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H Prefatory Nota

This paper is based on an invited address given

ty Dr. Paul W. Caro of HumRRO Eastern Division
(Pensacola, Fla., Office) at the Third Flight Simu-

; lation Symposium of the Royal Aeronautical Society

] .in London, England, on April 8, 1976.

Dr. Caro js Manager of HumRRO’s flight train-
ing research and development activities, and was one
of only two Americans to present papers at this sym-
posium on “Theory and Practice in Flight Simulation.”

ACCESSION for
NTIS Wwhite Section *
not guit Section OO

1 r 1 MANMONGTD n
| (GSUTICATION - o =
; l T T 4 et
f' Pt A Y T8 ]
! ' UM

— .
11
¢
3
1
i

- a M o m

PRI S PSP L T



SOME FACTORS INFLUENCING TRANSFER OF
SIMULATOR TRAINING

Paul W, Caro
Human Resources Ressarch Organization

INTRODUCTION

The use of stmulators and other training desices s incrensing rapidiy. One assuines
that this phenomenon is itended (0 enhance the effectivensss andlor the efficiency of
the training programs in which such devices are used, but the seriousaess with which
simulator makers and users pursue this intent mught well v questioned {from hoth the
practical and scientihie pomnts of view. Following a study of tie use of 2ireraft simulators
in selected U8, military and civihan pilot teaining programs, the Comptrotler General of
the Umted States recently ssued o report to the Congress which was critical of the
extent to which simulators are being used in the mulitary training programs studied (1)
The report suggested that present knowledpe of simulator design and employment s
sufficient to support much more extensive use of simudators than was typically found to
be the case. ‘The report cites certain milot trainmy aeacies which seem {0 employ that '
knowledge mare effectively than do others, even though the hnowledie is avaiiable (o all.

The Comptroller General report was not intended as a scientific study ol psy

; chological factors and their influences on simulator training effectiveness. Instead, ot
identified factors related to the management of sunulator traming and attitudes toward
such training whicl tend to impede more extensive use of simulators. Factors identified
include regulations emphasizing arreraft rather than simulator training, indequate instrue
tor traming, fulure to use simulator capabilities fully, and poor simulator maintenance.
The influence of such management factors upon trainer use has heen documented in the

i research hiteroture (e p , 2,3). Other foctors which have been dentiflied as impediments to

effective simtlator use indade the desipn of the sanulaions themselves and of the traina
progratns in which the simulators are employed (e, 4,6). Stll other factors have been
reported which influence the acceeptance of simulators by those who must use them and

thereby indirectly impede their more extensive use (e, G).

Clearly, the intent of simulator users is to achieve effective traimimg rather than
merely to use training equipment estensizely, Hois possible, however, (o e simulators
extensively, while at the same time to use them ineffectively. tn one study (7), for
example, it was found that the extensive use of a particular device added cost, bhut no
truining value o an already expensive pilot training program.  Another study  demon.
strated that the training value of a device could be increased substantially without
l increasing the amount of device training time involved when the manner in which it was

used was changed (8).

Whitle there is a great deal of scientific and truining literature in existence dealing
with simulstor training, some of the more sipmlcant factors influencing transfer of
simulator training have not recewved the systematic attention they warrant, The purpose
of this paper is to call attention to certmn of the factors ohserved over the Last decade to
be of sgnificance in our simulator research and that of our professional  colleagues
elsewhere. ‘The emphasis will be upon increasing the effectiveness of simulator traming as
opposed  merely  to increasing simulator use, Whale simulitor  effectiveness and  use
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obviowsly we not o tependent (2 simulator cannet be wsed effectively when st is used

Bitle or not at all), toey are not always comvident Some sunulator desiinees and users

appear  wnware of factors which, f properly treated or tanaged, would markedly

entuice the value and efficiency of sunulator ttimaing proxrams. ‘The unfodunate conses

queace of their lack of awarenvas 1n that simulator toumng elfectiveness suflers: skalls

which may be vatwal to sale operation of an aireraft may not be developed; areraft way

be required wanecessartly for tranmung when they are needed for othee purpases; traunng

cunts becoine excessive; or sunulator teanunyg, although eflfective, s cocducted 1 an {
inefficient inanner,

MEASURING SIMULATOR TRAINING EFFECTIVENESS

In order to ulentily factors which intluence simulator® trunming etlectiveness, it 1
necessary to measure those influences, Swce simualator training effectiveness® w not
independent of the extent to which the device is used, one urdwation of whether a fuctor
can be influential 11 to determine how inuch a simulator traning prograun cmbuddying that
factor is used, e.g., the elapsed time that the device is in use, or the number of tasks
prcticed in at. Whae simulator training cannot be effective il these values equal zero,
high indices of use do not indicnte effective simutlatoe travmng. Even unproved  pitot
peciaciiaaes s the sunulator resuiting from ats wse does not waeure unproved perfoniance
i the aircraflt. Therefore, measures must be usad which rellect improvements in pilot
performance in the aiccraflt, not how proficieat the pilot became at flymg the sunulator
or how much trainug he received nit.

‘Thl Transter Model

The transfer of training model can be employed (o delermine whether simulator
training has improved subsequent pilot pecformance in an awrcrft. ‘Transfer of trawing is
a phenomenon which uccurs whenever the existence of o previosly leamed behavior o
skill has an influence upon the acquisition, performance, or relearning of a4 sevond
behavior or skill. ‘Thus, il a behavior learned in o deviee has an nlluernce upon the
subsequent acquisition, performance or relearming of hehavior i an aeplane, transfer is
said to have occurred.

A simple expenimental design bused upon the transter of taumog modet involves two
groups of trainees: an experimental proup which receives sunulator tramuy prioe to
further training or performance testing in the wreraft; aid a control group which trcetves
all its truining in the awrcraft. ‘This design permits measuced ditferences in peeformance in
the wrcraflt between the experimental and control groups to e attnbuted to the
influence of training received in the simulator by the expenmental group. The groupa
must be equated, of courve, in terms of relevant prior traiming eand expeniences, and a
means for measuring in-flight performance must be availatve.

AMany writers distinguish between simulaton (v g, . a4 high degter of relovawe to wperatonal
equipment. . .") and training devices (e g, .. .any piece of apparatus which s uied fur tramny. . 7).
The present writer will treat these examples of training equipment as memboes of a amgle claaa To
quote Ciagne (¥, p. 98), the source alse of the above quotations, “What distinguahes a training device
(from other training equipment) is not its appearance or construction, bt rither Yow amdt for what ]
purposes it in used.” The term simulator is used hete Lo iWdentily ground based tismag equipinent waed -t
fuor the purpose of training pitots to Ay aiter{t. The question of how it 1 wsed will be addresed (n the
paper

b or, as mote propetly staled by Jeantheau (10), the eflectiveneaa o ttuming with the
sunulator. |
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Other Approaches to Determuning Sumulator Traiming Cllectivaness

Determining the effectiveness of simulator trmning can be & costly, time-consuming
tash ff an w-Mhight performance measurement system i not reidily  aviulable. Some
analysts have attempted to conduect sunulator evaluations by asking pnlots, instructors,

‘ traming sbecialists and even students thewr opiwons concerming simulator effectiveness,
1e, the probable impact upon student performance of tramming m the simulator. 1 have
l observedd mstances in which surveys of plots® and instructors® opinions yiwelded results

(both pro and con) unrelated to data subsequentl; obtained v trans{er studies invoiving

the devices v question. Mewster, Sullivan, Thompson & Finley (i) found that such an

approach yiellled different estunates of the effectiveness of a particular device where

ditferent nstructors made the judgments wmvolved . structor evaluations of simulator

effectiveness are unrehabie, probably due to attitude (Lotors such as those discussed by

3 Mackie, ct. al. (6), as well as because of the inherent unrehatnhty of judgments, and
should not be used where much is at stahe Simulator offectiveness is a matter of franee
n-Might performance, not of instructor, pilot, or tramee opinions about the device and its
probable usefulness.

Anather simulator evaluation technique, bachward or inverse traasfer of training, has
been desenbed by Adams and MceAbee (12). In a backward trans{er study, a pilot who
has already demonstmted mastery of in fhight tranng objectives s transforred” to the
simulator where he s required to perform tasks correspomding to those he has mastered
w the areraft. If he can perform such tasks at cntedon levels i the simulator without
practice there, hackward transfer is said to have occurred, and this {act 18 taken as

. evidence that transfer in the sumulator to<device sequence, although of unkiiown quantity,
will be pesitive, The backward transfer design should be aseld with cantion for at least
three reasons: (a) the results assume (often incorrectly) that a sutable trainng program
oxists for the simulator; (b) experienced pilots alveady proficient at operational tasks
often have peneralized skills not posgessed by recent graduates and may bhe able to
transfer to the device because of such general skills rather than shills needed to pilot a
particular aircraft or perform a particular missiot; and () the simulator may be swtably
desined for the performance and evaluation of a particutar set of behaviors but may lack
the cues essential to the development of those hehaviors. Whille bachward transfer data
should not be the sole justhification for siactdor procursent, one would be hesitant to
use a sunulator which could not be operated by competent piiots,

Jeantheau (10) has describedd four approaches to simulator evaluation: {a) conduct of
a transfer experiment as is described above; (b) analytic study of the dewvice aud its
program of instruction; {(¢) use of the device without expettmental controls which would
permit measurement of its effectiveness; and (d) comparison of various ways of using the
device, These latter three approiaches are appropriate to assuting that a simulator is wsed
correctly, but they do not yeld data which demonstrate that pilats who ave trained n
the simulator are more competent than pilots who are not so trained. Sometimes such
approaches must be rehied upon for administrative veasons or bhecause  experimental
controls involve unacceptable risks (o4, the effectiveness of lunar landing  simulators
could not be determined in a study involving a no-simutator-taning control group).

The fact that simulator traming research cannot s'ways involve transfer to an aireraft
is not necessanly all bad. Many research issues, including issues related to efficient.
methods of simulator tranung, can be mvestyated in simudators and laboratories (o

[ considerable advantage. A higher degree of control can e exercised over independent
variables i auch studies, and the cost of aireraft operations can be avoided, The chuet
disadvantage lies in the resulting upcertinnty concerning the effectiveness of that trainmg
in the operational zituation. Recent efforts of Matheny (13) on pereeptual equivalence
may offer a means of testing simulator effectiveness without costly transter studies,

¢
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A number of analytic models have heen suggested Tor predicting siimuliador effective.
ness (U3, 16, 16, 17, hat none of them takes into aecount wll of the factoes believed
relevant, They are useful in desipning simulators al training progeuns, but they do not
measure  simulator  effectiveness and  estimates based  upon  them  are subject  to
unknown orror,

Indices of Simulator Effectivaness

Various formulae have been suguested to express simulator effectiveness as o single
vaiue. Guagne, Foster & Crowley (18) proposed nine such formulue, corresponding to
different operations involved in eriving the raw data, e.g., counting trials, measuring
time, or counting errors. Six formulae have been sugeested by Murdock (19) and five by
Hammerton (20), each of which deals with specilic experimental design and data
problems. An index which takes into account the amount of effort involved in device
training as well as subsequent in-flight performance, the ‘I'ranster E{fectiveness Ratio
(TER), has been proposed by Povenmire & Roscoe (21). A variation of the TER takes
into account the relative cost of simulator vs. aircrft training (22). While all such indices
provide n means for comparing simulator effectiveness, they contribute little to our
understanding of the training value of simulators. The raw data themselves, a description
of circumstances under which the measures were made, and identification of the
cdeprndent varinbles are rmtore useful in understanding factors influencing simulator train-
ing. Il a single index is necessiry, it might better be one which reflects the cost siavings
resulting from the use of the device in a specified way in o particular training program.

Ly

FACTORS INFLUENCING SIMULATOR TRAINING EFFECTIVENESS

A recent summary of simulator training studies (3) indieated that simulator training
ellectiveness has increased markedly since World War 1. Some of the increase can be
attributed to advances in engineering and instructional design technologies. Simulation
engineers now have the technology available to build simulators which more nearly satisly
Thorndike’s common elements design hypothesis, and instrunctional system designers have
lenrned how to zero in on tasks to be trained. But much of the increase has come about
as a resull of research and experience with simulators in operational training settings,

In spite ol the large number of simulator effectivencess studies which have been
completed, there remains much to be leamed nbout teatning with these devices. Factors
have been nominated as influences upon simulator training effectiveness, but many of
those nominations have been based on inference rather than oxperimental ovidenee, In
their review of simulator research, Muckler, Nypaard, O'Kelley, and Williams {(29) noted
that many studies compound the influence of several potential influences suieh as training
program content, instructional technique, and instructor qualification, into a single
independent varinble so that the transfer effects can be attributed only to the unique
combination of those influences. Fven in the fow experimental investipations which
isolate nssumed influences, the results must be interpreted cantiously beeause they
address unique truining requirements and have not been replicated,

The methodological problems involved in identifying fctors  which  influence
simulator tmining effectiveness cannot easily be overcome, Suspected factors can seldom
be examined in isolation, [t is difficult, for example, to determine experimentally  the
relative value of a remote instructor station vs. an on-hoard or in thewcockpit station even
il o suitably designed simulator were available for the research, beeatuse o use each
station to its best advantage would necessitale lawving two methods of trainimge one
optimized for remote instruction; the other oplimized for onboard instruction, The
expericient would thus compare instructor stalion-training propram combinations, not a



simulator design feature in isolation from other factors. The training program factor
cannot be held constant. It would be inappropriate to compare two simulator designs
using a program optimized {or only one, or for neither.

The problem of generalizable results is not limited to studies involving operational
simulators. Even using egquipment designed and dedicated to research, problems arise. For
example, to puwrsue the illustration of instructor station location described above,
simulator hardware inflexibility makes it difficult to conduct the necessary research
leading to the design of the optimum remote instructor station for experimental com.
parison with the optimally designed on-board station. Additionally, the on-board station
design which is optimum for a single seat, high performance attack aircraft simulator with
a visual display may bear little resemblance to the optimized on-board station for
undergraduate instrument training in a side-by-side seating helicopter simulator,

Definitive data do not exist which will permit the quantification of the influence of
all factors believed to influence simulator training effectiveness. In fact, the mere
identification of most such factors rests upon inference, conjecture, and untested
hypotheses. The absence of hard data obviously cannot justify suspected factors being
ignored, however. Where inferences can be made and supported by consensus, factors
believed to influence simulator training must be taken into account by those responsible
for simulator design and use unless evidence can be assembled to refute those infererices.
It is the responsibility of the research community to undertake the systematic investiga-
tion of such factors.

The fullcwing discussion is intended to call attention to selected factors which
influence simwulator training effectiveness. It would not be fruitful to attempt to cite all
the researchers who have contributed to the identificaticn of such factors-4{hose who
have contributed to the literature on physical vs. psychological variables in simulator
design, for example, are legion, as are those who have remarked upon the importance of
how the simulator is used. Review articles touching on the subject include references
no. 2, 3, 23, 24 and 25. Except where specific reference is made to a particular report,
the present writer will acknowledge responsibility for the inferences set forth herein, as
well as for the selection of factors to t.e discussed.

Simulator Design

There are two areas of interest with respect to the influences of simulator design
upon transfer of training: fidelity of simulation and design for training. Fidelity refers to
whether features of the aircraft and its environment are included in the simulator's
design, and the extent to which features which are included represent or duplicate their
real world counterparts. Design for training refers to the inclusion in simulator design of
features or configurations which facilitate training but which may bear no particular
resemblance to features of the aircraft and environment being simulated.

Fidelity of simulation is often equated with physical correspondence between the
device and its real world counterpart. In their discussion of simulator design considera-
tions, however, Smode and Hall (26) emphasize instructional strategies and capabilities
and suggest that fidelity has meaning in terms of the process and the realism necessary to
promote learning. Design characteristics, they assert, should Le dcefined in terms of
assuring transfer of training. In other words, fidelity of simulation is 2 matter of the
relevance of the simulation to the training objectives, not solely a matter of physical
correspondence. This concept of fidelity accounts for the effectiveness of so-called low
fidelity devices as well as simulacors that faith{ully reproduce much of the aircraft.

Design for Training. The Smode and Hall concept of fidelity is of particular interest
with Tespect to simulator features not modeled aiter the aircraft. These fertures, v:hich
are concernad pnmarily with application of principies of leurning to the training process,




wclude  freeze, adaptive trainiag, prompting and cueins, performance recording and
plavhack, performunce measur-ment, and vanious instructor station displays and controls,
It 15 penerally keld that such fealures imprave the conditions under which toarning takes
place and theredy facilitate the attainment of trmining objectives. Therefore, they are
Hactors to be consideted in juid sing the fudelity of a device so far a5 Lraining is concemesd,

It is general practice to adopt innovative simulator design features such as those
mentionsd above on the basis of their apparent utility withoul subjecting them to
experimental scrutiny. For example, the widely used simulator freeze feature was
implemented because it was seen as on aid to atlaining training objectives and to
implementing learning concepts during the instructional process. Similasly, other design
decisions are made because the training objectives and planned concepts of simulator
empluyment lead to the conclusion that a particular design is appropnate in preference to
others. For example, in the design of U.S. Army simulators {or the Vertol CH-47 and the
Bell AH-1 helicopters, the instructor stations were located virtually inside the cackpits of
these devices, and certain instructor displays were positioned so that they could be
vizwad by both the instructor and the trainees in order Lo facilitate instructor-trainee
interactions during key training activities. The training effectiveness of these features
probably will never be determined in a transfer experiment for the methodolugy reasons
discussed above. Analytically, they are believed to represent effective simulator designs
with respect to the Army's training program and the training objectives to be addressed.

Vigual Frdality, Generally, tashs which canrot te Jduplicated or sven approxunated
in a2 device cannot be leammed there for subsequent transfer to the auwcraft. Therefore, a
simulator in which more tasks characterizing flying can be performed has greater
potential training effectiveness than one in which fewer such tasks can be performed. For
example, a simulator which does not include an extra<cockpit visual display would seem
to have less elfectiveness potential with respect to training tasks requiring visual
references than a simulator with such a display.

There have been a number of studies in which transfer from a simulator with a
visual display has been demonstrated. The scenes presented by some of these displays are
muck simpler than scenes viewed from an aircraft. For example, suvings in aircraft time
required to perfurm visual reference muneuvers were demonstrated in a study by
Flexman, Matheny & Brown (27) using a simulator with a visual display consisting of a
line drawing on a blackboard placed in front of the cockpit and lilted by an instructor to
change perspective as the device was maneuvered with respect to simulated ground
references. The effectiveness of other simple displays coansisting of stylized grids and lines
has been demonstrated in backward transfer situations during studies of contact analog
displays developed for helicopters (28). Displacement of scene elements consisting only of
dots and lines was found by Thielges and Matheny (29) to provide sufficient information
f~r the performance of aircraft control tasks, although taeir study was not hased on a
transfer model.

These studies indicated that tasks involving aircraft control in relation to extra-
cockpit visual information can be pructiced effectively in simulators with very simple
visua} scene displays. The displays consisted of no more than points, lines and geometric
patterns aitanged in accord with a set of mathematical relationships described by
Gibson (30). Several manufacturers currently are taking advantage of the utility of these
simple scene content design requirements by marketing displays which represent night
scenes as pattermed points of light on a black field, and their displays are being used with
apparent success in commercial airlines’ simulator training programs.

While the effectiveness of such simple visual displays has been demonstrated to the
extent described above, it is also noted that simulators without a visual display can be
elfective in the training of visual reference flight tasks. In a study involving a helicopter
simulator without a display or any other representation of outside visual cues except the

b
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arrcraft’s navigation and attitude instruments, and without any attention dunng simulator
tracung to extracochpt visual cues per se, students trained to fly instrument (it
missions in the device qualified in the aircraft under visuad conditions more rapidly than
did students not recewving the prior device traumng (31). In a similar study using a fixed
wing sunulator without a visual display, a saving 1 visual (Light time requued to complets
a  transition counse of approximately 507> of the schedulad course length was
obtuned (8). An unreported study by the U8, Aur Force involving cogmtive training in a
simulator with no visual display demonstrated transfer to visual flying maneuvers such as
traffic patterns (32).

Whale it is not indicated by these studiés® results that visual displays have no training
value, it appears that many behaviors required as responses to extra-cockpit visuat stimult
in the aircraft can be practiced—or at least approximated—in response to stimull in a
simulator without an outsule display. Further, cockpit insttuments provide information
about and an analog dbplay of the visual world outside ths cockpit, o 4 pilot flying
instruments is responding to stimuli analogous to those availatle to the pilot flving
visually. At least some of the simulator effectiveness attrivuted to the simpler visusl
displays probably would ocvcur without the presence of such a display at all.

During the current review, no studies were found which unequivaczbly established
the effectiveness of any extracockpit visual display. While transfer studies involving visual
displays were found, only one, an exploratory studv judg=d inconclusive by its
authors (33), included a control group m which students were Gained in the simulator
without using its display. Commerical airlines have reduced aireraft training time fol-
lowing the addition of a visual display to an existng simulator, but some if not ail of the
reduction resulted from a prion judgments by government ayencies and the airlines
themselves conceming increased simuiator training effectiveness. ln no cases have there
been reports of efiorts to desygn training programs which would seek the same flight
training savings using simulators without visual displays that presumably have been
achieved using sitnulators with such displays.

The lack of evidence of visual display training effectiveness canrot be taken as
evidence of their lack of effectiveness. There is a consensus that they are effective, and
data to contest that consensus do not exist. Logically, it would appear that an extra-
coclipit visuel disphty is an effective way to present visead information used in some
operational tashs—sach o kinding on a carawer, Laaing, refueling, dehivering certem xunds
of weapons, and air-to-aic combat. In some instances, it may be the only effective way.
In others, it may be effective, but inefficient, particularly when cost is taken
into consideration.

Motion Fidelity. Not much more is known about the inflluence of motion upon
simulator training effectiveness than about visual displays. Although motion sitwulution
has represented a significant portion of the cost of simulator procurement anid operation
for a number of years, the investigation of the influence of motion upon simulator
training cffectiveness has been largely ignored. The first significant study involving
simulator motion in the transfer of pilot traming was reported in 1975 by Jacobs and
Roscoe (34).

The results of the Jacobs and Roscoe study provide evidence that transfer may not
benefit from the presence of normal washout cockpit motion. In that study, training
received in a two-axis normal washout motion comdition, compared with training i the
same device without motion, resulted in nonaignificant differences in amowunt of transfer
w the aircraft for these two conditions. There was however, sigmificant positive transer
for both motion and no-motion conditions, Similar results have been obtained in an
unpublished U8, Air Force undergruduate pilot  training study  involving a maore
sophisticated six-axis motion system (3:2).

Best Available Cc



Ui Jacchis cand Poseoe Soding that, ot least with heainny g trun-es, the prossroe of

e o may nol nerease sititastor trainng "fft‘\n\t‘ﬂ(\.; Mot be treetad ol caution
Latil cnestigated further, setce there are other studios suggesting thas, o Lot ueder
s ircuRbtioes, motton may be destcabie even ol nod esentiak. For oxaiplte,
B smon (D0)Y reported a shight advantags i for ol o molionsenudater taained gooup
over a4 nomotioa group  dunng boel tronsler lows hovenng s heboopter. More
Ly claatly, perbaps, the motion (xoup 1 ho study reached by mplotic perfosmoaace
tie aaialator more apdly, sugeesting that simalaters woth moton may provade more
elivent traanud, even if not more etfective traning NASA rosearchens (GGY base foand
thal tite correlation betwewn pdot performance in an wrerdt and in 3 SO NCTelses
wiit tire addition of simulator motion cues whene such cuss belp the pdot in copurg with
a lihly damped or unsiable vehicle or a slyggish conlrol system, or under some
viecuiiances, where the control system is too sensutive. Where the wncrait s easy tu fly,
however, as is the case with the aircraft used in the Jucolbs and Roscoe study (Piper
Cherotae) and in the Aur Force study (T-37), motion has no efiect. In another NASA
study (87) of the eftacts of simulator motion on pilots’ perivtinance of a tracky task,
the results from a moving flight simulator resembled the results from Qight much more
th.u did those from a motivnless simulator. Huddleston and Roife (38) reported that,
us.g simulators without motion, experienced pilots ire oiten able ta achieve acceptable
Svod erformance, but thair pattems of contzal ~esnesse show that theie poeformance
15 avaieved Using a straiexy difforend fromo (hat wed 13 a Jy it renued couranTent,
Since control strategies may be important during in-flight emergency mancuvers where
transfer of trmining research is not feasible, it would appear madesable to clinunate
motion from all simulators until further investigation shows the generality of the Jacobs
and Roscoe findings. At the present time, we cannot be certain of the role of motion in
simulitor training effectiveness and offictency.

Handling Charactenistics. Simulators built with the technology available two decades

azo tended to have handling churacteristics which were sometimes quite unlike those of
an arenudt, and their effectiveness was lunited largsly by the fact that wlots vesisted
traicing in them or wowld use them only as procedures trainers (D). Theee were—and still
are-strong pilot opinions that a simulator had to “fe=l"" bie an aircraft if it were to be
elfective. Transfer studies ol individual aircraft control paraneters, such as a study of the
correspondence in stick pressures between a device and a triomng areraft (39) {adled to
lend support to the pdots’ opimons. Where the correspoidence beiween the Jovice and
the aireraft is gross, however, as was found in one device it which forward prossure on
tie wheel resuited in a climb configuration (40), simdator effectivensss undoubtediy will
suffer. Thus, clthough in the extreme case simulator response charactenstics unhke those
of the aircraft can produce negative transfer of training, there is hittle evidence that the
simulator must precisely cuplicate the feel of the aircrafl n order ta be effoctive. it is
pussible, however, that even minor dissimilarities in feel or response could lead to the
saime kinds of potential problems found in simulators without maetion, e, lower
correlation between simulator and flight performance, particularly where the morse diffi.
cult to fly aireraft are concerned.

Our understanding of simulator design features in relahion to smulstor traiming
effectiveness is quite limited. It is clear that designing a simuiator is not entirely a matter
of duplicating an aircraft. The physical correspondence between the simudator and the
aircraft is probably more related to cost, as Miller (41 1) indicated almost two decades ago,
tian to training effectiveness. If the degree of correspondence hetween the dovice and the

rcraft is relevant to the objectives of the intendml training, triining ia the simulitor can
be made effective—whether it is or not it a matter related to other factors.
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Training Programs

Frequent note has been taken of the influenc: upon training effectiveness of the
manner 1n which a simulator is used. Yet, the literature is full of reports of situatiorns in
winch  the importance of training prowran design and execution seemed to be
wnored (e.d.. 3). Although there is an incr-asing emphesis upon effective use of Cevices,
current instances can be cited of traning programs in wiuch simulators are misused or wre
used inefficiently. Even in simulator el{ectiveness research, participating insttuctors often
are permitted to conduct training in various non-standardized ways.

o bhst all training program design and execution vatizbles which potentially
mifluence simulator traming effectiveness; would be an a'most nterminable task. Any of
the numerous textbooks on human leaming will provide a source for idertfication of
variables which influence learning and performunce, e.g., schecdules of re‘aforcement,
meanirgfulness and difficulty of matetial to be leamed, size of leaming blocks and
knowiedye of result.. Flexman, et al., (27) have shown how such varizbles can he
employed to increase simulaior and fliht training effectiveness.

The sequencing of simulator wnd aireraft training has been suggested as a factor
which could influence the effectiveness of simulitor training. Smode, et al. (2) concluded
that the evidence concerning whether sequencing is irfluential was inconclusive. Meister,
et al., (11) presented data which suggest that switchinyg tromm the aircraft to the simulator
reduces performance in the simulator on thie following sessions, resulting in a trainuyg
inefliciency. While there may bhe some inieractive effects between the sequence, the
manner in which the device is used, and the design of the device which could infuence
effectiveness, it wou'd appear quite likely thit training in tre cureraft before the full
benelit of the simv'~tor has buen realiced with respect to 2 particular task would tend (o
reduce the overall efficiency of the simulator-device training program. In an unpublished
wnstance which illustrates this view, a fifty training hour program in which the simulator
was used prior {0 training in the aircraft became a sixiy training hour program when the
sequence was changed to mix simulator and aircralt training, aithough other changes were
introduced concurrently which could have contributed to the resuiting inefficiency.

Training prograin content is an obvious influenca upon simulator training
“Tactivere s A dynemte flicht simulator used onlv as a procedures trainer, for example,
5 nol ey used effectively, 1t is alse vetinved (Bt sanalorer traning presented ia tie
context of simulated mission activities, as opposed to abstract training exercises, tends to
he more eflective, and the literature on learning and forgetting sugyests that behavior
learned within such a meaningful context will be less quickly forgotten (42).

There are a number of other training program factors which fiuence simulalor
trairing efficiency and thus would lead to a higher TER value, although not to increase.d
effectiveress per se, These include the amount of simulator training, the sequence in
which instruction is conducted in the simulator, the use of individual (as oppnsed to
group) pacing, training to specified criterion levels (us opposed to training for fixed time
periods). and the extent {o which simulator training includes Lsks which can be leamed
more efficiently in the aircraft. Smode, et al., (2) pointed out a decade ago that little
was known about how to manipulate such factors to best advantage. That observation is
still valid.

Personnel

Simulator training involves trainees and instructors. Both categories of personnel
represent potential inCueace: upon cffectiveness. The mnst obwviously relevicit considera-
tions with respect to hoth are their qualifications and prior experience, but occasiona!ly
other varial'es vre suguested. For example, Meister, et al. (11), found a differenca in the
effectiveness of one simubitor training program for student and eperztional p'ots vs.
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oty The difference cochl ol b sttabuited to cenadnations sac i s St e and
sttoss, Lwctors which procatny account for any tnesne ted Sodingds ot des <tindees
The present paper wil docuss only the more obwviots personnet factons.

Tronees. Al veatigations ol human leaming we subiect o the fluenoes of
toX elated aptitades of the leamens  Aptitudes oo defimed m ferms of Leanung
clticiency, and hph autdtude studenis learn & @oea Loh more mmpully or oo greater
Jdogres than Jdo low aptitude students. Wheee e taiming program invaies S b atavin e
of sonulator rainng time, hizh aptitude students 'oarn more {asks o fracaier ta lite
adcruft, where trauney s o fixed performance lesels and rranang time vanes, hizle and
low aplitude students achieve about equally, bl hizh apitude students teguire less
taiung tume in the sunulator. A measure of ssimulator tramning efficieney suct as the
TER will yiwld a higher value for high aptitulde students, but this does ot wdicate that
the simulator truninyg prozam s more effective with such students. It 1 prodbably equally
effective with both groups of students, but tramning ime in the Jdevice widl be shorter for
on¢ than for the other. Thus, whide high aotitude students learn moee efficiently,
aptitude per s@ is a0t bebieved to be an influence upon sinudatur tramag ellectivendss.

The inflluence upon simulator traning effcctiveness of levei of trainew skill or
amount uf prior flight expentence is  frequently quesiioned. Many sailitary pilots and
managers acknowiedge that stnulators provide appropriate trunmg fur the aichnes, where
the trainees are highly evpenenced, hut insist that the detvees canrot be rehiet upon as
exivilslively to trand less expentenced muiary pools. DNn sitlis poiseessed By tivese two
fgroups of trainees do differ, qualitatively as well as quantitatively, and the tusks for
which they vadergo training are not identical. Therelore, the truning they receive should
not be identical if it is optimally designed to meet their respective trainng needs, aad the
charactenistics of the simulators involved in their tramming should vary as well. it does aot
follow, however, that simulator training can be appropriately destmed and comifucted for
one expenence level truinew but not for another. I fact, the experimental evidence does
not support the contention that simulator training effectiveness is influenced by leve] of
trainee expenence in isolation from other factors. Alter reviewing 3 large number of
trunsfer of training studies, Micheli (3) conctuded that flisht trening devices are eifective
for both neophyte pilot trainees and atrline pilots.
concluded that experienced pilots do not make better in-flight insiructors than
iexpenienced pilots. The same conclusion can be extrapolated to simulitor instructors,
While the evidence is skimpy, it appears that even persoanel with no fight experience can
be trained to be ellective simulator instructors. For example, in a simulator traming
study companng an instructor with several thousamd hours miitary instructor-pilod
experience, a recent flight training program graduate, and a noarated individueat with a
few hours dual instruction but no other seronautical experiznce, o syuficant Jdifferences
were found in the in-Night performance of thew students ( 13).

There is some evideace that not all simulaior insituctors are equally prepared for
theiz job. Hall, et al. (D) swrveyed a number of military training proyrams and found that
non-rated enlisted instructors were ill prepared as compared with palots, particularly with
Pespet to relevant knowledge of the aircraft. They alio noted that pilots were similarly
ill prepared with respect to knowledge ol the capabilities and limitations of the simu-
lators. Since no transfer data were reported, it cannot be determined whether this factor
had an influence upon subsequent in-flight petformance in {avor of cither type
ol instructor.

Muckler, et al. (23) observed that in some cases a simulator insiuctor must provide
supplementary information about the in-flight task which might uot be available te a
noi-rated instructor, thus presumably tipping the scale in favor of pilots as simulator
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instructors. Muckler, et al., also noted that instructor ability and fidelity of simulation
are related in such fashion that as fidelity increases, the necessary level of instructor
ability may decresse, and, conversely, as fidelity decreases, instructor =ability must
increase. This relationship would tend to place the more able instructor in the lower
fidelity simulator where a greater amount of supplementary information might be
required. It has Leen my observation that just the opposite situation often obtains. The
more experienced pilots instruct in high fidelity simulators, while less experienced and
non-rated personnel instruct in older, lower fidelity devices.

Another consideration is whether there should be one instructor or two in a
simuiator training program. That is, is simulator training effectiveness influenced by
whether the cimulator instructor is also the in-flight instructor? While this variable has
not heen isolated for study, there appears to be an increase in effectiveness when a single
instructor is responsible for both simulator and eaircraft training, and it has become a
standard feature of the simulator training programs developed by my organization.® One
apparent henefit is that the instruction given in the simwator is more compatible with
that given in the aircraft when only one instructor is involved, thus reducing any
potential negative transfer attributable to instructor-peculiar performance requirements.

It often has been assumed that the instructor is an important factor influencing
training effectiveness, and such may well be the case. I{ so, the influence must be
attributable to the manner in which the instructor functions, i.e., to nonstandardization
in his administration of the training program. There is insufficient evidence available at
this time to attribute the assumed influence to instructor experience or qualification per
se—assuming he has undergone an instructor tramning program appropriate to the instrue-
tional task at hand.

Aftitudes

While the influence of simulator design upon simulator training effectiveness may
not always be clear, simulator design has an impact upon instructors and trainees,
reflected in their adtitudes, which in tum has a large influence upon simulator training
effectiveness. Flexman described this impact as follows (quoted in 23, p. 69): “Fidelity of
simulation can operate as a motivational variable. If the simulator looks, acts, feels and
sounds like the aiplune, then the treinew is more likely to ke convinced that practice in
the device will be beneficial to him.” In circular jashion, attitudes also influence
simulator design. Williges, et al. (25) noted this phenomenon when they stated that
decisions to include complex and expensive motion systems in simulators are invariably
detennined by pilots’ attitudes. It has been my observation that fidelity of simulation has
A greater impact upon the attitude of the simulator instructor, particularly if he is a pilot,
than it has upon the trainee, and, in tumn, instructor attitudes concerning simulator
training can determine trainee attitudes.

The most direct effect of trainee and instructor attitude upon simulator training
effectiveness is probably upon their willingness to engage in simulator training in the first
place. That is, devices which are viewed favorably seem to be used more than those
which are viewed less favorably. If the addition of a motion system or visual display to a
simulator will result in favorable trainee and instructor attitudes toward simulator training
and hence greater utilization of the device, it is possible that more effective simulator
training will result from the greater utilizzation, even though the motion and visual per se
may contribute nothing directly to transfer.

AThe single instructor concept has been used eltewhere ut least as carly as the inte 19408 (44).
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I would be a sustale to atteibute all Lavoweble attitudes Lowand sisubalor traunng
to high Tulelity. There are webitively low tudelity devioes whicit age vwewend favorably by
tany  traitiess d wnstructon, and some quite sophinticated devices bave beeno aadigned
unbearably by sotwe of the same people. One deviee sl ectenswely by tlee ULS ey
an an wsirument traiaee for s naber of years was extolled by the device instnactors,
mahgtad by thght instructors, and deseabed vanously s beast sd an ad By Daiees
A atudy of the effectiveness of traunng conducted 5 the device was bess anlngucus: it
was wwless (7)

Except tu the extent that favorable attitides iciease device wse, the oltects of
attitude upon simulutor traming appear to be practically mb. by a study reported hy
Muckler, ot al. (23), negative attitudes toward o tnner were induced i an esperanaatal
woup by atressing the devices low Odelity, winle postive attiludes were tnluced
another group by stressing the same device's tranuay effectiveness. Dunng taosler trals
un the awrcralt, bath groups were fownd to have beuelited, about equally, from the devien
travung, thus indicating that the induved negative attitude did nat affect device trawag
effectivensss. An interwsting aspect of that stidy was that the negative attitude group
repured more trainming in the device to reach cateron, so that the TER value, had that
measure  of  effectivensss  heenn - d, would  have been greater for the  pasitive
attitude group.

Nov transier study wis fowend (e thes curreat soviag whuehs tudeatesd that attitude
Poc s¢ wWas a factor intluencuy sunwlator ettectiveness On the basis of my own experi-
ence, it appears that just the reverse may be the case: simulator training effectiveness
nfluences attitudes towand simulator trauing. 1 have observed abrupt shifts m attitucdes,
patt Sicuaely among wstructors aond traning program managers, followsnyg demonstrations of
amulator  effectivensss. In one astanes, wstructon® very  negative attitwdes toward
mcuced scale paper mockups of a cochpit becaime Livoratde when they discovered that,
unkaown to them, their better students were usiny these “devices™ o theie own o a
study reported by Meyer, ot al. (1), pidots’ opunions converamy somalator traimingg were
found o be more favorable (Clowing theie pativipation wt an efflective simutador tanung
prograa than were the opinions of non participating patots,

In spite of a lack of supporting research evidence, thene i a comvaetsas among
trainess, imatructors and administrators that Tnvotable attitwdes toward sinsdater tramay
ncrense training effectiveness. This probably is corvect an the sense that e extensive
use will be made of siwulators of they are viewed favorably. 1€ may be, however, that
attitudes are influenced more by aundator traniy effectveness, than the other way
around. A well conducted “test™ of the tranung elivctneness of a simulator way he a
very influential factor in assunng that ats trannng value will be realized,

Expectations

Many aviators accept the proposibion that traening i a simutater siehit be helpful
but view it as less efloctive than teanog w an aiverat, 1t has boen my obiservatuwy that
sunulator training administered under the control of stch indviduals wver exceeds their
expectations. Il simulators are viewed as useful only as procedures traimers or as instru-
ment trainers, they tead to be used only ws procedures or insttument trainers, even
though the same devices might be wsed more effectively by othenn wiwe view them aa
offening a greater rmnge of training opportunities. I sinntators are viewed i wseful onty
for the inihal stages of the development of & particular alatl, to be followald by {urther
development of that skill in the aircraft, sunulator tranuyg s less eflective than o they
are viewed as substitutes for the wircralt to be used for the development of i patticular
skill te cnterion hefore transfemng 10 the aiteraft Whide annulator teaining may not
always prove as elfective as some might expect, expectabions appear to place a it upon
realized effectiveness by hmiting the manner aind extent of sinndator trainisy.

"
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Fapectations can influence simulator training cffectiveness in inare subtle ways as
well, ‘The expectation that a sunulator training  progeam will prove ineffective can
inMluence ity evatuation in the expected direction, Research by Rosenthal (45) has shown
that, oven with no intention to do so, an experimenter influences the outcome of his
research in the daection of his expectations. Since iy “tests™ of the effectiveness of
simulator trainy are conducted by pilots who hold stronyg views concerning the value of
simulator va, airvraft taining, we muat assune that their expectations can and sometimes
do influence the tost data. In those instances in which thete is real or perceived pressure
from a higher authority to reach a particular finding conceming the utility of a particular
simulator, the effect might he even greater.

There is un almost infinite numbier of fuctors which might shape expectations
concerming simulator raining alfectiveness. Aun olbvious fnctor is prior experience with
simulator trmining, ‘Uhe moroe favorable opinions of pilots towand simmulators following
participation i an elfective simulator training progrum were notexd above. Another factor
may be their age. Smade, et al. (2), noted that older pilots tend to make poorer flight
instructors, possibly becauss of n hesitancy to adopt new teaching methods such as the
use of simulation. Total flight time is probably aso a factor, since the older, more
experienced pilots are more likely to have had unsatisfuctory experiences with old
sitnulators and typically put greater confidence in in-flight trainwng,

INCREASING SIMULATOR TRAINING EFFECTIVENESS

It ix unlikely that the cffectivencss of any simulator truining program can be
attribvted to a single influence. Instead, all the factory discussed above, and probably
many more subtle ones, act in combination to produce effective simulutor training. Even
factors which may not be thought influential in isolation may serve as catalysts. Effective
simulator training depends upon a proper combination of hardware, program, personnel,
and other factors,

Although progress hus been nude over the four decades since Fdwin Link
introduced his first instrument flight truiner, there s still an element of uncertainty
favatved in the design and use of simulators tn mevting training objectives, Wheaton and
firbeila (16 aoted that stuiader desypners hawe often oo more artisans than
techniciuns, and Lwecause of the informal nature of the methods they use, it is difficult to
reprodice their reésults or to train other to produce effective devices, The same comment
an be applied to training program developers, pethaps to an even greater degree. There
are artisany who  devise effective ways of using simulators, even apparently poorly
designed simulntors, but these artisavs have not been notably suceessful in training othens
to produce effective simulutor training programs. Conversely, it can be noted that others
have produced precious tittle in the way ol effectiveness, even though working wath
costly sunulators of apparently excetlent design,

While simulator training artisiuns can sometunes produce spectaculur results, there are
too few such individuals to develop and continously update nll of the simulator training
proguuns required by military and civilian pilot traming establishinents and operational
units, The present paper was conceived as an attempt to highlight somve considerations
which, if attended to, nught. lead to mercases in simubator training effectiveness, I may
have that cffect in some mstances, but 1 2m not convinesd that oue present data base is
rffictent to that ohjective.

Clearly, more rescarch is peeded to inerense one understanding of (actors influencing
simulator training  effectiveness. But » conceptual funmework  which could make the
conduct of that resenrch mote efficient and reteviort to peneealizable problem sotutfors s
lackityt, Hecause of this laeck, trmmmg specindits bave no theoretically acceptable dis;m
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- modeh to follow wmnd oo elfecivenmay goals ta soelc 1 do nol sea macdy e the vecent
tesearch iterature which will provade e conceptial nndapimmng for vegquared amualator
i desigtis,

Oune problem s that insufhownt wformation s beoay dissetnnated about the design
of stnulators and tennng progiams —both effective and wetfective ones, Most publiahed
smulator training research reports state the dentity of the simulator, the expevimental
desiine model, and  the resulti,. Often wlormation v not wcluded e the wepmt or
othenwise available about the simulator's desygn, the way it was used, the attitudes angd
expectations of the personnel involved, and other factors which should be of interest to
sonleone trying to apply the study's results to mect operational training rwequireiments,
There needs to be much more emphasis upon how the reported tesults were nchieved.

Attempts to apply research results in the desyn of sinulators and traning programs
are important, but greater benefit can bie derived [rom study of existing devices and
programs to locate features which can be adopted wn new simulator training programs
under development. Tue most uselul madel to follow in the development of effoctive
simulator training is that provided Ly an existing application, modilind to icorporate
features from other such models as seems appropnate.

The simulator training peactitioners and rvesearchers alike need more case study

o
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1 wports of simulator training applications. Such case studies would serve two purposes:
§ they would provide madels to be [ollowed in cther apphicalions: and they would present
13 .
i design data which could then be assembled and studadd i eftorts Lo deselop conceptual
¢ models for future applications and to guide research.
: ; While | do not mean to telegate research to a lesser position of inportance in our
1 elfarts to increase simulutor training effectiveness, 1 feel that there needs to be more
ot cmphasis at the present time upon gathering data about exasting sttmutators and training
programs s0 that a better conceptual fratmework cant be developed Tor such 1esearch. Our
theories need to rest upon a broader data base- data which is derivable from present
' applications. At the present time, there needs to be moe wse of the scientifne method
called naturalistic observation so that a broader datn base can be developed. Perhaps the
first step is to recogmize R need for bLietter communication amony practitionens and
researchers about the nature of effective stinalator tranung. Such a step could lead to
tncrcasad sitnulator training effectiveness through preater fnliarity with the processes
; involved in simulator trainng. :
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