Relationship of Trainee Traits and

Methods of Instruction 33,5
Instructor Tralning - Degree of —
Instructor Task Automation . 34.0
Peer Training - Dynamic Observer 34,0
Instructional Aids - Maneuver

Demonstration 35,0
Extension of the Training Syllabus 35.0
Contribution of the Gravity Allgnmen?

Cue to Training’ ¥ 35,0
Disorientation Training . 35.5
Feedback - Time Delay , 36.0

' : 36,5

«

Trainee Motivation
Performance Measurement - Observer
Opinion Data 38.0
Determination of the Importance of the

Auditory Spectra as a Means of Addlnq

ReaIISm,To the Training Situation' 40.0
Détermination of the Importance of the

Auditory Spectra as Interference or Noise 44,0
Alrcraft. Dynamics Simulation 45,0

72
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13,75

16.00
16.25
11,75
14,25
1440
18.50

12,25
16,25

10.00
17.50

11.50
20,75

|9.50
13,25

15,50
14,75

16,25
11,25
10,00
20,50 - .

8.00

5,50

10,75
18,75
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Ranking of Training Problems Based
Upon Median Rank (Contid)

i B
L ITEM < MEDIAN - Q
& .
‘ 53, Feedback-Simulator Freeze Capabllity 47,0 - 7,00 ,
54, Color in the Visual Display 47,5 . 10,25
55, Instructor Station - Location and : }
Design ‘ 48,0 7.25
, .,
Note I, ' —ro— e

In this table the median refers to the mid-point in the distribution _
of ratings given by the judges. It Is that rating value.at which one-half
or 50% of the, judges ratings of the particular item were greater than the
value and one-half of them were lower. The Q~value In the tabie is a
measure of the variabllity of the judges' ratings and is called the semi~
interquartile ranges The formula for cue-is-Q = Q3 = Q. O Is the point
one-quarter through the distribution of ratings, i.e., the point at which
75% of the ratings are above this value and 25% are below, Q3 ts the point
three-quarters of the way through the distribution, Thus, the difference
between Q3 and Q| divided by two Is a measure of the spread-or variabllity
of the judges' ratings. 4 /
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APPENDIX E o
Scenario for Flights of Instrumented T-37 Alrcratt
, . (.
Sortie No; | - &

/\% 3 _ ) B i , .'
I« Record runway barometric pressure and temperature, date, time,
.

2, Take=off,

-

3. Turn on recorder,

4, Gear:up - record, (l) event no.; (2) fuel quantity, (3) qubulence
level, (4) "cllmb" ,

.
-

) 5. Climb to 15,000 feet at a constant 180 KIAS, Perform 4 - 2 minute
* trials during climb. Trim before each trial as necessary,

6. Fly to area where maneuvers can, be flown,

7., Update event mark - record, (1) evenf no,, (2) fuel quantity, (3)

N .+ turbulence level, (4) mdescenf” . ' vos
. 8., Descend at a. consfanf airspeed of 200 KIAS to. 2 000 feet. Perfiorm f -
, 4 = 2 minute trials during descenf Trim before each trial as e .
necessary., . .

l
9. Trim to 200 KIAS, straight ahd«le’vel 2,000 feet,

10, Record (1) event no., (2) fuel quanflfy, (3) furbulence Ievel
¢4) trial.order A, .

-

t. Fly 2 minu#e trials in order A. Trim befare each trial as ~ -
“  necessary., . S
. ¢ 12, Record: (1) event nQ,, (2) fuel quanf??y, (3 furbulence level,
‘ ¢4) "straight and level to base" Y

N -\ .
I3, Return to base at 2,000 feet, Perform 2 minut trlals sfralghf ) ’
- and level during retuin, Trlm before each frl?l&as necessary.
. te

1
]

L \ 'Y




I
2,

3.

Takeroff.

- i ¥
' <. Sortie No, 2

N ’ ~

Record runwaylbaromefrlc pressure and temperature, date, time.
. ~ .

’

Gear-up - recokdi?(1) event no,, (2) fuel ouanflfy, (3) .
turbulence level, (4) "climb", .

Ciimb to 15,000 feet-at a consfanf 180 KIAS, Perform 4 = 2
mvnuTe\t:|a|s during climb, Trim before each trial as necessary.

Pl .
Fly “to, area where maneuvers can be flown,

Record, (1) event no., (2) fuel quantity, (3) turbulence level,
(4) "descent", ’

4
*

Descend at a constant airspeed of 200 KJAS S to 00 feet,
Perform 4 - 2 minute trials during descent, Trim Refore each o/

trial as necessary. : ’
¥t

__Trim_to 200 KIAS sfraighf and’level, 2 000 feet above ground,

Record (1) event no., -(2) fuel quahfify, (3), turbulence Ieve|
(4) trial order B, . .
N . " :
Fly 2 minute trials In-order B, Trim before each trial as.
necessary. - " .

e

Record (1) event no,, (2) fuel quanf|fy, (3) furbulfdce level:,
T . (4) “sTraugﬁT and |eVe| to base". . \ .
’ 6 13, Re‘l’urn to base ‘at 2 ;000 feet, Perform 3 - 2 mlnu‘l”Arlals straight -
‘and level during refurn, Trim before each Trlal as necessary.,' _
»! 7
+ ‘\ ' - -
C v
. .
L] . ‘ ) . ,
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Sortles 3 & 4 : - —

-
-

.RepﬁE; Sorties No, |.and 2 except perform straight and level and 30°
bank-turns at 100 KIAS, . -

' Sorties 5 & 6

A

R?neaf Sorties No&kj and 2 except perform straight and level and 30°
ban¥. turns under contact condlflon?.

@
)

“

~

N ! Sorties 7 & 8

4

Repeat Sorties No, | ahd 2 except perform straight and level and 30°
___ bank turns’are at 100 KIAS and under contact conditions,

.

. o T e
- s e : ’
'
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APPEND.I X F ) .
Eye-movement Recordings and Data Analysis

It is recommended that the NAC Eye Mark Recorders is to be used as ;
method for gathering data for the ldentification of the objects comprlslhg
the content of the visual display which can be used as referents by fhe
pllot in control of his aircraft, The NAC Eye Mark Recorder provldes'a
record of a primary field of view 60° |n azimuth of the scene dlrectly
forward of the pilot's head position and an Indication on this field of
view of -the pllot's fixation point within the scene, Specifically, this

h&’

recorder is an optical device which focuses an 1liuminated reticle re-
flected by the movement of the eyeball so that it always coincides with the
visual line-of-regard, This is superimposed on the primary Image and may

~

be recorded on |6mm film or video tape. The video tape recording method
is recommended because of Its capability for instant repliay,

The general approach recommended for the collection of these data s
to require instructor pilots to %1y representative undergraduate pilot
training maneuvers while their eye movements are recorded, The specific
maneuvers recommended to be flown are (a) straight and level, .(b) steep
turn, (c) complete (deep) stall, (d) lazy elghts, (e) a shallow turn, (f)
pattern, approach and landing, and (g) formation flight,

Instructor pllot subjects will be selected who are current in the
maneuvers to be accomplished during data collection, These pilots widl be
briefed on the general characteristics of the eye mark recording equipment
and such safety procedures as are required, This briefing will include
Information_as to the purpose of the maneuver and data collection procedure,
The pilots wl it be Informed as to why they are being monitored and that ‘at

the conclusion of a flight they will be asked to review the recordings of
their eye movements and to refate what elements of the visual scene they

were using as They piloted their alrcraft, -y
. L

An |mporfanf phase of this investigation Is the post flight revlew
by the pilot of his eye-movement recordings. It Is necessary, on a moment-
by-moment basis,for the subject pilot to identify the particular element
in the contact world scehe which he is using to provide him with infor-
mation for controi of specific dimensions of movement of his ailrcraft, It
Is also necessary that he identify any relaKuonships either static or
dynamic between the external world referents and those fixed to his air-
craft, These referent points will serve to ldentify objects, points, lines,
res or characteristics which may then be generated in ¢#he contact
e, Id cene provided by the simulator, These identifled referents
AP pevide the basis for investigations as to the content objects and
thelr IocaT|on in subsequenf research inyestigations,

! it Is also hypothesized that It Is a requirement of the pilot trainee
t6 learn to identify and extract the pertinent referents from visual -
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"noise" Inm the contact world scene. This nolse Is comprised of other
objects or condifions which serve fo obscure the referent and Interfere
with fine discriminations of its relationship to other referents, Ouring
the post flight interview the pllof must be asked Whether he can identify
such.condition in the videotape he reviews. They may be such factars as
haze, "atmospheric attenuation, low cdntrast, or any other which tended

‘to interfere with or degrade his visual pérceptions.,

Of particular interest in the post-flight interview Is Information
relevant to the peripheral cues observed and used by the pilots during the
flight. The long standing belief in the importance of peripheral cues
(Hasbrook & Young, 1968) has been recently reinforced by ‘data collected
by Life Sciences, Inc, in which pilots eye-movement records were taken
while hovering the helicopter, These records show that a pilot could
fixate sfeaduly on a given point on the ground plane for a long period of
time whité controlling all six dimensions of movement of his alrcraft Ine-
dicating great reliance-on peripheral visual information,

Although the NAC Eye Mark Recorder Is equipped with a 60° field of
view lens the peripheral vision of the human operator extends beyond that’
fleld and it is quite probable that information Is available and utilized
by the pilot which is not recorded. The post-flight review of the record-
Ings and the interviews should cover this possibillty, i.e,, the pllot
should attempt fo recall and elaborate upon any peripheral cues which are
not visible in recordings at any point he feels necessary,:

Although the line-of-regard of the plIoT can be esfabllshed with The
Eye Mark Recorder this does not establish the fact of the object or area
on which the eye is focused. That Is to say, that the line-~of-regard
reticle of the recorder resting upon an object does not necessarily mean
that the eye is’ focused upon that object, although it is hlghly probable
that it Is. The piiot, therefore, must be able to explain precisely what
object or point he was focused upon during the portion of the maneuver
which is visible on the video tape., The pildot may provide narrative-infor-
mation on a voice tract of ‘the video tape during data col lection, Thls
narrative is not deemed critcal ly necessary but could prove helpful,
If there is any Indication tha® such a narration Is Interferring with
the pilots normal flying of the maneuver it should be discontinued.

Alfhoubh it 1s preferable that a given maneuver be accomp!ished in
"discrete'" fashion with Immediate return to the flight line for playback
and interview, the data collection sequence Is open to variations because
of the practicalities,of flight data collectjon. For example, data might
be collected on taxi and.take-off, climbout, and immediate approach and
landing with return to the flight line and playback and Interview covering
this sequence, |f Is recommended, however, that to the maximum extent =
possible, an extended sequence of maneuvers not be accomplished since It
would .require a greater amount of recall by the pilot and certain factors
may be forgotten before the Interview session,
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- Documentation of eye point data in the total field of view will be of
direct assistance in establishing the visual environment of the pilot and
can be utilized in other programs. For example, the data could be used
by instructor pilots for directing the student's attention to particular
areas of the visual field during training. However, first and primary use
of the records and the interview data is in genera#ung hypotheses as to
the visual image content and fields of view to be tested In ASUPT,

The“outline of the procedure for carrying out the eye-movement data
collection and ‘analysis is as follows:

__*o Purchase NAC Eye Mark Recorder and modify for helmet mounflng ,

*o Preliminary try-out of eaquipment and procedures with HRL/FT
personne |

- o] "Selection of instructor pilot subjects ,
o General orientation and safety briefing

- }
o Selection and data collection on maneuver

s

o Playback and interview concerning maneuver

4
* ’ A
i

’ o Analyéis to determine field of view .
¥ .

o Formulation of hypotheses for test
*Accomp | ished as of this date

" At the time of the writing of ThIS report the eye-movement recording
rogram is going ahead at HRL/FT. As indicated in the Iist of procedures
be accomplished the NAC Eye Mark Recorder was obtained and modified
for helmet mount. Prekliminary data collection fo try out both the Eye
Mark Racorder and the video tape equipment has been accomplished using
~ ground vehicles, The means for mounting and operaTInq the eye mark
equupmenf and the recorder in the TF37 aircratt have been specified.




: T APPENDIX G

—— Functional Description of_AVIT Device

A schematic drawing of the existing AVIT is given in Figure I,
The stimulus dévices to whlch student responds are: N
e An J8 x II inch rear-projection screen on which photos of the .

basic flight instrument panel of the T-37, or other ghotographic, written,
or dlagrammallc maferlal, as approprla?e, may be presented;

2, A head-set for audio messages;

.
v

3. A set of six "response svaluation" Iights in two rows of three,
the top row labelled ROLL OK, PITCH OK, POWER OK against a green back-
ground, and the bottom row labelled ROLL ERROR, PITCH ERROR, POWER ERROR
against.a red-background - -

The response mechanisms that the student ﬁag use are: !

. A simutated stick and throttle, with a "trigger" switch on the
stick, . .

2. A row of 5 response buttons, labelled A, B, C, D, and R.

" In addition to the above the student has avaliable a SOUND REPEAT
button, which allows him to repeat an audio message, and an EXPOSURE
— CONTROL dial, the use of which will be described later,

Trainer Mode —

automatically by the program material, The basic TRAINER mode will be
—described flrst, - ,

Early in an AVIT program a typical program;segment (Flgure 2) mlghf
be as follows: on frame 20 of the program, followlng some infroducforv
material, the student might see on the screen a photo of the lnsfrumenf
panel wu?h all the insXruments Showing the readings that are correct tor;
a particular flight con fon, as shown ir Figure 3, The accompanyling
audio message (A-10) reviews the readings and instructs the student to .
press his trigger switch 16 advance the first proU*ev frame, frame 21,

On frame 21, aII instrument readings might be nbimai except for a
?all increase in altitude. There will be no sound message with frame
21} but the student will have been Instructed previously that he is T .
make-the appropriate confrol movements to return to his required fii
condition, He moves the controls to the position he desires and presses
his. trigger switch To "regisfer" his response, 8

-

N — 80 " d
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If he has responded Incorrectly The AVIT, Mlli move automatically to
‘frame 22. The-visual material on frame 22 w}II be” the -same .as ‘on frame 21,
but there will be an audio message (A-l11) which will call attention to ?he
speclfic instrument readings reaulring corrective action. In adlelon, the
- appropriate response evatuation” Iights will come on. The audio message
mlqh‘l’ be:, ' ' ' 3 ‘
"Here your attitude, alrspeed and headlng are ‘al rlgh?, but you
are -|100 feet above your asslgned altitude, - Check *he |1 hts, to
. see where your specific error was and then press the Trlgger to
return to try the problem again",

When the sfudenT presses the ?rigger the AVIT re?urns to frame 21,
and the response eval uaton Ilgh?s go  out, of course,

"When the student has made ?he right response The AVIT Wil move to

frame’ 23, The visual presentation on frame 23 wili be the normal ‘set of .
readings as on frame 20, and the sound message (A-12) will specifically :
confirm the correctness of the response. For example, A~1Z.might be:

‘ r )

.

"Very good. The only problem was a 100 foot error on the altimeter,
Forward stick was needed to begin a return to 15,000 feet, For this small
decrease In altitude, no power change would be necessary, Very well, press

the Trlgger switch for the nex? problem,"
\

When the student pressed the ?rlgger, the AVIT would move forward To '
frame 23, and so on,

: Later in the program, the confjrmatory frame would be omlf?ed, and "the
student making the correct response would move directly to the next problem :
frame, The green lights would come on briefly to confirm the correctness of
his response, and he would have prevlously been Instructed that he should
respond to the new problem dlrec?ly. Such a program segmenT s shown In’
Figure 4; . ' . .
The program segment structures Jus? discdssed are of the slmples? kind
and the AVIT Is capable of handling much more ‘complex structures, Figure 5
shows a S-question "pretest" structure, arranged so that the student who

passes the pretest with a.perfect score will automatically skip a partjcular .

instructional sequence, Frame 40 Is the introductory frame for the pretest,

Frames 41, 42 and 43 are a "warm up" promlim on which,an error will be
"forolven", and the audio message on frames43 (A-27) would warn the student
that from now on 1+.was "for real" and ask him to press hls trigger to

begin the test, . _ S .

<4n Figure 5, the problem frames as such ere'frames 44, 46, 48 3nd 50
and 52, Any error leads the student to frame 55, where the instruction on
the particular topic begins, The student who gets all 5 problems right
comes to frame 54, The posslble ekcursion from frame 54 to 55 represents
.the fact Thaf we might offer the student who reaches frame 54 the option

84

. .




2 QAL
‘%Yhye 21 <

NOrLLond LSl O

*aanionays weaboayg LAY

- .—VOOC(ZCWQ;:

014

Al

*g ounby3
7-v
(e

-

s

O

Aruitoxt provided by Eic:

[E




1

" of going ¥hrough the lnsfFucflon on Thegparfucular maneuver if he desires _

to do so, even though he has passed The pretest, . (How the student indicates
his choice on frame 54, will be discussed under DIDACTIC mode later,)

Both students and instructor-pilots have been enthusiastic about the:
program structure shown in Figure 6, used.in connection with the EXPOSURE
CONTROL mentioned previously, Basically, the structure is a 7 problem
-test sequeice where ‘any error returns the student to the start of the
sequence. On the lnfroducfory frame (80), however, the student's attention
is called to the EXPOSURE CONTROL switch, which has the following settings: &
SELF-PACED, Il secs, 8 secs, 5 secs, 3. 5 secs, and 2,5 secs. The dis~ .
cussion so far has assumed that this control was set on SELF-paced, and
that, therefore, the problem remained on the screen until the student
pressed the trigger switch to reglsTer his response. On the timed settings
the trigger switch Is automatically pressed (in effect) at the end of the
time set, |f the student has not moved the controls to the correct
. position at the expiration of the set time, he will score an error, of
course, I(f he is. correct, he moves on to ‘the next problem, (He can, of
course, register his answer in the normal way, by pressing his trigger .
switch, even with the EXPOSURE CONTROL timer on, if he does so before the
time explres ) ‘

-

)
The EXPOSURE CONTROL timer works only on problem frames (such as 8l,
, 83, 93 in Figure 6.) |t would not work on the "wrond answer" frame such
as 82, so fthe student who is working with a low. setting, sych as 3.5 secs.
gets a "breather" if he makes an error, at least, ‘ .

The student who gets all 7 problems correcf emerges at frame 95,
where he-{sbiﬁngraTUIafed by the audio (A-68) and offered the opporTuany :
to begin andiher similar sequence, perhaps at a lower time setting. In
one AVIT program There are three such seven-question sequences in a row,
and if the student wénfs more prac?lce after completing all three,” he can
elect to go back to +he first set of exercises, and so on.

Some apprecuajlon of the flexibility of the audlio,system used in the
AVIT may be obtained from the last two patterns discussed, particularly
that shown in Figure 6, Visual stimulus presentation devices that permit
flexible presentation have been available for some time, but audio and
audio-visual devices havé generally been locked into a.fixed, sequence, In
contrast consider how the audio apparatus in the AVAT must functidn to
permit the pattern éhown in Figure 6, When frame 8| appears on the screen,
the audio device (a tape player) has the tape so positioned as to be ready

»

to play audio messaqe A-61, 'if the student gives the right answer, -the
AVIT logic switches the tape player. to FAST FORWARD and runs to the be-
.- ginning of audio message A-62, but does not play it, |f an error is made

(on frame 8l) the tape player‘simply swnTches to PLAY and plays A-61,
s*opping automatically at the end of the message. When the student, on
frame "82, presses the trigger switch to refyrn-to frame 82, the fape
player musf itch to REWIND, rewind message A=61 and be ready to play it
again, student makes an error on f&ame 95 and so goes to frame
94h’+hér+ape recorder will play audio message ‘A~67, of course. When the

v ‘ )
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player must now rewnnd 6 messages, and STOp in a postfuon ready +0 play
A-61 agaln. ' .

* . 0

DIDACTIC 'MODE -

Mention was made of the five lettered buttons A, B, C, D, and R, .
The AVIT is a fugther development or modification of the AutoTutor Mark 4, )
which is a branching teaching machine, The student using a Mark 4 : 4

*,, student presses the trigger to return to frame 81, however, the- tape —
responds to multiple choice questions by pressing buttons and the Mark 4
"branches" the student to appropriate visual material on the basis of the
. student's response., A similar capability is built into the AVIT, and
allows it to operate in the DIDACTIC mode, The DIDACTIC mode has two major

purposes:,

I, Firsf,f?oﬁ”ﬁnsfrucfional sequences where a multiple choice question
is appropriate. For example, the visual preseﬁfafion might be the altimeter
alone, and the student would be required to select the altitude shown from
4 choices appearing as numbers on the screen, with a button designation
beside each, The Student choosing the right answé? would advance to the
next instruction frame and question, For the student who makes an error,
two options are available. In the DIDACTIC mode, the AVIT-can opérate in
a full branching sub-mode, so that each button leads to a different fra
or in a "right-wrong" branching mode in which the right answer leads to
one particular frame, all wrong answers to a single second frame, The
choice depends on whether a single correctional frame Is approprlafe for
all the errors, or whether it is desired to supply specific correcflonal
material for each error, [The reader will recognize that the sequences —
shown for the TRAINER mode all use "right-wreng" branching, In fact,
the full branching option is available in the TRAINER mode a[so,,buf we
found no practical use for it in the TRAINER mode and would not propose to
include thi's option in an AVIT designed for helicopter instrument training, ]

In any evenf the inclusion of the DIDACTIC mode of operation allows .
"convenflonal" branching programmed instruction To be freely lnfermlxed,,
with lnsfrucflon in the TRAINER mode, = - _ . T
.2. The second use made af the DIDACTIC mode is where the student:ls
offered options as to how he wishes to proceed through the program, Such
choice points were shown in the program segments shown in Figures 5 and.
\\ 6, where the student may elect frame 54 to go Through an instructional
sequence he is "entitled" to skip by havirg passed the pre—fesf for the
maneuver, and in the seament shown in Figure 6, frame 95, where the, - @
student may elect to Take apother Tesf sequence or to go on to the nexf _

maneuver, ‘ . S




4 ("OTHER MORES ~ :
/}e?ly speaking, the AVIT has several other modes of operation which
will be mentioned briefly., They and their uses are largely self-explanatory,

MANDATORY FWD mode (MF) no option, used for procedural ?rames.

'

Excursion is initiated by pressing the Trlgger switch, Frames
40, 43, 47, 49, 51 and 53 ln Figure 5 are examples,

" MANDATORY RVS mode (MR) No opflon, used for procedural frames.

Excursion is lnlfipfed by pressing The Trlgqer switch or
the R button, Frames 82, 84, 86, 88 90, 92 and 94 In
Flgure 6 are examples. - -
, ’ ) Cg.
AUTO ADVANCE mode (AA) In' this mode, the AVIT advances automatically
to the next frame (in the Ioglcal, not necessarily the numerical
sequence) as soon as the sound message for the frame is
“fipished.  This mode has two uses. First, it allows an AVIT"
program to contain segménts of convenf;onal audio=-visual |
- maferlal similar to that used with synchronized sound<sl|ide
devlces, and this frequently a useful programming resource,
L " The second use of the AUTOMATIC ADVANCE mode is for excursions
. "~ “that a e _too Iong to be covered in a single jump, - The longest
sunql ‘excursion possible in the AVIT for the visual material
—_— is 64" frames forward or backward, 'and 3| messages forward or
—& - 29 backwards on’'the audio, 'If a longer excursion is required,
the programmer simply includqs an AUTOMATIC ADVANCE . trame at ) ‘
. the appropriate point, and .automatically beghl_,a,new . -
- excursion from that, point. With this,resource excursions \\
- gg 'of any reasonable Iengfh become‘9055|ble. ) L ;
= * 4 .
I+ should be re-emphasized that the sélecfion of the desired mode on
a particular frame is entirely automatic, requiring no attention from the
student or from‘a supervlslnq instructor, The only control the student of
‘instructor has occasign, to use on the AVIT:(excepT for the response devices,
of course) is the EXPOSURE CONTROL switch, , , -

cf




SR APPENDIX H -
R . & A Yecormrended Jesian, for -
| o - Fxcerimental Studies Usina ASUPT )
N ve
L
| o/ y ~ o~ ’
| . 43; P, 7. Temarce
: . \" . ) . . ’
' f Brief, DNescrifidd herein is 2 deslan which lends itsetf to studias of
the roTaTTonshins of nilotina performance to condifions of simulation provided
S - BASUPT - —Fhe—trformation—vietded-bv—the -desiqa-andtheway in which if works
arc described. for an illustrative sfUdv, 7FDDIICatigns and extenstons of—the
X = 4 ev—fema4ﬂ—%fr%e—seeei£4edT—aze_iouthad on _briefly, -

Ceneral, In the trainina of nilofts, as wall as in nerformance studies

: usinq exnarienced oilots, the conditions under which niloting tasks are .
performed in ASUPT will often be of an‘incremental nature, In performance

' ‘studies' involvina highly proficient pilots, however, proaressive dedradations
or reductions in features of simulation mav be introduced for the purpose of
determininag the extent to which nerformance Bf pilotina ?aékq demends on such
conditions, In either of these cases, the desian described in this paner
would apply, _ ‘ :

. : Y
Characteristics of the:desian, The desian calls for stepwise }ncrémenTs.

or decreronts 1n simulation wiTh an eaual number of observations of nerformance
at mach sten, Fach step will ba spoken of as a conditicn of*simulaticn,
Each condition is either present or absent, but a sten-down or sten-un
arrancement holds, whereby the presence of a particular condition implies
that conditions up to that noint are nresent, or tonversalv, that conditions
down to that noint are absent, ’

Wi+h the above arranaerment of <ets of conditicns under which niloting
performance'is ohsctved, an estimate.of the rultinle linear regaression co-
efficients for nredicing a pilot?!s perfornance score on 3 Aiven manguver
under a niven set of conditions can ke obtained very easily fron the
difference of his scores under adjacent sets of condifions, Such estimates
can be extended to differencas among correspondina scores when more than one
performance score is obtained for a civen maneuver under differgnt sets of

~

conditions of simulation. t \

.

Yithen two or more ob§ervafi6n§ of:pcrformance are obtain faﬂ‘a sinale
nilot under each set of tomditions, the aestimated multiple linear reqression
coefficients are qiven b} the mean of the difference scores under adjacent
sets of conditions, .This also applies to studies in which performances are
observed under each sef of conditions.for two 'or more nilots, The mean -
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performance is computed for each set of conditlions, Each estimated

regression-coefficient is then equal to the difference In mean performance

for a pair of adjacent sets of conditions, It might be noted here, even

though the example given later will make this much clearer, that the step-
“up (or step-down , If one wishes) arrangement of conditions implies that 1f

there are p conditions there will be p+l sets of conditions, Further, since

the regression coefficients are based on the differences between two scores
. The same resulfs are obtained. for raw. scores -as.-for scorgs—expressed In

mean-deviation form. Specttizattv, (Y, = v;) = vy =Tr=177 = V3.

- An example of how the deslgn works, In the example which fol lows,
there is a step~up arranaemenT for four conditions of simulation. The five
sets of conditions under which performance of a given piloting task is
observed on a single plilot can be represented by matrix, as follows:
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Conditions ' Y Y
| 2 3 4 ' = ‘
I 10 0 O 01 v 1 v Y;|-1s the performance

’y H 2 score under the jth
2 | 0 0 0 Yo © Y set of condltions
- 21 22
' , for Trlal | by a
Set of . - - singte pllot,
% Conditions 3 | 1 0 0 Y Y (1t =.1,2,3,4,5),
. - m— - - ! 32 - Yyn Is slmllé{iy'dé-
F i T T 0 v v = $ind for Irial 7,
- 41 42 X is the 5x4 matrix

-5 4 I 1 0 Y Y which denotfes The
| AJ ! Slgjl 52| conditlons under

which performances
are observed,

. l : : ) 22 «
=1 I
by Covg - vt ! (Yoo = Yi2) ! -
- . \
b2| ) (Y3| - Y2|) b22 _ (Y32 - Y22)
bsp . (Yqy = V5) 03 (Yaz = Y32)
. 6 " (Ygy = Yay) b (Yer = Ypo)
i ] 4|L .l 51 4|“ 42 N i 52 _42_1
b, is the 4x| vector of estimated multiple linear
regression coefficients, based on Trial I,
by i's similarly defined for Trial 2
b is the 4x! vector of estImated regression coefficients,
v based on Trials I and 2, .
E . -
7 ; — -
e, Ao [y, *Y22) SRR R IEZEEA R
b, | (Y5 + Y (Yo + Yoo) (Y5 = Yp.)
5 - I . 20
22172 0 + by - 172 30+ Y32y - W20 * 220 O3
o3 o (Yqy + Yg2) = (Y31 + Y32), Vg, - Y3,
| P4 | . [ Ys1 % Y52 - Yoy * Ya2) Y5, " Ya
where Yi *1s the mean of the performance scores under the

I"’h set of conditions,

é .
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The least=-squares prediction equation takes. the form:
-~ [lad \\
2y = x b, where

-

Y=o, Y Is the 10xI vectar of preqla?ed perform§9ce .

-~

Y, scores, in mean-deviation form; , :
L= - L &

————x s theiOxdmatrix ot ‘
... representing the sets of copditions undar which the observed performance

-

Ttor vartsvtes in mean-deviation form,

scores were obtained; and, b is the 4x| vector of regression coefficients,
The ratio of the variance of the predicted performance scores to the .
variance of the observed performance scores is esual to the squared co-
efficient of muitiple correlation,

Thus, & P are 2ot e o v
us = where ,~ = ’ E
' Y., 1234 02': oy TYY; O_Y_\\W“QY.LI , and N is the-

- Y . ." -
number of observations (10 In the present case), ]

»

Due to the fact that the matrix of independent or predictor varlables
forms what-is called an equally-spaced simplex, the prediction equation is

simply . “

Y‘J = Y". ’ .
where
Y,. Is the predicted per;ofmance score under the ith set of
J conditions on the j* trial, and ) !

!

) ' s
1™ set of conditibns.

.Y Is the mean performance score under the
From the above 1t can perhaps be seen that 1f a pilot's performance under
each set of conditions were idegtical for both trials, Yy, would be eaual

¥

to Yij and, as a consequence, RY-|234 would be equal to I.OO.% .o

- ]

The example, descrlbed above, could be applied just as readily ta two
pitlots for whom one performance score was obtained under each set of
conditions, as in the present case of éne pllot for whom two performance

scores were obtained under each set of conditions, The extension to more than
four conditions of simulation is straightforward, as long.as the same number

of observations of performance Is obtalned for each of the ptl sets of
conditions, When this Is not the case, the multiple Iinear prediction

equé;ion is not as simple as in the example given, Specificaily, a predlETed,

4
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Y
score upder the ith set of conditions would then be based on observed
performances under the (i-1), i, and (i+]) sets of conditions, except
for 1=1, in which case only | and (I+]) apply and i=p+f\\ln which case
onty ¢i=1) and 1 apply. * . L .

- Further applications of the ‘simptex deslign. An Interesting, and
perhaps highly useful, appfication og The simplex design would be one in .

— " Whiéh the condittons of simutation are permitted to vary so that equal . .

Increments. In performance are obtained, The regression ‘coefficients
wouldsthen be equal In value and the ques#ion of interest would be to
ascertain the conditions of simulation e.g., the k values which range from
0 to Iy for components of motion simulation, required for attaining equal
increments (or decrements) in observed performances., The usual model for
multiple |inear regression would apply directly, except that the increments
in performance would be required to be equal and the conditions of 7
simuiation would become the dependent variables,
Finally, 1t Is worthy of note“that the simplex design as described
\ in this paper is a fully=crossed design inasmuch as each pliot's
performance Is observed under all sets of conditions, trials, and ‘tasks,
The resulting data for a given performance score (dependent variable)
lend themselves to an analysis of variance which leads to estimajed
components of variance., Computer programs are already avalle¥le“ for
.," such analyses or can be readily developed,

¢

. ( .
2. Cornelius, E. T., Woodward, J. A., and Demaree, R. G., CRONB:
A Fortran |V program ta compute variance components for various
= == ——experimental designs, Fort Worth, Tex,: Instltute of Behavioral
Research, lexas Christian University, March; 1972,
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T APPENDIX T
LIST OF TRAINING PROBLEM PANEL MEMBERS

Dﬁ: Paul W, Caro
Human Resources Research Offlce (Division 6)
P. O, Box ‘428

Ft. Rucker, Ala, 36360 T - _

Prof. Ralph E, Fiexman
Director, Institute of Avliation
‘University of Illinols

Willard Alrport

Savoy, |11 61874

Dr. Robert C, Houston, Dlrector
Tralning Equipment/Program Development
American Alriines Flight Academy
Greater Southwest Alrport

Fort Worth, Tex., 71625 ‘

Mr., Dave Killlan

Tralning Equipment/Program Development
American Alrlines Flight Academy

Greater Southwest Alrport

Fort Worth, Tex. 71625

Dr. George E. Long

McDonnel ! Dougias Astronautics Cgmpany - East
St. Louis, Missouri 63166

DOr. Don E. Meyer
-Headquarters Alr Tralning Command
Randolph Alr Force Base, Tex, 78148

Mr. Robert J. Ontiveros Lo
Department of Transportation
Federal Aviation Administration
National Aviatlon Faclilties Experimental Center
Atlantlic City, New Jersey 08405

¢

Dr. Malcolm L. Rlitchle
Ritchle, Inc,

630 Brubaker Drive
Dayton, Ohio 45429

Mr. Benjamin Schohan
Misslle Systems Division
Rockwell International
4300 E, Fifth Avenue
Columbus, Ohlo 43081
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Dr, Edward A, Stark

Singer Company

Simulation Products Division
Binghamton, New York 13905

_Mr, Donald-Vreuls, President
Canyon Research Group, Incy ™" -

T 7732107 Lindero Canyon Rd,

“Sulte 123 -

Westlake Village, Calif, 9136l




