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FOREWORD

The Naval Training Device Center's 25th Anniversary Commemor-tive T-chnical

Journal documnents both the technica! history of training devices and the issues -whi'h
currently confront their desig|n and use.

These subjects are discussed by ag-oui of distinguiiihed scientists and engivie-r.d~o
were invited to record their views to commemorate a quarter of a century of progress in

military training. The blend of human factors and engineering papers in tijis volume
reflects the twin thrusts that go to make up the educational tools that are training device
systems.

The organization of the Journal is intended to present the reader first with an
introductory background to the role of training devices and their history. Flight

simulators and the problems associated with the interaction of human vision and motion
are then discussed. Complex team trainers, their development, characteristics, and
influence on trainees are presented next. Then, there ire papers addressiqg the fidelity of
the simulation issue, followed by some more specific discussion of specifii imulators and

their development. Finally, papers on user acceptance of training devices aztd how devices
are assessed for training effectiveness are presented.

The editors selected a representative range of topics. However, they have not tampered
with the authors' styles, or points of view. The result is, hopefully, a comprehensive
statement of the development of simulator technology for training systems through these
past 25 years, anti problems to be addressed in training systems of the future.

DR.JAMES .I. UEGANMR. G. VINCENT ANII.O
•i Editors
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TWENTY-FIVE YEARS,: PkOGRFSS, PROBLEMS, AND PROMiSE

This 25th Anniversary Commemorative Journal reflects on the contributions of research and
development by industry and Government in the tields of simulation, technology, and training
methodology. The increased importance of this technological bas&e has recently been ut'derscored by the
"HOMEPORT" review initiated by the Chief of Naval Operations, Admiral Zumwalt. In this review of the
role of in-port simulators in assuring the readiness of a dollar-conFtrained fle-et, that steams less, the item of
first priority in considering the use of simulators is better utilization of the existing capability. Past
utilization shows a spotty record. Thirty to forty percent utilization of some of our zurface ship trainers, as
has sometimes been our experience, is a poor mark. On the other hand, thl i delivered 2I38 for the

F4j aircraft has been called on by the Fleet for a 20-iour day during its initial contractor support period
after delivery. (the procuriement plan for the 2F88 had envisioned an 8-hour day for this initial breaking ii.
phae.)

Thcc vccid revelation of "IiOMEPORT" was the need for the Navy to arrive at a centrally managed
progcuia of Tigitien~tation ol existing suinuiadon c.p.dihitiu., uased on a detailed engineering appreciation of
an evolving state.of.the-art in simulation as it trades off against the cost of achieving a given capabdilty.-
Many new dimensions are evident in such a program: more at-sea and, possibly, pier-side simulation
requirements; multi-threat exercises linking shipborne and school groups; better quantitative scoring of the
quality of- embarked readiness. Perhaps task forces will not sail to an exercise area until a minimum
competence has first been demonstrated in a simulator ashore. The Naval Training Device Center is
uniquely equipped to manage the material acquisition aspects of "HOMEPORT" as a Principal
Development Activity.

A standard college text on accounting defines a business as Seing "a collection of economic resources
devoted to a particular purpose or goal." Under this definition, the Naval Training Device Center is a unique
business, unique in the Department of Defense and, indeed, in the Free World. For the Navy, the Army, the
Marine Corps, and the Air Force, NAVTRADEVCEN's function is to blend together the research,
engineering, acquisition and field support experience of a twelve-hundred ma- workforcc that focuses its
attention on the training needs of the operators of weapons in all warfare areas, to produce the machines
calitil "training devices" on which uniformed men acquire and maintain their combat skills. At
NAVTRAIFVCEN there is no search for identity; no need in- dollar-short times-to scurry to define its
contribtio;n ',.) national security. While ever mindful of the efficiency of its inierinal doeration,
NAVTRA1DEVCiEN's principal function, of late, has been to mike certain that external lack of
understanding do"s not inadvertently disrupt or fail to utilize the unique leverage on total weapon system
effectiveness ernbotied in operator training devices, whose impact and effectiveness is felt right at the
important interfiace between man, the operator, and his machine.

Unlike many of the Navy's laboratories and activities, NAVTRADEVCEN has a folly visible,
combat-essential eajd-prodi ct - t-'aining devices delivered to the Fleet. In the language of the accountant,
NAVTRADEVCEN iL a 'd;rect'" contributor to forces in the field, not one that is "indirect," general,
administrative and difi'ee. Because of internal parochialisms in the Navy, and in the other services, too,
only a relatively few p.''eptive individuals in the past several decades have understood the keystone
contribution that the Center', r roduct makes to effective training. Organizationally hidden and neglected
by those whose responsibiliti. h haee been oriented towards maintenance requirements, 'MTBF," and how
many spare parts to buy (now frrm•.lly called the Integrated Logistics Support part of the weapon system
acquisition process), NAVTRAD0VCEN's excellence in operator training devices has lain quiescent in a
fallow unfunded and unimaginative support portion of the budget. Here, research and development dollars
are nonexistent, and program decis:onb ace made by administrators, who scramble over inadequate
procurement funds, and not by tzaining syrtlm engineers, who are responsible for explicitly facing up to
the tasks required of the man in t e !ooap. This neglect of NAVTRADEVCEN and training simulation
through the years has been only part of the lr'er negect of training. This has not been a neglect of activity
or of total dollars spent, but rather a ,;eglect of management coherency and coordination which has
resulted in energy dissipated and dollars wasted. Fortunately, the recent creation of a Chief of Naval
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Training give• promise of a reversal of past malpractice. mnuking training a primary, not a coilateral,
consilderation in fielding effective forces.

Against the backdrop of the past lack of priority for training, it is useful to define with some precision
what is meant by the terin training "device." Many individuals do not understand the distinction it tries to
convey. Simply rtated, a training device is a machine or apparatus designed from its inception to facilitate
the learning a,:d maintaining of operator skills- decision making, procedural, motor, or some combination
of these three. Unfortunately, considerable training is attempted on, what it is convenient to call, training
"equipment" -extra units of actual operational hardware diverted ashore to schools because of the
collateral need to provide out of each weapon system an ILS package of the system's pipeline needs:
p publications, ,pare parts, and training. This type of training "equipment," by it2 very genesis and definition,
has beeen designed for fleet or field battle use in a harsh combat environment, not training use. It must be
bullet-proof, sailor-proof, and operate over a complete spectnrm of MIL SPEC conditions. Its cost is usually
high. Failures are consci-usly engineered "out" of operationai equipment. They are consciously engineered
"4."into" training devices so that the trainee can learn to cope wit4 them, in complete safety.

Hlistorically, the Navy has probably misspent, and wawted several hundreds of millions of dollars
acquiring operational equipment, instead of training devices, to sapport training ashore. The attendant
training has been less effective. It is not-that-operational equq•pmnt• cannot, in certain case, be the best

way to pro-idde the-required traiiiina material assets. It is Just that a deliberate comparison or t-fdeoff
between the two possilite approCne•,iis,,aiiiig-ucvices-v• rstis _ierational ouipmefit, is never called for by
those responsible for the parent program and its priorities. T rainiig-f a n-eiver been-afforde the luxuriy of a
systems analysis.

A significant bill for training material has been paid by the Navy through the years. -The current
inventory estimate is $2.5 billion, including operational- equipment, -devices, and miscellaneous training
aids. For every dollar invested in training devices, fur dollars have been spent on-opeiafional-equipmnent
diverted to training. These figures quantify the tragic waste that has resulted from the general neglect of
training and its requirements. How much more effective might our fleet be today if-the historic ratio
between devices and operational equipment were, say, 2:3or3:2? Instead of the past practice of
management of training by default, a deliberate training systems approach would have yielded a more
balanced ratio between operational equipment and devices, at a considerably lower total dollar cost,_a.
savings of morethan enough topay for the research and development investment that has been so critically
needed.

Enough about problems. Let's talk about promise. Thanks to a vigorous and inntovative simulation
iindustry and the dogged--involvement -Of-NAVT2.ADEVCEiq, properly--design e-training-devices aVe
-beginning to justify themselves-for two reasons beyond the classic reasoni for economy. First as the airlines

Ware-beginning to demonstrate clearly, betrer training is often obtained in the simulator. Thus, certa-in classes
of casualties and- failures cv,• only be practiced in a trainer Similerly, only in a trainer can an instructor
observe "over-the-should•r" performance of pilots of single-place-aircraft.

The second payoff, available only in training devices, is an ability to exercise the trainee through the full
decision-making and pr '-dural envelope of his weapon system, under conditions that e;:ceed the ablities
of available test ranges . accommodate. The trainee can shoot 50-mile missiles, for ega.'plc, for
50 full miles. time after time, varying launch and target conditions. There is no concern tor firing range
limita.ions or restrictions in target maneuvers. Conversely, in terms of the world of training "equipment,'
the trainee may be allotted (statistically, in the missile procurement plan) only one quarter of one aijissile to
fire during his three-year squadron tour. That is his official "training allowance." Firitg a quarter of a
missile is, physically, a difficult thing to do.

This situation drawn from real life illustrates the second important "plus" of training devices, to wit:
only through perforn ance demonstrated in simulators will the force commander have established any
credibility thai his advertised weapon system capabilities are indeed practiced-and ready. It has been said
that "a Navy never serves better that serves in peace." It can only be through visible and validated training,
largely achieved by utilizing training devices, that a peaceful Navy can be assured of possessing the potential
for destruction that its presence on station is meant to imply. The Naval Training Device Center is proud of
its contribution to sustaining such a Navy.

-- FRANK H. FEATHERSTON, Captain, USN
COMMANDING OfFICEP
NAVAL TRAINING DEW/IqE CINTER
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The History of Training Devices at the

[ Naval Training Device Center

Mr. ROBERT G. DREVES
Director of Logistics and Field Engineering
"Mr, ROBERT R. POMEROY
Head, .!:.dio.Vis..wl Communications Division
Mr. HAROLD A. VOSS
Psychologist, Human Factors Lalorozary, Naial TrainingDevice Center

Created as a desk in the Bureau of Aeronautics and developed into a vital training support activity by the
successful ceation and application of Aviation Training Devices during World War 1, the Special Devices
Certer of khe Office of Naw! Reseatch was commissioned on August 13, 1946, as a conl!nuingpi•ocetime
activity devoted, to. the concept of contributing to the improvement of fleet readiness througi, the
development of simulators and training devices.
On a broad basis, the new organization viowed training as a function which could be made more effective
by scientific analysis of Ahe man.machine interface, the learning process and by application of technology
to the development of simulators, devices and aids as tools for training.
This paper presents an overview of four broad fields of endeavor ihi ehich-consfdemble resources have
been invested and from which extremely fruitful results have been obtained during the past 30 years.
These fields are. (I) Classroom Instructional Media and Equkiment; (2) Real Time/Real World Simulation
of Warfare Systems and Environments; (3) Human Fiactors Related to Design, DevelopmenVt and
Applcation; and (4) Logistic and Madteril Support.

T his is a history of the Naval Training Device BUAER, Whose function had been that of
Center (NAVTRADEVCEN) from its procuring operational-aiircaft.

inception. It begins with a description of the state -The first step taken by SDD was a survey of
of Naval training on 30 April 1941, when the available products and facilities. This survey
NAVTRADEVCEN was established; provides an indicated that1-operational militarjy equipment wis
overview of the NAVTRADEVCEN shakedown ifiifficieit, bftfen hazairdous for-training pu s,
period; and describes the NAVTRADEVCEN 6- a in short sUaply; It al.o reed-thit efense
mainstreams of professional- effort and some of planfs c-uld -not -be used to rmianfaictire
their most significant contributions. siniilato6s--as -they were alreiady- -6mitted to

Prior to her entry into Worla War II, the United higheff proritieia. -In ie-w of these constrainits,
States found herself in a precarious support oftraiiiingwisli.t"iidtoprodticts hchas
position-thousands of individuals without military 16mm motion picture films, lids and strip films,
backgrounds had to be trained in the ways of-the disc recordings, maniiuals, and'chart. These media
military. In addition, they had to be trained on coUld nKbt meet the need. Throu*•A:ninovative
sophisticated equipment and molded into combat genius-of Navy and c• ntractor personnil, the-SDD
ready crews. This was a gigantic task, since the developed novel devices which simulited the real
crews were needed immediately, world for purposes of training.

To accelerate the training process, the Navy
established within the Bureau of- Aeronautics Since the SDD was a part of BUAER in its
(BUAER) the Special Devices Division (SDD), beginning, it was natural that the earliest training
which later became the Naval Training Device devices w-ere developed for aeronautical training.
Center (NAVTRADEVCEN)i more informally These were adaptations of qnickly.availahle
referred to as "the Center." The mission of SDD Froducts-which-had already bee.n developed. The
was to exploit safe, novel training techniques, initial , id: primary emphazs was devoted to
which -could be ashieved through simulation and developing OperatinMal Flight Trainers (OFT's) for
mass training media, This was a new concept to i pilot ihdoctrination. It was quickly evident,
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andfeaibl. Ai eant~v , te Dai o~ae 1C23 Raar laningDevcewas amiong tile
Gune%2 Iriner wich s; twl ,nebonze jfirst. hi2ivs iml simulator, "Ii*hil coinsisted

Itnu fim prjecor~s On filn s(;we eniny of light reflected front a special terrain model,
aircaftin arlu.,simlatd atacV, n,] provid ing ai synthetic radar scope* presentation.

aa ag s aintci. -iiad backgrounds. 'Ie ot -r Prior to bomibing mi~ssions, this5 device provided
tutul shlowed the correct point of aimn when the the 1U.S. Fleet with simutlatedl radar prem-entations
instriui tor wL'hled ito show it. This new approach of target areas; such as T okyo, Y ap. Yokohama,

maý applied in I ev'mce 3A\ 2, Ole An tiaircraf~t and Iwo Ji ma. Then camte many radar trainerrs.
G umerN Trainer. It was, so eIfect( niuirvn They eneontpass -~vice I 5V I whic hi carried th

m i uark,mnuusliip of gunnery jperoniiel thuat it nuight air-to-air attack front radar acquisition
was- imsalcid I 6 r training~ on allI aircraft carier.,, througah visua a ttack ; radar tagetgicrtr

hattIvshlujp , an 'riers in the Pac-ific, which began using analog and reveei.ly shi fted to,
Tilt' 1tioiit p~romlinent girroup of the aeronautical dig'ital conljuters: and various t-*pes of landinas,

trjjn irs, w&,' theii fixeod anid free gisn nerN Sinuflator,', s iminulat ion anitd elec~tron ic coun tertticaMur,
with other Lroups developed fo r teaching trainlers. Tilue fiist Sitihtniritie Attack Teacher.
bombing, celestial and Loran Navigation. Based onl De% ce RSI 1, wazs also of World War 11 vintage.
factory overhead cranec technuology. tie ltrasonic Fromt this device, others-, such as Devices RS$ 16
radar trainer was, de-signed and built. The radar and IISI C, evolved. All dlevice, Of this series wert
traim r, using sonic pulse~s onl anerhdli multi-tre types with provisin o.sn

water tank, proved to' be (qiite at workhorse, and periscope, sonar or radar for simulated torpedio
for man)i ycaurs wA,,; simiply nmodified to activate. attacks. lIn addition, the RS IC contained harbor

newairori'- earh rdarsytms Perhuaps the rec"onnaissanice and recognition facilities.

muost notable of all the aeronautical trainers of this TowardI the conclusion of World War 11 four
era wx~tePN- Simuilator. '( ki trainer, D~evice utainstreanis of professional effort btcamie
2F I, whlichl was built in 19-1.3 b6 Bel! Laboratorives, appareint at tilie Centter: ( I) Classroom

%ins prohubably the first OFT that attempted to Instructional M,%edia aiti Equipment: (22) Real

simulate the aerodyniamic, chuaracterintics of a Time/Real World Sirnul' .,)i of Warfare Systenms

ocifi sulTor n niomns 3 IuaiFcosRltAt

,ptneria airlinepilt. cetiictxon. c Unvritnhweahlsorgrefcinyo
Nopteallsimulator werie destigened front traicin total-for shielpmend lande recogition.. and t

comat ersiiielhirni thse arl yers.Fo W insnine, Fuselageriai (WEF'l') syTiough thes

die rsinaent rthpe OFFreas eoflvedicinle prse (4) um Lah pojetrgr tl se i .egit
gengLiAeeration ofOe'vniceo Ior than Alttue streainin andre belomel ithgaed hart ovela tig a1 e

cockp~.irt operted byr a sndgtoeI diguan compteriu. T dereadin ythemy Early rxmiedseparc tel in nilei
date, 1: dirst centrfiftuge, i a av ai(f rcrunt, wase reordoing, pararanephs.b teAmorIusi

jrnwusimulatin,19it, an thea ofemorethlan 1,00 forceOO wasRCIOA Nsda h ai o lvlpImEtDian
01,'T's ito effectiv is teesioncepto notf tratnn tbwt- 5 rdcit ftefrtgon ibrewr

tohtmve Naveal AvirSation A uth 1955, was used, by co nm eiatiyonl p aroced surie s atraning Straie
uie Ofirth fnigte stitesastoroifautcert-ain aset hih mdofa~i~a~ ue o obtpaiii

SNviotal iteti t s wend brisigne, were trurned itootalprili
cobthpersurfael ad sbur facthoe warfyars.t For eagsil traineprbt Fuselaes, bai mold) ting themi

eImhtl ATAECNatda h etranrtdanwfml ffahpovtr-



plastic- andimposi )0 ng (letaill, on thein- by a dt'iu wa stre oi nl xeiina
tilt l twrinh it, troceg,,s. lhey wi-re further utilized -isrctii eevision (ITV) prodluction facility.

illcn ijunictioni witlh a "gralin-of-wheat" !amip to lBy 19119 this complete facility, the first iii the
provide itsnhtcradIar scopec presentaltionl. The DI-partnient. of Defenise (lDoD), was ill operation
m'-rlnad pro,' etor, oeo it iAue ivsoj i:f lt f on-hase. Prntienext six years-, the Center,

[ie contrac~t in 1944ý to projec, pint chlart, for formal evalua~tion, ori~giniated c~ver I ,000) different
110iatiotk training and~ sketche~s dv ythe[ ktuct-)r onl Ibe( glass iurface. dir.ectly' by microwave and netwo, k or by

When the war ended, hundlreds of different kine-seopc- recordinga to test training groups. D~uring
NA V11i A)EVCEN audio-visual dlevices- and1( media tlii, petriodl. the Center ser~ed asý a source of expert
[tail live-li evelopcd , producedl anli distributed. g ii dance for both Dol) ann( civil ian agencie; in the-

-ty aner d contextofte o level of tefftoiestablish
"'Ihe variet n eea eelo fiinyai niedia. lin lol). tlt'- (,entter %vas the first activity to
sophastu'ivalOl of these (levicetS vals amlazing when u~w kines~cope recording, f.r-t to meaisure and(

cmdrdin the cotx ftl o ee fte validate thle effectivene.s, of lITV, first t sals
'stteofth-at"at thle beginning of the war, the g471idelines for the equipment required and thle

restnctions onl materials ind technology impos'-d tr'.initig of personnel to operate and maintain it.
by thle w'ar, and the' continuing priority onl speed first to dlocument thle elements of effective
of production andl issue. A large share of thet presentation, and( first to build and use mnobile
credit, of coursec, must be gven to American production facilities.
Industry, which played a vital role in the In this -ame periodl, interest developed in new
conception and production of most devices, techniques for nonprograrmed, real-world visual

After the(. war, thle NAVTRADEVCEN and] simulation to be used in conjunction with the
Industry team. began a period of further rese;Arch major air, surfacei and subsurface trainers. Two of
and development of new audio-visual media andl the many approaches explored were TV I nsertion.
devices, coupled with improvement and in which targets were inserted in wide-angle[ modification of those developed (luring World b~ackgr~ounids, and Point Light Source Projection,
WVar 11. The overhead projed-or. for example, with which provided anl extremely wide-angle visual

-improved optics and better light sources, became simulation that changed realistically in direct
thet device known today. Its popularity. however, response to movement of the controls in the
was really made possible by the introduction of trainer. Both techiniques were used in a number of
diazo foils. Originally a European development, important training dcvice,.
these foils were introduced in this country for lnist 15, audio-visual (AV) engineers at tile
another purpose. B3ecause of low cost, easier local C-ie eeae odvlpatp fsit
preparation and better light transmission, the plojectOr which would be operated by tile
Center recognized their potential for use in Lrge classroom instructor while at his normal sbtion in
color transparencies, and worked closely with front of thle class. lin response, thle Remote Control
several indumstrial firms in improving thtem to SiePoetrw nrdcd hsui a
current etandlards. Today the Center has; developed calide Projector2 x 2-intdue. Thd" is unityp waf

hundedsof lifeeth erese ofois. ruhio1950 mount, stored in a movable tray and providedtrantsparencies- using teefis n 95, their controlled showitw either forward or reverse
audio-visual personnel developed the first

animtedtraspaenc fo theovehea prjecor. from any reasonable distance. This was the original

This has moving colored-plastic parts to give an budigbok na191(lvlpette
x-ray type view of how thle components in a sound-liaded projector, and costbin uos ao
mlechanism move during a cycle of operation. Also ryodd pojcran cotuuslp[ uilze t dmostat mtin asth pocss magnetic, tape player unit with slide changes, cued

now called "Technamation," which secs polarizedl by inaudible pulses.
film andl a "spinner" fitted on the head of the The graphics and editorial person.'el of the AV
projector. Engineering Department prepared demonstration

With the postwar advent of commercial programs to shiox the capabilities of this device,
television (TV), the Center became interested in its and thus paved the way for one of thle, most
use aus a possible media for mass training. In 1946, requested products of the NAVTRADEVCIrN
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today, the Stond.Sli, Pogra. lni respmose to Computers and electronic analog computer,. The
ricqnirements from all training agencies of the names given thes,, early contputerb were hymbolie
Navy and the Marine C'orps, several hundre'd of tile speed at which; they operated, Trhis spe~ed,

sUbjee.t are developed and produced each year in of course, compared to today's standards, was very
such i diverse teehidcal areas asi electronic slow.
counterrmeasures (ECM), aircraft weapon systems, The Cyclone computer, built in 1945 and

Ihydraulic contamination conlrol and mine operated for the Office of Naval Research by
sweeping. The popularity of these programs is Reeves Instruments, became the first practical
ba.-ed on tile peced with wuich they can be rapid guided missile simulator in tihe United States.
sulpplied, their low cost a: compared to motion The contractor later utilized many of the Cyclone
pictures, and the ability to rev~v parts of them to components and design in the REAC of

reflect design and doctrine, revibiuns. commercial market fame.
Developed, improved and produced drring the Whirlwind I and Ii were beguin in 1945 at liT,

early 60's were such product ats: (I) the for the purpose of developing a digital ol1'. 'h'le
180-degree projection Cineglobe (complete with field was so new that Whirlwind I was devoied to

air-supported (Ionie enclosure for easy portability). the developmentJ of Whirlwind iI and digital
This becane an effective public information tool computing circuits with which to build the digital
and was used by tile Navy at the World's Fair in airplane simulator. The Whirlwind I1, though the
New York and in a series of traveling exhibits largest capacity digital computer of its time, could

around the country; (2) the table top tutor, an not represent an aircraft in real time; nevertheless

improved personnel rating machine; (3) wound it became the worhl's most sophisticated scientific

moulage kits to simulate war wounds for training computer.

exercises; (4) new families of more sophisticated In 1950, the NAVTRAADEVCEN contracted

animated transparencies, sonar trainers, tape with the University of Pennsylvania to conduct a

recorder-reproducers and projection equipment; feasibility study on use of digital computation in

and (5) an automated machine for producing simulation. As a result of the findings of this

master terrain models which accepts inputs front a study, the Center contracted with the Sylvania

terrain map and formns the model in a tenth of the Corporation to build the Universal Digital

time previously spent. Operational Flight Trainer root (UI)OFTT), which

Since 1965, the AV Engineering Department was completed in 1960.

has continued to develop new devices for training Also, in the late 1940's, the Center contracted

including the universal display panel, computer with RCA laboratories to build the Typhoon
trainers, classroom mockups and cutaways, code computer for high-speed missile simulation. This

trainers, and sound recognition trainers, computer, installed at the Naval Air Development

N.XVTR.AI)FEVCEN personnel designed and had Center, used newly developed electronic

installed a large mhlti-classroom ITV at the ne% computing circuitr.

Navv Recruit Training Center. Orlando. This In 1948, a contract was awarded the Raytlwon

system has become the showplace of the Navy, Company jointly by the BUAER and the Air

exhibiting what can be accomplished with this Force through the NAVTRADEVCEN for two

me.dia. Complete classroom and( individual training uitrricane computers. These were digital

complexes have been designed at such Naval computers with a radio data link for remote

Training Centers as Pensacola and Jacksonvitle. operation and flying missile control. One was
installed at Point Mugu and the second at Fort
ltollaman.

REALTIME/REAl, WORDI) From this beginning, design and research in the
SIMUILATOILS simulation computer field gave impetus to tile

forthcoming computer revolution. As mentioned

Recogntizing the limitation of current computer earlier, the present air weapon system trainer

technology for simulators, the Center in 1945 concept evolved as one of the descendants front

entered into computer and compute" component the efforts of the 1940's.

development. The results of these developments After World War II, aircraft cockpit instruments

and studies culminated in AC and tiC became more numerous and taxed the ability of

electromechanical computer prototypes, digital pilots. The Center began pioneering in the field of
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cockpit simplification through instrument displays In the late 1940's, the Army National Guard
Stich as Device 6N, tih ioovt r tiredosal rlurim, expre"u•ua U11*11liviu-iiie: ;v€zazugii.i- uuiiuolftu and.1
Indicator, which was flight tedted in 1947. It oversized models which the Center supplied the
c1oiinhined several instrmnents into one to provide Marines. Eventually, this resulted in U.S. Army
pilots. under blind flying conditionls, an interest in the NAVTRAI)EVCEN operatian.
instrument which more nearly simulated the real Since 1950, the Army Training Device Agency,
world. This series of NAV'l'ITADEVCENI which until recently was the Army Participation
instruments was the first to be tested by an Group, has been an integral part of the
aircraft simulator before air testing. Tins work was NAVTRADEVCEN. hundreds oof sinmlators to
instrumental in the Center being invited to be • Nitisfv Army Tra ii r'searchbd

member of the Armn,, Navy Instrumentation and 4.wvelopt-d since 1950.
Program. One recent, renowned simulator of this type is

Radar countermeasure sinulators changed little a system which uses . gallium arsenide laser to

over thv years. They consist of low-powered radio train military peh onnel in M-16 rifle weapon firing
frequency (RF) jammers, RF radar transmitters against pop-ui ) targets. The systenm is

with variable. parameters, classroom and shipboard range safety
devices uwing electronic ýr video inputs to radars. precautions are unnceeessary, can he operated in

Notable among these simnulators were D)evice 15X6 bright sunlight, has a range in excess of 500

v. of 19,141, a very flexible radar transmitter installed meters, ari is very economical to operate-firing
in an aircraft, and Device 15El of 1956, a more than 1,000,000 shots on an internal

transmitter which had a unique antenna that inepensiVe battery.
mechanically changed its parabola shape to modify Device 21B20 was the first Submarine Diving
its antenna pattern. At sea today the 15E15 jams Trainer built wifh an electronic computer. It was
radars via the intermediate frequency (IF), while installed at New London in the early 1950'-. Using
the 15E27 Recorder activates the EW passive a DC analog computer, it could operate either a

Sreceivers. The 15E13 is part of the shore-based large SS-564 platform or a universal joy stick
Tactical Advanced Combat Direction and submarine platform. The 21B20 was a great
Electronic Warfare (TACDE\V) trainers at Dam improvement in diving trainer control and was so
Neck and San Diego, and has the capability of exciting that it made the TV news programs of
presenting hundreds of different signals, 20 at a that d.y. A digital computer was later substituted
time, to several passive receivers. In recent years, for the analog computer, allowing both platforms

the Center has developed simulation of hostile to be operated simultaneously. Today, eight other
radars. In fact, the two largest trainers built by the Submarine Diving Trainers serve the fleet."• GCenter are in this category.C r t tOne device that should be mentioned,

The major surface team trainers are the Combat particularly as a tribute to the NAVTRADEVCEN
Information Center (CIC) type trainers with titles and industry team, is thought to be a world's first.
snuch as Antiaircraft Warfare (AAW) Trainer, In 1955, the Navy's first sonar recorder for
Antisubraarine War fare (ASW) Trainer, CIC directly recording sonar sounds from a
Trainer, Maneuvering Tactics Trainer, and so on. ship-installed sonar was developed for the Center
Mainly, these trainers consist of several ship CIC by the DGC Hare Company. Two years later, the
mockups, having helm control for friendly vessels. Navy's second uait, a more versatile recorder, was
The trainers are used to simulate ships operating in developed by ITT. Both of these devices were
a fleet problem. The first of these, the IBZ2, was designed to record magnetically on tapes actual
installed at Newport, R.I. in 1948 to teach ship sonar sounds fer classification training. However,
maneuvering and tactics. Since then, there have Navy quickly recognized the device as a
Sbien more than 20 devices of this type utilized by much-needed operational piece of equipment, fer
the Navy. Some of these are large systems which permitting a sonar operator to listen to and look at
occupy an entire building and train up 'o 250 task a target a second time while underway. Thereafter,
force personnel simultaneously. One, Device the 14El and 14E2 shipboard recording and
14A6, hai 36 rooms, each representing a ship or playback units, which were placed aboard ship to
aircraft, which presents itself as a target for collect tapes for the Bureau of Naval Personnel
integrated fleet ASW exercises, schools, performed a dual purpose.
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InI th late 1 950)'~ -i vontruct ion oit three developmnicit of tilt- concept of' oii-niuaii ,uhniurinve
suhnmariint, at tack tearen'er wa, beguni. IUnlike the vehticle control known as "fiving thev submarine:''
World Wui I! analoa de-ign, thtis generation of* (3) 'The Aviation P~sychology Project, which wa.,
s it a ri tit, a L tack teachen, u tilized digital devoted to providing answers to pwobitleiiis of
comipuiters. Thnem are the onliy niilt-sltritariv-~ aircraft instrumientation, cockpit sta(idardization
mu Ititargiet submarine a ttack leachers in e \isteiice. and vehicle-coiitrol. A niotig the ilevelopnieiilb ts of

F Front the be niniiu, research to evol' behtter this prolject was aI landinig approach trainer whiech
sntillatiois tech niques or comiponen t dev, lopien t Combinied very simple hardware with e x tremely
has b v ec it' eC L hs ary to mee-t simuliation sophi-sticated training technology. Thlis trainer wat,
requireinents. The researeb is sponsored by the tised by the Naval Air Training~ Command for
Centter I oith ii -hoi se and uinder t.on tract. 'l'here mnan nv ears, to hi.p trainees uvoiti landingr
has been reseajrch in si mula tor instrumen tat ion, di fficu ties-, and (4) Pro jeet Caidil lac , w hich tackled

coniaUt r, in a"utie recordiig, wide-angrle t It j- p ro 1bi1 e iis o f t ca nt perforna ncet
uionprogramled visu.i L prem. Itatioru1ý by point light comjmunications, inistrumenetation and layout
ouir cc, holog ra phty aniid ''V teclinique", relative- to-airborne. CIC. The results of this project

self-propellcd sbaietargets. soniar signal were far reachinmg. Tlhey conitribu ted in the
~imultio, '(hiatoms o muzoi o Aup1 development and overall CIC dlesign concept for

py roteehmuics. target nimaterials. indestructible the modified Conistecllation aircraft, the
target, and automatic scoring sy.,tmnis, comiputei, WV-2-thtcy contrihjiitc(I to the development of Uito-
vvitem ae images, suioke generation and smoke first dvimclaboratory CIC systemn used in'
aba tcniit n. mal- muaking techiniq ues, training -hiuman "iactor., experimental work -a 0(1 tlhey

aim~iumutiom. ani soon.contributed toward- soliutioni of -otlivr mihitarN

-probilemns at the Rand Corporation. then Systemic'
D-evlopment Corporation, the institute for

IIUMAIN FACT'ORI -DPefetiis A lsIS, the Naval Research Laborator,
and the Federal Aviation Agency.

Thouomig liuman Factors is a nost Worid War li The first source book onl human factors, %Vaý
displi.~,itsroo.' ca betraed o orld War 1. published during this period. 'This was it, Technical

Chronologically, threads of this discipline have R-eport 199-1-2, which is entitled, "I Iandbook of
beenl called Selection Rebearch. perceptual Motor Humnnan Eiuginecring D~ata." This pioneering effort

Sklshma nimc~rn a~ inlyIlunn led in 196:3 to the development of the tri-services

Factors. Mkany techniqutes used in this' discipline "llIunman Enitneerinig Guide to Equipmeint
we-re biorrowed from timie and mrotion study, Design." Both publications are, now "tradle
opt-ratins nayis and iindustrial engineering. '1'he standard."
rCentral themet of Huiman Factors is" the InI the late 19,10s, two projects ii miass, media
improvement of the man-machine relation~ship, training mnethods w ere set tip: (I) 'h'h
with the primary role at the NAVTRADEVCEN Instructional Film Research Project, which
beinig that of supporting training. thoroughly explored the development, utilization

InI the early (lays many IHuman Factors and effectiveness- of training filnms. The projject
Laboratory projects were devoted to system reports, which were p~ublishied in toto in two
ainalysis, diaplay control problems and equipment volumies, have steen extensive usage in universities
layout problems.i such as: (1) Th'le Systems offering courses iii training filnm development; and
Resenarch project, which principally was directed at (2) The Television Research Project, which
solving a variety of applied shipboard problems, demonstrated] the uist, amunl effect ive ness of this
but sonie attention was devoted to such biasic mnedium iii a varie-ty of Army and Navy trainimng
matters as. !low we see and hear. A lecture series situations. Evaluative studies were conducted, first
cailld "Men and! Machines" ('el'ecnical Report using student: at the Kings Point Merchant Marine
100-1-19) was developed, later amplified amid then Academy and later, using census enumerators-.Thue
publishiedtiundr thne title, "Applied Experimental findingsit arc widely r'eflected in present (lay
Psychology." Th'is was the first text in the new Educational Television.
discipline of huomatn faictors; (2) Project Thuerblig, Other NAV'IRAI)EVCEN research efforts of
which was at parallel project devotedn to the- the late 1940 's included transfer of train~ng
submarine worldl. A ne~table contribution was the experiments conducted in a variety of knowledge



'Old skill acqunisit ion areas. T'he slnplteris~ns sr~mm. A nunmbler of thaem devices were' developed
ci ara, teristics of both training and t ransf'er ta.,ks and( are still in te,,; (3) The II uran Engi neering

wee systemna tically variedI. lThis research Principles D~emonstrator, D~evice 20F1 0, the first

wstabise the procedures and] methodology model c of whic eh dem onst rated various
which] hav Iiit' ict been list-(] in the evaluation of conitrol-display relationships and was widely used
training aids and -.!vices. Six nicasures of transfer by the Center at expositions and air shows. The
(of training effects wert developed to cover the 'ecOnd~ mtodel features at plirsiit tracking task and(
range of'luIi-. ...d applicationts. has beent onl display for many years at fthe Chicago

Tlh is led to OFT evaluative studies witich were Musen in of Science and Industry. where it has

F -conductedl atteNvlArTaiigCmad e n tile Avippuatilong ei Pscolog Prje
usingte SNt, IN and lProide Y thes iniaditial impetus for tid enind earler.'hepiletot' par tasks were ainale
aceta nfihtprnce ofrtherOoT inasue coeps (1c vic.;te cockpipt famliarizption

accptnc ofth OTas a necessary ldjunta to in terms of proeedlure anid tracking bhelaviors, and
Rpilot training, appropriate dvc n eptdvlpd

Finally, still in the 19410', two extensive Comparative evaluations were iattal usling in-flight
p~rogramns of voifce communicationis research peeformance to determine the transfer results from
involved the areas of speech intelligihility, mlessage various levels of part-task training. The result,; are
conttent, training procedures and Alupporting reflectedl in the extensive prestent day use of
eq uipmnent. Tlhis research providled needed part-task trainers.
information onl conmmunication., procedhircs and( Selected major training systems or devies in
onl training methods. Primarily, the restelts were tim! were evaluated quantitatively fronm a traininu
used inl thle development of training procedlure-- effectiveness point of view. On the, basis of these
and devices for pilot and aircrew 'training, evaluations, specific recommendations were madle

Human Factors work in the 1950's became to the usinia activities and to cognizant Center
more (liversi fied . Studies of electronic personnel onl design improvements and utilization.
maintenance led to another NAVTRADEVCEN Use patterns of cxi~ting (levice-s have changed as a
first, the publication of the Mlaintainability result.

-Handbook for Electronic Equipment D)esign Ini the 1960's, the untman Factors, Laboratory
(Trechnical Report 330-1-40). Much of this tackled many operational problems. Some of these
material was later incorporatedl in a Bureau of were: (I) ASW Helicopter Communications
Ships,' handbook andI in tile tni-service-s Guide to Problems. Pilots were given a course in effective
Equipment Design. teamn communications. Thhey perforni-d 19%

NAv'rRADEVCEN in-house work in thle better onl Device 141141 than Pilots no'. givel1 tile
1950's led to deveiopment of several innovative team communication,; course. As a result,
(devices. Some of these are: (])'Fihe Relative FAE'l'IPAC, North Island recommended to
Motion D~emonstrator, Device 9U87, which is used Commander Fleet Air, San D~iego that a two-day
for the carrier appro~ach. Thle dhevice compared thle course, using tile curriculum developed, be given,
path of the aircraft as seen by the Landing Ship to experienced ASW pilots, Iin addition, it was
Officer with its actual path through tile air mass. It found that team communications could be used as

*was used at NAS Pensacola for many year., in a measure of assessing trainees' performance;
explaining relative motion; (2) T'he Green Light (2) 'Tactical Decision-Making Problems. Navy
Rater. D~evice 111-16, which was at simple tactical decision-making tasks were classified and
mechanical device using immediate feedback. analyzed to dhetermine what decisioui-making
Questions in multiple -choi ce format were problem parameters and what aspects of
displayed. Pushing a button caused a colored information displays are important for training
induicator to drop, green if the answer was correct Naval personnel in making tactical decisions. A
andh red if it was incorrect. After all questions were t cechn iquec for translating laboratory
answered, a single control action cleared all (1ecision-making research', into a form applicable to
indicators, preparing the device for the next the operational ASWJAAWV training environment
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was then developed. Methods fr training tactical training of recruits; (2) Adaptive Flight Training.
ihcision-maklers were described. These methods Design data were provided for incorporation of
are being exploited in the Navy's Advanced adaptive training schemes into flight trainers.
Training Device i)evelopment Program, Technical These techniques are incorporated in the Army's
Development Plan N43-00X; (3)'The Problem of Synthetic Flight Training System and are bwing
Developing a Military Specification for Flight incorporated into other flight trainers:
Manuals. The organization, content and format of (3) Automated Weapon System Trainer. The
flight handbooks to best serve pilot's needs for a design criteria for automating selected instructor'ý.
training test and source book wtre determined. A functions in a weapon system trainer have been
flight handhook specification was prepared. This is developed and automated. (,round Control
now undergoing final review before publication by Approach training has been implemented on the
the Navy; (4) The Problem of Developing a Center's Training Device Computer System; and
Generalized Sonar Maintenance Trainer. The (4) Device 2F90. TA4J OFT. Recommendations
hypothesis that functional and design similarities included the provision for computer automated

exist among contemporary sonar systems, giving scoring, the d.'velopment of mission profiles and
rise to a common set of maintenance requirements the presentation: of democnstration maneuvers to
and maintenance skills, proved to be correct. An the trainee. This device is the first in actual
experimental trainer was built and tested in two training use with these features. Acceptance by the
Navv schools. The training and cost effectiveness user command has been very satisfactory.
of the devices were demonstrated. Production
devices were then built and are being used in Sonar
Maintenance Training Schools; (5) The Problem of LOGISTIC AND MATERIAL SUPPORT
Developing a Submarine Advanced Casualty Ship
Control Training Device. It was demonstrated that The Logistic and Material Support (LMS)
multi-class emergency ship c3ntrol training by program lagged the emergence of the other three
means of a generalized casualty control training mainstreams of effort. It was no until Worl
device is feasible. Detailed functional War 11 ended that this 'effort started to manife.st
characteristics for such a device were provided, itself as training device inventorics grew and
Production of a Generalized Submarine Advanced assumed a permanent role in the training structure.
Casualty Ship Control Training Device is being The first field office was established in 1948,
planned; (6) The Problem of Analyzing Tactical and NAVTRADEVCEN Sections of the Branch
Air Control Officer (TIACO) Task/Training Offices of the Office of Naval Research in Chicago,
Effectiveness. The tasks performed by the TACO San Francisco and Pasadena were utilized for
in the P3 ASW aircraft were analyzed and the support liaison with fleet activities. In addition,
knowledge and decision-making skills required of the Center's role in keeping devices current
the TACO were specified. The design criteria for a through modification and modernization programs
training device to train TACO's were established, was initiated and the first Training Device Guide
Based on this study, production of a device to was published in 1949.
train TACO's is in planning; and (7)The Problem Since 1955, the training device inventory has
of Developing Instinctive Firing Training. A device experienced a considerable growth, and a
to train in firing from the hip was developed anid significant increase occurred in the activity of
evaluated. As a cost effective and safe method of logistic functions of maintenance, repair parts
training, this device has Army interest, provisioning and replenishment. To cope with

Current NAVTRADEVCEN Hluman Factors these changes, the .]repiu of Supply and Accounts
interest in advancing training technology are: (BUSANDA) established a Training Device
(1) Visual Search Training. A Asual skills trainer Support Office on 1 July 1956 a-, an adjunct to
for training in pursuit tracking was developed. It the NAVTRADEVCEN. This organization
produced sizeable (40%) increase and lasting performed inventory management and
(retention of 80% of the increase) improvement in respon'ibility for repair parts through May 1959.
visual performance. it can significantly affect At that time, inventory management of training
training of skills having a large visual component, devices was returned to the Center and inventory
am;d is now in experimental use at the Naval management of training device repair parts was
Training Center, Orlando, in remedial reading assigned to the Electronics Supply Office. Other
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aceomplishmeints (huring this time frame include tile Navy Maintenance and Material Management
distribution in 1956 op .i. -fi - ,-; .... Proram (3M) to training devices on a test basi., at

Bulletin, and the beginning in 1959 of the Training NA Oeana. (7) D)uring this period, the Center
Device Utilization Measurement Program. f-rmalized the Training Device Utilization Data

Field Engineering and logistic support gained Collec.tion Program for the Deputy Chief of Naval
stature during the de'ade of the sixties. Some Operations (DCNO) for Air, and at the requett of
items worthy of mention are:: (I)The fin-t I)CNO for Operations, expanded tle concept to

Directory of Naval Training Devices with a surface and sub-surface training devices. The

descriptive section was issued by BUSANDA in analysis of data collected under tihis program

1962. (2)In 1965, the Naval Training Device revealed a number of deficiencies with regard to
Center implemented the conversion of contractor utilization criteria and utilization effectivenes.t. As
engineering and technical services personnel to a result, the Chief of Naval Operations engaged the
field engineering represent.atives, under tih ecmploy NAVTRAI)EVC-N i.. new efforts concerning
of the Center. This program was effectively training device cost and utilization effectiveness.
completed in 1966, when the Center became the
first and the only Naval activity to accomplish
100% conversion. (3) In 1965, concurrent with the
relocation of the NAVTRAI)EVCEN from Port WHAT'S AHEAD?
Washington to Orlando, a major reorganization of
tht' activities engaged in logistic support was At no time in the past h s training in the
undertaken. This reorganization resulted in the military been emphasized to the extent that it is

present Logistics anti Bd En~ nceriig t,,tay

Djirectorate (Code 40) and elevated the Logistics With the advanced state (,f opetational
Support, Maintenance Management and equipment, the quality and effectivenesm of what is
Modification Programs to a management level, taught and what is learned is more important than

co.equal to Research Development and ever before. Thus, the Center is evaluating
Engineering. (4) Under the guidelines established ind'vidual instruction, programed instruction and

by DoD and the Secretary of the Navy, on 1 June computer.assisted instruction. These techniques.
1966, the Center initiated the Integrated Logistic which can significantly accelerate the learning
Support (ILS) Program for training devices. During process, will he employed in our future military

this period. the first Planned Maintenance System training programs.
for the training devices (A-7A WST, 2F84) was As for training devices. they will no doubt
delivered to the Fleet. At this time, the first become as technologically sophisticated in the
maintainability demonstration of a training device future as the operational equipment itself. For
was performed. On the basis of this, specific example, it is not at all farfetched to state that:
maintainability requirements were developed for "In the next decade. a single master computerat a

future acquisition programs. (5) In 1967, the central location ma% lie used to provide .siatntd.n
Center initiated the Quality Assurance and at many geographical locations simultaneously."
Revalidation Program under the Commander Naval In the future, as in the past, by ,Itilizing
Air Force, U.S. Atdantic Fleet. This program was available ;unds, manpower and materials, the
expanded ,,nder the direction of an OPNAV NAVTRADEVCEN team will accompliih ius
instruction for all major training devices. (6) Itt mission in the most efficient and economical
1970, the Center started the initial application of manner.
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iMqert'or' ( I .Ioghoil ts a~nd Field EItnzineering
\,ivjI 'iratinsing Devicet Center

[ ~ lil. lDrev.*s is thlt Director of Logistict and Fie~d Engim'eriag. lie attended (tie College of Enginieerinig find
School of Coannerce of New York UVasversity'. Before being cnalied to active duty in the 11.'S. Nally inl
l'Y-13, It,, was employed by the Sperry Gyroscope Company itn the Flight Research IDepartnment. lHe
performed twvo and am half years of active -icily with thle Navy during World War /I. lie was assigned ito tite
Speciall IDeiices D~ivision of thet Bunrma of A eronautics. During this time, fit was responsible for the
introdnttlion of the first Operotional Flight Trainer into lthe flight training program of the Operational
Training Conm mand at YAS Banana River (now Paztrick Air Force Base).

Atfter Wlorld! i4r 11, he remnained with thet Special Devices Diviision of the Office of Natal Research anid
held successively more responsible supervisory positions in thre Plans and Programs, Engiaeering, and Field
Engmineering organizations (if the Center. Before his selection as iDirector of Logistics anid Field
htigineering, he was Head of the Aemrosplxje Engin,im'ring Department. Mr. Dreves is a memnber of lthe
Inwrie~in Institute for Aeronautics anid .lstronauti"colad Society of Logistics Engineers, lie has received

several auwirtd for his outstanding work ait dhe Training Device Centeec including lthe Navy's second hi~ghevt
ciuitman aweird for .mSuperior Civilican Serv'ice.

Mr. R.R. P'OMiEROY
Hiend, Atuijo- Visual Commutn ioi~tions Division

Mr. Pomeroy earned his engineering degree, B.S(CE), fronm the University of Colorado in 1939, becominsti
member of two honorary secieties -Chi Epsilon and Sigmia Tau-in the process, lie also took graduate
u'ork in aerodynamics and advanced mathematics before beginning his professional career wsith the Bureau
of Reclamation in Deniver. While there, he worked as a junior engineer in the Hydraulic Structures Test
Laboratory, with collateral responsibility for special photographic equipment used in testing.

When Mr. Pomeroy entered the Navy as an Ensign in July 1942, he was assigned to the Special! Devices
Section of the Bureau of Aleronau tics and imimediately started work in develophig and procuring new
types of audio-v'isnal equip ment for training, training films and imistructionall recordings. lie was directly
connected with the development of some of the early, film gunnery trainere, wire recorders, and first
self-tu toting devices.

V Following tire war, Mr. Pomeroy returned to his civilian position in tile Bureau of Reclamation, but after
a few months canic back to the Center to stay. lie has participated in much of the technical development
efforts in such areas ais instructionalt television, individual instruction equipment, and improved classroom
equipment and facilities. For, the hasi eleven years. lie has served as hlead, Audio. Visual Comnmunicat ions
Division.

Mr. HIAROLD) A. VOSS
Psychologist. Hlumani Factors Laboratorly

Naval Train ing Device Center

Mr. Voss earned his Bachelor of Arts and Master of Arts, Degrees in Psychology from Fordtmam University
iii 1935 and 1937, respectively, His experience includes ten years in industry performing marketing,
selection and training research. During World War ii, he was involved in the selection and training of
amphibious crews, destroyer personnel and antiaircraft gun crews, lie was Project Director in two
National Defense Research Committee programs.

Sinace I 147, he has work~ed as a research psychologist in the Human Factors Laboratory at the Naval
Tr~sining Deviee Ceniter. He. it time author of over thirty technical publications.

L



Army Training Devices-i950- 1980

lTC MYLES I!. MIEIISWA, SR.
Comnmoanding Officer, U.S. Army Training Device Agency, Orlando, Florida

This article describes the history of the U.S. Army Training Device Agency (USATDA) since its
establishment in March 1950 as the U.S. Army Participation Group, Speciai Devices Center. Utilizing the
resources of the Naval Training Device Center, the USATDA provides the Army a capability in the design,
development, and procurement of training devices. Its significant achievements during the past 21 years
are highlighted, followed by several ongoing development projects, with a projection of anticipated effort
in the 1970-1980 time frame. The USATDA has been responsible for fielding $100 million worth of
training aids and devices since its establishment in 1950.

Ii 1949 and 1950, during the austere days the ri cipient of this unprogramed and unexpected
following World War 11, the Army began to bonanza, was very happy. This halcyon period

recognize the contribution that training devices lasted for approximately three years. A gradual
and training aids could make toward better awareness developed that a wealth of talent
training and more effective combat capability, existing at NAVTRADEVCEN could help the
This recognition resulted in the signing of a joint Army to solve its own unique training problems.
agretnent between the Secretaries of the Army The role of the project officer has gradually
and Navy in March 1950, providing the Army with transitioned from that of buyer to innovator.

the full capability of the Naval Training Device Feedback from the Korean War indicated that

Center (NAVTRADEVCEN) in the design, there was a need to improve rifle marksmanship
development, procurement, and evaluation of training. This problem was examined and led to
training aids and devices. This agreement is still in the developmer.t of disappearing type "E" and
-ffect today. "F" targets which ultimately led to t ie trainfire

Ti• first group of officers assigned represented system currently used in the Army.

the various arms and services of the Army. Their The well-proven technique of aircraft
primary effort was t'I review what the Navy had simulation was applied to a series of tank turret
done (luring the previous nine years, and trainers; these devices were designed for the
determine whether sonic of the developments purpose of realistically simulating an operational
could be applied to ongoing Army training tank, with respect to the tank turret and the gun
programs. In a short period of time the ubiquitous which it carried.
vu-graph, or overhead projector, along with an It was during this time frame that'the Nike Air
ozalid kit for reproducing transparencies, was Defense System was deployed; it soon became
proliferated throughout the Army. Animated ubviotis that these isolated units had a much more
transFarencies of the .45 caliber pistol, tank track complex training problem to maintain an on-site
suspension, and others peured out of the model btate of operational readiness. The Air Force was
shops. Working models of the M-1 Rifle, M-1 reluctant to furnish sufficient over-flights to
Carbine, anrd the Browning Automatic Rifle were exercise the large number of dispersed units, and,
procured and distributed in large quantities. of course, the firing of live missiles was prohibited.
Atomic weapon simulators were developed to add In order to prevent these units from stagnating,
realism to training exercises, a crash program was undertaken to solve the

All of the above were comparatively ;imple and training problem. The 15D2 Radar Target
inexpensive items designed to support training for Simulator was developed to generate synthetic
uncomplicated mechanical equipment. Cost and targets for the Nike System. This simulator proved
lead time estimates were easy to make and so effective that after years of use as an on-site
procurement procedures were not bogged down in trainer, it was gradually transitioned to the White
bureaucracy. Many of these items were obtained Sands Missile Range where the synthetic missile
by simple purchase order and delivery was prompt. image is still being used as the target for live
The training establishment of the field Army, as missile firings. Concurrently, the Army's race to
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oon tile verge of full-scale production. Agahn it Defense System was equipped with an excellent
Ibecame apparent that no provisions ihadl been synthetic target simulator. A large gap in atomic
made to accommodate training prior to the warfare training was filled by the development of a
deployment of these systems, and a crash program radiac survey system that would permit survey
was uhdertaken to solve the problem. The first of crews to plot atomic failout patterns without
a family of missile simulators developed was the being exposed to deadly radiation.
lRedstone Field Artillery Unit Proficiency This partially improved procurement system

Analyzer. Training in fueling, erecting, and firing continued to function until 1962, when a major
the missile was given. All actions were carried out reorganization of the Army was implemented, by
in exactly the same manner as in the actual firing the establishment of the Army Materiel Command
of the Redstone, thus preventing expensive (AMC). This action abolished the old technical
operational missiles from becoming "Hlangar services of the Army such as the Signal Corps,
Queens." After this crash requirement, a serics of Ordnance Corps, Chemical Corps, and others. The
follow.on programs for the Sergeant, Hlonest John, intent of the reorganization was to bring all Army
and Little John missiles were developed in a more procurement activities under one roof and to
orderly fashion, establish a closer relationship between user and

Despite the achievements related above, tie developer.
U.S. Army Participation Group (APG) sensed that d e teloper.
something was wrong with the existing method of Since the APG was a procurement activity for
procuring training devices. The crash programs training devices, its functions were transferred

were very expensive and often resulted in from Continental Army Command (CONARC) to

hardiw.re of marginal maintainability and AMC. This had a major impact on the method of

reliability. A hard look at the existing nmethod of establishing Training Device Requirements (TDR's)

procurement disclosed that in most cases the and their procurement. The ohl role of APG

breakdown was caused by late identification of project officers as CONARC proponcnts, for the

requirements. In many cases, the operational establishment and staffing of military

equipment had already been produced or was characteristics, was abolished. The transfer of

readly for production. A system of bringing the function also placed tre USAPG under an entirely

developer and user together was needed, new set of procurement regulations. The

Accordingly, during the late fifties and early Department of the Army Life-Cycle Management
sixties mid-range and long-range planning desks System for Materiel was equally applicable to

were established within APG. A closer training devices.
examination of the Army's future weaponry and New AMC regulations directed that the
doctrine was conducted. In 1958, the first civilian commodity managers and project managers use the
member was assigned to ensure continuity of capabilities of USAPG to the maximum
programs within APG. The project officers at APG practicable extent in their training device
were directed to write and staff military procurements. The burden for the preparation of
characteristics for training devices which would Small Development Requirements (SDRs) or
support future weapons systems. Army regulations Qualitative Materiel Requirements (QMRs), which
for the procurement of training devices were replaced the old Military Characteristics (MCs) for
promulgated encouraging the user to submit ideas training devices, was placed on the user. The intent
for training devices. A logistics group was estab- was to insure that any weapons systems developed
lished within NAVTRADEVCEN to support the by AMC would be supported by training devices
devices already in the field. delivered concurrently with the equipment.

Many smaller but much needed training devices One outstanding example of the AMC in-house
were produced; such as, the pneumatic subcaliber cooperation was when the AMC Project Mancger
mortar and howitzer trainers, machinegun noise for the Sheridan Weapon System (M551
inmulators, tank gulf fire simulators, cargo handling

trainers, and "Drawings for Army Training Aids" Gun-Launcher Tank) realized that the equipment
(D)ATA). The'y were given Army-wide distribution he was developing would result in an expensive,
to pIermit training aidb centers to manufacture a highly sophisticated product. The addition of a

IA:dil' variety of training aids by using their own Shillelagh missile launch capability would make

r(e)turt'•, the cost of training with live missiles prohibitive.
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During the early stages of development of this cost of aviation training resulting from this
.Ytern pthe P10J.b• miolaniag ap•',roachac.u ý-,ta•. cxpansion o•aryifusrtc tcncit a

for a solution to the training problem. This economical synthetic flight trainer, whit-h could

devices and hardware. training purposes. To fulfill this need, tile Army

When the Sheridan System was deployed, tie approved a Qualitatit Materiel Requirement for
USAPG/NAVTIRADEVCEN team was ready to development of the Synthetic Flight Trainingrfiold its training devices to support the system. System. This system, when complete, will consist

One device was the XM40 Sheridan Weapon of eight (ldevices simulating tte 131-I I helieopter
System Trainer; 28 were produced, at a cost of 4.5 for instrument training proposes and one CH47C
million dollars, and their acquisition cost was helicopter operational flight trainer.
amortized during its first years of use. The other An engineering development model of the

device was the Conduct-of-Fire Trainer for the instrument trainersubsystem bas been dehvered to
Shillelagh Missile (XM41-XM42). During a recent the U.S. Army Aviation School. It is conpri.(ed of
briefing for the Chief of Staff of the U.S. Army, fouir simulated U1-11H helicopter cockpits.
the Commander of the U.S. Armor Center and mounted on motion platforms, with five degrees
School made the following remarks: "At one time, of freedom to provide motion cues, a third
it was believed that the firing of as many as seven generation digital compuiter complex, and an
actual missiles per gunrer would be requi-.;d to instructor station. A soand system is inzluded to
acquire proficiency on the weapon. Howe,,er, provide aural cues. All training funetions-for each
"r,.ults of a missile gunner evaluanon conducted at cockpit can be controlled by a si.igle instructor
Fort Knox in the fall of 1969 indicated that with through the computer, which is ýrogramed to
the use of the XM41 and XM42 trainers, three perform many of the repetitive operations
missiles are adequate to achieve an acceptable level traditionally assigned to the human instructor. Uste

of gunner proficiency. At the cost of of the latest digital computers in the Synthetic
approximately $2,300 per missile, it is obvious Flight Training System ;nabled two innovative
that use of simulators, even with their high initial features to be included. These are: (1) The

procurement cost, quickly result in sizeable overall adaptive training mode wherein the level of
savings." difficulty of a particular lecson is adjusted to the

Another item which demonstrates the skill level of the trainee, and (2) the capability of
contributions of the USAPG to the efficiency of automatically scoring the student's performarce in
Army training is the Syrthetic Flight Training relation to selected parameters. These featurc-', in
System. This system had its origin in guidelines combination- with the iogh level of fidelity to the
established in a memorandum by the Seerctzry of helicopter being sinrmlated, will -result in a
Defense to the Director of Defense Research and reduction of up to 45-hours flying time per
Engineeririg, the ASD (Comptroller), and the ASD student in the training program. Annual savings
(Manpower) on August 15, 1965, wherein he accring from this reduction in utilization o0
stated: "After reviewing last year's $3 billion operational aircraft will amortize theprocurement
education and training program, I am struck by cost of the Syntheic Flight Training System in
the absence of any significant research and approximately three years.
development activity to improve our effect veness An example of a user generatetd requirement is
in this area. I am also aware thi t there is no social the Moving Target Simulator (MTS). The U.S.
science research and development directed toward Army .'.ir Defense School realized that practical
improving our education and training capabilities. traini: g for Redeye gunners u.ilizing devices and

LA greater effort should be made to apply recently targets of opporhoity was costy and-inefficit.
developed, modern training techniques andI Further, this tiaining was subject to interruption

educati oncepts to existing defense training due to range and .weather conditions. As a result of
rc and education programs." this training pioblem, the MTS was developed.

At the time this memorandum was written, the The MTS displays an aircrcft image moving
Army was undertaking a rapid expansion of its around the inner surface of a 40-foot diameter
aviation capability to- meet the requirements of quadrasp herical screen. An invisible spot of IR
Vietnam and the student load for aviator !raining energy is superimposed on the aircraft image
had increased over ninefold. The bugh increase in during appropriae intervals of each trajectory.
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liilVn til Miutne9 is provided by target control units, also operated

T1rac!kin Hea c~d TIrai ner, pract ice proper procedure, by stuideiit".

in acquiring andl trackin tilt- t eargect i liagyf to LtTh r ny major tangible return from use of
pon autici Te 'lSpu id t variety ot tile 15GI6 device is tilt dlevel o, mnnet of a

aicatin 1irogrexsivelN more difficult trajeckiries. controller who is more qualitatvl rie i i(

Sinrce each itrajiectory i., identically repea table, tile equipment lit will operate. iii the field. By
instructor can establish well .de finled perforiniaitre elimninatinug muich of the previou~sly requliredl otijob
Ie~ ils and cani determine -Atiideiit perf. Irilalice traininrg, the A rmy is pirovidedl with a more highly
againsýt thesv levels. Tle MI'S is iiot affected by trained spcaitat lower cost iv' term,, o! Litzm

we -hr contdi tionis.11 ail canl be used 24 hours, a rd(lltS hl concurrently addling a po)ten tial
d~r. hee e~tirc alow theilSt rm i savings in lives and equipment.

D~efense School to provide low cost, effective 'lhiis capsule history indicates a progressive

traininig to a variable student load. AXs a result of treiii to improve the staffing proceduires for
tile inlieronit di fficul ties associated with the utse of training device requirements. A review of the
radiolougical mnateriali, a requirement was gen eratedl procedures used (luring thet sixties disclosed that

for a traininga det ice t hat would permnit generation the, p~reparationi and staffing of the required

of siinih, -(l radiological information, therebyv Qualitative Materiel Requirement and Small
eniabling pt rsonnel, who iiay be requriredl to Develop.. ant Requirement was a major dleficiency
perforni radiological surveys. to develo-' arid inl the system. According to regulation, thle dlrafts

iuaintainita high degree of proficiency. The lRadiac for these requirements; were staffed through thle
Training Set, ANJ'l'1Q.TI (V), was developed to Combat D~evelopments Command (CI)C). This,
fulfill t'his requirement. The device is extremely staffing period became excessive and at times one

kversatile in that it max' be usedl in a number of to two years were reqluiredl for approval. This
traininig situations raligbng fromt a few personnel onl tended to discourage the user fromt submitting,
foo- inl small areas to full-scale division exercises requirements.
utilizing vehicles and aircraft at ranges of up to 5 0 lin July 1969,. thet. Department of thle 'Xrmy
inuile-, thus providing cost-effective training that promulgated AR 71-79 for "Military Training Aidis
could riot otherwvise be obtained, and Army Training Aid-Center System." Among

Another (levikce developed in response to user other things,, tile AR abolished the need for QNIRIs

request is the Air Traffic Control Radar Operator and SDRs andl for their staffing through CDC. nthe
Trainer, Device 15G016. It is the outgrowth of the format for "Tfraining Device Requirements" was

establishment of a school at Fort Rucker, established but their preparation still remained
Alabama, to traiii Army air traffic control with the using agency. WVithi assistance from the

4 persoinnel in tile techniques arid procedures U.S. Army Participation Group when requested;

lp"~ uliar to Army aviation, however, the staffing responsibility was assign~ed to
'The( prnimary task of anl air traffic controller is USCONARC in place of CDC. These simplified

the proper coor~hination and control of enroute procedutres were brought to the attention of all

fr_ aiid terminal flights of many aircraft onl differing concerned through an intensified selling program
tyePfIiltpas hsmyivlemxn at all of the major Army training activities. Many
traffic composedl of aircraft with markedly visit,, were miade to dthe using schools and centers

diffoerent p~erformnc~me capabilities, e.g., helicopters to brief themn onl the capai'ilities of the U.S. Army

and( fi\ecl wing aircraft, lin a relatki'ev smnall area. l'irticipatiori Group aiid the Naval Training D~evice

Decvice 15)G16 is specifically designed to Cxnter, with enip1 hasis being placed onl tilt-

accompjlishi this type of training, importance of training devic.,s, and the cost

'I he device is a laboratory complex comnposedl savings potential for tile Army of tile future.

of tenl -mirulabs" opeuratedl through a Sigma 5) A sigmiifica~itt assist camec from thle Chief of Staff

geiieral-purpose compiluter. E'ach inintilab has of the Army when, during the 1970 Chief of

sluduent statioin, for a jpreci.sioii radar approach Staff's F-orumi for Center Commanders. General

ucint roller. ant irva iiv.lae radar controller, Westmoreland suggested tm .at all cenuter teami

;o id -!git dita mai,. These positions are realistic commanders visit the IJSAPG/NAvI'RADEVCEN
iii qppeiratnice arid incorporate the sta 'idard fat.ilities. As a result, sone. 14 General 0fmcs
opera tionih' equ ipmeniit and( comnmu nica tions r ep resenrting nearly, all] thet A rmy trai iiinrg

fit i lit ie. az; foutiud iii the field. Sininn late I air tra ffi c establishienemts, were briefed onl capalillit ies, of tV



1USAPG and the NAV'1'AIJEVCEIN. Many of ground and air suirvcillancvv eq(uipine~il rc'1uires

Change woiuld giv e tile organizationt greater fo r training. 'l"appilicatlion of h0i di raphy' andl
visibility throughiout t 1w Army. Accordingly , iaseors, nitm iLtfhi appliend to tilie requniremnl- t for
action was taken it, this regard, and onl I I1tjly visual k sittin uiaing thie conmbin ed irnis combath
1 971I, fibe I 1.8. Army Participation Group wvas environn: en t. '11w im pingi'nit-t tipion oiur t rai nii
red sigiiated as lt(e 1'.S. Arnim Trainiing D evice' areas. b% our i-'.er-iieri-asin- popniihiion trenid,
AXgcviic ilenia in i that t-onihat training, for b oth lr I ri andI

Pa~radi)\icali% . il appe-ars that I lIe( ArinNiOH Inoiiia 1lder., hit' oniiijiitei iiider nitiiilateih

strengith) posture in (lti, 19t70". wvill appro-6mate condhition'v.
the situiation that prompted (tiii establisi iiienIt UtI N\i tl the t%ýetiatN iii- . var, uif v~pcrience iii

uS ANt; in, tile 1950's. \\ill tilthe Piaseih llo " t i lt 4 ro j~id (Ist -elfi uut ni t raiini ng de~ icv i' or theii
wyar if) Vjetina in and tilt- beginnling of' th Mw\ od ern Arm\ , ft( kw1.'\rni% 'I raiiii ng I )e% itv u'\ inu

Vol uiiteer Army , nan power reboutm eus will he read\ to mueet thli's it iailevn u. 'I'lt firstl major se
se(a ree, buit tietiineed to mainiitai n anl A rni with ai wa., taken diiring thet briefing'- of tilt Ceiite'r 'Te'am
high degree of op~erational readhinc.ss capabl'ei of' ( Coi~)Jnadurs st res~i nt tb nee jud for prompt
responding qo ickIN to anyv tnt ure u'mu-rgenuy w~ill th emnto f ai iiny g ~iceut ru'qiiirmnients., anti

Carly rinitia tion oif dievelopiment. so that at ixaiic'
B~asedi upon les,;ons ivariied in lt(n' past. preparations i-an bie inade for theii A riiix.1

USA'1'IA has alreadý condfuctedI anl analysis of forth' oming austiere posture. Second, at rmex uw
i-(uipiiwiit planiied for in the 1970-i1980 tiint- must bie miade of operatioiial equiipment allocation
framie. This analysis of the XMBOJ3 Main Battle for training at tilt highest ievi'i to determine ani
Tank. Cieyil ccne Hieli cop ters. Arm oredi adequate mni\ of s~imulator" to equtipment to he
Reconnaissance Scout \'chiick!, S irface-to-A ir used for training. Third. thle acciimiilation of
Missile. Mechanized Infantry Scout Vehicle, and favorable cost-effectix e data onl thet devices
others, shows that teemajor itemts of equipme-nt receniitly delivered to the field moM,; be
are becoining increasingly sophisticated. (xs-,t accomipli'Iit.(. Fourth., and bN far tilt os
procure, and costly to tiperatv and mainitain. The important of all, is iearly invoixeenitt of I'SA'l' I
requiremnent toSupplement th quipmnent with during, the ocp omlto hs falftr
c'ost-effective training simnulators, is ap)parent and is we-apon sy'stemls. TIhus, standing onl the threshiold
being pursued along with equipment dlevelopnent. of its third decade. the IUSA'I'lA faces thet future

However, there are other areas in simulation with conifidenc~e in its abilitN to assist the arniN in
techinology that require investigation. The maintaining a high state of c'omlbat readiness,
increased use of sophisticated sensing devices and despite reduced manpower and dollars.

IEUTENANTv COLONEL. MYLES 1i. MIIERSIVA, SR.
Commanding Officer. U.S. Army Training Device .4gencY, Orlando, Florida

Lieutenant Colonel M1ierswa, Arti'.!eryman. Senior Armay A via tor. helicopter anil fix.'d iving qualified.
entered the Army as a Private in 1946. H~e wats comnmissionied at Fordham Uiniversity in 195 1. as a Second
Lieutenant in the Regular Army, after achieving the honor of' Distinguished Ifilitary Graduate.
His first assignment, after graduating from the Battery Officer Course, at Fort Sill, Oklahoma, was to

Camp Carson. Colorado, then to 1-orea as it Forward Observer. Wlounded twice. LTC 'tlii'rswa was

medically evacuated to Japan.
His early assignments included duty- as Aissistant Professor of Mlibtary Science at the Lniuvursty of
Mirnnsota, hniteliigemice Staff Officer at ileadquarmu-rs XVII! 41irborne Corps 'lrtilleryt. and duity' titli the
24th -I mfaion Company. 24th Infantry Div'ision in Augs burg. Germany.

In Vietnam hie flew ais a member of th- 'Irm', Concept Te-am, where lie wrote the evaluation of the armied
helicopter as it was used in Vietwnam.

LTC Yiersu'a gradua ted from the Commuand arsd General Staff College in 1966 and on his third tour in
Vietnam commanded the 41h Aviation Battallion, 4th Infantry Division.



tlis last assignment, prior to nis assignment to the U.S. Army Training Device Agency in Orlando, was as
an AuthorlInstructor in the Department of Joint, Combined and Fpecial Operations at the Comnmand and
General Staff College.

Ills decorations include the Silver Star. Legion of Merit, DMtinguished Flying Cross, the Air Medal with I I
"clusters, the Army Commendation Medal with cluster, and the Purple IHeart with cluster, lie also received
"the Cross of Gallantry with silver star, and the Honor Medal, First Class, from the Vietnamese
Governmeat. In 1969, Fordham University honored Colonel Mierswa by awurding him the College
Alumni Achievement Award in the field of Military Science.
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Analyzing the Training Problem

Dr. JOHN D. FOLLEY, JR.
President, Applied Science Associates, incorporated, Valencia, Pennsylvania

Four key questions are examined, and principles and guidelipet for dealing with each are presented.

1. Is there a training need?
2. What specific training content is requited?
3. What training methodslmedia are appropriate?
4. flow can the training be evaluated?

Orientation of students, instructors, and managers toward performance.oriented training is discussed as a
part of the overall training problem.

Suggestions for met Pods of identifying training needs are presented, with emphasis on ways of separating
training needs from other types of needs in response to symptoms of deficiencies in system performance.

Determination of training content should be based on several factors to produce an efficient and effective
program. These sources of training content are identified, and guidance provided on how to use them.

Selection of training methods and media is related to type of behaviors to be learned, proficiency to be
attained, and administrative and practical constraints within which the training must be conducted.

Methods of measurement and the question of their validity and the validity of training are discussed, and
suggestions given for dealing with the question of the criterion toward which the training is directed.

The effects of application of modern instructz.onal technology on the role of the instructor, the concept
of classes, and administrative mattcs are discussed, and guidance offered for dealing with these issues.

A nalyzing a training problem is a complex the information-handling capability of most
-.Lgmatter. It is complex because training is operators, cannot be significantly improved

complex. The number of dimensions that should through training. The system has to be changed to
be considered are many, and the interactions unburden the operator.
among them are intricate. The first step in analyzing the training problem

A first question to be addressed is "Is there a is, therefore, to make reasonably certain that a real
training problem?" Training problems are usually training problem exists. Unless a substantial
generated by: portion of an observed performance deficiency is
1. The introduction of a requirement for a new or attributable to learnabie skills, attempts to
different personnel performance capability, improve performance through training are bound
2. A need to increase the effectiveness of an to be unsuccessful.
existing training program. Assuming that there really is a training
3. A requirement for an administrative change in problem, three significant questions must be
training (such as reducing cost). answered in order to solve the problem:

Frequently, unacceptable performance by 1. What specific training content is required?
personnel in a certain job results in the conclusion 2. What training methods and media will be most
that training is deficient. Performance deficiencies, effective?
however, do not necessarily result from training 3. How can the training he evaluated?
deficiencies. A performance problem, therefo-e, Several documents have been prepared in the
may not necessarily" indicate that a training last several years which provide guidance in
problem exists. It may be, rather, that the answering these questions for systematic
particular tasks require behaviors that exceed the development of training:
normal limit of human capability. Additional I Guidelines for Training Situation Analysis
training will not help significantly. The system (NAVTRAI)EVCEN 12184).
within which the tasks are performed may have to 2. Systems Engineering of Training (CON Reg
he redesigned to bring the requirements more in 350-100-1, Army).
line with human capabilities. For example, 3. Instructioi'al Systems l)evelopment Plan (Air
performance in a radar system, which overloads Training Command Reg. 52-33 and Al Manual 50-2).
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The contents of these docuiients will not be Three types of behai ors can be used to carssify
summarized here. Ratlher, factors to he considered skills anl knowledges:
in following their guidance will he discus,-ed. I. Normal repertory behavioN (Nil) require

A\ll three of the dbove.-nintioned guidInrce skills/knowledgcs within the capabilities of lie
0 documient.t cmphasize deve lopl•ent of trainees, when supported by specific noimenclatuire

perforina nee-oriented training. That is, thev of the hardware and some kind of checklisnt ":,"
generally begrin with a task analysis, %bihM, serves guide for response wt'qluenees in a procedure.
as the basis for specificauoni of performanre 2. Generalizalle behaviors (GlI) are skills and
objecti"es to be achieved through training. knowlehdgp s not Nil, which are coiiion to many
1Desired training content, methods, media, and tasks. Categories of generalizable behaviors
measurements for meeting the objectives are then include:
specified. a. System geography and nomenclattre.

b. Dial reading and use of standard
imeausiriig devices.

CONTENT DETEI.MINATION c. Use of simple hand tools (tool kits).
.d. Interpretation of graphic and symbolic

displays.
Generally speaking, there are three possible e. Avoidance of hazards.

reasons for inclusion of specific items of content 3. Special behaviors (SB) are skills/knowledges
in a course: which arc not in the NB and GB categorien ard
1. It is required to learn or to perform certain which an individual would not be able to perform
tasks, or is a prerequisite for later parts of the with (,:,!v knowledge of system nomenclature and
training, geography. SB consists of behaviors unique to a
2. Management desires that graduates possess the task which must be learned.
specified skills or knowledges.
3. It is required for later advancement in rank or Identifying Job-Derived Content
level.

Some Basic Definitions The first step in identifying training content
bam-d on job performance requirements is to find

Knowledges are defined as items of information the difference between what the trainees must be
Swhich are necessary to support task-related able to do and what they are able to do before

(decision making. They involve four general classes training. This difference, called the "performance
of information: differential," is the starting point for decisions
I. Symbolic-including codes, jargon. and about content for performance-oriented training.
organizational and functional relationships. It is a list of behaviors that must be performed on
2. Procedural-involving sequences of steps or the jol, but which the trainees are unable to
activities. (This class does not, in itself, require perform. From this list, other behaviors can be
performance of a sequence, only the ordering of derived for inclusion in training.
its performance parts.) The performance differential is the starting
3. Perccptual-itnvolving discriminations of point for decisions about training content, and is
,'onditions which meet or (1 rot meet specified not equated with course content. Some of the

criteria. behaviors may be left out of the course. Others
4. Decisional-inductive ,nd deductive reasoning may be added for reasons given earlier.
following specified strategie an|d/or princilt.s. The total behaviors( of job are identified

Skdils are defined as combinations of behaviors through an analysis of the job. '[he trainer must,
which cannot be performed at required le.els of therefore, have some method of analyzing the job.
speed or precision on the basis of the possession of \lany such methods are available. Some methods
knowledges alone. Behaviors classified a., skills are better suited for one kind of jolt. For a highly
must be practiced to meet training and structurer, job. for example. n which the operator
performance -tarndards. It i., necessary to define gets certain information front a machine, a method
the practice situa ions and training equipment that specifies the particular cures and the required
%diich must be provided in tit' training regimen. outputs for each step may be "iuitable. The method
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ue(d and tile kind of information collected about do not fir.t obtain;uar, . .. a..i. u,. .
the jolb will determine the picture obtained of the of the actual task behaviorm. (Example: Task
job. statenment-"Interpret ,yinnptoni of malfunction.'-

It is desirable to ,ise a inctholi that examinez, Erroneous inference IMust have functional
three parts of behavior: knowledge of operation of equipment." Further
1. The inputs the 0o:) performer receives--what he' invebtigation may show that "symptom of
Shear,, sees, touches, ,inlls. malfunction" meant a light was on, and that
2. 'I'lhe o nut p utt required-body movements. "interpret" meant that the "'on'" light indicated an
spoken words, other actions. open interlock. Thi detailed fa(ts gric, a very
3. What goes on between i,,put and output--the different pietore from the inference albout
information processing required of j.ob performer. "fonctional kn owledge.'" which mav have re,'-ultvd

Performance standards arte -.n onportant part of in including in the cour.,e ninch information about

any job or task descriptio',. It is kiot enough, for the equipmitent.)
example, to state that P (echnician l.:ust be able to One effect of thizs, type of error is that ,mail
tr.-ubleshoot. What kinds of problems? Ilow fast? skills and knowledges may be incorrectl. included
What kinds of errors? Since performance standards in training, resuhting in valuable training time and
will partly determine the training objectives, they resources being diverted to these items ratLer than

must be stated as specifically and quantitatively as being used effectively on necesarv training
possible. content.

The next step is to subtract the capabilities the Ionte dit.
trainees already have when they enter training In addition to skills and kbowledges to be
from the required job behaviors. The most direct included as part of course content, sonic

way to (do this is to give the input trainees an input conditions that may affect job performance should

repertoire test (IRT). Sometimes, however, a also be included in the analysis.

secondary method must be used, such as, It is important to set tihe intended training in
examining the background and experience of the the context in which the ,tndent must perform in
trainees and judging what they are able to do. the job setting. Oily those contextual factors.

Regardless of what method is used to appraise which have significant influence on jol,
trainee input capability, it is certain that they will performance, will be specifically identified and
not all be at the same level of proficiency on all included as part of the training objecti% e,,.
the required behaviors. Solution of this problemn These contextual factors canl hIe classified into
requires considerable judgment based on facts three groups. Each category has implications for

* which are not easy to get. training. The classes are:
If the average input capability is used, 1. Extraneous contextual cues--the general

approximately half of the trainees will get training irrelevant environmental cues which might
on behaviors they call already perform. Another accompany task performance in the operational
half will not get training on behaviors they cannot situation.
perform. If the consequences of error on the job 2. Performance degraders-forces which cannot
are great, then it is better to include unnecessary readily be overcome or compensated to any
training. If error consequences are not severe, and appreciable extent by practice. Their effect is
tthe cost of the training is high, take the opposite relatively constant and serves to lessen
choice. performance capabilitN.

Other factors affecting this decision are 3. Performance disruptors-forces which are
turnover rate and frequency of occurrence of disruptive at first, but which can be gradually and
various job behaviors. If turnover is high, and one partially overcome with practice.

kind of job behavior very seldom occurs, a If the training specialist can sort the contextual
particular trainee may never be called upon to factors into ,iesc three claswes., he can decide
perform that behavior. Consequently, training which should he simulated in the training by
every trainee on that behavior wouhl be following three rules:
inefficient. 1. The addition of extraneous contextual cues

in identification of skills and knowledges for may inerea.-e initial training titne while not
inclusion in a course, it is easy to erroneously infer producing any corresponding increase in later
skills and knowledges that are not required if you on-the job performance.

19



2. nlhere will be little if any benefit derived media on psychological grounds is difficult. IN'ny
through the simulation of perfornaice degraders different ones will meet the psychological criteria.
in training. Their effectiveness depends on how they are used.
3. Performance disruptors such as G force and It is almost impossible in many cases to choose
vibration should be simulated during training if one over the other on the basis of the category in
there will be no opportunity for terminal practice which it happens to fall. The choice should be
under operational conditions. made from the learning point of view. Look at the

functions it must perform to bring about learning.
Identify all media that will perform those

SELECTION OF INSTRUCTIONAL functions adequately, and from them choose on
METHODS AND MEDIA economic/administrative grounds the ones to be

used.
instructional methods refers to the process by For learning to take place, a stimulus must be

means of which the instruction is to occur, presented, the subject must respond, and feedback
Instructional media refers to the devices used to must be provided. Training media must, therefore,
implement the methods. perform five critical training functions:

While not meant to be an exhaustive listing, the 1. Stimulus generation-the stimulus to be
following are representative of various methods of presented has to be provided.
instruction: 2. Stimulus presentation-to the trainee.
1. Lecture 3. Response acceptance-the trainee needs
2. Demonstration something to respond to, with, or on.
3. Practice Exercises 4. B .sponse appraisal-measurement and
4. Self-Study (including homework). comparison with a standard.
The method of Practice Exercise can be elaborated 5. Feedback presentation-to the trainee.
into a large variety of instructional methods. The If any of these functions is performed poorly, the
selection of method of instruction must be done training will be less effective.
by the training analyst on the basis of the specific The type of medium to be used with each
knowledge or skill to be learned, and his learning objective should be specified, in
knowledge and experience with training principles functional terms, and the specific media to be used
and methods. with each objective chosen from among the

The method of instruction must be stated in following:
terms of the activities of the instructor. Instructor 1. Texts
activity includes what the instructor does, his 2. Programed instruction
relationship to the student, and the kind of 3. Television
support in demonstration, guidance and feedback, 4. Workbooks
which he must provide. Initially, at least, 5. Motion pictures
cost.effectiveness considerations (i.e., personnel, 6. Projected still pictures
time, special facilities, etc.) should riot control the 7. Simulators and mock ups
selection of methods for instruction. It should be 8. Operational equipment
directed toward optimum training rather than 9. Multimedia presentation.
being governed by cost or other constraints. A These types of media can be selected on the
more opportune time for conducting cost-effective following factors for applicability to the various
evaluations is after the various learning elements learning elements in a course:
have been clustered to form larger units of 1. Effectiveness of the various types of media in
training. What may seem to be a poor performing various instructional functions.
cost-effective training method for an individual (Display stimulus, accept response, record
learning element may prove to he acceptable for a response, provide feedback.)
series of learning elements. 2. Content to be presented and the nature of the

Training media should be selected on two behavior change to be produced.
factors: (1) Psychological-those that will do an 3. Total number of students to be trained, and the
effective training job; and number that can be accommodated at one sitting.
(2) economic/administrative-those- that will fit 4. Contemplated degree of individualization and
the circumstances and cost the least. Selecting self-pacing.
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5, , , ...... l -wvv , r.;..A Iuc 1 th, l.earning be reasonably sure that the trainees have learned

hjetive .the correct responses to the various clas.es of
6. The degree of simulation fidelity required for stimuli. Experience can then present a wider range
adequate generalization of training to the job of stimuli to which they can apply these responses.
situation.
7. The desirability of providing variety in the
media used with a single trainee. EVALUATION OF TRAINING
8. Anticipated frequency an(l degree of changes in
course materials and the ease with which such Measuring the effectiveness of training is a
changes are alcomplihhed. difficult problem. It involves questions of criterion

As with the training method, consideration of validity and reliability, test construction, and
cost-effectivew parameters of training media should practical problems in obtaining acceptable
lhi minimized until final clustering has taken place. measures of what the trainees can do. It is

It must be kept in mind that the tempting to set aside the behaviors the trainees are
appropriateness of given instructional methods and to learn and to use a knowledge test. Such a test,
media is a function of many factors. One of the in which more or less factual questi-ns are asked,
strongest factors is the stage of learning of the and which measures how many the trainees get
student. At early stages of learning, description of right and wrong, is much simpler than a
the task. demonstration, and coaching with performance test.
detailed feedback are appropriate, with activities If the training program has a good set of
occurring at considerably less than criterion °Feed. objectives, the battle of developing an effective
It is also desirable at early stages of learning, to training evaluation is half won. The statement of
"purify" the task so that error in the system, other the objective--s provides the means for evaluation of
than that attributable to the individual learner, is training "wat is valid by definition. Specific test
minimized. At later stages of learning, description, items, and a .ttable scoring system, must then he
and demonstration are less appropriate. The kind devised to measure the ability of the trainee to
of feedback should change and the amount should perform that which the training was designed to
be reduced. teach him.

It is sometimes thought that experience is really S ,ace the beginning of written history (and
the best teacher. The best is the one that performs probably earlier), the problems associated with
the five training functions best. Experience may developing and sustaining human performance
do very well on some of the functions and not so have been complicated by inability or
well on some others. unwillingness to specify at a useful level of detail

One of the main values of experience is that it what is to be performed. In recent decades, as
presents the learner with a wide range of human performance technology has developed,
situations. Usually it is not possible to include the this complication has come to be called the
whole range of job situations in training. Part of "criterion problem." Briefly stated, it is the
this function is left to experience, which also problem of determining what measures adequately
permits performance of required responses by the describe job performance for any of a variety of
learner. purposes, such as development of training

Response appraisal and feedback are less well curricula, prediction of job success, validation of
handled by experience. The supervisor keeps ai, abstract predictors, and many more.
eye on the new worker, evaluates his performance, The literature of psychology and education
and gives him feedback. Learning, however, is contains references to no more persistent problem
affected by the time or events that take place than that of criterion selection, yet little new
between response and feedback. The supervisor thiought nas been added since the 1940's. Though
cannot watch the new worker every minute. much attention has been given this problem, both
Considerable delay may therefore occur before daring and since World War 11, there exists today
feedback is given, resulting in a less effective no method for dependably selecting criterion
learning situation. The new worker may also make measures which have the virtues of relevance,
many responses and get no confirmation. He may reliability, and discrimination within the bounds
also get confirmation of incorrect responses, which of practicality. It is perhaps an overemphasis on
will then be learned. The trainer, therefore, must this matter of practicality, which has led education
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Said trasng speesal i-t., wi thin ,5id olside iith defective component. This method scores only the
militarv to si lm r p srorilsso T i.ltig'. );; t,, I. -[)Fmuulk Of; au...-.1•1•,, I • ' a seorili)f

ground, of its, expense. t;urr ntly, the ,iief i, scheme were used in this ease, it would be
Sgrowiig that tiff- not ion iay re.ult in false impossible to determine which of the hmany

(I'oiIoi1y, possible causes resulted in failhre to solve the
Instrument., de-signisl to predict job slucce-ss problem. The sutbject may have made errors in the

mu.st be referred to criteria, which are composed use of his techniecd data, he may have made errors
largely (if jobl/ta.,k performanee items, if thet' in the use of lis test equipment, or he may have
criteria are to meet thme require'ment of relevance, made logical i.rrors in deciding where to check.
the sine qua non of criterion selection. Close observation of the process of his

The difficulties associated with performance performance would have enabled identification of
testing have been described by so many,, for so the causes for his failure.
long, that by now virtually everyone with an Another problem that may occur in scoring
interest in this area knows that such tests entail products alone is that there may be only a single
great expense, long test administration time, task in the task category; if we observv only the
apparatus, which may break down at inconvenient product of that task we get only a s Ineasure
times, scoring difficulties, narrow applicability, on each subject for that task cate"A 4s must
unreliability, etc. The problem is to develop certainly reduce the reliability of our -efi•tatc of
performnanee tests which minimize these performance for this part of the criterion.
difficulties, while providing valid measures of Finally, for some tasks there is no product at
performance. the end of the process. An example is the

It is important to recognize that validity is not checkout procedure. Many checkout procedures
assured through use of actual job tasks as test begin by energizing the equipment to be checked,
items. It is also necessary that the variety of tasks making all the required checks, and deenergizing
he sufficient to account for the variability in the the equipment. If we did not measure performance
hypothetical ultimate criterion, and that the test of the process in conducting such a procedure, it
tasks be performed under conditions similar to would he impossible to determine whether the
those found on the .job with a minimum of procedure had been done correctly-and this is the
interference from the test administrator. Further, fact in which we are most interested.
if validity i6 to be assured, the scoring of individual Three conditions can thus be stated under
items must reflect their importance in the context which processes should be scored in addition to, or
of the total job or task. instead of, products:
Measurement and Scoring Techniques 1. When more scores are needed to increase item

and Proceduresreliability.
2. When there is no product at the end of the

Certain measurement and scoring problems are process.
inherent in all performance tests and must be 3. When diagnostic information is required.
resolved if a satisfactory test is to be developed. It is clear that for most tasks, process scores are
The following four questions deserve special required. Trouble-shooting problems are likely to
consideration: require more scores than "right vs. wrong" if
1. Should "products" or "processe&" be scored? adequate reliability is to be achieved. Checkout
"2. T'o what extent should the measurement procedures produce no product that can be scored.
process be permitted to interfere with normal task And finally, in almost every case, diagnostic
performance? information about performance is desired so that
3. What kinds. of measures should be taken? proper remedial action can lie taken.
-1. Multiple cutoff scores vs. single-weighted score? "Assist" or "non-interference": Siould an

"Productt" or "processes": Should you "assist" method of scoring be used, or a
measure the extesit to which a"right answer' ..as. "non-interference" mnethod? In the "assist"
obtained, or the evtent to wlhich the proper method, tihe test administrator helps the trainee
proemlurre was used. regardless of the final result, perform those parts of the task that the traince
or souse comibinationm' For example, one way to does not know how to perform. If the
sicore uithin-stage, troubleshooting is to determine " non-interferen,'e" method of scoring is used,
whether the subject is or is not abhle to identify the serious distortioas of the scores will result when
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situations it will be impossible to find out how theory: some may find difficulty in perceiving
much of the task they can perform because so training as a process of developing desired behavior
many of the tasks require proper performance of patterns in students rather than as primarily a
previous steps before following steps can be proces of conveying information to students.
performed. The situation may arise so that if the This has meant that the instructors who are to
scorer does not in some way assist the task use performante-oriented material should
performer in step 1, it is, in effect, impossible for participate, to the degree possible, in its
the trainee to take the test, even though he may be development. They must see for themselves the
able to do all of the steps that follow step 1. validity of the material, born of the basic logical

It cannot be denied that the intervention of the validity of the process by which it was developed.
administrator introduces some distortion into the Increased emphasis on performance learning,
meaning of the score. A slightly distorted score, rather than on information learning, brings about a
however, is better than no score at all. If the assists change in the primary role of the instructor, which
can be kept to a minimum, the distortion is likely some find hard to accept. A common concomitant
to be relatively minor. Experience with of performance-oriented training is that the
applications of this type of scoring indicates that it students do more individual work-learning
can be used effectively. Since most tasks consist of specific skills, working practice problems, anl the
steps, with performance of later steps, depending
on performance of earlier ones, the "assist" like. If the program is well-prepared, much of it

method is almost mandatory. may be learner-centered. The instructor's role as a
Multiple cutoff scores vs. single-weighted score: lecturcr to a class is attenuated. His role becomes

Single scores, developed from a composite of more of a facilitator of performance learning and
weighted individual scores, are typically used if a less of a conveyor of information. He can (if he
test score is to be correlated with some other will) serve as a tutor to a particular student, on
criterion measure, since better correlations can that student's particular problem, at the specific
often be obtained with differentially-weighted time (in most cases) that the student needs help.
composite scores than with individual task scores. The instructor's role becomes !--s authoritarian,
There are, in addition, technical reasons for and the trainees ask very hard questions when
avoiding combined scores and good reasons for the dealing one-to-one with the instructor. Meeting the
use of multiple criteria, or profiles, rather than challenge of this changing role requires specific
composite criteria. Composite measurements orientation for the instructors-again including
frequently involve elements of overall performance their participation in development of some of the
that do not mix metrically. Where the time materials.
required to perform a series of tasks is the
dimension measured, the composite scores can be
used because time is a unitary dimension.
Accuracy, however, is multidimensional: Measures
on these various dimensions ,;annot always be
validly combined into a single score. Training problems have been analyzed many

times, in many different ways, by many different

NON-TECHNICAL ASPECTS people-both expert and not-so-expert. Many

OF TRAINING PROBLEMS perplexing and difficult issues remain unresolved.
Guidance documents have been prepared to

Increased emphasis on performance, with th' assist training developers to do a more effective
parallel decreased emphasis on theory, has been job analyzing and solving their training problems.
difficult for some training people to accept. In This paper has attempted to provide some
some ways, performance is harder to teach; some insights and ideas to fill the gaps "between the
instructors may not be as knowledgeable about lines" of these guidance documents.
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The Technology of Educatiorn and the
Design of Training Equipment

Dr. L.W. NIOTZEL
Monager, Systems Engineering, Apollo and Ground Systerm., General Electric
Company, Daytona Beach, Florida

The purpose of a training dlevice ;s to provide, as economically as possible, a learning situation whicid will
allow the learner to devetG) specified behaviors that have a high probability of positive transfer. Training
equipment is meaningful only in the context of the instructional syttem in which it is to be used. The
effectiveness of a device vithin a training program is directly related to the dogree to which it
complements the program in incorporating thc principles of behavioral technology. Each device must be
"designed to provide the maximum cost.effectivm change in pe.formance of the learner as he progresses to
terminal behavioral objectives. Industrial Dynamics models provide a framework for arinlysia ard
t- ade-ofjs in this area.

S ome years ago, there was a great deal of presupposes a process which is essentially rational
discussion about how computers would and sufficiently disciplined to permit th- response

make bnsiness operations more efficient, improve of the system to variations in selected parameters
management decisions, and reduc-e the cost of to be predicted. To design equipmwznt into a
operation. Impressed, busitiessmen added a training program, the following criteria for general
computer to thcir inventories.. then they added feasibility should be examined to show that:
operators.. .then they added programers... then 1. The objectives of the equipment operations can
they added analysts. They standardized their be clearly defined.
business practices, and then foavd them too 2. Tiiere are good reasons to believe that the
inflexible to accommodate the specific n , ds of conditions exogenous to the equipment will
daily operationm; they were inundated with remain the same for a useful per~nd of time.
detailed data that they didn't know how to use. ft 3. Current program operating practice leaves
was not until tht computer was placed in plenty of room for improvement.
perspective as an integral part of a total 4. The program operations are describable b, a
information and data management system, and the reasonably manageable model:
entire operation adjusted to effectively utilize its -The number of controlled variables is large.
capability, that the real value of the computer in -The number of relevant up-ýont~uiiable
business applications began to emerge. variables is small.

There is reason to believe that an analogous -The relevant variables are measurable, and the
situation is taking place in the field of education data are good.
and training. Efforts to impose innovations and If concept studies can describe a new state of
new instructional concepts on existing training operations in relation to these criteria, bringing
operations indicate that new technology, added (as together information and analysis from researmh
auxiliary) to traditional training systems, has little and development, and if adequate sensitivity to
or no impact on the cost effectiveness of the alternative operational modes car. be
system. There is a need to perceive and analyze the demonstrated, confidence can be gained in thz
application of technology and training equipment reduction of risk, and the assurance of
to training problem. at the "total instructional cost-effective improvement in system operations.
system" level. There is a need for systems analysis The sequencing of study, simulation, and full
tooi., arid techniques to support first, the design of operation tests will permit major, multi-variable
cost-effective training programs and equipment, innovations to be made with reasonable
and second, the transition to their operational cost-to-risk ratios.
utilization. The first part of this article discusses the

The application of systems analysis techniques technology of education which provides the
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rat it iii .iandu ii the sv't oaf va rial ale thiat permtit the ph ysi cal fidleli ty , but rat her shoula I incorporatec
tfciltii a ueas o f 4111 moi:~anasi at delin g to be what is necessary to eablaie the. trainee to trans ftr

yaliiitfud I urni alo veada in tha' dt-asigii of inst rm-ti onal the rt'sponsis(s lit! has l earned to anr operationial
Ss~stems. *It'l# saa4haztal part oaf tire- article voiisialars sa'tting.
thic frarintaw a rk oaf liii ¶isl ri al I ) iianijes inouleli'lg as TIli4! second i diriiensi on of the a transfer or
a pott eliti al lotol ft r trh~ rgIie i'ost ae f t:Iivcriass tra inim r t radelo ff. is associateal withI the diegre'e to

of I ralinit ig liro gra itiý and vI eaipin-i p 'n at ItIhe whtichi a train iii sitIua tioan increases the probiabil ity
i a~trwirit i onal systeamns It-it-l. of proper performiance in the operational setting.

'i'l appllicationi or eliiia to the tralinirg F-or example, it. may be worth several inillion
ar al~e ni is b ased ant t h ra' postutl ataes: dollars to in crease by one- pcreent t he prob abili ty

F~irst, that there ;s a pliatiiarteiia known as of the proper performance of an astronaut in
" transfer ofl trairtita" wherein the training mtaking a moo0t1 landing; however, it likely would
anda oiperatiornal si tuatiorns may he widel~y not be worth this investment to increase by tire
dlissiriilar froini thae standlpoint of ph.ia sa Inc am oil n t thci probability of proper
ii Iup I i c at iori, yet achieve performance performanee of a caterpillar tractor operator in
lt'atu-,':- dlesired in operational situiations. leveling a parking lot, one training situationi is

ee4-4- rid (, t hat there are! definable, significantly more expensive than another, amd thre
oh astrvabll, rejalicable4a condlit ions of learninrg, formier does, not provide a signi ficanitly 'h igher
I varniiig is riot a randomn event, and probability of proper performance in: thre
thitre'fore, a solutionr may he "de~signed" to operational setting, the cost effectiveness of the
in.;\irnize the probability of its; occurrence, higher cost situatioii mwut be questioned. '1'!. final

Third, that individual dlifferences in criteria for selection litr. in the oper; lonal
background, learning styles and ability are of situation.
sufficient miagnitude to significantly impact There are theni, two variables implicit ;n the
the cost aeffectiveness of a training program. concept of transfer of training which submit to

analysis and tradleoff: first, engineering vs.
psychological fidelity, and second, the depree to

TlRANSFE R OF TR'IAINING which the probability of proper operi,,tional
performance is increased.

'rIt'l# concept of transfer of trainiing is based on a
princip le k nowni as "phienomnenal equnivalenice,''
that is, different, lbut similar, situations cause them CONDITIONS (9 '' LEARNING
tto be perceived as the samne by the hiuman observer
tor t,%"kt' tlia' same re'sponse's despite their physical Learning is" -- somrer' ing that "'just hap, its,"
a r aobjaective' diiff'ra' rices. The e'x te:n t to wh ichI a it happens ui nder certal :ý cond iti ons whicI are
la'arnitiý si tuatiotn may lbe riiotli~ied with little or observabale. Sonic of these conditions are internal
nall Iv . ilt tranasfaer of traitiriig dtlpeptds upon to tihe learnier;, some are external. Those that are

atara ii aiswi tI iii lit. trai ner; ha' ace, learn il rig interrial are I.-naril y associated wit "b'poss~essi ng
situations witahi an- wile-ly tdissimnilar from the prerequisite behaviors"' and with motivation. The
standlpoint of pha'.sical duplication, may be conditions which arc external to the learner arc
funcii orial lv hIen ti,-il fronti a prat'ti cal trainiting such thin rgs ats medi um arid format of stimunlu Is
point oIf view. The- caonfidenice -. hiclt carn lhe placetd p r e senitation ,n ur n bec r a n (I raLte, o f
ill a I raiit in" si tua titan is not Iiv I eal to thea degree stin i nI us-ra'spo risc sequa! ices, form of respolise,
aaf iii vsi al siminulaIiat iona rintla ya .. 'Ile comnpromiise: feedblac~k onl performancet, physical cornfort, etc.
I at wee'l rigeipri ceri hg si rllulatiurn (du tpl ica tio n) aiit 'lt"'possessin ii of prtereq u isita behiaviors"' (as a
lJYt's t-o1 ogrical si mullatIion (I'q ii ivahleitc'.) is b asetd of) coiidit ion of learniinrg inriterntal to the lecarnier)
at ast ait d tra in inig t lject: ives. lIn gteii aral , as decsiribles thit obvious fact tia t a I-a i nec imu :
a'nlgritlaeri ng simnu lati on i niervases, thle cost hic rt'ases posse~ss thlt niaccs.4ary knoitwled ge artdt skill whit i
aex ponate:ntiallIy ; h etila', i ncra'ianental gadits iii Irainrce enlabll s lii i to take thie "net:x t step'' iit learini g.
Skill nmay locm a''itla i ncttion mucal ili t'rruis of train0 ig, prtgramn, tLimait, biecomnes a series
t ra illirig alevica' ald i-sit. fabiric~ationr, aitid instruutetionial eventIs sequ~~rtene lit atccordance withi
nilairiteiiaaica acosts. Tlhea alesiril of all a'rfactive a ga'iterally liitrar:!hlical bhelavioral ortder. Stirden,
tralirii itg device- shtould no t naeessa rilIy s trive'a for will pirogress frotm 'eriabli rig'' tto 'termi nn.1
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lehaj iors. IThe f1v~ibility of a itraii:ing programn to uIniquely approach a gi eulearninig s;iuiation. A

hii o naiiz h.ýow rogrvss, "'throtugh" them, cr-eat in g oionogitcon us grotup. t hrough testing aind'
ins? ruct it taI e~ en U'. will be af mark of its ýTvteeI li tg pay., the p rice of eliminating good
efficiency. pocmuira1 perforiners 3 strategN wh ichi take., al!

Mohtivationt (as a condtliton of learniu', internal studviL, into the Oroup, pa-sthe prive of retarding
to the learner) c(t.in he infln en ced lirougli the use, (h e rate of ltrogtri'ss d11 thle inure "ready" ,tivident's;
of contin igency unlanagenilenit teehniq ices. Matlarc jg d ,t ratlegNv which jellign. a t rainiting system to
high pi olahili ty wi th low ptrobtabltity behbtvior i accommodate individual differenc-es, l'iys the
anl appi ica i in of ltreiiia k',- ptri nciple whervini a pri ce of ni 11tit-niedlia , in u I 6-path material. anid the
response that iz loiw oio anl individual '.. ri-s po use admni mst rativi-cst in iut ~idualj zet i n~tructionl.
hierarchyv is rein forcetd by causing a re'.ponse (:1 arl , thecre arte alt ernaties that mit init to
wh ieli is highder onf tw It' ie-rarchIy to foillo 1 t. analyi and opt~imizatioti. TIradle-offs of various,
Rlewardiniig achievemulen t, ant "ponishi hg' poor poI ivioes ani im nplemnii ta tiont strategies call be

1xirforinanice crea tv, ani environment ill whticht the~ made and will sigui fica n tI imutpact the cost
trai nve w4ill teitd to devole t he niecessary At t ntioii effec tivenes6 of a training prograit.
to learninais

The creation of the conditions of learnintg
wltich arc external to the learner is based onl the T'RAINING S YSTEM DE1SIWGN
selection of a llrem-nitatioil form and tiedia wticlt
airc appropriate tot the type, of learning involved. Thle requirements for the design of a trainting
iNledia which contvey mrotion, pirovide retentiGn for device should proceeid "'top dlowit" fron. thle
stud) , reqluire active student responlse, provide design of the trainiitg program. Tradc-offi have to
iitnuedliate or delayed knowledge! of results-, he Madle as to what traiiting objectives ;,hould he
integrate stimuluis attd rt.sponse with real-world achieved in what sequencec, and how they sholild
(dyinamtics, provide repetition of stimulus-response be grouped to minimize duyplicatioit of training
patterits antd/or perilit practice of performtaitce, events alt(l equtipment. Within the genleral
"otittijlott" witht varying degrees of cost sequencing constrjints provided by thle hierarchv
effectiveness to creating tile reqtiired learninig of enabh~ng aid terminal objectives discussed
enviroititent. The lireseiltatiolt form and media abtove, trainiing objectives call lie changed from one
call vary fronm the simplicity of a workbook to thle "learning mnodule" to another in order to optimize
sophistication of a full mission ,imnulator. Oite of tile selection of media and/or design of trainina
the ntost chiallengring problems in the designi of equiipmieitt. Siitce a trainiitg systemn will often
iitstruictioinal systemts is the groepillg of traininiig traitsceitd organizationtal lites aitd re~sponsibili ties,
objectives to pertmit C:t.tiective selectioin of as well a., iitterface with, and overlap othter traiving
ittudia aild de~si gn of trainling dlevices. programs. there ;s a iteed for an organized

The fact, thent, tllat thtere are obtservable, framework for analysis and designt trade-offs. Tltis
replicalble coitditions of learntiitg in whlich thle ''framework for analysis" shouldl te structured so
variahltle are a fuinction of the type of learnitnig as to tencourage systent ohptiimizationt rathe'r thait
and, the'refore, of tlte training objectives, pirovide, ,lub-system o ptimizatioin aitd should provide tite
the basis for thei appilicatiotn of s%,.stems analysis, CaUaltilitv for anIalyvzinig thte imlpact (-.' -vriat ions in
tradle-off studies, and] cost-effectiveness critcri;t tol tlte, parailteters outtliitedt aboic. Since conttinuity
the design of inistruc tiontal s, stuntls. withI ex ist i g ont-linett training prograims and

reslion.si hi li tie-, n list be imaintajned. the
requiiremecnt is, to ni it tlate tilt ex istintg systemt witht

INDIVIDU) IAL. DIFEEIRENCES a mtodel whticht is, seilsitive to ajuilable delckioit
otiot n is anid to show thIte opttiittalI (and( ailt erntat ive)

TFhe ind~ividutal trainte btring., to ev er% learnling cltailu-ze' whi cht thIese opt ionls a llow.
i t ua t iott, 'd rhavior, w hi' it cithIter t ramisfer For o% er teln \,ears. t Ite (IN na in its of imaitagerial

pisi ti v'l y or inegati vely to thliat sit ua tion or Ia~ tt ' stnsita beenl stitdited in %airio. Ois t t trsitiesý

ito imtpact at all. in addition. ,onivO lirt-ri-iitist aitd itnltutrial settilg~s. The fieId (of 'iitdu ,rial

blimha iors mtlaN bet coitph.tekl lacking. I lence. eachl d~ iamic." hta, emierged. In d list t-rt dynamict
iudiduhiltal wvillI, to a greater or lesrdegree, 't iidii's [low~ thIe vat-iou.s feedbI ack ant] coint rol



SIspq in a managerial systemn produce the dynamic govern the flow between levels. Hence, a

c lIarc teristics, and hence, the operational managerial decisioni to put station X on iw-zh*ift
efficiency of that systen. More recently, this basic operation shouhl double the items per week.
coneept has been Applied to the broader fields of The third buildhng block documents the flow of
social and urban planming. The resulting field information about levels to the decision makers
tnight better be termed "in,,titutional dynamics" and( other elements in the system. Delays and
,imnce its scope of application goes far beyond errors in this information network would clearly
industrial applications, impact the d-,cisions regarding the rates (control

'There is a strong analogy between a valves) and; hence, th-e levels in the system.
manufacturing process and the dynamics of a No complex mathematical models are used; the
training program. For example, in a manufacturing computer keeps track of a vast number of small
proces," raw material is brought in and is sent in incremental level changes du, to rates, and the
sequence from 3ne station to the next, whore it is resulting rate changes due to changes in levels
cut, bent, melted, drilled, etc., as it is gradually (feedback) and the management decision factors.
shaped toward a predefined end product or Extremely complex non-linear interactions can be
products. At each station where this material is accommodated according to any set of
processed, there are tools (drills, solder irons, etc.) assumptions set into the model. The general
and people required to operate and change its strategy is to validate the model against the known
charaetristics. There is in-process and end-process behaviors of a system, then experiment to explore
testing where materials not meeting specified the effects of change options.
standards are rejected. The processing tools and Our purpose in the following paragraphs is to
equipment at each station wear out and are illustrate how thii framework for problem
depreciated by age and use; failures create structuring might be applied to the instructional
significant queing problems. system and equipment design requirenents

TThe analogy to tie training problem is obvious, problem, and so provide a mechanism for
Students are "processed" through a sequence of integrating tihe control variables discusse(, above
instructional events, each instructional situation into a coherert "model," which permits change
requires training equipment and resources which options to be evaluated at a systems level.
are depleted in some way by the students using Figure 1 illustrates a simple application of this
them. The number of students and their rate of modeling concept to the instructional system
processing will determine the quantity of training design problem. The central element in the system
resource requirements; however, more efficient is students. Students move through a series of
training equipment can process more students instructional events which are designed to change
faster, and hence. may (or may not) be a wise behavior. Hence, the levels may be defined by a
investment. Equipment can be designed with more number of students it, die process of acquiring a
or with less capability and capacity depending on certin set of behaviors. The flow of students from
where and how it relates to the total process. The one level to the next-from one behavior set to the
problem is to derive a systematic way of defining next-is controlled by various management
the most cost-effective learning modules and their decisions and policies.
appropriate training devices/equipments. Again, What are the management decisions that might
the requirement is for both system and subsystem be made in order to change the flow rates between
optimization. levels so as to change the levels, so as to reduce (or

Industrial Dynamics modeling uses three basic increase) the resource requiremeiits, so as to
building blocks to structure a problem for reduce (or increase) the costs of operation?
analysis: levels, rates, and a network depicting the The policy that a student, who already
flow of information. possesses the behaviors of a given set or sets, will

Information available to a decision maker is in skip the associated instructional events and enter
the form of "levels." A level may be the number the course at the behavior set where he is lacking,
of employees at a given plant, or the number of mighit result in fewer students in the earlier phases,
items per week produced by a given machine, and still maintain the same student output level.

The second building block. "rates." control the 'Fhe cost savings would be in -erms of reduced
flois between levels. Management decisions reso u rc es (facilities, instructors, training
control levels only by controlling the rates which equipment and materials) in the early phases, as
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S ~DU AU'' U ' • L 
I. BEHAVIORAL

Entry SET A SET B
Behavior
Factor

ACADEMICS SIMULATORSA A E ISI I
I etc.

. - Individuol Difference, Media Selection

LABORATORY PART TASK Factor Factor
DEMONSTRAIONS TRAINERS

"�' Contingency Monogenent

Factor
AUDIO VISUALS

Figure 1. Instructional System Model Concept

well as in trainee salaries. The "prerequisite A third area of management decisions which
behavior" concept was defined as a condition can influence the flow rates is related to the
"internal to the learner." in the discussion of selection and utilization of media, training devices,

Conditions of Learning, above. Hence, the and learning materials, i.e.. those factors associated
management decision would be in keeping with with the "conditions of learning external to the

the predefined instructional system variables or learner" discussed above. Again, decreasing trainee
change options. This change option is shown as the pipeline time saves both training resources anti
Entry Behavior Factor in figure t trainee salaries. However, in this case. it may be

Another management decision which would necessary to increase the investment in training

impact the flow rates, and therefore the levels, equipment and materials with the intention of
would be a change option in which trainees would increasing the effectiveness and/or efficiency of
be allowed to progress through the course at their training to where the net result is a decrease in
own maximum learning rate. This could be cost with no compromise in essential training
copled with a change option that created an objectives.
er.vironment in which the principle of contingency Figure 1 is a simplified sketch of a problem that
management was used to encourage the trainee to obviously has ,nany intricate feedback loops and
proceed at his maximum rate. Such a policy might change options. The sub-loop of academics,
result in a significant percentage of the trainees laboratory demonstrations, part task trainers, etc.,
completing the course in less time. This would each contribute to the cost of the environment
reduce the number of studenis in all levels, reduce which produces the behavior change associated
the load on training resources in all phases and with the Behavior Set. Each of these elementLs in
decrease the total trainee salary expense, yet the sub-loops have their own support requ, irements
maintain the ,ame student output level. Both of instructors., consu mnab les, preventive
"undividual differeces" anl( contingency maintenance. maintenance and operations, etc.
management were discussed above as variables Obviously. the management decisions that apply
which the instructional system designer should use to Behavior Set A may or may not apply to
to optimize his dohign. The.e change options are Behavior Set B, and so forth. Many of the factors
shown as Hlie Individual Differences Factor associated with the change options would be
supported by the Contingency Management Factor. empirically determined. either from special R&D)
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tirt;-0 o t ir to% analy~k of ollivr progranils where 4. (5A. IA ISA.. I (NSA..JK)(l)TI) I
(it, I ariotiis option, .irt aiIreadsN emihgtiployed. I1)1 \1S F I

the Abov te tninhersofl into tdilt! in herin
level~ of ini~r a t d iiamic 1.larln rateiw to lis telte- indtividuS dffpereitncli.,

NS \.l ste iur e of stilK det inj \ reltiv i. ff theei f idamltern te eia fand/or.

le~ el A ait ,ome- ire~ i( 10 time J. t ra i ning ell u ipmincnt confligurations, to lie
I )T is the Ic ngthi of the time e\aminind. II ence, if no allowance is made for, say,

lucrelien t .1 1K. iiidividu ial learning rates, thle onumber of graduates
\S \.j l\ i., thle rate at whIichI new tii(ets becomes a direct function of thet media and

enter set A dun og tile- timile in~trtitiorial me thods; if indiiividu alize,.d pirogre."s

petriodl from .1 to K. was permint teul, tihe effect would add (algebraicallyv)
GS \.j K ks [lie, rate at w loch stuiidellts to t he iilcdia fac tor aiid adljust the tt iident output

graduiate fromi A duiirinrg the time atccordlingly . Obviously, thle levels of iion-traininirg
periodl Ironi .1 to K. time. tile '"transfer of locations,'' time, etc., could

D ( ) \..If\ is tilt- rate at whlichl ,tudents be built into thle model for mnaiageillell scrutiny.

tirmp ou t of A (Itirinrg tilt- t im ntI'lle above cqun.dons illus~trate tile feasibili ty of
periodt fromil .1 to K. structuring thet training systeml design piroblemtl. ill

2. NS \JKI N ST~JK - EF'.Iý j K terms of levels of students involved ill behavior
whlere c~lianlg alld the "coiltrot'' variables wh ichi

NSTlJ K is, tilt rate at whlich new studenlt, conltribulte to tile cost effectivenes.s of training.-
etenIr tlle total program d urin g Tile expanlsion of this conlceplt to illelhlde all ltvtls
the tille peiriodI frolm .1 to K. (of instruction, suppdrt, akdmlinistrationl, suppiy

E F.j K i., tiet entry behavior factor, facilities, logistics, costs, etc.; buiilding from these
E'BF i., tili- rate a.~t wh ichi new ,tu~ldlln6 enlter fthe vetry simplpe, ind11ividual model elemenits, to thle
atier I ls(i.e., behavior set 13, C, etc.). Ill a complexity of a p~ilot training (or nlavigator trainling

conlventionial course. %h Iere sludtibL jtrogrtsz. as a programn, is within the state-of-the-art ill indhustrial
grouip from nie1 phiase of tile- programi to tile niext, dynamlics modeling.
an~d all stlhtidet,. regartliess of thiir b~ackgrounilds,

enter btehaicvor set A, NS .J K wouldi equal
NST.JK. H owever, if tilt managemetnt (decisionls TRAINING E'QUIPMNENT DESIGN
wire mlatle to alloiN swct Iheit to enter tile trainunt,

i(program at Ilhateler ie~ ci was appropriate to their Structuring a training programn inl terms tof sets
entry iieiha~itr, the EIBF 1% 0111( redilce tile rate of of trainling objectives and/or student Ilelaviors has
elltrv itnto set A. IHenlce. equation 2 allows tile particular sigilificailce to tile design of trailliml,

impact (If the change opitioni wiltrt'ii stud~enlts wilo equipmeilt. If tile levels or behaivior sets of tile
Alrt ads' i)sst'ss a gn% enI bhiiavior -;et rnaN skip the model are beltcted to correspondt to inlstrulctionlal
corresponding level of' insýtruction and 11101 e nitedia aind/or trainling equipmIfent, tile capabtility
dirertlN to thet level appiroplriate to their vnitrN andi capacity of tile imedia/trainhiig equipmenit, as
Ilellalt~ir, to) he tested, well as its conltribultionl to the o~ erall trainling
:3. N'ST.J K rGS'l i OR program, becomes explicit. The comsriblltioll of
whe re tile tralining equtipmenl~t call he ev~luated ill the

GS'lST is the rate~ at whlichI stulentis will context of tile total instructional system ill which

lie requliredI to gratluate at somle it is to be used. .Sets of training object;-es canl be
future tille X, whetre X is tile! examinedi for commonality-tilat is, for sobsets of
notminlal lemgth of tile co0urse behaviors whlich are the intersection of the larger
(GS'l'is anl exogeinotis variable), sets. This provides the basis for examiiiiation of

DO,( Lý;i tile- rate at which stumdents will training equipmenit reqIuiremenlts to determine thle
dlropj (oit oIf the programi. minimum configtiriltioll. Within thle conIstrainuts of
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the' li 'erarehy of enabling and termiinal ob~jectives behavior clianges, andi relatinig fthe eve-nts to the

(wliie'Ii limit dlie sequiencing op hulls), tI e variables inii 11 iwitruc tional enviroilnmenit, wich i I
obijectives sholdOi~ be groliityed to p~erini t efficieniit 'ointribuites5 to tlit(- !oztt effectiveeisS of trainii ng.
definitions of p)art-task trainer anid learning' Thel iodel can be struct tired to relate dIiree tIv to
ma teriail req uiremnen ts. It is iii this conltext t bat the in edia/trai iiing equilii l n' requlirt'inen'L t. ju'I'

tratlenffis of engineering vs. p)sy'cliological fidelity' cneueept p)rovides, the p)otenitial for oj)t imiizinig a

initst lit' iad e; it 6s in this- contex~t that the t ra i 'ina g roqrralil av'! r -qip
"increase in iiroliahiili ty of trans fer" inust be requniremnteils at the systeili, rather tha l iib~ilsystenii

examin ied. In short , ft( le roposed iranme work for level.

analysis permits, thlie training system req uirenineots

to be syte ize li the per.sj)ective of the' total
inistruitc-t iontalI s vs tevmn- ini c Iii (Iii ng t Ite ~ ~ ~
leariier-ceneii erd chlange' ojitiolis as-socia ted with
transfer of training, and individual dliffereinces. Ggi' oetN. lt odtoso ~annIot

Rinehart, and] Winistoni, lite., August 1966.
F~orreste'r, Jay W., Urban D~ynamics. 'Third Printing,

C:ONCLUSION Cambridge, Niass., and London, England, 'lT'e
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The Development of Figh-t Trainers

Mr. LLOYD L. KELLY
Group Vice President, Education and Training Products, The Singer Company,
New York, New York

This paper diseasses the demands of the service to budild pilots of the highest proficiency and to perform
missions of etmost infinite complf xity. Today, us a product of 25 years of extensive experience, there are
three major forms of trainers being used by the Navy.

The first, the general purpose trainer, whose forebearers were first bought in the early thirties, is used
broadly to teach and maintain instrument proficiency and navigation. Too, operation of basic airplane
systems is required in these offsprings of the Link blue box.

Though these efforts were successful to a degree, the need for a mu.re accurate reflection of the unique
qualities of a particular airplane and the often delicate refinements of a sophisticated electronic system
presaged the development of the Operational Flight Trainer. Thus, the second type of aviation trainer in
common use today. It is an offshoot of efforts to modify and adopt earlier general purpose trainers to a
particularized version of a specific airplane, and to broaden its purpose to teach complete airplane systems
operation in addition to the normal flying tasks.

One of the first trainers of this type was the PBAI Trainer, developed by Bell Laboratories for the Navy
during World War 11. From these somewhat primitive beginnings has grown the OFTs for the century
series fighters, which are used so successfully today for transition and for maintaining refresher skills, for
both the aircraft and instrument work.

The third type is the hugely complex and enormously sophisticated trainers called Weapons System
Trainers. The addition of massive computers and other simulation hardware transforms what would
otherwise be an OFT into a device that can allow an entire crew to train for a complete mission. Such a
PST is the P3A, whose antisubmarine and detection mission can be duplicated with surprising exactness
providing a crew with the opportunity to rehearse every phase of its complicated work. Special
devices simulate sonar, MAD, and other ASW systems. The presence and-evasive maneuvers of the
"enemy" can be duplicated, as well as the release of sonobouys and other action. The role of each crew
member during the flight can be reviemed and every detail of his performance evaluated.

Trainer development has occurred as a result of increased airplane sophistication and increased
understanding of the training contribution of simulators. As airplanes grow more complex, as tactics
become more demanding, and as economy grows more critical, the Navy will continue its technological
development and broader training use of all three types of trainers.

an's ability to design machines surpasses hlis Neither of the devices had more titan limited usage

IV lbility to teach other men to use those because they were primarily jiggling mock-ups of
machines properly. This is true today and was airplanes and did very little to give the. tdent the
surely true during the early days of airplane feel of flight or the necessary mental training to
development. The problem of landing, taking off produce effective learning. Later, there developed
and maneuvering the early fragile and fractious during World War I a method of indoctrination
a;rplanes was not a simple task. Verbal which became known as the "Petnguin System."
explanations and hand demonstrations produced, TI'this involved the use o fourteen-foot wing span,
at best, minimal conmprehension of the vagaries of landborne airplanes which were meant to give the
flying an airplane. hi the end, a sink-or-swim fledgling pilot a feel of the controls as he taxied
philosophy prevailed.

Because of this problem, some inventors swiftly up and down the runway. Their flving

sought, in parallel with the airplane development, capabilities emulated the pentuins, and thus tte
a means of better teaching student pilots how to name.

fly. There were myriads of proposed solutions to During these early days, naval aviators were

the training problem, most of whtiet saw little sometimes irtroduced to flying by swiftly taxiing
success or even physical embodiment. att operational aircraft on whtich a throttle lock

Two of the earliest machitnes were the "Sanders had been placed to permit taxiing but not takeoff
Teacher" att(l the "Eardley-Billing Oscillator." speed.

Preceding page blank



in early 1929, after years of experimentation Thus, in 1947, the Navy obtained a ICAl
andI fly'ing, and~ experience with the training of Trainer which had elementary engine simnulationi
piiot.q, Edwin A. Link devised a macline that ýand variablc control pressures with trim Labs. lin
wouldt Produtce al Unrd erstan dinig of control addiition, it hadl radio range signals, wihichi were

funcietion anti of maneuiverinog the airplane wi tlh prot dntet I automatial anit more Perfectlyv than
those contIrols, It was knowni as tilte "Linik Pilo)t tilt! manuial si mula tion wihichii hatl bee I ttt itie
M aker.'" 'I'l mac hini h'iiatd many shiortconmin gs, lbut previotisl y. Wh ieel anti alap sitnitl iatio n was incluilci I
it was tile' first effective' methtod of teachiiiii oil till! with tiyiianiic response characteristics for tlt- first
grlliri tl Li fiuntction of thie stick, rud Ider anit t imen. Also, tihe Y-G carrier navigation system was
throttle. simulated to Permit practice in thei critical

lit tilt meanitimrie, thitt Natvy hall colttiti ied to renidezvouis Phtase of carrier flying.
sea rtei for more e~ffecti ve methtotds of training. On lIi pa raillei withi this de~velopmnen t, D r. RIichiarti
j one 16, 1931, Coimmantder 1i. i3. Cecil Delimel had beein designing an electroniechanical
recotlritientie purchase of a Pilot Maker in anl trainer which, itilizing a mnore classic stervo systemn,
internal naval inemoranduim, saying, "I thinik we computed more accurately flight values anti radio
should~ buy one and send it to P~en~sacola for trial signals. This ailoweud tile piiot to traini more

particularly in connection with training in effectively for instrument flying and ntavigation
histruinent livingr." while still onl the grround. Th'lus was ushered inito

Althotigh tile unit was found to have value, it Navy general purpose traitters, a niew era
was not completely satisfactory to naval aviators characterized by more precise come comptutationi
since it dealt mainly with elementary control anid and expanded features of simulation.
power functions. Titus in 1936, the Navy procuired The next step in this new era was D~evice 2F23,
anl advaniced Pilot Maker named "Tile E Special," whlichl was thle Navy's first electronic analog jet
which adlded simulation features to allow practice trainer, acquired from Link in 1951. 1ilere tlt! pilot
in radio navigation and included a broader could lie introduced to the P~roblems of high
comiplenment of itnstrumentation. speed, high altitude flight in a jet airplane. lii

Its improved performance temporarily satisfied addition the 2F23 was ulesigned to -simulate thet

unaval aviators, but tile requirement for more sensitive nature of jet engine operation, atid tilt!
realistic training led to requests for suich features peculiar response characteristics of instruments
as trim tabs, more complete instrumentation and and navigation equipment in high speed flight.
more accurate simulation. The C-3 Trainer These particular factors of early jet flight inatie
obtained by the Navy in 1939 sought to neet ocean navigation and] returit-to-base probdetirs of
these needs. more critical significance to the naval aviator.

The initial purchases, of general purpose trainers Thie increasing number of twin-engine aircraft
culmiinated in tile Army and( Navy protducing a in the Naval inventory prompted many aviators to
joint specification which resulted in the obiserve that it was undesirable for a Pilot who was
Army-Navy Trainer, Model 18 (ANT-18). It flying twill-cniearlns o tani
included simulation of the latest goyro instruments, snl-egn ninstuen tairnes. Tito trainem in f
thet A-N range, radio compass, and the new operating tile two engi nes, and particularly
localizer landina svst em, which enabled the pilot

Ff1 handling one-c ngine-out situations on instrumntirts,
for ilefirs ti I o lern n te grundthe were greatly different from that of a single-engine

pro 1)i1 e ms oif instrument flight antii radio aipne
tnaviga tion, from takeoff to landing.arpne

r'h Nav reonzt h thte aviators' Therefore, in 1955, the Navy produced D~evice

Pirobui-les w ert not simrnply thioste of holtdinhg thle 2F25, dieveloped by Mr. I henry Belitrieinr. This
airt!a nt, level liy instrument reference or of device presen ted mucli more comtplIete and
navigating hN radlio. lie also hratl to keep till! advanced radio simulation, to train thlt, twint-eng~ine
airphtn- svstemns operating, aind was rt.-ptutsilile for pilot in the proper list! of thet greater amiounit of
ftith manlage lilt- litt, en gin lt- (Iptratit n anti proper rise radio eqiiipment niormal ly foutind abI oard sutchi
tof gi-ar arid flap-4. This was Particularly importanit aircraft. It also afforded bohiti pilots thitl!
foillowing Worltd War 11, whetn one tif tilt Navy's op ptrtuinity to Practice- crew coordhination

pri marv nii'sstoris was t hat of I rai i iig toi kee p it.- prt icedtires tin ir h othi instrumnent alldc snt he
ft rce at operatIion al I evvis if pro fitcieniicy. emtrgency sit iiationls.



'Thirtv years after tite purchriase (if dis- P1ilut i,,iti. .15 flcC-ili l l~ a air at tempt to
M aker, nraval aviators, demanrd for moure precielE duplpieate miore precisely' the cock pit e-rvirouitient

~ ln I IIn '" ...p I~ "Y stLi~ii (Tujir'riul of echi specifi'l type of

avneigeea-pturpose trariners. airplanre. These camne tor be k 'rowir as ( )pra troial
*Ini 190:3 tire Navy arcqurired its first digital-ty pe Hlighi Traucs(F s)

- ~~~tratinier. Tirel( appl)!icatLion of this niew technolog"y ']'It(e first real at temnp t to diesigri aurd builid anl
was aliso used!, for ther firm titme, in simui latitng the O F'T was during World War if. This occuirred inl
NaN's first helicopter trainer, D~evice. 2131 0A, 19-13, when the Navy, working with Western
Whiich generally was based oit the I 155.2 Etlectrie, produrced trainers withi airplante-li k

* I t~~el icopter. Usinrg tligi tal comipitta titon teehniriirues, rock pits,. bwwri oir the P31,F64', an l( 134
tire 2131OA repjrodutceti tire basic Iinstrum iien t flight airpiilines. At tire! begin rri ig, thie.,e Were little tiio-
probtlemls of a hei ciiopter, liclud i ng coordli iatioti than animirn1 ted cockpi~lts wi thou t basic rad io~ airds.
of rituider, collicetive pi tei air cycle!ic conrtrol,,. I a tvr. as ratlir-aidrs simuliahrtioni imiipro~ rd ini
WVhilie mrairntalininrg sitfficienitt forward speed, the r~ i icnct ion withi general-pu rpose trainers. theise
stirurent coildh prac ti:e roritrol of ai he rlicoter b)) f'a tutr's were addted to (Il, iteddi m etigliii C)H to

'I'iltri tire i refere terwsuizeonte22 pro dutier more roundedi-( train inri. Ruitdimren tary
Thn- iiiticipttrwst iie nte23 tatctics tra itigs was addtied the satie way.

to produitce airot ier la indmiark ini genieral purpose
trainers ini 1966, when four tcockpiLs were hrooketd W I th tire adyen it o f niore p) ri e;tical
tto a single computer. This uttilizetd all of tire electroiteciianicial analog compu~tters, tire Navy
advairtages tof mtore [preciste comiputtatiorn, whinch acrqtiretd, in 1951, the first true examples of OFT's
conritrbuited to tire instructor's effectiveness. Not ini tire F31) arnd the F2111I froti Link anid Curtiss
only (filt! this produice great econromices iii bardlware Wrigfllt.
actuirnsition cost, bint it allowedl ouri inistrucetor to The F211 1 was a fixed base- trainer, rt-prodricirtg
work witih .'iore than nile pilot at a titmer, it' tire cockpit with mod]erately copictpet systemsz
riesiredi. simutlationi aud tcomparable tactic: simulation for

Ili 1970, with tihe developmnent of tire 21324, ti le F2 2H11 a i re ra ft. I t was iin t end(Ied
naval aviation training developmentt reached a that this type OFT should bie located at major
zeirith iii e-ffetctiverntss and efficiency. Four naval air statioins, to bie used by the currently
totckpit~s operateti siitulitaneoutsly fronm a sinigle as~sigriet squiadron. Concurrently, there was a
romrpuiter, protduienig maximrunt acciracy inl second Navy program, based onl the tconcept that
comtpurtationr andt presenting a biroatd perspective of OfT's should lie made part of a squnadrorns basic

flring cites. At tire sýame tinre, thre comptuter was eqluiprietit list, andI should tratisfer from base to
programeti to give ibasic inistruictioris to the pillot, base with the squadron, as its point of assignmienit
tbrough a recordled voice and] flight maneuvers, was changed. Accordingly. tih' F31) OF'T was
lThis ti-rnd towardls arutomtatic instructioir, so that specified! to have normal simulation features, bitt,
tite student may sete perfect p~erformanice, ab ini addition, was to be located ini a trailer suitable
irtjtio. has been picker! tip arid c~arried onl iii later for over-the-road transport. Thle two s ' sterns

* ()~~~FT', andI will con ti trie ini funt ure geinera l-purrpose would bie compared to determine which was thre
trainerrs. more desirable approach.

Just as a~ lators liar! demtarnded iiiproved The F31) OFT became tire first of a long series
!sitnu latiori iii the inistrumnert flying, thirarateristics of OFT's to lIn trailer based, These trailers became

ai i radio is a vio a t iorit fca t ui res of tire inore compliex and self-sficient, even to tire
-gnrtieral-puirpose' trairrirs, they tconrtiniuedi to press extent of having portable power supplies. Later
for inore e x act rteprodiuctioni of cockpit tbc(. Were- designed to ire expandable, when ini use.
enuvrtironment %lien they ieiteredh operational arid were u-vetr taken aboard sihip so that theN-
squiadlronts. Aloo, tire>) caller! for rnurrorl uttioti of tcoutld be used witile at sea . Sorte were e~ ci
tlrr, systems of t heir opierational airtcraft so that loeaten with tire squraudroni durirnrg per-iods of
they toutd pt rac'ticer nonrmalI an em!r-tergernc- triodes overseas. land-htasril assi gritierts. lihe story of tire
of flinv rg. FlirallI> thre% wantedt- tire. tactical ,riiih tdevelopmnieit of OF'h''s, withr suifficien t coirplex it>'
stra ti-git- en ,ti irtir b't sotciated w ithr thi r-nissiori to to dho tlit(- train inrg job and~ at tite satire tlinle
bie s imurlatn-dl. so that !ht -N imighrt lie able- to observinrg ira \ int o size li tintatiorrs of a forty- foot
practice all aspectts of air opreratio~nal flighrt., fromn lr-rrthr andI air eight-foot widith within a trailer, is a
takeo-tff to Iatni.triagnilficetit story. It rivals tire sardine packaging
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industry. The hazards of the road transportable in the ten current state of the art, plus the

feature added shock and vibration conditions, not broader training potential provided by the Navy's

Sunlike those of airborne equipment. first landmass radar simulation. With this

''The F3D was eapable of simulating both crew simulator, pilots could practice radar navigation

positions. It was coupled with a separate trainer, and terrain avoidance, which were feature-s in the

suitable for producing the features of the F3D A4D airplane itself.

airplane in detail. Thus, the pilot, with his radar Also in 1958, the Navy acquired its first

operator, could complete a full mission including helicopter OFT in Device 2F64, which reflected

search, radar attack, and firing their Sparrow the performance of the t1SS2 from Melpar. The

misiile. The crew was given a score on the success problems of developing a helicopter simulator

of their interceptions, were considerably different from those

The problems of simulating the high speed, low encountered in the development of fixed wing

altitude environment of attack aircraft offered aircraft OFTs, yet the need was even greater. The

special challenges to the Navy. There was helicopter, inherently an unstable machine,
experimentation in the basic computation systems challenged builders of simulators to arrive at

that would provide more rigorous solutions of adequate mathematical representations of the

differential equations and, thus, would be more rotor blades throughout the flight envelope, and to

suitable for producing the wider range, higher rate reflect these highly complex forces in the

performance of jet attack aircraft. Reeves was simulator. While the HSS2 accomplished these

given a contract to produce an advanced analog tasks, it also pointed out the need for greater

OFT to provide this complete performance equation solving capability than the current analog

envelope of the ADI airplane. computers offered.

Acquired in that same year, was the F2113 The Naval Training Device Center sought a

simulator, which combined with the Device 15V1 solution to some of these training problems by

Radar Simulator to produce an OFT for training contracting for a study of the practicability and

the F211 pilot in his full mission. In this simulator, feasibility of using digital computation in

the student was presented with enemy targets, simulation in 1950. This study was conducted by
which could take typical evasive action. Also, a the University of Pennsylvania. The resulting

variety of failures could be introduced in more report specified a Universal Digital Operational

complete form, in order that the pilot could Flight Trainer Tool (UDOFTT), which was

practice his emergency procedures in some detail. constructed by Sylvania in 1960. This constituted

As previously mentioned, the Navy's new high the first practical step in the application of digital

performance aircraft were bringing to the pilot a technology to training simulation. It finally

broader range of performance, in terms of values allowed the Navy to accomplish for the first time,

and rate of change. Consequently, naval aviators in fact, many of its original training goals, which

were asking for more precise simulation at each existed when it purchased the Link Pilot Maker

end of the range. AC analog simulators had certain forty years ago.

technical linmitation which made precise The first operational use of this advanced

computation difficult over the full range of digital technology came in 1965 with Device

performance. Thus, in 1956, the Navy acquired an 2F75, an OFT based on the HRB-1 Helicopter.

Fll F OFT, which utilized direct current analog The more rapid and accurate calculations that

computation with electronic integration. From the became possible, as well as the other advantages of

pilot's point of view, these were mysterious digital computation, such as more accurate

matters, except that he found the presentation of repeatability, greater reliability, lower power

the simulated airplane's performance to be requirements and easier maintenance, made this

'Imoother and more liku the dynamic responses in OFT a landmark in Navy simulator development.

the real airplane. This marked improvement in The greater capabiity of the digital computer

fliving characteristics was also achieved by the was denmonstrated again in 1969 with the Navy's

introduction in the OFT of a hydraulic control acquisition of Device 2F90 from Goodyear. This

loading simnulation system. device comnected four TA4J cockpit simulators to

In 1958, the, Navy procured a simulator to a single digital computer complex. The computer

re,'flct th, 'nore ophisticated capabilities of the in this instance was also used, for the first time,

A 1)2. Tim. incorporated the many improvements to present prre-progranied instruction directly to
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lth-" siulent. The naval aviator no% practiced flight the attack mission. The WST systents represented
maneuvers using not only more accurate an attempt to provide inore accurate simuiation
computation, but his instri",tion was aceomplished over the total range of performance than hah been
in a more scientific manner. previously attained. The size of the WST reflected

This training application of the computer will this objective, inasmuch as it took three trailer, to
be carried even further in the 2tF101,, which is in hold the simulator. The engiie simnlatibn was the
procurement now. The 2F101 will he programed most accurate t,( date, in that the various
to demonstrate stand:,rd maneuvers, "performed functi( is were generated for the first time by
perfectly," to a student and then to monitor his digital computation techniques. Also, an improved
performance as lie flies. It will incorporate audio radar landmass ,,iniulation systei was ,, included, in
instructions and be capable of playing hack a order that the gr.,und mapping radar ,slpeet of the
student's flight path for analysis and evaluationi. nission couhl be fully simulated.

While many of the more advanced OFT's of the '!'he greatest opportunity for application of the
Navy allowed a flight crew to practice most of its WS I' concept occurs iii naiv ASW inissions. 'l'he••e
mission, there were significant omissions in most aircraft contain many crew positions. ema It calling
OFT's, and the complete crew's role was for lhghly skilled operators, in their own fields. A
accomplished by bnnglng together several high degree of crew coordination is necessary for
independently designed and fabricated part-task the success of the mission. Thus, a typical ASW
trainers. The naval aviator and those responsible WST[ involves highly complex simulation systems,
for trainer logistics felt that a much more which can operate either independently or as a
complete and accurate training mission could be part of the total trainei system.
performed, if a trainer were designed and built as a It 1950, an early version of the P2V5 had
single, total system. To distinguish this approach brought together a flight simulator, as well as a
from the earlier combinations of different trainers, tactics simulator The two trainers could be used
the term, Weapons System Trainer (WST), was either separately or the crew could train together.
used. The specifications were more exact and It was not until 1964, however, that a full scale
complete in that they were created as a single ASW WST was developed for tiie Navy. The P3A
integrated document. The hardware technical incorporated all of the major state-.o:-tlie-art
design was compatible and conceived with the developmnents of the time, and allowe, a crt v to
view to maximum economy in component perform a complete ASW mission within .he
complexity and, therefore, lowest cost. More confines of its relatively compact trailer.
importantly, the aviator benefited in that the In fact, the size of the P3A WST problem
latest technology in a. phases of weapons dictated an almost insurmountable technological
simulation would be contained in the trainer, and economical task for the engineer, who was
whereas in the OFr di"rerent generations of faced with the problem of including the necessary
simulation designs % ,I accompanying hardware in the limited trailer space. Because of
approximations were used. the necessary design compromises, naval aviators

Thus in 1960, the Navy procured its first WST did not accept the analog P3A WST's as
for the F41I airplane. This was a trailerized adequately complete to provide the desired
simulator which afforded its two crew members optimum training. All systems were functional,
the opportunity to fly tneir complete but many aspects ot the mission problem were
takeoff-to-landing mission, with simulation of approximated.
flight and tactical systems invol,,ing the latest Therefore, in s967 the Navy contracted for a

technical solutions to the simulation problem. It P3C WST, which utilized digital computation
could simulate both interdiction missions and technique. These digital methods produced each
standard over-the-shoulder bombing. of the crew stations, with the exception of the

A significant advance in simulation technology flight deck, which was included only to the extent
followed quickly. In 1961, the A3J simulator was of providing heading, air speed and altitude. Those
procured. This was a second generation WST. Its other fe.atures, related to the crew memher
specification was devloped with the objective of performance, i.e., sonobuoys, eneniy targets,
reproducing in detail all normal and emergency friendly targets, undersea and on-thiesurfaee, were
aspects of operation for both crew members. The presented with extremely realistic results. The
airplane was being developed as the final answer to simulation problem was further compounded by
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To Move or Not To Move!

The Problem of Motion in" Training Simulators

D~r. NXA IATIIENY
tPresui'-n and 'h'ch-nwal l1irector. Life Sciences, hncw~porated, Fort Worth, Texas

ANN L. iDnEXl
Staff .Scwtinst, Life Srir'iccs.ý Incorporated, Fort 11 ort/i, Texas

*Sriior')taff. Slen list, Life Sciences, JIncorp)oratead, Fort 11 on/i, Iv'xov

In thii -Yz,)er an examjnin-iin is made of the trattncr i-notion problem its an attempt to sort out tlie
importaait tariables, examnine the -evidenc, and draw conclusioins. Pic~ question of motioni vc. no mot:011 is
taken ujt; and, where trainer moution is to be used or studied, the important problemn of the quantitative
physical description of the trainer eiotiou- is discussed in somne detail. Variables of importance upon which
the utility of motion is dependent arc the ecperience levelt of the trainee, the response dk nanhics of the
volhicle being simulatedh. the maneuvers being perfiormied, and the visual 'lisph-)8 being used by the trainee.
The intera ctive5 effect of these variables with nsotiotn is considered.

T o macve or not to move. is i/alt really the Before a dlecision c:,n be made to iliove or not
question? Wh/ether 'Its tvis.er -i the training to move the training device for anv operational

of rnon to s~uffer the sivings and Jolts of vehicle, consideration of a number of variables in
ofltrageousl~y jut ented i,)tton or, taking, umibrage the training sitnatioii is requiredl. This paper lists
wit/i the hammner and steel approach, gird and defines somie of the~se variabjles and discuss-es
ourselves to dispel t he pall of confusion how they' may -Ie considered in miaking, decisions
surround'ing l/te question and, throug/u reflecttont about miotion. A.,siiuuptioiis as, to the peirceptuial

an systenaitc wre'enmentatton, end it. vapacitie, and( qJualities of hummi operators are
A title usually hiodica tes what the reader may included in this d iscutsýion . 'The( 1irobl en' of

ex pect to encounter in a paper buit t canl selilom defining moution in a way wl ieh is uwieanin,;fu i in
conlvex thle *Oplnl!et intent and substance of the terms. oi- die opierator'., perception of iiioveinent is
article. In thsk instance it is, more- appropriate to alsýo considered.
ask "To move or -.ot to niove I., that really the It is- intendled that the approach takes, here will
questi o n? " The a:nswe iýr hiere i s "'No, not pirovidle a framework fronti which to make
compl etely." deductions about kinds andl degrees of motion

'T'he real question is "To move or no t. to mnove, and, perhaps mnore importantly, will provide a
and if to move, how to mlove and hlow liuchl?" bss fo hc icsin ruet n

The guiding thesis for what is, to lie said hi thtis directe.! investigation may spring. fIn the final
paper is that the focuis is oin. the training of Vian. fIn nlss n tou otetanrmto

thi sns hs r, iii e(salhsr eta problem points uip the scriol's lark of the
lapabilities (liectate thle motion req nirerm i. is of thet ninbr; lc-.iyt end peionto any

de% ices used in hiý; trainingI in order to ;ironim lgate 'iri e ee~iyl rcso
such~~~ ateiitopcfesa neltafram o model j-. schieme Used to guide mnotion decisions.

ret erenve with assuimptio us and "grivens' about lI'll(- determnination of the'o "nu mbers" is one of
mians capabiliti ýs and performance must be the prunie concerni, (if those working in this area.
adopted. Furthier, fro-n the practicai side of Thel( reader who expect; to lindl hard dlata and
actually getting trainers biAr~ , the ph> siral stimutli inin uirutable 1ei rec thin in this, paper will lie
which have lw-.u shown to he appropriate fo-r disi;-ppoi-,e an ~l 5h on Id sto p here. Th ac i s
stfi nuulatinrg tilie : uve%\ receptor., to( elicit thit- too l imiited to piresen t the rel e~ant data w itli Ai of
desired perceptioa.is and behaviors, miut be the q nal ikfing remarks which shoulId accompany
dlescribled in t 'rni, wh ich art, noit foreign to the themn. Th'le read er wlio wants to look at ain
trainer dinrr. applroaichI to work inig wi th Ole proiblemi wh ichI may

39



lit-Ili hint in e v i atueg and using what data are the heading changes of say a large aircraft carrier

i aailald, i i• i itted to ,'ati nue. it- •u. or ghisn . T ''h. e shld ihinaeiine himself
Throughout tli., pawer the motion problem is controling the heading of a small sports car going

treated a,, trainee 'entere-d and answers to di .tt-ih an ob.lacht. ,,.!Ne He can then ask
,1q111ie1, f .lt - ign questions are souight in tile himself, "If I were to close my eyes, in which of
.-eisorN , pi-reeptual, and operating behavior these situations would I be likely to perceive
characteri.,tic.- of t-e man. With this approach, motion as a distinct entity among the totality of

where motion 'uem are in(iti ,ted, the stimuli for my perceptions?" Next he should ask, "If I
themse, cue,, are .sought through examination of perceive the change in the vehicle's heading, both
man'. .,ensnory apparatus rather than solely through visually and by means of my motion senses, which
alal ,, of the physical world of the vehicle, perception occurs first in time?" Perhaps this

F1uinally, the determination ',f what motion, if exercise will serve to set tlte stage for appreciation
alt '% i to be incorporated it),o a training simulator of, if not total acceptance of, the assumptions and
for a giNen vehicle is see i as being a two-step deductions which follow. But, in order to further
proe..,s. First. it is nece.,sary to determine those set the stage for adopting the assumptions about
motion characteristica of the vehicle which are the human's perceptual repertoire, the physical
per(eptibl,- by the operator, either as useful cues reality of moving a mass such as an aircraft carrier
to control or "noise" in the system. Second, it is or a sports c.ar must be examined.
necessary either (1) to determine empirically When a physical object is displaced in space the
whether incot-poration of these perceptions of displacement is accompanied by derivatives of that

motion in thei trainer contribute to the training displacement, namely, rates, accelerations, and
value of the simulator or (2) to assume that rates of onset of acceleration. These are of interest
maximizing the perceptual equivalence between as stimuli which lead to perceptions. It is assumed
the %ehicle being simulated and tht trainer that the visual and motion senses have differing
maximizes its training value. The hard-nosed capabilities for sensing these aspects of physical
empiricist will be comfortable only with the motion. The visual modality is assumed to sense
formner while the pragmatist will be satisfied with position and rate while the motion senses detect
the latter, taking every opportunity to accumulate accelerations (i.e., forces) and rates of onset of
empirical transfer data. The authors take the acceleration (i.e., changes in force). Each of these
pragmatist's position. sensory systems has its particular threshold which

requires a certain level of the physical stimulus
before detection occurs. Next, an examination of

TRAINING SITUATION VARIABLES the time order in which the derivatives of the
positional change of the physical object are sensed

Dynaimic Responses of the Simulated Vehicle. is necessary. Motion of the system when above
threshold provides information about the system

The'F variabie of vehicle dynamic response covers in advance of that provided by the visual senses.
the range- of dynamics across types of vehicles. This "lead" information serves the dual function

across dimensions of movement of a given vehicle, of trigering corrective motor responses and
and differences withii, a dimension of movement directing the visual sampling behavior of the
for a given vehicle- as a function of other vehicle controller. As such, perceptual equivalence

paranmvers (e.d.. ,hied and altitude of an aircraft). requires that the response chara.tdristics of the
Consider. for example, how it enters into the trainier be capable of producing this -o-mplex of

trainer motion decision for closed loop control perceptions.
tasks such as controlling tile attitude of an Most manual control tasks required of the
airborne xehicle. human operator can be accomplished solely by

In considering control of aircraft attitude the visual reference. That is. few vehicular designs are
as.,,umptions to he- made and the deductions to be such that thL operator vehicle loop would go

drawn may bhe better accepted and appreciated by unstable without tile motion cue. However, the
a,.king the reader to draw some conclusiono of his precision of control of many systems is improved
own, on h•at,,ser hams, untder onie different by addition of the information provided by
Conudition- of el.hicle response dynamics. motions as evidenced in the literature. At the same

Firrt, one -houlh ima,ine himself controlling time, in deciding the question of motion or no
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motion, it must be recognized that the response is different from that of the less experienced
dynamics of some systems and some dimensions of trainee. That is, the transitioning student with

movement of systems are such that the triggering extensive prior experience may have learned to
of the motion sensory apparatus does not precede "attend" to 9'le motion stimuli and may have

the visual. There exists a crossover point at which developed a repertoire of responses appropriatt to
the %isual reactions lead the motion. 5eyond this this attention. Tihus, the perceptual world of the

point motion does not add to precisic.n A control experienced trainee is quite different from that of
and is superfluous in the trainer. (omne limited the naive trainee as it relates to his perception and

data on this crossover point exist in the literature use of motion in vehicle control.
but they are less than sufficient as a basis for On the other hand, the e.xperienced t

making predictive decisions with comfortable may, as a function of the task in which he is being

confidence, trained, have no need for motion perceptions in
It should be noted at this point that iearning the task. The trainer's level of skill in

examination of the dynamics of a vehicle in a closed loop control of t e systems he operates

single dimension is not sufficient to determine if (e.g., aircraft) will often be such that he adapts
motion is superfluous by the above criteria. If the quickly to controlling the new system or to

task is multidimensional, requiring time sharing by learning that such control is not the primary

the operator, motion in the visually unattended learning task. This is often the case with large
channel very obviously may trigger response advanced weapon-system trainers. flei,, ,",ss the

before vision. The effective vision-motion motions of the actual system are disruptive to the

crossover point in such a case is shifted. primary procedural learning task, motion in the
It is important to kcep in mind that the trainer would be superfluous.

operator is a signal generator as well as a signal The more experienced trainee may be quite

follower. The active energy which he produces different from the beginner as a signal generator.

usually falls within the design dynamic bandwidth His "driving" of the system may for,.-e the actual
of the system bit it is not limited to that system to higher response frequencies than do the

bandwidth. Hence system response dynamics plus inputs of the beginning student. Thus, the
operator response dynamics must both be used as simulator response characteristics appropriate for
deciding factors in evaluating rmlotion contribution. perceptual equivalence for the beginner may fail to

Finally, with respect to vehicle dynamics, the meet the test for the experienced trainee.
question of trainer movement is not one of
whether the trainer of X or Y system should move,
but whether the individual dimensions of VISUAL DISPLAY CHARACTERISTICS
movement of any given system should be

simulated. The variable of vehicle response The considerations of interest under the

dynamics, then, is relevant to questions of variable of visual display characteristics are the
differences across systems, across dimensions relative sensory thresholds of the visual and
within a given system, and to understanding the moeion senses and how the relative "'gains" of the

role of motion within any dimension of vehicle displays for the two senses complement each other
movement. as information sources.

Tile discussion of the crossover point presented

Trainee Experience end Training Task earlier is relevant here; i.e.. in certain control

dimensions the pertinent information may be

The variable of trainee experience includes the sensed first by the visual sense, in others, by tile
changes in various sensory thrmholds and sampling motion senses. Ihrough varying the gains or
rates of the trainee as a function of his experience amplifying the physical stimuli, one or the other
with the operation of the system and how these may be differentially brought into prominence for

changes relate to motion as a source of use in control. It a visual display used for cojitrol
information for control. This variable influences of aircraft pitch, for example, doubling or halving

the trainer motion decision in two major ways. On its size can be seen to affect the precision with
the one hand the trainee's experience and prior which manual control could be exercised. An

training may have served to lower his visual or analogous situation exists with motion stim..1i. It
motion thresholds so that their relative importance is these relatihe amplitudes of motion and visual
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,tiniuli for any gmen movement which deternine may lie ,is valid and inclu.iwve as possible. Second,
the importanc'e of the motion sltimuli for bringing they should hie ,onvenient and l,ractical for use in
a I ou t pere ep tp i a I eq u iv ate i ce. A large, trainer design and for nmanipulation., ais the
ligh-re•solutioi, real-•% rld visual attachment to indepenlent variable in research relating the
tI e t rainer may generate high perceptual physical and the perceptual.
eiquivalence with inadequa te, or completely Until relatively recently (with the development
absent, motion stiinili. Indeed, trainer operators of optimal control theory). the response
ha e been known to increase the gain on IFR characteristics of physical systems have been
i ntI r i in eit U, in fixed-base trainers.h beyond expressed in terms of time constant, rise time,
one-to-one relationships with the real world to settling time, maximunu oveishoot, etc., in
hri ngi ng about an e x perienltially closer pierceptuial respoinse to pulse or step inlputs.
Squkia,dence with the vehicle being simulated. These criteria are the easiest ones to "visualize"

and from which to generate hypotheses. Ilowever,
it can he shown that the timne response of a linear

DESCRIBING MOTION AS A system to any known driving function uniqueiy
ME'ASUMIH L.E ENTITIY FOR INCORP)ORATION determines it; frequency response; and conversely,

IN TRA.INERS ANI) FOR RFSEARCH if the frequency response of a system is known its
time response to any specified driving function is

To the training psychologist the search is for uniquely determined. Given this deterministic
the mneans of causing the trainee to perceive relationship between frequency domain and time
stimuli and control the trainer in the same manner domain the way is open to taking advantage of the
as hle would the system being simulated. To do this best of both. Since systematic analysis and
some identifiable, measurable, and controllable synthesis procedures are more numerous in the
parameter of physical motion must he explicated,, frequency domain it is suggested as the means for
and changes in it mapped against changes in the describing the motion platform characteristics.
perception of motion. This is simply meeting the This suggestion has been explored in detail and is
requirement that, if one is to build training being used as the basis for describing motions as
simulators that move. motion must be defined in a the independent variable in research. The purpose
practical way. It is also a necessary requirement to of this research, supported by the Naval Traii-ag
understanding and predicting perceptual Device Center, is to provide "numbers" relating
equivalence through studies in which an the physical to the perceptual and trainer
independent variable (physical description of characteristics to training value.
motion) is varied and the dependent variable NOTE: To the reader who has maintained
(perception of motion) is observed, interest or has l.ad it aroused, a more detailed

The selection of the parameter and metric for consideration of the motion problem is given in
describing motion should meet, as far as possible, Tee cn ica I Report: NAVTRADEVCEN-
two criteria. First, they should be derived from 69-C-0304.1, "An Investigation of Visual, Aural,
knowledge of perceptual phenomena so that the Motion and Central Movement Cues," June 27,
set of hypotheses relating physical to perceptual 1970.
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The Wide-Angle Visual Simulation Problem

Dr. HANNS II. WOLFF
Technical Director, Naval Training Device Center

The most commonly used wide-angle display systems, the different information storage approaches and
the resultant information processing problems are discussed, and thcir advantages and disadvantages
weighed in view of training device needs. It is shown that most wide-angle display problems can be
economically solved without endangering training effectiveness, if certain concessions with regard to
realism are made.

he most important performance Moreover, the visual presentation of the

characteristic that a training device should environment faces in many cases an especially
have is that its use results in - transfer of training, severe technological barrier, since in most trainers

That is, when the trainee is exposed to the real a nonprogramed visual presentanon is required
environment, he must be able to apply whatever which provides the significant visual cues based on
should be and has been lc.,.nd in training. To which the trainee shall make decisions and take
achieve such a transfer a training devir must have actions. These cues then, as the result of the
two characteristics, trainee's actions, have to change and provide to

First, it has to provide with adequate the trainee new cues. These new cues indicate to
3imilarity-fidelity is certainly riot necessary and. the trainee the new status of his system which, in
ir fact, in certain stages of tr:.I:ing even turn. may lead to new decisions and actions.
undesirable-those cues that an operator ,hould Among the different visual environment
use in the real situation and environment, presentations with which training device designers

Second, it has to provide, with adequate are concerned are a few that demand only the

similarity, tile means that an oprator should use presentation of a limited scene of the

to execute his decisions in the real situation an,: environment. For example. the view from a

environment, submarine periscope or from the observation slot

The intelligent and skillful use of the controls of a tank turret present only a very limited
ofie antellraigentan syskemislfulsed by ex ontols observation field. Fairly adequate solutions for

of an operational system is initiated by ex 'rnal such visual environment presentations exist. At
inputs-stimuli-to the human sensory system, least the observation display, in general, does not

Among these the visual inputs play the most pose a problem that is too severe.
important role in most training situations. It has For all cases, however, where a trainee must be
been estimated that 75% to 80% of all incoming able to observe a wide-angle display in both
information through the senses is acquired through azimuth and elevation, no technical approach so
vision, far implemented has been completely. that is

Visual simulation for training devices is a major technically and economically, satisfactory.
technological problem area. For the proper The reason for the deficiencies of present
utilization of many optrational equipments systems are multifold. They are partially due to

demands that the oFerator makes extensive iuse of problems in the information storage system,
the visual capabilities of his eyes and their scan partially due to problems in the information
capabilities, both by their movability in the head processing system and partiallN due to problems in

and by the motion of the head itself. the visual displaN system (see figure 1).

INFORMATION INFORMATION VISUAL
STORAGE PROCESSING DISPLAY

SYSTEM SYSTEM SYSTEM

Ftgure 1. The Vuual Simulation Chain.
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The iNvide iiii"t. of p ssi liltitil cminiatio1 n., of, observation of the dlisplay through ant optical

app ro 'it es. to thIi-me thlrve problem areats Mid n hi i ir systemi that appjart ii i plcevs the displa) at

di -r, ifit rinterrelationshipiiinakczs ant organiziedl ifii

diitii.m.iioi tlifficialili. III (If, ii i...lowving Vve 'Ilie lar-v distance dlispl~ay miay be a screen ointo

%vil I I IrN toII ist Its,, I liese probi hIc-t I I. it, e II I,e ti. allI whc thle display is projec ted, or it may be a

ats pos'sible. 'I'lie ýaliit ;- eiii which 'tF .hi fertai't number of cathiodet ray tultes which togethier
art .i, art- diisvi.-sd 11141 .a~cpea.r ont om vii tional aindu prom'ide the wvide-anigle display anid which art,

nwvk %ard for %ý( m ll tairt w ith the- %islal dlisplay arranged stirfic ie~n ly far fromn tilt observer.
,sem lntiii e~ ~er. th le hom-i .eqtt~i ee ice will [vat! to TIhe display ohserv ation through an optical

aI bct ter tnutIer'ta n Iim- of~ tf iIcjr prblent. im ol' .1. synteml may' consist of an array of ca.thode' ra\ý
tubhes whitchI arectomb i ned wvith re frictive a~~il/oir
reflective optical sylstemis that make tie ini, idual
ilistihr% appe'ar to he at inifinlity.

A., lar as the direct observation of the display,
i.e., scrý--?i display, is coricernt-A it shouild bev

11'.'l ISt' kl lDNPlAI" 'llý noted ther the stereoscopic ranging capabilities of
the evc.ý are minimal heyond rangve-1 f 20 ftet (0t

\%hen we' talk about the iamial prrt'Sctaition 01 meters). .'h-at iK, a picture that is gt-nerated at a

(lie- en ironmtiit, wi- hiave first to tonmisier thet Lact dlistanct of 6 mneters or farther frorn the obserner

that lthe envirtonmnteiit e trN to smrtitlaIA- will-if proptit -tesigned altnw the impression oi

e.ssentially at mfiinetý , as~ far as thet humian senson17 a realistic ranp-
'Nvstem is concern.. d. I'lierefore, it is, (1 -irable that Such at dispi-ir, -,. stern wor6. safiw-mctorily in all
met. display gij es to tht liminan svwttor'ý sy -tent the ret'peets if the projectiont of a traztisarcric' a

inipressioni that thne observed wcetie tý. or at least moevie filmn ftc' -wamnple, otito aý-,flectingr screer. ýR

ennui' bet, at a large distance fronm the~ olizerver. usedh. k conver-ional movie film !irojectiufl
Tlhi?- pose., one #pf tie teclinologit At probltm." howtve'r, would of tours.' riot prcividr mtv

f l aic.ppl'nichvs hia% I beeii taiken to tile etonprograined training. Onl% iln ontecal dlkoLrtiwt

at .iufinit:- ' di~phe% proble, tine výLthe direct system, such 'I' for example tihe 'I A.IP* systc.rr

obbserateore of a ift-pli. that is at a *-4fivienthy dlevelopedl by the Singer.Luitk Corj. attor' ffigirt-

larget distance- fraun t~it observer 'Ilii other i.s thte 2) pe'rmits to) a limtited extent a rtm-mrv.anied

7 6 5 32 Q

1 FILM
2 ZOOM LENS

- 9 3 ANAMORPHS
4 PITCH WEDGES
5 DECOWUMATOR

12 6 FIELD LENS
- ~12 7FOLD MIRROR

8 REIMAG1NG LENS
9 SPHERICAL REAR PROJECTION SCREEN

10 3EA-t-SPLlTTER
I1I SPHERICAL MIRROR

11 10 12 EYEPOINT

Figure 2. a~ V V hIUP 'ýYstem. *lrnaiemark
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displiay to he shown from a movie projector. The systeni, possibly in a 3600 version (as developed in
nonprograrned maximum deviation fron, Oie the N'fl)C la 1)o ra tories), may solve the-
center path of btu':h a movie film system amo~. its nonprogramed visual projection problem in the
at the present state of the art, for a display area of future. Tlhe "treduction to practice" of a
600 in azimutth 1by 30o~ in elevation, to a range of satisfactory holographic projection dlisplay ,ysteml
ebout + 150 in yaw, i 1 701150 in pitch and ' 200 :n has not yet been achieved.
rull. Though a wide-ýiiglr VANMP1* system has not Anothe-r possibility for a lionprogrratned sre
yet been developed, it appears possible to apply display is. the uise 4 it cathode ray projection tube.
the optical dlistortion concept to wide-angle film I lowe~er, even the best cathode ray h projection
presentations. tidbes available today provide only intensities th at.

Stich an approach, of course, is satisfactory at best, satisfy 600 by 601) di~splays, even at small
only in certain special training situations, namely ,creen (listances suich as three mneters.
those where only very limited deviations from a Thisý relatively poor brightnes,. a~s comipared to
prescribed path~ have to be considered. This a film dlisplay, is p~artially dlue to the fact that in a
approach is, for example, acceptable for certain film display each picture element 6 projecte-d for a
commercial airline training, the kind when only relatively long time, for example, 1/30th (f a
pre-prescribed takeoffs and landings, are second, whereas the cathode ray tube generates
encountered, that is where only the straight ahead only one picture element at anyv oiw time, an(l all
takeoff and landing phases have to be taught by picture element:, of a scene share the framne display
the use of a visual environment presentation and time.
where therefore only these phases require visual Higher intensities c.an be achieved by systems
presentation. that, by ;neans of a cathode ray controlled

Such at system, for example, will not allow to intermediary, control the light generated by high
display the combination of the fly-around ant' power lamps.
landing phase on an aircraft carrier or the air-to-air Such systems arc, for example. the Eidophor*
combat situation or any other completely (figure 3) or the General Electric Company Light
nonprogramed environment situation. Valvc* (figure 4), which in cembination with a

To overcome the limitations of such an optical wide-angle projection lens can provide a wide-angle
distortion display system a holographic novie display of good intensity.

1 34 AUXILIARY
SPHERICAL MIRROR

2 EXTREME POINT OF
THE LIGHT SOURCE

3 CONDENSER LENS
4 CORRECTION LENS

6 5 COLD MIRROR
15* 6 PICTURE WINDOW

14 7 7 CONVERGING LENS
158 FIELD LENS

9a,b,c BAR SYSTEM
8 1 10 SPHERICAL MIRROR

C11 CONTROL LAYER
- +tr~ -t ~12 PERTURBATION

9 IN TH4E OK. LAYERI I13 ELECTRON BEAM
14 CLOSING WINDOW
15 OBJECTIVE LENS

16 1 16 ELECTRON GUN
1 111 1317 17 CATHODE

18 18 SCREEN
19 VACUUM CHAMBER

*Tredemark Figure 3. Eidophor Principie. *Trnidemnark-
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Fiiinall, it' vsv cousid er the dirert observation of The pupil-fornming syAtemns, ,everely limit the
.111 i ,..f .of ..' r:y !% sh"-. we are freedom of motion of the head and evew the

Sl' ironted i ith the iprobehm of an extrenmely large so-called non.pupil-forning systems known so far
I,,, Ft ! .. 7.0 emhy 50 (2in C'0 in. allow only, i wvry limited motion of the head

1,N 20 in.) displa', areav't,i d ",yth-lu he within whMch thet presentation remains sufficiently

tarc,.t Ihct'hnicall ' economn1ical ,overs. only about undistorted and the presentation' on neighboring
5, hv 5o at a distaice of fi in (20 ft.), and display channels match at their joints. This
therefore for a 1801) azitnuih by 60) eleation problem beconmes even more severe if two
diimpla which is generally aceepted as a minimum observers are required to look simultaneously at
display reqLiirineeit the s•stemn would require the same display.
ev, :1 hundrerd di,-pla, elhaniels. Possibly the. least objectionable though still

I.et u., turn now to dis•lay systtills which use rather complex approach amnong these is the
cathoe' ray tube-,, or other display nmeans in ' "Pancake Window'"r system (developed by the
comlbination with optical systems that make the Farrand Optical Co., Inc.) (figure 5), an ingenious
ob..erv,'d display on the cathode ray tubes appear compact design, which preferentially uses a
to he at infinty. We will need a multiplicity of pentagon shape display area of several cathode ray
chlianme, ,,since the optical systems that are tubes ill a dodecahedral arrangement (figure 6). Its
pri..ieitly available cover only a field of view of light transmission, however, is very low (less than
ahlout 70o. Several approache, have been taken to 2%) and the arrangement of a sufficient number in
aehiev the' "'at-infinity" presentation. They call be

Iiroijll' into pupil-formlg and non-pupil-fornling
.•. ,,'•.*'Trademark

3 6

2 21
S/ ~/

10 9 4 7 8 11

I REFLECTOR
2 LAMP
3 INPUT BARS
4 OIL SURFACE (NO RIPPLES)
5 SCHLIEREN LENS
6 OUTPUT BARS
7 LIGHT BLOCKED (NO OIL RIPPLES)
8 PROJECTION LENS
9 CRT

10 ELECTRON GUN
11 SCREEN

'mgire I (. I light IVilve Prmnciple.
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I SCREEN

2 POLARIZER (AXIS VERTICAL)
3 SPHERICAL REAMSPLITTER MIRROR
4 A. WAVE PLAI?
S PLANE BEAMSPLITIER MIRROR
6 VWAVE PLATE

9 ~7 POLARIZER ýAXIS HORIZONTAL)0. 1 VER~TICALtf PLANE POLARIZED LIHT69 FAST AXIS
10 SLOW AXIS
II RIGHT HAND CIRCULARLY FOLhRIZED12 )3LIGHT

1312 FAST AXIS

2 14 HORIZONTAL Y PLANE POLARIZED
21 IGHT

15 EXTINGUISHED RAY16 REFLECTED RAY OF 1,RCULARLYPOLARIZED LIGHTNT 117 LEFT HAND CIRCULARLy POLARIZEDNOTE 4 
1 LIG T•EUUIVALENT OPERATION 
0 

I 
1RAY OF PLANJ POLARIZED LIGHTMAY BE ACHIEVED BY 5 19 REFLECTED BAy OF PLANE POLARIZEDCROSSING THE TWO 

1 LGT
POLAROIDS AND RE. 6 L L N A IORIEN"'"* THE QUARTER. 14 20 VERTICALLY PLANE POLARIZED LIGHT
WA2 E PLATES 

21 MEICGING RAY VISIBLE TO OERIVEIAS COLLIMAt9D by SPJHERIICALBEAMsPLITTER MIRROR

Figure 5. Farrand Pancake Whidow.

2 3 1

-_ I CATHODE RAY TUBES

" \• 2 OBLIQUE FACET CRT

0- 3 BIREFRINGENT COMBINER
(TYPICAL)f PILOT & SEAT 4 GSODESIC SUPPORT

.ACCESS STRUCTURE OF UNIFORM
MODULAR CONSTRUCTION

"5 INTERFACE REGION OFAIRCRAFT SIMULATOR
6 ACTUAL FUSELAGE

CONTINUATION (REF)

6 5 4

Figu•- 6. Dodecahedral Pancake Window Arrangement.

49

[
F



a tlibdI ahledrad arr-4, '&;r xampl.e ig~ht t!, it tlji, vicw-ý, pmaiht tr-' k n ofl -nb At,tl-! ~
lirrn propti'"e iN a ttlm ih~de m-. controlled hizist 'tutirv-

If , one eathlodli raý itfll' -. VidtJý;iv di"I'INa -

ii'ed. for wai'alpie !ý menso a wvid'tiea ' len~,
'T! I F 1\1 OR Ml \l R)'t ' I'tu \WIF ý STENlI the inforniatitil prove.'s,_in is Ampti l' ii~le In

tile cast- of a h ree-di mieils'onad model. ti 1'( jIt-Wol
IfC 1%N' tur int iiV to t IW iniforma tion ('ntviat camert m'iil'' iounted oil a ganitr% aild mio~able- to

whtichi is needed for the di'ýpla\ aitd for N I ihh aq-bieve different .ls'pect aitigles and ranges call
tr.g - mean., have to0 be 1)rovided lwe can generate the viden signials hat a fter antpli fi''ation

dlisregard thei t wo-dime'nsional pietuire (o eor conttrol Lthe cathbode ray tube.
transiparenc\ ). since in nmost razes -as disctzss--d 'The television camera approach may also hev

ai ov e - tis0 apphroabich limiusthe ra. . f.take in cse of holoapliic infornmation storaue.
nonprogranied presentation too greatly. (in lieut of a gantry as means, to vary aspeý t angle

Thbis Ieain i's s ess-e'ntiallv with three storage and ratnge, optical-ineclianical mevans c-an ea.sily
possibilities: The threc-diinen~sional model. ti"et provide aspect angle -Ind rangr variation--.
hologram. and compu~iter storage. lFinally. as, far as computer generated dpimspl

Tlhe three-dimentsional model, a straight- are concerned, changing a3pecet ang[' an-] range by
forward approat It. has the disadlvantaige of' compujtation tii oes not present a basic problem.
requiring a large spiace, if a large area \ariation has TwVo different approaches fer computer
to be dlisplayed. Also, it is; fairly costly if fine genieration of % istial presentations havie Ibeen takent.
dletails of thle displayedI area and a wvide varivton One siniply' generates straight lnsof any
of observation rangeI are required. uhich may orientation in thre display. Mobtly white lines, in a
demand the use of the rather costly Seheitupflug black background art, used, though lines of
probe. dlifferent colors can als~o be presentced easily. This

The hologram at the present state of the art of system provides outline drawvingn but c-an also
t. chnlologvy is very difficult, if not imlpossAible, to present surfaces by using a largyer number of lutmi
glenerate from kiature-t-mainly dute to the limaited which are ar-amged to fill out the areas desired.
coherence length of laser.,. Except for relatively 'rite other approach for a compnuter displav~
simple cases like aircraft earners, grew.,rating generation uses conventional telemisionl scanning
holograms from models is costly' duie to thle high techniques; il ia color or in a gray' scatle displaiy. 'rite
cost of large fine detail mtodels, compuiter determines when a scanning line, should

Finally, tile storage of many especially very fine change frout one color to another (or from ove
details in a computer is very costly and limnits thre shade of gray to another) and the new color (or
uise of computer storagfe to relatively simple the new shade of gray) stays onl until a change.
d is plIa,. conf iguitra t ion1s. Contrary to the signal is given. Thus, this sytert automatically
tltree.(-dunentsional model approach. however, it ha,; provides the display of surfaves.
tile advanutage of being thre only' storage system So far, to keep thle discussion as, itncomiplicited
that allows one( to casi!v draw information as possible, we have uiot alluded much to thre
sAmuIItanteoussly for.,everal independent displays, as subject of picture quality', expressed in -simple
it is needed for inultitrainee station traitit-,s, if a terms as resolution and freedom from distortion.
commuon visual information uorage systemn ihall lie The analy'sis of this problenm will bring us !back to
uicd. Another ad~antage of the computer storage the multiple cathode ray tube display system. For,
approach is that it aliows for easy modifications or Vf we consider that the healthy eye has uinder
even complete chang'f,, of the scenery'. favorable circumstances a resolution capability of

I min of arc or better, it may be able to
distinguish about 10,000 to 11,000 picture

THE INFORMATION' PROCESSING sys'rEMS elements along a line extending over it 1830'
azimuth. If we then "on-Mider a display of a 600
elevation andl a 1800 azimuith, awniming about

Akll different display approaches, that we have eqlual values for horizontal and vertical acuity (if
(li.,ehssed, which' are within thle prisent state of the the eye, and assuming the samne resolution
art atid which e-ould( allow widle freedom of display rePq-rt'mnents for azimutith antI for elevation, we
mnotion, that is a widie range of nonprogramed need about 10,000 by 3,500, that is 35 x 106
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gliz. 'rhe eituation geuts worse, if a color display 6~ %' kh tf*4*lIi;:dI ipproiclh is takn ahje

required which leads to a further iiecrease in nurip.-ogýraniiid wid--aflg'e visual presiviimlttio of
b-indivioth requirements the en'ironitnvtta 1multitude c,* uoce!55icnns hv

Such a %vico bandwidth is, of COUrse, way out to lie, n.de. The "realhiiv'pesnato of the

of 'he- present state of the art and even if it could enviruonient fivnandr. tOw r-,al environn-M
he achieved, the light intensity of the cathode ray and- as niejjtioned hefurct- Is neither nee-ded nor
tube .aalitAS resolution cannot-at least at even always desirahle.
present-"-tisfy such display requ ire wentts. Since we arc concerned witI, traainhn- or more

For most appiications, the combination of ýspeci.`ically with mieces.-Jul trtinsfer of training, we
wide-angle displa>, of quality o- bandwidth arc actoally not interested in a "realtistk'"
itequirernents and of intensity requirements simulation if the enviromat. ti, that .s JI hti
demands the mnultichannel approach, where the pleasing to tOw eye. We art- instead. as mientioned
dis-play is assembled from ,everal display tubes, liefore, in'erested in a display that preients all
each of which is provided with itq own processing those cues that are vignificant for the phzrpt5esr of

and, possibly, storage unit. Also, the multichannel training.

approach reduces the tremendous demand.s a Therefore, for each indixidi-al training situatiun
single-channel, computer-generated wide-anglie we must analyzec the real enivironment obAiservation
display would put on computation speed and pararneicnz and restrict our goal to a Yvisal

memo~ry access. er'vironnient simulation which Jihows, in sufficient
similarity to the real world, tho~se visulai cues ilia;
are needed to achieve transfer of training.

OVERVIEW That is, wc have to optimize ccono.-ies, state
of the art in training device technology atiJ

Thus far, this has been a guide through the training strategy tomac th pyioocl
jungle of wide-angle visuall environment simulation characteristics of trainees, as far as they have an
problems. It does not touch all relevant areas but impact on traininga.
at least discusses the most significant ones. We can Let us list the predominant problems and Ithen
see that technically the most difficult one among see how important realism, or neat realisr',, in

these problems presents itself in the visual display respect to these parameters really is.
system. All others are tech~nically, thiough *io' We have to c:onsider-not niecessarilv in this
economlically, of secondary significance. We must sequenace:
note here, however, that we have confined our 1. Distance between observer and apparent
discussion to the wide-angle visual display problem display.
isolated from other requirements, such as the 2. Reolution,
motion platform problem, which may limit the 3. Brightness.
choice in display approaches cven further. 4. "G estal t"-distort ion.

We can then summarize that the nonprogramed 5. Field of view.
wide-angle visual display involves a ser:-s of 6. Ccontents of presentation.
interrelated problems for which the state of tiue art 7. Color.
does not, and most probably will not for many To make acceptable concessions in a specific
years to come, provide a ageneral solution. case, we have to first carefully analyze tht: 6pecific
Breakthroughs in more than one area are needed training problem at hand and determispe the

to meet all spelled-out requirements,. sequience of prioritices and !heir r-rlative -' -ighbtl.
From the foregoing comments it imight appear L~et uts rei iew the parameter. we rientioned4

as if the problem/solution of nonprogramed visual before to -Yet a better feeling for the impact of
simulation of the environment is at the present dlifferent eomzctssions:
state of the art, an, almost hopeless case. 1. Distance between observer aind apparent

We can find, though, economic approache-s display-Weý discussed befoze the disbad~atitagm's of

within the present state cf the Art, provided wei- are optical, at-infinity. systems for wide-asqgle

willing to make reasonable concessio)ns. (moultichannel) displays, and thc lightI int'r-sitV



prol•e•s that confront us if a direct scretn afl ,ut-rte W-'eoe' eitt p.cturr' .iini-nns idie,

...... " ~- ere!i-n dltan. e of 0 In are covrrinin a i•d•| :ingli up 40 Pre Lt m nlin

or inor,- is conitef 'l o0 are, pr•hles a comlpieteiy 06ti-aci6urv arej
it has betcn found in several resmearch setups, for recogni'ion.

exainple in NTI)C's Visual Simulation Laboratory, Theu, for ina,: case. a satisfactory W01) by
that direct obsenation of a screen at a distance of 60') display rould be assembled using three
3 m, or even slightly less, can provide the necessary teieVision channels of .225 lines per fram.- with an

visual cues and get the trainee involved in his eqruivaklnt resolution in scanning direction.
training task. This is especially true if the screen is In eases where a high information content is
curved and designed and used such that it does not required only for a limited area such as tile carrier
provide pronounced cues on it, proximity, as for in a carrier landing approach, or the enemy aircraft
example through noticeable seams. Likewise, one in an air-to-air combat situation, whereas the

has to avoid stationary displays that provide a background sky, horizon, ground or sea does not
pronotinced reference for the distance, and large have to provide detail cues, even a 1800 by 60o
observer-screen distance variations, such as those display can be synthesized uising only two

due to motion. The absence of parallactic cues, television channels: one to provide a large
which could be sense,] in the real environment "coarse" background, the other one a small high
anyway only if the scene to be observed covers a resolution object which can be inserted
range from a far out area (for example, the electronically into the background.
horizon) to a near area (not mnor ithan 50 in away 3. Brightness-We mentioned before the problem
from the observer), obviously does not inhibit of providing sufficient display brightness. It is
effective training in most Ases. certainly necessary to achieve a display brightness

However, if the cues to be derived from whi,:ha brings us well into a brightness range that
observation are based on an object close-by and its allows a trainee to readily recognize without strain
relationship to a remote object, a parallactie all the cue-, that he has been taught to use for his
presentation which calls for a composite picture decisions and actions. This brightness is
generation that had to be a function of the head considerably lower than full daylig't brightness.
motion is required. In fact, we could be satisfied with a brightness

2. Resolution-We mentioned the visual acuity of of about 3 to 5 ml,, that is almost three orders
the good, healthy eye which allows one to of magnitude lower than that of the real outside
recognize a gap between two horizontally scene.
separated vertical lines, if this gap subtends an The concessions which we suggested when we
angl,- of about I min of arc. This is a good disctused the distance between the observer and
reference figure, though visual acuity as a measure, the apparent display help to achieve such
strictly speaking, is not only a function of the brightness within the present state of the art.
subject's visual performance characteristics, but 4. "Gestalt"-l)istortion-A very important design

also a function of tihe width of the vertical lines, goal has to be the representation of the dcsired
their color, the background color, the lighting, the cues in a "Gestalt" or shape that is sufficiently
reflectivity of tirte screen and other parameters. similar to the real target. This does not mean that

It is actually only in rare cases that we make use a straight line in nature could not be slightly bent
of the resolution capability of the eye. An in the display, at least as long as the straightness of
example is the measurement of the subtended the line i not in itself the ,!ie. It is, howescr,

angle between mast top and waterline of a target necessary to assure that a target passing from one

in a periscope. display channel into another is not broken, such as
2 hI observing a ecene such as the visual to present a disturbing discontinuity in the shape.

environment from an aircraft, in most cases we This demand makes it highly desirable to avoid
actually do not use the rsolution capability of the wheezever nomssible the subdivision of the scene.
eye, but rather we try to distinguish between Unfortunately, only few training situations permit
neighboring surfaces of different brightness and/or this approach, that is, allow ther use of an
color, withotit precisely defining their boundaries, electronic projection -tystem in combination with a

This then put, considerably less stringent wide-angle lens.
requirements on the information content of the 5. Field of view-Most of the problems and
display and its proces,,qing, since the presentation concessions discussed so far are due to the large

S502
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television, where the ceoe iJ dekails to be shown thle environment and demands only that tie
are under the control o( tile dire'etor. If hie wants d&s'iay presents die scene in sufficient similarity
t,, ,how a detail, he just bring. the observer closer to tile real world to accomplish the specific
to the part of interest by using a correspondingly training task. Itere, it might he mentioned that
reduced nbuacnded angle to fill tile display device treessive demands on "realism" are often caused
pr4'cntation. Thus, an incrmased rebolution for the bv the lack of a training situation analysis and.
area of intrest is achieved, therefore, lack of a well def£,ed training problem,

The traiining situation, of course, does not training approach and training syllabus.
permit us tu vary the visual presentation range to 7. Color-Though user acceptance is greatly
Sprodide high resolution, since it has to present the enhanced if color is provided--color television
obscrved scene with tile realistic subtended versus black and white television exposure is
observation angle. Further, since tile operdtor in mainly responsible for t".ais-the decision as to
the real environment is free to change the whether to provide color or not has to be based on
direction of his observaion and the trainee in the the extent to which an optrator makes use of
Ltrining situation must be able to make full use of color discrimination in the real world and on the
his capability to look around, scan and observe the importance of color cues.
scene im any direction, the visual simulation The technology is available to pro-ide color,
systen ha• to provide a display of a reasonably though at increased cost and reduced reeolution.
large area, the size of which depends, of course, on For, all color systems thbet use se% eral cameras
the specific training tawk involved. and/or several display devices to achieve a color

In most cases a subtended elevation angle range combination face the problem of picture element
of 600 is needed. The subtended azimuthal angle registration and even display means that provide
varies widely, color using a single electron beam achieve the

For straight-in landing of a fixed wing aircraft a color generation only at a reduced resolution.
600 azimuthal angle may be Eufficient. A carrier Even systems that use a black and whit:. picture
landing approach, however, requires about 1800 addendum to the color picture solve the resolution
azimuthal angle and an 4ir-to-air combat trainer problem only to a limited extent.
may require close to 3600 azimuth and elevation On the other hand, as we concluded before,
coverage, if a full complement of situations shall resolution is in many cases not as critical as area
be pursued in the training program. recognition and, therefore, often the cost of
6. Contentqs of presentation-Theoretically, in !ieu providing color cannot be avoided.
of a picture of the scene from which the trainee The use of color is, of course, mandatory if one
will derive cues, a symbolic display could be used or more specific colors in themselves provide
and thereby the information content to be stored, significant cues, such as, for example, the "meat
processed and displayed could be minimized, ball" and other landing lights for a night carrier
Hlowever, hereby another layer of mental landing trainer.
translation would be interposed which, in general,
will have an undesirable effect on the training
transfer a' ffectivenn . SUMMARY

Therefore, inf-rmation storage, processing and
display ha. e to he such that an analog simulation As indicated before, this survey of the problem
of tile ra scen., that is, a picture of the real areas of nonprogramcd, wide-angle visual
world scene un,•'r observation is displayed that simulation in training devices highlights most of
contains: first, all tile cues that the instructor the more important aspects of this field of
would want the trainee to deduce from the scene; engineering. It does not attempt to solve specific
second, the scene has to contain often sufficient training device problems.
irrelevant information that makes it a task for the Th;s survey is not intended for the specialist in
trainee to derive the right cues and to discard the this f eld, for most of the thoughts expressed in
irrelevant information. This irrelevant information this article are known to many specialists in this
also has to be displayed with sufficient resolution field.
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What w~'e ht•i t- -id t, achiivtxe, howe'sr. 6•, to hy.,.ems for trainiig if . ict'. if a vefirrfl Ž,alf

make. those wh'o are inolved n ` taiýilhiin, situaztivi atitdys ie made, trade-)ffý bltwtn

t.ui:itg devicre iquirement,,, thom- ;who will use trathlg device design and cost, on Wne hand alid

thritll altxi dlh'ov who have alirsconeq)tioti- aboti traigling mvt1odol4gy of the otlher wiit hed to
the real -(tate ti the art. aware of the prohienn'. that reaionable p,-,rforanatice eot't:,•oiyn, and pernit

confront th,, developer alnd dl iger of thereby to build a taaining-efft'in, a:v,
-- •;iOnlprop-anied. % de-an t- viual sin ation e.ost-effectiyvt trainingt tlt'vihe.
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~lnlenlilA011 of Visual and Mofion Cues

Mr. JOSMP I li PUIG
Rewcarch Psycholojgisi, Iltinwn Pactiof. LitbtotatorV, Naisil Training Device Gente-

E'ffective training de~kig requirt-s that the uigraificancc of else interuct ions lie eifablisht 4. QjrL must be
taken to incorporate into tlse training devico riot only the' cues required fir lras;:irg specifir tuikr, but the
essenltUW combnah ntions of cues as uvell.

?71ii* paper discusses visual and motion interaction frorn the standpoint of.- (1) silusioi., and spatial
disorientation; (2) spaiful orientation training, and (3) simulator sickness.

EQ xperience with flight trainer-s has shown that defined. There has been somte conf-ision
Smotion cuees are perceived and use(, concerning t~hc terminology usedl in sensory

differently when external visual vues are displaycd. psychology. This has resulted front the inability to
Nitin e i e sne isal n istinguish clearly between closely related sensory

propriocveptively. Acceleration cannot lie sensed functiuns, and from the arbitrary grouping of these
visually, however, until increasing velocity is function,- under different names, depending upon
nloted,. &,ouvermily, the proprioceptlive sense, the classification slchme used. For instance, under
though insensitive to velocity, ie quite sensitive to the term somethesis are included the sense of
aCceleration. znovt-ment (kiinethesis) medliated by joint,.

llighly hignifitant interactions- take place when mutscles, and tendons; visceral sensations, touch,
the -HF'ial and proprioceptive sense, are stimulated pressure, and other skin sensations. The term
simultaneously. As a result, a secondary stimulus, sonisrtic senses is also used in reference to these
presenited at the ,ame time as a stimulus of senses and is used iitaerchangeably with
primary imuportance to a control task, may act as a somelthesis.
distracting cue or a-, a source of confusion. Tfo confuse the issue further, we have the
(TuI er~ely, a secondary stimuluis may supplement classification by Sherrington (1906). According to

*the primary one and aid in performance of the this schemne, Ine human..rc-t ste va b
task. divided into three groups: (1) exteroceptors,

Rlelatedl to thes problent of whether a ,econdary (2) initeroceptors, and (3) proprioteptors.
cewill iinhibit or enhancef the primary cue is the TIhe exteroceptors inetlipte such sensibilities as

effect of the eicondar cue upon the ,enlsory touch, superficial pain. templJerature, tactile
threshold level for thle primary vcuei,. 'is(criminiatiori. v'ision, and autditioni.
l-Apvrinien(atioii hmas produmedt huniai sensory The interoceptor.s und,'rlic general and special
threshold data which c:an he applied to simuilator in terorceptive (visceral) sensibilities. General
design. Ilowever. sensory thresholds which have itrcpiesniiiyicue ecpino

liee detrmied fr a artcula sene nodait~' hunger, thirst, respirator' imovenments and visceral
mnust Is v u.,ed with caution in prac~iial
applications, liecaum;c of the influecne of other

_,tiuliactia smultneoslyoil thc ,enes.The The proprioceptors niediate, such sensibilities as
stnuiatnrnutnos note e~s h sense of position, sense sit movemient, pressure

combineid effect of scveral cue,, coild radieall) senlsf. ai'(l equilibrium. 1h- prtqpeioceptive sys.teml
shift the sensory threshold le~ el foi, any or at' of jv e dilc ino wo sllse:th

sho tmuli. b e reultpriarycntsienator n in t he.tii kinesthetic and the vestibialar. Kinesthesis, (literally
shoud b gien rimry onsdertio inthe feelilng of inotion') refers to thle sensitivity of

deino r aiin dvc movements of part., of the body in relation to the

*Since mile[ of the following" di~vussmGn is whole 'fur t -atlple. armns, legs,, tongule, anmd
dependent upon tlehcriptions of weu human eyeballs) due ito the excitation of receptor cells;
sensory system, some14 of the terntiniologry will be located in the niiluscle~s. tendionus. and1 joinLs of the



""tdv Ti-r v'tibular ,enc• involv-, de perception TIlE VISUAL SYSTEM
""of •Tcttai mnovement., and ZPan a tk,-. ;f theu
body a5 a whole, due to the excitatio, of* receptor The visual system appears to lack
ceills located in the non-auditory lahy, rnth of the pturioceptive feedback regarding moderate
ear (Cros-, 1967). motiowz and the position of the eyes. Tlw exact

directif -i ,f gaze of the eye is known only by
THlE VESTIBUiLAR SYSTEM reference to the position oi the object being

The sensory information which conflicts most observed and the observer's orientation in space.
freqaiently with vistal perception i that In the absence of a structurtd field, the observer
originating in ,he vestibular apparatus of the inner rapidly loses the sense of direction of his gaze. An
ear. Thik apparatus consists of two sets of sensors, example is the autokinetic illusion-the apparent
one in each inner ear. One set, the semicircular motion of a fixed point of light being fixated in
canals referred to as the six "apirit levels" of the the. dark.
body by William James (1948) acts as the chief Aw ihiusion which serves to Illustrate vividly the
receptors tor rotational acceleration. 'fThe second interaction between the visual an I vestibular
set, the utolith organs (utricle and saccule), systems is the oculogyral illusion. This effect is
responds orimarily to gravity and linear associated with prolonged passive rotation and,
acceleration. The semicircular canals and o.olith like the autokaetic illusiont, also involves apparent
organs interconnect and are filled with a fluid motion of a visual target. Under flight conditions,
called endolyraph. Currents are set up in the it is difficult to differentiate between apparent
endolymph -as a result of head movements and the motion of a visual target. Under flight conditions
resultant pressure triggers off the nerve impulses. that resulting from autokinesis, but both
In stca.dy rotation the semicircular canals become contribute to disorientation (Clark, 1963).
habituated so that when the rotation is btopped, a Tiling the head about one axis while it is being
sensation of rotati"- 'n the opposite direction is rotated about another axis (Coriolis effect) can
felt, This cat, persist ,or a relatively long time, up modify sensations of turning and cause illusions
t" &3( seconds or more. The otolith organs, (Stewart and Clark, 1965). Other effects
however, cannol. !e habituated, and as long as the conducive to spatial disorientation are listed in
linear acceleration continues it will be sensed, table 1.

Under the influence of complex motion
stimulus th.,re appears to he ar• "i-cr-ctic, of
linear and angular accelerations on the vestibular THE VISUAL AND MOTION
receptors. In such situations the duality of CLOSED-LOOP SYSTEM
function of canal and otolith mechanisms becomes
hazy. The two organs no longer contribute Many experimental studies have tried to prove
separately but appear to behave as a unit in sensing thai in making spatial judgments, more reliance is
the motion stimuli (Benson and Rodin, 1966). placed on visual than on proprioceptive cues or
This is not surprising, considering the structural vice versa. However, a survey of the literature,
continuity of the two sensoms. There is evidence particularly the studies of Vvitkin and Asch (1948),
that the semicircular canals are stimulated to some indicate that both senses interact to the extent
degree by position and linear acceleration (Wendt, that the result is a derivative of their combined
1951). In addition to possible vestibular actions. When the two senses are in accord,
cross-coupling effects, interactions presumably perception of spatial orientation is correct. When
take place between the vestibular and somesthetic the sensations are in conflict, i,awever, the
senses (Smode, 1971). outcome is a compromise. The perception is then

The vestibular apparatus senses the orientation unstable and incorrect.
and movements of the head, then stabilizes the The human organism ,timulates himself as he
eyes, thereby maintaining clear vision. The reflexes acts, and this stimulation, in turn, affects his
that stabilize the eyes during head movements are action. The process is circular and has been
the results of the united control of the muscles of compared to the feedback of servomechanism.,
the, eye? by four separate sources: vestibular, (Wiener, 1961). In the words of Norbert Wiener,
visual, neck muscle-receptor, and cortical (Wendt, "The central nervous system no longer appears as a
1951). self-contained organ, receiving inputs from the
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TABLE 1. FLIGHT SITUATIOtNf S CONDU.A'JVE 10 DltM i EN rA IOKN

Actual sitation Subjective experience Cause

Actual situation (false percepiionj Cause

Lesil turn Straifi4t flight Rate cf change is insufficient
to stimuiate semicircular canals.

Level turn Ascent Resultant forces on otoliths
are equivalent in both situations

Recovery from a level turn Descent Reaultant forces on otoliths
are equivalent in both situations

Protracted turn Straight and level Rate of change is insufficient
flight to stimulate semicircular Lanals.

Left turn and head is bent Failing to right Stimulus is resultant of corn-
forward suddenly bined motions (Coriolis effect).

Skidding in a flat turn Banking in opposite Resultant forces on otoliths
direction are equivalent in each case.

Maintenance of straight and Gradual turning Rotary stimuli from yawing
level flight by successive actions are cumulative due to
corrections eadolymph inertia.

Straight and level flight Turning Misinterpretation of resultant
parallel to anothee aircraft of the two motions.
but -'t different speed

Straight and level flight Tilting or banking Mirinterpreting the row of
at night approaching a lEghts as the true horizon dead
row of ground lights at an ahead.
angle to the direction of
flight

Level flight after a slow Continuing tilt and lean Rate of change is not suffi-
recovery from sudden in opposite direction to cient to stimulate perception
roll compensate ("The of recovery movwment.

leans")

SAscent or descent be- Level of flight Ervoreous use of a titled
tween two cloud banks. cloud layer as the horizon

Aircialt attitude tilted reference

from true horizontal.

Gradual ascent or descent Level flight Forces are not sufficient to
stimulate oQoliti's.

I1



• I~l~ lI I - 1 l;l~lfl ,•!'I' ,VIlt 1N5 L(A \1 WCIVE 'U1) )I)!O~tZiTAVI'Il()N (Ctint'd,

Artual sillation Subjectiv- experielicc IsVS~(false percep~tion)

Slou hank Level flight Forces are not sufficien, to
stimulate otoliths.

Bank, correctly shown by Tilt in opposite direction Reversal of figure.ground
attitude indicador a-ad increase true angle relationships or attitude indi-

excessively in at.elipt to cator resulting mi control
correct response to horizon bar

instead of miniature aircraft

Approachitng a fixed Approaching or following Autokinetic illusion
external HlIg (e.g., star a moving light (e.g., tail
or bea,'on light of other aircraft)

Approaching fixed Object is approaching Misinterpretation of relative
external object motion

Approaching the lig!ts of One aircraft approaching Visual cues from angular
two aircraft which ar- separation are equivalent in
separating rapidly both situations.

Following lights of two Seeing one aircraft which Visual cues from angular
aircraft in parallel will be near or distant separation are equivalent in
flight depending on amount of both situations.

separation

Approaching familiar Approaching strange Tcmpor.ry dissociation or

terrafin terrain impairment of memory,
fatigue.

Approaching strange Approaching familiar Temporary dis.ociation or
terrain terrain impairment of memory,

fatigue.

Propeller rotating Propeller standing still Stroboscopic illusion produced
normally during moonlit during moonlit night by moonlight streaming
-Iight fliht flight through propeller blades andr 

reflecting back onto propeller

Flight in propeller-driven Disorientation ranging Flicker vertigo caused by sun-
aircraft or helicopter from mild irritation to light streaming through idling

nau.sea; even complete propeller or helicopter blades.
,onfusion and (Light flashes at a frequency
unconsciousnes' between seven and

thirteen Hiz.)

VSoiree: Modified after Vinacke (l947)
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ses an1 discharging into the muscles- On the TIE CONI ROL TASK
~11rrv nn_ p ()( ; I, moit charai te'n.:-" activities

are explicable ouly as circular proc,.e,,srs. ,mergIin I I •, ting tasks. %isual ouzerialion of
from the ncrvou, ,yttem Into the mnuscles, and instrument panel displhs, thlie external em ,irnment
r,-entcring the nervous system through the se.n, as seen from tile -ot.kpit, anid sensation- of m[otion
organs, whether they be lroprioceptorI or organs provide he primary cues upon which ithe pilot bases
of the special senss.'." The interdependence of hiis., motor respo p ,,m.., .Variatioi in the
the spatial behavior of the body with visual and gravitational.inertial forces afhert the pilot through
proprioceptive motion feedback is shown in th mli t otio n senoior r of hi. t N s ibular
figure 1. system. The pilotC' visual function and hi, sense of

TThe importance of the integration of these orientation are, in turn, affected through these
three feedback 1kopb is dIramatically shown by 8ensors. As a result of the intcreionneetion of tile
fpuiso us suffering from ataxia, a disorder vestibular and oculoniotor control -ystenms, cffevtz,
characterized by a marked disturbance in the produced on the pilots visual system. in turn,
coordination of voluntary movements. A person influence the r-sponse of his vest;bular systeml and
afflicted with locomotor ataxia cannot walk his sense of orientation (Peters, 1969). The
without constantly looking at his feet and the interplay between these two anatomical systems
ground. If blindfolded he cannot walk, or even finally results iii the effective, or ineffective,
stand. Such a person has lost an important part of control of time aircraft or flight simulator. It is this
his kinesthetic sense and must depend on his interplay between visual and motion cues that
vestibular and visual senses to guide his actions. makes the simulation problem particularly

Figure 1 may be expanded to illustrate the difficult. In analyzing a specific flight situation, it
man/machine relationships in a simulator is important to differentiate between the
incorporating a visual display and a motion visually-induced effects and those resulting from
system, as shown in figure 2. By reference to this motion. Then, it mutt lie known how these cues
diagram it can be seen that the operator of a react in combination. In cases where both visual
simulator which incorporates a visual display and a and motion cues are being presented
motion system has three primary inputs: visual, simultaneously, unless the cues are realistic in both
kinesthetic, and vestibular. relative intensities and temporal factors, their

SAILKINESTHETIC VESTIBULAR VISUALBEHAVIOR

OF THE BODY STIMULATION STIMULATION STIMULATION:

(AFTER GIBSON, 1950%

Figure i. Visual cnd proprioceptivs feedback.

59



VISULtVSUA FEEDBACK (VELOCITY) I PUL J

LOPERATORC0O4TROLS.YAMC

j~~Il TOFCPTR FE

I - I E LOT

1 (GR~.VITY & LIEAACEL)

MOTIJ MOTION FEEDBACKI

X 1(ANGULAR ACCEL)

Figure 2. Vivwul and motion closed-loop sy:tem.

int eraction, may provide contradictory that disorie•nation and vertigo are responsible for

information and/or produce effect-s which are not early problems of failure of flight training, and for
representative of the operationul situation being many aircraft accidents, and that with increasing
hintdated. age, prohlemnJ of disorientation and vertigo

increase.

Peters (1969) states that although kinesthetic
ILLUSIONS k.ND SPATIAL and auditory perceptions are involved in some

DISORIENTATION illusions, they are of secondary importance. The
issue is complicated, however. There is evidence to

The illusions experienced in flight arise ind;cate that humans can detect linear motion
primarily from stination of the vestibular more accurately by the kinesthetic senses than by

system and front visual phenomena. Illusions the vestibular. Alth,'igh there is little doubt that

arising from visual phenomena refer to illusory the vestibular apparatus provides considerable

"perceptions of orientation or motion resulting information on linear acceleration, a simple

from erroneous interpretation of visual experiment will show that these are iirr'ted in

information, are dist;nguished from visual their application. Armstrong (1952) has described
phenomena caused by compensatory eye the experiment -s follows: "If the head is turned

movements and eye reflexes caused by stimulation on its vertical axis 90 degrees to the left or right

of the vestibular system. and the body subjected to a forward linear

"Rtsearch in vestibular physiology has shown acceleration, the labyrinth should be stimulated in
the importance of the vestibule in producing such a manner that the motion would be
motion sickness and spatial disorientation. An interpreted as being lateral instead of forward.
example of this is shown by the fact that those Actually, this does not occur, the body motion

deaf people who show no vestibular sensitivity do being correctly interpreted, and this must arise
not get sick (Wendt, 1951) and are less susceptible from somatic sensibi!ities. This somatic sensing of
to disorientation than normal individuals (James. motion has been recognized for years by pilots
"1948). (Olive, 1969). who aptly referred to it as 'flying by the seat of

A stud) correlating physical and medical data the pan'."'
from 1,(00 aviators over a 20-year period was Further evidence of how sensory interaction

nade by the American Institute of Bioscicnce, can affect perception has been demonstrated by

(Ohve, 1969). An analysis of the data indicated experimentation. Wapner, Werner, and Chandler
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f (1951) had subjectz aline l h~zinous rod to the ac-ording to Gibson's (1950) theory, -vhich
.. ..a. "•il "-" !ve'.i *'',mn' nosglilates that the abse:,ce of cues does not

that if a loud tone was presented to one ear or if constitute a conflict of cues. An example in
.... c..r.a....e -1. --- .... 0n .... E n sopnrt of this is that the absence of some cuesthe chawir was tiheu appi vm,,a~a•, -..........

thk vertical, tile rod wa~s m ialined by several inhibits motion sickness, as shown by the fact
degrees. Apparently, auditory or kinestetic inputs (mentioned earlier) that deaf.mutes lacking
influence perception of the vertical. vestibalar perception do not get motion sick.

The inability of the mind and body to However, we are not really considering the absence
differentiate clearly between sensations arising of cues. There are inertial stimuli which tell the
from different sen.ory organs is not necessarily individual that he is not moving, despite the visual
detrimental to simulator design. It can sometimes cues which imply motion and/or a change in this
be helpful in providing illusions of realism. An vertical reference. This seems to be where the
we-ample is in the use of t dynamic seat, also conflict arises. Experience has shown that in that
referred to as a G-.seat. This device is designed to it is rot the visual illusion of motion per se, but
"produce a feeling of motion by controlled pressure the visual sensation of apparent acceleration

-redistributions across the contact surfaces betwcen and/or change in direction which triggers off the
the body Pnd the beat. The pressure variations can initial feeling of discomfort. Witkin (1949), in a
h e produced by pneumatic or hydraulic inflation, rotating room experiment, indicated that the
direct mechanical deflection, or changes in tenrion greatest discomfort occurred at the point of
of the .eat covers. The sequence and magnitude of reversal of direction of movement, that is, at the
the pres-sure.s can be computer-controlled to position of greatest angular acceleration. This
simnlate tihe bomatie cues experienced during should not be surprising as the inner ear is
partot 'ir maneuvers. As it is introspectively extremely sensitive to any force acting on the
difficuht to dist'nguish vestibular from somesthetic body (gravity, for example) and to any
sensations, this approach has been proposed as an acceleration of the body, but is not sensitive to
inexpensiv,ý solution to the problem of simulating uniform motion. One might hypothesize that the
motion in a training device, cause is related to the increase in neural activity

from eye movements following a changing visual
scene which is contrasted with the static

SPATIAL ORIENTATION TRAINING physiological cues from the proprioceptive system.
However, it is generally very difficult to isolate the

"A major causal factor of aviation-instrument, causes of simulator sickness and it is even possible
wexther accidents is spatial disorientation. This to develop simulator sickness in a static situation
generaiiy occurs when the pilot unexpectedly loses such as in a room tilted from the inertial vertical.
visual reference to the ground, horizon, or a cloud According to Steele (1963), in these cases of
layer, and as a result loses control of the aircraft. visually induced symptoms, the cause appears to
Some flight situations in which disorientation may be over-stimulation of the inner ear.
occur are listed in table 1. The following hypotheses are some that have

been advanced in an effort to explain simulator
sickness:

SIMULATOR S!CKNESS 1. Conflict between the apparent motion seen on
the visual display and lack of any corresponding

A factor which favors the inclusion of motion real motion of the simulator.
is par: of a total simulation system is the 2. Optical distortion (both static and dynamic)
inhibition of simulator sickness It has been in the visual display, particularly of vertical
ooserved that symptoms resembling motion objects; the synthetic presentation of a visual
sikeknzss develop when operating gimulators that scene which is a distorted representation of a real
inchlde a vi.-ual s-stem providing appatent motion environment.
without a-peompeny.ng real inotin. It has been 3. Poor resolution.
sqggested that the at.,,nipt ,o inteLtpret #he visual 4. Rapid changes in brightness (flicker).
cuaes in the absence of corresgonding physical 5. Wide field of view.
motion cues is one ,oAree of conflict that 6 A highly etructured visual field (too much
produces this :ffect. This cannot be the cmse deiail).
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7. A poorly structured field combined with concluded that the basic problem resulted from a
peripheral flicker, conflict between visual and proprioceptive cjes
It. Extessive lag between simulator control and die to a lack of cockpit motion. The second team

corrcsponding r(,vement in the visual display. (Miller and Goodson, 1958) concluded that the
9. lligh-frequency vibrations which disrupt basic problem was caused primarily by conflicting

accommodation, visual cues produced by a combination of several
10. Projection scree-ito-observer distance optical distortions in the display.
insufficient for infinity focus of the eyes, A similar situation was encountered in an
producing conflict between actual distantc: of the automobile driving simulator manufactured by the
display and the apparent distance of the scene. Goodyear Aerospace Corporation, in use at the

Items o and 7, above, appear somewhat Injury Control Research Laboratory, U.S. Public
contradictory. This may have resulted from Health Service, in Providence, Rhode Island. Many
different interpretations of the term "structured subjects (40 to 50%) experienced simulator
field." Benfari (1964) reported that vertigo was sickness on this device, and the cause was generally
most common when there was a combination of a attributed to the lack of a motion system.
poorly ,structured field and peripheral flicker, lie However, it was noticed that the optical pickup
found that motion and flicker could be integrated and vidicon came!ra, which were suspended on the
in a highly structured field without inducing end of a movable carriage above an 87:1 (HO
vertigo. Benfari also found that flicker or poor gauge) scale terrain model, vibrated as the gantry
stroActure by itself bKd no apparent effect. In his moved about. Thir vibration was magnified
report, a poorly structured field was defined as: through the optical relay system and transmitted
"(a) having a figure-ground contrast ratio of less to the projection screen. Although the picture
than 2:1, (b) having poorly-articulated objects in jitter was not too obvious, the ob3erver's eyes were
the field, (c) lacking a definite frame-of-reference constantly shifting in an effort to stabilize the
stuch as an horizon or vertical border, and scene. It was subsequently believed that this was
(a) having a relatively homogeneous textural the cause of the simulator sickness, rather than the
gradient." lack of real motion. Coincidentaily, on the 2FH2

An important factor in these experiments was Hover Trainer there was also picture .itter
qnat, a Z-5.degree cinedome projection screen was produced when executing a turn or other abruptly
used. This wide-angle screen produced a changing maneuver. Subjects reported this as a
"compelling illusioi, of coifinement by the contributing factor to the simulator sickness
boundaries of the visual field. Subjects who stood experienced on this device. However, since picture
outside tne boundaries of the cinedome were not jitter coincided with the turning or other sudden
affected as strongly by the vertigo inducing maneuver, :1, could have been the illusion of
stimuli" (Benfari, 1964). Itrmns 6 and 7 are, acceleration due to the simulated maneuver, rather
therefrre, related to item 5 (wide field of view), than the jitter, which produced the feeling of
end it is apparent that most of the factors listed malaise. It would appear difficult to isolate the
above are, generally, interrelated, cause in this case. Another possibility is that jitter

When a definite frame oY reference is missing, iR and the apparent acceleration were both
is difficult to distinguish the visual field from "hat contributing factors.
Gibson calls the "visual world." Gibson states that, Recently, a new gantry drive mechanism, which
"in -ome flying maneuvers, in amusement paik virtually eliminated picture jitter, was installed on
devices, in a special type of vertigo, and in a the Goodyear driving simulator but simulator
num!er of es.perimental situations, the visual sickness persists in the device. The Injury Control

world and the vi:uil field cannot be distinguished Research L-boratore plans to incorporate a
from one ar.other and some illusory frame o dynamic seat into the simulator, which will move
frnoe ao r a some llusory frameof during acceleration, braking, and turning, in

•-eference-a non-gravitetionai vertical-may then further efforts to eliminate the problem (Lewis,
dominate perce.ption. Tbc experience is 1969).
disconcerting and unpleasant. It is in these An interesting aspect of the 2FH2 Hover
s~tualaons that one loses equilibrium." Trainer study was that a higher percentage of

In two independent studieýs conducted on the instructors became sick (6 0/%) than students (12%)
2F!12 Hover Trainer (Bell Helicopter Simuiator) (Miller and Goodson, 1958). Three hypotheses
the first investigalors (!lavron and Butler, lQ57) were offered to account for this:
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1 Subjects are more prone to become sick when 2. Instructing the pilot to close, his eyes during
sitting as passengers than when they are actu.lly startup and shutdown procedures when
"flying" the himulator (students had t.e controls eriaggerated simulator vistw, motiot, occurs.
the majority of the time). The fct that vehicle 3. Frequent rcsti.
operators rarely become sick and pasenger often 4. Frequent scanning of the total displa) and
do can be explained by the conflict of cues avoidance of staring at a particular poitt during a
hypotheses. As the operator receives direct precision hover or ianuver.
feedback from the vehicular controls (Barrett and 5. Instill high motivation in the pilot.
Thornton, 1968), and is also in an optinmumn A study by Northrop Norair Division (Sinaeori,
position for viewing the outside environment, he 969) addressed itself to the issue of simnlator
can anticipate what is to happen and does nut FWKness as part of an investigation to hletenrmine a
experience conflict. On the other hand, the ground-based simulator", capability to produce
passenger who does not have these referenceb may dat;i representative of visual flight. A jet-lift
become ill. VISTOI aircraft simulator using a point light
2. Visual distortion is more apparent to an 'TO aratsiutouinapitlghsource visual display with a rotational, 3 degree of
experienced pilot, who is continually scanning the freedom motion base, was used as the test w'hicle.
scene, than to a student who tends to fixate on a Fixed base operation of this simulator induced
particular area of the screen. Yet in order to pilot nausea and reduced pilot-vehicle performance.
reduce the tendency to experience vertigo, Use of the motion :y.-tem greatly reduced or
Sinacori (1967) instructed his simulator pilots to eliminated the nausea and produced re.sults
scan the total display frequently and to avoid comparable with flight results.
staring at a pkrticular point on the display. This is Another intteresting aspect of this study was the
but one of the many paradoxes to be found .n the attention paid to head movements which were
literature of simulator sickness. found to be related to vehicle- motions,

3. There was probably no cue conflict for the Measurements showed that compensatory head
student pilots, since they had not learned the movements occurred during lateral quck,3top
specific motion cues which are characteristic of maneuvem when peak bank angles exceeded 5 to 6
helicopter operation. Conversely, the instructor degrees. The head counter-rolled in order to
pilots experienced cue conflict as a result of the reduice the total inertial rolling of the head during

absence of the proprioceptive sensations which moving base operation. During fiCed base
they had been highly trained to interpret and operation, the head movement was reversed; the

d to. Fitts (1951' found th visual control head tended to follow the visual scene which
respond while an indi tat isuar a moved in the opposite direction to what the real
is very important while an individual is learning a motion would have been. The cname pattern of
new perceptual.motor task but as performance head movements shown during moving base
becomes habitual, proprioceptive feedback o.- operation was observed by Sinacori for five other
"feel"' becomes more important. This is readily pilots while they performed the same task du;ring
apparent in learning to typewrite, to play a flight in a helicopter.
musical instrument, and in learninig many other
skills. Head movements may have some bearing on the

Habituation is also a factor applicable to higher incdence of sickness involved with
aimulatior sicss. Insome cass isctor s a iabe wide.angle visual displays as compared to displays

simulator sickness. In some cases, instructors may having narrow fields. However, wide-angle displays
find that they adapt to the simulator after gaining usually have more distortion than narrow-field
experience in operating the device, and displays, and, possibly more important, the pilot
subsequently will not suffer any ill effects. As an loses all sense of a stable reference in a wide angle
aid to reducing the effects of simulator sickness in system since the edges of the projection scre:n are
a point light source simulator, Sinacori (1967) not in the immediate field of view. Which of these
recommended the following procedures: three factors is the most important-head

1. Wearing eyeshades which prevent direct light movements necessary to scan a wide field,
and extraneous reflections from entering the distortion, or loss of a stable reference? Or, do

pilot' eyes. they all interact to produce vertigo?
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RECOMMENDATIONS AND 6. Pilot instrument training is a known technique
R RESEARCH ISSUES for preventing or recovering from spatial

disorientation. In addition to instrument training,
1. Before incorporation of a motion system for spatial orientation training should be employed to
the sole purpose of preventing simulator sickness, familiarize the pilot with the causes of the illusions
it must be definitely ruled out that the problem is experienced during disorientation, and to train
not strictly a visual one. If it is a discrepancy in him on countermeasures to prevent or overcome
the presentation of visual cues (distortion) the the effects of the misleading cues which cause the
addition oi motion will not remedy the situation phenomenon.
and may only aggravate it. Hall and Parker (1967) 7. Physical training is another area which merits
reported that in one Air Force, high-performance, consideration. Vestibular training by Soviet
tactical aircraft simulator (without a visual cosmonauts made it possible to raise their
display) the motion system was not used often vestibular stability. Passive exercises were
because it was unnecessary for what it taught and conducted several times a week alternated with
it tended to make the studerts nawuseus (motion special active exercises as part of general physical
sick). training. All cosmonauts showed higher vestibular
2. Experimental studies should be conducted to tolerances to rotation after training (Yuganov,
provide conchlsive evidence to support (or reject) et al., 1966).
some of the hypotheses that have been advanced
regarding simulator sickness. A relatively
straightforward study which may yield SUMMARY
information of practical importaice is one which
would contrast the effects of a dynamic visual No sensory system is completely isolated from
syste~n with and without real motion. It would the others. As a result, simultaneous stimulation of
attempt to show that the sickness produced by the several senses will produce an interactive effect.
perception of apparent motion on a visual display The organization by the nervous system of various
can be negated by the addition of real motion. sensations into meaningful perceptions is an
Sinacori's (1969) validation study of ground-based extremely complex process. It is not strange,
simulation attacked this problem as a side issue. therefore, .to find that at times there are
Unfortunately, only one subject was used in the misinterpretations of cues leading to false
primary evaluation, and as the susceptibility to perceptions.
simulator sickness shows wide individual The sensations which conflict most frequently
differences, it would appear premature to make with visual perceptions are those originating in the
generalizations based on the results derived from a vestibular system of the inner ear. Sensory
small sample. Continuation of this experimental interactions between the visual and vei-l".ular
work, using a large sample of both experienced apparatus are very important to consi&'- in
and inexperienced pilots, should be encouraged. simulator applications which couple a -ýfol
3. A study should be conducted to determine the display to a motion system.
effects of wide versus narrow field of view displays There are three general types of acceleratioi.
as a contributing factor to simulator sickness. linear, angular, and radial. The vestibular system
4. It may be found that visually-induced serves to sense these accelerations in conjunction
(apparent) motion and real motion cannot be with the somatic senses. Although the eyes are
"mixed," but that the real motion must stabilized by inputs from the vestibular apparatus,
accompany the apparent motion synchronously in the visual system appears to lack proprioceptive
order to avoid simulator sickness. Visually-induced feedback of its own. The direction of gaze is
uniform motion may be an exception. known only by reference to what is being looked

5. Detailed' measurements of pilot head and eye at. In the presence of a well-structured visual
movements during various stages of fixed and display, therefore, the visual mode will be the
moving base simulations should be made and primary, overiiding input. With a poor visual
compared with flight data, This type of reference, however, the motion cues will tend to
investigation may provide an explanation of the take priority. In situations where the visual and
function of the ocular counter-roll reflex and its motion inputs are sensed as being equally
relation, if any, to simulator sickness, demanding, they will be reinforcing or
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Current trends indicate tomorrow's Navy will be smaller, more automated, and use highly sophisticated
systems in achieving the tactical mission. The tasks involved in operating these systems will require
increased emphasis on decision-making skills, in both the operational and training environments. The
implications of these trends are discussed in terms of the trainirg of individuals and teams in tactical and
decision-making skills.

The area of decision-making t-aining has been characterized by a lack of research leading to
implementable recommendations. Two contrasting approaches to training in decision.making skills are
reviewed, a task-oriented approach and a decision.process approach. The terminal behaviors or objectives
of training in such skills are discussed along with criteria of performance. A review rf the literature also
relates principles of effective team training to the area of decision making.

The requirements imposed by new tactical systems and reduced manpower imply a different direction for
tact!.l training systems, both at-sea and ashore. The training capabilities required to Aupport future Navy
tactical systems are discussed in terms of automated training techniques. These capabilities will increase
training effectiveness by allowing all team members to deal with emerging envirut.ancntf4 patterns. Thus,
tactical experience will be compressed and decision-making skills will be diffused throughout the team.

Soday's Navy is faced with a number of crises have a number of factors which all voicc the same
which have far-reaching implications for theme: current training practices must be modified

both the operational and training establishments, and enhanced if the Navy is to remain potent.
The focus is the emergence of a Soviet naval force We can expect the following developments in
which threatens our command of the sea. This the next decade. Tactical teams of the future
occurs at a time when our own forces are being decade will, of necessity, be smaller. Many of the
reJuced through material obsolescence and the current manuai tasks will be automated. Thus,
mnabiYi,;- to attract and retain qualified personnel. much of the existing overlap and redundancy of

Based on the resources allocated to new ship individual jobs and tasks will be shifted from man
cortA-action, it is evident that tomorrow's Navy to machine and the focus will be more upon
will be smalkr. Therefore, the goal expressed by man-machine interaction relative to man-man.
Admirai Z ttiwalt (1971) of ".the achievement Since more of the routine procedural activities will

tshtly organised and efficient and be performed by computer, the human tasks will

competitive force. ." requires that the Navy require a greater emphasis upon higher level
become more au,-rnated, more specialized, and cognitive skills such as pattern perception,
better tra;ned. A trend in this direction is problem solving, and decision making.
evidenced by the ,erj4curement of the 963-Class Accompanying improvements in system and
destroyer. Yet, coneoro,,it with the introduction weapon technology will be a reduction in the time
of complex hardware a'wd system technology is the available for response. The net result of these
problem of a reduction r. tl.et operating time for developments is that the decision-making function
training (cf. Goad, 1969'. Wit. .,n anticipated will be diffused throughout the team structure.
modification of the draft -y:,tem, there is a That is, each individual job will become move
projected influx of volunteer with marginal decision-making oriented. This trend points
aptitudes and abilities (F'ieldA. 197s). Thus, we directly to the need for significant improvements
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in both individual r•,: team decision-making often employ abstract laboratory tasis which lack
-. ....... the operational correlates necessary for translation

How can we best train kndividuals and tea-s in to e:isting or planned training program?.

the skills required ,Or effective tactics and Furthermore, as the complexity of the decision
decision making? Beforv %%- address this issue, we task situation increases, a criterion of performance
should define what we mean by the term decision adequacy becomes more difficult to obtain.
making and, also, how to measure it. Taking a different approach, Sidorsky,

First, let us deal with the problem of definiticn. Houseman, and Ferguson (1964) considered this
Considering the pervasiveness of concern with the problem and identified five behavioral criteria for
decision making in both the military and civilian assessing tactical decision making:
environments, there is a surprising lack of 1. Stereotype-the degree to which the decision
agreement as to what constitutes a decision, response is predictable.
Researchers in this field have indicated a wide 2. Perseveration-persistence in nonadaptive or
variety of usages of the term, thereby leading to a nonresponse decisions.
multitude of tasks being classified as 3. Timeliness-whether the decision-maker has
decision making (Kinkade, Kidd, and Ranc, 1965; taken an action at an appropriate time.
Osborn and Goodman, 1966). Similarly, the 4. Completeness-the degree to which the
interpretation and application of cseanrch re,.ults decision-maker uses all of the available
become lifficult when different behaviors all information.
clarsified as decision making, are studied. 5. Series consistency-the extent to which the

We may initially distinguish between tva decision-maker makes consistent responses in a
classes of decision. Strategic decisions are those series of sequentially-dependent or inte.Trelated
dealing with long-range, broad, overall planniig actions or responses.
and execution of objectives. Tactical decisiont, are Notice that correctness of decision is not one of
those concerned with selecting a course of action the criteria. Sidorsky et al., deliberately omitted
and use of resources when in direct enemy contact correctness, as it was their view that the
or providing immediate operation support fundamental criterion of tactical decisions is the
(Brewin, 1964). adequacy with which such decisions relate to

These two classes are not necessarily mutually systems goals, rather than the "correctness" of
exclusive and, in fact, suggest common processes. calculations, discrimination, or the
However, they typically differ with respect to the decision-maker's miemory. The implication is that
problem time frame and the resources available. if stereotypy and perseveration are minimized, and
Kanarick (1969) offered that tactical the decision is timely, complete, and consistent,
decision making consisted of ". ..diagnosing a then the probability is increased that the decision
situation and then selecting a course of action still be a "good" one. It is the decision process
from the set of alternatives.. .under conditions of which is being assessed, rather than the outcome.
uncertainty." This definition, though general, These authors also identified operational
describes the two process elements constituting criteria for use in evalurting tactical decisions:
the behaviors to be trained. For the purposes of 1. Spatial relatiorLnhip - the physical interface
this paper wr, will concentrate on the topic of between own and enemy tactical unit during
training tactki decision making. various phases of the tactical encounter.

Given this definition of decision making, how 2. Self-concealment -- the extent to which
do we measure whether trainees have acquired the information regarding own tactical unit is
skill? Ak, ti-re is not an easy or single answer, concealed from the enemy.
Unlike most other behaviors psychologiL;ts study, 3. Information generation - the extent to which
we lack a standard dependent variable, such as information regarding the coemy can be obtained.
time-on-target, trials to criterion, or per cent 4. Weapon utilization - the capability to destroy
correct. The many laboralory studies of decision or otherwise counteract the enemy.
making (cf. Edwards, 1969) have typically S. Conservation of resource! - maintaining the
compared subjects' decision-making responses with integrity of own tactical unit, level of
"optimal" performance as defined by conservation, weapon reserves, etc.
mathematical models (e.g., Bayes Theorem) or Thus, from this line of retearch alone, there are
game theory solutions. However, these studies ten criteria by which it is possible to gage
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decision-making performance. Further, these overload. Other studies (cf. Schroder, 1965: Hanes
criteria suggest the terminal behaviors which must and Gebhard, 1966) have indirated that there are
be identified, in objective and qu.-ntifiable terms, lage indsvidial differences in the ability to make
in order for a training program to be effective. deisions. Schroder (1965) noted that a critical
However, these criteria, in their present form, are factor which differentiates decision-makers is the

only available by deduction after an exercise has ability to develop a:'licipating action strategies
been reconstructed. Therefore, tiar area of based on relationships between environmcnhal

objective decision measurement renivins one where inputs. Ability to perform high-level information
new techniques are required. processing characterized the good decision-maker.

Before we discuss how best to train in team and Other characteristics of decision behavior are
individual decision making, let us review briefly that people gather too much information (Gibson
what we know of man's decision-making abilities, and Nicol, 1964, 1970) and, further, are not able
Despite the extensive amount of decision-making to make sufficient use of what they do gather
research which has beeii performed, it is difficult (Kanarick, Huntington, and Petersen, 1969).
to define the behavior, and the process is still Interrelated with these, is that individuals may
relatively poorly understood. Edwards and his nela e t h l hse is a individuas ay
absociates, have, as a result of considerable delay too long making a decision (Sidorsky and
research (cf. Edwards, Philips, Goodman, ec Sirnoneatu, 1970) The seriousne.- of these

Hays, 1968), concluded that when making characteristics for the tactical environment are

diagnostic decisions, man is a conservative readily apparent. With the increased dependence
information aggregator. This says, in effect, that upon man as a decision-maker throughout the
relative to Bayes Theorem (a mathematical team structure, these failings cascade to the
formula for optimally revising hypothetical detriment of total system performance and suggest
outcome probabilities in light of new the need for training individuals as
information), man does not extract all of the decision-makers. How may this best be done?
information in the data. While these findings have There have beon two major approaches to the
been shown to be reliable, the underlying causal training of tactical decision making; one classified
process remains a subject of controversy, as a task/situation approach and the other a

Alker and Hermann (1967) have shown that the process/component behavior approach. The
degree of zonservatism, as measured above, task/situation approach to decision-making
increased as a function of task complexity and training was recently summarized by Sidorsky and
importance (i.e., as the task becomes more "real"). Simoneau (1970).
Further, the subjects' initial opinions had a They have assumed that there are six "actions"
determining effect on what constituted optimal encompassed by the term "decision making."
Bayesian performance. DuCharme (1969) has These actions, which comprise the ACADIA
voiced the opinion that the decision-maker's taxonomy, are:
response bias is the critical factor in conservatism. 1. Acceptance - to establish the characteristics of

Pitz (1969) has found that decision-makers, in a an external unit (e.g., detection, classification).
sequential task structure, develop an inertia effect. 2. Change - to increase the relative advantage of
He hypothesized that the decision-maker own unit as opposed to the enemy unit (e.g.,
often develops a commitment to a hypothesis over continue or alter present course of action).
a sequence of information inputs such that 3. Anticipation - to establish future status of
contradictory or disconfirming data is processed, enemy relative to own unit (e.g., predict where
but the content rejected. Gibson and N•;ol (1964, target will be at time X).
1970) found a similar effect in a tactical setting in 4. Designation - to maximize congruence
that it took more information to modify an between own capabilities and emergent situational
opinion or hypothesis once it was formed. requirements (e.g., to select weapon type, search

Howell (1967; Howell and Gettys, 1968), pattern, etc.).
studying decision making in a simulated tactical 5. Implementation - to resolve the tactical
environment, found that humans performed situation (e.g., firing a weapon, starting an attack).
diagnostic tasks 10-15 per cent poorer relative to 6. Adaptation - to preserve own unit in face of
an automated system. This disparity increased unexpected circumstances (e.g., to avoid a torpedo
under conditions of time stress or information or obstacle).
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Thiiu.,, they hypothesized that effective the training in both component behaviors and
decision-inaking training is dependent upon a component tasks is required for an ettective
determination of the unique features associated training program. Thus, it is necessary to establish
with each of these six dilemmas or tasks. Further, an awareness of the decision process first and then
this training should emphasize general skills rather culminate training in task specific behaviors.
than merely practice on specifies. The need for Further, this approach can be readily applied to
general decision skills was identified after Sidorsky the team training environment. To aid in this
and Simoneau (1970) and Hlammel and Mara transition, there is an extensive literature to
(1970) noted that the decision skills necessary for consult on team training which should be related
surface and subsurface ASW were identical, to decision-making training.
although specific operator tasks and time Due to the importance of developing general
dimensions varied. Hammel and Mara offered that principles for a technology of team training, a
ACADIA, in combination with the behavioral numbce of research programs have been funded by
criteria discussed earlier, could be used as tools by t l e m i I i t a r y s e rv i ces (p ri m ar il y
instructors for monitoring, evaluating, and NAVTRADEVCEN) Typical questions which
providing feedback on decision-making have been addressed by these programs relate to
performance. the efficacy of teamn versus individual training, the

The second approach, training component tasks degree of simulation fidelity required, the most
or processes, also implies a generalized efficient team communication structure, . the
decision-making skill. However, instead of training degree of feedback specificity required, and the
to detect the common elements (patterns) in the like. The results of such studies, however, have not
environnment, the focus here is upon a set of been without equivocation. As an example, a
common steps or processes which -an be used study by Schrenk, Daniels, and Alden (1969)
regardless of the environmental situation. Kanarick found that team member replacement was a
(1969), in arguing for the process, contended that critical variable in terms of team-performance
the ACADIA categories of "acceptance" and decrement. However, two previous studies
"change" comprise a situation diagnosis; viz, is (Horrocks, Krug, and Heermann, 1960; Briggs and
there a target? what is it doing? what will it be Johnston, 1967) found that this factor .,as
doing? The "designation," "change," and relative!y unimportant, with the effects at worst
"implementation" categories were viewed as temporary. The difference between the -ituations
action selection tasks. Thus, Kanarick suggested was both in terms of team structure and size and
that it may not be necessary to identify separate in the task characteristics. These task-specific
situational dilemmas for purposes of training, characteristics may account for many of the
Rather, training objectives could be stated in terms conflicting results obtained in applied
of using available information to diagnose the team-training research.
situation and to select the action alternative that A team has been described as a synthetic
has the greatest likelihood of satisfying the organism with individuals as components
decision objtctive. This approach is, of course, (Alexander and Cooperband, 1965). It is
consistent with the definition offered earlier, considered to be relatively rigid in structure and

Earlier, Kepner and Tregoe (1965) devised a organization with well-defined member tasks,
training course to enhance decision-making by roles, and communication links (Klaus and Glaser,
emphasizing component behaviors. Vaughan, 1970). Both of the above programs stressed that
Franklin, and Johnson (1966), in studying Army the performance of the team could be manipulated
tactical decision training, concluded that it was through the type and amount of reinforcement as
necessary to train in the performance of an intact entity. However, with the project
component tasks (e.g., evaluate courses of action, emphasis upon greater individual decision-making
anticipate contingencies) in the employment of skills within the team structure, one cannot deal
forces against the enem). with the team to the exclusion of the individual.

Both of these approaches are primarily directed One recurrent conclusion of the research on
toward individual decision making. They are not, team training is that individual proficiency is the
however, mutually exclusive, as both argue for keystone upon which to build an effective team.
some generalized training to prepare for and Thus, the higher level goals of developing a team
complement on-the-job practice. We submit that awaren,-ss and the ability to deal spontaneously
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with unstructured situations (Alexander and concluded that a period of general feedback
Cooperband, 1965) require that each individual shoul,1 precede concern with the task speciihie
team member possess the requisite job specific details.
skills. Each must understand and perform his own A final issue concerns the need for team
job well before he contributes to team training. Briggs and Johnston (1967) found no
effectiveness. florrocks, et al., (1960; 1961) found advantage in team over individuai training. Klaus
that when team coordination was stressed early in and (;laser (1970) suggested that the necessity for
training, individ,,J skill attainment was iwpaired. team interaction subtracted from individual task
4 was only when the higher levels of individual performance. Thus, if ornc i dealing priinarisy wth
skill had been attained that the team product individual skills, the team setting is not an
became equal to or greater than the sum of its appropriate place for their initial acquisition. If,
parts. however, individual skills are at a requisite level,

Briggs and Johnston (1967) found that teams then this is the opportunity for the development
which interacted little performed best. Their task of teamwork and coordinaticn necessary to deal
(air intercept control), however, involved relatively with the unexpected.
independent activities for the two subjects acting In rummary, the major principles for effective
as intercept officers. They further recommended a team training appear to be: ir.diyidual task
parallel structure for team organization, for this proficiency, restricted team interaction, and
permitted the shifting of workload between team prompt, specific and positive knowledge of r,-sults.
members as a function of task contingencies. Also, These in turn, can be combined with conclusions
in a parallel team, output was not limited by the from studies of decision making, such as the
skill level of the poorest operator, as in a serial following, to produce an integrated approach in
arrangement. Klaus and Glaser (1970), however, team tactics training:
stated that the redundancy of the parallel 1. Force the student to appreciate the
structure leads eventually to a decrement in team probabilistic character of enemy and to consider a
performance through interference between the variety of enemy deployments ;nd actions
activities of less skilled members with the activities (Vaughan et al., 1966).
of the more skilled members. The skilled members 2. Encourage the student to formulate alternative
begin to devote more of their time to aiding their courses of action and to anticipate contingencies
deficient counterpartS and less to their -- r (Vaughan et al., 1966).
specific jobs. It is expected that the projected 3. Allow the trainee to practice decisions while at
reduction in team size will lead to greater a tactical disadvantage to the enemy (Sidorsky and
hardware system redundancy and less Simoneau, 1970).
organizational redundancy, thus minimizing this 4. Emphasize the overall goal rather than
problem. optim'7ing each temporal phase of the process

Performance feedback is unquestionably the (Sidorsky and Simoneau, 1970).
single most critical parameter in team or individual Despite the impressive amount of information
trairing. Briggs and Johnston (1967) found this which has been arassed applicable to tactics
variable to be particularly important when it was training, it is disappointing to observe the very low
difficult to determine performance adequacy degree of implementation. A number of recent
based on the task output alone. Klaus and Glaser studies have noted that Navy tactical training is
(1970) emphasized that each correct response, failing far short of achieving its stated goal. For
whether team or individual, be promptly example, Jeantheau (1969) pointed out that
recognized. Thus, these investigators stressed the despite the impressive capability for simu-ation
stamping in of correct bahaviors rather than the available today, the Navy has a problem in tihe way
punishment of incorrect ,:nes. major devices are being used. According to

Briggs and Johnston (1967) also discussed the Jeantheau the probiem has several causes:
appropriate combination of specific and general 1. Devices are delivered with operating
feedback. They observed that if highly task instructions, but not with training instructions.
specific feedback was given prematurely (i.e., 2. Device use does not reflect state-of-the-art in
before trainees had mastered their own individual training technology. (In fact, it ignores some
skills as well as preliminary tears skills). fundamental principles of appiied learning.)
acquisition of team p•'oficiency was retarded. They 3. Devices often serve as procedures trainers.
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llainnwl :nd Mara (1Q70), in a review of three ind intcractive skills to uncertain situations

fornial decision-laking training vxists at thea, face of an intelligent enemy.
devices berate of theo laN'o ofinstructor guidelines Although questions remain concerning the
for imnplenw-intgsueh training. effectiveness, of various methods and techniques

Another eample of the c,auser, which have been for training tactical skills, a number of approaches
huggested for the suboptimal effectiveness of team are available today which appear to hold
training wa- offered In I)aiki.l, et al.. (197!). significant promise as the basis for meefing
These researchers observed a number of factors tomorrow's needs. In the paragraphs to follow we
which essentially preciuded effective revicw some of them.

team training. The factors included: The first phase of training is at the individual
I. Intact teams seldom appear for team training level. Of paramount importance is that trainees
se-ssions, become proficient in their individual jobs. This
2. Individual team members often lack point cannot be minimized as :t is a necessary
prerequisite skills. antecedent condition for effective team training.
3. Emphasis in team training is on training One training concept with bignificant potential
procedures. at the individual level is Leatner.Centered
4. Instructors are not adequately prepared. Instruction (LCI) (Valverde and Pieper, 1970).
5. Objectives and other basic materials for training LCI is characterized bv course content and
are lacking. training devices developed from the job's
6. Objective measurements of individual behavioral requirements. State-of-the-art
performance are seldom made. instructional media and methods are selected to
7. Lack of relevant positive performance provide maximum practice of the relevant
feedback. bebaviors. With LCI, trainees work at their own

A major factor highlighted by these pace, with the instructor no longer the focal point
investigations is the heavy emphasis currently of training. Those tasks for which the job
placed on training procedures in the team training behaviors, stimuli, and the responses are well
environment. Although procedural knowledge is identified are most amenable to this approach.
an important aspect of a proficient team, the Depending on where the training occurred

tactical training environment is not the (onboard ship or at a shorebased device), the
appropriate place for training in such skill. Rather, instructional media might include programed
tactics training should *ssume as a prerequisite books, part- and whole-task simulators,
thorough trainee knowledge of procedures and nonfunctional mockups, lectures, and teaching
existing doctrine. Tactics training, then, should be machines. In so, .e cases, media can be combined
concerned with the creative and innovative to produce a more efficient training program than
application of such proicedures and doctrine, any single medium alone might produce (cf.

The effectiveness of training, whether present Briggs, Campeau, Gagne, and May, 1967).
or future, is not merely a function of what occurs However, it should be pointed out that such
in the team training environment. Rather, it multimedia approaches should be implemented
depends apon the nature of the training which only after careful study of the individuals to be
occurs prior to the team training setting. Team trained and the skills to be acquired. Extensive
tactics training is but the terminal phase of what literature has been compiled on the application of
should be a planned progression of skill a wide variety of these instructional media (*iz,

development. We propose three phases for training T.V., student response systems, learning labs,
decision-makers and tactical teams. Initially, there programed texts, teaching machines, Computer
is the need to t ain individuals it; the procedural Aided Instruction (CAI), portable instructor aids,
aspects of their jobs, doctrine, and the process dial access information retrieval systems,

approach to decision making. This training should simulators) which could be beneficially applied to
be followed by a phase in which team members are increase individual skills (Rhode et al., 1970).
instructed as a unit, learning the interactive and One medium, television, can likely offer
communicative requirements of team functioning. significant advantages for increasing the skill level
The final phase is devoted to tactical training of trainees. For example, the televised videotape
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lecture technique can allow for uniform polished One attractive approach to initiating interactive
presentations, economy of instructor time, and skills . carhrr ni uic . i..u,h,,,,•: i . . 1.. , .....
scheduling flexibility. TV classroom training has of synthetic or simulated fellow team members.
already begun at the Fleet ASW School, San Diego Here, the -tctions (inputs and responses) of other
(Hansing and Matlock, 1970). The use of team memroers can be stored on magnetic tape and
videotape alio provides the capability to provide playcd :.' the trainee at the appropriate time in his
immediate feedback to a trainee after he has operation (ci. Blake and Brehm, 1954). In this
practiced some ruiponse or procedure. Videotapes way the indiiidual trainee can develop the
permit comparison )f different stages in a trainee's required individual skills in a situation more
progress and can be used in the shoreba.ed facilitk closely paralleling that which will ultimately exist.
to refresh instructor's memories about an The next level of planned skill development
individual's or team's pernormance. should involve training an ussembled team. The

Because of the anticipated diffusion of decision emphasis here should be on interaction and
skills throughout tactical teams of the future, we coordination and the development of a sense of
propoae that all members receive training in the team awareness. The training can occur either
generaliz.ed skill of decision making. This might on-the-job or at a shorebased training device. The
best be done via the process approach (cf. objectives at this stage are to train what and how
I(anarick, 1969; Schrenk, 1969) described earlier, information should be thansmitted to other team
Many of the capabilities available through the use members. Something as simple as a special
of comnuter-controlled devices are applicable to earphone, through which the instructor could
training the decision-making process. At least three prompt selected individuals so that the
computer-based systems have been discussed for information flow could be maintained, might be
application to this area. One, known as used as an aid in meeting this objective. The
TACTRAIN (Sidorsky and Simoneau, 1970) command decision-maker (e.g., ASW Officer,
consists of a computer, CRT display, light pen, TACCO) should be trained to exercise leadership
and specially designed computer-display interface, control of the communication networks. From
A feasibility study of the TACTRAIN system individual training, the command decision-maker,
showed how it could be used to help train studeat sensor operator, and other team members will have
command personnel in making optimum tradeoffr acquired knowledge of the basic stimulus patterns
of various tactical parameters associated with ASW in team training to which they will be exposed.
attack situations. Now these personnel will acquire the ability to

A second system, being developed by extract such stimulus information from a more
Honeywell as an operational tactical console, also noisy, but still relatively unambiguous,
holds significant promrie as a decision-making background and transmit it appropriately.
training device. This system, Shipboard Integrated Training team awareness can also benefit from
Man-Machine System (SHIMMMS), uses a computer the application of a number of existing
and CRT interfaze plus mathematical models to technologies. The split- or multiplescreen
portray various ASW problem parameters to the technique of television can be used to show team
student decision-maker (see figure 1). Through the members their jobs in relation to other team
use of a set uf situation scenarios of varying members (cf. Krickel, 1964). Using this technique,
predetermined difficulty, the trainee can learn and a trainee (or trainees at a given station) could
practice the use of sensors and weapon observe how a given action serves as a stimulus for
deployment with such systems. The trainee can some other team member. Similarly, a team
also make the decisions which will actually be member could determine the basis for some input
required in the ASW or other tactical situation that he receives from another station. Such
without risking the loss of men or material. Siegel training provides the trainees with a better
and Federman (1970) have presented a similar appreciation of their individual roles in the team
concept for training in the job of the airborne and of the need for effective communication and
tactical coordinator (TACCO). interaction. For example, this technology appears

Although individw-6s are ideally trained to to be especially appropriate when used in
function as part of a smoothly operating team, conjunction with videotape to show how members
individual training seldom includes the acquisition of "go , 1" versus "bad" teams interact.
of the interactive skill required in the team setting. Videotaped television would be especially effective

73



INFORMATION -~DECISION FACTORS STATUS -SMCENCE

1/S CS 091 SP I 22I SS - 26 SENSOR

RED DOG O0 CS C95 Sý "4
DESIG I R 24 KY- )> 31T "RIENGE TORCET

TGT A CS 310 ý" DS FRIORDLY FORCES

R 2d Kv"D 140T ASROC TORP

CONN BRIDGE ASROC D/C ACTION--

' •,.-.mll~mt~iim.llWEAPON- -

WIND WEAPON_

STANDY- -
SHOOT - -

EVALUAIt --

10 a5j IOUj ---

PREDICT ..

ALTERNATIVES

ATTACK

ASSIST '

S. UNIT ATTACK

A ~EVADE-
'•;7'x CLEAR TARGET -

$CO TC0t1 2SCALES tO

Figure 1. Shipboard Integrated Man. Machine Systerm.

for establishing a team awareness in team training rather than "free play." Here, teams would be
.ituadions where portions of the team are exposed to situation specifics, as emphasized by
physically separated from one another. the ACADIA approach. Further, training problcms

Once individual skills are mastered, and a sense would be specifically selected to allow teams to
of coordination or team awareness acquired, make decisions while at a tactical disadvantage.
training can be concerned with the essence of In the team tactical training environment, a
tactics, viz, d(ealing with uncertain, ambiguous, or computer can serve several additional functions to
emergent situations. This involves a whole team in those already proposed for the individual and team
the process of modifying and generalizing from awareness phases of training. For example, the
previously learned procedures to deal with an computer can be used to automatically administer
intelligent opponent or environmental hazard. The proficiency tests to trainees as they enter the team
linking of existing submarine and surface and/or training environment. The results of such
air ASW devices is an appropriate suggestion for automatically administered diagnostic tests can
this phase of training. This will require a fine help determine which individual team members are
degree of control if the situation is to be training deficient in skill. Test results can also be used by
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the computer to automatically match a program of required for adaptive training can have another
instruction to individual anti team kill important annlieation- namely; to allow for
characteristics, evaluation and evolution of the entire training

To avoid wasting a team tactics training session system. Any effective training system must remain
bhecause one or more team members come open to refinement through eviluative feedback
unprepared for team training, it may be and validation. As trainees become more
advantageous to prompt individual operators proficient, either within or between the various
within the team context. Prompting has been used stages of training, the curriculum must be
effectively to train individuals in sonar adjusted. Using a computer to record trainee
discrimination (Annett and Peterson 1957), visual performance 4nd to store and compare data
identification (Weisz and McElroy, 1964), and lonigitudinally could permit long-term changes in
auditory detection (Annett and Clarkson, 1964). overall performance to be detected and acted
The techniques developed for such experimental upon. In addition, data on individual training units
studies could provide the basis for prompting in can be used to monitor and analyze unit
the team setting. As an example, all fire-control effectiveness in training requisite behaviors.
solutions for weapon delivery systems depend A further use of closed-circuit television and
heavily on the accuracy of the uunsor operator's videotape techniques can be applied to increase
tracking ability. If , sonar operator were in error the scope and potential effectiveness of this phase
beyond some predetermined amount, the of team tactics training. This is monitoring of
computer controlling the trainer could be training from aboard ship. This application will
preprogramed to automatically prompt that permit the shorebased training facility to be
operator. Such prompting could appear in the extended to include adiditional subteams in remote
form of a more easily tracked, brightened target locations. For example, the bridge unit of a
trace, the appearance of a reference dot at the maneuvering tactics trainer could be linked, via
appropriate tracking cursor position, etc. As a jlored-circuit TV to the team's Combat
result, the deficient operator would be coached Information Center aboard ship. Also, key
into accurate behavior, and the team training personnel such as the Commanding and Executive
exercise would not be degraded. Officers could participate in or observe and

The capability for automatic monitoring of critique the shorebase, tactics training of their
trainee proficiency and progress provided through various teams without having to be present at the
extended use of computers will allow the shore facility.
consideration of a technique known as adaptive The view that we have presented of itidividual
training. In adaptive training, task or problem and team tactics training is not necessarily
difficulty is automatically adjustad as a function idealistic. With the existing data base, we possess a
of trainee performance level. sound foundation upon which to develop these

To date, the greatest amount of research on phases of training. However, we still lack answers
adaptive techniques has been in the area of to questions concerning the optimal ways to
individual perceptual-motor skills (cf. Kelley and implement some of the techniques described.
Wargo, 1968). There is no reasou to believe, Through continued research investigations by
however, that this technique cannot be expanded NAVTRADEVCEN and its contractors, such
to cover all members of a team. Many problems, solution can be found, To meet the challenge of
however, must be solved before adaptive training providing effective training for tomorrow's Navy,
can be effectively implemented in the team, or any an intensive effort is required today.
training situation (Caro, 1970; Leonard, Doe, and
Hofer, 1970). Particular problems involved in
using adaptive techniques for the team tactics REFERENCES
situation are: (1) establishing valid and reliable Alexander, LT. and Cooperband, A.S. System Training
performance measures, and (2) combining separate and Research in Team Behavior. TechnicalMemorandum: TM-2581, August 1965. System
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Airborne Radar Fire Control simulation has progressed hand in hand with three historical variables:
(1) operational weapon system complexity-forced simulation complexity to keep in step; (2) basic
hardware development-requi ed new systems to be designed to take advantage of state.of.the-art
hardware reliability, maintainability, miniaturization, and cost effectiveness; and (3) operational radar
environment-involved simulation of external effects to the radar fire control system.

Tracing these three variables from classroom teacher with chalkboard to modern digital and hybrid
simulatinn systems is the purpose of this paper.
Operational weapon systems, including radar range only gun control, missile control systems for air-to.air
and air.to.ground missiles, and radar bombing control systems are reviewed. Basic hardware development,
beginning with mechanical systems, through vacuum tlabe electromechanical and solid state
electromechanical systems to hybrid and digital only systems are reviewed. Displays and display
generation of simulated fire control symbol presentations to the trainee are shown to have improved
through succeeding gnerations of training devices. Automated problem control and scoring are
considered as products of harduare development.

The operational radar environment review considers the following items: (1) single and multiple air
targets; (2) formation air targets; (3) ground targets; (4) active and passive jamming; (5) types of fire
control attack solutions; i.e., pure pursuit, lead pursuit, lead collision, and their transition phases;
(6) tar ticd problems; (7) radar return characteristics; (8) types of armament; (9) cockpit procedures; and
(10) overall realism.

The history of the advances in radar fire control simulation technology parallels 0S' advances seen in
operational simulators and trainers. The interfacing of passive infrared fire control systems with active
radar fire control systems is described in order to spotlight the applicable simulation techniques.

t may be said that a trainling simulator is an airplanes carried one or two fixed machine guns
as.cmblage of equipment which imitates the synchronized to fire between propeller blades.

action of controls and displays in prime equipment Scout aircraft carried one or paired defensive
in tau:tical situations. Its complexity is iclated to swivel-mounted machine guns mounted in the rear
the complexity of the prime equipment and the cockpi, The fixed machine guns, aimed by
available technology for simulating that pointing the aircraft at the target, were fired at
complexity. The first fire control trainers were pointing th e a f a0 t trget, were fie at
fairly simple and inexpensive because they taught point-blank ranges of 50 feet or less with the aid
a relatkely -iniple ,.kill -the Oc of an optival gun of an optical gunsight which did not compensate

sight-and they wer- largely improvise(] from for range, lead, and elevation. To bring down an

components of prime equipment. Very early in the enemy airplane it was nce'e.sary to hit relatively

evolution of such trainers, however, such visual small targets-the pilot or hiq engine. Air-to-air

aids as motion pictures and such instructor aids as operations during conditions of poor visibility and
stop-action controls came into the growing at night were therefore ineffective and umiually
technolog,. A modern system such as the suspi-nded. iheavy bombers of thc time ranged
A,\\(;.9/1lI( )ENIX cannot be imitated successfully freely in darkness, using spotiights on the
for training purposes without the use of a wide underside of the aircraft to illuminate the ground
array of peripheral equipment, including the undarsie of about 4 o iaruminwhe the wro
indispensible computer. a. a height of about 400 yards, when they were

over their targets.

EVOLUTION OF FIRE CONTROL by the start of World War 11, however, fighter
aircraft and air-to-air fire control had vastly

-,SYSEMS improved. Pilots now had the aid of an optical

The earliest devvie for airborne fire control was reflector gun sight that indicated range. Whereas
the optical gunsight. fit World War !, pirsuit air combat in 1918 had reached speeds of 125 to
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130 miles per hour at effective aiming ranges of evolved rapidly in the period 1941-1945. By the

less than a hundred feet, the British Spitfire end war's end, airborne intercept using ,,:dy radar had

German Messerschnmitt inI 1940 contested at speeds been accomplished. Radar guidcd iren, and

exceeding 300 miles an hour At effective ranges of missiles had also been developed. By !iis time,

several hundred feet. Nonetheless, the concept of too, the second major element of modern a&,r-oair

air attack remained the same-to maneuver the fire control-the rocket-had evokled independ,'ntly

attacking airplane into a position from which the to the point where an advanced guidantce system

pilot could fire fixed guns directly into the target. was feasible.

Defensive turret gnats for slower and less First used during World War I to bring down

maneuverable aircraft remained swivel mounted artillery observation balloons, rockets were added

and were operated by crewmen. Although these to aircraft armament in World War II initially to
tactics were not to change e.,scntially during World increase fire power and for certain specialized

War 1I, major changes then (occurring missions. On January 7, 1943, the Commander

independently of each other point#ed to a new and Chief, U.S. Fleet, directed the Bureau of

concept. The introduction of military radar, of Ordnance and Bureau of Aeronautics to

airborne rockets, and of missile guidance systems collaborate in the development of aircraft rockets
first proved the worth of this concept. and launchers. Between 1943 and 1945, the Navy

In 1928, the Naval Research Laboratory was developed a series of air.to.ground rockets for
assigned responsibility for finding technical Primary use against German sub'aarines and

solutions to operational problems, which included Japanese barges. Although less accurate than guns,

night defense and long range detection of enemy rockets had the advantages of greater speed,
aircraft. The term "radar" was coined by the powered flight, and the ability to penetrate

Laborato.y as an acronym for "radio detection hardened site. %arge airborne rockets developed

and ranging." The first airborne radar int(rcept at this time it.cluded the Navy 5-inch high velocity
equipment was successfully demonstrated to the aircraft rocket (HVAR), nicknamed the "Holy

RAI' in 1939. When German night bombing of Moses" and the "Tiny Tim." Without a
southern England commenced in the fall of 1940, satisfactory guidance cystem, however, rockets

a night intercept system was operational. The required high explosive wa'heads exploded at close

sucress of British nright intercept radar accelerated proximity to the target, such as the unguided
radar development in the United States. air-to-air "Mighty Mouse."

During World War II the United States and The problem of high speed fire control wa3

Great Britain cooperated closely to develop compounded at the end of World War II by the

military radar. In 1940, the American National introduction of the jet fighter operating at speeds

Defense Council, with the assistance of Great of several hundred miles an hour. Now, the

Britain, founded the Radiation Laboratory at window during which the pilot could reasonably

Massachusetts Institute of Technology for be expected to hit his target wrs measured in

intensive microwave exploration. In 1941, the seconds. But in the years immediately after Wor!d

Laboratory built fifteen experimental models of War II, all the elements to design a mnodern fire
tt,. Al radar for installation in the P61 Black control system which could cope with this

Widow night fighter, and by September of that threat-radar and infra-red guidance, rockets, and
year one of these sets had been installed in an electronic computing equipment-%ere available.

A20. The Navy plans for the F4V Corsair and Work began on a new concept of air fighter, the

F6F Hellcat, then in development, included Al airborne weapon system. 3 y 1949, the AN/APS.19
radar. Marine night fighters were operating witti radar permitted a night fighter to seek out and
radar in the Pacific in 1943. destroy a target usirg only radar to determine the

The early applications of acquisition radar did direction of aim. At the same time, the Douglas
not include fire control-that is, automatic F31) all-weather jet fighter (later designated FIO)

tracking in combination with mechanical or was equipped with a fire control system designed
electronic predictors to lock on a target. But steps for both search and automatic firing of 20 mm
had been taken in this direction as early as 1937, guns. Jii 1949 work started on the McI)onnell F3H

when the Army Signal %orps dcm. onstrated a Demon, the Navy's first operational guided missile

searchlight control (SLC) set designed to aid coast fighter, to be armed with the Sparrow radar missile

artillery (luring night attacks. Radar equipment system as well as 20 mm guns. The design concept
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for Sparrow 1, a leantrider guided missile, operation of the system in the time available for
Hicluded an X-hand automatic tracking radar intercept. PHOENIX represents the current
system, an airborne computer which detern.ined state-of-the-art in operational missile systems.
flighi path and lock-on at ranges to six miles. The Figure 1 depicts the evolution of airborne missile

McDonnell F4, begun in 1954 and first flown four and fire control systems.
years later, can fire a mix of weapons. It carries

the APQ-72 radar and an infra-red search set. The
latest and most advanced developme'nt of that TRAINING SIMULATOtLS
unique combination of radar, rockets, computers,
and dafi links, which we call a modern fire control The complexity of modern weapon systems
system, is the AWG.9/PI9ENIX missile system. requires hours of training under conditions closely

The AWG-9/PI|OENIX fire control system is approximating combat to assure that pilots will be
largely the iesult of a reevaluation of the role of able to carry out their missions successfully. The

aircraft and missiles which rapid advances in first aerial gunnery simulators were :teveloped by
technology made mandatory in the mid-lq50s. A the British Royal Air Force in the early years of
Navy concept designated Missileer, like the World War I1. With a limited number of airplanes
expirimental designs of World War II, did not available for use against the German Air Force, the

become operational, but established the feasibility British saw in simulation a means of training pilots

of advanced ulesigns. Nlissileer was to carry six under conditions like those of combat at
long.range Eagle missiles. each %cigihiug about relatively low cost without diverting airplanes

1,400 pounds and having a range in excess of 70 from missions or risking mission failure because of
miles. The program was cancelled in 1961 because pilot inexperience. The Link Trainer, designed to

of the single-mission capability and relative give simulated flying experience under controlled
slowness of the proposed carrier aircraft, the conditions and already in use in both Great Britain

Douglas FiD. But the AWG.Q/PIIOENIX fire and the United States, was incorporated into many
control system, so cormplex that it compares only aerial gunnery simulators for full simulations of
superficially with the Al rad.r system of 1940 airborne operations. As in the case of airborne

from which it has ultimately evolved, is the nerve radar, American development of aerial gunnery
center of the new F14 multimission aircraft. began in cooperation with the British.

The PHOENIX Missile System is composed of The earliest method for simulating fire control

the AN/AWG-9 Airborne Missile Control System experience in World War HI was classroom training
and the AN/AIM-54A Missile. Designed to achieve in visual sighting using gunnery cards, film

air superiority through the detection and tracking projector systems, fixed and free guns training
of multiple targets and capable of performing aids, and early cockpit trainers. Techniques used
simultaneous attacks against multiple targets using to determine firing ranges, dead angles, and

long-range air-to-air missiles, the PHOENIX can trajectories were described as the "Two Thirds

meet any threat of the 1910-1980 time frame. Second," "Apparent Speed," and "Position
Attacks may be pressed aoainst aircraft with or Firing" methods. The introduction of radar into
without ECM at low or high altitutes and at the gunnery problem at first did not relieve the
high-mach closing speeds. Secondary functions pilot of visually sighting and attacking the enemy.
include air-to-air visual identification, radar In 1940, the U.S. Navy development of trainers

"navigation and ,ir-to-ground weapon release. The was accelerated when Captain Luis de Florez,
radar subsystem (1oth high and low prf) functions USN, travelled to Great Britain to gather

as the primary target sensor, and the infrared information on the RAF synthetic trainer
subsystem as the secondary. During attack, the program. A copy of his report, available for
Rystem provides radar illumination of multiple reference at the Naval Training Device Center
targets, thereby permitting guidance of multiple Technical Library, describes a program in which

missiles. The infrared target detection and tracking each air station was allocated funds to develop its

subsystem can operate ConRCIrrently % "#h any own training device. Captain de Florez visited a
radar mode, either slaved to or independent from series of air stations and wrote descriptions-which
tte radar system. The cockpit controls of the included photographs-of fixed and turret gun
AWG-9/PIIOENIX system permit the Missile simulators and other devices, some incorporating

Control Officer to mak- all neessary decisions for the Link Trainer. On his return to the United
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Figure 1. Major Elements in the Evolution of Airborne Missiles and Fire Control Systems.

States, Captain de Florez was active in establishing one maneuverable synthetic radar target. The
a training simulator program here. The Special 15V4, del;vered in 1949, included GCI and radar
Devices Division in the Bureau of Aeronautics and search, and simulated gunfire aimed by radar. The
its successor, Naval Training Device Center, are 15V5, in 1953, simulated the APQ-35B radar with
direct results of Captain de Fiore?' efforts, airborne search, aim, and fire by the use of radar

Bginning in 1940, the United States has only for training pilots and radar intercept officer
produced a variety of trainers paralleling advances teams. The 15V6 Type II, in 1957, trained pilots
in prime equipment. The following devices are in radar farch, acquisition, lock-on, and firing of
typical of each era. Sidewindt,, Sparrow III, and conventional

weapons.
Gunnery Training Devices Advanced Radar Intercept Trainers

Early training devices for pilots and A series of 15C4 cla3sroom trainers were
bombardier/navigators during the mid-1940's were developed starting in 1959 and continued through
Gunairstructor, Device 3B1; Fixed and Free the 1960's to train F4 and F8 fighter radar
Gunnery Training Sight, Device 3A5 series; intercept officers (RIO's) independently of
Ultrasonic Trainer, Device 15Z1; and Aircraft weapon system trainers. Periodically, the 15C4
--Interception (AN/APS-6)Trainer, Devices 15A1, trainers were updated to reflect changes in
2,3,5,7,8,9. airborne fire control systems and to reflect

- Al Radar Training Devices changes in state-of.the.art hardware. These updates
included simulation of pulse doppler Sparrows, the

Radar Contact Trainer (15V4), Night Fighter addition of six air and three surface maneuverable
Trainer (15V5), and All Weather Radar Trainer targets, provisions for electronic interference and
(15V6) were used with operational flight trainers electronic countermeasures, improved classroom
in the later 1940's and 1950's to train pilots and controls and displays, completely transitorized
radar intercept officers. These trainers simulated circuitry, and integrated circuits.
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Weaipon sy stein trainer., (WS'l s) employ ing of thet guniner anti modified in size (range). angle,
It) britl anialog and' digritad comnputleri were tit uist- ini and V(I'eoi ty diuring iraining, h pilot,, inputIs via
theltn id-I 900', anl ,ire eonliunin o in to thie 1 970.'s. stick, rulder, and throt tle varied tilt projee ted

Tprlftilealvshyrdste are tl-26 imge , %i biile ant instructor did the( same with target

,amu :.)F67 WS'l'S. controls. P'rogress to lead-computing simulation
A., the, retuirmr'ien t. for simu lation became, removedl angle anil relative velocity estimation

more coniple \, advanced trainhiing methlods atid fromt the pilot's problem, leaving only range

acceptedi-i og uiad on rinuis-fih Earlv radlar fire control simulation calcu lation.,

input., front %arions "sN nthietic fly ing uinit.," (flight addled nothing more to existing equipment than anl
trainers). such a~s D evice 21--' (F6F) and D~evice exteinsioni of the( gunsight antI target Silhouette as a
01. IA (l'8F). Deviie 1 5V6 is representative of display onl a CR'!.. No new computations were
traiani, mi"hices (lirin(7 the( mid- 1950 's with flialht ne(cessary until automatic radar tracking fire
and tacliets simulators housed in separate van control systems were introdlued~. The interceptor
'railers, and using analog sinmulation. Tlhe tactics air data computer simulation, concurrent with
trainer is dependent upon the flight trainer for analog fire control simulation and without

own ir rai inl ~ Th.'lle simulation is ap pirx jinations anti assumptions, cmie
implemene ted with vacuum tubi e ci rcui ts and 400 probilemn variables- to solve the aeroballistic
I It, a nalog -omtpu ters. eql ta tin ons. EachI fire co ntrol simulation

A5, tilt requirements for realistic sinmulation mnechanization was based onl interceptor antI target
lit-camne mio re sop~histicatedl, at concurrent hardware fImgligt p~a ra tinc t ers , p)roje c t Ii c ball Iis tices,
ex olution occurred lin the dlevelopmnent of environment, and thet particular operational
,oin pii tit tioiial ele me nts , circuiiits, andl displays. airhorne fire control system being simulated.

Cmpuataioui Eal em entis Cirru its

Earl n si linni lator computatioiial attempts, Radar targets, receiver noise, and environmental
coluin i ed pml ley s, camis, spring~s, andl cablles with effects have been simulated in airborne radar
film projection ystenL',. But the pure mechanical control trainers fromt the( beginning, but the
compuitter soon gaie %ýa to tlit( electroecThianical circuits controlling, themi have changred with
elements used todaN inl airborne radlar fire control advances in technology. 'rubec circuits onl large box
s inti ulation. TI it eeI ect tro inie c Imiani calI computer chassis have been replaced by: (1) tube circuit

evolved front the( ball antI (use integrator, through generators onl flat plug-in panels, (2) tuble circuit
tIt(- novel watt hour meter integrator, to present genera ttsrs wi th piri nted circuit wiring,
dlay servomineclianmiii systems with tiuhe, magnetic, (3) transistor circuit generators witli printed
andI tranisistor amiplifiers. Both thet size and( driving circuit wiring, (4) iiitearated circuit generators

iov er o~f eachI c omiputer element were with p~rintedl circuit wiring, antI (5) integrated logic
tlrainatitalli reduced u% iile accuiracy , resolution. circuits. Single tarvet genecrators for low ptf pulse
stability, and rellailiywr icesd raidar, have been replaced by: (1) multiple air and

r i tl tage t (letute~r~, (2) multiple Ltargt
Solut ion (and Eqiatiouis enerator for high prf doppler radars. and

(:3) combination generator systems for pulse and
Te first training aitds for airborne fire! control pumi s do pleltr radars.

St iiied the deflect ion problem lby thet simple
t* -etient ofaho-o itrs. Shown a Displays

partitcula r aircra ft at a certain range and hieaiding.
the giami er %ý as toldd the( ra nge~s and lead~ anigl es A mnajo r function of modern fire control
nivet et Ito mo re It hit. l'dil nprtojectIioni syste nis siunliator d-iiplays- is to show raidar return data and
uisid tlit 1a i.inct hoild it h thet exce p tionth iiat thli ret ord pilot profic iency . All operational radar firm
dipl daN ed e q ia t ~ i ( e mttm y a ircra ft and ctont rol svstemns have a CRTI display or miullti ple
intIert vpl t r) %%.L as inott ito Tii llii rote tech niquett displays. l'o asure fidelity at lowest cost, Mosl
%% a, loll otitl hi the first cockIspit gin i tra ier.s hiave' used the( operational radar's display
tra iner.,. A target silholit i 'tt was pro jecte't in front p ackage Television camtera pick-ulp of anl
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operational radar CR1T thas proven to be an watt-hour-meter (WltM) type of rotating disc. A

excellent cost-effective method for repeating fire current representing velocity caused the WIIM disc

Pilot proficicncy record-keeping at first proportional to the input. Three 2ieon lamps and a

a counting mechanism to total thle number of hits when amplified by then st.,ndard push-pull 61,63

scopreed Ltes recordinpgn mehodst involeaTheed aa v coumponbens, omposedoao60sy ycried wich

refreheend b hy diand copuer rapids aeccs rrisand the air dinterc hepda imoator, rcivturnlight

Twareqtyioed P 4 taidning reodevics, dividhweed aa sniomultiosnd couns terso trgpetaltitud
ind tol fortyes a bsre tpcadiof mehnine , yearseo vloine, se rturradme niseatnd reciv"eretnig

clssroo to ctietrainteresptor d opeargtgounal tradar Cwo-nting m etrychan sro ordedtransasioneeit
atypes buislt y btwee 1959de adat 1968 a signifcatio accuracycaofrai, firi ngi vriable andtourndsfo~rme
sredutin. intaining rcostin wahos achi lved by hbust.opnns opsda60ce
"divoaumrcingfih and stuactisoncraypedR dsplace cmp~esyt
requremhent permiita copteraiacssdsanThe aiigorpt 1 Scn ityercp .. a iuao eevufih
studetsmowith, thea aidmtof larghtiscaleigradar andosfiro

contol isplys.devic from thpe edc wasin anis all weothnerada
Tb eary 1 54 seris simlated seinpultofruse with isathneous-2 OFTiTetrandara

s 'raihfradpuCLseANN EVCSfo radar systemnwhil late simulator adfihtriewreoused intwe
vesossiuae pulse Ean dope aa anctraler p-9arked~ miecbyaside. the ftighth

consoet patend a sptecial puroseianalg.i

Twent-one 5C4 tainin devies, dTheedradar simulatioran consteoftaiget, altradar
Deieo foutpe, Rar Cotapctraloniner wears an linestaructor's consol ie, a tdnt reghter direitor

ladd-oon radarc trainineier tor exstn operational rdr counsolind an hanaocipsm er Devcred traine
flesbight btraiens (OFT) Fl 6. ighiniforaioan, Tuayp of simultteAA 9 firen age n ountrol
consistiong of trueairin ospedlgt eleationanglee, sybuste. Ammn iuainicue or2
ciompang heainghol an glcpitch. angramead mmcnsnpiawnemsieadnula
aliuewsaquiredensfpromt the OFTningfu thfor w1eapons.yp

stuervo folwers. the OFT wfaresal provderad witha adtepltsprerac a oioe n
monrdifidspertoals DNAS1 aa e.A evalaed byV The fight a and alwete radar isrcos h

gun trgearl wa also i stled, ssuae studetploto warse direteh to a-n Ontercheptrbyaa
Anrainstruorw controls ranit containwing target studentoad fighte cotroller thre oughased in ted

conrsolssiuae pue and adobtinomtonpcener rdisplay traliolnk. Thred studet by g iter coTrh, waigh
wsyprvieds, eralnrhuated the radcrpit, frligto istrto.

Coures wre ceate by eansof aspecaloTe, armamentcnroianclpurose theo flight

integatorusin a mdifie comercil inthructor panelacotained siconsained inrdcatr

84 ie1VRdrCnatTanr a n istutrscnoe *uetfgtrdrco

ad-nrdrtInn eiet xsigoeaioa osh n naao optr eie1V
flgttanrIOT.Fih nomto, Tp 1smltdteA~OiAfr oto



light., for r-eletctiolt t0i type of missile or store's the interceptor ratiar antlenna.
IojdeI fT h rolm Ihe computer rack houses the video and analog

'I lit, studernt fighter directors. console cointained com[1puter asseiithlies. The computer receives
1%o radar inditcators, (PlPl and RI II) and radio linik inputs from the RIO-instructor console for

ontrols. ~~ ;rplcte p''b-"be cnrlo trtets. interceptor,

andi E&. The, computer also re~sponds to radar
Thiord 7ýý Can . 4111!tro 1eu1it fromt the instructor and

RIO. Realistic display,, arec reat-d for the RIO and!

Device' IS5C.W, Radar Scope Interpretation cla,.sroomt displays. Readouts are larovieled to aid

Traiuier, provide~s supervised basic and advanced the instructor in die generation and control of

c lass r0o in t r a ii i ng in i nterpreIindg, rada~r flexible 1irobleiii fornia Is.
hire 4'iikitioti of lthe AN/.Al'(;-5() radar and thei TN lpical components in the comiputer rack~ are
AN!AW( -1 fit) control ,ysteui in the' F'4J the 40M INI. servo and the 400 1 Iz. sumnming
aircraft. The de-vice provide-s the, trainee with amplifier. Servo comtponients which are geared

complete all-weather taCticald training, including all to~q t her are the motor and tichometer,
types of intvrcepLts, armament, PCIM, ind] toan! potentiometers, syncliros and resolvers'.
training of radar .intercept officer (RIO" and pilot
pecrsounnel. Fourth Type

The RIO-instructor console contains controls
for both the 1110 and the instructor. Th'e D~evice I 5C8,* Missile Control Officer Tiainer
instructor's position contains problem control, (NIC( T) (figure 2), is the latest in-service digital
initial position, and ECNM panels. These panels computer based airborne radar fire control
contain the iaecesary controls; and indicatingf simulator. Specifically designed to provide a
instruiincnL. to enable- the instr ictor to fly entemy dynamic, realistic, trainee-centered capability for
targets anad friendly interccpt-.s', position surface PHIOENIX Missile Control Officer (NICOý training,
ships, operate the( ANIAPG-59 r.1dar, and control kthe 15C8 provides training in tactics development
the use of ECNM. Take-control logic permits aa6 operational checkout, evaluation of weapon
transfer of -idar conitrol from instructor classroom employment procedure,,, preflight evaluation of
dernoustratit-ti position to the RIO training weapon s- emn updates and changes, and all basic
position. The RIO console lass interceptor PHIOENIX ti:ssions. Its major features include:
instrumients, a radar indicator, and dluplicate radar 1. Realistic simulation of PHOENIX AMCS
controls. A television camera and mirror controis anol displays; limuited simulation of pilot
arrangement are mountedl on the RIO0 position so flight control and display equipment.
the insitructor and classroom students can monitor 2. Simulation of 96 target-, with realistic dynamic
the radlar display on the basic display rack. characteristics freely maneuverable in a 1000 by

The basic display rack, which faces the 1000 mile area of operation.
classrooma, contains a high resolution television 3. Control and prograning to allow for simulation
monitor andl large heading and altitutie difference of the effects of a wide range of EC.M.
intstru mentts. The television monitor p~resents an 4. Provision of extensive p~roblemn formulation aids
enllargedI picture of the RIO's radar indicator. The to assist creation of exercises;, repeater displays
plotter rack has six special projectors for creating which allow the instructor and observers to view the
either of two classroom displays on a six- by effects of student actions.
siix-foot projection screen. One display shows the 5. An Attack Geometry Display which allowsI target and ninttrceptor mtovenments on horizontal instructor monitoring of the total tactical
X-Y arid r-oordinaies: lthe target track is projecied situation.
in red, the interceptor in green. Trhe other display 6. Provisions for stopping, resuming, recording
has aii intercep~tor t~,ihotette at the center, a target and replaying the exercise to assist in the critique
s;ilhiouette at the proper p~osition relative to the of studIent performance.
interceptor. and superimposed radar beami, range___
circles,, and relative azimuth. 'IThe interceptor and
target silhouettes rotalt- to ,how hieadlings iIfr,.to o h CTws eeddb h

VCe1"raphical coordinate's. The antennai beam Hughes Aircraft Corporation, whlo designed and built theI ~rot.'tv,. to show searcl- andi :raelin, oea)Itriiton of trainer for the U.S. Navy.

8.5
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Figure 2. Detice 15C8 Missile Control Officer Trainer.

7. Potential capability for integrating with an controls and displays wh ch include the Detail
OFT-effectively providing a full Weapon System Data Display (DDD) panel, the Tactical
Trainer capability. Information Display (TID) par.el and the right
8. Generation of target data and complete control Hand Control (MCO) unit.
of trainer functions through use of a general
purpose digital computer. Instructor Console
9. Digital techniques in display data processing The instructor console enables the instructor to
and sensor simulation, formulate and control training exercises. Displays

visually indicate status of the exercise as well as
the operations being performed by the MCO

TRAINING FACILITIES trainee. The Attack Geometry Display provides
the instructor a detailed view of the exercise

The trainee facilities of Device 15C8 consist of tactical situation as it develops and presents
a simplified pilot position on the left and an MCO programed targets whether or not they are being
trainee position o'i the right. These positions shown on the MCO trainee displays. The
provide the controls and displays necessary for symbology on the AGD identifies the type of
both MCO trainee operation of the PHOENIX target, the track number assigned to the target,
(AN/AWG-9) AMCS and pilot control of own and other tactically significant data. The MCO
aircraft maneuvering. The spatial relationships Repeater Display presents a twice-normal size
among the equipments at each position-in terms duplication of all displays and controls available to
of height from the floor, arm reach distance, mcan the MCO trainee and allows real-time monitoring
eye level, etc.-closely approximate those found in of the MCO trainee actions and reactions. The
the actual aircraft cockpit. primary trainer mechanism for supplying fýedback

The MCO trainee position approximates the is an extensive Record/Replay facility. At the
functional capabilities, interrelationships, option of the instructor, all actions taken by-and
appearance, feel and reactions found in the aircraft displays presented to-the MCO trainee and the
while avoiding an unnecessary duplication of the instructor are recorded by the trainer computer.
cockpit details not directly involved in MCO Through appropriate control manipulations the
PHOENIX tactics. It consists of an entirely instructor can stop ("freeze") the exercise, specify
simulated complement of PHOENIX AMCS any prior exercise time, and command a real-time
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reipaN t) all jet ,t)i aliid llis lals wv Ii iccr derr o i0 anl exercise. P uring l. tozalt utt to ak 4.Q th .-
(Jnil-i to lie ;iici firdtlIinie. Thi s replay A(; I furiiishes all overall view of the plannhed1

ot cuir, toi tw Nie lk A ) trainee and in.istruc tor tatic ial ,iliutlioil t its i(cvciop,, iiiiahte by~ thc

equiiipienet and i.s a i ex\act repla) of neccuirrence 5  actionis of tile MCO "real worldl,"' and becomies a
itli ~ ~ ~ ~ ~ ~ ~ ~ ' tcri i~iiIp~scl oitni cagso t ical facility for tile inistructor's evaluation of

en lit tr ol,. Furthiermio re, thet i nstruictoir may the trainee. B1y referencing the AGI), tli(
in11 11i114 I afreeze at mi y point douring tite replday inlstruc tor may compare tile "real" tactical

and theni coninu tl i hutIe replay, or he( r may cancel situatitoni to thfat beinig operated upon by thle
re pla, at that poin t and begin d ie t rainiiin g e\ercise trainee iii accordance withl the trainee settinigs of

again, but ivitli the tactical conditions that existed thet simulated AN/AWG-9 sensor controls.
whien Ilie ,toppedl the exercise. Thei in~structor may One, of the most interesting capabilities of

it:e hi., conitrol., to roniioaid (lishla) of Lin arrow lDevice- 15CAI in comparison with earlier systems is
(-ninuiii Mark") onl thet MCO trainiee's Tactical thle automated b~lackboard provided by tllc AGF)
Inforiiation lDispkii pointinig to aI target or area in and MINlD. Therse displays, used as a problem
order to pirovide concurre'nt evaluation (data formulation aidl, permit the creation, editing,
through the iiitercom. altering~, and review of exercises. They serve the

The following controls aiid (display., available to same purpose as the( blackboard and chalk of
thet ins.tructor allow liin to monitor ever) aspect thirty years ago brought up to (date with advances
of thit( MCO traiiwevs performaiice: ill technology.
1. Tfrainer Maiiagenient Grouip-uised to formnulate Device 15C8 is a complete simiulator using no
activities%, specify thle exrvise and tile mode and operational radlar equipment. The radar simulator
control to bel used. the Attack Geometry D~isplay, imnplementatioin includes dopplcr and conventional
intercommunication, aii tithe cursor. radlar withi anl IR subsystem. Its basic
2. The Track Specification G roup -provides the computational element is a commercial
capability to track, specify aiid ascertain any of general-purpose digital computer stupported by
the variousý track parameters, pertaining to anl both core and disc memory systems. A special
instructor-sjpeci fiedl track. (Thhese parameters, range logic system is provided to incorporate an
from target positional andl performance interface between the digrital computer and thle
characteristics through dlefinition of aircraft type (dispilay andl control dlevices.
and a wide range of ECM threats. iii addition, this
gro)up of controls pHOidvide the specific data
(definition., reqjuiredl in creating and editing THlE FUTURE OF FIRE
exercise pirobileiis.) CONTROL SYSTEMNS
3. Tlhe Owin Xircraft Group-provides instructor
facilities for "flying" the( own aircraft, specifying The evolutioin of fire control systems and
mis-sile loading aiid PHOENIX AMCS status, simulators began in the years immediately
speci fy in misil and PHOENIX AMCS preceding World War 11. At that time, two major
mnalfunctions, (ontrolling thet sea return simulation new devices in airborne weaponry-radar and
process,, anil performing the niecessary pilot rocke ts- pioneered thle way to completely new
..eniable" functions, in thet weapon launch concepts of air-to-air conibat. Simulators were

imeilten. requiredl to pirovide the hours of training under
41. The Po~% er Control Group- provides facilities: controlled conditions necessary to operate the new
for po%% er applivatien. equipmient. But paradoxically, as prime equipment

'1%so ~el. of in~tructor displays are provided, became more andl more automated, additional
tit(- At taik Geomnetry D~isplay (XCI)) and the( MCO training was requiredl to give the pilot the full
1Hclwatt r DI )plaN (M RD ). The AGDI consists of a capability to take over as thle automated
21 -inviihi diamoler C10',. thlree sets, of indicator.s equipment, failed, lIn the (decade to conic, as new
\ hict illuinniate iii response, to actions taken iii systemls involvtiig radar, I R, and poimibly laser are
tl- T rai ner \lanageini ct Sec tioii of thet ICP (i.e., produced. % c (an expect thle training requirement

S> niltith lrightittn. AG I Scale ýpeci fication anul to inicrease because missile coiitrol officers simply
ibl Vra~t*). and a dl H tal IX cerc is' Tinme C lock. will not be able to get the( experience they iieed

'I'li sdista faci lit> I, iisted ex te nsi vely durn g f tr coping w ithi occasional failures of their
hoth 111vfi ft;II 1rulim Lioin (. problem'. an tilt-li conduint automnatic eq uipineiit. lIn the( comni ug years',
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thmfr. , w a. . re likely to see expanded trainer controls and displays. Advanced trainers will make

stations, sorre accommodating many missile use of the latest ta-u-.-,... fo . .;,,,.....
contr'ol trainees simultaneous•ly for maximum reliability. And of course there will be new trainers
utilization, with correspondingly expanded for new systems.

Mr. JAMES B. KELLEY

General Manager, Electronics Division, Goodyear Aerospace Corporation, Akron, Ohio

Mr. Kelley was named genemi manager of the Electronics Division of Goodyear Aerospace Corporation
(GAC) on Augist 3, 1970, following 21 years service with the firm.

His experience includes work on guided missiles, airborne and ground.based radars, digital and analog
computers, complex trainers and simulators, antenna and microwave systems, and electronic test
equipment.

Mr. Kelley served as an Air Force radio and radar technician in the Phillippines and Japan in World War 11.

He received an electrical e.,gineering degree from Case Institute of Technology, Cleveland, in 1949.
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1.7

Development of Multiship factical Trainers for
Task Force Command and Control

Mr. R.W. SNYI)ER
project Manager, AA! Corporation, Cockeysville, Maryland

Mr. E.A. LAUFER
Principal Design Engineer, Training and Simulation Operation, AAI Corporation,

Cockeysville, Maryland

For many years, multiship tactical trainers for task force command and control have constituted an
important class of simulator-based training devices developed for the Fleet by the Nali Training Device
Cenmer. Cost.effective devicet have been developed to provide training in shiphandling, combat
information center operations, antisubmarine warfare, and fleet air defense activities. These trainers make
possible coordinated crew training on exercises difficult Gnd expensive to conduct with operational fleet
equipments. This paper traces the development of representative devices in this class, and shows the
impact of advances in technology on the sophistication and fidelity of the simulation provided, as well as
on the reliability and maintainability of the trainers. The advances in technology analyzed are primarily
with respect to computations, scoring and monitoring, automated problem control, and display
techniques. A summary of the characteristics of the training devices considered to be in this class is
included.

T lroughout its twenty-five year history, the of this type will extend well into the future and
Naval Training Device Center with increased dimensions.

(NAVTRADEVCEN) has devoted major efforts to The multiship tactical trainers which we are
the development of tactical trainers for describing are primarily environmental simulators
implementation of Navy training programs in task Although operational mockups of ships' bridges,
force command and control. Resulting from these CIC rooms and other crew stations are required,
efforts have been several successful series of and certain vehicle and equipment operating
multiship simulators providirg command-level characteristics must be simulated, the primary

training in shiphandling and ta(tical manet vers. concern is with the creation of realistic tactical
antisubmarine warfare, submarine attacks, Combat environments. Thus, some of these trainers
Information Center (CIC) operations, and fleet air reproduce gaming areas extending over thousands
defense. The story of the development of these of square miles, and upward and downward from
trainers forms an interesting chapter in any history the surface of the sea. Introduced into this
of naval training devices, environment are varying numbers of ships, aircraft,

Though not as well known-particularly to the submarines, landmarks, and other environmental
lay public-a.s the multitudinous Link "blue features. The simulated environments include, in
boxes" of World War II reknown, or as the many cases, representations of hostile forces.
well.publicized Apollo simdlators which provided
training trips to the moon for our astronauts, Stated differently, multiship tactical trainers

multiship tactical trainers are major training for task force command and control, as commonly
systems which have played,-and continue to conceived, are not designed to provide basic

play -an important role in assuring the readiness of training in vehicle or equipment operation. Rather,

our fleet. They have greatly reduced the cost of equipments and vehicles are simulated from a

task force command and control training and have functional point of view, to the end that an

made jx)ssible coordinated team training. which is adequate environment is provided for complex

almost impossible to provide through fleet multiship training exercises. The objective is to

ex,,riis with operational equipment. There is train conimano personnel to deploy their vehicles

every indication that the requirement for trainers and weapon systems so as to achieve a team
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b-cv;" .... g. gthe tracking and destruction of an superiority allowed hy treaty ratios. Nor will
enemy submarine. success in battle depend upon the. adminihirdiiv,"

machine that is so often hailed as the essence of

NAVAL TASK FORCE COMMAND command. Rather it will rest on the skill and
A ND CONTROL OPERATIONS intuition of the commander in chie,, aided by

captains and flag officers whom he can trust...
The will to win, the master's genius for ibattle,

In the earliest days of our naval history, task complete undersianding between commander and

force command and control implied little more subordinates forming a 'band of brother,'- these

than the transmission of orders between are elements of war more powerful than mere tons
closeiy-spac,.ed -hips by voice, flags, lights, andguns."
swimmers, or men in row boats. The
nuieuverability of th-! ships was limited and
ta'gets were almost always totally visible. Today, TRAINING FOR TASK FORCE
naval maneuvers and tactics frequently require the COMMAND AND CONTROL
coordination and command of many surface, air,
and shorebased units employing a variety of
sensors, weapons, and communications means. The From Fleet Exercises to Synthetic Traininkg
detection of targets may require the most Devices
sophisticated oi equipments.

S6:phandling a.'d tactical maneuvering can now "Man goes to battle armed with sword and

be accomplished by the use of radar in the shield, the weapon that slays and the cover that

darkness of night, or in weather conditions which gives to the slayer some measure of protection

severely limit visibility. Air intercept control can against his enemy's counterthrust. Add to these

be effected from a ship or shorebased CIC, using the concept of movement and the clash of armed
information relayed by data link from an airborne men, and we have in their barest fundamentals the
early warning radar. Coordinated attacks on- three basic elements of tactics: striking power,
enemy submarines can he made by ships, aircraft, staying power, and mobility. The study of tactics

and submarines which may not be within visual is at bottom a study of the possible combinations

range of each other at times during the attack. of these three elements against an enemy himself
Fast moving amphibious assa-ults can be directed armed, armored, and fleet of foot. Local success
by a single task force commander on a real-time results from the application of superior hitting at

basis. And warnings of enemy attacks can be some point in the arena of battle."'

relayed from one CIC to another with lightning Training in tactics involving many ships has a

speed. The utilization of digital computers, number of basic by-products which have been

especially in conjunction with data link systems recognized for many decades. First of all. by

such as the Naval Tactical Data System (NTDS) exercising the individual weapon, the crew

and the Airborne Tactical Data System (ATDS), becomes familiar with its specific task. Secondly.
has further broadened the scope of naval task when exercising a multitude of equipments, the

force command and control activities and, in turn, specific shortcomings of the weapons systems can

made more complex the problem of training be ascertained under operational conditions.

officers and other personnel for these operations. Thirdly, and probably most important, the team
work required for successful operations of vast
projects (such as naval warfare) and the

The importance of the task force commanand establishment of confidence in the abilit) of
control function was emphasized by Lieutenant commanders and subordinates to perform under
Commander M.F. Talbot (S.C.), U.S. Navy, as the required stressful conditions, are established.
e~arly as 1933. Writing in the United States Naval However, in no sense can the stress of battle, with

Institute Proceedings in January of that year. he real men using real guns, be simulated either

raised the query, "With nearly equal fleets, on

what will future victory rest?" and proceeded to"Not I eliveon ateial Lt. Cdr. MY,.. Tralbot (S.('.), 'r'actirs and Command.
answer by saying, "Not, I believe, on material Historical Sketch, Ui.S. Naval Institute Proceedings. Jan.
perfection per se, nor on any slight numeri,,al 1933.
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~' llthvt ivadll Or II It flieet e \erl i'~e. ,I, illuiitrati t'l hN to tliro%~ spots iof lighlt onI .1 large sc'r.een to dep)ict
(Ito. fo dlowingy exci'rpt. thet positionsý of various sisa rid pl-Ines inl an

" Relal star and Shain war boothI havei their exe'rcise.
ad viantages a a z disad vanatages. 1,I realj Th ese early B ritishi trainers were seen by U.S.
wrar -r'specially natal warfare -a combatant maty go N ~I 0fi c snoa11'A niaILn
for at nonth, or at year. or tlhe whleob durat ions of Na%,aIOfcr-ntby Adi r 1 ,uis
the struggle. isithout engaging in real fighting. lIn de F loiez- -on a -survey trip in 19410. Up- tihe
shamn warr fit, till always get his 'fightinrg' r'cwirnmendetions of Admiral dit Florez, this type
accoirding to a sehedidle prepared long in advance, ofdvcwsinrlueitohe .SNvyfrt
but it will never be real fighting."o eiewsitoue nc h JS ay is

"Shamwartir rer gme- s o atemp to through purchase from Erroand anid later through
gain war training in peareitime by duplicating as tr eeomn fipoe oesb h
nearly ais possible the eonditions of war. Attaining -ca Dvlpfevicet ofeimprovd. dlsb han approvrination of the real thing a' a minimum (thenr) Spca ~vee etr
cast of lives anid material is the main thing it its The necessity of requirement,, to train large
favor. Against it is the facet that it will never be numbers of officers for task force command arid

uittte possible to parellel war conditions and cotoasinesrd ecstmaidafy
nwthtivton when the life and dceath of men and cotoasigrnitadheotimndafy
naitions dto not hang in the balance. Subject to this problems associated with tile use of operational
limitation the war game is highly useful and the equipment for this purpose were ftire catalyst.',
science of it- and therefore the tangib~le results whih prompted the development arid use of
fromn it-sire improving year by year."

"Thi is especially the case with the game of synilthetic (devices inl this area of trainingu.
naial rwarfare. It is because there are more vital
!hings to. be given th,, neurar'sed test of near-war at
flthe present time than 'yhr bf-fore that thle United 1)fficulty and Cost Involved in Using Opera liontil
States naval maneuvers of 1929 are by far the most Equipmnent*
important ever held by our own or airy 9ther
country. -'Y

Teearlv' traincing ~ii(thods to develop the skills Naval task- force command and control training
in flthe iinr of avai lab!le weapo n6, arid profici eo riev canl he achieved inl two way.4. One is to use-
teami ta('tiv:- Invariably involved exercise's anid operational equipmenlt, the other is to use
inaneuvers at era. A typical 4'\aniple of this was sy nthietic equipment. Ships and aircraft are the
flth- e \ercisvs by the ships of the Atlantic Station training tools of the first method-, simulators arid

in 1W,.as areslt o whch rgulr yerly special trainingr Jevices, the tools of the other.
e~ri113, s ar drilult wer prphich regular y)iirl.ýe Trainiung Iwith operational equipment is
of theses ariderriles were' th .e d s The asuth ose.whic straightforward irs concept, but is fraught with
ofthe )Ose synthieti teraiin system was (Ioeswich~ difficulties anid limitations. Ships and aircraft must
to achelive. Ihe report., issued by responsible he provided in sufficient quantities to permit
officer, At flthe conclusion of the exercise crews to beconme proficient in their use through
rveommended irnprovemr'ntz, arid incentives for experience in actual operation. Where complex
obtaining inori' skilled per.,onnel. pointed to techmiques anid skills must be acquired, many

Vhrcnii~o ~eoirtoileoinet n hour., of operation are. frequently neccessary.
priidtlei rrrrnrn fmoa'aiiefi Training carriedl out with operational ships,

brought lrN sliccessfil team effort,,." aircraft, aridl equipment is inevitably accompanied
by high operating cost arid material wear and( tear.

The i.,oryof ynthtictacivstraiingdevces Fuirther. such training freque'ntly results in the lo~ss
'lii'his o~-of y it i t c tctjest ainiu gd CiiC5 of ships arid aircraft through accidentit, many of

for task forcoe Corn mand and con trol dates, hack at wihaedsdb h ndqaeAl eeso
least to frit-b earl x ula's, of Vi orlil Viar IL. whien flthe- eta ii
British. . Itoreliy .pesd t o dvlp ter fi-talr

pressd (lveh~p Inn' An antini binarinre exercise is a tNpical anid
.in ~i enr~ri rewafar c p~rilit~. ei'.rltatial frequnent naval trainin rg probleme. If opera tiorial

matini' nia i trainrr~irer, fo r 1h16 purpose. A\ pri ncipal i'li p7i i.i 'd.i iqi rsti'aali'i yo
fi'aiuri' ii' div e's' i',rl traifi''rs %,I (he ti'use of' lt*:-*- ft. submiarinies, arnd i'irtain ii 'pedla hr(

or' ~e tuir ~ o i roii d t'n ,at 'dj I' s Itwoa \'5 tac tista! equipme mit. Frequently. t hiis availabilit\ is,

*1 iu'riu Im N\it ýpi'rcml CnrreslicriderIll, dv'Iayr'd by ýspv'ra tionual commitiinnmen ts, eq uirpmeuint
'111 192 I j a) l.rc'trr Nvi I's 'uok] 'itnns. FrhI I L. 1929). failt un's. or Noca rwbr. If fit-' we'atIher is satisfacItoiry

~t S~. DaIepi Report (;f Ei'rcisev b~ t he Slript oif *AdaIphted front Lt. j. Gonrdonu Van'thi (Nlt),
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and if all participating units are operating and commercial airline.i. It is not usiusual lot as muanv
availIle, they ordinarily proeecA t _.. ____ as thirty equipment failures to be capabhle f

Time is consumined as these units proceed to and simulation in a single operational (ligh trainer.
from the rendezvous point, where additional delay This enables training in entergeency procedures anid
is e nc ou n tiered while communications are acquisition of correct instinctive pilot rernponws to
established and tihe participantL take position for be achieved without danger to aircraft or crew. In
each run. ti-e actual aircraft, there ma) hit no "'second

When the submarines dive and the prohlem ehance" when thire or other dang erous sit alion.-
beains, the aircraft execute .,earch and attack ari.,e. Flight simolators and synthetic training
operations in accordance with e-tahlished equipment allow mistake.- Ito be made. "secontio
doc.trine. Ideally., when tactical errors are ma:d. chanIc.es'" to he had. a,,d "cra..i-" to occur.
those portion:: of tile exercise should he repeated Simulation of emerg'encies has haad ant unpres•i e
until operating proficiency has been established psychological-often emotional-effect upon
and errors eliminated. Furthermore, it should be trainees, particularly u pun t hose who
"possible to reconstruct tire operation in such exact unintentionally 'crash" the trainer.
detail as to enable a critical post-flight analysis to
be made of the aircraft's tactical performance Simnulation equipment is admittedly expensive.
throughout the entire exercise. Unfortunately, Trainers sometimnes represent an investment of
aircraft fuel limitations, sometimes the weather, several million dollars. But the cost. like
and usually the general arraig.-ments under which everything else, is relative.
the exercise is held do not permit such ideal Operations, maintenance, and repair costs must
training conditions. The problem normally ends be included in any assessmcnt of the economic
with a return to base, a post-flight conference and value of simulation equipment and tchniques.
a conclusion, usually based on none-too-accurate Such cost, are substantially lower in the case of
or detailed information, regarding the aircraft'- tile simulators than in that of the actual
effectiveness against the submarine. equipment. Differences in the operating expenses

of synthetic and actual equipment largely account
Admntages of Synthetic Training for much of the enthusiastic support of flight

simulators by cost-conscious airlines.

Simulated missions, in contrast, are carried oun There are other costs to consider. With the use
under the close supervision of a specially qualified of simulation equipment, the services of
instructor. Aircraft flight path is permanently operational craft for training exercises can be
recorded in three dimensions, as is the- course of reduced. Submarines, for instance, need not be
the simulated submarine. These records are diverted from tactical deployment, in order to
combined and synchronized on a time-related serve as targets for air antisubmarine training-
basis, which makes it possible to assess crew they can be freed for assignment to war patrols.
performarce at virtually every instant of the Similarly, the fleet need not be deprived of the
exercise. If required, the exercise can be stopped availability of operational ships and aircraft to
and certain phases repeated to correct for errors in carry out strictly training functions. Surface and
crew procedure or for failure to adhere to air units can be more directly employed against
established doctrine. To save time, the problem enemy or potential enemny threats;. Ships and
can be speeded up- i.e., parts which are aircraft can be made to spread further and material
unimportant can be accelerated. If necessary, the procurement requirements made to decrease. In
trainer can be operated around the clock and a the air, on the surface, and beneath the sea,
large number of crews trained in the problem in a material-wise and operations-wise, naval costs can
relatively short time. be reduced by substituting synthetic for

Emergencies and equipment failures can be operational training.

introduced into the problem from the instructor's For reasons of low cost, efficiency, flexibility,
station. This is an important safety consideration and ;afety. simulation provides the means for
and has been a major factor contributing to the effective training. It points tile way to increased
increasing acceptance of the synthetic training naval economy, greater personnel proficiency, and
concept, especially by naval aviation and a higher state of fleet readiness.
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SIIIPIIANDLiNG, MN) TACTICAI. effeets. Visual and radio communications art
N.ANE.IVI.iNt; i i.'xiNEi.S F ... !atei!. Future rvfptreentsLq were anticipated

iin the original design by allowing for aircraft
speeds tip to 600 knots!

Shiphiandling a ntd ta etical maneuvering
repre6etits the oldest class of naval operations. !Nevie 20.A61-Alaneuvering Tactics Trainer
Shiphandling in the days of ,ailing vessels differed
dlrastically from- and equired far more muscle A modern vernion of the Maneuvering Tactics
than-the handling of a modtrn iaircraft carrier or Trainer is rmpresented by Device 20A61, which
destroyer. And tactical maneuvering in the very was installed at Newport, Rhode Island in 1967.
earliest times simply meant maneuvering one's ship 'lhis device offers an interesting comparison with
to achieve the optimum angle of attack for Device IBZ2, a comparison which highlights the

ramming the enemy' ship! almost unbelievable advance in computer
technology occurring in the less-than-twenty-year

Device IBZ2-Alanetvering Tactics Trainer period between the development of the two
trainers.

Perhaps the irst trainer for this class of Device 20A61, consisting of 24 bridge
operations developed by the United States was mockups, eight Combat Information Center (CIC)
the Maneuvering Tactics Trainer, Device IBZ2. mockups, an( three Offtcer-in-Tactical-Command
This device, built in the late 1940's and installed at ( o oms, is three offtr-in ngatipaton2a0
the Officer Candidate School, Newport, Rhode (OTC) rooms, is capable of training wtp to 200
Island, has been described as "affording realistic IBZ2. Elements of the training problems which
drill or practice in tactical maneuvering problems may be created with the device include radar
that involve surface craft, airplanes, and display interpretation, helm operation, situation
torpedoes." [loused in a building 80 feet long, 40 ayie rpretan , helmu opeation , u
feet wide and 30 feet high, the device, which is assessment. aeid communications.

still in use, can train up to 52 students at one time. Device 20A61 utilizes a general purpose digital

Originally, 16 projectors were used to show the computer for all computations. including the
mpositions of 16 ships and planes on a 16- x 16-ftanysitions ofp16ships a nd anes on a 6 x 16 training exercise. Vehicle position computation is

:•screen, representing a gamfing area of 96 x 96 mitielwt nacrc f1 ad n

nautical miles. Later the number of projectors was maintained with an accuracy of 10 yards and
in e tcourse accuracy within a tenth of a degree. Unlike
increased to 25. Sixteen booths, simulating ship's the IBZ2, Device 20A61 does not require frequent
bridges with positions for the Conning Officers, diust.r.ents and alinetnents to maintain its
Tactical Officers, Communication Officers and e .. putational accuracy.
Pilots, were provided. Eight booths have additional eleptroniccuacy.

An electronic situation display is provided toequipment for maneuvering either an airplane or a allow trainees to observe the motion of their
torpedo. vehicle with respect to any other vehicle in the

" The device utilizes an electromechanical lewtrspctoaytervhleitecom put e an inteestin featrecoawica problem. This may take place over an area as greatcomputer, an interesting feature of which is a"
as 1,024 miles on a side. Alphanumerics and

seri•s of special canis which can be interchanged to shaped electronic "images" are used to code the
reprogram for different ships. The maintenance vehicles. This electronic situaton display supplants

handbook writer (ahnmJst certainly employed by the spotting projectors of Device I RZ2, providing
the device nianufacturt-r) proudly proclaimed that far greater informational content, but, perhaps,

these cams were designeed to simulate u't/i extreme with some loss of the dramatic qualities of the
accuracy th, maneuvering characteristics of "war room" atmosphere created by the projectors
variou,- t) pe- of ships! in the earlier device!

In l)evice I BZ2, enemy ships are portrayed on Three additional features of Device 20A61
the screen as, celored ,pots of light. When it is distinguish it from its famous predecessor.
desired that the trainees see only the friendly Problems may be run in real time, or at rates
forces, they are required to don colored goggles to corresponding to two, four, or eight times real
"-filter out the enemny spots. time. This feature is used( to shorten problem times

A degree of sophistication was introduced into on certain training exercises, with obvious
the simulation through the computation of wind eeonomies. The device is further capable of
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operating in four independent problem modes Device 16B13- r, -is Operations Trainer

Q-te,>1taleot, dy, a feature which contributes
greatly to its versatility. Finally, Device 20A61 A rather uniqut _..ing device, which perhaps
makes provision for the insertion of ship can be grouped with shiphandling and tactical
malfunctions into the training problem by the maneuvering trainers, is thie Amphibious
instructor. Operations Trainer, Device 16B13. In this device,

which was built in 1966, model ships ind aircraft
Device 20A62-Energeney Shiphandling Trainer are maneuvercd on and over a terrain table 40 feet

Another modern shiphandling trainer is Device long by 10 Fý,Pt wide by 30 inches high to provide
20A62, installed at the Fleet Training Center, San an overall presentation of an amphibious assault
Diego, California in 1968. Th s device, described as landing. The trainer waý designed to train both
an Emergency Shiphandling Trainer, provides ship U.S. Navy and Manne Corp, personnel. It is used
bridge mockups, with each mockup containing all to help develop an understanding of the
the standard controls required to maneuver a ship. coordination, communication, organization, and
In addition, each bridge moekup contains ia radar relative positions of all forces involved in an
PPI display, a TV monitor to pret nt a situation amphibious operation.
display (not a part of the ship's equipment The sea portion of the terrain model enables
complement), and provisions for light and whistle maneuver simulation for seven transport ships in a
communications. The motion characteristics of circling formation; two boat waves of seven
any one of three classes of naval vessels are circling landing craft; four boat waves of seven
simulated with reasonable fidelity. A training landing craft, each simultaneously moving to the
exercise involving as many as eighteen ships and beach land area in successive in-line columns,
buoys may be conducted with the device. All V-formations and line abreast formations; four
computations are accomplished digitally, mine-sweepers moving on transverse course parallel

One of the features of Device 20A62, as in the to one another and the beach; four fire support
case of Device 20A61, is the use of a closed circuit destroyers circling on outboard platforms; one
TV system to present situation displays to all of fixed position aircraft carrier; and two transport
the trainees. In the 20A62 system, a display is first ships.
created on the face of a CRT. This display shows Maneuvering over the sea and land areas are
the location of all ships and buoys in the probkm, various model aircraft, including three helicopters
together with their headings, identities, and type operating from the aircraft carrier, one observation
designations. Optically, a 35 mm slide picture aircraft, one strike aircraft, and one transport
depicting the shore lines of a harbor entrance is plane.
combined with the CRT display for viewing by the The entire training device is operated by one
TV camera. The result is a composite image person from a control panel located at one end of
depicting the complete tactical situation. This the terrain stand. A slide projector, a 16 mm
image is displayed on a TV monitor at each of the movie projector, and a view-graph are provided for
four bridge mockups and in the instructor's room. auxiliary visual presentations. Also, a tape recorder

Another interesting feature for this device is a and public address system are provided for the
taped system test program, which can be run on reproduction of special sound effects and
the simulation computer to evaluate the device, amplification of vocal narration by two
With this program, test problems can be inserted instructors, one from the Navy and the other from
and run quickly, with the results being observed the Marine Corps.
on the radar indicators, TV monitors, and other ANTISUBMARINE WARFARE
indicators, dials, or instruments. The test problems (ASW) TRAINERS
are so constructed that errors of solution are
readily observed visually. ASW represents a category of naval operations

Device 20A62 is providing valuable training in involving unusually demanding training
shiphandling techniques to naval officers. The requirements. It is perhaps in this area that the
training program, which has been structured to advantages accruing through the use of synthetic
make optimum use of the device, is team-effort training devices have been most notable. The
oriented and is designed to develop experience in German submarine threat in World War 11 of
dealing with a variety of ship maneuvers, course hastened the development of AS% tactics
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traihners; tle -current threat I(osed by einey all eraft sinmulahted, to provide for displays in each
sbmarines keeps in the forefront the iced for mockup appropriate to the surface ship, aircraft,
these training systems. or submarine represented in that mockup. The

status display projectors are driven by two.phase
Device RS8F a.c. motors. The unit was modified in 1957 to

enhance its accuracy and performance.
An early ASW trainer, built by the

NAVTRADEVCEN and put ;nto service about Device 21B22-ASW Tactical Game Board
1950, is Device RS8. This fixed installation device
is a trainer for enabling naval command officers to Another ASW trainer, which was put into
perfect the eoordination of sea and air forces i operation at Key West in the first half of the
locating enemy submarines during "hunter-killer" 1950's, was Device 211322, referred to as an ASW
operations, it providM simulation of a task force Projected Gameboard. It was intended for use byconsisting of nine surface craft, two commanding officers, ASW officers and executive
coavier-than-air craft one lighter-than-air craft, officers in screen orientation, hunter-killer search,
four helicopters, and four enemy submarines, with patrol, and retiring search. It further was designed
all forces coordiated in a unit under complete to train students in conning their own ships,
supervision and control of an instructor. The accomplishing intership communications, and
supervmsion arai 0 mile an instrumaintaining their own plots of the tacticalgaming area is 100 miles squiare. situation as it deveioped.

Two six-foot screens provide status display to
both the instructor and to a large audience. The The trainer, which is no longer in use, was
relative locations of friendly and enemy elements constructed as a theater with projection screen and
are displayed by projected spots of light one inch 13 projectors, to show the positions of eight
in diameter. Individual students control the 16 destroyers, two submarines, two aircraft, and one
members of the friendly task force from individual convoy. Other equipments included were 13
rooms, each of which contains suitable control dead-reckoning analyzers, eight dead-reckoning
mockups and a statun display. The four enemy tracers, 13 course and speed helm units, and a
submarines are under the direct control of the communications network. The gaming area for
instructor. All movement, are created by means of simulated exercises was 40 x 80 nautical miles.
dead reckoning tracers properly scaled for The tracks of all vessels were plotted manually on
compatibility with one another at the projection the projection screen from the instantaneous
point. Provision is included for simulation of position data afforded by the projectors.
sonol,uoys, which may be dropped where desired
and whose simulated response signals, available to Device 14A I-Action Speed Tactical Trainer
the students, are realistic to the point of including
the effect of prop beat noise normal to sonobuoy A "second generation" ASW tactical trainer is
fu tnc tioning. Five channels of radio represented by the Action Speed Trainer, Device
communnications are included in the trainer, as are 14A], which was first put into operation about
means of simulating the operation of MAD 1957. This trainer differs from its predecessors in
equipment in the submarine search operations. two major respects: (1) a vacuum-tube, analog
The master control for the instructor provides a computer system was used in lieu of an
radar screen displaying all craft except the all-mechanical system; and (2) simulated radar PPI
sonoluoys, adjustable cursor for position displays were provided. In concept, however,
mewLmureennt, switches for blanking each craft on Device 14A1 is very similar to earlier ASW
the stident's radar screens, submarine status trainers.
control, svtnchro dials for speed and heading of all The trainer originally provided for simulation
craft, i r tercorntnimication equipment, and of eight destroyers, one convoy, two submarines,
miscellla nous cmontrols for instructor's needs. and six aircraft, with provisions for adding FI

'Tihere. are 16 separate student rooms for additional craft to the simulation. TV
sit iultanons, but indlepInlnt, instructi-m, instantaneous locations of all these craft in a 10"

Co(mul pittalion is perforined usimig analog x 100-mile gaming area are indicated on a 9-
simulation implemn','ld by tube and relay circuits. 9-foot screen by means of 17 optical projectoi.
Thf cornputer solves for the relative positions of Maps of properly scaled land masses and sonobuc-:
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locations are also presented in the display through Conning Station. Team training i.a oanplizhv,i
the use of auxiliary projectors. utiliziii the ASROC .,hit'. ,-inal ASW Ivain.

Plots are developed manually with colored with three to 12 :nstructorsi and utilizing a
greasc pencils on the rear surface of the viewing 12-vehicle capability.
screen. Alsu, provision is made for replotting on The importance of this device in th," Navy's
the front of ti.e screen, using colored ultraviolet ASW training program ma) bc ini.rred from tit-
crayons to facilitate tithe analysis and critique oif faot that units have been installed at six different
previously performed operations. Trainees control Iuocations: Newport, Rhode Island, Charle.stoi,
the detre-cr movements from helhn units located South Carolina; Key West, Florida, San Diego and
in eight mocked.up CIC room.. Ilelmn unit,, for Long Beach, California; and Pearl Ilarbor, ilawaii.
control of the convoy, two submarines, and .six Further, the device is to be upgraded in the near
aircraft are provided at the instructors' stations in future through the addition of digital sonar
the problem and helo/air room. simulation, which represents still another

Simulated radar azimuth and range indicators, breakthrough in the simulation state-of-the-art.
one located in each CIC room, are provided to
show the relative position of each craft in the Device 14A6A-ASIV Coordinated Tactica Trainer

training exercise with respect to the destroyer Set
controlled by the CIC helm unit. Radar
presentations are also provided at the instructor's Perhap., the most modern and realistic means
master control console and in the helo/air room. for team training in coort"-ated ASW operations is

The limitations and disadvantages of D)evice now provided by the ASW Coordinated Tactics
14A] reflect the state-of-the-art of the time period Trainer Set, Device 14A6A, completed in 1967,

in which it was developed. To maintain The simulation provided by this device, which
computational accuracy, it was necessary, among represents a modification of Device 14A6, is

other things, to repeatedly balance tubes, and unusually extensive and includes the simultaneous
adjust helipot trim pots and gear trains. The only and independent movement of 48 vehicle. These
means provided for identifying a target or craft in consht of 18 destroyers or submarines; 16 aircraft,
the display was a switch to extinguish the either fixed wing or helicopter; one aircraft carrier;

projector for that craft! Greatly improved nine drone antisubmarine helicopters or weapons;
computational accuracy, enhanced reliability, and four instructor-controlled target submarines.
simpler maintenance procedures, and displays with In addition, one flag plot and 64 soihobuoys are
greater informational content, at this point, simulated. The sonobuoy types and techniques

awaited the development of high speed, general are: Eeno ranging; CODAR N-S; CODAR E-W;
purpose digital computers and associated CRT JULIE; LOFAR; nondirectional passive;
display systems. directional passive; and direction active.

Device 14A6A simulates the following sensors:
Device 14A2-Surface Ship ASW Attack Team active sonar; direct vision; electronic
Trainer countermeasures; infrared; magnetic anomaly

detection; passivw detecting sonar; passive ranging

The breakthrough of digital computation and sonar; radar; sonar intercept; and trail.

problem control was first realized in art ASW A total of 20 radio channels are available, and a
Attack T-ainer with the development of Device 600-mile square ocean area may be used for
14A2 in the late 1950's. This trainer is essentially maneuvering, with a maximum 2000-foot depth
an ASROC Weapon System Simulator; however, for submarines and a maximum 50,000-foot
the simulation includes support units consisting of altitude for aircraft. Over 300 trainees may be
two surface and two :ubsurface unit, and three involved in a single training exercise at the U.S.
aircraft, making the D)evice indeed a multi-ship Naval ASW Tactical School, San Diego, California.
tactics trainer. A critique area. large enough to seat all of these

Working mockups of much of the actual trainees, is included in the building, which houses
equipment on an ASROC ship are provided in this training system.
Device 14A2, including the Underwater Battery Device 14A6A incorporate.; a problem display
Plot, the Combat Information Center, the system which provides much greater informational
Launcher Captain.s Control Station, and the content than the simple projector systems of
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earlier devics. This system uses projectors capable targets, is the major operational difference
of continuous plotinig of vehicle tracks, and uses between the earliest and the later devices.
coded41, alphanumeric symbols to provide additional Sonar simulator attachments for both Mark 3
data. Thus the' mrianual plotting used, for example, and Mark 7 attack teachers were added in
in Device 14AI is replaced by fully automatic path approximately 1950. This part of the system is
recording. Another feature of this system is that designated Device 15RI.

ith tracks developed diring a training exercise are On the lower floor of the Attack Teacher, a
permanently etched on projector slides arid can be completely simulated conning tower is provided.
reprojected at any time for critique purposes. This tower contains helmsman's station; two
Overall, this display system represents a second periscopes (one operative, one dummy); torpedo

I ieainsystem providing, onalrescreen for prsoe oeoeaie n um) opd"Peneration on a large data computer; dead reckoning tracer for target
viewing by large audiences, displkys not too unlike vessel plot; a bearing and range indicator; surface
those created by today's .omp)uter-controlled CRT search radar equipment; WFA sonar stack; torpedo
systems, albeit with considlerably less flexibility
and capacity. ready light, battle order and firing panels; and

intercommunication equipment.

The after end of the conning tower is open so
SUIIMARINE ATTACK TEACIIERS that the instructor may view the actions of the

conning officer and the fire control party. A panel
'T'he effective use of submarines as weapons of at the instructor's station indicates course, speed,

attack requires highly specialized training of a type range, and bearing for each target. Just above the
most feasibly provided by synthetic training conning tower is a simulated submarine bridge
systems. with binoculars and target bearing transmitter for
Devices RSIB-Subr -ine Approach Trainer simulated night approach and attack. A simulated
(MK 3)and 21A3-Suhmarine Attack torpedo room on one side of the conning tower
Teacher (MK 7) responds to commands to either the fore torpedo

room or the aft torpedo room.
Several training devices in the category of

submarine attack teachers were built during World The periscope projects into the operating floorWar I ad sbseuenty tpdacd.Incldedin his on the second deck of the trainer. On this floor,
War 11 and subsequently updated. Included in this f iv e m o del cars are maneuvered
category are Devices RS I B and 21 A3. The purpose ele m e laca rs are maneu ireof these trainers is to provide team tr:.;.ing of electromechanicafly in relative motion with

t-hbmarine fire control parties and conning tower respect to the periscope. Each car carries anama control room crews in trackingd approach and accurate scale model of a target vessel. All models
ev-ridcon tatrl Trainin tracong, throha are interchangeable, and as many as five targets

eaintactics. Training is conducted through may be controlled simultaneously by an analogsimulation for surfaced or sulbmerged attack on mpute to simultanessls by in anvog
single, slow or fast targets, on unescorted convoys computer to simulate vessels either in convoy or
or convoys escorted by one or more destroyers, or proceeding independently.
snorkling submarines; on evasion of ASW vessels; The opcrating floor on which the cars move is
on long range radar attack; andl on submerged designed so that the elevation drops off radially
.mnar attack. Figure I shows one of the early from the periscope in a scale to simulate the
submarine attack teachers. curvature of the earth. This gives distant target

These devices permit training against any one o models a "hull down" appearance. A maximum
five independent surface target models. Device optical range of 14,000 yards is simulated,
21 A3 is ani enlarged and improved version of the allowing sufficient range for maneuvering the
,)riginal ILS I B trainer. The latter was installed at targets around the periscope in all directions. The
the Submarine School, New London. Connecticut, gaming area of the device is 14,000 by 6,200
in 19,14 and used almost continuously (luring the yards.
war. Typically, the trainer accommodates an
average of eight, half-day classes per week, and When in operation, the "submarine" is under
provides training in six to eight simulated control of the student officers in the conning
subhmnarine attacks per class. The ASW vessel tower and responds normally to the rudder
Capability, now provided for one of the five controls. The submarine speed changes in response
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Figusre 1. Farly Submarine Attack Trainer.
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to tlet cilgine ordler tlti-raph, with ,iplication ot A fairly complex systvm of controls activates
in or tnia i a rcclcration a itd dveceleration the lighting system to simulate clay and night
Fharateristics. IBy Inauns of an electromncchanical conditions. Also, some attempts were made in the

a.'alhg coinmp, itr, the changes in speed are lighting system to create the effects of sea motion
Iransm itted to tirhe model cars to provide the and clou d conditions.
neiessary changes in relative motion between the The sonar simulator attachment is compatible
stiniarin,, and larget vessels, with the basic dcvice. It uses what is basically a

Snbm.arine course changes are transmitted, via d.c. analog simulation. The sounds are completely
th,. c(,nptiter, to the tupper section of the artificially generated within this system; however,
periscope, which is rotated relative to the lower provision is made via a record player adaptor for
sectioti to maintain the correct target bearing. The introducing special noises anrd effects.
scale- models viewed through the periscope appear
oni a simuliated visual seascape to create the illusion Device 21A38-Subnmrine ASW Training Facility

of reality. ILighting of the operating floor may be The U.S. Navy's newest and most sophisticated
controlled to simulate various periods of the day, submarine antisubnmarine warfare trainer is Device
from bright daylight to complete darkness. 21A38. This ASW attack teacher was officially

The rnioveinents of tl t model ears are introduced into service at the Fleet Submarine
etitrolled by anr operator who sets in course and Training Facility, Pearl Harbor, on September 17,
speed chanlges to simulate evasive maneuvers of thetarget wes:els. 1963. Providing realistic shorebased attack

"?'I atraining, Device 21A38 fills a vital role in the
Thei Submarine Approach Trainer is extremely triigo .. Nv ubaies hog h

versatile. It can be used for a wide variety of ining of U.S. Navy submariners. Through the
training problems, or in the evaluation of attack ese of target operators, operational equipment,M .. and central simulation equipment, the essentials of
arid evasive nitaneniversi. By simulating various the submarine seagoing environment are created.
attack problems, it is possible to evaluate attack
procedures and establish operational methods, Device 21A38 contains Skate, James Madison
which finally can be tested at sea. The following and Permit Class Submarine attack trainers, a war
types of problems may he worked out in the games complex, and a computer room. Each
trainer either for training or evaluation of tactics: attack trainer contains a simulated submarine

I. S~mhumerged attack on a single slow, or fast attack center and sonar room, a program operatortar.ret, station and a classroom. The war games complex
2. Submerged attack on ,onvoy escorted by one provides overall program direction, control and2r mor.d atr ocort be observation. The computer room houses all

3. Night surfate attack on any of the above simulation equipment and a digital computer. A
targets, communications system provides overall tie-in of

4. Long range tracking and approach by periscope. the complete facility. Figure 2 shows the floor5. ~ Logrnetakngadprohhyaar plan of the special building which houses the
Longrm rcii ndapoc yrdr

6. Submerged attack by sonar, unaided by system.

periscope. The Skate attack center contains an MK 101
7. Evasion ofantis,,biarinevesswls. Fire Control System, plotting stations, sonar

I in plerent ation of these devices was repeaters, and communications equipment.

Saccomplished by the ise of analog Trainees learn attack center procedures for all key

(om0 ,htfly acompoiend hy th t jsof were phases of submarine warfare. Physically this attack

todtator 'amplificatios. Servs tusing both center resembles an actual Skate attack center andusd f•ramplific'ation. Servos {,sing b,,th

the trainces use. operational equipment to enhance
the realism of the training. A periscope visualw ,rr,' e iploye~d. Syn,'hro~s and rv'stlvers were

' to tihts.,rIos toy-Il,'ate command simulator, to be added at a future date, will
frt dto r Further make the attack center a complete andsignals for th0.- dials anld indic'ators.

realistic replica of its operational counterpart.

"The tarvct cars or "Crabs" bear the target The Permit Attack Center, like the Skate, is a

model on It turn table arnd arc propelled by three realistic replica of the operational attack center. It

wheels which re.spomil to speed and bearing contains a fire control system, operational sonar,
sy ilchrt cininandls. communications and the plotting station. In
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SUBMARINE ASW TRAINING FACILITY - -. -. prtorSato

DIEVICE ZIA38
PUARL HARBOR

Comiputer and
Sitnlation Room.

~Attack Center 2

Sonar Room I

Soa Ro
AtttackCCenter 2

Prograa Operator

Figure 2. ASW Training Facility, Device 2lA 38, Pearl Harbor.

addition, this attack Peniter contains a highly The resultant visual and audio indications are very
realisii,- periscope visual simulator. A ship's nearly idtentical to those received under similar
controi panel, presently being developed and conditions at sea. Sonar simulation, wherein sonar
ass-nmhled, will enhance the realism of the attack inputs, are applied to the fire control system
center. directly from the computer, is also available in the

The James-- Madison Attack (.enter is quite three attack trainers. Operational radar equipment,
similar to the Skate and permit Attack Centters in originally provided in the attack trainers, has been
capability. It presently lacks the periscope visual removed, although the simulation equipment
simulator capability present in the Permit Attack remain,., intact and thi!s Capability can readily bie
Center; however, cqu;pmentt layout has been reinstatedl if required.
plani'ed around the future addition of this Th'le program operator stations contain the
(apability. ECNCM ,initilation equipmuent is present conitrol.- and dnl for the operators to act as
hut the necessary operational equipment to helnilsnicen, torpe:do' room crews, anid evaluators.
implement this feature has not yet beeni added to Voict- or signal comnmand, from the attack center
this attack center, are eniteredl int') the computer, which change its

The. -,ofar rooms of the attack trainer conla~i outputs to thie Simutlation equipmrent Which, inop~erationial sonar systems., activated by realistic turn, changfe the indicationg in the alttak c titer.
sound., generated by the simulation equipment. TIhe programn operator s.tationi also contains an
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in.t rtitetor'ý tonuole % Ititcl proidtl e., the i ittrutteIor TIhe war gamnes dIisplay system, using a 20-foot

withI ratigv, ;we I, ani Ibearing data ton a tiv' mit are scroen, givvs both the mtaster program

ee lested ttr~ert. A\ large pictt rv wtindow ptrovide, oprra (or and the atodien e overall ptrotblem data.

the optlerattors midl ii.truto l rs wit aI *n onotoltstrite etI l.oidspeakers allow the program opera toir to
vie i of the attac vien~etier at tivitt . tnarrate intt i the auth cidittriu thle problem or pri jeevt

l) ~tj c~tefle '11isjlaN I Y'Utem, at the pro gramn tac Iteal communic tatiotns, ta king place in lie at tat k
opera tor siliit.plots and protjects onito a d isjtlaN cen ter%. problem tatms and at iask time are

.wrteti vidor-coteil I rackN ,howit'iaju the ('ouitv, of turii~isltt' to aid the autdiencet.
all ve-hicles, ,ttl weapons. aetlie in at trohilni-. Th coptr omcnaisIw gerl
Vehiceli itlt. uw fi alt in antd tinme int ervatl mtark., artlecttpt e otitoitan w eea

eit iodeil ott e,;h Nelih1-d track. O)ther not at ions. p0 rpo~se digital coinpu ter.s atid the bulk of the

Suic Ii * initial mmttar or radar contttact. ca n hev 111 itla tion equiiipmentI. Tlhti. equtipmeneit providles

ffi.plaveil Theli crentet area cani represenit an1 *ired 0of data to the o perational equipment as a result of

1 0, .50, 250, or 5(M titi oi square aN deterkintl i v ttu ' tnpitts from the program operators and( the fire

the pirogramt operator. ctttr N ystett. Figutre 3 shows the minio rack of

'Fli master prograin operatoir stalitot, part of 011f, if these comnputers. Various tnodi'- of

tlti war ga tiles. comiplex , iitlnclue., t hi. contriol, operationu of D evice 2 1 A38 are possible, as follows:

11t1eesary fotr overaill progrant directioni. WithI As l attack trier litn b opierat ed usitng
eon trok, the tti~t er program operatobr assi~toi from nt te to 1 2 targyets.

targets to t he program operator-- antd, whet. 2. 'I Thr ee att Iacek t ra ine rs c an b i i v used

tiecessary, a~ssttines all or part of a progratm independjently, bitt simuiiltanteously, di idn the 12
operator's duties. tres

. ....... . .

Ytgurý' t Comtputer Un-vi Frtnic. Tfiwiri- 21 .138.
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3. Three attach trainers can be used in synchro signals which are introdluced into
coordinated problcm,, with tht 12 targets available operational radar indicators in four simulated CIC
to each. roonis. !n addition, the equipment providcls
4. Attack trainers can be operatetd against one synchro outputs of course and speed to
another. operational i|,icaturs to p, ovide ki, su!.atul
5. All 12 targets can represert either submarine.s ship movement.
or surface vezsels; one of the 12 may be an The simulation equipment consists of target
aircraft. course generation equipment, relative motion
6. Training exercises can he recorded and played co0npplitation equipment, and radar signal
back for critique and evaluation. Playback can be simulation equipmnent. The overall syster provide"
at real time, two times real time, or four times real four '"Own Sliip.," which are ireely maneuverable

time. in an ocean area 24(0 miles square. Each "Own
The entire device is under control ot the general Ship" receive, indications of the other three ships

purpose digital computer. Every attempt was made on the radar indicators in its mock-operational CIC
to use the digital signals directly, without the usC room. In addition, there are eight other surface
of servos for providing signals to the output targets, consisting of two "Master Ships" each
display devices. A to D and D to A converters are with three a&sociated "Slave Ships" which can he
used. Synchro voltages are gererated synthetically observed by all four "Own Ships." There also arte
by digital to synchri) converters. The trainer is 18 air targete, each individually maneuverable
transistorized, with the exception of some of the w air target
GFE operational components in the crew station

maneuvering area is concentric with the surface
mockups, which still use tubes. target area. Each "Own Ship" can receive radar

Device 21A37 is a similar machine which was indications of the 18 air targets. Thus each "'Own
started before device 21A38, but put into service a Ship" can observe I I surface vessels and 18 air
year later. The amle three attack center targets simultaneously. In addition, a simulated
consigurations are available in this machine, which height finder radar set is installed in the CIC room
is installed at New London, Connecticut. of the CV and functions only with that "Own

Ship."
Che Fire Control Phase equipment develops and

COMBAT INFORMATION CENTER maintains proficiency of personnel in gun fire

(CIC) TACTICS TRAINERS control director operations. Particularly, this

Strictly speaking, ui.arly all of the trainers equipment is used to train personnel in the use of

discussed in this article provide training in CIC gun fire control radar to acquire and track targets.

tactics. Theze are two devices, however, especially The equipmen° provides simulated radar signals
designed for this function, which do not fit into which are introduced into four individual gun fire

any of the other categories of trainers and which, control systems.

therefore, are presented in this section. These In effect, the simulation equipment allows the
trainers are the Fleet Air Defense Trainer, Device separate fire control systems to be switched onto

RS12, and the CIC Tactics Trainer, Device 15F6. any one of four simulated ships. Each fire control
system then receives simulated target pulses of up

Device RS12-Fieet Air Defense Simulator to 18 air targets which can be acquired and
tracked using the fire control radar. The

Fleet Air Defense Simulator, Device RSI2. is simulation equipments consist of four systems,
located in the operations building at the Fleet Air each one -onnccted to a specific gun fire control

Defense Training Center, Dam Neck, Virginia and radar, plus a switching network for transferring the

includes three portions: Search Phase, Fire Control independent systems to the different simulateli

Phase, and AEW Simulation Equipment. ships.

The Search Phase equipment is designed to The AEW Simulation Equipment was added to

develop and maintain proficiency of personnel in the device to develop and maintain proficiency of

CIC operatione. Particularly, the Se..ý.h Phase personnel in this class of CIC operations. The

equipment trains personnel in the use of radar for equipment provides simulated AEW rada.- target

search and acquisit'on of air and surf;Ae targets. signals which are introduced into operational radar

The equipment provides simulated radar and indicator. in four CIC rooms.
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'Iw %F%%\B Simuilationi FtIiiipinenlt conit~-ts of lgamiing area (or training ex ereist-s is 1,024 nautical

targetI io ur'~ g Iterat ion t-qn ipm ittM A l\V reltdtive miile- squ. -t, with pirovisioin. for simuai ngihi

moio cmuttina qupmnt ndraasigzial aircra ft (o ftalli toil of 1 50?. 000 feet aid

niolalat itn rqipit imen t. Tlw \FA EV% Nstefil alltows submifarinie ito a diepth of 2,000 feet. A total of
four ofI tile oinginial 1 8 a~ir target. tot Ibeco me A EWN 12 seart ta ant (:it generated. Fifty-five

5i.rt'raftt. B\ ean oii.fi- I apcesele t ir switcthl, ea.chI of ijistiic t init erceptor c2onsoles aire provided, each for

hie foIur - IN%, SIzp,. (:1 mockuiip, ii the traineitr the realistic control of a simulated friendly
I, apable o i revei iing Ilt o~t f t ill, fouwr A EW radar initerce ptor aircra ft aindz simuilationi of an equal

1tresentt.iot wi if pl at v tof i6 ow "*sur ~far~ce', PI iiiumber if "boge'y" aircraft.
picture Am orall ofthe for AE.\ aircrft can'I he true fliexibili ty andutl(ityo eieI

thsbcm fl-w ;ip itl-see that tilie cani be appreciated better Imy tcoisiii irizg the tyie~s
enir fec, oni~in o 2 suirface vem~els and 17 of trainizig ewercisez, which iinay be comitiicted wvith

iiiitaftus'ontle111 the( systemi. Th'Iese include exercises for: CI C
uiti r.ýcc t at A V ircaf. emanig rainuing. Ai rbortie Ery Warning (AEW)

hibret A Xi, aircra ft htco fit' ordina .ry air targets traiflig -- wheiiteiie it eie 55 h

%helu %cit'-etl on tlzr P11 %i itli respect to the fourth E2A Aircraft Tactics Trainer; Air Intercecpt
A EW. Controller (MC) training; ECM training; 1FF! StE

Addlit ionial mdff1hicatit n hav been ifsd to quipment trainiing; and Ani tisubinari iie Warfare

till- origifial IS 12 siuitlator, part icutlarly in thel (ASW) training.
ratdIar signal proves. g. A t ri-rtrtr aft i video ro provide all tof these trainiiig exercises,

distribut ion *Vstetii anld aii I FF/SI F D-pbliv levice 15SF6 pelrfo~rmis the functions otf air-search.

have b een .ii ded to thel dev ice. surface-search, anid iieight-fiider radar simu latioii,

B~ecause tili, operatiton ot' the dev icte. sinice its (1 3) " Owni S hi ps" relative mo tion and

finit iil vons-titi :onit span., a idecade and a hal f, the chia ract eri sti c geneirationi; ECNl siniulation:

vairioui ibssvls.steiib are, imiplementftedl iii rnlffy' I F/SIF simulation, aircraft flighIt trajec~ttry

dIi f ferczit w aNs. The original comiputationi simlulationl: aiid target characteristic generation.

equipme tt 1,i tai fi. gearted servosý otsin aix .. motoirs 'hi~ sC imulilationis provide inpu ts to operational

and ii d. anfipl ifier.,. SN nebros, afid rtesolvtrs aire used equiiipienet normnally found in a shipboard CIC.

in Ioth tI the ývnots aiid iii thet iistru nienit.s. Video These imnputs provide' the searching, niavigation,

i-eaoprovid.e piukes al noiose signals aii. d ii detection, trackina, anti identification-eva1 nation

sigfial. arvtlistd fo r stomet of the radar display capahiilit it. of n ine CIC mockups. U p to nite

comipuitatitons. Somei of titlt- serio amiplifiers are- si4 pa rate probileims call lie cond tc teti
chot ppetr stablizi'edl, (ItIi trs tj t magnet it amipilit-ies. Si iniultaneoti sly usitig thi is CIC. 'lactics Trainer.

In t mit-eral, th le %str~in lifset,, lit- circunits, e pt! Dttl ~ levice I 5Fý6 tak'es full advantage of titl- power,

Itor thitl, mist rt-eent addit itn it i Ith ie IFF1/Sl I`- comiuipiters. Thel( comffpuiter used ifi[lhe device is the

,ys tz- i in u nlic Ira isiiit mr. art- usedl. All of thit co01inputers. Tbht computer used in the Device is t he

ctnqt alipitai i� i, I ta-et onl ana~lot g flit t lit t!.. Istiv 1'tI2:30, wh itcl is a hiighi-spee-d version of the
origriial AN/1S(' )-20 com putter iit-t1 in thlit Navv

u-c w 15F6 (:1( Tizeticl; r~auier Tat-tit-al D~ata System (NT1D S) aiid then Ai rborne-

it i- wNmlrtrafinint' -% tcii Tatctit-al D ata System (ATO S). Approximatt-Iy
In hi- ifil- thtk at-r fL'.t~ 32K\ wordls of core memory art! used] by Devicet

dt-~~~~e~~~ttj~~jýcdu tt15F'l l)\(E stiii-ain. l!6. It k~ doubttul, of k-oor'st, iha[ simulation oti
ifi'.tdllt-tII%. Xiih .. N ~ \r Tt-t iiiical thie s-al- affordedt It-; this dt-vict uoilhi e-ver have

'tramin Cet -ttr. Giwo Geo rgia. Tlui, beettni~ at temiptedt witli'ont thei dtevtlopmient of the(

I tl'- I ,rn - D ,titi tu t tttte and k n it, iit C C d g tat i pu ter as I f van-ihh- unit for

t-\t-i~~ .it. r~t- nt-uta -ifilld t- - -rprit~licetl fit-tlrplirationf intom trainingi itt-vices..

for t.i--tt rin v- i tmfiitbll ad~l tttititl tratfifi.

I, t ari nti- -hnip.. -w ti aý \ c\.1t--- ert i r-tuti-t-r-. Curreni-itly, ciomprt-hensivi- training systems art-

Mittl -unitl, t-t-l'dv.-i rt . N int- ('I - mit,) kup1 - living imiilemetieitd at tile Flei-t Aiti-Air Warfitr-

li' -,Ot1~ t - I-. cj It -11ra tfiputthiti -'N~te-n. 'iThe lraiiiing (.enite-rs, San lDiet-o, Calhifoirnia, anti Damn
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Nec, irgni. Tu-v entrsincrprat fciities s Om of the sinitlationdevirvs arc for radlar,

TACIW'W (Tactical Advanced Comnbat Dieto proach. Spe ci fit dev icet, provored by

anitd EIe c t ron itic Watr f arev) S v sLetits. NAVNTRA DE VC EN for incot poration into

NAVUlRADI)ECEN, wyrking with indti.try, is IA( i EW incrlude the Electronic Warfare Trainer,

supplying trailling device., for them- 'fAt 1 EW lDevive I 51`I .: Woe Weapon., Syste-m Sýirntlator,

bSytems.- Device )0C8: thie Carrie-r Controlled kpproach
IT'w, feature, distiniguish T'lcw'ACIvY fromt most Trainer, )wice IE 5; )G 0 tit( ECC'd Team~ Trainer,

Iior training s~ stcrms: (1) A comtprehiensive. IDevic.- 151,213: and the- SPN42 CATCC Trainer,

multi threat enviiiron ment is 4nitinlat ed, Sin (ontrast D~evice 5(G 17.

with the limited environmen Is created by devices. Tiii i IMPACTI OF' AD VANCING
providing training in only a sigearea, such as T'ECIINOLOGIES ON TRAINING
ASW. In TACIJEW, tit( total environment of ECNM, NVX'CES IN THIS CLASS
anti-aircraft warfare (AAW), ASW, and( surface
threats and operations call be intermingled Coinpunlfrs
realistically to present the trainee with the( world
hie will encounter in) ope-rational conditions. Th'le availability of computing capability
(29) The systemi canPi transmit i ts simulated directly determnines the sophistication of the math
environment via (data link to N'Il)S-equipped ships Model which represents the particular sequence of
in port or at sea. 'I hese ships canl then train in their situations to be simulated by a training device. The

ow sroudrisol nependent ercssoas math model defines the fidelity andl scope of the
part of a training task force including TACD W features which call be included in the training
[noekups. environment. It has been the very remarkable

These two features sveem indlicative of future advances in computer technolngy over the past 40
trends in the development of training de'vices for years that hias multiplied the capability of

task force command alnil control training, simulating in detail (indistinguishable from the real
The training cap~abilities of TACDEW are world in ,some cases) thle many components of an

legionl, anil includec: AAW trainiiig: ASW training: operational task force command and control

amrphibious training for individual ships and task ell-ironmnerit. It is the purpose of this section to

forces; surface tracking and tactic., training; trace the technical art in the computational area

tactical data systenms operator and team training;, from the 1930's to the 197 0 's.
EC\M/ECCMN training; Air finterctpt Controller The common factor in all the synthetic training
training; Carrier Air Traffic Cont.-ol training: devices in the multiship tactical area (as well as for
E2AIE213 Team Training, using ATDS facilities; many other trainers) is the ability to solve the
strike operations training: and shore bombardment dynamnic !notion problem for all the participants in
team trainingV thel gamne (own shiips. friends, enemnies, targets,

Commanding officers and( unit commanaders, aircraft, subniarines, torpedoes, missiles, etc.). The

performing the( functions of Officer in Tactical state-of-the-art htas progressed f.,r in this area from

Command (OT'C), Screen Commander, Force the Link trainer with its pneumatic computer and

AAW Commander, or Commanding Officer, Canl fromi the IBlZ2 Maneuvering Tactics Trainer and

actively participate, it, this shorebased training the Vernon T1rainer which projected light spots

en vironument. Exercises canl le spec'mifically and tracks based oni mechaniical integration andI

designed to fit the nieeds of individual commnniider,, compulta tin.)

anld their staffs, in exercis-ing and i h-,ioieir Because of it.- abilit% to -,l( s etnn
cornmand andl ( on trol effec-tiveness,. equation,, in real timie, and because digital

TACI)EW achieves it.s exttensive capabilities Computers, .ýirmply wer, not available, analog

through the( integration of variou-s -Aimulatio'i coilipuii. :oni was- thei natural direction to take

equipmeitnts %ithI a ci'nt ral dlmgi tal co mpuiter facility ýkhun simuilating the moution of thle ýariotmis vehicles

and the Naval Tact ical lData System (N l'l S). and in a tactical situation Several ti pes of analog

through the pireplaraitionl of simulation prograrwý comlputer systvni, werv de~ eloped and applied in

for a variety (if traininga requirenin-its. lBy category. t1-e diffvruý!'! earlier. The
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varii ' aiiillifitsr ati tilt al.d. t c oli piiii tir l \.cl g itgraply till, se ed of't t iln r dar ig', i .ita ctirttail

liiiitle iti 1 tt'.lilt'va in..'. t. pt i of tl~t - bl an icreat e d co ptreiben with the recentryeats. Thor
i tttit, li aN . G peatrs an differen il ~ atia,%~r h ld makes itntii 'ig t e ta ope rfor itaittil e cina i ptime. o.-

'L'atii'.i dw epanalog coolieres t'niech avii/il lo j -irti at iltl k o h ii pe ia
thit. iiol till- dine' forire all up at tilt- oiispilao .tlats

w stt' t'll. m coiii 1%10 4 ofi al mo11111tor .t iiti "doii' without the triiot elav tichrdw re t hat incementa
tavionvir, i s~n i mplfi r, nd a ' ad variwe are takint g ; iplice f ing th fecmting i tio rtlii>

i'o llv t' mi-t't'llt ' for d fioitionI' c an fuctioni1 ii 5 r req nireni e t ewtti s tmuaton rig sp e han rg vi tlu ril o
(Ii . tlo n Ai x.iliiiit atd tlt i.c .". ii po" Nt vni , th ve tri (ataa1(strig ni s'il f tr a I1 p tig
ampiftr.r i i f i i s ouii~l thce t ata hav fen mad e iit e~ po . 'bl'sapl to s untltvvfch.
den d oilt inert ted osiii t iii ii vil i lies tw la.iii mi t orwtI (tli r fig , a nviaonme nti va l n at , u whind siweatheig

. W1 a ."it I i ith ie r atnvi dto digtl ric.tac hi me te. a c review i agie ic europast', olrtearn pertv ilgre a n d etal ilod
wasf ilage, %regatingl diee bett w) eelay t prnvde fet nlsmlreiioirina od i

co I and ec oltost th eqai so iti inAto b eroug rmig t~ilt- olpotr rie,.al (10 V fatorrii athe
sIl addtionret a 1 Tturn. tfh ii. was. aw ll. ''hart " cofllu"tii ilr i tr i lt.g d ev iirees et for'[ k Foc

ofs-rtn trthet taiea ritkalio agal iitme

aIllpproach i trina tio g clliplite ii N alni ~d probriti nI h r i nlg c notn ' len s il iI
co pi tt lll n ii t caei .sfttt

1 tit tAn rot l h ieriefedt oi ti.Thes arth 0speedl ungitlr

etc., were,, sftin f icit' fri a llcurate ill fthe nr ulatori , o ti'vntls dipa l'ic itli sraar 7ept
int hers for t hi'l eql;. unti us)I of nliota ion. wa' hiolis sonarpuite tr. ,n o ptrltedl tor tiardtirti t hq s i ven0't t ill

partit'ularlv ~ ~ ~ ~ ~ ~~~~dvnc tr; mall a atc rie novrgrin i iiion to tlifN teitral oript(mahitt'ra wI)%.
rt'litivl slow ' in1 a ; mai i ag mplifi'es r world ofe penid pIi'a tvic Sfo vial.''ct

'lilt'~ ~ ~ ~ ~ ~~~~~tit ilg a oiue sacmoeto h prtie of cleer programniw curitrtl to tr -aric the
rait(- serog ilivito. colas t\ ~the iiil'd to dri ve ,'~t i)niitital t) i fataiirgsse yicli ' ie r

a aTihte I i An il"'vrli ri i 1n. Frst it is ill t itlP ternit ', of ci'1 tr i tvr ti'r niar tt tan memoryi ts

iih t.tr to l b r 1111'1114.4u rat' the *i at i r it' ([ifthe HTV nf' dit r ili~ in s r p ciipa iriias
Itits for ,t"'t'i til g loation a nidatha ah d ,tfli~ orirka torn h .,as foi t onil ap nd iatolilpil tlalg"

implmened ing'auii itiw, n a-rWt th raw is r ftng disi required. Tit , iappiv t o u st'i cs

part in 1 2 \1.-t ti mipt t 'rs ~ . l~ Ittthing p ras ina ito ec~ vaiatia on ip thrn siuating it

r iths i t itl irt ' adven t ' o 2. Swit al i t'r i i tnd, a revie ir tated t ltirfom rass stil tem eassi iture ' tod alt'itudte

Comlete stotutiont toilt'litilt eint laioll ot mt iot ilgtl o Ald'dtho g at dlnigiiii o mputetrs art'tht rtform' n ofha

t'iilitit'r ii"~lt~ i~in hit t'i~ illil~l"hea' r~t"lii f dioper n ttrruiniia ordevjicis torTask Fttrte
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2. Gaming areas have increased from a few square Problem exercises can be preplaniicd an(l called
miles to more than 1,000 miles square, easily from the computer memory for teaching certain
movable, if desired, to simulate any area in the type., of problems. Further, the instructor now hIi1
world. available to him the ability to enter paramnctern
3. Many additional environmental effects can now into the problem, or alter preplanned problem
be provided. conditions via te!ctype or interactive displays. lie
4. Great increases in computational accuracy can can request data that is not nornmally dihplayed.
hb obtained. Recently, computo-r graphic terminal,, have been
5. Improved and expanded provisions for scoring, added to large training devices to provide ready
monitoring, and even automated teaching can noiw acce.,, and ( ontrtol 1) the instrime tor-operator.
be incorporated into the training devices.

The change in technology which has taken Scope of Fleoasible Stmulatotn
place over the past 40 years can best 1,e illustrated
by a review of the figures included herein. Figure 1 The scope of the simulation, and the fidelity of
is a sketch of one of the earliest attack teachers, the conditions simulated, has expanded With
Computation was mostly mechanical, though advances in the state-of-the-art. To illustrate this,
motors and bynchros were used from the earliest we might consider the effects of wind. While early
days. Figure 4 shows one of the integrator simulators might have considered the wind
modules used in this device. Contrast these with velocity and direction, the instructor had only one
the facility housing Device 21 A38 depicted in set of controls which set one wind for thc entire
figure 2 and the computer "main frame" used in gaining area. The use of high speed digital
Device 21A38 as shown in figure 3. This computer computers now has made it possible to specify the
was installed in the early 1960's and therefore wind in several vertical as well as horizontal
consists of all discrete solid state components increments of whatever size is deemed necessary
mounted on printed circuit boards. Two mnote for realistic effects in the training device. The
strides in the state-of-the-art have brought us to effects of these various winds are then included in
the minicomputer represented in figture 5. the computation of weather patterns, sea states,

aircraft velocity, ctc.
Control, Scoring, and Monitoring Equipment It can be seen that the possibilities of

simulating various conditions are limited only by
the willingness to assign computer time and

The state-of-the-art has advanced in the areas of memory to a particular function. The use of
problem control and scoring and monitoring in the magnetic discs for storage has even reduced the
ame dramatic way as for the computational memory problem, making it necessary only to

capability. The early training devices were provide enough time to get the iata on and off the
controlled by an operator who also acted as an disc.
umpire. When a torpedo was fired, for example,
the action was frozen and the instructor or In concluding this article, it is both interesting
operator determined whether a hit was scored. For and impressive to list some of the environmental
this purpose, the situation display had an extra features and improved capabilities which can now
projector, which was used to establish range and be included in a tactics trainer for task force
bearing at the time of firing. Now, the digital command and control. These include:
computer has been put to use to establish hits and 1. Increased number of combatants
misses. Beyond that, it is possible to program 2. Library of weapon types
scoring capabilities such that the actions and 3. hmcreas2d gaming areas
responses of the various crews are compared to a 4. Effects of wind
set of standards and/or to the performance of 5. Realistic radars
other crews. The events of a given exercise are 6. Realistic sonars
recorded for real time or fast time replay during 7. Countermeasures and CCNI
critique and evaluation periods. Permanent records 8. IFF and SIF
and/or score cards can be made available via 9. Communications
on-line or post-problem printout on teletype or 10. Winds
line-printers. 11. Weather
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Figure 5. Modean Minkoniputer.

12. Ocean currents The tools and simulation techniques available

13. Visual displays in periscope.,; and similar to the training device designer have multiplied

devieces with the advances in the state-of-the-art. The
question to be answered in developing future

14. Landmass simulation tactics ftraining systems will therefore no longer

15. Magnetic maps primarily concern the feasibility of creating a

16. eogaphi efectssuc as he ffec of sufficiently realistic environment; rather the

lont. n G og raphic effct suho astce. feto impact on thle trainee must 1)e considered and
mounain on ada an rado, tc.questions must he asked andl answered regarding

17. Navigation aids the extent of sinuiation necessary to enable him
to learn and successfully transfer the abilities

18. Crew station motion. acqluired to the ultimate task.
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1948. liestarted work in Training and Simukition in 1952 at the (then) Good yir Aircraft Company and
has worked continuously in this field since that time. fie halds three patents for siriuleiori devices and
uvas co-author of a paper entitled "Your Hundred Cycle Computing System;n for Trainers (and Simulators"
presented at Nival Training Device Ceto tr (NIA I'TRADE VCFI,.I) Symposium at Port Washington, New
York, in 1955. lie has worked closely with NA VTRA DE~VCEN personinel in the developmnent of Vevimves
15 V6, All. Weather Fighte, Radar Simulator, 2F72 (Tactics), F8112N Weapon System Trainer; 1 50 and
ISC4A. Radar Scope Interpretation Trainer, 2F65, E2A Weapon Syvtena Trainer, and 15F5, E2A Tactirs
Trainer.

1 08



Prini'tlmi !h,- ).g I'i lter, "rrzIamning and Sntulation Oporation, 4,11 Corporation,
Lip~e vs, ite, Was, vieind

Mr. t.tisfir r.'',,i-ed the IWF'. degre',e Iromi (City Cohlege of New I ork. his experience i trauining devices
ii('lle's responsibi•hly f" r lt ,',ctrical and h.. iromei Systems during convuersion of an operutional flight
trinter f]to ( $ .00 peton to 151150 prop pt for l"ront e•er .irhmnes. Ie had the same responsibility during
filthe. 4lsi off a , u "iar Wlh.dnl' Crew, Provedisrez irain. used Id bv Apollo astroimusts at Ilouston mSI'L.
taInofher simulator pi, je'ct fo.e which he uxi the P'roj'ct Enginieer as lthe Smcial Onentation Trainer, tued
It, Iwni pilots il recoglli:.an and recovering from disoric.tati• n at the Air Force Medical Center, San
I.:tn., 'ieul. Ile al•s. a•s respoiblnsde for the, technic•l design and productioni engineering of

ele'croopt, a•t tank .nctnf.; trnliiln dderives, it it oil operational talnks inl seoeral Europeant countries.

lie- is a r. gLtereil professional .'nginwe .it list, State' of llaryland and a member of IEEE.

I 09

Al

to



g Srlace Ship A" Trair Deeopment

Mr. ARNOID P. KLI:MKE
Operations Manager. Iloneywell Marine Systems Center/California, Wesl Covina, California

Mr. CARl. J. BAU,.GP.ERlTNEI{
Diirector of Engineering, Iloneywell Marine Sysiems Center!California, West Covina,
California

From the trainee's point of vieu, today'sAS W trinet aught look much the same as the trainer of the late
1950's; but on the other iade of the operating panel there has been a dramatic change. In the earlie'
traiaters simulation of at-sea e•reeis,.i :ues accomplished with analog electronic circuits. This was followed
by the development of sperial.purpose digital ,ircaitry to control the analog devicel. Then
general-purpose digital computers were introduced and these have gradually replaced analog techniques in
most simulators. Mathematical models describe the ocean environment, target.sourcc noise generation,
and the transfer function of the simulated operatioxal equiprnent. Computers generat', the actual audio
and video presentation.

Result: Training simulation ha= reached a level of fidelity which was never before achievable. Significann
improvements have been made in flexibility, reliability, and cost.

This paper deals with the advances in computer and digital system technology- as they hove developed in
the area of Surface Ship ASW Trainers.

A dvances in corhputer and digital system sea to amortization and utilization cost. of a
technology over the past decade have Device 14A2.

permitted rapid and extensive changes in many This analysis indicated a cost advantage about
fields. This paper deals with those changes at, they 7:1 in favor of shore training as compared to at-see
havo developed in one particular area of trairing training. This advantage can be maintained only if
systems-that of Surface Ship AS'V Trainers. shorebased trainer acquisition and utilization costs

It is indeed fortunate that ti. technologica! are carefully controlled. This means we must take
advances have occurred, because during thi6 same maximum advantage of those technologies that
time frame a strong forcing function has also been lead to increased capabi!ity without comparable
developing. The forcing function has been the increases in cost and complexity. Heavier
increasing need for eater training capability at utilization of all-digital computer-centered systems
lower absolute costs. The forcing function derives is one technology area that has demonstrated its
from three principal sources: increased complexity ability to be effective in this important arena. The.
of operational systemi: turnover of personnel; and above cost advantages realized by the use of
fewer doilars available for training on operational trainers do not take into consideration the
platforms. It is unlikely that these sources forcing elimination of hazards that personnel normally
change will be material1y altered in the near might experience while using operation vehicles

future, for t.,'ir training.
Shorebased training systems can never be

expected to completely replace "hands-on"
training in the operational environment. Hlowever, HISTORICAL OVERVIEW
increased use of high-fidelity. Pfexile training
systems can great!% reduce the required at-sea The family of Surface Ship ASW Trainers has
training, while permitting the desired level of experienced many innovative advances during the
proficiency to be maintained, course of its development. Changes in trainer

It is difficult te make direct comparisons approach and technique have closely followed the
between at-sea training anti shorel , ed training evolution of operational equipment and doctrine.
costs. IHowever, an analysis of a typical training The advancement in capabihtv of ASW training
mission on a Device 14A2 (ASW team trainer), systems has been made possible, in good parn, by
compared to at-sea e\erciseb, wa., made by the growth of the technologies of hardware
comparing c-'sts of fuel and ordnance expended at development. Within a mere 10-year span we have
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sen a whole gene'at' in of hardware techniques unit of this series, the AN/UQS-Tir, is hill in ume

. moVe from infancy t, approaeiiing obsolescence. at training activities to train students in sonar
Just a little more than 10 years ago, tile procedures. "ihis unit includesi, t %1e At'NIS,.4,
"discrete-componi nt inanually-designed transistor Sonar and tile Mk V A.ttack Director.
,ircuit was struggling to get on its feet; today this In 1951, the SpeLial Devices Center (thle
vcircuit is rapidly giving way to the forerunmer of the Naval Training Device Center)
computer-designed integrated circuiý. developed several devices used for tactical group

Further, a revolution has occurred in the whole training. Among these were Devices RS6 (CRT'
philoophical and conceptual solution to the Tactics Display Syst,'n for ASW Tactical
Surface Ship ASW training problem. Training Evaluator) and RS8 (Undersea Warfare Tactical
systems composed of hiard-wired, vacuum-tube Trainer). In 1957, Device,, 14AI (Action Speed
circuitry and electromechanical servo systems. Tactical Trainer) and 21B22 (ASW Tactical Game
with their inherent design rigidity, accuracy Board) were introduced.
compromises, and maint nance problems, were The need for a surface ship ctand-off ASW
standard up to the early 196C3's. The development weapon resulted in research and development on
of the economical en eral-purpose the Rocket Assisted Torpedo (RAT), an effort
(digital-computer has made accomplishments that eventually grew into the ASROC
possible today that were unimaginable only a few Development Program.
years Igo. With the introduction of the ASROC weapon

A short review of some of the ASW training system and its nuclear warhead, the procedures for
techniques and trainers developed during the past the handling, transfer, preparation, training, and
25 years provides a vivid demonstration of the operational use of the weapon became extremely
tremendous advancement that has been achieved precise. As a result, the Bureau of Ordnance
in this field, established the requirement for a procedures and

At the end of World War I1, the ASW weapons casuaity-control training device. This resulted in
systems included searchlight-sonars as sensors, the development of Device X14A2 (ASROC
with depth charges (an early generation of acoust.ic trainer) under technical guidance of the Naval
torpedoes) and hedgehog as the prinary weapons. Training Device Center (NAVTRADEVCEN).
CIC had become an integral pa'.t of the ASW Primarily, this was a weapons employment training
Attack Team. The Sangamo Attack Teacher QSA, device.
which operated on an electronic photo-optical
principle, served as the sonar and ASW team
training device during the WW 11 period. An DEVICE X14A2--ASROC WEAPON
expanding arc of light simulated the transmission SYSTEM SIMULATOR
of acoustic energy through the water, and a photo
sensor detected the optical coincidence between Device X14A2, installed at the Fleet Training
target position and the acoustiv energy wave front. Center, Navy Base Norfolk, in 1960, was designed
This triggered analog electronic circuitry that to train and improve the proficiency of surface
generated the appropriate audio simulation, ship crews in the operation of ASROC and other

Various training devices to support the ASW antisubmarine warfare weapon systems.
surface training requirements had been developed Mathematically, the problems solved were
under the Bureau of Ships. These were located at rather gross approximations for vehicle motion,
the various sound school., shore stations, and ofi weapon ballistics and motion, and display

destroyer tenders. generation. The equations wei e ýeometric, with
During the post WW It period, with the vehicle course and speed resolied into rectangular

introduction of z.canning sonar,, a new training coordinates of motion in the X-Y plane and added
dtviee was developed by Sangamo Electric, under to initial positions to provide updated pcsitions.
the direction of the Bureau of Ships. This was the Ballistic equations were solved for he effects Jif
ANIUQS-T1. This unit abandoned the electronic own-ship motion, target motion, and payloý;d type
photo-optical principle, and used an on launcher aiming.
cectromechanical system to solvc the problem. Device X14A2 employed a d.c. reference system

These units were modified each aime a new sonar for vehnice position gcneration, and a synchro
or fire-control system was introduced. Thlip final transmission sysiem for course and speed data.
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l Vehicle motion gcnrralh•n w• t-')' rate servos ,'mltrol provided symbo•y for plotting of vehich'

employing gear trains driven by track•, time mark•, .•ym•tl,•, a;•d a!p!r!!l-merit
taehometvr-controlh:d ii•t•=• •e p•ifion the codit% /',gain, ,,o dynamic playback ca}.•ability
wiper arm of d.c..refcrcnced precision wa.•provided.
potentiometcrs. Fire-control computations witlfin As a result of the heavy utilization of transi.qor
the simulated attack consoles also employed circuitry and packaged solid-state amplifiers, a
analog type computing servos and operational significant improvement in performance,
amplifier type computing circuits, frequency of maintenance., and stability was

The progre• of the problem was monitored by ae•:izved in this trainer.
a projection tyoe display, utilizing separate
projectors for each w.'hicle or weapon being I)EVICE 14A2--SUItFACESIIIPAS\V
monitored. Vehicle position was manually plotted ATTACK °I'R•dNER
to provide a history for problem critique; however,
no provisions wrre included for dynamic replay. The Device 14A2 s•'ries was a major slep in the
All probh:m operation and control was performed me of digital techniques to solve tire ASW training
manually. All the electronics employed prohlcm. The purpose of Device 14A2 wasto train
vacuum-tube circuitry,, as packagcd solid-stoW the ASW team in the f,•liowing modes of
amplifiers., were. not readily available when Device operation:
XI4A2 was designed. Search-attempt to detect an enemy submarine

Mthough Device XI4A2 success!ully Classify-verify that the contact is a hostile
accomplished its long.term mission, it also pointed submarine
out, early, some significant shortcomings. Most Destroy-use the proper weaptu, system to
notable were its extremely synthetic displays, neutralize the hostile submarine
cumbersome control, and frequent need for Device 14A2 consisted of simulated UB Plot
maintenance and adjustment. Gear trains areas (including Mk53, Mk38, and Mk143
employed in Device XI4A2 require frequent fire-control equipment), CONN, CIC, and LCCP.
cleaning; vacuum-tube amplifiers generate In addition, an unattended equipment room
considerably more heat than solid-state amplifiers (which housed the computer and computer
and art; relatively more unstable, interface equipment) and a critique room (which

housed the instructor's console and pt,.j•ction
equipment) comprised the remainder of the t,'ainer

DEVICE 14H4-ASW !tELICOPTER complex. The computer controlled the vehicle and
TACTICAL TEAM TRAINER weapon motion, the ocean environment condition.

and the automatic weapon hit evaluation-all of
Device 14|14, which was imtalled at the Naval which were developed by tl•e math model.

Auxiliary Air Station Ream Field in 1966, was The generation of the sonar audm and ,4deo,
designed to provide ASW helicopter pilot and radar video, and projector motion was
copilot instructitm and proficiency training in accomplished by computer control of a number 3f
navigation, ASW tactics and maneuvering, and analog, discrete-component circuits. Changes to
procedural communication3, the displays could be accomp!ishetl only with

The math model approach for D, vice 14H4 was some hardware modifications. The fire-control
similar to that for Device XI4A2. The same system was implemented using traditiona•
general hardware techniques were employed-the closed-loop serw)tchniques.
analog computer employing servomechanisms ar.d The use of the computer to control Device
operational amplifiers. This was one of lhe first I4A2 resulted in significant advantage•,. First, the
ASW trainers to employ transistors. AI• problem problem parameters could be rapidly fed into the
operation and eonh-ol was performed manually, computer and w'rified. Second, automatic "hit"

The trahfing prohlem w• monit•red by a evaluation a,,d automatic•ehicle plotting, coupled
display system using sepcrate pr,•jectors for each with instant replay capability, freed th,' instr•,etor
vehicle. The prt•jeetors had an automatic plotting tt• perform more creative t•,ks. And finally, a
capability using a technique of automatically reduced instructor load resulted in a favorabh'
scribing vehicle m•tion tm opaque-coated glas.• instructor!° 'ent ratio that reduetd ov,'ra!!

siides. Analog-type stroke generators under digita! training cost.
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il !-'. 10 Ni,/SQ'2 SO ,NAI? majority of these modificationh were incorporated
>" Mt I A'Il)I( ilhin hours; wherees, using previous trainer

design phdiosophy. many of these display
The introduction of the AN/S(?S-26 Sonar 1o improveiients could not have been madeh without

th,. fleet gtneraetd tIh- requirement for a significant hardware redesign.
,ophisticatvd trainer with ,uffi'ient fidelity for Another advantage o, the total digital ,-oncept
target vlasification. in response to this need, has been the ability of Device 14E19 to function
Device 14E19 was developed. Now the student as an independent trainer (capable of providing
could ditin,.niishl a submarine from biological sonar operator and sonar team training) and ss a
target.- such as a whale or a porpoi,,, and Irom joint trainer (in conjunction with Device 14A2 to
deceptive targets such as ice or pinnacles proide ASW temn training with either the

IDe,ice 14I-lI9 is a simulation of the ANiSQS-26 ANiSQS-23 or AN/SQS-26 as the sensing sonar).
Sonar, consisting of three manned operator The advent of the digitally generated displays
eon',0ohs, plus aiu unattended passive receiver has added a new level of flexibility and realism to
cabinet. The simulator has six CRT presentations trainers.
and a passive receiver paper-recorder display. Each
of these display-, is computer generated and CHARACTERISTICS OF TODAY'S
digitally controlled. In addition to the video TRAINERS
displays there are three sonar audio channels Digital computational technology has provided
which vre also computer generated. great support for the growth of ASW training

A key item in Device 14E19 has been the math systems to their present capabilities. The
niodel. The math model reduces the variabilities incorporation of the general-purpose digital
and anomalies of the ocean to a mathematical computer and special.purpose digital processors as
approximation that can be successfully the heart of the trainer permits in-depth
implemented in a computer software program. simulation of real-world parameters.

Recent advances in solid-state technology, The earlier approach of employiig a digital
primarily in the areas of low cost, !ow-power computer to control analog circuitry has given way
;ntegrated circuits, and low-cost computer, have to the more advanced technique of maximized
made possible complete digital generation of audio computer control and minimized analog
and video display.s. The ability to generate the processing. Today the computer directly
video and audio display in Device 14E19, rather commands trainer display and control functions.
than to merely control the video display, is a What does this mean? It means that math rrodels
significant advance in trainer design. The primary can he prepared with much greater ass',rance that
advantage of digital generation is a tremendous every significant detail will be reflected in the final
fle\ibihty in adjusting the qualitative subleties of design. It means that greater accuracy and
an audio or video presentation as found in Device complete repeatability are assured. Finally, built-in
14EI). In this manner the expertise of the user control of mathematical charactistics in software,

.. , fleet sonarman) can be an input into the rather than hardware control, provides a flexibility
computer'., simulation equation. This combination to readily modify characteristics to conform with
of nmathlmatical sophistication, plus qualitative newer and more advanced data as they become
input., re,,ult., in a superior training delice. availablt

[)i,-Ytal g•eneration has- provided more The fidelity and realism of ASW training
ad~ anlages to Device I W19 than merely equipment today is limited more by the
flexibility. The advantages art- increased limitations of our knowledge and ability to
reliability, high maintainability, lowvr life-cycle mathematically describe the real world than by the
co.st to u1ers, and imnaller phy.-ical volunme, limitations of the hardware design.

This increased flexibility was vividly ASW features that can be incorporated today

denion.trated in D-vi(c 14E19 during the final are almost without limit. Recent examples include
etalhation and testing operations. A group of extensive simulation of the ocean environment and
,onar autho6iti,.s from the Naval Underwater the generation of target-radiated noise (as they are
Sytet-m Ce•itter New London and from understood today). The detail characteristics of
NAV''I'AI)MV(:EN\ ,upplied new data to modify operational equipment, particularly with regard to
tht, o, 'rall appearane- of the display-,. The( vast transfer functions, are readily synthesized.

'1I
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Simulation of tile ocean environment in recent the trainer of the 1980's. The piospects aretrinrs -a nlddacurate simui,,tion of detail exciting! Today we tirol ours-lwves limit,.d by our

features that were omitted or crud,.y ability to mathematically dhllinc the phy.sical

approximated only a few years ago. (inc recent attributes of the real world in which we live and
11notable example was the in,'lusion of ac,ustic-ray the operational machines we build, arid to
trace paths to provide true real-world sonar range effectively cominmunicate such nmathematical
"indication, rather than only simple slant range. models to trainer computers. In the next decade
Wakes add knuckles, two sonar simulation we will call upon the computer to help solve its
problems of long standing, are now availalh. own problem.,. Thus, a better under.tanding of the
Other iraportant leatures that are now part of the ocean environment, a better understanding of the
modern ASW trainer repertoire includeh transfer function of digital proce.ssos, and a better
bathythermal characteristics, various bottom types utndlerstanading of the acoustic tnr-r-y.' components
and slopes, bottom returns, and convergence of an autdio communication will be arrived at
zones. Radiated noise features accomplished today throughi computer analysis.
include screw beats with accentuated blades and Computers wll also be used to optimize the
biological noises such as porpoise, whales, and design of the digital logic, to lay out the electronic
shrimp, paths in !arge-scale integrated circuits, aind to

The mathematical model, %hich provide. the define the back pan:.l wiring. Simplified diagnostic
central control point of modern trainer design and routines will ease the maintenance problems.
includes mathematical expressions for real-world As we increase our knowledge of the human
phenomena and descriptions of certain logical factors related to learning retention and transfer of
functions, is developed front many sources. The training experience to operational capabilities, we
Navy's own research centers, such as the Naval will see a greater utilization of computer
Underwater System Center, provide some of the techniques in automatic student-scoring adaptive
most valuable information-both theoretical and t ra in in g. Problem difficulty will be
research type. Sometimes the manufacturer of computer-optimized to achieve a maximum
operational equipment will make a contribution, klurning rate. Since newer trainers have greater
which is especially important in those areas where flexibility in software control, with minimum
it is essential that characteristics of the operational hardware limitations, these advantages can be
equipment (such as bandwidths, AGC action, incorporated without hardware redesign.
motion characteristics, inherent noise, response The foregoing techniques are certainly not
times, etc.) be synthesized in the trainer. In those restricted to ASW trainers. They are broadly
cases where specific data do not exist, a math applicable to all team trainers. We have already
model is specially developed for the trainer, based seen the technology used to uigitally geierate
upon the best known information on the subject. sonar video expand to video for electronic warfare

Once a math model has been prepared presentations and radar landmass presentations.
describing all mathematical considerations to be Digitally generated sonar audio has the flexibility
provided throughout the device, the computer to expand to any other audio presentation. The
program is prepared which directs the computer to challenge here lies in generating a mathematical
automatically accomplish thie required description of the acoustic intelligence that must
computations and order the logic of the trainer be conveyed.
operation. As problems are resolved in communicating the

real world to computer memories, we will see
FUTURE TRENDS physical models used for video and photographic

memories give way to massive digital memories.
The trend in the past decade has shown how Fortunately, developments in solid-state znd la,..er

the soplistication of computer techniques from optical memories art- evolving in timre to make
analog to digital has had a far-reaching impact on such concepts feasible. Thus, in the next decade
the fidelity, effectivenes. , flexibility, and cost of we may expect the forcing function of greater
today's trainersi. It is interesting to look back at training capability at a lower absolute cost to lead
the technical progr, , of the last decade, us to a level of high-fidelity simulation of
extrapolate that rate of progress into the next operational eqtiipmt-nt with digital techniques of a
decadle, and try to visualize what we can expect in simplicity unimaginable mn the past decade.
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The Fidelity Issue: How Much Like Ope~ational
Systems Should Their Training Device

Counterparts Be?

Dr. ALFRED F. SMODE
Dunlap Associates, Incorporated, Darien, Connecticut

Knowledgmble, well meaning people believe different things about fidelity of simulation. This paper
explores the meanings and the implications of the vrious positions on fidelity of simutztion.
Discussed are three areas, relative to installing the environment in which training will be accomplished.
These are: (1) the main issue, sufficient fidelity to ensure transfer of training; (2) levels of fidelity to
device design; and (3) determining the fidelity requirements for training as a function of training purpose,
task structure and trainer population.
Regarding simulation technology, key issues in training device design are explored.

t seems appropriate to begin this discussion operational system and the training device
by concentrating immediately on the counterpart. Certainly these differences in opinion

question posed by the title of this chapter. The are due in part to differing backgrounds,
answer is straightforward, "it depends." What this expe:icnee, and job assijnments of people. But the
means is that no given statement of fidelity serves differences are encouraged or augmented by the
as a standard or as a desirable operating practice fact that no well-developed sets of standards and
for simulator design. To begin with, there are design guidelines are available for defining
many classes of training devices, each class effective fidelity of simulation. Despite the current
differing in purpose and complexity (there are no and growing sophistication in simulation
less than twenty classes of training devices engineering capability, there are still considerable
designated in the Naval Training Device Center weaknesses in design technique and in the data
[NAVTRADEVCEN] inventory). The fidelity base needed for design and development. There are
requirements vary substantially among these gaps in the simulation engineering technology.
classes. Within each class are a number of training Even more significant is the fact that training
devices, currently in use, which also exhibit device evaluation and transfer of training data are
variations in fidelity requirements. One can readily meager and their impact on the design process
appreciate the congeries of design issues generated leaves much to be desired. Consequently, the
by these quite diverse groupings of training absence of good training effectiveness data forces a
devices, if only as to the magnitude of the reliance on engineering facsimiles and unduly
problems. Thus, it is most appropriate to discuss encourages design decisions based on experience
levels of fidelity in training device design, any one and intuition, and on spotty research results which
of which may be useful in a specific training are not necessarily appropriate to the instructional
situation, depending on a number of requirements associated with complex training
considerations. These considerations include: the devices. Thus, the simple response to the question
purpose of the training device; the tasks to be posed by the title of this paper figuratively opens a
trained and the training objectives; the population "Pandora's Box" so far as one is concerned with
of trainees and the training time allotted each; the specifying the desirable design characteristics for
monetary costs associated with various design simulating the environment in which training will
alternatives; and, in certain instances, the be accomplished.

engineering state-of.the-art. "It depends" also An examination of the differing and vilid
takes into account the fact that knowledgeable approaches to synthetic represrutation is the
and well-meaning people believe different things theme of this paper. A number of issues in trainee
about what constitutes fidelity, vis-a-vis the station design, which makes the answer "it
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depends" quite reasonable, will be explored. Our nor complete. For in selected areas of design,

eniplhasis centers on fidelity in terms of simulation fidelity requirements have not been

instructional strategy and capability, wherein achieved satisfactorily. In some instances, the

training effectiveness is of paramount concern. In topic of fidelity has generated considerable

this context, fidelity has meaning in terms of the controversy about simulation capability, design

training process anti the realism necessary to practices and training value. This is a complex and

promote transfer of training. Defining the design facinating story in itself (see, for example, the

characteristics for optimizing transfer of training NATO AGARD conference on simulation, 1970;

from the synthetic to the operational environment the Royal Aeronautical Society Symposium on
revolves, essentially, about two interrelated Flight Training Simulators. 1970; Smode, Hall and

questions: What or how much should be simulated Meyer, 1966; Smode, 1971).
to scope or "rough out" that piece of the Ingenuity is required in assembling a synthetic
operational universe to be represented?; and, how representation of some portion of the real world in
well should this be represented in terms of degree a way that will train a man to perform better in
of physical correspondence to the operational that real world. The view of the simulator as a
environment? These two questions, plus the training tool places a premium on transfer of
concern for incorporating training technology into training (via the selection of design alternatives
design (integrating training process with which consider both cost and training technology).
engineering fidelity), circumscribe the approaches Historically, simulation design has been
to fidelity of simulation. No direct attempt is preoccupied with the problems of achieving
made in this paper to organize a set of definitive maximum fidelity of simulation. This approach
statements about simulation fidelity and design; received support from the learning theory of
rather, it is hoped that the question posed by the identical elements which held that to maximize
title will be resolved during the course of the learning, the training environment should be
discussion on the issues in trainee station design. equivalent to the real world. This quest for the
Also, no effort is made to describe the engineering ultimate in realism (i.e., physical correspondence
means available for mechanizing the simulation to the operational environment) has often placed
requirements, nor to examining candidate the development of a relevant training program
engineering solutions for achieving fidelity. What and instructional strategies in a secondary design
follows is a discussion of the fidelity issues and the role. In fact, some of the design practices in the
various approaches to achieving fidelity attempts to achieve this "real world" physical
requirements in trainee station design. Specific equivalence have at times increased costs with no
design examples from current Navy training corresponding increase in training value, and in
devices are provided to illustrate these approaches some instances have actually interfered wdith
to fidelity, realizing the full training potential of simL'!Kors.

The most efficient selection of deg'* of

THE ISSUE OF FIDELITY fidelity is based on the perceptual equiva"'.c. of
the training situation to the ope-,iornal

Fidelity of simulation has been much environment. Good design should produce an
considered during the time period revisited in this environment in which the relevant skills and
journal. Determining desirable design knowledges can be acquired most efficiecly.
characteristics for maximizing transfer of training Maximum engineering fidelit), is specified to the
from the simulator to the operational system is a extent that it facilitates the developmenw of
theme well represented in the literature. The desired performances. However, simuLtors
sizeaile research ,fforts have yielded an effectively designed for promoting learning also
accumulation of knowledge and technique deviate deliberately from operational realism.
pertinent to design and have highlighted 1,he In principle, the design criterion is clear: it
weaknesstes in simulation technology, ranging from provides the minimum fidelity of simulaton
conceptual disputes about simulation requiremmnts needed to develop and exercise the ht:-Ian
to stubborn engineering difficulties in installing a performances required in the operat ,nal

desired environment for training. Suffice it to say environment. The basis for achieving this i,; to
that sizeable gains in simulation validity have been examine the design implications (hardware

acconmplished. But the story is not straightforward, orientation) in terms of the training requirements.
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Ideally, engineering and human tactors speciaiists ....- Menf .0 . .! ',h ,,d in terms of

interactively examine the information satisfying defined training requirements. The
requirements (simulation parameters) that must be ;autligent choiee frorn fl-es- gapprnaeles i,

accounted for in design. They then determine the based on the .upport provided in the development
alternative technical approaches from which the of instructional strategies for maximizing tie
optimum engineering solution is selected for transfer of training from the Anilator to the
satisfying the instructional expectancies (see operatirnal system. Of these four levews, three
Smode, 1971). Ilowever, translating behavioral inJawve variations in fidelity on the engineering
information into device design is not a continuum: the fourth concerns special feat.ures of
straightforward operation. It is difficlult for several the training system and the desirability of
reasons: (1) As mentioned earlitr, the deliberately deviating from the design of
state-of-the-art in training technology .. , not operational equipments (other than on the
advanced to the position where transfer of .-tining engineering continuum), to enhance transfer
relationships are sufficiently understood, nor doe, effects. Each of these basic approaches is described
a body of "training value" data exist that next. Specific design applications illustrative of
corre!ates well with design alternatives: these approaches arc also shoivn, using selected
(2) Synthetic representation (i.e., engineering current Navy training devices.
capability) is not easily or completely achievable
in every case. Compromises and less than desirable
representation are used as the "best available" in HItgh-Fidelity Representation

certain areas; (3) Since complete fidelity is not
always possible, nor in many instances desired, the This level of fidelity is defined by engineering
extent of backing off from this and not sacrificing precision in representing the operational situation
training value in both operational and motivational (wherein the engineering state-of-the-art is

terms is crucial to effective instructional design; adequate), the goal being a onc-to-one correlation
(4) There are alternative ways to "encourage" of the synthetic with the operational system
trainees to accept simulation as highly faithful to counterpart. Providing a replica of the real world
the operational world. Different tradeoff values has advantages in a number of training situations.
are involved with each and the available design It is highly desirable in situations involving direct
options must be identified and assessed carefully; transfer of training from the training device to the
and (5) The values of deliberate departures from operational system (e.g., antisubmarine warfare
realism (deviation in configuration/operation from [ASW I team training in Device 14A2 for destroyer
the operational system being simulated) to ASW personnel, or operationai flight trainer [OFT]
enhance training effectiveness must be :etarly instruction for pilots transitioning to a
understood and effectively implemented. gilen aircraft type). Practice in these devices

Thus, several approaches to fidelity must be should be highly realistic of actual vehicle
considered interactively in design and played operations; the system suites and critical
against the purpose ard objectives of any equipments and all operating controls and
contemplated training device. In pi nciple, only indicators should be equivalent to those found in
that level of fidelity is needed to achieve the the vehicle and in similar configurations. Similarly,
training purpose and the objectives of the device, engineering precision is demanded in providing

This is a minimum cost philosophy that tacitly electromagnetic signal environments, such as signal
assumes a built-in flexibility in the utilization of signatures for airborne electronic warfare training.
the trainer, once it is on-line and operating. Also, advanced training situations bepefit from
Flexibility is a key issue; the selected design exact physical simulation, as does training in
options must be capable of handling revised or emergency situations. It has been demonstrated,
additional training objectives which may emerge for example, that advanced casualty t,:aining in the
over time. Compromising this flexibility is not submarine, invoking emergency conditions,

cost-effective. requires precise engineering simulaticn so that the

LEVELS O0' FIDELITY OF student responses to the -asualties become
SIMULATION automatic (Goodyear 1966).

Four basic approaches or levels of fidelity With increasingly abundant computer capacity,
pertinent to training device design can be it appears quite useful not to "skimp" on high
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e~perr'nice (hi ndsighrt) is obtaine'd w ithi it. trainee station con figuratioir, equxxipmenut -m ites and

coiitroll/lisplay relat ions are shown below. Th'le
Tlhei ad~ ance-s ili coolpu ter capabilities have first depiets thre Adlvanced Submerged Subma rinile

,oilved ,ome of thle design probleims of' anl earlier Ca suial ty Control Traliner, D~evice 2 1 lUOA.
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generationi of anl acceptable mathematical model 'bathymetric conditions, and depth is also
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Figure)1. FL.ASHIER Class (Nuclear) Subrma ne Conitrol Cab, Device 21 B20A4 (tt. -- ing the instruc-tor console in forepround).
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Fýqure 2. Trainee Cockpit for A 7E Aircraft, Device 2F84.

simulated. Figure I shows the layout and design of signal environment, but only gener'!ized panel
the FLASHER class (nuclear) subnarine control layouts and control operations. An example of this
cab, Device 21 B20A. realistic signal environment (exact signatureb),

Another example of high-fidelity aimulation is with functionally equivalent controls, is Device
the trainee cockpit in Device 2F84. The device 15E18, Tactical ECM Trainer. Six trainee stations
simulates the A7E aircraft (flight and tactics provide generalize'- system training in the basic
portions) to provide training in aircraft and engine characteristics and capabilities of aircraft ECM
control, in.,trument procedures, emergency systems. This is accomplished in a real-time
procedures and tactical mission operations. The simulated electromagnetic environment, consisting
training environment provides the same functions of twenty-five hostile and fri,;ndly emitters (ten
and operating characteristics as the A7E aircraft
counterpart (all relevant controls, indicators and
instruments are provided). Figure 2 shows the A7E
cockpit,.i

A third example of high-fidelity replication is
the Surface Ship ASW Attack Trainer, Device ;

14A2A. The training device duplicates the physical
configuration of the major operational
compartments and equipments of surface ship
ASW attack weapons and simalates their
operations and responses (i.e., target detection,
fire-control solution, weapon launch and tracking).
Figure 3 shows the Underwater Battery Plot (UBP)
compatrtment in the device. containing sonar,
fire-control and associated communications
equipment. the < j

A variatikn or the high-fidelity thente is
repr•'.-,ntedF in training deces which provide an Figure 3. Underwater Battery lot (UBP) Compartment,

exact physical simulation of the electromagietic ASW Destroyer, Device 14A2A.



emitter types), of which five are airborne *Ie.ligible in comparison with the accuracy of
interceptor,. The training environment provides aerodynamic and engine data or with the accuracy
high fidelity signal simulation amd is typical for the of the nuiner'cal scheine used in solving the

aircraft ECM operator. All relevant control rquations of motion. Res, arch has attempted tv,
functions and performance of ECM equipments determine acceptable levels of r, duction in
are simnulated. The controls and displays however, aerodynamics simulation (Wilkerson, et al., 19%5,
-are not identical to operational ECM equipments Ellis, et al., 1907), and simplified aerodynamic
but, rather are representativ- of their intended use equations (omission of terms in the equation) are
and performance. The simulated passive and active being developed for simulator design. Routine
equipments are designed and arranged such that implementation of this approach as an option for
various combinations of panels functionally training simulator design has not yet, however,

simulate different operational equipments and been accepted.
equipment configurations. The important question for design must

Similar in concept to Device 15E18 is the Air consider how far one can hack off from total
Force Simulator for Electronic Warfare Training fidelity and still achieve the purpose of training.

(SEWT). This is a flexible trainer capable of Since training value data are lacking, the qtw'tioi

synthesizing and presenting displays and aural of "nice to have" vs. "needed" in simulation is

presentations of the performance of electronic inexactly resolved. Quite often, as history has

warfare equipments of the 1970's. The device shown, solutions are based on "unusual" criteria.

provides controls and equipments which Related to this is the question of how far one must

functionally represent five major flight missions go in design to get the desired perfornance. Again.

(e.g., basic EW defensive missions, basic the question is tied in with trainit, g purpose and

reconnaissance (ELINT) missions, WILD the objectives of training, but cost is an over-idiig

WEASEL, etc). No given aircrat is equipp, , feature. Unfortunately, more research issues thia

conduct all of these mission types. Thr, signal facts have been generated by these questions.

signatures, however, are highly realistic of the Another aspect of this reduction in fidelity
operational lectroma pproach concerns the decision to simulateSopraioal letrmagetic environment and ap

provide training appropriate to EW missions flown generalized or universal functions in design to

in many types of aircraft. accomplish the desired training. A recent study
(Lamb, Bertsche and Cary, 1970) has miade a
strong case for the feasibility of a generalized

Deliberate Reduction in Fideli:y submarine advanced-casualty ship-control training
Where the Engineering device. Justification for such a device is found in
State-of-the-Art is Adequate the considerable evidence indicating the validity of

training on generalized devices. The theme of the
There are a respectable number of instance.s above study is based on the degrce of similarity of

where the deliberate backing off from duplicating instruments acros.i classes of nuclear submarines.
the characteristics of the operational situation is hence, the generalized device can accommodate
warranted in order to achieve cost economies training for a numbe- of SSN and SSBN submanne
without compromising training effectiveness. All classes without jeopardizing the transfer of
other things being equal, reduced engineering training potential. Figure 4 shows the proposed
fidelity, with attendant cost reductions, is Ballast Control Panel (MCI') design for the
desirable when it can be demonstrated that trainee generalized trainer. The controls and indicators of
performance is not significantly affected. For the BC!ý are a berst-fit composite for the following
example, systematically reducing the level of classets of the ALBACGRE submarine: SSN.s 5815.
aerodynairics simulation, while not compromising 594, 613, 637, and 671; and SSBN's 598 6,16 ind
performance, introduces significant economies in (40.
computer hardwate and associated software A representative example of a generalized
programing. Fogarty (1967) cites the strong training system is Device I D23, Air Navigation
tendency to include many terms in the equations Trainer. This is a multiple-station trainer
of motion, since algebraic operations are comprising M0 cockpits and six instructor stations.
accomplished easi.y with digital computation. The The device is generalizable to a variety of aircraft,
effect of many of these terms may be quite but is not identical in layout, dimensions,
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1. Missile Compensetion System 16. Common Alarm Panel

2. Ship Alarms 17. Emargeicy & Normal MBT Blow..

3. List Angle & Control 18. Low Pressure Blow

4. Altitide & Hull Pressure Gage 19. Ground Detect System

Bf. High Pressure Air Banks 20. Hydraulic Plant Pump Conirbis

*6. OCT 1. 2 & Sea Pressure Gages 21. Hydraulic Pressure Gages

7. Emergency Blow Controls 22. Hydraulic Accumulator Contents

8. Power Ind. 23. B.C.P. Operator Communications

9. Periscope Ind. 24. Trim & Prime Pump Controls

10. Antenna Masts 25. Trim System

11. Bathythermograph 26. Status Board & Covered Neg. Tank

12. Snorkel System 27, Depth Control System

13. Hull Openings 28. Missile Operator Communications

14. M.B.T. Vents 29. Missile Away System

15. Rig for Dive 30. Missie Compensation Depth Controls

Figure 4. Proposed Mkufks Control Ponel (BC11) Des.ign for a Generali:ed Submarine Agdtkiriced Gastralty
Shjp Control Training D~evice (from Lomb, lertsehe and Carey, 19"10).
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o ip en. t. t aiy e) ist I ng arraft p., oblvimq. What is Provide(! is oninlol; to many
"-4iista-it ill %.iiiiptiirationl li it~ Me twrce 01 MKIda aiiutaft. 1ugre5.... ~.........
1, at-hieved. since only that informiationi 11W es!.&Iry cockpit for Device 11)23.
G-' the navigator to efi 'ctively perform his A ground swell of scitlinent is cunently in
fancitioiis is reice itd.'iis provides the trainee effect for the deyilopinieit of low-fidelity
the opportunity t it) ake the ap~propriate responses gencralixtcd trainer, for tactical decision-inaking

to f.initili which are characteristic of navigational training. Evidence from recent research is

Figure 5. Proposed Trainee Staticn Cockpit for Air Navigation Trainer, Device 10D23 (from Bark, e. a-., 1969).
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'Ii nwi! thal thl, t~, pe of die -ituati. ii-.411-11 are defniled by- 1 ) the lfvrlkinj of

tile eq u pint-nit conliplex r,- aOitsoliattd with olwrationt- rat irt than o!, ront r'id . l~ (2) hr
opera ti'nal systemL andl the real-t ime req uirement.,t, Ivarti ing of rrspowse t-.quenves that arr noi t
of ft, lii* i ision -'v nario need tiot be duplicated for pt-rformied in ai cineurr.*nti tiime-sha red rela t ionsh ip
effeetive training. Experimental studies stiggest with) other task rerlinireinemb and. %heni learnetd,
that the decision-mnaking asp~ects in) mission call he effieien tl I integrated into fill total jot

contexts c!an be installed for training wi thuout re-quiirenienit; anid (3) 1mdiiitaim ogl proficienic) ill
*rvt ouirse to dynamnic replication of antecedent and proc:eduiral sequence~s.
- ~follow-oni events. Sidorsky and Hlousemanr ( 1966i), Einpe'of tlis level of' fdelit% abound it, till

for examnple, have found that thle typically long NAV'1RAIJENCEN training ~cieinventorv. UX
period of ltile from initial detection to weapon idea oif the pro'u~sion and diversity of these
launch need not be simulated in thle training- of Ira i ill - ini taii is isý d epic, c1 ill Olie

tactical deciqion making for many ASW situationls. NAVTRIAIJEWCEN pubulication, "Training lDv~ce

Another broad grouping within the deliberate Development," (NAV\TRtAD EN P-I 300 series). A
rreducl'on in fiddity appreach is the use of' well-known examiple t,. this le% (-I of fidelity is the

part-task simulation to achieve training goals. aircraft cockpit familiarization traimnr. Device

Enough evidence has been assembled over thle 2C23, shown in figure 6, ;s ;representative of this

years to indicate that simplified part training for claý_s. It simulates the interior cockpit arta of the

certain romponent skills and job) situatior's is as 11313 airer;iit. 'fi'n- aircraft interior is dulicpiatedt

efficient as training with complex high-fidelity the exteiit 6ar the traince encounters all the
simulation, and at much reduced costs (see, for restricting dimensions and obstacles (if the actual

example, Adams 1960). Part-task training devices aircraft coekvit. rhe active components consist of

are particularly appropriate in instructional trainee-actuiited controls and annunciators whielh

Figw-e 6. P3B Aircraft Cockpit Famriliarization Trainer, Device 2C23.
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nitrut tor. The tramnt'.wtihtur-t- von.trols Include with v uets that havc signal alue and hd*e rele•;,.nv,"

the,- iin flap handle-s, piwe I,. ers, landing gear to the real-world counterpart. The desian
witell. ,antd the Component. located on elieihilues clurently enlploycd in simu•a• intl

the elh•treld hlad center. At tua•ot n of theo' g forces include the Ilse of aecleration on.m,,t cue,

cumpone nts ht the trainee i|lpart., falili,,ri,•atio, and washout accelcration, the scaling of

with the felI (adjustable), range or e\tt'nt of acceleration ari d the usi. of ,ignaling tet llique's

nimoenent, and the various detent positions, a, sueh as iiflatible seat cushions and ,eat belt

%%ell a-, the location (,f such controls. llluni1in..tion tighteners. ihe solutions are Iess than desired, aind

of the various annunciators by the instructor design practices today rely nmore on empirical

providecs familiarizationt with the location, t'olor, determinations since precise quantitative design

nomenclature, etc. IEach annunciator is controlled information is lacking.

by an appropriately identified switch. The passive The design concern is to provide the needed

components include all simulated control and motion cues rather than to completely duplicate

instrument panels. The purpose of these controls is the spectrum of aircraft motions. To achieve

to create a training situation which familiarizes the mn o t ion cues that are perceptually

trainees with the location, appearance, markings, undistinguishable from those experienced in flight

range,,. antd arrangements of all cockpit vehicles is a particularly taxing requirement

instrnments, indicators and controls. because of limitations in the physical displat ement

of the simulator, Iless than cont.inuousl\ available
power and the structural stiffness of the device.

Reduction in Fidelity Tolerances Further, the requirement is predicated upon how
When the Engineering State.of.the-Art is man conmbines visual, somesthetic and vestibular

Less than Adequate sensations into a perception of motion. However,
,ufficient data on this integration ,rc yet

There are design situations where the unavailable to provide a body of information that

engineering technology is not fully able to can be used effectively in design. Specifications for

represent certain events with tiw realism required any motion system include: the degrees of

relsfcliorve inetruction. The rand:itant duin fmreaiom required and, for each motion axis, tle

alternatived involve a reduction in tolerances in displacement (linear, angular) and maximum

achieving the simulation requirements. The more acceleration required. The paraceiv ters of

prominent design problems here which provide displacement, andesnratice and velocity are

demanting chatnenges to engineering include: interrelated; for example, a maximum velocitn

insual simulation, vehicle motion semulation. the attainable is limited by a rven displacement and

realistic correlation of visua; and motion cues, maximum acceleration. Simulating the full si\
radar landmass simulation, control loading degrees of platform motion, wherein all axes are,

consystems, the generation o n f requen in esented faithfully e o the perceiver, cannot yet

countermeasures expendables (e.g., chaff) and the be stifactorily achieved except is r brief time
generation of sonar classification cues. durations, aond design protice has settled for fourMotion simulation exemplifies the difficulties or less axes (with pitch and roll inundatory in any'

in this level of simulation. As a case in point, the system). Of concern are the multi-axis

physical displacement limitations place serious interactions, sa ce thisf y to e taxs of acceleration

constraints on both acceleration and frequency in the operational environment seldom fatlh on any

response, Displacement varies inversely as the ow ortanogonal axir but is a vector witiSsquare of the frequency for sinusoidal motion; the components of each. A prominent issue for design

higher the frequency of the acceleration, the concerns the minimum in motion representation
Ssmaller the displacement. As frequencies fall below that is satisfactory to the t~rainee. This issue

•-one cycle per second for a given acceleration level, revolves around the priority of the motion axes,
tihe displacet,'fient requirements increasp how many parameters to provide and the precision

considerably; for example, an acceleration of +1g of representation for defined task situations. The
at I c.p.s. requires 10 inches displacement while an coupling of visual and motion parameters in the
acceleration of ±lg at 0.1 c.p.s. requires ±85 feet. flight simulator further eompounds the problems

Because of the displacement limitations, in achieving acceptable tolerances for design.
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91n,-ern.-d %,ith r0dt•,tivm, in twher.nce, human tevhnt•qu-ý5 whiiý y,,-l idt-ntifiabl,, ,-,dinlg
factors det-.ii• must take proto aeount the didenhioiw for en, t"anin' the di.splay ,f
worrisome i wme of jnstructional value (including information to tire trainee. The enhancwr of

the motivational component) resulting from the signals insures detection and classification of
attenuatiol in fidelity which is the "',o:t that (all ,ent.- in cluttered di,.-lay, and also hli, ef,'ctiku
be achieved.- Specific engineering deisign i.6uvS inonitoring of signals in ,om-ple\ displays. The
relative to this level of fidelity are discussed in prineiple underlying this usage is simple. To
other papers in this journal. They are also provide guidance to dehmit the frequencN and
articulated in a number of puiblished sources (see, ,,everity of i,'orr,.et rebponse.s in perforia inee.
for example, I funt, 1967; Graham,. 1968; Matheny Proper ust- dictates that display enhancement be
and Wilkerson, 1966; Puig, 1970; Smode, 1071). invoked d(uring initial training with the response

cues gradually withdrawn until the trainee
Deliberate Departures from Realism eventually responds to the stimulus found in
(Deviations in ConfigurationlOperation terminal performance. The means by which
Associated with :he Operational infornation display can be e•,i,anced include:
System Being Sinla ted) symbols, color, size, intensity, oricntation and

A training simulator, by definition, represents alphatumerec coding.

some defined portion of a real situation and 2. Information Feedback via Training Equipment.

provides precise control over and planned A desired design goal is to provide the capability in

variation of the training materials and sequences equipment for the student to know (as

presented to the trainee. It also permits the appropriate) how the results of his performance

deliberate omission of aspects of the operational conform to expectations or norms. Much evidence

situation in order to eliminate or reduce: natural has been assembled concerning the salutary effects

variability and unpredictability; hazards; and of knowlestze of results or information feedback

elements not critical to task performance, not on earning and on performance (see

conducive to learning, or evidently not yielding Bilodeau, 1966). For training device design, the

sufficent advantage for the costs involved. A interest centers on the display of augmented
rei~se cortes •ondence to a real job coe text i'• ,nt feedback to the trainee. This is a special case of

necessarily a prerequisite for transfer of training. hifo;matioa presentation in which the trainee is

There is ample evidence that significant transfer of provided a signal immediately after his response

training accrues not only with low fidelity which indicates the adeqaacy, correctness, or

stimulus and control conditions, but even where accuracy of his pedormancc. This information is
there are significant alterations in equipment not available in the learning task per se. A number

configurations or omissions of secondary cues of design options are available for provid;ng

found in the operational environment. supplementary or augmented infc.rmation

Thus, another approach to fidelity involves feedback to the trainee. One means is to provide

planned deviations in configuration or operation performance error information, as aceroed,
associated with the operational system being directly on a primary di'play (e.g., in
simulated. This differs from a cost-effective alphanumeric form oil a CRT). Variations on this
lowering of the enginrering fidelity, or a reduction thewme include the use of poiPters, indicator lights,
in fidelity tolerances where the engineering digital readouts, etc.. on instruments to show
state-of-the-art is less than adequate, and is actual vs. desired values. Supplementary signals are
concerned primarily with the training process also useful for augmenting the information
rather than with engineering fidelity. The feedback loop. Visual signals, overlaid on primary
intelligent use of this type of design option serves displays or peripherally positioned, serve to
to enhance training effectieness by providing indicate that performance error has exceeded
conditions for learning to occur; it is al.= a prime criterion limits, that the trend of performance is
means for motivating students to perform, since approaching an out-of-tolerance condition, or that
incentives which motivate man's activities come, in a procedural error haý occurred. Auditory signals
part, from the consequences of his own actions as are also useful (e.g., alerting sounds, pre-recorded
they are understood. Representative design words, computer-generated sounds based on voice
techniques include the following, synthesis).
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I- 41 uil.i t (I ~it oln , du o r untuivedit -1% after "train nig tool" eharar teri-,tics u! .,lijmjlator,ý, arc
p or .irndii - 1, t t-- m1l promnpts III eq nkoun.ut bee' )OiiOn ~in reaisiiigli prevalenit ill t he ivsign

Oix., in ti irnim i i, in rn1 pno n to ;i'rforunla we) ru-ei fiea Lions for ne% traininzg devices_.
-vr- a intii Ilu-~nai pu rpu,,. I'ro6 Isioin for a Il complex trainin ne nvirontnen,.,; tnil

iit'iit PnAt ratt ion in,d iii (lit t 1rainer is I prom~linenit wassociateul wi th Various re-ptirues are not easily
instruImi liona guidance tchnziiqute. One, drsignl identi fied. Tlii is hampers the conitrol of the
technizpiiqti ov the use. of in formiati~on displays instructional process. A way to ml nimnize this
whirl, preenit. fnu tre or ordcilnetI itii o rniatitjo31 problemt is to provide mecans for presenting and
loasci onl trahine con trot Ilerforuinancle of the( moni10toring specific btiitmuli. The Air Navigation
litii' lit. ý'1 predlictor iiitniiiiimit, which provide i.5 Trainzer, Itevice I D23 (described earlier), offers a
display of the' r sponse ehoiracterislth of the system miean.; of precise stinmulus control for training and
in ternms of predicted syst"Im oultputt at skonl litle also provides immnediate sujppleniental information

in heirnneiae ftueis rprsenatve to the trainee about the results of his performance.
examlilev. Theb o-ontrol task c-an lie simipli fied by ']'liis is accomplished via anl anniunciiator pa nel inl
pirovi(Ii:n tite operator information relative to) thle the( cockpit (Bark, et al., 1969). A numiber of
fitture of the variable being controlled (see prgae (1 ltiisredpaydothsuen

Kelley, 1 960). requnestinig certain in formation and specific types
Related to this is a type o~f information display of behavior (e.g., calcultte bingo fuel and time,

%hiicl provides anl indication to the traiaiee of the calcuzlate ETA to the next I't-to poinit). Each
imnitediate or successive actions required to questioni is programed to 1)e visually displayed at
maintain a ii in- tol eran,. coniditLion. This approacl, spec~ified times iii thle mission cycle and remains
call be inmpleniented ini various ways. One way ih ..oi" for at least :30 seconds during which latency

by rleas o miiatre ndiato lihtsimmhieded of response is recorded up) to 2 minutes. Failure of
in anl iiistruiiieilt display which provide guidance tesuett epn vakyor nr)t h

information via a sequencing of tile lights- in thle qeto nti iefaeseet ngtv
,hfelion of the correction required. The rate of koldeo e~t.I 1  aeifraii

sequencing is proportional to tile magnitude of tile febc sgvnt h tdnvatl optr
error. A specific appli(atitori of thlis is a circular ininneeliatelv upon completion of response to eac~h
pattern of miniature lights, built into the face of anl annunciator panel question. Figure 7 show., the

.L-!,, lL-ru;"2n~. T .0 ,i.; Ca
.1 ot~.,~. *~~~CiI V annunciator panel andJ the performance ,taiuo,

Msitijii1tially to givec the sensation of a nioving lig-ht indicator (which provides knowledge of results to
in tie direction of a rcqui. ed corrective actioni. the student) on the proposed instrument paniel for
The lighlts are! loot visiblie when perforniance iseic in23
lob( rance (Faiconti, Miortimner K, Simpson, 1970).

Gidtc may also be built directly into tile A performance measuremient techntiqiue thlat
controls, operated !W5 thle student. Controls can be Also provides, thle trainee supplemenltal information
mctcliaiiized too drscribe I uiesiredl action; for about perforniance not available lin the job context
exomIlple. a pilot trainee "following thirough" onl an is the(. trainee monitoring system (TINS), designed

m it oma tedl ,onl t rod slick Sequlence which for installation adjacent to tile cockpit of OFT'.'
dem.onstrates ant ideal nlaiietve-. Limits' of (e.g., installed in Device 2F1 (1simiulating the A7F.
nliovenient can alho lie built into a control to aircraft). Pro ceduires.-foiliiiw ing sequelices-
elistire that a trmiiiii' doe., not veccee( dvfined error (coinputer-nionitored checklist events) involving
boundarie~s, both niormal inul emergency procedures inl the
4. Extra-Mimi~on Equipmnent. Another inemi'is for n1iissiomi Cycle are displayed alphanumerically onl a
optimiizinig training opportunity via designi is tile CRT' in hoth tile trainee arid instructor stations.
provision for "trainer pecuiliar" equipments in the '['lie trainee is, provided iiiformation onl thu
trainer conmpartment. Thebe refer to hardware aiii atieqnar} of Ilis procedural performance as
&,:-ociated trainiing functions, %ihicii are riot present accrued (i.e., in-tolerance performance amid erron-,
i~i operator staition, lin the ac-tual systemn. Their of oti.sii~ou all(l comimissioni in procedural

1) ii inpose is to jpro- ide lie trainee u~seful chieckl ist activities are depicted onl the TMS
lit iforniance in fomnat ion not available onl the( job) disp~lay). This in format ion is also recorded for
.I iid to) enalile trainee-initiated and paced petrformlance. nwietasrcinient, puirposes.
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t'ri~lut 141 *4ti "ti lio ,,ri. I9 9)t) )e~n c 1] tih Into rtttln "Nstvin) 4)11 paranitet(r. o4 flighltI11 11!,il ii roci;.i. t t t k pit t pon thme iii t,ii e ier oir fliglit v 4oidmititon. Ili ad dl itionl,

c\-m utei .it It Ii-i~t .. k pit mii~tronti~itit'. .iintl bm ''t traiiitt %t lilr seaodtl iii thle cockpmit. Figure 8
Illot tit I 1i4)tuhl It e \ lit Ilt ~ liel. k,i it WIN,1 teepicts thle c)ckp~it o f the H elicopter I istruinit. u
flu,% it ihis. niN loc lwin real tinie or slow time or Flight Pajiner, lDcvict- 21124, showing the ric
41)11 lintioldtul, of bothI. \ ler~c'r et inl %erbhl in formation d-splay and the aoutomaitic progra in
exp la nailtion an uil ouliileli rN s~ iiihronized with control pan4l. Not shown in ti~c figure are the(
I [it- flight is p)rovidled. "it'll; ldemonlst rat ion CRTi imoni tor and thle TV camera.

t n pha i 14' boithi ilintric t ional qjual ity anid
I et* cl 41 accu rat'v to Insure t rai nee titderstan ding.
The Ic ra-tniiisioi equ iptnetils ill tilet cockpit S UMMARIIY
In' i-lude an in forma~t tio display pairil wh ichi
p ro~ jills performanice statust in(] feetdbatk 1. Various lce els of fidelity have utility for
info trmadtion to thle trainlie, all ailltillnat114 progralin traininhg dlevice dr.'sigti. Selecting the appropriate
tcointrol painel for ni~tjjtjit', certain events such at, designi op~tion is baseti onl tile traininig requliremenets
dticiuIlst rat ions,, tral ini ng probtlemis (Ii autonmatic allilysis, tlit( available candlidate clngilcerilng

inotd), mlotioni Systell) operationi, p)roblem halt, s.olliti iohs for achie v inig the si tit tlation
etct.;a I CRT' monitor (monitored by the trainee for requirE itictits, aiid thei cost collbitl4ratiolis.
graphic data ali] for debriefing): and a CCTlV
catnera (for inztructor vicwing of the eligille and 2. High-fidelity physical correspondence to thle
attitude instruments and the trainee manipulation operational environment Is desirable in situations

'.4A

Figure 8. Trainee Cockpit of Helicopter Instrument Flight Train.-r, Device 21124 ('the trainee information display and
the automatic program control panel are- shown).
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The value of the system engineering approach to training program, development has become fairly well
recognized. Not so well recogn~ized, however, are the imp icotions of the approach for training equipment
designe. Systems engineering of training focuses on the situdent and emphasizes the job for which training
is to be given. All decisions concerning training should be made in favor of the student. The essential
question is always, "How can he best be trained to perform the job he wilt be required to do?"

In selectiag or designing- training equipment, of whatever order of comptexity. careful attention should be
given to what the student needs to know and be able to do to per/orm successfully on the operational job.
Core should be tul-en to ensure that the equipment provides the necessary information content andlor
allows for the creatioa of appropriate job-relewtnt conditions for performance practice. Too oftecn,
though, emphasis is placed solely onA deplication of the operational systemt. The result may be an excellent
simulation, but a less-than-optimal trainer. Attention should also be given to the inclusion within design
of features whose sole function is to facilitate the student's acquisition of knowledge and skill, features
bused on the larAs and prinLiples which govern human learning and retention. These features may
represent desliberate departure, from the real-world or operational system model underlying the usual
high-fidelity simulation. The learning and performance characteristics of the device uster, the student,
must be paramount ifsituwlators nr trairers are to be maximally effective learnirng systems.

TMsl paper d'evelops thc. ?rr-onale described and examines several considerations relevant to training
equipment desi~n from the systems engineering standpoint. Suggested design feat ures based on particular
student learnitW needs end oil studeat learning characteristics are presented. Twaining equipment desin
features for palirisdar cctegurie5 of tm-ining objectives and for levels of training (e~g., initial training of
aviators ms Stan siron rrainir~g) are censidered. Also discussed is the criticality of the synthetic training
tprogram with respert to the total Craining engineering p.ro'ess.

A 1 examinatio~n of tls., histury of development It is the contention of the authors that training
of~ flight training devices x.ctId reveal a de'~ice designers should modify their primary

number of ricy-rrent issues conc~rning their design. concern with aircraft fidelity issues son'ewhat, and
(uenertlly, ilhc issaes that have btcn raised (e.g., is focus their attention niore heavily on the trainee,
motion required? is a visual display required? what the instructing funaction, and the learning process.
are Lthe best mathematical selutions for It is here that the most significant gains might well
repre-senting tircraft performance?) have tended to he made in the contribution that synthetic training
center on how bes-t to simulate dynaivic opera'tion equipment ca.: make to the training process.
of an aircraft in a flight environment. n f hort, the This is not to Say that the problems of
major concerti has bee~r, and continues %) be, simulation engrineering technology warratit no
'idelaty. further atten~tion. Certainly, simulators whose

Many of the promised Lreakthroughs in primary purpose is for enigineering or operational
6;mulatior teebtiology (e.g., unprograrned visual research (e.g., tactics development) or for
Jisplays), however, appeiir stilt to be "just around evaluation of flight crew performance require high
the corner"-& condition they were in 20 and 30 le-Vels of fidelity-the higher the better. Also, we
years ago. Perhaps it is timne to reconsider the are not saying that physical fidelity should not he
nogition that the best training device ii one that of concern in devices to be used for training. The
Piost faithfully simulaes operat'onal -tquipment need for a particular level of fidelity in a given
performante,-. Let us consider ways of miaximizing trainir.g device is not an isgue. Numerous studies
!14c value of d'.e devices that we are capable of 1havc demonstrated the relationship between.
'pwoducing within our current teeli.tologies while phyical Fidlt n rnfro riig(~. e

we await thie hoped-for development~s in fidelity. Carol). Hlowever, we are suggesting that the
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**tulonislioirhe oil l:-amin", and it should he aircrafttsimuiators-antd training deviuces canitic,

'Fhre e.11itiltonsthat make fo ihtrtti,;fir (i.e., trainingr than the aircraft they simulate. For
stiii'iiltis/rvespnoýe equivaleirees), however, dto no* examptile. simuitlators htave a "freeze"' ctapability

m'ss*zlarily niake tr.! ;tee learning (i.e., his which allows interruption of ail simnulatedi aircraft
ecit;ition of ,lesired skills) any easier or nmore action during training activities,; the simutlated

vficiiient. If the aircraft is a poor learning air craft canl be rapidly repositioned. thiu.
envirownent --and for mail) flight related skills it decreasing the amount of relatively unproductive

is onil of the Ipotres-t inaginable-tlient time required to perfornm approach maneuver.-; and

tgrotind'r.-4eile duplicatte of that environment will certain emeraenicies c-al be introduced and
tk.t-t riet-ýsarily tic a bietter one in which to learn. corrective procedures can be practiced in
flhwri iN evidence, for example, that skill structures simulators more safely than in actual aircraft.
chanige during traininrý (Fleishman and llartlett2 ). Characteristics such as these are important.

Thuiis, ail exact duplicatijo of anl aircraft with Several of thenm provide sufficient economic
fiei viiracteriities cannot be optimally suited for justification for the acquisition and use of
training if trainee skill structure does change over simulators by airlires, industry, military
thillt. establishments, and edlucational organizations.

Coiieif you will, that rnost synthetic Others are there solely to aid in the training

trainers used today for military pilot training have prcsadiisteeftusinwch eae

been iitapiprtpriattsly designed. Ost.insibly, trainers primarily interested.
are' procured to fulfill a trainingmissior.. In reality, The usual simulator design goal is to duplicate,

theNark ostofte nohingmor tha an within state-of-the-art, limitations, a partici '.ir
thc s~ os ote nthngmoe ha0a aircraft. But, the freeze and reposition capabilities

approximation to a duplication of some sort of do not contribute to this goal. They are features
opeeitinal equpmet, quimentwhih hs a for which no counterparts exist in the aircraft, and

total "ly different mission than training. A visit to thyilsrewashttetanngvueoa
ally iarge pmo ~ilitary io trainin'- school, and a look te lutaewy httetanlgvleoatZesndy ofL emaetanngad n deviceý canl be enhanced through the inclusion of

assorted devic-ee, as %evll as the current user interest fetaturoely whic aenthere ortrinn reasons.rthe
in learning centers, all suggest that the user has ta oeyfregneigraos
training needs which art, not being met 1))y the Tepoeso pcfigtoetann

tqlipntnt sppled t hiuifeatures that should be includled in simulator
Have device desiger fallen behind the user in design is difficult to describe. Whatever the process

failing to recognize his training needs aiid to design myb,~sotu iedsg etrs utb

equipment to meet these needs? We, who may suitable for the development of relevant skills. The
p~ossibly be in a position to influtence training poutne o atflyrpouei l

equpmet dsig orto evie wys f oercmin respects the aircraft for which training is intendeti,
desin lmittion toltr~t tainng oals 5h~ld although certain aircraft-specific stimuli must lie

seriously consider alicringy the directio~n of device rcue.D~~mraue hudb ae
desýian. It is ,)ur contention that there is moro to - to

hegie tti piti iefon plctoso those learning principles, related to skill and
our priesen hs ontknowled me fo nt arpiiigatind of kowledge acquisition. For example, we know

ou facitno litate oflearning tan of that factors such as auigmented feedback,
techniuus ~iaelr 1ro reinforcement, and behavior shaping are important

tsCekiitg further increments iii hardware fidelity. In sklncqii

short. , we believe that device designers should itt silaqstion. A simulator based uipon designi
dcigt hirprdutsfo taii~ ad io considerations such as these might be less like art

primrl. o h rail filsos t.sol aircraft than like a muiltimedia learning laboratory
thiinking sorh ncrt, aboout pillusions. aircraftd built around modern training concepts such as

ceawthikin so uchabot poducng ircaft adaptive training, self-confrontationi, andl
.simuldators (i.e.. land locked air(rf)an ei modeling. The overtidring objective of training

t Vnigmr bu rdcn iems fetv simulator design, however, should be to produce a
arid efficienit learning crtvirortnivnLN. learning environment it which relevant and

-1 numbeir of step:, have arlready been taken in airrralt-specifie skills can he learned in the most
this. directiont. Several eharctietristics of existing efficine~t maniner.



DEISIGN FOR 'lRAI Ni N example where a tratinin'g.orfrfltid design conicept
would likely produce a different at! d more

A hurvey (Caro andl Prophet 3) revealed a efficienit itemn of eqluipmnirt.

numbiler of t rii ni ng.rclevan t fea ture, in t heir 1r nr n eie isrco tto Iip
dlesigns. Ihiese feaiItires- fallI inito thrwee hiro(Ld con figuration is one (lesigli area wvhiichi recei~ ed

cat e gor ies. I) a utorna Iion of inistrih tionil Tal;atnin rm pror c incre

fu n1 c t ions: (2) aids to the inst ruector: and] rV nari titai0g eftvres
(3) raiee-on rodd inisruc i i li t ie ol ~ii*. stru iet trainer of t hree' decade., ago) refliec:ted

,,ection several de-sign featuires w hichi are reilated to sfht oerifrtraii ~giit eino
f lie! learninrg arid inst-tictional proves,,c. are itistrue tor stat iours. Thei grouni rd track phi 'tier Aj

ohisetiss.ed. dleveloped d urinrg thi pieriodi soilely to mon~itoilr thli
traick of the simulated aircraft. Some of the( newer
simulators i ncorpoorate othier teclini itive fo r

Autfomaoted Inistructional Functionls monitoring performnance adn~ ,how evidenceý of'
get tirig away fromi the i duplirateý irnstrumentr

Several recently de~ eloped training devices hiave approach which still characterizes too many flight

attemipted to improve the instructional process bys traininig devic~es. l
assigning to the computer certain of tite, function, Monitoring of aircraft tasks %~hich are prirliarily

whinch have traditionally been performed 1y the procedural in nature often requires a great deal of

instructor. For discussion of sonmc of the( secific tihe instructor-s attention because of the, necessitv

considerations tIt(e reader is referred to Caro4 arid to keep track of tjiie and ,cquence dependencies,

Facoriti, Mortimer. arid Simupson 5 . Some( of till! as well as task performance accuracies. Procedural

functions thia. can be automnated, however, go tasks are relativeiy s imple- to rnonitcr

beyond traditional instructor functions into new automatically. A number of trainirig de hcsla~e

aidls to the instructional proce-ss. Certain ol* these greatly simplified the instructor*., job in this area

instructional dlesigri features, have become feasible Ily h)resc!ntiflg summary dlisplays of procedural task

only beccause of the digital computer's great performance.

capabilities for dhata handling. Thevy are examiples The most difficult aspect of performarc:ce

of training device design features that are based onl moriitorrig- whether in the aircraft or in a trairiing

facilitation of the learmiing process. Descriptions of device-has always been in conmnection with flight

selected features and techniques involving control tasks (i.e., the psychomnotor skill area).

coriputer-aided automation of instructional Automatic or computer controlled monitoring of

functions follow, psychomotor task performance has been the
subject of extensive recent investigation (e.g.,

Perfrniznce onitringConnelly, Schiller and Knoop 6 ).Several approaches
Perfrmane Mnitoingto automatic perfornidnce monitoring in the

aircraft s-imulation situation art, a~ailahilc. Each of
One important function of the simulator these can determine trainee deviation from it

insruto i th mnioing f raCe desired model. Performances which are monitored
performance. This Ls necessary so that the(. automatieally typically relate to total system
instructor cart provide appropriate feedbiack to the output, such as deviation from presvelected
trainee arid determine trainee proficiency. Many airspeed arid altitude, rather than to dhirect trairtee

* ololr tranin 1vshv eetriitinrt input such ass control stick movement. The more
for this purpose. Usually they are located at a sophisticated flight training device incorporating
remote ins~tructing position. acnd the instructor digital computers could monitor almost arty
obtains the rtecessary trainee-monitoringt system output or trainee input parameters that
information from them, These instrumentR are might be desired. Whatever the partir-ilar
basically the same as those designed for parameter to lie monitored, however, it should be
installation in actual aircraft where zsizi and weight selected on the basis of task iiiformnation
considerations were paramount. They were riot developed through systems cngineerinig stuii-his5

* optimized for displaying information needed by rather than on the( biasis of ease of mteasurennent or
the instructor in a training application for use in sonic other non-training dependent consideration.
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r' hlfunctwn Insertion Flight Demonstration

Tifs function cnsist.•. of using the digital Flight demonstration is a teaching techniqueco uter tohcontrol the sfeention andinsertionof used in all pilot training programs. Several

simulated systems malfuntions during a training ethods have been devised for programing a flighte'ercise. The trainee must respond by executing simulator to fly or dcmonstralc maneuvers underthe appropriate emergency procedcure equene autopilot control while a prerecorded narrative

Malfunction insertion in older devices is performed highlights important or difficuh performances.

manually, commonly by having an iistructor One objective of such a procedure is to assure

activate switches to introduce a system failure, presentation to all trainees of a standardized
demonstration of each maneuver to be learned.

Variation of Task Difficulty Sequencing of Maneuvers
and Mission Segments

The apablit to aryt ask dfficlty One of the principal benefits of the programedThie capability to vary task dlifficulty adMsinSget
"automatically in response to trainee performance instruction approach has been the highlighting of

has commonly been called adaptive training, the importance of the sequencing of instructional
Application of this technique to flight training te ance devequent of instrectiors
devices has attracted a good deal of interest content and the development of bridging bchaviors
recently. The general adaptive formulations of in skill development. Once the particular sequence
Kelley and Wargo 7 have attracted the most that will produce optimum learning has been
attention, although other approaches have been established for a specific set of tasks, it is possible,
considered (e.g., Hudsong). Whatever the under computer control, to lead the trainee
approach, adaptive training involves a deliberate automatically fromn one training task to another in
departure from realism in aircraft simulation. It s this predetermined sequence. Branching sequences
an approach that has been found, in at least one
flight trainer application, to contribute to training
efficiency (Ellis, Lowes, Matheny, and Norman9 ). Permanent Recording of Results

A discussion of considermtions relevant to use of
adaptive trainiiig techniques in training equipment The rapid data storage and processing capability

design may be found in Carol 0 . of computers associated with many modern
training devices makes it possible to record trainee

performance information for later analysis or for
Student FeedbackandGuidance display of data summaries for use (luring

subsequent training activities. Putting this function
In any training situation, one of the most under computer control not only relieves the

demanding and critical activities of the instructor instructor of the distracting requirement to take
is that of providing feedback to students. notes "on-line" for subsequent debriefing or
Computers, which are integral to most modem grading purposes, it also vastly extends the types
simulations, can be used to analyze data rapidly and amounts of performance data that can be
and automatically provide the trainee with cues via examined. Such data can be recorded in a form
feedback devices, supplemented possibly by appropriate for direct input into computec
summaries from the instructor. Automatic studet analyses.
feedback and guidance can reliese instructor. of
considerable feedback responsibility. Both aural Instructor Aids
and visual feedback devices are possible. Several
are discussed elsewhere in this paper. In some Three training device design features intended
applications, alerting or prompting cues may be primarily to enhance instructor effectiveness have
automatically provided to the student if his already been mentioned-the freeze and reposition
performance approaches some specified tolerance capabilities and the, ground track plottr.
limit. These cues may deliberately be quite Appiitationg of several modem technologies have
different in form and frequency from those found made available a number of other tools that can be
in the real aircraft, if indeed they exist there at all. used to aid the instructor in his ta.sk of provi-ting
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feedback and guidance to the trainee. These aids paper, the temporal contiguity of feedback to the

can also let him make much more effective use of perforinance of concern is extremely important as

his time. Several of these are discussed below, a factor affecting learning. Certainly, the temporal
aspect of feedback is one of the most frequently

Performance Plawback and widely studicd learning variables.

To enalle the instructor to confront the trainee Instructor Displays and Controls

with his errors, trainee performancc (i.e., the
performance of the simulated aircraft) may be In older flight simulators, and in some instances

recorded in real time for instant replay to the even in current ones, instructor stations imoke

student. l)uring playback of such recorded panels 25 to 5t feet in length conAi..ting of

performance, the trainee may observe his own plotting boards, pushbutton.,, toggle switches,

performance, errors and all. As with the original instruments, and variowu othl r displays and

simulation, the playback may be "frozen" for controls. Such designs rquire considerable

detailed in.spection. Additionally, it may be physical movement of a team of instructcors in

reviewed any n:umber of times and even played order to control the training for one aircraft crew.

back in non-real time for more detailed study by The use of CRT's with special- and general-purpose

the instructor and the trainee of the performance keyboards and light pens in instructor station

which occurred. This provides an opportunity for design has allowed great reductions in the size

pertormance review and corrective guidance from requirements of in-tructor stations. More

the instructor that cannot lie provided in a real importantly, it has given instructors much more

aircraft. positive control over training and has permitted
better organization of their tasks. Being able to

Audio and Video Recording concentrate in a much smaller area, particularly
the area represented by a CRiT and its associated

Another means of confronting trainees with keyboard, enables the instructor to be alerted

their own performance is provided through audio much more efficiently to parameters of training

and video recording techniques. Self-confrontation and trainee performance to which he should

through such recordings has been used in other attend. The particular information which needs to

training settings (e.g., language laboratories, be displayed to the instructor via CRT, or which

professional sports leadership development) and the instructor needs to insert into the training

has been found to lie useful in effecting behavior problem through the keyboard and light pen, is a

change. matter to be determined through systems analysis,
not only of the training requirements. but of the

Plotting Devices instructional task as well.

For some training situations, hand-held remote
fIn debriefing students, instructors, have learned control devices are being used by instructors as an

to make good use of the information contained in aid in training. These devices, typically consisting

ground track plots. Other time plbts of of several general-purpose keys and a digital

performance, such as airspeed and altitude, could readout, permit the instructor to communicate
also lie used to advantage in the instructional with a remote instructor station while physically
process. When such plots are presented on CRT occupying a positian beside the trainee-a position

displays, rather than more "old-fashioned" that may be determined to be necessary in the

plotting boards, the information they contain can conduct of certain training activities.
be manipulated in various ways for rapid analysis
of student problems. Location of plots, whether Traince Controlled Instruction
on CRT's or other media, in position.- where they
can be observed by trainees dluring or immediately The requirement that a flight training device

following training (as opposed to having them bear some physical resemblance to the vehicle it

located in some area remote from the trainee simulates has been recognized earlier in this paper.
station) enables an instructor to provide feedback That requirement notwithstanding, the dtsign of

in a much more rapid and effective manner. While the trainee's compartment should lie ba.-ed upon

the point has not been previously (d'scussed in this fulfilling training requirements rather than solely
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u1pon the ph!sical characteristics of the vehicle design should be with questions such as' what does
i. initiated. -It is quite possible, and perhaps the student need to learntl how does he icarn'.

desirable, that flight simulators designed for what is the best way to organize ,.nd prese
training miiight resemble multimedia learning information to him? what is the best way Zo teach
laboratories more than the aircraft itself. Such an complex skills'?; and similar learner-orii-,ted
eivironunent allows use of a variety of modern factors. The main point is that design shouid " !t
training concepts such as programed instruction, on the learner. This student-centered approach is
adaptke training. selt-confrontation, functional the principal characteristic of the overall training
"context training, peer i nstrliction, and system design process that has been designated as
lperformance modeling. Ih sence, such devices systems engineering of training. Thus, we are really
might be termed "flI learning centers. talking about applying the systems engineering
Obviously, the features and concepts used must approach to training de~ •,'lesign. it is in thi.ii ,.n 'n'.rf,',. ;'-t ,ertnqio 4.ri.cal air'craft -nntrol Qewn~e that we contend that the frame of reference

tasks. Hlowever, a simulator designed for training for evaluating device (te.igu alternatives and issues
wouhld probably provide the trainee with a number must ibe a much broader one; one based (,,-' the

of controls totally unrelated to operational flying design of the whole training system. Systems
tasks. Such controls might. for example, permit engineering of training provides this mechanism
the trainee to initiate prerecorded demonstrations and techniques for guiding these judgments.
and exercises to freeze the snimulation, to
reposition hinself, and to perform similar Systems Engineering
functions as directed by the training to be
conducted. Displays not found in the aircraft itself Application of the systems engineering process
mfight also be required to advise the instructor of to trainin|, system design is a still-emerging
certain administrative considerations, such as the technology (Smith 1 1). However, the systems
condition of the motion s.ystem or that a approach to training requires that one first
prerecorded demonstration has been terminated carefully define the specific skills and knowledges
and the trainee should again assume control of the required for effective job performance. Only after
simulator. If the performance monitoring this is done can training content relevant to
functions have been automated to the extent that training goal achievement be developed and
trainee performance can be scored against sonic organized. Procedures, including media selection
external preprogramed performance criteria, and design, must then be developed for both the
evaluative information concerning his performance training and testing of students. The overall goal is
on prescribed exercises might also be disp!ayed in to develop a structured set of experiences that will
the cockpit. pro.luce, in a cost-effective manner, graduates who

can perform a given set of operations to defined
standards on a specified job or missior.

IMPLICATIONS
Integration of Device Design with Training System

Design Considerations Deesigfn

What, then, are sonic of the principal Witfin the area of aviator training, we usually

implications for training device design implicit in find three distinct instructional components that
this direction of development. The first is that are dedicated to the training process: an academic
training device design questions ni st be examined component, a synthetic training component, and a
in a much broader frame of reference than has flight training component. Systems engineering
frequently been the case in the past. We believe concepts and principles may be applied
that optinial efficien:v and economy in training independently to any one of these ,'omponents,
operatios will come through the design of and indeed they should be applitd, if we are to
training .Nstems in which all elements of the achieve efficiently the instructional goals
sysienm are structured and organized in suchi a way established for each. But it is in this process of
as to ,uhancc the studnknt's acquisition and initially establishing goals for each training
suhs.t,que.nt ru'tention of the knowledges and skills component that the training sys~em designer
that hle .ii,-t afquirv. The central concern in makes his first -:ontribution to training devit e
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design. Each component has a specific role that it simulator-but whether it can best be

I...... I A .... ,,- ...... h,,th.. t Gi finl nrrl'it..-a acconitlished inl the device. So. it is in this total

pilot. Thus, rather than allowing the three training systei, contex!t that tradeoffs and
compo;ents to exist as separately constituted training function allocations must he made. As a
par's of a wl:ole. their establishment and existence result of such "competitiv'e" training systern
should be founded on what each cat best, design, we might, for examle, see a greater ;tress
contribute to the total training process. Such on pali-task trainers or lower-fidelity devices. Ih
supportive integr:ation of training component, to any event,, the nmetric for such cobt-effectiveness
achieve the overall training objectives of a program evaluations niuA h)ae the trainee, the facilitation of
sounds rather obvio-z, sinmple, anti conini n- hu., learn;nng, M4; inis ability to perform in the
sensible. HIowever, those familiar with avitti on operationial mniNsion environment. With reference
trainiaig kLow that this sta•e ha. been all too to the latte'r, it slhould be notetd that the systems
seldom achieved. The reason is that training approach to training considers trahiing only as a
"component design often proceed, down quite means to the end of job performance. Thus, tile
independent., anti0 oit.41 an1,tliht'iidi, pdL(IWas, trai:dIng system designer (anoi tih' ,device designcr)
with only lip service paid to observance of training iu4,t libe concerned with long-termn reteintion,
;slstem dlesign conceptions. operational-situation stress, recurrent raining, and

O('e, it is determined from, trade-off stuidie-s a host 4f other frtoNr' related to job performance
ftia -;ynti'tic training devices would he beneficial in addition to those factors associated with the
to ail, deall pilot training process. When this initial training program and its more proximal
occuis. -puJic training objectives should lie goals. As previously stated, it is our contention
identified for achievement within the synthetic that concentration on design for training is the

training om' iwnent of the training system. The best means to achieve optimization of the training
design of !he device then should hbe based on the system in supporting the ultimate operational

specific nature ou tte training to be conducted system.
through its u-.e. Thie consideration at least
partially answers fideli',' ,;uestions since it defines
the training functiona! ,.a•abilities that •hould be Design Teamwork
included in the dev,'. however, the training
system designer ar.d the .evie designer must then The final implication of the position developed
jointly return their focus lo the studer t. It is at here relates to the composition of the design team
this point that they shouiki .omsider features to and interactions of its members. As th, reader has
facilitate the process of trarinit% and siudent (hopefully) gathered, the auithors contend that
learning within the device. This, might involve effective device design must be behaviorally
specifying a number of design featurcs similar to oriented: i.e., toward the characteristics of the
those we have already describ0'd. Creative design, learner. It follows, then, that training specialists
though, will not stop with these. it will com'stintly (whether they are training "engineers,"
seek new means of implementing tle laws and psychologists, or whatever is not of concern; it is
principles of learning and the tetnnoiogp of nceessary merely that they have in-depth
training in specific devices, understanding of the human learning process)

must play an active role in device design. They
Cost Effectiveness ;must challenge the device engineer to develop new

bans of implementing features to facilitate
This broadened context for developing device and the instructional process. Further.

design makes the training device or simulator and perhops most importantly, it is sugg.sted that
'rimply another competitor in the methods and there mast be full, free, and frequent
media race. Design decisions inst be justified on Communication anid exchange of views between
cost-effectiveness base-s within the total training the training system designer and the device

system context. Thus, the decibions are not designer. Though they typically represent different
primarily whether effective training can be organizatiens or agencies, they must truly form a
condluctcd in a device or simulat.r-it is team. To do les is to risk development of a
astablished that most flight training objew'tives can, noa-integrated. overly expensive, and perhaps
at least theoretically, be accomplished in a ineffective training system. User representation in
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design is the key, and we must never lose sight of 6. .oT•,0y, " E...., dlukr, A..., aied Kncwp, P.A.
tihe ultimate t,ser, tl student. Study of Adaptive Mathematical Models for

Deriving Automated Pilot Performance
Measurement Techniques. Volume 1: Model
Development. Technical Report AFilI*L 69-7.
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This paper develops the thesis that universal trainers can be highly efficient and cost-effective devices,
when properly designed and cmpgoy'ed, ind that their use for both operational and maintenance training
likely will increase significantly in future years. First, universal trainers are defined ;n detail, a distinction
is made between witnin.fameiy and across-family tnniners, and the use of universal trainers is related to the
present organization of naval schools. Next, a series of design and situational factori are identified that
influence and determine the desired universality of training devices. These factors include the size and
cost of parent electronic systems, the present training context, equipment standardization,
modularization, functional packaging, general.purpose displays, automatic test equipment, life.cycle
costing, total system design, and maintenance system design. Long.term trends in equipment design are
described and related to training device requirements. Then, the effect of digital technology on the
universality of training d6oices is discussed in detail. Finally, a sceies of conclusions and recommendations
is made, including brief descriptions of some un.versal training devices likely to be required in the future.

M oderi naval weapons and electronic systems operator and maintenance tasks are unique to a
are Eignificantly more capable than their single radar set, often stemming from a unique

predecessors, but they must be properly operated operational feature, a unique construction practice
and maintained for their full potential to be of a given manufacturer, or a unique philosophy of
realized. Added system complexity has created maintenance and repair. Universal trainers
many new skill and knowledge requirements capitalize on the commonality of skill
placing greater demands on shipboard enlisted requirements existing among a group of systems
personnel than ever before. Training operators and by stimulating common operational and
technicians to the required standards of excellence maintenance situations.
is time-consuming and expensive. Universal The term "universal" is used typically to
trainers play an important role in the training identify the type of training device described
process with respect to criteria of both cost and above: one that includes elements common to a
training effectiveness. This paper develops the group of systems. The term is used less commonly
universal trainer concept and discusses factors that to describe a type of training device that includes
determine the universality of trainers, all features of a group of systems. To make this

distinction clear, consider the case of an aircraft
cockpit trainer. A universal trainer by the iirst

THE UNIVERSAL TRAINER CONCEPT definition would be one used to train fledgling
pilots in the fundamentals of cockpit control
manipulation and instrument interpretation. By

Universal trainers are those designed to serve the second definition, the trainer would be one
the training requirements of groups of shipboard that could be set up differently for each aircraft to
systems. Skill and knowledge elements required to be simulated; that is, the pilot could be taught t0,e
operate end maintain complex systems are both techniques of flying a specific aircraft by changing
common and unique-many requirements are the control dynamics and instrument
common to several systems; others are unique to a configuration. The first type of universal trainer,
single system. if two or more systems require sometimes called a "common core" trainer, is
common tasks, the possibility is opened that the more typically used in the introductory phases of
tasks can be trained in the same classroom, trained a training sequence; the second type of universal
using the same device, or both. trainer is more typically used in the advanced or

Electronic systems that are members of a final phases of a training scqitence. The second
"family" typically impose common operator and type of universal trainer does not depend in
maintenance tasks. For example, many task commonality among a group of parent systems or
requiremeilts are common to virtually every radar equipments, although such commonalit' may, in
system; they sterm from "radar technology." Other fact, exist.
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lto revent vea,r. the YalihitY of thle unliveri` ''.ANiA 'O OF NAVA 41. 1010 'S

tra ii-xr com-t'j t hat bren established firitdy.
Sv'v erl 'ý,tr i aces haive' livent budlt anid are The existence of both common and specific
prk-mt-a'i ti ed att na~val iilis;tedI trainin lg sehlools. task requirements is clearly recognized b h

F\ptritenct gaine ill it thm lvtivvs has' ,hown Nav and II refl'cte ittii the organlizationl ofnal

that enied t raiivz Itt .it' ,tc. cessfCtidly transtfer skiill cos Class A sc'hools offer bieginining and
1a1d knOwlct I zr ti-b-met, tvil~uired't using thbeste innedit e-lev i inst rutction in the ope-rat ion

dvit't' ito t he parent ,ystems. Expei it nete also has and/or repair cf eletctronici systemis oil a
.-thowii the'm to Le pairticuilarly Well idapted for family-hy-fantily basis. For examlple, ope'ration
(tact him, tihe conlcepitual orgu nila tioli and funct ion and reptair of sonar equipment is taught at the
of -typiical" ý,stenis l i*the groundwork for sonar ,chool. At the Class A level, training
learning the ot ganiziation atid operation of a typically offered is not onl ~pecific eqjuipiment
.specific ,y-tviu to which the teclinit ail/trainlee exceptt when an older syst em is ulsedi as a trainintg
(preomuahily) Nvill lie assigned upon graduation. e hiede. lIn contrast, Class C schools, offer

Vni~ trsad t rainters atre particu larly use fist in instructionittan laboratory practice onl specific
systemis.''t'iii ii. the ha.,ie coittepts of electronic syst emis. I h-riig "ieln"hscai-

MIl elcctrtnii tdevices, of course-, uterive *fron a h riig 'pptl a t'hný
comilotiti ,et of pliN. smat/tiectrical principiles. Al significantly in recent. years. Several years ago,

I tetronic uonitponell - is, btecauise of thi phsia traintees enttering tile Navy were processed through

propetrt les. texert kno~wn atid prtedictable influ'encet' Class A school and thien sent to a ship for
oil tilt nlatuire oif electrical energy: in fat the' on-the-job trainting onl shipboard equipment. The

electrtmnic designtr uses thitse influences as tools to obijective of Class A schools was to equiip tile

ca Ost the form of t'lct nreat signals t tie change~d student with appropriate skills so that, whlen

in somle de~sired way. Tfhe nature of the "liange ý;up plenleilteti by proper on-thle-job trainling, hie
tiesirt'ti ~ ~ ~ ~ ~ ~ k couldt oltt'(teatotti~it u e '01 operate anld/or ma;ntaili electronic systems.

objeet;% e to be si'rvt'tl by the eqltiipren tinder Foilowing a period of shipboard apprenticeship,

dtesign Nshich, ill trnI, stems fromt the biasic the trainlee was senit ashore to attend Class C

pulipost' ori missionl otftht the equipmneit. 1hii, to tihe schlool to learn tile details (if a specific syste'm

extetnt that oiperationall oir functional requliremenats installed abioardl his ship. Class C schools were

art' similar, equiipmen'lt features and task ofteni poorly attended becat-se ship comlmandters

rcejuirt'inelltsare likely to he similar, did not feel they could spare personnel from thteir'
watch bill to return to school.

Task commilonality call exist across families of Several year., ago, thle Advaniced Electronic
cit'ctroiiic svstvt's w, well as within families. Fields (A6F) prograiit was instituted. Under this
Goreater task contnwlnalitN exist-, between two program, qualified canditdates et'ettring service who
di,,itai systems that alt' members of different 'iitfoa .arouofuyare uaaite

enis fo C-ertu fdl r taate

falfin ie ics anl between a1 (Ii,_ital syStem aiii anl bothi Class AX traininig iii an elt'ttronii" fitid pills

aiao vt u rmtit all' aiy n hscs, one selected( Class C schollt, btothi btefort' being

Stiit m)o nr ali t Iv df ea lt' ea mic ne (1 1)sksI is g die t aly n assigned to shipboard duty for the first time. Upon

inmpormet atin n tI ien inaiitnnet philosophyir that successful completiton of thils ,equence. a Naval

inl~lt'le ta ttinthemai t eaile paitoojity hat ltist ed Cla,-sification (NEC) is -',igned- lit tile
g~uited the system tlesig i, aild tile (-oltsrciti past, technicians were assigned to individual ships

teh itue uet t 111)1t'ent ~tt'deimo on a 'rate'" basis-, tilat is. a techitician who hiall

lit rt'ýeilt years, techniiquets havt' beent developed completed Class A training was assigned to any

to identi fV skill and kntowl'dge .evquiremeoLt:, for shipj oil which equipment was installed withint tite

btoLth operation11 aitd] nta itteta net imiposed by new ''famiily'' for which hie had been trained. F'or

naval vw apolts anti t'ec troniv ,yste'ins. Tecbniqus exanmple, a graduate (if sonar Class A school vwas

also have bet'i devt'loipedi to establish the extent oif assigmed to any sh~ip carrying a sonar syStem
commnalllaity that e\i.sts ailotig iimbeiitr, of anl (atlthough tita training differed for mtrface shtip
etju jiittentt family, mtaki ng it pos'iblt' ito dett'rmnine ,onia r t eclinic ianIs a it d so buIttt arnle onlar'

in t- aditele tht' ft'asitility andt desirability (if the, tecltnit'ia s).
onut'ersal trainer a pproaichI foir the( eqUitt htint'i Under tile prt'seint scheixte, opera tors ant!

"~roil) tin tjuit tAioli. tt'eltittiiams arc assipned to ships bast'd on tht'ir
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NEC. The Rating Control Officer in BUPERS addition, the following, factors are imporant:assigns personnel to individual ships by NEC (I) the number of system or weapon types in the

within most naval ratings, guaranteeing that parent group, (2) the size aid cost o, eac'h of the
technicians are assigned to shift; carrying the exact parent sydtems, and (3,I tile lumber of units of
equipment on which they have been trained, each of the parent ,,ystea:e installed aboard ship or

A difficult problem in training technicians to naval shore facilities.

repair and/or operate complicated electronic The number of parent systems is; important
systems is that of bridging the gap between theory because a Clasi C training counr, typically exists
and practice. The technician/trainee must acquire for eacl specific equipment in tho grouip. To the
knowledge of 'Ce basic principles of electronics extent that requirements currently covered by
and then must learn to apply these principles to Class C training are common ,and can he taught at
tile maintenance of complex systems. the ClJs, A level, the duration and consequent cost
Operalor/trainees must learn the basic principles of Clams C training can ibe reduced.
of operation of equipment within a family, and th
then must learn to apply these principles to the The bize of tie parent systemn is important

operation of ! specific system. because larger systems typically require a greater
proportion of unique skills related only to that

The basic organization of naval schools is system. Size generally is related to complexity,
important to universal trainer development; such and complexity is important because large systems
trainers hay,. been found to be most useful tGward often require special installations, special sources
the end of Class A training when student trainees of power, special cooling, and even special secure
are starting to assemble the bits and pieces of their facilities-requiremeats that can be obviated by
education into a logical whole; they are assembli~ag using a universal trainer.
basic building blocks into a complete The cost of the parent systems is important
"technology." Universal trainers are particularly because it is always possible to use the parent
useful at this point because they illustrate and system itself as a training device. There may. of
simulate the basic principles of operation and/or course, be overriding considerations dictating the
maintenance of complex systems without use of a universal trainer rather than the parent
burdening the student with the specific details of a system. For example. the parent system may be
particular system that often interfere with the packaged too densely for training purposes. Or,
effectiveness of the basic training process. But it the power required by the parent system may
must be clearly borne in mind that the basic exceed the power available in the designated
premise underlying the development of universal classroom area. In general, however, the greater
trainers is that skill and knowledge elements the cost of t Le parent systems, the easier it is to

acquired using the device will transfer to any of a justify the cost of building a universal trainer.

variety of parent systems. The extent to which

transfer can be expected depends upon the degree The total number of units of the parent systems
of similarity between the trainer and the parent to be produced is important because it determines
system. It is important, therefore, to identify the directly the overall required manning level and
factors that influence and determine the degree of thus the number of technicians/operators to he
commonality existing among parent systems and trained. This factor, in turn, determines the
thus the universality of training devices, potential level of utilization of the trainer. Thvere

vre, foi example, several complex command and

control systems currently being designed for
FCTOERS THAT DETERMINETIlE installation aboard large ships that will create

UNIVERSALITY OF TRAINERS formidable operational and maintenance loads for

the technicians assigned. However, there are only a
handful of such systems planned for production,

The s~ngfe most important factor influencing perhaps on the order of six to 10. Since the entire

tihe universality of training devices is the extent of complement of maintenance technicians is small, it
commonality of operator/maintainer !ask would probably not be cost effective to design and
roquirements that can be established among a build a universal trainer. Rather, training using the
fgrmip of clectronir -)*stems or wcapons. In actual system would be indicated.
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'I'l~~~~~~~~ IT ... aIINEO : AGI( f~ tio'I (.f tilt circuits monutted onl tile

Theri art, a series of techniological changer, Siondlardi.-ttion
ourngat present that act to influence andl

determnine the desired universality of training E'sse n tially, standardization increases thlt
(I e v i t, e s :(1I) s c, I i d -s ta t e, c i r e it i t r y , physical andl constructional similarity of clectronic
(2) inioditlari-t-it~ion, (3) standardizationi, systems. As systems become more standardized,
(4) functional p ac kaging, (5) multipurpose thle conmnonality of both maintenance and
displays, (6) computer availability,. (7) automatic operator tasks increases, thereby increalsing tilt
test eq~uipment, and (0) total weapon systems transfer of learning from one system to thle next
dlesigZn. and decreasing the(. diversity of specific skills

required for operation and maintenance of
Solid-State Circuitry different systems.

Quite recently, the Navy hass become "serious"
IUodoubtetily, te"nLmost important, change ab1ouit I s ta idt(Iar(Ii z a t io n. Th e

in electronics in recent years has been the gradual Components/Equipment Standardization program
evolution from vacuumn tubes to transistors, to had its origin when VCNO directed thle Chief of
integrated circuits to med iulm-scale integration to Naval Material to establish a standardization
large',-scale integration. These developments program extend~ing to till concept formulation,

siniiantly affect training because thet sm llest contract definition, acquisition, and operational
replaceable unit of hardware now lies- above the phasies of developing andl procuring naval
vircuit" lexel, that is, tile! detailed principles of electronic systenis. By direction, standardization

op~eration of individual circuits are no longer at was to extend to materials;, procez.ses, services, and
issue in fault localization and equipment repair. parts. Trhe Chief of Naval Material, in response to
The ilii rlolprent of integrated circuits waived thlt the direction cited above, directed each of the
requirement to understand thle opheration of Systems Commands and Program Managers to
individual components;, requiring only that develop a standlardization program covering all
maintenance personnel deal with thle input-autput elluipment uinder their administrative cognizance.
characteristics of the circuits. It is likely that no Specific guidelines were provided] and specific
new training requirements will be created in thle contents suggecsted. Such plans were developed and
future as the size and complexity of the integrated currently arc being implemented.
block increases, L~ecause the( technician will still It will likely be two or mnore years before the
deal with thet input-output characteristics of thet major impact of this standardization program is
uinit. regardless of size. felt. But, it can saf-:ly be predicted that the

proliferation of separate electronic devices. and
loidu~uizat ion systenis which characterized naval hardware

development (liring the 50',. and 60's will give way
to fewer, inure comprehensive procuremenet

Modularization has had a significant impact onl programs, including many items of standardized
training for maintenance activities, and thus on thle hardware. Tfli impact of this program on universal
desired uni~ ersality of tlevice-s for maintenance device development will be to increase thle
training. Many new systems not only are commonality existing among electronic systemns
niodidaiiri~edl hut, ill add~ition, have a throw-away and to rediuce the diversity of operator antI]
maintenance philosophy, one in which the maintenance skills required.
isolation and repair of individual components is 'Ihel( Standard Hlardware Progrram is a ilotO('il('
imot required. Spare modules are kept aboard ship, Niandardization effort that will make availabje ito
often fu re : 'd antI pakagd A 4 part of the e lec tronic. (I esigniers a wide svlectioi 1,
or igin al equ ipinen t. Of course-, new skill standardized plug-ini modules.l Thesw toed ules will
reqluir-inients are created (ibolatimg mai~lfunctioning~ serve as building blocks from which systems
modules and replacing themi with good ones,), but engineers c-an construct a variety of complex
older reqtuireentsn~ are eliminated, particularly systemls. Since this programn began, it has
those a.,oviated, with tinderstanding thet principles progressed to thet point where o)ver 300



I ~standlardlized inotiies of known reliability now are designed to operate with a computer system but,
available to industry. 'I'Il(e modules are in use in at thle same time, they usually have a buffer
over 20 major electronic Systemis. It is predictedl memory or asso4;ated buffer computer used to
that over 5,00)0,0M( modules will be in se~rvice in dlevelop) alternative, selectable display formats. TIhe

Ibe fleet within three yer, operato'r call select from among these formats
Malaeelto h Sadr Iadae based on thle tactical and ctivironmieltai

Program recently has been transferred to Naval condhition!,.
E I c c t r o n ; c S v 8 t e in s C o lin ti a it d Multipurpose displays presently are being
(NAVICIYCSYSCOM). l'w Chief of Naval develo.ped for sonar systems, hire-eontrol systems.
Material has., ii.4tructed NA VEI .E"CSYSCONI to command and control systems, navigation systems,
work with ahi Systems C~ommands auud Programn acoustic warfare and countermeast re svy tems, and
Mlanager- to initiate thle uise of standard modules in guided-missile control and direction systemns. Thle

all new programis, except when Nibstaiitive surprising thing about all such dhisp~lays is their
evidlenlce exists that the approach is not applicable design comimonality; iI manay .,spri L,, they are
to the equipment beingý procured. Thus far, identical to one aniother.

Program Managers have responded~ t~y specifying The operator and maintenance requirements
.standard techniiques for Iinafy flew procureenctis. generatefl by mtiltipurpo~sc dispilayts are highly
If the( trend continues, and there is every reason to simiilar. Future trainers for operation or
believe that it will, the proliferation of diveise ma in temlance; of electronic systems will
types of naval system,, will decrease, creating a vast unquestionably contain general -purpose.,

bYase of' identical operator amid maintenance computer-driven displays as an integral part of
requiremrents for many types of electroni-! their designi. It is probably safe to predict that five
systi-ilis. Thi'i de-velopmenit is so importanit that it years fromt now virtually all major electronic
may force a reexamination of tile present inaval systems installed aboard naval ships or iii naval
rating amid traininig structure, and( will certainly shore installations will include one. andl likely
force a critical examination of trainer conistruction several, general-purpose displays. As the similarity
technliques. of such displays increases, thle commonality of

maintenance and operator tasks will iuncrease, and
Functional Rackaging the desirability of thle universal trainer app.-oacli

Functional packaging is anl interesting and will increase.
important design trend in which individual circuit
elements are combined amitl physically paickaged Computer Availability
alon~g funcetional lines; thlat is, ecehi block of
electronic hlardlware represents anl identifiable Tile increasing availability of computer power is
function which is, in every case, relatable to both one of thle most important influences oil the
its role within the pare-nt equipment and to the universality of training devices. At the heart of
purpose/mission of tile parent system, Th le virtually every miew weapons system there is a

fucinl ~~ae stesmletrelcale.li digital (omputer designed to organize and process
buit, unlike standard modules that are idlentical in large amutauits of inuformation from thet systems
size, functional modules_ vary according to tile! that feed( it.- Computer power sub~stantially
complle xi ty of the function represented. imuproves thle capability of the indhividlual sensor
E~ssentially, each unique, dlefinable function and weapons System to receive, process, and
perfortn-d by the( equipment is given all analog in dlistrib)ute iniformnation.
hardware. Since functions are similar among Computers call be used to store incoming
ell lipii )11emit" designied to fulifil! thle Samle Sensor information in real time, up to an amount
pule-hose/minissi)ui reqluirements, the commonality is of time determined by~ available memory capacity.
increased( of c'irci-itry and of1 coperatioi. Thhen, sequences of events call be called out onto

Multipurpose Displays thle genieral-purpose display, so that tile oiperator
(,ali make a time-thependent assessment of the

lIn the( last few years. at least 15 muult.puirpose presence and nature of intruding target,. As a

distnlay Systems huave- been dlevelopedl by Navy result, operators can observe sequences of ten cts

la bora tories atnd( electronic mnauiufactuiriuig instead of sigeevents. Operator tasks assooiatedl
coml'erns. lin general, the displays have becen wi'hi t hiem, activities are commnon among
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equipments of a family and across equipment Total Weapons Systems Design

faimilies.
Computer power is use(d in many new systems Until recent years, major combat systems have

f.-- the "housekeeping" function-tagging, been designed and procured in pieces, separate

tracking, identifying, and sorting target events. suppliers have been responsible for %arious

Computers are el~ed to keep track of the modes of components of ttle total system. The Nav)' ha.-

operation selected, the status of important been responsible for system integration. 'l'his
controls, information on expected environmental practice had inevitably led to a number of system
condiitions, and other data that operators need to interface design problems a-. well as

perform their Jobs. Again, a family of operator communications problems among suppliers. In
requirements is asociated with these activities, contrast, total weapons system design places

Such requirements are common both among and responsibility for an entire system on one supplier.

across families of equipment. The separate subsystems are purchased from
Computer power is used to conduct target different contractors, but the prime contractor is

motion analyses to determine the course, speed, held responsible by the Navy for the performance

and depth/height of targets contacted. This of his subcontractors. The prime contractor also
function is typically acccmnplished by tracking; assumes responsibility for weapons system

that is, by superimposing an electronic cursor over integration. To establish consistency ainiong

a'i indicated target position on a display. Then, the system components, the prime contractor

computer assesaes the location of the cursor in r-al typically sets criteria and standards to which

time and computes the desired output quantities sMbcontractors must perform, decreasing the
in accordance with stored formulas for processing probability of diverse task requirements and

target information. This mode of operation is divergent equipment practices.

characteristic of modern fire-control systems, The 10 factors discussed in the paragraphs
whether coupled to radar inputs for surface-to-air above operate during the research/

missile direction, or to sonar inputs for underwater development/production cycle of weapons .systems
battery control. As in the cases described above, a and electronic equipment to increase the
family of activities is associated with target motion commonality of maintenance and operator tasks
analysis and tracking. performed by enlisted technicians. It can safely be

These examples of computer aiding are but a predicted that the commonality of both operator
few of the many typical uses of computer power and maintainer tasks will increase substantially in
in new naval systems. It can safely be predicted future years, and that the importance of the role
that both the amount of computer power available played by universal trainers will increase
and the extent of computer aiding will increase commensurately.
significantly in the next few years, increasing the
commonality of operator tasks, and increasing the
desirability of the univeral trainer approach. TIlE INFLUENCE OF I)IGITAI,

TECIINOLOGY
Automatic Teat Equipment

The advent of digital technology ha, produced

Most new electronic systems and weapons being two primary effects: (1) it has created a need for
designed incorporate automatic systems for fault training in digital logic and in the organization and
localization, often integrated with jr driven by the maintenance of digital equipment, and (2) it has
shipboard computer. These automatic systems are increased the commonality of circuitry and thus of
capable of localizing faults dow.n to the level of maintenance requirements across and within
some fixed number of modules, 20 to 50 at families of electronic equipment. A shift regrister in
present. In the future, localization to an individual a sonar set operates identically and creates
module is likely to become feasible. identical maintenance requirements as a shift

Automatic faultfinding systems are important register in a fire-control system. The expected
because they can provide significant reduction in extent of transfer of skill and knowledge elements
maitenance manpower requirements. They also from one digital system to another is very high
reduce the requirement for training in fault since basic logic and design elements are shared.
localization using logical reasoning. The development of digital technology will be
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responsible, in large measure, for the predicted advanced electronic features and techniques that
reduction in diverse knowledge requirements for are tending to increase the similarity among aii
electronics maintenance of all naval equipment. electronic systems.

Courses of instruction in digital technology The task requirements created by newer digital
currently are being added to the existing systems are highly similar for both operation and
curriculum at many naval schools. At the present maintenance. Computer systems and sensor
time, personnel from many different rates are systems are beginning to share more common task
being taught basically the same information, but at elements as they gradually are converted to digital
different physical facilities. It is considered likely technology.

that training in digital technology will soon be T1he Navy's s Iaidardization efforts are
made a part of "common core" training of all beginning to pay off. Standardization, particularly
enlisted technicians, rather than being rate-specific as represented l, the Standard I lardware Program,
training. The impact of these trends is important will have a major impact on both ,ystem design
because it suggests the need for generalized and training device design. The diversity of unique
training in digital technology and for uniersal circuit elements and unique features is being
training devices to support such training. gradually reduced. Standardizing on a group of

predesigned modules will force a greater similarity
in maintenance techniques as time proiresses.

CONCLUSIONS Important changes arre predicted in the
organization of naval schools and in the ;tructure

This is a period of very rapid change in the of naval ratings. There appears to be increasnig
design and construction of naval weapons and evidence that members of the Data Systems
electronic systems. Many, if not most, electronic Technician rate can more adequately maintain
systems now being installed in the fleet use digital digital sonar, radar, and fire-control equipment
techniques. Major new requirements are being than can members of the rate trained specifically
created for training in digital logic and digital for that duty. This is a function of the similarity
systems technology. A major training device between computer systems and digital sensor
development effort is likely required to adequately systems of modern design.
meet the training needs created by the new The usefulnes- of unihersal training devices has
systems. increased in the last several years; there is eidence

In a period of rapid technological change, that the increase will continue through the
training device characteristics must be based on forsecable future. It is concluded that
timely and accurate forecasts of operational and requirements will soon exist for new universal
maintenance requirements that will exist when the training devices designed to teach digital logic,
training device is ready. If training device digital systems technology, and digital systems
characteristics are based on the needs generated by repair. Other devices will :le required to teach
present shipboard equipment, they are less likely operation of digital sensor systems.
to serve adequately the requirements of the newer display/operator interaction with multipurpose
systems, particularly those now being designed. displays, and computer programing. It is

The commonality of task requirements is concluded that universal trainers should be as
increasing among individual systems that are universal as possible, at least to the extent that
members of the same family of electronic common task requirements for operation and
equipment and also among systems that are mainiteniance can lie established among the systems
members of different families. The increase in to be seried by the training, device. 'rihe extent of
commonality is generated by the swing to digital such uni~eralitv in the near future will be very
technology and by the incorporation of many high indeed.
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The definitional difficulty and some theoretical problem areas are explored in regard to part-task devices
within the training system, together with a discussion of operational and cost factors which are affecting
present and future use of these devices.

T he first prehistoric man who aimed his how signals. The first "four-minute mile" would have
and arrow at a clump of grass (practicing a been unattainahle without the careful, sequential

critical element of the whole.task of food pacing encits used in training the proponent in
gathering) probably developed his concept, not as the tactics for each phac of effort.
a result of vigorous analysis, but in sheer
desperation in missing his dinner on several
occasions. Having passed target acquisition, THE PROBLEM OF DEFINITION
tracking, stalking, and other hunting part-tasks
with honor, he probably found the need to But actual evaluation and prediction of the role
practice a skill which could not be exercised in the of par!-task trainers in both civilian and military
actual situation 1o maintain the required applications has been constantly bedeviled by tihe
proficiency for survival, difficulty of definition.

Perhaps the first influential recommendation on Miller (1960) defines part-task training as
part-task trainers was by Wolfe and Garman ... Practice on an~y aspect, phase or dimension of
(1956) in a report for the Scientific Advisory a task, procedure or work-cycle which is
Board of the U.S. Air Force. They stated that independent of the rest of the work content... any
merely because flying is a complex job comprising training that does not demand total work-content

many subtasks, it did not necessarily m in that all inputs or work-content outputs." In his view, total
of the parts should be necessarily practiced task training".. .can only occur in the operational
together at all stages of training. Whole task situation or in a complete simulator." Miller points

practic,, either in an operational flight trainer out, however, his diificulty in defining a"task."

or in an aircraft. i6 costly and expensive, and A definitive statement by Briggs, etal. (1962)
importaut dollar savings and training benefits noted that the choice of a whole or other
might be expected to be derived from a judicial technique is dependent upon the complexity and
usic of relatively low-cost part-task simulators. the degree of organization (the interdependence
Bray (1954), in a presentation to the USAF among components) so that:
World-Wide Simulator Symposium, pointed out "a. A task which is quite complex and highly
that athletic coaches in training their athletes in organized will he learned more quickly under
their complex skills make extensive use of whole-task training method.
part-task technique,,,. Thus, a football coach does "b. A task which is quite complex but not
not utse all of the practice time in scrimmaging the organized (tie task components being essentially
whole team, often giving attention to the independent and non-interacting) will be learned
component skills of blocking, punting, passing, more quickly under some form of the
an(l the intellectual "skull practice" of plays anti progressive-part method.
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Ir
"c. A task of Io% complexity will be hlarned tior, fnaructed-Response Trainers

quickly by the whole method r gardless of the
level of ta.sk organization.-" . DPteiilon-of-conditions trainers attempt to

llriggs (I1962) prefi rred to sepacate a number of improve the noticing of signal presence.
categoriv'- of training "condition" which, it is 2. Identification-of-conditions trainers practice
presumed, cai, be carried over to the system or analyks and synthesis of displayed elements andI
de(Vicet. u.ed: learning the naning of grouped elements.

Whole task, in which the trainee "...practices 3. Problem-solving and decision-making trainers
all the component., of the eomplete task and does require a decision process to develop from (2).
not experience training im fractionations." 4. Instructed-response trainers for procedures are

Pure part, where the trainee "...practices the discrete-response devices which allow practice of
several components of the task, one component at control-display feedback activities out of total
a time." context, even when there are time.shared activities

Progressive part-task, where the trainee in the total conext.
".. ractices the several task components

separately and then trains on different Automatized Skill Trainers
combinations of t'he parts, up to total or
whole-task training;" and, 1. Tracking task trainers are aimed at nondiscrete

Simplified training, which is whole-task training activities for continuously changing stimulus
using a simplified version of the whole task for conditions usi ng d3 ynamic control-display
whli-i he is triining. combinations.

Brigg- is surprised when, having split 2. Job segment trainers and simulators provide
multidimensional simultaneous tracking into "realistic" simulation of a time-defined element of
part-task elements for separate teaching, his action the full task requiring "total" performance of all
is unsupported by the professional evidence work elements in that segment.
concerning performance in this mode, thus forcing
him to treat traA:kig as an exception.

Tihese two sources are representative of the TIE QUESTION OF REALISM
definitional difficulty. Lack of firm definition, of
course, also makes it difficult to establish if Running through all these classifications and
"part-task" training is relatively effective to definitions is a thread where the ubiquitous
whatever else. Miller, however, allows us a clearer question of fidelity reoccurs, be it in the "realism"
picture in the negative sense in telling us the of a whole-task "mission" simulator or tle degree
conditions negating "part-task." Skills learned in of "simplication" of a behaviorally or temporally
the part-task way may have to be relearned due to partitioned device. This point should be
time separation (forgetting) or because of considered early because it conditions and clotuls
oversimplification of the stimu!us-response definitional lines. It has sometimes been somewhat
conditions. Further, he _-ugge.trs too great a degree cynically said that manufacturers of training
of antd overpreoccupMtion with the part-task may devices aim at high fidelity of "realistic" designs
interfere with whole performance. Hle also suggests because they must cost more, anAI that the
a taxonomy for trainer types: procurers of these equipments encourage the

increased cost because the greater the gross, the
Familiarization Trainers more important they become in their organization.

Though there may be more than ant eienent of
1. Demonstrators. These attempt to develop truth in this, in some cases, tile ostensive and overt
thnough displays and word. a conceptualization of reasons given are often that the additional reali.sim
the purposes of the inan-machine system, its will help "motivate" the studetnts and thus
linkages and process continuities. increase the trainer's value. Flexman (1950)
2. Nomenclature and locations trainers. These try summarized this position:
to train the ability to name an object or signal "Fidelity of simulation can operate as a
when presented, or to identify objects and signals motivational variable. If the simulator looks, acts
when givrmn their names; further, to locate and sound.s like. .. " (the real thing) "...then the
elehm,'nts in the work environment, trainee is more likely to be convinced that practice

1



in the device will be beneficial to him. The element. The stochastic nature of the whole must
problem is to determine the extent to which condition both these matters. One would huPc
varying degrees of simulation yield varying degrees that some model could be derived, perhaps like the
of motivations.7 suggestions of Bush . . ..uu.. wine -xtrenu

As his research on training continued in both concepts into situations of the sort we are
civilian and military contexts, Flexman began to discussing. Certainly, element complexity, time
suspect that his position should be reexamined. In dependence and interaction are dealt wilh in these
discussions with Matheny and Dougherty (1951) treatments, and predictions of the gains we have

at the Uni-crsity of Illinois, the problem became seen in adaptive techniques are apparent. But even
defined as, "What is the relationship between simple concepts seem not to emerge in our training
motivational variables in general and simulator design; for example, "ltick's Law" (Hick, 1952),
training and the transfer to the operational showing a near logarithmic relationship between
system?" Solarz, et at. (1953) conducted an number of choice responses and latency of
unpublished study which has been quoted by individual respor.se. should guide us in a cut-off
Muckler (1959). "This experiment attempted to poirt in segmenting a task. Bekey's work (1959)
induce, experimentally, negative attitude in one gave some clear indications to a choice between
group of subjects and positive attitude in a second Miller's training devices: "Following the receipt of
group toward the PI trainer. It is important to the signal, the individual turns his attention first to
note that the induction techniques rested the task of translation and processing the
primarily on the lack of fidelity of simulation perceived information and .econdly to the
between the PI trainer and the AT-6 aircraft. In performance of the required t.-k. Not until these
the negative attitude group, differences in fidelity activities are underway is he free to sample the
were strongly emphasized with the implicit and input signals again."
explicit inference that lack of complete fidelity of But the issues (apart from the part V whole
simulation obviated any training value the learning issue) which appear time and again seem
simulator may have. In the positive attitude group, to be (Muckler, 1959):
these same fidelity differences were pointed out,
but it was stated that such differences were 1. The effect of transfer of the relative amount of
inescapable, and if carefully noted, would not "load" on the subject in both the initial and final
deter training v.lue to any important degree. An task.
attitude scale.. .showed the induction techniques 2. The cost-per-unit of transferred training.
were quite successful. Both groups trained for a 3. The availability for use of whole task simulators
standard flight maneuver in the trainer and then against operational equipment.
were transic,-red to the same flight task in the Especially in the flight situation, the question
AT-6 aircraft. The data showed high positive of the amount of load on the operator in the
transfer for both groups from trainer to the transfer of procedur~d skills is closely related to
aircraft, .. .the trend of the data was that the the part-whole problem. Taking "load" for one

existence of a negative attitude toward the trainer case, to mean additional requirements to be met
did not affect transfer from simulator to aircraft." while performing a procedural task, while the

Though this experiment had certain limitations, latter is quite prec'sely definable as a "package,"
it is sufficient notice to the designcr to consider independence of the prime element becomes
fidelity separately from both motivational and compromised in either a pure part or
partitioning factors in his choices of strategy. part.sequential approach. For example, thle

problem of transitioning a pilot from an A4 to an
A7 aircraft is one where the aircraft operates in

THEORETICAL AND OPERATIONAL similar flight regimes but cockpit procedures and
ASPECTS individual subsystems to be manipulated are

significantly different.

The definitional and classifi-ation issues point If it is felt that dynamics have littl- effect on
to baseline theoretic problems in training strategy. procedures, the designer may choose a simple

Certainly, the independence of elements either procedural device, implying that he feels that it is

* from each other or from the whole is one issue. possible to transit without dynamic load; this is

Another is the complexity of the whole or the the least expensive solution. If he feels that lack of
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dynamnics will affect transfer, hie will introduce performance and thus of transfer front devices to
'3'L i; i -..-.-. i 4te cu-n ,flid with the operational situation arc deleted or dlu~itedl

the (question of fidelity; when the designer mjakes The designer is then biereft of any argument whicit

the second~ choice, hie may now dlesign his dynamic points to partial (levices with transfer -apablity of
load for extrenme fidelity. Williams and Adelson 80 niuici an(I must, in slieer self-defense, designi to
(1954), in their ease for part-task dcvives, suggest imitate the operatinga system as closely as possible.
that the policy of striving for maximum fidelity This lias, in some cases, reached a stage where the

may, in fact, lie inefficient because it may not training d~evice is more expensive in all ways thani

i n.,sure lin i iii in it it liticst-per-uniit tif training thle operational equipment, the saving grace being
transferred to the operating job. A conclusion is that it cannot lie destroyed by anl unsafe act of the

that if aii estimate canl he made of transfer front a trainee. The future of partia! dlevices is miost
dlevice to a job, then one call he made of the certainly a matter of determining in these
maximumi amount its use should cost, grivetý thme "professional" instances if true objective measures
cost of traininig using the operatioiial equipment. exist, and then solving the problemi of gettiiig
Trlis imiplies that a partial device should iiot tieni acceptedl
include a training capability for those element-,
which canl he learned less expeiisively onl a
whole-task device or the operational equipmlent FORMALITIES
itself.

Another operational p~oinit is that dlesigni Many of the problems discussed here canl be
information requiiremnieit aiid (developmenet time made less (difficuilt with an insistence upon the
often make part task (le~ices available for use formalities of training system design. It is
earlier iii a pro~grani thian the more complex whole surprising how often these are glossed over, even iii
devices. They caii Also be miodified more quickly military systemrs where requirements are rigidll/
ainl easilv as configurations change and effectivity defined. There is always a tendency to avoid the
is determined, i aycae.tm and cost point decided drudue of task and mission analysis and to
to the use of it partiall device or iiothiing at all. dlownigrade its importance, especially in the

"professionally" influenced case. The choice of
the full mimsion to small, pure part elements may

A MIATTlER OF \IEAS IjRE'MENT only lit, properly made if the drudgery is done in
full, before design is commenced anti by

Th'lough we niay ,penid coniiiieralble tinic and competent piersoninel with access at a high level.
effort onl the dletermiination of dependent variables There is p~erhiaps a case for a new law of entropy
apipropriate to the op~erationial situation aiitl to the applied to training devices which says, the less
training (device, iii some -professional" areas there formal analysis preceding dlesign, the nmore- the
is a trenid toiwardl noinieatureiiieiit or very limited resultanit devices will ap~proachi one, high-fidelity,
evaluation. For example, it was, once sugges tedl whole-miission simulator. The mnore, however,

tht taiiig owrd "pcii ehvoa detailed analysis from total mniss~ion dlown to
objectives, iii a flying task (that is., temporally or idvda eairleeet n rus h
,,ystenni procedumre partitioined behavioral elemeiits) mnore pwssible is effective and rational partitioning
should hie evaluated by anl instructor chioosinig a and the more meaningful aiid] applicablc are rule-s
randomi number oif these ouit of v' total and askiiigV such as that of Miller Within this analysis, of
the trainee to perform thicii, subjectively course, shiould be estimations of hazardous
evaluating the result. B~oth subjective evaliiation coniditions. Safety, taken with cost, niay say that
amid partial measuremient of eleatent performance there is Nery little point in training on at device
tend to p ushi toi~ ,mrd \ trem .iily Ihigh fidelity whien the(. behavior canl lit learned in the

h6ole-task device~s. 'I'llie -professional- point of operationial situation with no da nger to tue trainee
v-ie~ lin many field.,, Iiicli says that only tie andt( withI perlhaps fewer trails. lIn the same way.
int iate'd amnd e \perienceli call Jud1ge pro ficiency accurate identification of necessary perceptual
avid that only lubjv1ti~ elY,- is Someitimles" at mixture cuecs througah earlx' experiment and analysis (for
of p-rui ne blid ef andI niore in iinda iie factors, suich example, accelerativ e and kiiiestI etic stituin li) may
as, the proitectioni of a seiiiormt% ,ys-temn or limiting allow the( designer to apply "just enough" cuies for
stip)p! y, lii any -we, objective iieasuires of c f fe ective recognit~ u and resionse, to hie
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I thfc t ining. l r. tIe ....r.. 4 ", ý4 1- ... 1iuh, oII _ ',, t|.•l p h w,

A uchi ne g ecte for oa it'y i tie become e\trenely vuhneralde to such factors u:

prior to training. Again, if we take the been summaristed:
transitioning pilot, in many cases he might be "The cost, complexity, and unavailablityV of
sufficiently familiar with the minssion and( sinilAar parent equipment led to the d-veloipment of
dynamics that he (:aii perfori safely oii the new simulator,. fit a similar manner, the increasing cost
aircraft. Ili,, need is a detailed familiarity with the and co)plexity of sinilators leads to the

operatin,, procedures for the new aircraft, development of trainers for tra;iiers-devices
inchnling normal, abnormal, an( emergency designed to gi e procedural instrut tion o- practice

operation of the new systems. Withl thorough in basic skills. and to prepar- stoudnts for practice
training on the.se, with limited procedural devices., on such devices as Simlulilators o- re'vigation

ihe cair l devote his attention in the aircraft to tle trainer,,." Wolfle and Garman made tLis point
difference in handling qualities, sonic of which about twenty wears atzo.

may be subtle and which would require an However, in some cases it sevms that we arc
extre mel> high-fidelitý dynanic inuiilation. approaching the point where Ixrt- ask devices are

Analysis also allows a clearer vieA of values, if evoking dangerously high costs Pinid may share the
all the cards are laid in order on the table. For same fat- of the whole-task systems. There is sonie
e \ a i, pl I v ii a sit, d y sponisored IbN hope, however, if we make proper usc of the
NA• MII\I)EVCEN (Adams,,, 1960), two group., analytical tools available. IN,- must in.,ur, that the
were compared in a toss-boribing manruer. Oini' total training problem is properly analyzed mid
group had separate training and the oth,,r that inappropriate interests do not Wfias tile derived

concurrent training in flight control and proce- options. Even so, the costs of such part-task
dural tasks in a device. When both groups per- trainers (e.g., crew procedures trainers for
formed the whole task, both groups performed commercial jet transports) have reached the point
similarly after one trial showing differences. where efficient use demands that trainees are very
Predicting where partitioned elements join in carefully prepared for tire time they spend in
the operational task is es'•ential dala. flammer- them. Houston (1968) reports onr one approach to
ton (1967) emphasize(] this in a dicussion of this problem by American Airlines which might be

transfer, suggesting the categories of "savings" a trend indicator.
and "'first-shot" measures. "Savings" measures, "Proggrarned instruction techrnioucs are also
as the nrare implies, answers the question, being applied to flight training by means of a
"flow much time (or, how many trials) oii slide-tape system with student response capability.
the real equipment is saved by using a trainr This is still air experimental program at Anrerican,
ing detice of any order?" "First-shot" measure but it appears to have promise for teaching flight
asks, "flow well will a trainee cope with the maneuvers and techniques. Flight instructors
real equipment the first tinme ie uses it, after trained in programed instruction techriques
sinrulator trainingg?" It is important to know considered the training well worthwhile." This
which questionr must be asked, It is small approach evolved from a fiscal analysis of training
comfort to know that 90% in training tim, programs and systematic determirations of hoW,
can be achieved if the new operator is liable and on N, hat equipment. the various skills required
to be killed during his first run on the real of their operators shoulh be taught for rinirnum
tlhing. Oil the other Ialfd, if economy in the cost-pcr-unit of training transferred to the,
Ul-e of equipirrent is tile only coii,,ideration, operating jolh. This type of cost-con)sciouis thinkimg
very poor first-shot transfer call be tolerated is perhap,- a key to future strategy and desigr.
so long as the savings measure is high.

CONCLUSIONS
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Dry Land Submarines

Mr. V.T. BOATWRIGHi 1', JR.
i',ine,'al Dynom nic,, Electric Boat Divivion. Grolon, Conneeticut

The development of submarne steering and diving simulators is traced from the starting point of the
Universal Submarine Simulator, Device 213l20, in 1956. The rationale and development of the submarine
equations of motion and the coefficihnts used in the pioneer "EBDR.I," which served as the basis for the
programiing of the Universal Submasi e Simulator, are discusved. Improvements in verisimilitude of
training deriving from use of such submarine imnprovmennts as the "Joystick" Control, the Combined
Instrument Panel, and the Conalog Display are described as they are introduced into various trainer
models. The* incorporation of the Ballast Coitrol Panel and the effects of ballast changes in trainers is
treated. As a result of the casualty to THREShIER, a reevaluation of the fidelity of simulation was
conducted and much effort and urgency was placed upon casualty recovery simulation and training. This
effort, along with its implications on trainer design, is discussed.

The theory of simulation as a training method, the rote of the instructor, and the use of preprogramed
ass.ualties and hazardous situations are briefly discussed.

Finally, the improvements possible with the introd'iction of the digital computer are discussed, and some
predictions of Juture trends in submarine steering and diving simulators are made.

T o go to sea on dry land is by now an (roll and pitch), Amulating that of a given
experience familiar to tens of thousands, of submarine, as well as displays (dials, gages, cathode

officers and men. Thv degree of training afforded ray tubes) of submarine status.

by providing controls and displays that will be 3. Training effectiveness is facilitated by the use,
utcsd on shipboard, and having the station respond to the extent possible, of the actual physical

to tue of those controls in the same way that a controls (wheels, joystick, levers) and displays that

ship at sea would respond is so well appreciated are used on shipboard.

today that it hardly needs rmention, much less The art of design of submarine simulators has
justification of the technique. The young enlisted consisted in a determination oi now closely each

man when first exposed to the sophisticated of these principles must be followe I to provide the

21B56C submarine trainer, probably does not requisite training. For the first, it is a question of

pause to wonder why the device lie operates how closely the hydrodynamic equations of
responds just as a submarine does. When he does motion of the submar;ec should be represented;
go to sea, he finds that the submarine is that is, what terms can, or should, be neblected in
remarkably similar to the trainer in the way it the interests of reducing cost and complexity. For
behaves. We are so accustomed to the whole the second, it is a question of how the needed
trainiing process that it is difficult to remember forces can most readily and simply be provided,
that thirty years ago there was no such thing as a and whether some motions, for the purpose
submarine steering and diving trainer. How, and intended, can be safely omitted. In p-actice today,
why, did we get where we are today? the motions of translation in the X0, Y0 and Zo

Submarine steering and(l diving trainers in use planes and the yaw motion are not provided by
today and, in Xact, their lineal ancestors are the trainer, although their effects are represented
designed on three fir: damental principles: on displays. For the third, there is the ever present
1. It ib potoible to rtpresent, by a mathematical question of whether stimuli are best provided by
model, the behavior of the submarine in response replicas of material which will be used, or
to the forces of the sea acting on it and its control alternatively, can be provided by some artificial
surfaces, and in response to changes in iL means.
buoyancy and trim. Simulation of the effects of the sea on ships has

2. Using this mathematical model, a computer can been a reeognized tool in the shipbuilding industry
be programed to provide force commands and for many years. From the time of Froude (in the
sensory indications which can be translated latter half of the nintet'nth century), models of
mechanically, electrically, or hydraulically into ships have been towed in tanks to determine how
platform motion in at least two degrees of motion they will behave in varying conditions. From the
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Stune of lPrandti (about i9iO), the previoutdy developmen:t of eye-ion taetivq. "hydrobaties" and
parallMl development of the practical art of higher-order maneuvers was left for post-graduate,
S"'hydraulc,,• arnd tile science of :"hydrodynatt-" at-sa ,w.,rk by ,_rhtg .and innovative submarine

hat, been fus.ed. lDuring the period between the two commanders.

world wars•, suhmarine equations of motion began In the early 1950's, procurement of a new
to be deseloped, but they were in relatiwvely crude trainer providing for greater capabilities than
for until the late 19,10's. those in existence was initiated. The Naval

At about that time the needs of the submarine Training Device Center (then, Special Devices
service began to change: The TRIGGER Class Center) requested proposals on the design and
(SS-564), which was capable of higher speed, was construction of the Universal Submarine
designed; and a decision was reached to design and Simulator, Device 21B20. Thib trainer was
build the experimental submarine ALBACORE intended to be able to simulate any of a number of
(AGSS-569) with a revolutionary "whale" shape, classes of submarines then in existence, or to be
It became evident that the new submarines would developed, insofar as its responses were concerned.
be capable of operation in three dimensions, that The USS TRIGGER (SS-564) was used as the
new and more sophisticated means of controlling model for development of the hydrodynamic
them in depth and heading would be required, and equations of motion, which was recognized as
that special measures would have to be developed needed.
to train the submarine steering and diving narty. The Electric Boat Division of General Dynamics

An obvious first step was to gain an was the successful bidder on this procurement.
understanding of the submarine's equations of The company immediately set out to develop
motion, and the Bureau of Ships, working through submarine equations of motion which would be
the David Taylor Model Basin, undertook to do suitable to represent the actual motions of the
this. Under contract to the Model Basin, the submarines simulated to the degree needed to
Stevens Institute of Technology deNeloped a set of provide requisite training. Using: Sir Horace
equations of motion for submarines together with Lamb's classic treatise, "Hydrodynamics," a basic
a series of constants and coefficients for various paper; "Nomenclature for Treating the Motion of
submarine designs. a Submerged Body Through a Fluid," Technical

The use of submarine diving trainers antedated and Research Bulletin No. 1-5, published by the
the development of these equations. Shortly Society of Naval Architects and Marine Engineers
before World War 1I, the Askania Company, which in April 1950; and the work done by the Stevens
had long been active in the design and Institute hydrodynamicists, David Taylor Model
construction of training devices, built diving Basin personnel and other researchers; along with
trainers, more properly called submarine motion results of sea trials of TROUT and ODAX, a
trainers, which provided platform motion These comprehensive set of equations was derived. The
were put into service in about 1940 at the U.S. result, which was embodied in an Electric Boat
Naval Submarine Base, New London. These Division report called "EBDR-l" of I September
trainers employ a mechanical computer that 1954, was a complete descriptior of the submarine
operates on compressed air; the servomechanisms equations of motion needed to model the USS
are controlled by a jet pipe unit, a type of TRIGGER for the simulator.
feedback controller that consists of two jets of air The equations were developed on the basis of
blowing %n each side of a flapper vane. Only "providing a submarine simulator trainer which
motion in the diving mode (pitch) is provided. The will provide the kinesthetic simulation of a
motions of the platform in response to movements submarine in operation." Particular care was taken
of the controls are empirical (rather than exact), to provide close simulation in pitch and roll, dnd
and to the extent feasible represent the motions of to provide close readings of the depth of
a submarine. In effect, the knowledge of submergence. As was pointed out by the designeis
experienced submariners was brought to bear so at the time, although there is no feeling of depth
that the trainer responded about the same as a of submergence on the part of the crew of a
fleet submarine would be expected to respond. submarine (this was true at least until truly deep
With the relatively slow speeds, small excursions, diving submarines were developed), precision of
and limited maneuvers attempted, this was depth gage readings is desirable for the purpose
sufficient at least for training purposes. The of training in operations which are vitally
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reproduction of the submarine equations of Class submarine. The two cabs are driven by a
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By the mid 19611's trainer development had Division designed computer interface, and uses the

reached the point where it seemed appropriate to existing hydraulic plant. 'The first 21B56C (figure
replace the analog computers in these trainers with 4) was accepted by the Naval Training l)evice
digital computers. The primary purpose' in so Center at the U.S. Naval Submarine School, New
doing was to provide greater flexibility in London, in July 1971.
"programing and to eliminate time-consuming What of the future? It seems clearly established
changes in patchboards or wiring. A secondary that relatively sophisticated steerilg and diving

purpose was to provide smaller and more compact trainers are required with fairly close fidelity in
computer facilities, with less maintenance, submarine response and motion. Further, this
replacement and upkeep of parts. In 1967, fidelity can be provided with precision, flexibility
Htydrosystems, Incorporated replaced the d.c. and requisite range and accuracy of the variables in
analog computer associated with the the equations of motion by the use of a digital
21B20/21B20A with a digital computer, a computer of moderate capacity. Also, it has been
Honeywell DDP-124, which contains a 16,000 established that through means such as time
24.bit word core memory. This computer is sharing, digital computers can drive more than one
capable of simultaneously driving both platforms cab, providing a significant savings in electronic

at once. It is programed with the full set of Naval equipment. From the points of view of
Ship Research and Development Center verisimilitude in simulation and costeffectiveness
coefficients. of equipment, it would appear that today's

Following the successful introduction of the computers are quite mature. This is borne out by
digital computer in the Universal Submarine experience in their operation over the past few
Simulator, trainers for both FBM and attack years; improvements in efficiency have been made,
submarines were procured. The first of these was but principally by introduction of improvements
Device 21C5, Advanced Submerged Control in the training process. This includes the
Trainer, built by Htydrosystems, Incorporated, publication of an Instructor's Handbook for
which simulates the Sturgeon Class submarine. It Advanced Submerged Control Training on the
also uses the DDP-124 computer. Roughly in 21C/21C5 and 21B20A devices. This handbook
parallel, but somewhat later in time, digital was used primarily to train diving teams in
computers (Honeywell 316) were being procured advanced casualty control skills, and contained a
by the Special Projects Office to replace the solid number of training exercises as well as diagnostic
state analog computers on three FBM Ship Control exercises designed to evaluate the proficiency of a
Center Trainers at Charleston, New London, and diving team before and after training.
Pearl Harbor, simulating the LAFAYETTE, The principal area of concern today in
JAMES MADISON and BENJAMIN FRANKLIN, submarine steering and diving training is casualty
respectively, control training. The basic high-speed submarine

Completing the cycle back to sophistication in trainers do their job well, as do the advanced
representing the motions and responses of the submerged control trainers, as indicated above.
submarine, the Training Device Center, in From exploratory research conducted recently at
1969, began the refurbishing of the existing Electric Boat Division for the Training Device
21B56A. This consisted of replacing the analog Center, it appears that there is a need for a
computer with a DDP-124 computer, providing generalized casualty control training device
instrumentation, and simulation of a generalized capable of providing multiclass emergency ship
attack submarine of the SSN 594 and 637 Classes. control training. Further, this research indicates
This new version was called the 21 B56C, and that it is possible to provide an "optimal" set of
Electric Boat Division was awarded the contract to ship control and ballast control instrumentation
accomplish the modification and refurbishing. which will adequately represent the equipment on
Both the Combined Instrument Panel and all classes of nuclear submarines. Programs can be

"Conalog" displays were provided on the platform, written and taped to simulate various classes of

along with Ballast Control Panel and a versatile submarines, and the trainer can be made to

Instructor's Console. It was also possible to represent different submarines by a simple
program the trainer to simulate the new SSN-668 substitution of tape program. Aliernatihely, sets of
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Figure 4. Submnarine Steering and Diving Trainer, Device 21B56C.

coefficient, couid be stored in a core meniory for carrying submarinez.. Already, the NavN has

us~e as desired. Trhe theory is that a few, perhaps developed and launchedI the D eep Submergence

only three, such trainers could lbe used in Revu Vehicle (IDSRV). designed to recover

conjunction with existing attack or FKI diving pesne nrsrs rm(rWe sbmrns

trainers to provide advanced training. It Is The special tactical an(I maneuvering requiremients"

estimated that use of the new devices and their of these types, or of subinarine-s operatting with the

associated training courses would make possible an I)SRV for vviniple, may' impo~se new training
increase in the amount of formal training for reirmnsItsatuimhtwecnopedt

divngtemsfro te uren rageOf2L,( what the future mav bring. But it seems ,safe to say

piercent to a range of 95- 100 percent. With time at thttegnnwr salse r antknl

sea a.; precious aititoai em invtl over the past twenty yeans of (Ievelopm,!it of

that devices of this type will be procured, if onik oribtnariw r steering, a rid d i rig trainers (also

to meet training needs noiw known. referred tol as Ship Control TIrainiers) will provide a

What of new submarine types? Studies are SOUnd liasi., for adaptation of trainers. It is v~N't1

being madIe of air Un dersea L onig Rainge Mis-sile possible ti at new traiiners, offering add itironal

S~ steni, whiereby thie missile wouldI be carried I), motion ciies, will be developed1 anii that the

submarines cornsiderabldy larger than the- BEN officers and] men wbo are trained( onl them will be

FRANKLIN C;as Stde re also being rinanl of able to rexeute their nilissois confidenitly arid

adlvanced attack sribmrarinres and cruise mlissile effectively when t hey go to sea.
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Large Screen Display System Developnints

Mr. ROBERT G. PALMER
Electronic Engineer, Advanced Systems Engineering Delo,rte,:-nt, Naval Training Device
Center

Early large screen display systems of the late 19 40's and 1 950 's utilized for training devices, provided
tactical displays for large numbers of trainees and were generally of the spotting or scribing projector
type. Spotting projectors show a target's present position heading (by r Atation of target symbol, usually
shaped as an isosceles triangle) and its identification (friendly, hostile, unidentified, surface, subsurface,
etc.) by color selection. Scribing projectors provide present position (as the head of a track), past history
(as the -,mainder of the track) and identification by color selection. The early spotting and scribing
projector systems were driven by mechanical or electrical analog computers and many are stilt in
operation.

The durability of these technologies is due in part to fhe difficulty of providing electronic systems capable
of adequately serving large screen areas (several hundred square feet); and in part to the availability of
alphanumeric/graphic cathode ray tube displays, which can provide ea',h user with his own display. The
applications where large screen displays are actually required and cannot be serwed by individual displays
are relatively few when subjected to close scrutiny. Initially, where tactical displays were required, the
economics of spotting/scribing technologies available dictated a single large screen display which was
viewed by all users. Therefore, in many cases, the requirements were modified by the technology
available. Since any tactical display system may require both individual and group displays, careful system
analysis is necessary to provide the optimum mix within existing technology limitations.

Emerging technologies, such as liquid crystal, plasma, light emitting diodes, laser, etc., may offer future
solutions in the large screen display area, but current technologies are limited primarily to techniques
which have related commercial applications. Representative of these are projection cathode ray tubes,
with reflective or refractive optics, and television projectors of the light valve type. Performance and
"operating cost of some of these has been and may still remain unsatisfactory, but the impetus of
commercial application has provided a continuity of development effort which has resulted in new and
improved products in this area.

Both existing and emerging large screen display technologies require evaluation but should not be utilized
to fill a need better served by individual displays.

t is the intent of this paper to treat large Large screen dibplay systems must he discussed
screen display system developments in the in terms of their size, the nature of their

context of their place in the overall scheme of information content, and their intended use.
display system design rather than as a collection Generally, large screen displays may be defined
of individual techniques. Specific display as those which are a minimum of 30-inches square
technologies will be discussed as they relate to and may be as large as 20-feet square.
historical applications and to currently available The information content of a large screen
and possible future technologies. But the main display may consist of data in alphanumeric text
thrust of the paper is to discuss large screen or tabular form, or as a graph with data presented
displays relative to the needs which they serve, the with respect to ordinate and abscissa. A symbolic
needs which may be better served by other plan view display depicting geographic boundaries
technologies and the integration of these diverse and symbols representing moving vehicles or fixed
needs into a single cost-effective overall design. objects of interest represents a fourth and major
The hardware emphasis of the paper will he on type, generally referred to as a tactical display.
commercially available large and small screen In all cases, at least a portion of the data
display devices and appropriate display generation displayed should be changing as a function of
techniques for these devices. Finally, the paper time. The rate at which time-varying data is
attempts to emphasize the need for the tser to changed is referred to as the update rate. Where
consider display needs in terms of requirements the display presentation is subject to decay in
only and not in terms of preconceived hardware intensity with time, it must be rewritten at a rate
configurations. fast enough to avoid flicker and to provide the
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'1-irral use'. jI fts is dhue to ittithr unai i etabt t 1liilgi 1310'.U11is wtti 1ilJ 11-s~~i j

Scibist nglt vand. spottiesnge tiprojectlior s>stein is lare i .anlre p.Iit -a I1. it) n in''.1. Lit linill lie',. I I 111(1 cr1.1

*lack the fl~eibility of allowinig iiidkidual le oNi useful 1ltt( iolpe in the
instrlicttir. to chiange di~spla) ,cile O~r 'e~lit tcrlter relate ,Ix near fit lire. elr'ctltvtOf tlitst( arc.
to examniie a1 particular tactical arta of intvertst int tn~natic liquid (rN stal. ionizedl gas, discharge
great er detail. (paua.ligrl t -enlit tingl~l"iodes (LEIDFs) solidl sAte

Thils lack of flexibilitv can be o'.erromne ii: li'lt '.al~v' laser Sv.stvnll and 4otlici's. For thle
*cu rrenit tet. h nologt, b) proid ilm an o% cral I Iact ical pre~sen I. I iowe% e' r. th 1 rva test pote litial fo r

large sureeil lispla> arid by pro'. iding individual 'AtisfaictorNk lrp v ret ii tli~~laN , is i) flilt ,
instruc tors wi thi conslesI conitalining graph)lic tecbhnologli's in ~,vzi eral tt uinnircia iii st whiiich can
(display terminals ca pablec of tactical dk; lay wvithI be ilpgradeld in perf ormanaice to mneet s Mtcifll
scalde and zaea Iv en ter change (anad va pabLlt of objecTtives.
displaying supplementary ailphanllileri ' tex\t The. Ilse of standard or u pgrad ed comim c real

* (l~ispla~ s). This combination pm ox idv for both art large certlca (Iispla,, det.ices dlot'- iiot represent an
int eract ive display for instruc-tors ali (I ami ideal sol utit in, bult rathier a realist it choti'ce to

* l~~~infoJrmation dlisplay for a general aud iencec. It is sat ify a need, ThIle ite l'Iar'et s flel display
also apparent that if aii information disp)lay for a does not exist andt any choice represenits only the
general audlienice is not required, interactive most satisfactory available solutioni conside.ring
display requirements may be servedI by indlividlual the import of ox "rail life cycle logistics net (is. It
console (liplays. shlouldl bte emuphasized that a~ny avaitlalcl candidlate

H owever, the impact of earlier systtems built techinique iaý, bie most appropriate for at
before the advent of low cost graphic (display particular application, and etch application
terminals has, tended to make thle terms, "tactical should be cart'fullx evaluated to determine tile,
display' amnd "largre screeni dIisplay"' synononilous most cost-c ffee tivt tech nujue.
whlen, in fact,. they are not. It morst be kept ill The commlercial large screen Ilispld.1y devices
mindi that the size of a display is not prop~erly geiierallý consist of somie formn oh telex ision large
measunred in inichies or feet, but rather in terms of screeni pro~jector, though somte of' the devices may
the angle subtendled at a viewer's eye by the height be' ilesgnel for uiset'in a randlli-writl' mlode rather
and width of the display. For ei.ample. a 12-foot thamn a strictly television raster niodle.
square dlisplay viewed at :30 feet subtendls anl angle Projection cathode ray tube dlevices are
of approximately 230 horizontally and vertically, available with~ reflective (Schmidt) or conventional
as does a I 2-inch square display viewed onl a refractive optics in either randlom write or raste'r
console from a' normal 30-inich viewing distance. type systems. Light output of thlese systems
Also, tile number of symbols (alphanomnerics. etc.) generally range from 100 to 300 lumnens. For
which can be placed u~pon the display is no greater higher light outputs, from ',00 to 4000 luimens,
since a symbol, to be recognizable, must subte'nd a the oil film fight valve is anl appropriate candidate.
grivt'n ang le (10 to 20 arc minute., depending upon The light valve produces anl image omi all oil f'ilmn
symnbol quality. contrast, etc.) at the vie%~. t'r e) e'. deformed throughl deposition of the eltctrostatic
In fihe above mentioned( example, where each charge fromit an elec'tronl gun. TIhe image conltained
dhispllay subtended a total (of 230 v~erticallN antd in thle dleformied oil film is ilhuminiite~l bN a high
ho~rizontally, and where 15 arc nilulIt's, per intensity light source' projectedl onto a screen
character widith plus .5 arc-miniute -spaces art! through Schlieren optics. It is thle combination of
allow~d between characters, a maximum (if 69 oil filin deformationi pattern and Schlieren oliticS
characters could lie written across eithe-r display that serve to mnodullate' thle high intenisity light and

2 ( 3 03 ) x ( 60 in ini u t es (I e gr e)Ie 20 give meaning to the term light valve. This
minutesfcharacter) re represents a complex solution withl some

For those current applications where a large mnaintenlance andl conslinabllls cost, bill one whlich
screcn display is requred, the technology Lu) be, is currently in thlird or fourth genetrationl deit.pg,
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kliv Ns'-Ivn'~i' 111.1' Ike' ti'Ss'; with) a ramlhllmli 'ssiting~ Sinit's mativy of the current dlisplays sysstemfs

prsss's G~sill cathiodei rsiv tilsi' ftin appl icat'ion t tlsssien' reqi'sIrs' imuiltiplie cons.ole tIisp! ays as wetll as tine or
30 111(1 4.1 %%111'l ' t' l i fl''ive fo Oss requiredn'i large' saitri large screen disphia:s. it is, highly desirable

rei ri's di shN1 l~' "vns5 i coisiissr'ls t-'ellnqips'' l1la1V lieV that onilys t oli displlay _rcner(la tinsg Syste bel'hi

iis'il Iii 1155 kt- this't- %tv'ii, amnab'lvs to il-s of' thei ri'tuire'd for biothi large st're'n and consietli

t'l e's-i 'ioi ra-i 5 r liI ghi I'at's p' jin iis or. '11115i tillsjhd\s. Thiis appr at'h will min in zrse softwa re andi
ti-Ialkh no lit dcii 'ra iss' doeii t: tilt rest i ititn ill , I i's rdwarv i'ost., andI make all display formuats"

-itt ' vt 'it t u s u us ii , no'netinrt'i of illformiat isn iii \11aila idi' to bitoth large scre'en and et'Oss de display's.
is\ anoitheIlr hilt k15si'sll s ''~ III 5111111iiiar's , SNSti i' llee't'(ls t 11115 eva "sluhatedl to

'[lie ;,, iI1.i1 tel5'\ I~siii-' t i'i toperate'. IiN, dtlstirnllis' wlii'tlii'r tr nott a largs' wreen dslsili i

re'ada~ia, -tosred5 du~!tsl ikitus iwetu'rc'stilg, t~ilt- tdatl rs'qjuire'd, sir 's' islis'r ('oisole disljay's alone' s'sould

1si1il _,eneiratimlllg I~ ramli~ohm aclis -' sliital nii'moin's pro~de tite ad equd'tatie or evsen~ more Iiei-hibls System.
",s'neratll c.tlli'u the It- )1s> l'S' l,,ilhilok Ilsnilt io r's 1 all Iii-urs' bo th Ii ,l t's d i' iiilays alit ont' or iitre largse

''lamduig'' ,fit' t Ii'ls's' ISsillo rasstsr lissjsla's tii Isi ,crens'iiib art' nequtirset, a ,ingle' display
ý.,,iea vl ,, v ipl, hemeor, a\com ~ 'istm .1ibIs of di nis bgIiothi thle c'ons~oles

o~f WO1'll~" si0 stirs' s'asli is sllainiimt06 ~lol it, tif slisplay.s antd the hangs screvii (lispiaN sholdtii lbe
5s1 u .n'utit iii Ilin', or ai ttttl iof ns'irl' 30)0.001) ('iihi'Sisrs'i ill thie ;nitsrest of lowe'r tosit, inilro'st'i

"tl,"'"mnr5ifrain.Caai ,ad miitnnemi nr;e l~hlt.We

raU
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ma nhe loroiifcedoni the basisof 5 to 10 hkimene

shoudb ael iaeedtned.Gnrlv of light output per square foot of (ref n areai. Fit

Initeractivye D~isplay. One en t ical area is the~ amlotunt *ser*eell %io ild requhire approm\ma tel N IWO~) to 2000)!
of l iglht output avai lablle froiri Ow pr(ojec tor. Th'le lumnens.
light needed is a funcetion of the 'A rail designi and lIn eonelosion. anyv dislola% ,N stenin design in isti

nelticdes, considerations of aud(ilence ,ize, %i eving hit atcoiup1ilihet a, anii integra ted siIemde:.igi
angles, fron~t or rear project ioni, screen Size, etc. No and t hat design in tist lbe hasedl 1IIo R~lSN.'t em needs
ruile of t humb (,an iw generallyv appliedl, butit a anld not predicated ii pun predlet erm in ed hardware
rotigh otrder of miagnitude of req uired lighit onutput ci ifiaturations.

Mr. R.G. PALMER
Electronic Engineer, Aavanced S~ystemis Engigneerinig D~epartment, iNaval Training Devcwe

Center

A graduate of the University of Florida in 1957, Mr. Palmer was employed for six ycare as a design and
development engineer at Honeywell Inertial Guidance Center, where he worked in the areas of inertial
guidance system platform electronics and control/display. In 1963 Mr. Palmer joined the National
Aeronautics and Space Adminiistration Manned Spacecraft Center at Houston, Texas, where he was Head
of the Display Systems Section, which was responsible for all di,;?lay nwid control equipme- in the
Mission Con t'j Center.
Sir.... ,yaning the Naval Training Device Center, Mr. Palmer has been concerned twith systemn design work
in Instructor Control/Display Consoles, Tucticsl Large Screen Display Systems and Visual Simulation
Systems.
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AdIvan~cemnentIs iii Inistruictor Station D~esigni

Injrljtt En;fgint(eer, A1ir Nef'e'rnse Irtiirit'r. JPjtjsjor. !Vuvl T'raining~i Device' Ce'nter

lIn the' evirlY ,Iovx ifsinmalaiio i. thIse rl'spolLvtbilitit'. oft/lI'( illstractor ui-re identical Ito What t hey are today
although the rittinner of meleting themn has clutinge'i over the years. The instructor creattedI training
f'xlrclses, conitrolledN thel exercises. moniitore'd ,n'rforeiuance, dete'rmine~d progress, and grade'd the traine,('.
Thec trainingtl e'.errise' and tilIhet 011 slliatdion e'quipmet ill uth early f'lays diy e're Aimtph' anud /t'e instructor's

fi~A etiolls Ive'rl rvaelily ri'~eipi/ii.TechnoIlotgical (Iviritlit'(', 1110r', s~pistlii~ente 1'1wapo'i)ll syst ems, aridl
thle adve'lnt oif thle digrital 'omnpute'r forced sevotutiteiof a eeeigglirtol of instructor staitionis, (tetll~
de'signted to pl'rrrit the' instr'uctor to ' pe'rformn hix ranctions despite tit#, incre'asintg complexity of both
hiardtware' an~d meissioni. This piipe'r will trei'c Inat e'volation through present dlay state-of-th.'-art arid, based
onl current t'chnolotgy,. will preict' feiture' instructor station evolutionary tre'nds.

Jt is difficult to state' with anv degrcl' of Iin'iistru c tor statLion of1 Devi ce 2HF , the l"I101

t't'rtainttv whetn simiulatioin lr training Narintir Operational Flighit TIrainetr is sholwnl int

pu1rliosls I it'-,~ it . A rt'5ltrc~it o)1 hiistIorical data fii grt' I. It tvpi fic iisultrutc trr statt ioils ofl (I in:liate
noidica t's thla Iit when it c-ato tol trailijiir og.inanl's fir-t 1940's and e rIN I 1950's aniid embho die~s the

ettiltavtirs moist alas inlued prulnit sv'stf cit in 11'tileice of till inst ruct or's role' oil itist ru t or
ii'driware. 'l~at i .in supi ing, in it Was thte station rsgi The repeater flgh r)l 'ig

mot st IiwIica I a ppr ai'Ii the IhardIware was available ins tru it(-t 'iits are shio wn alongo wit It the indi Iica to r
aritd t eeli t~ ioo.~ica liv speiakinug wa.- relatively si mph' lights. Thei con tr(ols 0cc tssary lorn in troduciing w indo
inl wi tire'. Waorid War 11 provided't the impetus for from any) direction up to 60O mniles pe'r hour, forn

ra pid tee Itoologrival ad Ivan ce'mentt, partic ula rly in chaniging weight aridl center of gravity, hotit
the art Oif Making war, and the trtcreasittg growth longitudinally antid laterally, for introducing the~
of weapilns svstvl'ms, hothi inl terms of cost and~ effects of willg ice arid rough air, anid for failing
complexity,. forced attentioni ott simnulationi as a some of the clectrical subtsystems wbich werc
co~st-effective and( efficient means of traininga. packaged ill a dirawer inl frottt of the( intstruictor. A
Thus, the it i i d- I ()40 's mark the Fi rs.t time flight patht "crab" recorder ptrovidled a standard for
simullation li'gan Ito evolve as anl art ilt itself. jrading purposes atnd art intercom v'itablidc thte

I ithere nt iltht, lt'rain i til, si tiniat it in tsei f is t it(, intstruic tor to talk to thle trainee. Thte h ardwivare
need for art instructor. 'I'Iie! roit' of the instructor is may look crui!ti hby today's stand~ards lbut at thei
to teacit. lie teachies by formulating training timte it was ain effective iitstrtiction stationt.
exercises, ctoitrolimin tile exercises, monlitoring

traineein performattee. arid grading thte trainee. One
of the prime cortsideratiOnIs ilt anyv sintulator is to ,,-

provide capability for thte iitstrtitor to perform
those ft itic tio os. ltitstrtc t or station t esign and-
configuration fromt the heginirigin were influenicted
primarily byi tue ro~le of tit(, inistrtuctor, ilo monoitor
trainee per~f normncec, dhu pliciate se' s of trin it c

inudicators were' incorptorate'd at the instruictor
sta tionti alowut witith intdEicat or Ii ghL s to intd ica te
trairtt-v switc'h potsitionis atnd aetillits. Tol cotntrol
till trainiitgr exe'rcise, th titt vecessary swi tchets arid
t'onitrols were rtmrtatt .;vailablen tt alt,'r thte basic

ptarametettrs of thte traiuliitg ilroblhin'i, iTo g~ri-al tit'
trivsometi' r-ati of ile'asttrimg and r'cttrtiiii

p~erformanirce' were' inctitluded. lit e'ffect, tihl
intstrnu'tor station lieraitn' a duplicate trainee

tot I oinnt 1ra 01g Figure 1. Instructor's Station, Device 2171.

Preceding page blank



• "• • ='-= ="• • '• =_ _, • .• •.__• •. ,••r~.• •.• •_. • •.• •.. • .=.. •. • : • J-•- --- -- ,-..• - •-- - - - - .... . - -. . . . .

There was little in the way of A 1- , 0u!atiJ,. L". r .- Avd !,-; d ,r p-i ,,1114ta

those early training devices. The prime system attention to hulian factors in formulating the
technology and hardware served the requiremnents design, no% fuind human factors to bl"e i(e of the

of trainer technology aniid hardware. Three distinct overriding design onsid..ratioins. In tlh late
advantages were realized foin the similarity of 1950's, instructor station.n had reached a fairly
instructor station and traiiee station, and p'rom the standard configuration. The .tation wa.s ,egmiented
use of prime system hardware. The trainer was less into clearl) defined Mlocks, b function and their
costly to maintain; the instruction station could position on the con.sole, or consoles, was.
serve as an introductory trainee station; there was determined b) the frequeneN of use. The controls
little necessity for formal training to train the and indicators of those functions most often
instructor in how to operate the trainer. The performed were directly in front of the instructor.
second of these advantages was perhaps the most The eontrol. and indicators of other fumictioris
significant. While a trainee performed at the were arranged in dercending frequency of use out

trainee station, another student or students to the right and left, the least frequently used

observed the repeater dials at the instructor being farthest from the in~structor's normal
station and received introductory training. The operating position. The instr' ctor' station of
observer students learned the relative positions of Device 2F79, F-IC trainer, is shown ;n figure 2. It
the instrum( Is and controls and what shows the clearly defined functional groups of
constituted a goud or bad trainee performance. controls and indicators and the relative positions
The use of the instructor station for introductory of each from the center out based on human
training reduced actual training time and was the engineering dictates. It vividly portrays the large
forerunner of the multiplc station trainer, physical size of the instructor station and the

The increasing complexity and sophistication of growth in complexity. Figure 2 typifies instructor
prime systems forced the trainers to grow apace, stations of the late 1950's and early 1960's.
particularly the instructor's station. For each new There were several major disadvantages
system added to the trainee station, its associated with those analog instructor stations.
counterpart must be added at the instructor They were too large for efficient one-man
station with associated controls, indicators, and operation. Any change in operational hardware
recording equipment. The result is that there is almost always necessitated a hardware change at
roughly a two-to-one physical growth rate at the the instructor statioi with attendant cost and loss
instructor station for each new system in the of training time. Training is usually accomplished
operational equipment. The advent of the analog in stages starting with simple task and progressing
computer accelerated the rapid growth. It also to the complex. The effect of this progression is
marked the first real departure from the use of that during traiimug missions large segments of
prime systems hardware and into sin'ulation. TVe instructor station hardware are utilized only
effects at the instructor station were significai.t, briefly and in terms of utilization is far from being
The indicators were simulated. The on-off toggle costeffective. The digital computer replaced the

switches, so prevalent in previous generation analog computer in the early 196 0's and relieved
training devices, were replaced by multipurpose some of those major problems. The use of the
lenticular switches. The "crab" recorder was general-purpo-e digital computer allowed
replaced by the x-y plotter. The capability of the operational equipment change. to he translated
analog computer to perform different funct;mns into software program changes in the trainer. The
automatically and simultaneously gave the digital computer performed automatically
instructor increased capabiltiy of alteripg training functions heretofore performed by the instructor.
exercise parameters, which further necessitated thus relieving the instructor workload.
additional control switches and( indicators. Information required by the instructor could be

The rapid growth of instructor capabilities, and printed out when required reducimg the need for

the attendant growth of controls and indicators, indicators. The controls necesssarv to conduct a
focused attention on '.he human engineering training mission were simpler with the digital
aspects of the instractor station. Throughout the computer, further reducing the need for bulky
1950's, continuing research wa, conducted to find hardware. The reduction in size at the instructor

the optimum configuration for optimum sta tion was offset b% the ever-increasing

instructor perfornmanc•. I)•,ign emnincers, who complexity of the prime systems and b• the great
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Figurea 2.~ Intr)tr' theion Dnstito station The diaiital

compuilter alowe the diita cnstipictr ahc reord/repl cothel cond pnictors Thpay neediwalosss reofgnized
orlsi Ir otz eapabivortywhich greatlenh1 ancedthe an itherface contolle, (2) dispnlagy celte troie
lt'brefingr phtalse of th peratning proble nm.Tenet cabintetdsland (3)rdisplasyscthoem rayc tubeit
raesut as. tAt newvienswith wiial compu tes the keyboards entrnies. tohae, cthoe copray tube disla

instructor station remined largher inraned pe. ursnit hagtenecapainintyuctor (taiosp.ygahc n

phsvlsz fteinstructor stationso th lae16s. The lihdeniraguhutoictaetaahclusr
ctoruf isui phaloe tihe iistreaclil appaordrent ant The keyoaptrdiusulaly hasminumb cofsst ofixe and
on ree caas ~ y thc iiea~ natence the fi innitea ap l y a e v riable fuctontrkleys, The fisped keyscpronide

debarieufriinnhseo the trmerons conroblsmh andt caintsandad opeato contrlsy scahod ras clbear enter
result cats. tat riverns forma digista romuterto , trai keyboarase rentrievest. Te vathd ray tub fucionpkeys

couirs to88 ptimiWeapn effetiem Tsc afiter gruea apermitnris the ( instructor toy seleut thga-s.fed
3,exboiit, alalthat was necesary. hrmad functiospa sunih ay eallnip of acnothro diplyboarda
iostreufctirvptoint; of view inaterm of6's uTilhtin dl petin, ofrie a psbto-late graphic dipa. caurseoth
enrmliabiliy, ia and v n inti eadilt y taepgreat bulk of 'lielkeybunit hasaits ownassociatedereory thxedn
hnicrstiare lef sethin ftionle depbiirdWhty was bvainstr uctrcain uese iTe asxe kycrtc parlvithou
vI earl niiiid front t(-ione nios cotroallo th sotandrid thermainr compter.s Tuhias clapabilityr

rors,iitor optimize. daa retrv ause oirfv the grand permrits the( instructor to aclctpogrm-pl -iish dat

nun ailit n .maipntr itleublity th-e giredt fb ulk~ ffrispatiunit and eiting.n atscaiseterd fimrom tile
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keyhloarui. 'I'lie data i6 stored fin tilt- refreshl lihysoal size anid lia, 'imipli fiedl the ev ternal

me4,mory anid displaiyedl (tit the ( .lf. Thei insitructor hiriiiia~ri 'ingierriig a~pect of oh ii~rucotr station

reviews Im s total en try anid , isai g lit., edlit key,, such Dvv ~ l~.N a e I*(iot Ctuer

as "~character dlelete," "line delete,"' or "inisert inl rece oii v IIC( ciitedl a four-cockpit HI -Ill
display", caii modify' andl Iiiaiiiuilaite tilt data. H elicoipter Flighit Thraiiner for tilt I'liiled Statesý
Wheli he( is saItisfied with thet data, lit, (,al transmit Ariii \ itioli Sc'hoo)l at Fort Riicker. \Itliama.

zthiemi to the ventral processor. Thils edit capaliilitN 'I lie trainer uhe~igiiatul I )I- ice 2Hi2 t. SN tithetin

ce ral iopni ter. vtCli oii- call operate .11pliaaiumieric dhata and are a~sigyned to the four
inidependentliv, diishlav ilg aiid actotii upjon tile co( pit ~tatioills. l olt' ,utaitioils are coilo r codtedl

particular daita liecessarv for that station. New or amid t In ClT dFui.play a,ýs lja ted with each Ithas its
c hI an ge d (I , t a c a it h)e a ift o iiia t icahl h ezel painted aI matching color. Thle remailainin t~%o

cr1 i.s-re'erenied Ii programii to Iill other cat Igorie., tisp'la.iy. ai i a ii \ ii r inrifo rmiation d isplaN and rida

withI whti ch it interfaces, Air ra ffi( conittrol display, presentt orti
'I'le tle~ loli nti citof thte cormpu ter display alIp ha nitmeric data. Thiese two unitý its ha

termtinial drastically altered t he appeaanarce of segmtentell displaN area-, whlichi perniti(laidat to he
Iinstiit'to, 'tationts. Throughiouit thet 19i50') and (hispjlaN ed iii a tctlor thFat miatchIes thei color cote Of
early 1960's tht~ygew\ agra Imr ol~e\ tile associa Let trainiec stat itn. The. tiipper* hal f o~f

'I'lti iitstruictor stationts teiitg built toda\ art- the two ?is,~~art! verticall\ di~ ided intto four
coitipact arnd ileceptix ely simple lookinig. Pthe tiri. x -iit. sectors: character, uhispla> ed appear iii

el lmiiniationi of the( famnil iar re pt-ters. conttrols and red, hblie, Ne Ilo%~. or green acco rdlinrg to w hicht
inidicators, (1)% use of thlt comtputer display -tat ionj t lIe da ti 1)vrta i ii A c ic k p:' I
terminal) itas, resltet llu ,;reatly diminitiihiet iititiator dsa i, rtoiiitedh atop the two center

F.igure' 3. In'trucior's Statriorn. IDt'iu'. 20Mt. F' Ui 11 1 1.
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Figure~ 4. Ibastructor's Station, De~vice' 21124.

CRTI's and titledl fo casy Nirwilig. Thiis is 1irobalilv 12 in. x~ 12 in. Becatist, of' the small viewing area,
onei of tilt- last instru- -or statimis to have such it the format and~ thei aimounrt of'II inormnation that

dhisplay. Infit ftur' designs, [III, cockpit displays will can lif! displayedl for efficient assimiilation b-, tile
bei graphiclally displayed onl tit(- CRT'h dispdav instruicto~r biciornes of Iiarirnotitit imnportanice. Thei
terminials, thuls ilirininatingo tith le d foi r repeater information available and( capable of leii'i
inlstrtmireints. Conisidlerinig that Di-)vice 2B~24 is a ilispilaiyed is vast. A small increment of it would

four-station device, i'achi stationi eapaib'v o)f ch1itt.; the viewing area beon inepretation.
indeipendienit operation, thlt pihitlir vividly dlepicts The yiestion to bei resolvedl is that of whlat to
tite redluctioni in phiysical size piossiblei Ithrollgh tint display andi wheni. TI'l answer i s (Iiff ri 4-iliIt

ls-of comrlputir di~plav terirniials. inasmnuch as all the( in formation reliairemi to lie-
lerlmln ogvr liver Milve irilidimis %vit hou t dispilayedl is use-ful at some pioinit ill tilt, training

,ratgi new oneis andl the new inistiiitir stations missIion. 'Tile( resuilt is that tueilt-istrilcior muist ie-

are, no iexiception. Tlihe mlost serious piroblemI's tiloroindilv familiar with thet now and the fututre
vv e~r armidiri theii'iistri'tivir miaci'iifli ititti'rfaiie. of tile trainiing problem ini order toi se-it in time,

Theu~ phiysical coiifigpuration of pri-vuils geitirationl anid in c'orre'ct seqiiuence that infiormnationi whuiell is
stationms with t livir l'icinuitiial gr~miimills andi~ re(ihiire'i for the effiicieint ('lrtidlet ofl till problhemn.

labld il indicator-> iniafil iiistrilltor/olivrator Whiat is tile- correct se~i'ueincie in view of the fact at
trailnullu, a relatitely simphlie mlatter. The griater grive trairing pridilir can ibe i'orirn't'd inl a
flle\iliilitv arid] itiliitiiiiide opiirationi ofl present nmiriiler of' ways? To aniswer stich qitir'stioils, andii toi
genii'ratiiur iiiStruiitor statiions ri'ihiiri' n more rimvi'stligatv mnan/machinef interface problem'ns

rigiiri-ii, fiirnual traiririirL villrs'- hi tiachi iistrlietoirs ceratedl by tili- new gi'miratioii compiuute'r display
tiii' 1vi'~ililit, v anid iopiirationial sciyipi of tin', ti-rMiuialS, tIt,, Naval 'Trainiiii De ivice C'ntitur
uhr'viies. lit thei ohd gri'rvrationi stationis. data was reciently installed a corn pimti'r-geiiira ti' display
dispiaveil whii'thi'r it vvat nircned or riot arid tilt' systi'ni ill counijiiriction wvith at Sigmia 7 Compuiter

iristrilitor se'eie' t iiiit~rvi' that whicihlIit- for ri'si'archi ill (devi'loprnerit of instri-ictor station
nee'ii'i at thr' miormriut. lii Iii. current station.,ipp dica i'tioiils.

only that da ta whiiihi tile inistructor si'lects i.- ()ne, hossihulv solutioni to many of tihe
idisplayiei. CRT'l's il ii ii-rce'it ille viinipuitter instriuctor/niarliire probleums is to relievi' the(
ilisilaiv tenminilals have at maxiniuim viewing area of' histructor fly allowing the computer to pu'rfonii
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mnore of the instructor's functions. This posLI,, measured by saminpling various fmani iitrrý mod1(
has recently created a flhurry of activity in adlaptive iliting tme time (Jit ot tiIt-rdnce(. 'I tir p irimeters
training techniques. Adaptive training isa techuriq 'x sampled and tire re'spectrm toltran. ý .nri lirttid
whereby the comiplexity anid/or difficult), of it taský be(low -

is adlaptedl to the( skill level of a trainee(. As tire Perfortruine A~crejpirbh
trainee acquired more skill at at given task, tire 1&sk Prmtr iea
becomes more difficult until the diffivultyi level Ir reex' ~bripe
appro)x imiateis or -'xceedls thIa t of tihe opera tio0nal Altliturde 10 fee(t.,
task. Until now tiie ailaition was- undier tih' kinspeed 10 kl o t.
control of thre imrstrrrctrr. lie iirterenrei iii a io .

training exercise and] variedi paramer.ter- toi improv'e I eadngi~l~e'i21 p

the skill of tire, trainee. Th'ie iiiterveirtiol ti11p t,.. now iat of 0 'r~ni 10I 44
was largelIy sub jective air ! t ire varia tioai of l1:1l I Posliol 1i 1i I1 baill
p~arameite'rs was riot necessarily iii correct order f'rr Pitch Attitude to0
op tinfi um training. Tire piroblemn for tire- Roll Attitude 5 0
p sy cilol ogists to enable inml)Ii'enhita tion o f (oir'I eairr Iit
adiaptive training techniques iil trairrers is to G(;ili' Slope DvI )'ation 4 I (not
quranitify adiaptive' variables ir terins of relativeTouePsur'4 l/rr
difficulty and] determine tire relationship betweenr
them. Wiren one considers tile comnplex natuir' of Thr' list mray not be c'omplete ill terims of optinrurr
tire learning process in individuals, tire- task is tnuraiing, sirrie paramleters inorre relevanrt to tihe
formidable, but a start iras been made iii I )e iii tark mray ha~ve been'i omriit ted. It v' orpirasi e' thiei
21324. Tire Urriversitv of 1Illinois (lesi,_Zned tire difficulties facinrg psý choloirgi. ill dei'nring air
adlaptive' train ing systemi for thie- 2112-4. Ti I ad ftie iorri ee ii ,I r~e np 't.k
adlaptive Systemi consists of groups of automrate'd liecm rt'rrteti'tli'otrftlrrreo
training tasks executed by tire- trainree ill re.,ponse Tire Cromptr prnoeters and- tim ot f itolerancer'tofl

to conrputer-controlied inrstrrctions. perforrranrce thenuaits , stps rmtr ani) if % rrrrhrrn a Ic.ab,

rmeasruremenrt, and~ scoring. Thie specific appllicatinoi itmtclvcarir ir am ati vr .rd'il .1

of tire adlaptive trainiriig pirovidled is biasedl on tiree
premise tirat instrurenr'rt fl ying is a c'omipo si te of pre priogrami'ed fashrion. If the timire ourt of tille'rance'

rr. ot at-ci'lta 1)11, tire c'Iompurter airtiorrativa I k
skills whrichr cair iti' learined indiiividirally. Iit Ati ps t'o a lesser level of difficulty. Performariree
practicirng at newly introduicedi skill tire 5tl ( l feedback to tire sturde'irt is accorrrpl isied by verba~l

irist se irse skill alrady mastered unitil lie ca')

mairntainr criterionr error rate orr tie iparainlti'rs ponpswnhaepir'o~i( rr itiaial
dIirectly re flectinrg all tire skills inivolve'dl. For playedI to thie sturdenit wiren ir rreas irred parameter

e,\CeeCds aceiptable' tole'rarnceI air by Ic.ii pImin~ig ar
exarrpil' as tn' su~len ~ foni tre smple trairring score' orn a pairel iii tire t rainier cocwkpit. Ifa

task of conrtrollinrg airsileedi by re ferr'irce to tire stud~eint .rchieves .r irresi't nilmininiii di ffic'rult\ vele '
pitchr atti tude, sihowir or tire Ml i tude Inidiva ti r, to o efriare ii rolli ir.lI ri n

rralag l mbir ai dc eird ri rir I vr'e thirourghr hi., task to stip to ther nrext
reference to fl ighrt inrst rurmrerrts. he( is expect id to iifr'i l t ýilard fie a errrpne

corrtrol iris arirsp~eedl as well as ire dlidi %%hre'n thirat fr ezi's iris corrkpit. I11 tire- airtomirat ic training i
was Iris onily task. Tlie adlapltive' a 1riables ursedl Ini ird' ieii~tietir sfe rrii oa
Device 21124 are conrtrol (lainp~irig. tuirbrrle'nce, air tt'rt Il on rl'rtp.rrIiri ewi rnt]a m
hoi rizonital v'inid. Conrtrol dampni Ig is irsed to) t olc'r iiieI ~i npr ree a ti rrr
reduice task di fficrritv in Irlici earlN, t rain inig pr'riod. flto iconc'rt imsl rrr.aaetrvaitin

T[uirbule'rrce anrd ihorizonrtal winid are, usied to
increase task diiffi cir I Tire task is scaledl inr teriris Tihe rinipleiiii'i tat ionr of adaptir~e trainrrinrg ir
of relative' difficulty based on tire control setting., Dce ice 21B24 hrighrlighrt. tire proiulvi'ir asso,'iater
of tire adaptive %ariabiles. At thre preseirt tine. tin'- withi adapti~ i trainrinrg techniquell.ii,. Tr i11' thei
scalec is ipred icatIeid orr a liineiar relat ionshipi l etw ee riill ute'r to nir as.ure andrrii r(Ir tire trariniree anrd to
variable.-, how emer, ais mrore' resea rcir ile ies tire f ree t, lie i uist ructrlr frorni roirt inei ciont rol
interaction bet ween ir ariablies, tire comip~u t, r h1.1 p' re : I!4!pl't e .Il ou~i'l--ge of' trainrin~g

programils iai br' clhanrged. Studren'rt irerfornmance' is mne I iloiand perrforrlla i e rCir as, rerrnrt . s ire, ir i

180)



-0 'th e A ie, ,,r it like1% ~it, III ill the Two other areas of rnierri ng developmient that
*aininiet he flti ire. 'I he ordler 4f irti it' if task will shape the configuration of fututre instructor

parar etl ers, hit iit toi-rai- tit it I Nw tvie various taIiisare, holography and l iquid cirys tal imnaginig.
ta inve AkMl., 1the e fftei of adaptive t raininug in the labora tor) holography and light bea m

It-e Iiquiiq cmot the role of thein~jst ructor, the- de flec tion have be-t-n cotmbi ned to piroudee
leartiing pro(-(-, i tsr1 l>thi-m- art- area, w hiichi are ti rue-varying displays The holographic recording
oinly now Itrii n re.searvi'ied in the labloratory . pirocess pireserv'es phase it. well ais intensity
lieveritlv a stnthK wa.- conuci!tietid jointly I' tilte in formiati on, and comnple x 'three-dimnensionial
Naval 'lrai iii n. I )evice Center and ir lanined S sItelnis disp)lay, call lie r-cotrdedI onl higli-resol utioti
Scrclies, In c. , u Lil izi ng the T IIA\ ) I sitmula t ion photograp1 hic filImi for ust: with Ilighit branin
favilitN . The stud %%ly ias t sults ied to ii nt if fy deflectiont to) produie tmovinitg three-ili tiren.iotial
d te% ei op. antd d- n;o mstra trt hrI antals t:c aind disptlays. The nteed for sucn it display is immniediate
c~iiiArieal 51 .-p, iietesýsanrv to a ppl , the i- ~ist in g in the require men t for ati ai rcra ft landing display
btody of k iowleiigc contcerni ng tratininrg alltI that e xliibits a timenrvaryinig perspeeti ye. Rleeettly
machi ne conttrol technuiology to at (compilex teami iii the laboratory, the Ilighit scattering phieti oriena
trainiiii task, The results indicate that the (if liquid crystal, subjected to electric fields have
developmrent of anl auttomatedI trainer is feasil%-e, beeii used in conkjunction with riatrices of
but or.Iy after e-xtensive research refines and electrodes,' to display pictures. Liquid crystals
extends performlanice mieasuremernt, anid quanirtifies reflect light; they do riot generate it. Thus

* adaptive training parameters anid the in teraction characteristic pernits anl image to lie viewed under
between themi as relatedl to irndividural trainee a broad range of lighting coniditions anio requires
skills very little power. Imiages cail lie storedl or erased so

The effect of this, contitnued researech will have that the crystals constitute a reusable recording
little impa'-t onl the externial corifiguritiori of riediuim. Trie sensitivity is much bletter than that
instructor stationis. While vast chiarges aretain of many reuisable riaterials in current rise. It is
place in software arid] behiird the exterior, the several orders of magnitude greater than that of
outward appearance should vary little at least pliotocroiniic films arid is particuilarl 'y suitable for
throughout the early 1970's. The CRT dlisplay project display systems such as large screen
terminiials arid the keyboard entries will become situation displays.
starndardl at the instructor station. The next major Thue evaluation of instructor stationis btetweeni
configuration chianige will be in the result of 1940 arid 1 v.60 was slow arid relatively invariant.

developing display techniques. The CRT has the They grew larger parallelling the garowth iii
disadvantages of being bulky arid requriring high comnplIe xit y o f operational haraware litt
power consumuptioni. Recently, flat tu" es have techniques arid concepts relative to trainhig add
been devel-aped which overcom, these instruction rerni.ineo much the sarie. The human
disadvantages and will probablv' replace CRi's,, iii factors aspects of instructor stations were
computer (display termnirals. listead of arm electron domorniratedl by the optimum placement of coiitrols

gunr, the flat tuthe has a flat cathodle with a control arid dlisplays for ed cesrahrt r h

groid for diffrisiiig the electron b)eamn arii riakirig it optimization of the instructor. 'rile iiitrodrictiori
planar. A series of thin metalized glass plates of the digital compuiter caused the focus to
providle switching mechanism for beam focusing concentrate oti instructor optimization arid the

*arid the target screen is phosphor-coated as in a t ra risfer of knowledge prcs itself. The t

CRT'l. All tlii- eoriiporierit are sarndwicedi~ in a dcv eiopmerit of the CRIT terminal display arid tire
structure about I -in. thick. The tube call udisplay imhphenieritatiori of adaptive training techiniques,

graphic or alpharnuimeric (data in color and can alsO even if -ninirmral, iridicates that progress is bieirng
incorporate its own storage iliernory. The beam miade-. Behind the instructor statioiis of the late
call lie randoritly scannred over the targe-t ,wrecii 1970's, hardware design will be dominated by the
arid is riot restrictedl toi the raster Scan of a trend toward- vornputer-coritrolled trairiinmg. Up1
tehtevisiori-type CR'T. Curreritlo, the tubes have a frotit thme instructor station configuration of tin-

3 \n 5--nn. activ e ,creenr area 'unt thlit t echnol ohgy late I 970's will be largely (determinied by 'hme
iots to build 12-inr. \ 12-in. turibe,,. 'Thie flat tubes e m ergringt image/data display and recording

will pritbably re-place CIO1', in in~structor 'tatintl techniques, such as flat-tube holography arid liquid
* ~coiisoles in thme rnud-1I970", crystal imaging.
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after mnilitary service fin flit' A~rmy~. atte'nded lthe Ulniversity of filmioms gradnivinhg with a IISEE sin 1960. H~e
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flit, Titan If booster for flthe Gemaini program. /In 1961, het wvetit to work for flit, 1'oreigii 'letinology
Divitsion of lthe U.S. lir Force, andi in 1966 joined lthe Nawi Tw Dininig Device Center. lie receiv'ed his
M~asters Degree in (otnaierial S(t on~e from Pollins Cleei 98 urnlM..hpyi i( rjc
Engineer on the Y.14A M1issile Control Officer Truinier being built by Hughes Aircraft Company.
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Facltors That Influ~ienice lite Uise and Acceptan~ce of

D r. ROBEIM'' It. MACKII,.
P'residlenti, IHunmo I'(clo)ri Iesi'iireli, lIn(orp)orated, Goleta, California

71se use anid acceptance of training devices by military personnel are dependent on a number of
interrelaited factors: (1) adequacy of simulation of vehicles, sensors, environment, contrcls,
c',;mnu nicatlions, displays and wevopons capability: (2) training convenience as reflected by ease and
flexibility of problemn setup, adequncy of software, provisions for feedback and evaluation, and
i'quiplienFt relitibility: (3) the opportunity to practice critical proceduees that can rarely be practiced in
the operating e','ironnaent because of cost or safety corsideratlions, and (4) the user's concept of what the

; '-iner's capabilities are, particularly in relation to his own felt level of expertise in that area of
operations.

The influence of the factors outlined above was studied in a survey of the acceptance and use of 16
complex training dlevices used by the Navy. The attitudes of students, instructors, administrators, and
maintenance personnel were measured.

Acceptance ptofiles were developed for cach trainer that reflected the users' evaluations of its simulation
features, training effectiveness features, and the role of sit uational factors. The profiles were shown to be
highly diagnostic of the superior qualities and felt inadequacies of each trainer.

Problems of acceptance were b.Y no means associc ted exclusivelty with design features of the trainers. The
mnanner in which a trainer a,.Is csed and the users' concept of the trainer's role in the overall training

system were critically inIp tant. The need for qualifted "trainer advocates" to deal with the latter
problems is discussed.

The critical role of training devices. in It w:is the objective of the study reported here
developing and maintaining the skills of to (1) identify the factors leading, to the

Navy pe~rsonlel i accepted by virtually everyone. acceptance (or rejection) of training devices by
Rlec.gnition of the need for a training device, their users;, and (2) to determine the extent to
however, dloes not automatically insure' a high level which these acceptance factors were present in
of acceptancer of the de-vice by its users. Many "ieffertive" and ''inef fectLive" training devices.
factors operate, s-nue perhaps obivious and some
quite subtle, to determinte Lthe level of acceptance
and mnet hod of use of training dievices by military SOMIE BACKGROUND
personniiel. In extremne eases, strong patterns of CONCERNING TH~E PROCESS
rejection canl develop that can de-feat the very best OF ACCEPTIANCE
of in t-n Lions anrd Ilarge-scale i nvestnie nLs inl
traiininu systems. The processes, of acceptance and rejection have

Thec pri il ent is not peecul iar to trainii ng de vices, long been sttioied from the academic- viewpoint by
'lThe Navy has becomec increasingly concerned the social scientists concernied with attitude
alceoit the poitenitial deggradation of syst:-ms formnation and( change. The appropriate literature

performance assocliated with wnonacceptance of was carefully reviewed in an effort to develop
various kinds of operational eqluipmnent by the hypotheses that might Ile- pertinent to the
pe'rsom)itinl w ho mnu st mainitLain an lit-du1 it. Several acce pta cec of tra ininiig devices. ]in the more

stuieshav sowntha, n te hnd oftheUsrs, practical world, het( process of acceptance has been
-Ww e-quillmen-ft often fails to achieve its full a major concern of every maniufacturer of

liiiteittial pt-rfrorztiae~m capaialihty. It is obviously in constoner "ooods-how dloes one( gain acceptance on
the interest of all to identify the factors that the plart of dthe public to which he( wishes to sell his
qoverati. in the acceptancie or rejection (of Navy product? Ill the' marketplace, the consequences of

lard w are sy~st. ins andI to try to develop techniques corisu tiler resistance are immediate and
whierebey acce.ptance canl lie maximizedl. econiomically severe, In the military, where there
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usually is no competi tioui (i e. thle user has. Ito minint eia iice tircercotintlI'11c~ c' in f Iwav flt, li- ,I Ik,

choice), the' conseq uenices are more' so I tle but O pe'ra tionald fl ight t rainei'r., 'I h. diiainr %r r,

very likely just as., seriou~s. *'tuieied tront (Ill. viev'lio-l'rdof hox vff.'vLix 'l

'['here- were also a small numhe'' of htudie., v~itiiii tie's ýe'rc utdiiiee IeN lecet training uuumiie.iccid .nuel

the literature (iire'ctlX conrce'rnied withI tire- th fleevt T[he'.e imie'"tig.ater, idcientifi (I ~iomfci4 ant

accepeltance of hiaredware' ilve'Ioprneiit.' b~Nav diffe'rvie'ue leet%ýVeui 414c'ýiiu (aaihCCelt\ an f~litt

per.,olirel. lit one' of' the earliest suchl Itudic's. uuaiiiii Iin %%luu 'I the trauinr. l'.erc ac Iteialk it- d

Sini psori aiud Parker (MU) plerformi (I a field ,tIud% TlieN foeeird tIII-' uiithe r ofl the occpratitecccl fliIct(
of the' ASPE'C'I mmoar sy.,tcnui [j) flee't pie'r.sellie'. tramcer" x*.a- inl Ie e ceiiteimi that loter-niic if- td' o

Tlhe inuvestigationi was, torceriiec both %sjtli tite ,ll td' It,. apaililitie.. rithir illI ind - loiCjrechl-i. cer
operational use of thi., e'quipmniert air(l the' eegrec, fu a ~criv., of ereclcleni. It \%a- fueml thait (lilitc

to which it hadl been mainitainede in 'cood their oitherei aepieliilitiv''. the' 0I") ult~ore' ii~ed~

operational order. It was founrd thI at the alnie't fo'l - l 'r cchclpit falnili~eirivatioee

equlipmnent on board over half of the~ shiip, lit' traininig inl normal anA~ , lnerge::e% proc (celure.

wasý either Incapable of producing target ApigaLs at Thle\ re-ported that (Iiiadlriw tramimeongi eIic r, for

all, producced signals of Nery p)oor qluali t y, or wvas tlit( loIi p~ lart had litt tit onlfiduie vie iii the t ra in r5".
so severely iiiisc-ahibra ted that proper ope'rationi MI l(id (] ec rit ., a rule' make OF]iIn~t rucieto n a part
was imIlpossibile. Simpson and Parker suvae~tvd I ba t of' the' trainliing ILIcis.It appiearedl that011i
the principal problem lay in the fact that .i lack of pilots had cI 'gin eral ize'd d i~like'' t'e r ,ii nulator, tý
understanding of "'he purpose and operation of tie' a re"'ultf -) ' arlk aeceitkv e''pe~rie'ne'es. It a%;c
device hllad engendered biases against it. Th ese eon eluded that the' problelm of OF"Tl uitilIiza tion
biiases led to i nsu fficienit main tenanice, t lieo might. he' pri nt ipall x one of -'duciati nCg tlie ucrs
reducing po tenitial operational t'ffcctix ne ru', lii'hiv Ili manyi re'ipJe't-s, tlie( probl lem of opltimizin ilg

ii irn further stre'ngthien ed the'baes antd ~o oii, ti t utilizatioin of a t raimuning dvevi ce' si, minlar to that
init aniever-en ding cycle. of maximi in i tiig he' de'mand for a t onquamer

A number of inlvestigatons have stre',,e'e thle producit . TIhe' ultimiate u.ser of a trai ner en ox be
importance of first hand personal ex perience. inl e o1%nviiicd of it,, worth , anud eie cuat e'd iou crn1iii'

contrast to the simple pre'sentation. of factual its ( a pat~i iitie's and( limiitations.* Apathetic
information, ýn promoting the acceptance of nev, acceptainct- may result in poor wliization -Ah ich III e
equipment. Berger et al. (1) suggested that the turn. may e',entuall% re'sult in a' tual rcje'etccn of
importance of personal trial was the result of the the training 'de% it c. Thee latter can A-t, result from
opportunity to overcome negative attitudes based ON erselliiug or misinformation e on~e'rnuin a
on unfamiliarity, to compare one's 5 own trainer's capaI~ilitieb.
performance tusing the new equipment with that lin a recent study of flthe acceptaliet of Nav%
uising older equipment, to build, onfidence' inl hiov equipment. .Me'vh, rihxoff aind Nl~io Lie, ( II) ,Iiouxed
to uise the equipment, and finally to provide an that thre effet'CS Of des~ign dfi icuc11es- e aii beVomle'
opportunity to communicate attitude's and Mdeas acce''tuateil thiroughk pi'ronality (IN namit.s. One of
about the equipment to one's peers. the muost important dlynarniic reae'tioum, that cl,'arlN

Ani important incidental findir.g of Berger's lead to rejection "as tire '"not imvente'd hiere'
study was that attitudes towards newv equipment plie'finnoru'in. This, re-fers to the- iormation of

may change over time with'iut any, additional nt-atike attitudes that C an result from thre ilbstten
firsthandl experience, as a resul t of in fermird of ee'r~onal imovniedement inl a t e'eIminea l in ne iat ion

communication. A period of initial resistance to iii onc', twit area of i' vpe'rtise. \ii,, de'fjcie'n ' ill

innovations may well lie ov er('ome, inl time, the( dig;siii of the innoy atioil may be nmagnifi'ed in
provid(]ee that the proper provision,, feor trial have .2mportate' bcy thle "noti mente d here" reaction.
been made. If riot, ne'gativ'e attitude's beecomne Anothe'r factor ide'nti t's'd tin this, ste(id as,
stabilized arid] possibly incre&,Le lin strength with imnportant to thre at cc4ptami t, procexs. ha. bieen
tinm e. elearlix "mphasuzed in theý e\tensiye literature on

'There is little objlective' documentation of uise'r attituide' formation .end thangev. Xttitudele toil arch
acceptance problems with re~spect to training iie~v equiepm emt or other ininoc~at ion' are eri tical ly
devices. However, in anl earlier Nauval 'Training de-terminet: bN the "change advoncate" -somie
Device Center (NA V'l'AI)ENTN) stud) (20) a llld;8iciui who funcimemos forniall' or inforrn'clhy
comminttee of e ngi neers, training spe'cialists. and in thle' roei oif initial e e ilIn, In kilcta tort oc une'rn lg tire'
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advantages aul capabilitic'" of the device to the McClelland (10), iu his extensive analysis of tile
|ot,.iliil iusers. Th, quliificaton. -, arid other processes of. effecting change, has identified a
charazvristh's o' the change a' votate, real or riumber of fallacious propositions that clearly
pert eareul, art tritiiallh' im portant to the a;pliar toI be pertiiltie to tIhe introduction of
d, .,'lh,,neiilt of a.cept;aince. partividarly if" the traininig devices to military personnel:
itmovatin ks til ;ii area whitre the 1potential tisers L. A good product wvill succeed on its own merits.
tt .i i,ltr thi'nsilvtes experts. Such factor s i the (Don't you believe it.)
change advcate's cr,'dibility, prestige, perceived 2. The introduction of a new device is a final act.
motivatito, relatinmship to the users, atplparent No further attention is required. (In titie absne fle of
irmlparliality, intei t tt influintc,, methods of a formula for maintenmance and feedback, many
hIi ndli i ri g t riticisri, etc., are faCators that traitiintg iiiovations are gathering dust, and
si-gificauntv affect his succes.s ill pronlioting the teachers and managers have reveted to former
accepta',' of new equipment. practices.)

While the importance of the change advocate 3. There is an orderly process from research to
has been known to social scientists for many years, development to use. (The fallacy of this
it is apparent that there has been no systematic proposition has been emphasized by numerous
attempt to emphly w,,ll-qualified advocates for the investigators.)
introdictiotn of new eqhu ipment into th'e Navy, Quesada (15) has identified five criteria that
whether that ,equipment be operational or training appear to play significant roles in the acceptance
equtipretit. In fact, in many cases, tie role o of innovations. These have been paraphrased with
chancge advocate is never filled at all, with the niot reference to training devices.
tinpredictable consequence of disuse or nmisnse of
the equipment. In some cases, the role of change 1. Relative Advantage. The degree to which the
advocate falls by default on petty officers whose training device is perceived as being superior to the

primary r.sponsibility toward the training device is one it succeeds.
it-; operation and maintenance. li a few instances, 2. Compatibility. The degree to which the device
the role of change advocate has been unofficially is perceived as consistent with operational
a-ssnnied by some highly motivated individual who requirements, equipment, and past experience.
recognizes the need to solve a training problem 3. Complexity. The degree to which the device is

and is willing to do something about it, however relatively difficult or easy to understand and use.n. 17isibiiy. Thr eret hchterslso
sophisticated his approach may be. But in many 4. Visib The degree to which thc results of

eases tlhere Ls ito qualified advocate at all, ,,fficial using the device may be transmitted to others in a
or otherwise. way that is easily seen or demonstrated.

When a new trainimg device is designed, the 5. Divisibility. The degree to which the device
designers make judgments aid decisions based in may be tried on a limited basis to gain firsthand

their u nderstantding of important parameters of personal experience.

the total situation. These hopefully include: It seems likely that all of these criteria apply, in
1. The deficiencies of present devices (procedures one way or another, in determining the user's
or systems). acceptance of Navy equipment and training
2. hlow learning occurs, devices.
3. llow the device will fit into an existing Quesada also listinguishes between three types

eurriculum and what changes in curriculum may of decisions in the acceptance process. An
be required. "authority decision" results when those high in
4. The range of usefulness of the device the power structure require utilization of a device.
(sltifl,'ally wh.mt it is intended to accomplish anti A "contingent decision" permits the individual to
what it is riot intended to accomplish). adopt or reject the device but only after an

It seems likely that the d,,signers thumselves enabling decision is made by the organization.
may not b.- fully aware of the extent to which Finally, a "collective decision" occurs when
they are ma king sich deisions" certainly, the individuals in a particular group participate in the
s.41,,,mlipoi s htiobtful (hat tithe eventttal users ierdirt concerning a given innovation. Decisions of

understand all of these factors in the samne way all these types mzy be made in counectiort with an
thut the de•igner does, or that the hardware itself individual's tuee of a training device. They need riot
will s ,ti.how t,',v,'v its piirposts. lbe mutually exclusive. An authority decision may
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the d-'roie v oit i(t, eko i u

'Z(MI"1) t411lt'I lll'I0T Ill .

sulllnturivr all oIf the infl ill'llinig fartlor. that manlatrnlan(e' diata.

alppear to operate ill theini'httt'rl Iof avcf' pta 11.1 or

rv vl'ttioll. hlliv rel'ate ill part to till hardiware', ill AlDVOICACY~ FACTOR )iS

tile devie'Vl (adlvol-mey). \ot Ali ol till factor,, were (2onsideratioii of.

conl,idelrE'd e'quaily im1port ant or e'venl appl11ic'able ill

've'rv c'am fit)l w've'r, ft( hI Ikt allppear. fairly I .\N hat di ffe'renIlt killd, of per~on, o1 r j~oiipý will

ill tlil couilrse' of illtrtllrin'~g anyx lit' quiipmnht'. chlaral'ttristic'..

ill t liE re'produvi ol'~,IlEf thiii' ist , till' taltvllilivl t~s 2. WV .at 1011111 iE'tini ltoll c han nel, were' pro idle'(
hac eet ailhrse la, hy Imighlt a pplIy for tr user iuptitls tuionI g tlit' de~sign pliaml's.

sp'e'i firlal y to trainin fg deice :'. IWha E111t Ilil'all. w~lrl' p-olvid(lel to( detec t n~d

resolive di ffere'nces ill appro~achi or p hi loso phy

(' lcncrnlinhg till (I lsigii of thit devicE'.I
H ARM%.% REl ORl SYSTEM FAC'TO jRS 1. WVhat I ier, Iike!k' will want to knoN ahout the

(levi l'l.

Conceptuwii a. Overall l~pur '* I
1). Direct andl indlirect hl'lllfits to) thfllnsel'ves.

1.Agree 111'nt onl de finliltilln of fihe lieed or c.~ Beneltfi ts to "a,lt Navm

rt'( Iiirret'llIl for a jlartil ular t ra inin g dviE'Vi 'd'.I. Data (Ill rel'ialilit .t

2. Various, enliginevri ng appro ace'lls to devil v' R'. eal or appare'nt (dra wbacks l'onlpare

lll'slgll itil ('arlier traine'rs.

1. Ria or apparenlt adlvalltago.- compared

P1.I('fl 1swal'Fctors% ;iIll e'arli er tra hEr'..-

.Adjulst mellts that mull be~ l m'ia de inl Oll'

l' I11' i.tli~;i t and~l ma I1 ta inbiali it\. tuser 's Iehavior pa tte'rns.

2. Probie'ls of lni'.m ate I withI thit ope'ra t ing It. tillw thitet adjust filen w1. ill lit, achieved''l
Ilivionli e t(formIial re'tra~ ining. assltimptioln Elf pesoa

3. Probleml'fs of nitishnat I'l withI till 'a pahIil itil-'s (J rrspollsiblliiit' , etc'.).

il~rr le~ti' l.lll' i . Nt''. rl'sllo"'iiliii 0 s t ha t are I'lltailed.

4-. P
1EIbi liiit il' of lnishlateli with oI tther I'l'fill' fts 4i j. Prt'sen t rt li )onsibiltivs t hat art' tol lit

till trainIinig SXslirteassi giie'l to ot11her".

K. Whol I~I'0 hter' pvEr'.(il are' andil what
Ps'.' hogica Factors prep)arationh w.ill legit' n s'''l l'rr cmiItemot

1. flow~ thEost' ill ft( Imll' in of i ElhlIIIillal w'ili

1. eal'tioni to till ap)pearancet ofC till trainliing be1 made11 a ware' thiat t he't' rq'91E Iihi'.hIiit-: is avt'

dE".'icl'. hll'lf Ill0t.
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hI-t,) i, to lov harga, oI pr u~oming xi,,age af A SPr(:CIFC STUDY OF
the tratner (1,i ,.u1r ,dl o' . te). TRAINING DFVICEI ACCEIl'ANCE I
0i \\ hat are the cred,.eitial,iand nthlrit\ of tile
trainer ,dhciatv. In a study sponsored by the Ihuman Factors
7 \\ hat Ihrat, might the nv\% de\ we pre,,'nt. Lahoratory of NAVTR, A1I)VCEN, an attempt was

,d. l'h1,i\.v. made to take in to account .Its many ol the factors
1). rhreat to curnret ( onfidnce with repet I to ,hown in figure I as possible by considering them

operating ,k,ll,. as hypothetically related to trainer acceptance or
c. 'I Ircat t oither a&lpevt', otf the u.-er'- rejection.

-clh-uiinage. pre'.tic, et . Th'e study was particularly concerned with five
8. \\hat doel., thie trainer ,ioctt e ,xp,,ct of tli-n major sources of influence:
potential ii.er., amid hhat do ti- omr,, expect of I. The Traming Situation. Particularly the level
hii. \rre e i two -,-, 4 ,c\pectatioi. explicit ,rod and uniformity of skill development in the fleet;
agrre'd upon b\y botit partiv , thie opportunities for training certain fumtiioni, in
9. \\ hat proiion. are there far direct experience t he op e at ional e nviron ment; various
with the new device". characteristics of the equipment and environment
the u-ers., that influence the opportunity to exercise
i0. ILave the introduction communications (bo)th particular skill,: and the training time available in
oral and ritten) beei designed for inaxinum contrast •,, operating and administuative demands.
appropriatenie•s conhderimg the characteristics of '2. Trainor Characteristics. These were coasidered
the user-. in two broad areas: (a) simulation factrs; (b)

A simple listing of factors, however, is not training effectiveness and situational tactors,
eliougli to decribe the process of acceptance or irt.luding convenience, location, availabi'ity, md

rejection. Clearly, this process is dynamic and reliability.
many of tihe factors operate in aii interactive way, 3. Understandiig of the Trainer. The user's
Figure I represents an attempt to mnodel these c omprehension of the trainer's capabilities,
interrelationships and to (describe the waN in which iimitations, and purpose: knowledge of the trainer
the proce;s of acceptance (rejection) may develop t hiro iugh 1)o t h formal and informal
over time. compmunications and through direct personal use.

I, T . , ........ .. . . . .

-..... • '.:j ..... I5

Pigure 1. Factors HI'poi'si:r4 to bifli , ace Ac! epmtane of Training Devices.
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4. User Characteristics. '['he( oisvr", felt level of 6. A\ technique %vas diii lolled wlieicbi somei of
confidenice in tilie techniceal area repi tsenteui bN' the the mo're hubtle lae, m.,uii as fell Ii '.el of

trainer; his e\perieliee %tjib other similar trai~ncr, (oiiiipeteniie, and thec pw erocd inpomrtanee of
his personiz involvemient with the de~igii )r darlRou (hlarattrott ( if'o tihe trainer, could fit
successful use of the trainer: hlis,isesn of the eneint)idezitilied and quantified.
training need , vic. '[I'm' sainple of 10( traimilog de% icee, v~eledti for-

5.Congruencee. 'Ihis %%~as defined a, the, degree of the 5ttudý is I;:I in table I .11t% ill lice\1e idnt that

-onfirnoitNI between (I) ph\.sical eharacterktics of the tramier, 'ý ere %er lo( rogeneou~s in nature,
the traimner; (2) the hlsers iiiderstaindinlg (ol ;týs in\ 01'., I ugsrlae. tnib-'iirfacv. and airlwomie
ca.pabilities anid Inn1italtions:, and (3) hoiw lbe o;.eration.s and tit lulln'2 devices, intended for
perceit ci hin oim. traiulin:,z needs. and that of other part-ta-1k training of individual operators up
Navy Iliriol n vl. throu igh si sIle of tilie aio~t c~ipe oordina ted

taecties I rainii r-- ever developed.
A uleseri ption of tli, :326 participants in the

StudyMet odoloy stdN ic ontained in i1'lble 2. They varied greatly

L 'Ill( inestgatin rquied he dvelpmet o a in rank a ll( ii personal ex peinence in thie area of
'[iei lvstgt onre n edth (evl pneru o O'pera tions rep)resentdb h rie.lo~vr

mevans to obtain sealed jud~gmnents of all trainer and o'-utdyth trir.lo'evrr Illosihad had considerable experience with the
user characteristics hypothiesizedl to exert mfajor trainer they ".ere called upon to rate. The
influences onl the acceptance process. It w participants, were further considered as having low,
desired to dlevelop definitive profiles of (lifferent ieltno ihe.preuei h rao
trainer,, that, onl the basis of various ope'rational peatosrrsnedb tetairn
criteria,. could he shown to lie differcntialliv urtos rersne y th riei

cce e '' r - accordlance with the distribution of self-rating, ofa cp (d or "'rejected," "effective" or Vshwintbe2Ffy-i prnto
"ineffective, experience hw ntbe2 it-i.tpreto

the respondents knew the trainer in the role. of
To ac-ompplish these objectives, the following suet h eann i~wscmrsdo

proe~lreswer folowd:i iistrict ors. main teniaince persontuel. arid

1. Specially designed quantitative rating scales administrators.
were developed that could be used to rate training
devices on 10 areas of simulation and 12 training Thne Trainer Rating Factors
effectiveness and situational factors.
2. A structured questionnaire was developed to Each training device was rated on each of the
provide detailed information that might amplify following factors by each participant:
the ratings.
3. A group of training devites was identified Simulation factors
whose members were thought to reflect significant

*differences in level of acceptance as well as various SMI-i Simulation of the Internal Operating
kinds of operational training. Environment. Thtis factor was concerned with the
4. Qualified groups of uiers were identified, adequacy of siniulation of such characteristics of
contactedl, and interviewed using the rating scales the internal operatiag environment as the type aOnl
and structured question naires. 'Io insure that location of equipment, arrangement of displays
various viewpoints were adequately represented, and( controls, illumination, noise, motion.
the user sample was, carefully selected from temperature, vibration, and other internal features
administrative, instructor, student, and that might be considered critical for training.
mainitenance personnel associated with each SNM-2 Simulation of the External En'.ironment.
trainer. Thib included consideration of such factor-, as, the
5. An operational dlefinition of acceptat~ce visual scene, auditory stimuli or noise from the
(rejection) had to be developed that reflected., in external environni'ru. andl ainbient temperature,
some logical vay, a.1l available objective and pressure, atmospheric or water conditions that
subjective data. In addition to opinion dlata, might affect equipment or hpcr.onnltl performnance.
objective indices were included, such as percent SM -3 Simiuilation of Vehicle Equipment
utilization and the ratio of trainer time requested Performance. 'I his factor ~%as concernwd with ho'.'
to time actually aceorumodlatvd. vvell time performance diaractenstics ot the vehicle
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I . '|'~J 4. D I? ,. 4 4,101 h" (~L' '1Ii) 4. i\IN'i: f•IL'1I('I"Z

I ,• 11. • 1 " 1• V, '1 1 kj • 1 Xi• lt

Di-,gnaor ypeL~ocation•
Ih',lnat,, Type(Of IUnit Studie.d)

lrainers

2F66 S-2E aircrew North Island

2!'66A S-21 airerew Quonset Point

()(pdLot only)

2F551 F3-1 Ar(,irrew Miramar

2W'65 E-2B aircrew North Island

"2F69A P-3 a~rcrew Barber's Point

2F6'fB P-3 aircrew Moffett Field

21 A38 SS(N) S/M ..rew Pearl Harbor

Flight
Trainers

2F64B SI1-31) helicopter Quonset Point

2B21 T-28 instruenezt trainer Pcihsaco!a

21187 (Crrier approach landing Pensawola

Tactical
Team
Trainers

14A2 ASW team trainer San Diego

14A6A Coordinatd ASW tactics San Diego

Semsor
Operator
Trainers

141335 J ULIE/J t'Z operations Moffett Field

14B40 Radar/\lAD operatio,., Pax River

15E16 Electronic Moffett Field

countermeasures

Emergency
Procedures
Trainer

21C5 Submarine ca.ualty Pearl Harbor
control
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'lABLE 2. i)ESCtI PTION OF'
ST~ IDY PARTIC'iItPANITS

N :126

A. Ieltiotiuislip to 'Iraincr C. TIime,' P~ilK-dIraccer

( A, I raclcec)
N Cf

N
Irame III]18 5.
histnictor 5 7 1. r21
Nldalienance 58 I17.8 1 o6 24 l26
Adnccnistrdalm-c 30 9.23 654 2

more thano 6 138 66

208 100

1). Personal Ex periecce fin this

Area of Operation.'

BI. Ran h or Rate 
" 7 _________________________to________

LCDR or abhove 441 13.5 "

ur. 38 11.7
LT. (.g.) or ENS 51 15.6
TOu or POI 89 27.37 7/,
['02 26 8t.0)7
P03 or belo%% 59 18.1
Civilian 15 4.6I iii'
Not determined 4 1.2 I______

or equci pm ent were si mulatedl. In the (-as(- of commn icatil iJIions,. fault%. equipmfent, and] va-ious

vehlicle.,, consideration wvas to be gc'. en to o ther so iire es of ini terference -vithi the
IIinanemIerabdlity, response time, and range of communicated in formation.

operation, in the case~ of equipment. c-onsideration SNI-7 Simuulation of Information D~isplays. Tfhis
centered onf accuracy of operation, limits of was concerned with the fidelity of the display
operational effvectj'.nv&ss, ov pical ope~rating information on scopes, plot', diaL,, and status

di fficccltie,. vi-. hoard., that wa.s critical to the operation. B~othc

S \ 14 Si mu lat io n of Controls. Co n trol effects videvo antI audi - d i~phia vre c-i-o he considered.
were to bce consid ired fron, the sta id point of the S i mu lation of Sensor Perfornca n-e.
"feel"V of the sinilillated vechtcle antd the effects, of :-',~ide ratcion -, as to he ,liven to such factors as
control maltipula tiosl:s oi l ico% the ,N,,~tcmi operated plct ý sival representIation of objects or

or nom wrinc Osinftormnatio is as, tdc'.loped an( .i ...... 6ocis in the .--miroic ten a., sensed through

reclaed re. Itle etiil jimet thic- tiuroe Iicranil %.aric(t% ofobdjects

SN\l-5 Simu Ilation of Concr~ctionicat iot -sincrilated. hoo- dettei taili the obj-cts were asa

fire curc, Th6 ua. concerned I~thI tihe- ariou- fucccetionl of ei'cromccicnenta cc) 1(1it It)Il. etc. If
Coi in11liftc ica tion link., andI prtcedu res ill thie trainer IppI icablle. cc .i~l a.ceral it c .n to bie gi'.eli to thie
witic repc-c to cc m cint: Incal ions, bothc with in and dli I vr,-1 nI11."e- of Li'Istliat ike rc sinitn lat ed.

bcetween opf'raticucai c kil1 SNV.9 larget Fu.asico Fccr Irlujccrs ticat

S\'1.6 ý-inmuilct icoc of Commnicat i Jton Problems,, incIuid1edi tarae I ,imuilca t iln, c. mni ci crd jt)cc wicc. menc

Con idc.ilrat ion was to bie given 1 to much problcemis as to ut) '. ri-al is ical I thet tairge-t tin pitt> c ew. ai'.

en'.ircucicen tal noasi that mcigict ;ntc-rlc-rc %%ith tavtic's. agg-r-kei. tactwc'ý Xdcc coctcictc, lvcc-itrce.
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Ctnri',l'i Fini tri inlir ii that ~itoldtk i tevfrliis ~i erhii g iroi wei.

p tital of i %saapns fft ooidtrto \sesose. ~ 'I'SF- l"4(alili irit'ng e Oprtuiis. Thf Traipnin . 'lt'
it) til, onulait~n oftar~vt raclora Ii ~ iiertill wao CO'toe l, hi' l (lva l opid esdir riy the thaier

solution tog Jfthte fi'sre '1Si o nl ot iti rut, chier o ~ kil rltionito iitihe opportunirtd for acq ffrintian

performaidnce ill a se'lected area of Navy operations.
\l t hiugi the adea c\ (ii 01'i simu nla tion is of Are there any critical skills that reecive insu ffici ent

tilitnioull i' nioiitaiit'i iii thet aicceptan'e tit i se, cniphdsk"

of tr initii di'vicc,,, it i., clear thladt a *irie ti, and TIS V.9 Valuie of Timiie inl the TIrainer. hit
piidavoigiqzal and i sit lidt i onal factor, dkio infl iiuence V'0 isideri ng all thet activities that occur inl thet
u~ser acce ptan ci . ( onseq ient Iv. thit pirticipan iits trainle r, hi'( respondent was aski-d to judge what
%,ire asked to rate echii trainer onl t~r ilit- f luoig proportion of the time was spent lin actually
factoirs: ac'quiring or improving essential skills.

TiSl'.I Probi ileni Setup. Ni thi tilth, pu rpose' for TIS V.10 Use of tilt Trrainer vs. Operational
whc tle rinr~ ~deindh~~r~i il ar E luiiC nit. One of tile. recognized advantages of

vanrt't% (iif iipe rat it tial piroblemI s lhe set tipl onl thlt trainers is that they permit trai ninrg oii activities
trainvr'ý Coiisiileratioii wa- to hi'- gil el to that are either impractical, too costly, or too
ri'1 ri'siitaitivetiess, and scoipe of lrolileiis ill danigerous to perforni onl actual equipnient.
relation to operatioinal reqluireentsiL. anii the H owever, the trziner may differ ill some si(_nificant
relative' easv or diiffii irlty of settinhg upl the prob~lemi way fromn actual operationial gear. Thle respondent
for i'\cclit it i. was; to con-sider how much advantage there .,; to

1 P V.2 St f,wdri'. C( .iidi ra ti( n \s~ it. li e givcei using the trainer as conifigured vs. using actual
to t hei t hrliriighnie ss, v f fec ti ve'less. anrd ipera tioiial equiiipmen t for trainIiing at sliorehaseti
nt pitist icatioli of t ilt- uiizai'/ttill guidll.' an roit her schlool,.

Ianinog niiiitiria'. atit'iate %i'll~i i thit t rainer. Tilt Te'SF-i I Repeated Use of tile Trainer. Wheni a
ijti''itioli 'dsa. ii I. I Ilo\l i'ffi'c ivi-i couldi1( the trai ner is used onl soulie regular hasis, so)lnei t f thet

traineiir lie- iirdi-c f otrin- tilt- inifiormiat iion vt'tiit am ed skills may already he well trainled. Conisiderationi
ill thesev guide, %,,--re useid to tr'igraii adli toperatei was to he giveni to how use'fuil tile tramiier is, for

it '' (lethnic iial adli mlaliintieianlce midniual- we're' [iot repteatiet use'i ldit miintainIinig ton refreshing the

tti isv i nilue lnI'iti thius factor.) essen itial skill s.
TISFI-3: Coimnplc t t ii ., of Pter formianc iiti*'SF'-12 Comnpariston with Simiilar 'Trainers.

Eval uatiioi. Cons ~titeration Ohwa- to bei givwi' to t iit From ai i overail t rainlingi viell p0inlt, the' responrd ent
traineiir-' 1tro visli ns- ftr irmpio i ling Iinft rill dtitr to t Was to coli part' the trainiir inl stiphiqtit'atioii arid
ilt Iidul 11 tidelt,,iit ci iiceimrl ig all implfort ant iti't1 nesw ithi othe ir trainers that siuntlate'd
c'lemenilt,, oi' it'eir in'rfrtirialltt'. Airnilir Navy systi'ns.

'liii to r be riir'opnt id isi tisf ionra11,r'tb to s ituation,'k I'stt

\ ii rre the ire'h i't' Irvibatk till 14.1ftei t'dti i e~i tla\. 'I'lit' rtsu ilts of thit stutdy iiame biteen summ rarized

'I I-'- Ht' iiaiit a it I Ma i ttainaiiiimtN illdsrpiipoii, a.tanr w ye
.oiivd ion iato be diim to theimontof o 'i p t fiv "erv preparile' oatiltra reciotr ''w ty, Pt'

tilt- traiillir tihti ratltionl. ! I,,% ra'adilo, cani it lit' kep1 t adli traii~iiig i'ffii tili'lis~s factor',.

opt aiona lt by i th ave ltratge t rai ning de liv ice T[he pro file, permD~it -''asy ainalysi.s of thet juidgedt

tit hiiiiciiii (captabil it ies and (I iniiita tluls (If each traine ir ati(

-0 1 1)! 1 ' iti rallliii, (AI.t indiltriiii ;%,t- ti hio% teachi trainter comipare'd wihi all otheri'r inl tlii'

fior bi~iA, traini, nd .titiiirrliarint I ttir V iiiti' t Patal'tiiipa lit., (tiiidt'redt a particular feature' to het
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and w let her t he trainer measured up to their mna be regard. *I I .. ',4'pI.labl4 tit a gaii rail roi3v

ex pecI'l'Itof Is oil each fat tor. Spact. does' riot lit ain effort I,, nl. ,' asrk' 11-uit -,-,% .i-'.r

permit complete reporting of thiesei profiles lien,"/ i0s'11i4'04'ces of '.ro' '.irnui,i Iol I~wtftý,If,1h ll'''4ver. examples are given 4)I (if,- differential nanIr it loarl 1l %11 *.1- _-L.. -I. ,'i,. i

p)rofiles (of af hglygif .11 ejptel trainetr and( .4114' that i, '1111POi'tlil' I "4 of .1 t .111-d Of ']i1111,ioni4i HN
x'perienvlinla ,eriotis problemsr, ofI reirt lion. obiltrattiug t_ n Ow %lul' of (tit, ratlrlý. a- nd 4,14 i

'l''4 o trainers lima4I vlen elec4'tedi for compiJarison~ traiillr liii (dli 4-iharal t''i~tll fromi tile( rating oft

that are directed to'44ardi soniewhiat similar trainiing [lit- Imiportat~i 4- of 1ii.It 4iiarai4 t(n-i'i , . or, %,,I.

14
1
4J4' tives iii that (-,,tll' is llesigull' to train dV fIoI'4('( 1*f'i 1111 I,- 'v tha 111# d,'i flit , lii' iiilolrtail

olperator iiiltfe V-3 A.SXX patrol air''rait ''he 4Itf IIeren'Iiial I ~ ierv~ thesei tl4e rt ito'_atI I%#. It

15 E' 1 is- -give LC,% ioperator trainer %%a-gre~ Inte14rpretedl to) filitit tliat tii' ii-4'fr~ theiO
to train o)perators in equiipmen'it larllihariz~l..114i. tIwrial't'ristIi( '4.dý hinlflihl wivllNt

1
' 11-ll inlaht4,l it,

''kloolo\''arid the4 recogniitionl ri and I s of rt'lationr to4 it, Impo~rtance4

radlar nigr, Xis. It i,. designed i~or use4 hxy botfi einlisted 1 Importaiil flit r er''itiaV'" %',r(- 4alclilatrdl Ilor

anid officer personnel bavinga ,I i114' range )f vat4 If simnulation fat 14 Ir tor[it 114B 135 andu I 5V1I6.

background lin E( \l operationis. It is ' elvar (14(1)4 3) 1that th 1 h 413.35 rl'l i'v 41 a ilarge'

The 1 41335 is a jP.Ej~~E.trainer. It %,r deficie4 nc'. ,( ore, %%h ilt- thait of' (lthlI 5E 10 was %erv

designed t,)1 train A S't tactiCa I crew nienib i' 5iia \It N III 411)1 ' 4's the ~ ab .lull(II -full (if i14'ia i'. ,

both enlist edl atn o ffiver, in i the detectiton). core'. II Ir tile I141i335 '4 'f large. liii it was, ,iIvtll a
classi ficatlion , arid lovaliza tioli of targyl' s -cr1544 de ficin enl( rat ing in vog.h t of (the nline a pplicable

- ~~~~~thlrough soriob uoy systemqis. U nlike the 15E 16, .4n ida tio n area-;. It iý agaill (''4illn I'ltIhat the4 mnost

'4viA c is inrstailh only at fix~ed shore- stat ion.,. tille t,%tIre, tiefoiI'nii .I'lsN%vrer fell to hr.- in the( area,s of

141335 is portable. having, thle capabhil ity of I eini g displat cr1 infobrmat i on, sen,ýor perforrana 14-, air(]
carried in t1e aircraft arid injecting simnulated target r4'altionls, Incideiniltally,. persillnel with
signal - into tile operational dlisplays. Or. it c-anirl be 1,X trclllsiv e e'xpeienl'rce fil ýoniobkjo' y stm

used in) till hangar to provid.' training '4%hie ilt' '4steninatically rated fl4'it 1413:35 lo'4'4 rr than did less
aircraft is 011 the ground. experienced personnel. In contrast. thene was iio

dlifferenice in tife ratingl"' a_,signed thel 15I S6 a., a

Comparison of Acceptance Profiles for lthe 14B35 result of the amlounit of1 Ioperational exper'ieince.

and 15E,16 Trainers
Traininoq Effectriveness and Situational Factors

Simulation Factors. Figurn' 2 shiows the profiles

of thre two trainers on s;imujlation factors as well as. InI figure' :3. the ratings a4.signied to the 141335

the average rating assi~gned to all trainers, oni each arid thre i .E16 arc compared for training

factor. Tfle large differeni 's betwecil tile tw4o effectif.eries, arnd situational factors. The general
trainers art clearly evidient. Te1E6was rae Iueirt oft e 15E6 again is ei".derit. Both
distinctly supe'rior to the 141335 in all hut two trainrb~ were rated about the same onl adequac% of
areas of simulation-commurnication procedures software. and both were rated somewhat below

and communication problems. OrI tilose featturesý, aiferage on immediac% of pe'rformnance m'aluation.

tile 141335 en~joyed a slight advantaae. Th'ie 15kE16 %a,, cormidr'red superior iii all other
It is cle'ar that tile 141335 %,1,, considered below respect~s. howe'.er, partiuelarly on problem setup,

thle average of all trainers in simulation of reliability level of tralining. 'omiprehelnisive'nerss of

displayed informlationi. senlsor perf'ormanice. air(l training, value of time ill tile trainer. usr' of trainer

target reactions. In contrast, the 15E16 was rated vs. operational I'(uipmnirt, arid in overall

superior to all trainers onl six of tih' runet aponlicable Comparison v.ithi similar trainerrs
sitnulaticit factors-. The diagniosti c qulalit, (of thre rating, is to be

Although relative scores are iriforruiati'.~e. C~ie" rioted. Althoughltthe IS5916 was a Inhlgll ac'cepted

do nt: t provirde a fully' satisfactory n.irl'4*r w4ithl trainer. the profile nil".erthelt-,s reflected areasý in

respect to wbethler 'Jr riot a trainr is' "Salt I'ptable' w4hichl the ulsers felt tilat impro'. I'nlrt was possible

or "uniacce'ptable" t(o till ruser. (ilearlx , a trainelr or de-sirable. For ex'amlple, neatf iportance

may lie seenr to hiawt somi eIl'fien('ie'i's anrd ye't differentials '..err' obtaine I'l ti simlu lation oif

equipmetnt performance, c o nltirifirlit( atiori

"*For dentaile'd res.ults. -e %tackie, et at. t8 ~pron'edures. a~nd d:.;pla%,.d informlationl. N itih
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FPgure 2. Comparbon of Prohflea cf the 15E16 and 14B35 on Simulation Factors.

respect to training factors, the 15E16 was rated evidence by correlating various scores from the
only average on completeness of performance profiles with a number of external criteria. These
evaluation, and somewhat below average on are shown in table 4.
immediacy of performance evaluation. The 14B35, Criteria such as percent utilization and ratio of
although suffering from considerable rejection, requested-to-accommodated training are
was nevertheless rated average or better on five of themselves very fallible measures of trainer

nine simulation factors and above average on acceptance for a variety of administrative reasons.
software. The substantial size of many of the correlations

The acceptance profiling technique provides for shown in table 4 are, therefore, regarded as
a quick and comprehensive picture of user opinion additional cotivincing evidence of the meaningful-
concerning the merits and deficiencies associated ness of the acceptance profiles.
with any complex training device. Although the It will be recalled that interview data were also
profil"s are intuitively convincing, the question collected and that particular attention was
might be raised as to how one can be sure the directed toward any low ratings that had been
profil.•s are a true reflection of acceptance. Such a given. This procedure often provided insight into
(qiestion is difficult to answer definitively. It was the reasons why various acceptance problems had
po."ible, however, to provide some additional developed. In many cases, design and procedural
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1411:35 AVND ISE 16T'RAINE'RS

[ -~Simnulationi Fattor D~ifferential
(Rating Scale Ui t."s)

1-11,35 15E, 16

1. I tite-rnal opterating -3.0 +0.A

2. External environment - 2.7 +2.1

31 Elquipment performance -2.7 -2.0

4. Control effects -1.3 0.0

5. Coin nu nication procedures +0.1 - 2.0

6. Communication problems -2.0 +1.1

7. Displayed information - 5.9 -1.6

8. Sensor performance .6.3 1.

9. Target reactions -4.6 -0.7

10. Weapon firing (tket applicable)

TOTAL .28.4 .3.8

prolt ins weeidc iid ta ol ihrb promoting attitudle change and( acceptance of

corrected or at least anticipate(] when new innovations. The role is primarily an e-ducational
trainers of thesec general types are developed, One.
Ilowe). er. the problems of acceptance were by no( Military personnel are generally far too busy
mecans exf aui eyssociated with the destign of the with operating demnands and administrative chores
training de% n e( frequentl, thiey %ere aso~citvd to educate themsek~es concerning the capabilities,
with thet r.inarner in which the dec ice was being limintations, andI various roles that can he played by
uised and the evteiit to u hnci it., proper role in the training de~ ices. lBvtause of the Navy.spatieo
ov~eratll I r~emtng sx stemn was alppre-la ted b y the encounragilu o. erattional personnlel to specify, their

usr.Acceptance of training dlevice, not only own training reqluiremnents when they scheduile
depend~s on hasie enginecering~ adeq nacN , ffect iN(- use of a trainer. t he full capabilitiets of the tra nt-i
'ot ware supp~ort, and Onl oni1peten t instructor as well as, its intendIed limitations, arc not always
ani (I in a ini t v in a nce personnel. bu11t on thle re-ogn izt(1. The prohicin is, compounded by the
p re nit~tional efot of somet in'Juv idual or fact that operational personnel areassmed to be

ad miniistrative giroup that maN be ,on. Idc retl to he quali fit tI inistriu ctors. uhInchI t hey frequently are

the trainter advorate. '[er, e efluldi e~ not Furth.r, the trainer ope-rators, often are nlot

simi lar to that uf the '*vhangt(- ad% o4 ate, N' I ho hia' ex~pert, in the sti I ject miatter area 01 the t rainher.

bee ii i 0011 to lie ,,o i mpotftant in the prok es., of M\I ol t Itis tan result in a lc-,' t hani optimium Use
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Figure 2. Comparison of Profiles of the 15E16 and 14B35 on Simulaton Foe :ors.

rnspect to training factors, the 15E16 was rated evidence by correlating various scores from the
only average on completene.&s of performance profiles with a number of external criteria. These
evaluation, and somewhat below average on are shown in table 4.
immediacy of performance evaluation. The 14B35, Criteria such as percent utilization and ratio of
although suffering from considerable rejection, requested-to-accommodated training are
was nevertheless rated average or better on five of themselves very fallible measures of trainer
nine simulation factors and above average on acceptance for a variety of administrative reasons.
software. The snbstantial size of many of the correlations

The acceptance profiling technique provides for shown in table 4 are, therefore, regarded as
a quick and comprehensive picture of user opinion additional convincing evidence of the meaningful-
concerning the merits and deficiencies associated !less f) the acceptance profiles.
with any complex training device. Although the It will be recalled that inteniew data were aiso
profiles are intuitively convincing, the question collected an( that particular attention was
might be raised as to how one can be st re the directed toward any low ratings that had been
profiles are a tru.e reflection of acceptance. Such d Oiven. This procedure often provided insight into
questn io difficult to answer definitively. It v'as the reasons why various acceptance problems had
possible, however. to provide some additiaial developed. In mnany cases, design and procedural
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SEmerging Developments in 1Fiigii I raining

Performsance Measuremen I

Mr. D)ONALD 'REULS
.Manned Systems Sciences, Incorporated, Northridge, Ca!ifornia

Mr. RICIlARD W. OBERMAYER
Manned Systems Sciences, Incorporated, Northridge, Californiv

This paper reviews critical examples nf -'a;t o.d prt-sent performance mrncsurement for flight training.
Rme.-ing cnncepts, methods, and techniques in gtaini,q prJurnmance measurement are presented in the
areas of: automated and adaptive tramnin8, abilitier and task measurement, development of
multidimensional algorithmi, traininig state measues, utility analysis, and measarement tecet.ology.

I-n all training the role of measurement is to Smode an'I Meyer further observed that all of the
provide information so that the training training organizations desired proficiency-hased

process can be controlled. Without measuremert training i-here the progression of the student is
there is no guarantee that the appropriate based (on demonstrated skill rather than a fixed
behaviors are being trained. curriculum.

A very recent survey (ref. 32) has revealed that

the situation remains severe. No substantial
CURRENT TRAhNING improvement in tihe acquisition of objective

performnance measurement has been realized at
The Need To Measure operational training sites: yet, requirements for

more efficien' training have continued to mount.
A Department of Defense review of tactical jet For exampl, two decades ago fightnr aircraft

readiness training across all services (ref. 11) were assigned a specific role: however, today's
concluded: multiple-mission aircraft require a fighter pilot to

"The key issue underlying effective pilot be trained, and maintain proficiency in a wide
training is the capability for scoring and spectrum of operations. Curcnt training mustassessing performance. In essence, the accomplishf a grat deal in spite of redhced

effectiveness of tra-iing is dependent upon budgets. The F-14 is even more complex than
how well performance is measured and previous weapon systems, posing more severe
interpreted... Reliable measurement of pilot challenges (ref. 35).
performance against validated standards is
the keystone for determining how much
instruction and practice is required to attain Training managers and operational commanders
desired levels of skill." now have an urgent need for objecti-e
The DoD revier substantiated and often performance data. The training managers need

referenced the earlier work of Smode and Meyer information to inerease the quality of their
(ref. 37), who studied Air Force combat crew product an(d increase the efficiency of training.
training and made the following observations: Operational rominandern need data to knoii their

"..measuring and des-cibing performance unit proficienic for continuation training.
continues to be the most persistent problem personnel as,.igimnent .und upgrade. and for combat
area in pilot training... fin every unit visited, commitment. Giien such information in the form
training personnel were concerned over the of perforniinee measuremnent, these nmanager.-
fact that they could not effectively assess should be able to et,'rt more effectiie control of

performance." the training systems.
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'SUa lJ-vitsre N JensI,-, niit performance ases meut, Devr; nenth of

partially automated or adaptive devices are
tlost p,'rfornuptice ieasureinent in current underway (ref. 7, 24, 29) with imprr,ved

training is proitied through subjective judgments iitstructor-student and instructor-device interfaees,
made by qualified instructor,. While the reliability and improved performance measurement
of suIh mneasurement has been questioned, such capability.

diffic ilties have been circumvented in specific An automated, adaptive traieer is one that
cases. For example, in a development by adjusts the problem or task being presented to the
"llumRRO for Army helicopter training (ref. 14, student rs a function of his mea-ured performance
24), correlations between instructor and (ref. 17, 24). Its operation is not unlike that of a
checkpilot gradles were increased from r =.09 to good instructor who observes performance and
r = .51. Even if reliability of measurement can be adjusts the presentation of material accordingly.
achieved, the training system designer may wish to The adaptive trainer must contain a performance
incorporate mnachine-derived performance scores measurement subsysiein and an adaptive logic
to relieve the instructor, and to provide data when subsystem. The measurerneit subsystem
the instructor is unable to make observations. determines the performance level of the student.

Based on this information, the adaptive logic
chooses the next problem, or adjusts the difficulty

STRAINING TECHNOLOGY of the problem.
An adaptive trainer may be considered a

lnstructionml System Development control system in which specific objectives are
reached through a feedback system based on

SA systems engineering approach is currently particular observations or measurements. Each
being applied to military flight training systems. significant state of the control system must be
The approach requires extensive analysis of the included in the feedback control loops. but often
specific training to be accomplished, !he it is difficult to obtain information about each
bchavoral objectives for each task to be trained, system state variable. This problem is termed
and the level of proficiency required. The goal is "incomplete obsrvabiiity" in control theory, and
to assure that the proper level of training results, can be a major obstacle to the construction of
and to attempt only the necessary training in the effective control systems, since the availabie
most efficient manner. In particular, training of information may be insufficient to determine
unnecessary tasks is expected to be climinated proper control actions. Analogcusly, an adaptive
through the application of systems engineering training system must be "completely observable";
principles. i.e., permit measurement of each facet of

It should be nuted that the systems approach to performance affected by the training process, in
training provides specifications for perfor-mance order for the training control system to effectively
measurement as a natural output. Measurement reach specified training goals. In short, our ability
"development should, therefore, be directed toward to provide automatic training devices may well
'se&sing the extent to which each behavioral depend upon the measurement state-of-the-art.

objective is achieved. Measurement is then a direct
,:onlscquience of such analytical approaches to it has been shown that there is a critical
training. Hiowever, the success of this method relationship between the measurement and
remains to bc neen, as the feasibility of generating adaptive logic in such systems (i.e., a monotonic
measatement depends on whether the manner in relation) (ref. 42). It follows that the designer of
"-dmich training objectives are defined lead to usable the adaptive training system must know this
metrics, relationship. As a hypothetical example, if the

designer assumes that altitude error will become
greater as turbulence is increased and designs a

--iiAuonated Training device on this assumption, he may find that the
-system does not work because altitude error may

Modern training device technology paves the not increase monotonically wiJi turbule..e. It is
way for unprecedentit manipulation of training possible to determine these relationships early in
course content. information presentation, and design and it is also necessary to do so.
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Th-MNIN; have~VN b eel identified whb1ch fall into tire follo%: ng
CONiV", ! .l.lvategtorics (ref. 12): (;,-general body aloveillnt"

(2) conceptual thinking, includling verb~al albiliti( ie,
Introductionf (3) 1) sy chItoin o tr pe rf orinantie:v

(4) pecreptuaI-cognitiv- proee~.s' (5) niteinorN
Trainicg, performniice inva,,uretnent niay he !in d (6) pi N'onality aln. grolip Vomnpositionl

arbitrarilv arraninee in to five ela.,,s: %arialdes-ý.
(1) incag tre inett of human ahilities; which are Onec point of %iew is that training ,hou'ld b(-
necessary for the act-unplishinient of de'sired1 lask,,; orien ted eround hlIuman abil ititet rather t.i ba
(2) measir-enien of operational tpssks whirh arir sv,.teri.n.t-weiii training. D~epending upon w hich

*rc-quire-1 for a given) system niIPIsiown allprodch one 'akes to the desigan of a training
(3) measuremient hased (,ii the inultidimnersional i~v~,en, very different nmeasiuremnWi t.'chniques
charact- r of hum-~i and znan-inachint, system mnay be required. fhowever, it is poss.ible that both
performance. zc.-ayfor tile de'velopmen~t of ty-pes of measurets may be useful. For exarnple. if a
metrics for tile puidance of traininig deeisions: radar intereept offirer misses ant intercept. what he
(4) ineasurement of training progres-s and training (IN can be shown in exhaustive dIetail througl) task
effectiveness; (5) meaburement of the, utility of measurement (ref. 42). it is relatively easv
specific comdbinations of information and for an instructor to look at performance data and

*i-iformatiouiiproviding t.yslemns. This scheme of point out where the student went awry lBut, there
cla~ssific~ation was found to be convenient for the is currently no direct way to determine fromt
purposes of organizing this paper. system ;0.. riormance data' if his problem was

Thle selection of appropriate measurement, of "1spatial visualization," or any' oth-er ability
course, depends on thle correspondling events to be dimension.
measuredl. A discussion of measuremert. for use in Little work has; been done to transform
training sy'stems would therefore involve analysis information amailable in the behavioral domrain
of eacheltbpo:4ble mec~urcmccnt applicatior.-mu'+ (where tests can measure human, abiiitie-s) into tile
too large. a task to attempt herm. Instead, the task d omai n (where svse-m ;1erforrm~nce
current emphasis will be on the nature of thre information iq available). Thiorough research to
mathematical tools to be considered in the definle thle relationships between task performance
implementation of measuremtent. The tools fo- and undedyving, abilities is sparse. Rules for

*putting humvcn and system event,; in mapping between the two measurement dlomains
correspondence (i.e., "mnap') with quantitative have not bt:ui found. Onice thev have oieen
scales will be nioted, together with sielted defined, lawful relationships should permit
implications to training theory and training systern identification of deficiencies hin basic abtilities
desigP, based onl system performance measures.

Current Research. Work relative to. and
Abilities Meusuremenet motivated by. a human abilities point of view is

underway in ma-iy current programs.
Abilitiez and T ask ?(:rformance. T1oday-' 1. Fleishmnan (r,-f. 13) and his ass-ociates lime

training environmei.ts generally teach studiied the ,tructure of human alAlitif-, in tas;k
system-specifie tasks, procedures, and maneuver-,. performance for several years. Two general points
Prcsumably, however, there are certain basic have been established. first, the, measurement of
human abilities that underly human operator task abilities can account for much (00410 percent) of
proficiency (refs. 12, 12, 21). It has been reported thle performance that is achieved. Second, the
(ref. 39), for example, that radar intercept officers comnposition of abilities Shift as a function 4f
reaching the fleet do not have sufficient training. For example. in one stady. performance
pro~ficiency in "spatial visualization ., which is variability due to spatial relations d:,crea~cd with
possibly a fundamental perceptual ahility essentic-1 training, but %ariability associat' d with response
to successful task performance. time increased. Their methods and mneazures tend

The psychological and human performance to reveal changes in performance strategiesý as the
literature over the past half-century abounds with operator learns to become more p'roficient.
studies of and predictive tests of human abilities. Locke, Zavala, and] Fleishman (ref. 21) have
In a review of the literature, somt 72 basic abilities related pilot helicopter pi-rfotianre to task and

201



maneuverigI factors. They f otid that Task Meastrentent
performance scores tended to form ta*k fators
rather than maneuver factors. Measuremtnt of a Time Domain. in the Pflight cnvironnint. most
gven task in the context of one maneuver was, system states change in %alue over time. Measures
correlated strongly to performance of that same f c those system ,tate-, change in anmplitude"
i.sk in another maneuver. It was suggested also over time. The fundamental measure from whih-
that basic human abilitiens (such as spetial abilities) all othe'r measures are constracted is the time
could be mapped into task factors (such as line history. T'1'e familiar pen recorders which trace
and angle of descent). This type of findiag has, signal amplitudes over time offer a graphic exmople
strong implications for the identification of of a time history. Time history measures show
training :,nits. thle construction of training plans, what happened in time and are quite useful in
and meazurznw•nt of training performance. sy-t4cws that are repeatable. With human operator

performance, howver, it is necessary to
2. Senders, Kristofferson, Levinson, Detrich and summarize the characteristics of the time history
SWard (ref. 36) have developed a model and a so that information can be statistically
method for ,tudying the pere-ptual-cognitive and manipulated. The following measures simply
memory dimensions involved in automobile reflect different ways of summarizing th2 time
dhiving. Their prime interest is in the "attentional history.
demand" or "pereeptual work!oad" aspects of Amplitude Domain. The time history can be
complex vehicle control. It can Le hypothesized summarized using the average value (the mean).
that: ()) human controllers vary in their abilhty to the variability (standard deviation), or the range
extrac, from the visual environment the (peak deviations) of the parameter over a specific
information thy need to control vehicles; and time interval. It is frequently most informative to
(2) measuremert of this ahislty can discriminate describe summary data in tern's of error from the
between individuals when system perormance desired value. Therefore, measures of average
measures show no difference. Measures of the error, average absolute error, root-mean-squared
amount of time to look and frequency of looking error, and error standard deviation can be
were shown to be the major parameters for a constructed (ref. 31). In tracking studies, the
h.m-. ~;.frmation proce~-h:g arodl. And t.zrc root-n•mean-square (RMS) score is most frequently
neasures were shown to discriminate between used. These measures are frequently referred to as

Sindividual abilities when system performance integrated error scores.
criteria (e.g., lane following) did not show The interpretation of measures depends on the
performance differences. Senders is continuing this specific raw data used for calculation. Using an
basic abilities research at NAVTRADEVCEN, inflight approach and landing program as an
using a more complex psychomotor task (the example, average profile performance can be
captive helicopter) as a test bed. described as integrated error scores or variability at

successive points in the profile (ref. 40). The

3. Matheny and Norman (ref. 23) have integrated error scores provide information on
hypothesized a measure, the effective time accrued error over the entire profile, while the
constant, which they feel reflects perceptual profile measures reflect error at different points in
abilities that are essential to man-vehicle control the profile. Frequently, terminal performance
training. The effective time consta.nt is the speed provides sufficient information about the task
(time) with which the operator can detect a which would reduce the requirement to measure
vehicle change after a control input. The effective the entire profile. One study (ref. 41) found that
time constant is a psychological parameter touchdown performance measures led to the same
characterizing the human operator and presumably conclusious as the mote elaborate integrated error
directly relatable to his abilities. This approach and profile error scores during the approach.
implies that measurement should key on this type Another common method used to reduce and
of parameter rather than system performance summarize time history data has been to construct
measurement. Such a measure for training would tolerance bands and to measure time within
be indicative of the students' stage of proficiency tolerance, number and time of out-of-tolerance
and diagnostic with respect to training conditions, and similar treatments of measures
performance deficiency. based on successive tolerance Lands. These data
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treatmnent., are ditr'tly ap licable to ysvtem during training and transfer tasks. His rnirjk-4
performance where operational ,error criteria (luch circumvents the processing requirements and the
as instrument flight) "an be lpeeified. rigor required of the classical techiiiques.

Frequency Domain. Vehicular parainrters are Transfer Funeti ons. Transfer function
usually dynamic it) natur,-; they change in value ieasuremrels of hunian pilots using engineering
over time. The result is that timne histories servo cotro: methods have neen used successfulnly
frequee,-ly plot as "Wiggly n s. ch ocillatory for the design of real sstemý, (ref. 26, 28, 31). In
characteristics are measurable a-id offer another situations where the pilot input is known (such as
avent),e oi information. from a command steering display), measures which

At perhaps the simpleqt ctvei of description, relate the input to the pilot and his subsequent
the number of times that a parameter reverses its output in the frequency domain can describe his
direction (reversals) or crosses a fixed amplitude dynamic control characteristics quite well.
(usually zero crossings) can provide valuable The principal measures of pilot dynamic
information. Recently, the steering wheel reversal response are tile effective time delay, and the gain
patterns of truck drivers have been related to and phase differences. Gain and phase measures
operator alertness (ref. 33). are taken, usually, at specific points across the

Most oscillations of time histories, although power spectrum. Gain is the ratio of the output to
they appear quite irregular, can be described as the the input (the amount of control deflection vs. the
simple summation of known regular oscillations, amount of display error). Phase is the time or
Fourier analysis techniques provide a method of angle difference between the ou.put and the input.
describing irregular, continuous wiggly lines as a As an illustrative example, as the frequency of
weighted sum of sine waves of known frequency. the input disturbance increases, the input errors

Use of these techniques form the power increase, but tie pilot is able to respond with
:pe,.cal density function (ref. 4), which shows countering control inputs of proportionately equal
the relative power (or contribution) of each magnitude; his gain remains relatively constant (up
frequency in the spectrum from the lowest tested to a point). As the frequency content of the input
frequency to the highest. With human response disturbance increases more, the pilot will typically
data, the frequency spectrum is often limited to fail to "keep-up" with the input: the time between
•.!c ,f zero to about 6 radians per second input and output will increase, therefore

because most human control activities lie in this becoming more and &,aore "wiat of phase," a.9 h-
bandwidth. gain may reduce. Finally, there is a point where

As a practical example, frequency content the pilot lags the input so badly that he is 1800
information can be used to determine how often out of phase with what he should be doing. Unless
one needs to sample a parameter to fully capture his gain is reduced to insignificant levels, his
all significant changes. Studies of this nature control actions will destabilize rather than stabilize
conducted on flight data record;ngs have provided the system. Such pilot-induced oscillations (PlO)
a sound basis for reducing the sampling rate (how are a fact of iif- in high performance aircraft in
often one measures). critical flight regions.

Practical use of power spectral density function Although earlier studies have shown no
nmeasurement in training systems is somewhat differences in single dimension tracking
limited because these measures are difficult to performance during training (rf. 19), very recent
obtain in real-tVne anti their derivation requires work (ref. 15) shows signifi:ant differences in
computational rigor, time and memory. A recent gain and phase measures of pilois at three stages of
implementation by Norman (ref. 30) in studies at training.
NAVTRADEVCEN offers a partial solution ic the Transient re,%pcnse measurement on tie
computational problem. Norman implementd a TRADEC simulator at NAVTRADEVCEN has
set of second order, low-pass filters arid, in been useful in determining pilot-venicle responses
real-time, was able to proportion the average to radar intercept officer (RIO) verbal commands
amount of stick deflection energy attributable to during air-to-air intercept traindng (ref. 42).
inputs below 2 radians per second aid inputs Measures of response time, rise time. oversh,,ot
below 6 radians per second. Arithmetic operations amplitude and damping revealed that for modcrate
showed the relative proportion high. and bank commands the pilot-vehicle acted as a
lhw-frequency inputs, and the shifts that occurred second-order control system; a transport ,elay,
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(atn 1 efitd damping t-vtm would di w'ribe Mult, tuscriminate Analysis. More recently.

- .The ma•,r,-- rlned a, a f" lion Hill and t,o,4el (ref. 15) Dertormed a multinir
nIr Magnitude of bank. the level of adapie discrimination mnalysis of a set of 266 summary

variza:Ae beites administered. and t- a conselu, xne, inestares winch were taken throughout a flight

of traimnng profile. Using a GAT-1 trainer and 30 subjects,
they found a set ,f 27 measures which uniquely
s.parated pilots into three different skill groups:

Multidimensional Algorith, ms beginning, intermediate, and advanced. The

measures consisted of meant, standard deviationsNo single ptrainet,-r van d "s( rihvt adequately a nd correlations of flight parameters in addition to

th,; multidimensional aspects of flight pilot gains and phase shifts. A single Triterionperformnance. For example, a current study' of variable, the linear weighted sum of these

combat crew training performance measurementV ~measures, was suggested as an overaht measure of

(ref. 32) has identified over 100 ieasurehnent proficiency. it was noted that measures which
parameters. Candidate reasurement s..t.s hay,' been were most sensitive to individual d;fferences were
defined for the following phase, of training: standard deviations and means. The next most
transition, instruments, formation, air-to-air sensitive measures were gains and phase shifts.
intercept, basic flight and air combat maneuvering, lntercorrelations between parameters were the
air -cefueling, round attack, airdrop, and radar ieast sensitive.

navigator/bombing. Measurement sets which are Linear, Weighted Algorithm. As a part of the
sensitive to the nultidimen:onality of operator development of an adaptive, automated GCA

skill have beetn constructed, trainer at NAVTRADEVCEN, Charles and

It is not sufficient to just memsur, independent Johnson (ref. 8) developed a multidimensional

dimensions. Practical measurement requires the measurement algorithm for the ground controlled
combination in some form and relative weighting approach (GCA) task. The algorithm measured
of the entire measurement set. In particular, all wheel, flapb and sj~eedbrake positions, sampled
future automated training will require the heading and heading rate, angle-of-attack and

deveioprment of muitidimensional measurement angle-of-attack rate, lateral and vertical
algorithms. displacement from the approach path/course, and

Examination of the current literature shows an the turbulence adaptive ,afriable diffi,',ty factor.

enba-rIsssing ricb-ess of methods for developing Data were sampled down the approach profile and

multidimensional algoritlhms. Over the past at a terminal "gate" position (100-ft. attitude and

decade, there has been a strong theoretical and 1/4 mile). The algorithin formed an approach
empirical interest in developing multidimensional score based on a linearly weighted sum of the

niodels of human performance from which performance measures. The score successfully
multidimensional performance algorithms are controlled automatic progression through 38
specifically derived. In the area of manual control incrementally more difficult steps of the adaptive
theory, for example, there are available varlables in the training course.
multidimensional approaches from the describing Non-Linear (Threshold) Model In studies of
function (ref. 26), sampled-data (ref. 2), multiple pilot-system bank control performance during
loop (ref. 25). and hierarchical (ref. 3) points of variations of three adaptive variables, Vreuls arid
view. In the following paragraphs. eight different Obermayer (ref. 42) found that mnonotonic
methods are illustrated from the current literature relationships did not exist between the adaptive
which have been developed within varying variable, the variations in bank command and the
cuntexts of training performance measurement, measurement set. A linear, weighted summation of

Factor Analysis. The previously described work measurements did not appear practical over the
of Fleithman (ref. 13), Locke, Zavala and entire range of the .sks and adaptive variables,
Fleishman (ref. 21), and Booth and Berkshire (ref. especially when the pilot was operating close to
5), represents the current state-of-the-art of the aircraft performance limits. The most
flight performance measurement using factor straightforward solution to the problem was to
analytic techniques. Mention has already been place toleraice bands on each measure of the set,
made of the possible implications for training and use binary out-of-tolerance data as
measurement that can result from these studies. information for the adaptive logic. The tolerance
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hands were se!vtced on the basis ,f 4measured system has beec tested with a mx :.

reiati~nnidp between adaptive variable, and the Grid instructors, the model parameters should
;peas.relnent set. The resu~lting oult-of-tolerance reveal analogies of the p.-rormanee asse.snernt
data appeared to have the -equired monoto,ii• str;0.e used bv instructors. If the mnodel does

properties, but the method requires further Converge or repeatable e~llracterisliý's, those
verification. paranicterls can fe Pfxed, and an "'axtonatic"

Energy Maneuveral,ility. The science of air performanci assessment ý,vstem will result. The
comblat maneuvering bins evolved recently due to .onccpt awaits critical testing.

the de, elopment of energy maneuverability Empiric.1l Curve Fit. The system performance
concepts. The craergy maneuverability model (ref. measurem-ent for co-spe'd, co-altitude, stern

38) in its simplest form provides a numeric conversion air-to.air intercept has been suggested
statement of aircraft energy poteniial under given as an -lenicntary model of the radar

conditions of thrust, fuel Ptate, weight, altitu:de observer-system (ref. 42). The spatial.dynamics

and airspeed. Energy dissipation caused by reltionships of the interceptor and thne target

maneuvering is multidimernsiongl, but predictablc. aircraft can be fitted to a family of hyperbolic

Thus, families of energy maneuvering envelopes curves based on target aspect angle and range.

have been- defined. Partial verification of model Mathematical description of RIO-System efforts to

validity is derived from the fact that analytically approximate or par-1lci the central member of the

derived "optimum" maneuvers closely resemble family (ideal interce-pt) of curves, plus or minus a

maneuvers that are employed by highly reasonable tolerance, appears tractabde. This model
experienced fighter pilots. Energy level reqjires further development and testing.

performance is a strong candidate for ai- combat
maneuvering measurement sets. Training State

Time Demand. Faced with the problem of
specifying objective measures of training aircraft Adaptive Variable. Historic measures of- the
effectiveness, Kusewitt (ref. 20) found it state of training of any particular student have
necessary to develop a singular measure of training been his position in the syllabus and the level of

difficulty. The measure had to be sensitive to performance exhibited. In an adaptive trainer, the
changes in aircraft cockpit configuration, adaptive variabule ma. change to aifect the task so
instrumentation and avionics, and handling that the-student continuously performs at a fixed
qualities in various speed envelopes. At the subtask level of performance. No differences in
mel, hu.nn f;me and deviation terms were performance measurres can be detected during
identified for each of the procedural tasks. traiaing. The remaining parameter which dces

Engineering control analyses determined the changc as the student progresses is the adaptive
amount or attention to control (in time) would be variable.

required for various aircraft configurations and Incremental Transfer Effectiveness Ratio. The

maneuvers. Analytically derived times required to appropriate metric for the control of training

control were brought together with times required effectiveness has been the amount of transfer of

to perform procedural tasks. The resulting model training (1) from one unit of instruction to the

of training difficulty was given the name, "time next; (2) from training in devie,., to vehicle

demand." It assumed that training diffieult" training; or (3) fr,,i training envi-onnents to the

would increase as the time to perform activities operational environment. Classieaily, the time to

approached (or exceeded) the time available to do train to criterion performance level has been used

them. The time to perform was the tnifying as the measure.

dimension of the model. A new metric, called the incremental trmnsfer

Recursion Models. Connciy, Schuler, and ,.ffee6ieness ratio, has been proposed ny Roscoe

Knoop (ref. 10) have derived a set of models (ref. 1). The technique assumes that perfonr:;ance
which adaptively organize measured pilot generally reaches an 3symptote; equal time

performance in a simulator based on instructoi increments tend to produce smaller improvements
grades. The model teaches itself the rules for in performance on any given training unit.

collecting and weighting performance data sets so Further, it assumes that some transfer evists from
that its grade matches the instractor grade. Grade one unit to the next: for example, level flight
inputs from several ins-ructors are used. Once the control will continle to improve even though the
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stud,.nt is practicing turn-. Thlicrforc, there is a reduces coisiderably. Generally, the p.rameeter
point at which it is more vffvetive to transfer to fall ;into groups that can lie sensed electrically,
the next unit. rather than to contAnue training on optically, and from auditory data.
tl,; eXisti||g unit. The incremental transfer hI simulation environments, the organization of
effectiveness ratio provi,.!es a basis for selecting the the software will be the key to suecessful
optimil time to train v.ach unit. implementation. Pei torniance monliior subsystenis

similar to those developed by Knoop (ref. 18)
Utility Analysis will be required. The same software could be

applied to airborwn" data recordings.
Because of the complexity of human The most important data processing

performance and the ever-inureasing technology requirements are display format and speed. Data
available for performance measurement, it is must be formatcd in such a way that instructors
possible in every application to generate enormous ean use them easily and naturally; data must be
quantities of raw data. Measurement logic and available during or at the conclusion of a logical
practical reality, however, dictate that evrything lesson. Any delay seriously degrades the training
that moves should not necessarily be measured. utility of the data. For example, a 5-minute
Logic and empirical findings have continually delay might Le mulerable, a 30-minute delay would
shown that because paramiters may be measured be irksome, awl a 12-hour delay might totally
it does not follow thea the measures are destroy the utility of the information for training
automatically meaningful and/or useful. Further, Data will require labeling, fornating, storage
measurement sets invariably must be reduced to and access for many purposes oi instruction, and
manageable proportions for at least two very for training quality control. Software, hardware,
practical reasons: (1) Constraints on storage and and personnel systems for efficient and timely
processing media: and (2) human limitations in data processing need specification and
the amount of information that any instructor, development.
training manager, or analyst can assimilate. Finally, the algorithmns (especially those used

A singularly important consideration is the cost for human performance measures) must he
oi generating information through performance constructed in such a way that they can be
measurement. Analytic methods of rationally changed throagh iterative test. Current analytic
reducing measurement to those sets which provide methods fail to predict all of the idiosyncratic
adequate and sufficient training information behavior of humans; consequently, they must be
relative to the cost of obtaining that information developed through an iterative procedure of
must be developed. For example. Cronbach, and development, test, and revision. Tests of
Gleser (ref. 9) have developed a utility model algorithms througiout the full range of tasks are
that requires evaluation of expected payoff of required to insure validity.
information vs. the cost of that information. Their
Tmodel shows clearly that it is possible to collect Compnpnit
too much i-hformction, Ani-; better, just-what and
how much information actually is useful. The
development of such utility models in training Input/output devices found in any modlrn
performance measurement should be explored. digital computer center, such as CRT displays,

plotters, line printers, card readers, tape
transports, dic packs, and typewriter terminals are

MEASUREMENT TECItNOLOGY sufficient to meet measurement requiremenis for
the simulation environment, and processing

Requirements portions of the flight environment data. Good
measurement is constrained more by software

It is too early to know what tlH total flight omganization, storage and memory requirements
training measurement requirements will be. Based than by input-output devices.
on work thus far (ref. 32), it can be estimated that Measurement systems, tiowever, should not be
100-200 parameters should be capable of "added-on" after the design is completed. For
describing most flight-training situations. At any adaptive irainers it is mandatory that hlme

given phase of training, however, the measure set measurement systems form part of the design.
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i "•i~%e;n-irv..ne.. m. tir• 'illi~riii• itin II;rA Fl, .I 1 1!1%l!, %T C'IIAI H.E\I'%

e huallehning. hut technologically p)ossitle. I)gitai
riaill'eti' tape recorders ar," an excellent storaue Airborne Equipment

Imediul•, and will be comimion even on comnnmereial

aircraf!, using Mark 11 area navigation syste'ms. lit le airborne environment. thlie 'osl of

- ecently, for exUamle, the Air Force Hiuman instrumnienitation, the accurate determination of

Resources Laboratory has instrumented ;i T-37 aircraft positiun, and real-time control of data

aircraft for flight recording of tip to 34 aculiisi tion are major consldecations.

)paramneters. The calibration and data processing Instrumentation costs can lle high and might be a

procedures are well developed. iimitnug factor: ll.holigh storage media are
velatively in.-xpensive, the cost of retrofit,

Camera records have been difficult to use for inqtallation of s-nisors, wiring the aircraft, and
training because of everyday problems of film proper foriating of data are far more costly. The
identification, processing delays, and quality accuracy of aircraft position needed depends on
con'trol. Gun and scope cameras have been ia use the specific aircraft mission and the position
since World War 11. A recent appilication of camera accuracy required for training objectives. On-board
time.lapse recording has !icen successfully reported navigation systems may not be adequate, requiring
in helicopters (ref. 16). Improvement in picturt use of ground-based ranging systems. Control of
quality control and elimination of processing data acquisition during a flight may require use of

delays have been rcported by the Air Force complex systems to avoid imposing these tasl on
lhuman Resources Laboratory, Flying Training the crew and thereby interfering with their

* Division, through the use of a video camera and training tasks.
i'ecorder installation on an A-7D aircraft.

A need for voice track data has been indicated Simulator Equipment

by nieasurement requirement analyses. Audio Newer digtl simulators have
recordinig devices must provide a means for igia maymeasurement subsystems that can be adapted to
synchronization with other data. additional new requirements, or they may have

spare memory and cycle time within which some

ACMR measurement capability can reside. Retrofit tends
to be a problem. When a system is patched to do
something that it was not designed to do,

The Navy Air Combat Maneuvering Range undesirable constraints can result. It is difficult tb
(ACNIR) (ref. 27) will be located outside Yuma, generalize because much depends on the software
Arizona, with a real-timr. data link to Naval Air organization, the amount of processing time
Station, Miramar. The ACMR will be able to needed, and the amount of input-output required.
determine the positions of up to 16 aircraft, In any case, modifying a simulator to obtain basic
simultaneously, with an initially requested data is less challenging than determining the
accuracy of 25 ft. and altitude to within 10 ft. for proper measurement algorithms to enhance
four aircraft. Detachable-pod aircraft control of the training process.
i:istrumentation subsystems will sense aircraft and
fire-control system parameters, and data-link
information to ground-tracking sites. The sites will Data Processing
trarissmit data to a control and computing
subsystem. On-line (real-time) display of the fight The primary problems in the data processing
as well as off-line processing eapahilitics will be environment are data synchronization and
provided, logistics. Information from many sources will have

The fascinating fact -4hout the ACMR. is that it to be synchronized, labeled, and formated.
"is designed as a mcasurement system; yet it is Different data forms (i.e., auditory and electrical)
destined to become one of the more viable training will require collective processing. The logistical
systems. Thus, measurement components, when aspects of the problem %:ll require careful system
put together in a system, have becom, a new analysis, design, and devel-opment. Again, the basic
training device concept. criterion is the ability of the measurement syster
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t!) pro-Idx a:,Olni~~if'mti~ to tilt*' 11i ;inng Abilitie-s Me1asuremaent. MVeasurement of tilt
abilities that underly task performance 6is IcIt by
sontc investigators to be tilt. key to training.

IrAlninig I Ithdt ilowevicr, thle future utility of this conecop will
requoire more precise definitioni of the relationships

N~ 4cm[li for pelforillawe fit feueieit mulst between abilities Lrnd tasks.
pro'.ikii tinaelý inftor:~ikition in a form useful to Task Measurement. Most training is task
tzawinii 1  per~ooIllel. \cvvptallce of performsa1 we Oliented, and most measurement capability iii the
ieiforination by trainitig personnel will he a p.,bt has been available at the subsystem level
fniwtion of how wellI 4 answsers their iiectd, awl where tasks can be meas;ured. Measurement
1-7v, %l41 th itiformatitin is, d16l6% i'd. Ultiniateli , concepts in the task domain have been more fully
a,i-e tf the "Y~tem may b~e a functionl of these developed than abilities meaourement. Numerous
'a, to~r, If tl, sys.ten; ;Ioes not provide the proper examples of past approaches can guide the
informaiafoi, ill a tiniely manner, in an measurement analyst.
tinder,-tandable formi, and ill a form permittingMutdenialAgrtm.utdinsoa
convenient operation by training pers-onniel. thenMutdmnialAgrhs.utdmeiol

tue easrem ~ rovied illhav litle tilty, methods are required to adequately describe the
many facets of hum~an performance for training
control. The number of tools that an- available

~ offer, evidence of creative effort- in this area.

Training State Meastires. Mleasuiremient of the
l~eelpmetsin Cuirrentf training. training state of training is evoiving. Adaptive training

teelinology, 'raini.qg nieabureenict conceptsý, and devices permit the use of the adaptive variable as a
nlktaZsnr1!nrent teclillolog" have an impact Onl thle measure of training state. Training effectiveness,
attire eevelopmlent Of traiininL, performance measujres, the transfer-of-training, may be

4-easurenient. expressed in terms of changes in performance,
rather than the classic time to train.

Current Trcining Utility Analyse-s. Utility analyses will be
necess-ary anti vital for the determination of

A review (31 -arrent, training reveals that there is practical performance measnirement since
anl urgenlt nieed for hdttet measurement to control compiete measurement is generally undesira'ile.
training; a lot of subjectixe meas-urement, is taking System cost tradeoffs should be based on the
place, but the current need ik for improved expected payoff of training information relative to
objecti~i' performance measurement. the cost of obtaining that information.

Tratnirg Technology Measurement Technology

'Two developmnents in training technology are Measurement technology was briefly reviewed.
important to~ perfornianri. measurement' First, The hardware necessary to acquire performance
tletailf-d dt. siriptions of the proces,, and anl end data is available. Extensive software technolo6- is
iof)l of training art, iieing, ,ought 1~y instructional required for practical processing of performance
sNsteni development te-ams.l Measurement t;irectl% data. Although, thle implementation of
follolus from tilt specification of behavioral measurement systoms may pres.ent significant
ohytmxesII. SeCctffl& the' emnirenctne of adaptive user-interface design issues, these are best resolved
traitiInb, demnand. preiv h-e masuremertil, %ithout through thorough systems development programs.
bvi ter measorini ent, adaptive training is not
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The Evaluation of TIraining Systems

Dr. GENE S. MICIIEL!
Head, Training Effectivene.ýi Division, funman Factors Laboratory. Naval Training Device

Center

flow can we know when a training device is doing the job it was designed to do? We have to measure the
extent of transfer from training on the device to performance in an operational sitnation in the Fleet.

This article traces the history of the Naval Training Device Center's concern with the evaluation of its
prodacts from the first evaluation of a training device in the late 1940's to its current program of training
effectiveness evaluation.
Emphasis is on the development of a metho.lology for conducting field evaluations of the effectiveness of
training devices fro" the standpoint of transfer of training.

H1OW ARE WE DOING? WHAT IS EVALUATION?

T he Naval Training Device Center The title of this article. "The Evaluation of
(NAVTRADEVCEN) has always wanted to Training Systems," can have a number of

know how good a job its training devices are mean:ngs, such as the determination of whether a
doing. This is as it should be. There is no sense in device meets specifications, is reliable in operation,
carrying out training without being able to easy to maintain, or is acceptable to instructors
account for its effectiveness. Actually, there is no and trainees. All of the different concepts of
justification for not determining the effectiveness evaluation, some of which can be determined by
of a training system. simple observation, are important. Obviously,

In any training situation, it is reasonable (and though, such data alone tell little about the
prudent) to ask to what extent the training system effectiveness of the device in accomplishing the
has resulted in improvement in skill in the desired training. The word "evaluation" will be
operational situation, whether it is at-sea or in an used in this article to refer to the determination of
aircraft flight. In this regard, the trainingeffectiveness.
NAVTRADEVCEN position is comparable to that
of the trainee. That is, in order to make progress,
the trainee must receive feedback (evaluative WHAT IS TRAINING EFFECTIVENESS?
information) on how well lie has succeeded in
what lie is trying to do. For example. in learning The training effectiveness of a trainer is usually
to use a rifle, there is little value in firing at a expressed as a measure of transfer of training.
target if the trainee cannot tell where the rounds Transfer of training refers to the degree to which

it. His skill will not improve much unless he practice in a trainer carries over to (or affects)
receives feedback on where the rounds went; t'he performance in an operational •ituation, as
NAVTRADEVCEN has a similar necessity for compared to trainees whio received no practice in
evaluative feedback. the ;rainer. In other words, training effectiveness 6.

There is relatively little value in using a training the difference between a performance
system without attempting to evaluate its measurement on an operational task after practice
effectiveness. With this evaluative information, it is on the device, and performance on the operational
possible to decit;e how to make appropriate task without practice on the training device.
modificationi in training device design, patterns of (Trainees who receive practice in a training device
utilization and associated sylla;bus. Furthermore, are usually referred to as the experimental group,
such effectiveness evaluation provides a trainees who receive no practice in the trainer are
closed-IGop trairing system. referred to as the control group.)
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Most measures of training effectiveness are of using and not using the device. Excluded will
measures of transfer of training. Many different Le evaluations consisting of surveys of how
formulas exist for expressing the amount of trainers are used, evaluations of trainer design
transfer. Some of these formulas appear in one of from the standpoint of human engineering
timt; first articles describing tuch formulas, namely, principles, investigations of the percentage of time
tthe NAVTRADEVCEN technical report by Gagne, a device is uti!ized, or comparisons of the
Foster, and Crowley (1947). effectiveness of training aids such as

transparencies or paper-and-pencil trainer-testers.
In the first year of the NAVTRADEVCEN's

EVALUATION OF1 TRAINING EFFECTIVENESS existence, evaluations were conducted on four
aerial gunnery training devices, namely, Devices

Although there is value In various forms and 3A2, 3A35, 3A40, and 3E7. Experimcnts were
levels of evaluation (this will be demonstrated later coniucted on tracking training to determine the
in examples for which transfer data were not effectiveness of various training procedures and to
obtainable for various adnministrative reasons), obtain answers to such questions as: (1) What is
transfer of training is the ultimate and crucial test the limit of skill attainable?; (2) What amount of
of training effectivenes. Unless time and effort practice is required to reach this limit?; (3) What is
spent in the trainer have a positive influence on the nature and shape of the learning curve?; and
performance in Ih tioperational situation, training (4) What is the optimal length and spacing of
was not beneficial. It is even possible that negative practice sessions to use in training personnel on
transfer will make a trainee less effective in the each of the devices?
operational situation than if he had not Some of the findings for the Mark 18 Sight
experienced the training (for example, if the Coordination Trainer, Device 3A40, were:
trainee learned to attend to-cues in the training (1) ranging, tracking and hit scores improved
situation that either are not available or are the rapidly through five trials and more slowly to the
wrong ones to attend to in the operational 20th trial; (2) training on a variety of target cycles
situation). Generally, however, the skills acquired produced more gradual and long-coptinued
in the training situation are transferred, in some improvement than training on one target cycle;
positive degree, to the operational situation, and (3) training transferred in a high degree to new

Training devices do not have a single training target courses (Crook, I946a, 1946b, 194 6c).
effectivelless value, so for research purposes Studies on aerial gunnery Devices 3A2 and
questions (hypotheses) should be stated 3A35 found the following: (1) five different
analytically. For example: what are the effects of training methods showed no differences, mainly
certain amounts or methods of training on transfer because of the large variability of scores from
to an operational task? Or, for which tasks or gunner to gunner; (2) trainees improved
stage, of training will the trainer produce positive significantly with practice; (3) the ceiling on
transfer of training? These types of questions will performanex is reached early in training, but the
result not only in a statement that the trainer is or data suggest that further training might result in
is not effective, but also in recommendations for higher final levels of performance, especially using
optimal use of the device for effective training and the on-target lights which function as feedback
appropriate syllabus revisions. (Knauft, 1946a; Knauft, 1946b, Knauft and

Buxton, 1946).
In 1947, two more studies were conducted on

HISTORIC.iL SURVEY OF the 3A2 and 3A35. The exp.rimenters found that:
NAVTRADEVCEN EVALUATIONS (1) the learning curves took the form of fairly well

defined S-shaped curves; (2) apprcximately 25 to
From the start, the NAVTRADEVCEN has 30 practice sessions were required to attain

been interested in knowing how well its training maximum level of performance; (3) there was a
devices were doing. To demonstrate this interest, low consistency in day.to-day performance which
the history of its evaluations will be traced. ;:waq explained both by variation in the sensitivity
Included will be only those studies which of the scoring equipment and variation in
experimentally sought to determine the training individual parformance; and i4) with new and
effectiveness of a device by comparing the effect different target speu.ds and direction, the trainees'
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performance transferred to some extent. There compared the effects of simulator versus no
was a tendency for the trainees to memorize the bimulator training on subsequent flying
individual attacks and make use of this memory in performance, follow:
anticipating the course of the target. Nevertheless, Mahler and Channell (1948) and Niahier and
there was evidence that there was some learning of Bennett (1949) evaluated three flight trainers at
the general principles of position firing (Knauft, Pensacola for the Naval Air Training Command;
lHamilton, and Spence, 1947). the 12BKI landing trainer, the C-3 Link trainer,

On the Ranging. Tracking, Aiming.point and the SNJ Link trainer. A control group and a
Asses(s-.r, Device 3E7, it was found that most of group who had previous solo flight time received
the meter scores relating to gun-pointing (e.g., no synthetic training. Roughly equivalent results
right and left elevation) were u.jreliable. The were obtained from the three different training
graphic records available, however, showed that devices. Accidents were reduced by 40 percent and
there was a rapid improvement of performance on flight failures were reduced by one-third. A very
early trials for azimuth, elevation and range curves, slight reducticn, one.half hour per student, in
In other respecL, the curves differed. For azimuth, amount of actual flight time, was found among
none of the subjects improved after the 18th trial, those given synthetic training. The differences in
In elevation there was gradual improvement even average check-flight grades between experimental
at the 48th trial. In ranging, there was great and control students were negligible.
variability in thPe curves of all trainees Williams and Flexman in 1949 evaluated the
(Gottsdankcr and A,'mington, 1947). Link SNJ operational flight trainer (OFT), with a

These studies resulted in discovering ways to modified cyclorama, as an aid in contact flight
modify the deAces and in recommendations for training. The trainer group performed maneuvers
improving training. However, the primary concern both in the SNJ OFT and in the SNJ-5 aircraft.
of the experimenters was to obtain basic data on The control group performed maneuvers in the
the learning of tracking skills. The evaluations of aircraft only. The conclusions of this experiment
the training devices, per se, were in the nature of a were: (1) training in the SNJ OFT resulted in
secondary fallout. That is, for the transfer saving flight training time in the aircraft; (2) the
experiments used in this series of studies, no saving in time averaged 7 hours and 14 minutes per
attempt was made to obtain transfer measure:, in student for the syllabus used; and (3) the saving in
an operational situation. Instead, transfer training time for the entire population of such
consisted of trainees being given test trials on the trainees lies somewhere within the limits of 4
trainer with unfamiliar target speeds and courses. hours and 47 minutes and 8 hours and 47 minutes.

It was not until 1953 (Weigandt, Bishop and Mahler and Bennett (1950) evaluated the PBM
Channell) that the Mark 18 Gunsigh-. Trainer, (two-engine seaplane) and the PB4Y (four-engine
Device 3A40B, was evaluated Ly determining the land plane) OFT's at the Naval Air Advanced
effect of training on performance in an operational Training Command at Corpus Christi. The findings
situation. (It is interesting to note that the showed: (1) with regard to flight time, there were
researchers state that this rtudy contains the only no savings during the familiarization stage, but
data available on the effectiveness of Device during the instrument stage, some flight
3A40.) The results showed that neither training in instruction time can be saved; and (2) OFT
the air or on Device 3A40B resulted in improved training resulted in few serious errors (deviations
performance on tracking or ranging tasks from tolerances that increase the possibilities of
separately. Hlowever, both types of training accidents) and fewer total errors on most
resulted in better performance in coordinating maneuvews in the familiarization and instrument
these tasks than when no training was given, stages.

During the years 1948 to 1954, a series of Brown, Niatheny and Flexman (1950) gave two
evaluations was conducted in the arei of aviation groups of trainees, with no previous flight
training. The experimenters were interested in the experience either a minimum of 2 hours of
effectiveness of the trainer on performance in an practice landings in the School Link (experimental
actual flight. A number of transfer of training group) or no training on the synthetic flight
experiments were conducted to investigate trainer (control group). Both groups received 3
whether flight trainers can be used to reduce hours of instruction and practice on airwork

_ actual flight time. These experiments, which maneuvers, not including landings, in the Aeronca
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7-AC. The findings indicate that errors made while not reach the proficiency level of students who
learning to land a light aircraft can be reduced had 18 hours of synthetic training.
significantly as a result of previous practice in the
School Link. The initial landing trials of the Dougherty, Houston and Nicklas (1957)
experimental group were much better than those evaluated the training effectiveness of four training
of the control group. The trainees who received devices for teaching a large series of procedural
training in the School Link showed improvement and flight maneuvees. The training devices were:
during their first three landings, but little further (1) an SNJ OFT with modified cyclorama; (2) the
improvement during the following !2. SNJ OFT with the flight system disconnected, but

Apparently they had learned in the trainer most of with engine, electrical and hydraulic systems

the skills employed in landing a light aircraft. The operating normally, to make it a procedures

control group trainees made a relatively large trainer; (3) a life-size photographic mockup of the

number of errors on their initial landing trials and SNJ cockpit; and (4) the SNJ trainer in the

showed no improvement during their first three procedures trainer configuration, but with the

landings. During their next three landings they added task of maintaining level flight on the

improved at a rapid rate, but even on their altitude indicator (as a tracking task). The four
15th landings had not caught up with the groups then transferred to the SNJ aircraft and

trainees who had practiced in the trainer. (The their performance was' compared to a control

attempts of this study to evaluate the effects of group which received only inflight training. The

simulator training on forced landings and pylon subjects, who were private pilots transitioning to

eights resulted in data that could not be the SNJ aircraft, were given five learning trials on

statistically treated and were not reported. The normal and emergency procedures on one of the

inadequate data were due to the small number of situations. All trainer groups performed

trainees, incomplete record sheets and lack of a significantly better (i.e., fewer errors) on the first

valid record sheet, problems which apparently air trial than the control group.

assumed more importance in connection with the The groups who trained on the procedures
more complicated maneuvers.) trainers and the OFT showed the highest degree of

transfer to the first air trial. In fact, they
Payne and others (1954) performed a study to performed as well as the group which practiced in

test the effectiveness of the Cycloramic Link the aircraft for five trials. By the third air trial, no
Trainer. The subjects in the experiment were difference could be observed asa result of training
primary flight students learning to make their first with the different methods. The conclusion was

approaches in the SNJ aircraft. The Modified that both normal and emergency procedures could

Cycloramic Link Trainer display was a closed-loop be taught to transitioning pilots in a variety of
projection system, and the runway image ways and that, for practical purposes, differences
projecred on the screen showed changes of the in performance disappeared after the first air trial.
simulator with respect to the runway image. The Another finding was that procedures could be
experimental group qualified on approaches in the learned as effectively on the ground as in the air.
trainer first and then went on to the aircraft. The
controi group used only the aircraft. The students Although most of the experimental work
who used the device: (a) required 61 percent fewer described above has been done on simple aircraft
trials in the aircraft and made 74 percent fewer and trainers, the experiments show that substantial
errors than the students who did not use the amounts of flight time can be substituted for by
device; and (b) showed an oberall superior ability training device time. It is clear that training devices
to handle the aircraft in both approach and are best for procedural and instrument flying
landing. tasks and for providing an environment whert!

Wilcoxon, Davy and Webster (1954) conducted the trainee can integrate his skills and reccwve
research at Corry Field, Pensacola and found that different kinds of evaluative feedback on an
both the SNJ OFT and NAV BIT (]CA1), a Navy individualized basis. Procedures, in fact, can bc
trainer fo. basic instrument and radio range learned 100 percent in training devices and can b:!
practice, are effective aids for instrument flight taught in a variety of ways. Complex maneuvers,
training. The students who had no synthetic however, have not been learned as well with th.!
training required 22 hours of flight and still did past state-of-the-art simulation.
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CU RREN 1' EVALUATION PROG RAM Level I- QuvttVe Assessment

Since the studies ,.k; aviation trainers in the
early 1950's, very little .ystmatic effort 'las been This is a minimum step that s1,ojuld be
-conducted on evaluating the effectiveness of pcrformed even %hen much more is possible. This

* training systems from the viewpoint of their first level of tvaluation attempts to J "iuate the
effect on on-the-job performance in an operational content ard procedures of instruction. A
situation. questionnaire is developed to determine answers

Presently, the NAVTRADEVCEN has activated about items related to the relevance of the content
an accelerated effort on the evaluation of training to the operatiounal .ituation, monitoring and

devices. A new ,tivioion c alled the fraining measurement features, and curriculum guidelines.
Effectiveness Division, was added to the Human These data about the device and its ut'4zation can
Factors Laboratory to initiate and implement a lead to inferences about the effectiveness of the
program tif evaiuati,,.n of traipn;ne effectiveness, training sy•tenm. The rationale behind this is that

One goal of tl.is program is to provide specific we know-somethi;ng about the effecti',c-,ess of the

information: (I) to the using activities concerned; training when we know whether or not there are

(2) to cognizant NAVTRADEVCEN personnel; specified training objectives, proper monitoring,
and (3) to improve present evaluative techniques, exercise feedLack, and adapting of training based
A more important goal is to develop validated on meairement of performance. An end product

procedures, techniques and measures in a form of this level of evaluation would be statements as

which can be used by Nvy-wide training activities to the positive features and deficiencies in design
to evaluate the training effectivycss of their own and utilization with recommendations for

training systems. Now in its second year, improvement where needed. However, the data
considerable progress has been made in both collected on this basis are based on judgment, so

devwloping assessment methods and applying these the conclusions that could be made are limited.

methods in the evaluation of training dcviees in
the field.

Enwpha.sis during the first year was placed on Level Il-Non-Comparative Measurement

developing measures of trainee performance
which are sensitive and accurate enough to provide
a reliable plture o; the transfenable learning (or Measurement requires another level of
lack of it) tOklhi place in training devices. In evaluation, namely, quantitative evaluation. The
addition, complete, meulti-individual trainers have simplest test has been called nun-comparative
been studied sitwee d th. represent the major measurement, because it measures what occurs
investments. EmphasiL- during the current year is only in the current training situation. No
on conducting transfer oif mraiong studies, comparison with alternate methods of training or

A prototype handbook for ".,se by qualified with the operational situation is made. It obtains
human factors personnel haý been developed pretest and posttest scores. The difference in
(Jeantheau, 1971). It leatures a dzc-iption of four scores indicates the amount of learning that has
levels of assessment, three of whivich allow for occurred. The effectiveness of the training,
obtaining useful evaluative informatin without however, ib a function of the extent to which the
the need for those transfer cf trainn- measures content of the training can be judged to be related
(requiring data on the performance o;' ,Icrsonnel in to the behaviors required in the operational
operational, e.g., at-sea settings) freqrIently situation. If the content can be judged relevant,
unobtainable in quantitative terms. V brief then improved performance can be a reflection of
summary of these levels follows, training that would be effective on the job.

Evaluation is conducted at one or moi,; oi The measures of performance that might be
several levels. Each level provides successively used to indicate changes in trainee proficiency are:
more information about the training situation. The length of time or number of exercises to reach a
methods are organized into four leve.'3 of e'tecified level of proficiency: number (or types) of
increasing "rigor," where "rigor" reflects fhe cr;X-•s before reaching a specified proficiency level;
power of the statement that can be made about fish! difficulty level reached; or pretraivning and
training value. pos.'rining comparisons.
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Level Ill-Comrprative Measteretnena ASROC teams undergoing training at Norfolk were
meatsured, and their skills reevaluatedl at periods

Each o, tile two p)reviously mentic" i levels of raiing from 8 to 32 weeks after training. Two
evaluatin can be accomplislhec on a rather straightforwaz-d conclusions were reached.
"not-to-i vterfere-with-training basis." All that is One is that the trairtees do in fact learn in the
needed is to observe training in process or to ASROC trainer. The other is that they rapidly
record measurements of proficiency. iHowevcr, if forget what they have learned when they go to
we want to compare the training with alternate sea. It was concluded that shorebased team
methods of training, or with performance in the training should be made a repular part of the
operational situation, in order to obtain data based operating schedule of ASROC-equipped ships. The
not on logical bases but instead on actual consensus expressed was that Device X14A2
comparisos, difficulties arise. For example, for a practice was as good or better than at-sea practice,
comparison of two methods (such as using or not since it allows for rcultiunit problems and
using measured training performance, or the use of unexpected contingencies. Despite these findings,
a series of exercises graded in difficulty), control only four of 12 teams, with convenient access to
must be exercised. This might mean inserting the training device, had utilized it more than once
standard exercises at the beginning, during, and at during the year preceding this study. Problem
the end of training. As the alternate methods cxerciaes developed for this study are-available and
pr-epeosed may riequirn instructor involvement, could noe hcluded in any Device 14A2 training
considerable cooperation wiii be needed. Such pro,,a"
details must be worked out with the staff of each The evaluation of the Fleet Ballistic Missile
trainer. Attack Trainer, Device 21A39/1, found that

approximntely 50 percent of the teams tested
Lev~el IV- Transfr of Training showed evidence of improvement in training,

The final level of evaluation is the crucial and through the use of this device (Jeantheau, 1970).

ultimate one. This is the test for transfer of The interpretation of the results is dependent

training. It is the objective of training evaluation upon the purpnse of refresher training. This
to determine whether training devices train the training is sometimes directed at cross-training and
skills that they chlim to train, and the extent tc attempts at new techniques. If the purpose is !hat
which those skills are trained. Training may be of proficiency maintenance, it is not expected that
considered effective to the extent that on-the-job the crews wiih build substantially to a new level,
performance in the operational situation is since they are already near a plateau level of
improved, proficiency whtn they enter refresher training.

To obtain information on the extent to which The improvement found for 50 percent of the
skills learned in the trainer- transfer to the teams may therefore be a conservative estimate,
operational situation, a transfer of training with the training effectiveness of this device being
experiment is carried out. in the operational actually much higher than that implied by these
situation, the performance of a group of trainees results.
who received training on the izainer is compared A study of submarine diving trainer
with a group of trainees, who received no training effectiveness was recently completed (Krcamm and
on the training device. Buffardi, 1970). The effects on trairf.ng during a

The measurement o' 'ansfer of training is a five week Student Officer Indoctrination Course,
comparison of the traiii.,, group with the which used the Advanced Submerged Control
operational (or control) group on the levels of Trainer for the SSN 611 (Flasher) Class Submarine
performance shown in .the operational situation. (Device 21B20A) and a Diving Trainer for the
Three kinds of transfer effects may b6 found: SSBN 627 Class (James Madison) FBM Submarine,
positive transfer, negative transfer, or no effect, were investigated. The results showed that for the
Both the kind and degree of transfr effect must tasks of attaining ordered depth and maintaining
be determined to eva!urte training effectiveness, depth during speed changes, trainee proficiency

An evaluation has been completed of the skill reached almost 90 percent of the performance of
retention of those trained on the ASROC trainer experienced crews. In the task of regaining ordered
(Schrenk, Daniels and Alden, 1969). In this depth during buoyancy, the trainees attained only
project, performance changes by members of approximately 40 percent of the experienced crew
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performance. Further, evidence was found of by the Chief of Naval Air Training (CNATRA).
- ---:.^ t.-"*.L- -, effects from_ the This 8tudv is addressing the issue of substitution of

substitution of a trainer for the SSN 594 (Permit) in-flight time with trainer time. An aaalysis was
Class (Device 21B56A) when Device 21B20A conducted to identify flight training areas in which
(Flasher Class) was being repaired. Since receiving profiriency can be achieved through increased
this information, the instructional staff no longer emphasis on the use of ground training equipment.
uses Device 21B56A as a substitute trainer for For example, a proposed full visual, 6 degrees of
Device 21B20A. freedom motion simulator for the TA-4 training

The evaluation of the S-2E Weapon System aircraft could substitute from 22 perce.' of the
Trainer (Device 2F66A) conducted by Meister, formation stage to 82 percent of the instrument
Sullivan and Thompson, found the following: navigation stage. The overall substitutioni for all
1. No. 4 Operator (Julie-Jezebel) showed sub- stages is estimated to be 55 percent.
stantial learning; No. 3 Operator (MAD, ECM Because of the time and costs involved and the
radar and navigation computer) and the TACCO difficulties of obtaining Fleet assistance to arrange
showed minor improvement, operational transfer tasks, the above-mentioned
2. Differences resulted from location; i.e., San current evaluations did not obtain transfer data.
Diego students gained more than Key West The following on-going studies are obtaining
students. 17ansfer data:
3., The trainer is normally used as an individual, The TA-4J OFT (Device 2F90) evaluation is
rather thaii-a team, trainer. (1XI,nr, It is e-• 1-.. no measuring transfer of training from the simulated
a team trainer, performance decreases, but then situation (the irainery to the operational situation
improves.) (the aircraft). This is being accomplished by giving
4. Instructor evaluations of the trainer, via one group training only on the "B" Stage flight
questionnaire, showede criticism of equipment syllabus, another group the identical byliabus on
reliability -nd Isok of realism of aircraft simulation the trainer and a third group only academic
inputs. San Diego instructors rated the trainer training on the related principles of the "B" Stage.
highly; Key West instructors did not. All three groups will then be given a checkride

The Tactical ECM Trainer (Device 15E18) flight. This evaluation on the 2F90 has the full
evaluation found that trainees rapidly reach cooperation of CNATRA.
performance levels required by instructors, due to The P-3B Weapon System Trainer (Device

experience on operational equipment, both in 2F69B) at Patuxert River is being evaluated using
flights and on the ground, prior to receiving Training Squadron VP-30 ASW crews. Individual
trainer experience. The device was not utilized to and crew performance measures ate being taken in
its full training capability (and purpose). the trainer. Then, the extent of transfer of training
Recommendations for more effective use were will be determined using at-sea measurements with
given to the user and to personnel involved with live surface ships (the current training procedure).
the design of a related trainer. For example, one of In addition, an attempt is being made to obtain
the recommendations resulting from the live submarine targets for transfer tasks, though
evaluation of Device 15E18 was to change the the administrative hurdles seem formidable.
current procedure 'of spending 10 hours on After training on the Tracked Vehicle Driving
operational AN/APR-9 equipment, in preparing Trainer (Device 3A105), Marine Corps trainees
students for tasks to be performed during training were transferred to the operational M48A3 tank.
flights which are made prior to, or interspersed Preliminary data analysis indicates that there is a
with, training on Device 15E18. It was i-ne-to-one substitution for time spent on the
recommended that scheduling device time first, trainer and for time spent on the operational
then a short session with AN/APR-9 equipment, equipment.
followed by training in flight would be a more Transfer data collection is curretitly underway
effective sequence. If Dev'ice 15E18 training on the U.S.S. CONSTELLATION and the U.S.S.
transfers, there should be the possibility of MIDWAY for personnel previously trained on the
omitting- the AN/APR-9 operational equipment Carrier Air Traffic Control Center Portion of a
used in the aircraft, large Tactical Advanced Combat Direction and

A study currently underway is investigating the Electronic Warfare (TACDEW) System.
undergraduate pilot training program conducted Preliminary data analysis indicates that increasing
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the time spent ;: the trainer fro~n 4 to 8 days the instructional process. Logically, thc case for
i results in increased performance at sea. simulation is clear. Ti.he inc:reahisg t-vrs -11..... t

military jobs will demand the flexibility, control
PLANS FOR TIlE FIUTIJRE and practice opporiunities giv-ii 'ty s.'iIilatorm.

Also, advances in the state.of-the-art of

The current evaluation of the TA-4J OFT educational technology (for example, automated
(Device 21-F90) described above will provide data data hystems, adaptive training, and increasing
on the extent of transfer of training from the psychological fidelity[which is related tin transfer

trainer to actual flights in the TA4J. However, the of training from the simulator to the operational
research deign approved by Chief of Naval Air equipment, vice engineering simulation which
Advanced Training (CNAVANTR.A) and CNATRA duplicates the physical characteristics of the
will not provide information on transfer operational equipment within very dose tolerance
effectiveness ratios, i.e., the ratio of simulator time specificationq) will increase the value of simulators
that can be substituted for flight time. If positive for training.
transfer of training is demonstrated by the current Unfortunately, the training effectiveness of
experiment, an experimental design to obtain training devices is not well documented, nor have
substitution ratios will be submitted for training devices been fully exploited. Essentially,
consideration to OP.553, CNAVANTRA, and the data available today indicate that simulation is
CNATRA. useful in the acquisition of skills but the

It is also hoped tisat ,xperinientation can be usefulness is understood only in qualitative terms.
conducted on Device 2F90 to determine the effect Quantitative relationships are not precisely ',.own.
of training with simulator motion versus no Further, research has not systematically uncovered
motion on an in-flight checkride, and a checkride the conditionc accounting for the optimal use of
on the trainer itself, training devices for increasing training

For future evaluations, it would be very effectiveness.
desirable to conduct task analyses to determine The issue of substitution of simulators for time
specific training objectives for the training in the operational situation is very frustrating. In
situations. Fleet training and missions should be some cases, simulators are praised far beyond what
analyzed. In addition, criterion.based performance is justified from the results. In other cases they
measures should be developed based on fleet have been unjustly maligned. There is no question
performance standards (such as Operational but that simulat, ,n is a key factor in ti.- training
Readiness Inspections). Further, syllabi based on of military personnel, and knowledgable neople
the training objectives should be developed for look to it as an important solution for many of the
academics, training devices and aircraft flights, present and future training problems.

With the above three elements developed, i.e.,
training objectives, syllabi and performance
measures, a very meaningful experimental program HOW ARE WE DOING?
could be performed. In fact, such a program is
being planned for the Surface Ship ASW Attack
Trainer (Device 14A2), for which such materials as The NAVTRADEVCEN is taking part in an
just mentioned have already been prepared. accelerating effort of formal evaluations of the
Additional resources, however, are still necessary. training usefulness of training devices. Ideally,
Among these are the Fleet.assists necessary: (1) to both the designer3 of training systems and the
obtain the crews and target submarines when and users will welcome this. In addition, they will
where needed to measure transfer; and (2) to realize that long-term routine operation of training
evaluate laboratory-developed techniques that devices, in conjunction with formal evaluations,
show promise. should result in modifications to the equipment

and in its utilization. This realization, and its
implementation, can tremendously improve the

CONCLUSION quality of a training system.
How are we doing? This is a question that can

The greatest single gain in improving training never be completely answered. It is also a question
should come from proper use of training devices in that we must do our best to answer continuously.
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Dr. F.J. MURRAY
Duke University, I)urham, North Carolina

There is a frequent requirement in trainers to represent eqnatiorts of motions and complicated pnysical
and military environments. This necessitates the use of computers which have the requisite mathematical
and logical capability and permit adjustment to the exigencies of training. Originally, such trainers were
activated by analog procedures, but the need to adjust the trainer to changes in the design of the original
weapons system, and the need for greater logical flexibility, required the use of digital computers with
software nrograming. Recognizing this need werl in advance of the time when digital computers wcre
capable of satisfying trainer requirements in respect to reliability, computing capability and storage, the
Naval Training Device Center sponsored the development of the Universal Digital Operational Flight
Trainer Toot to provide an orderly evolution of digital trainer activation. Improvements in reliability and
in general capability of digital computers have greatly expanded the possibilities for trainer applications,

but there is still a potential for useful improvements in data processing beyond the present state of the
art. There is also a need for overall control and standardi:.ation of the design of computerrtituhted
trainers to reduce leed time, cost, complexity and maintenance.

T he purpose of a training device i6 to permit TTLRNER TYPES

simulated experience in order to obtain skill
and understanding in regard to an actual situation. There is an extremely varied range of trainers

The actual situation may be dangerous to the and training objectives for which a simulation

trainee or others if lie lacks training, or it may involving the environment is appropriate. The

simply be expensive, most obvious training objective is the development

lin the case of a weapon or vehicle, one may of skills from the elementary level. This is

utilize a substitute device of limited operational represented by flight trainers, submarine trainers,

capability in an appropriate envirorment. The radar operator trainers and docking trainers. In

most obvious examples are "wooden rifles" for these trainers, the operator is in a mock version of

parade drill, flight training airc.raft, torpedoes and the operational equipment; for example, a'

bombs with no warhead or with substitute uirplane cockpit. He views instruments activated

warheads. by the simulation, operates the contiols of the
device and may even receive a sensation of motion.

But the use of the actual environment has a One objective for such a dovice is training skill,

number of objectionable features. It is expensive in which the advantage- relative to safety and

and the danger element is never eliminated, expense are quite obvious. After all, one cannot

Instructional supervision is limited in any actual use up one cruiser or one dock per training

environment. Furthermore, to the extent that they exercise.

are used, operational equipments, such as ships or Training devices can also be used for
planes or gns, are demoted from combat "familiarization." For example, a skilled pilot can
readiness-at least by location, and probably by use a flight trainer to become familiar with a

personnel factors. The "exercises" of military and different type of aircraft.

naval forces are, of course, training procedures, In addition to trainers for operational skills,
but these are the peak of training. Maximcm there is another class of trainers intended for the

effectivcnes; for armed forces in regard to development of team cooperation and command
r-adiiss aiid capability pre.,uppose- a ,capability. These require a simulation of the
considerable meof re milita-y environment, including the various

"b elements of hostile forces. Examples are trainers

These considerations indicate the desirability of for complete anitairt raft defense or fleet trainers

training devices for weapon systems which for antisubmarine warfare.
simulate not only the weapon but also the A trainer involving an environment simulation

environment, can be represented by a block diagram as follows:
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T RAI NE E(S) t4, DISPLAYS

CONrROLS - IULATION INSTRUCTOR

This d iagram indicat,,s a rather obvious result from his actions must be computed. The
counterclockwise flow of information, with the equations of motion are then "dynamically" given
simulation subject to instructor control. as differential equations; (2) the coupling of the

trainee with the simulation, i.e., the
"Input-Output." The infcrmation concerning the

SIMULATION AND MATII MODEL control movements must be introduced into the
simulation, and information from the simulation

For the simulation itself; there are three major must be displayed to the trainee, either as
possible alternatives: (1) a scale model; (2) a instrument readings, sensor displays, such as radar
physical analog, mathematically equivalent to the or periscope displays, or by sensations such as
situation: or (3) a purely mathematical trainer movement; (3) the production of the
description.. These alternatives are by no mians environmental and other information which is
raiutually exclusive and many trainers correspond required by the training. Thi.s information includes
to a compromise between these three methods of the actions of hostile forces, guidance clues anrd
simulation. Thus, scale models may be backg-ouiid information from the natural
incorporated into a simulation because they environment and the effect of malfnictions;
represent the most appropriate method of (4) the control of the simulation for training
activating a display: for example, that of a purposes either by programing in the general sense
periscope. In the case of a radar trainer, scale of the term or by the intervention of the
models may represent the anly available method instructor. Training normally involves a series of
of handling complex environmental data. cxcrcises of increasing difficulty, an evaluation of
Mathematical analog computation may be the progress of the traiihee and actions by the
appropriate for linking the simulation with the instructor, such as introducing malfunctions to
controls or disphys. On the other hand, the develop trainee response.
mathematical and logical flexibility of - These four elements constitute logical
mathematical simulation is frequently c-sential for requirements for a trainer involving an
handling the myriad problems- of trainer environmental simulation. The precise description
development, and the tendency has been for the of how these requirements are to be met is usually
purely mathematical element to become more and referred t(. as the "math model"; i.e., the
more important. equations of motion, the inptit-output data

Let us now consider the various elenments of a processing, the production of informatiou. and the
simulation from a purely logical point of view. control of training. An analysis of the training
These are: (I) the geometrical relations between situation which produces the math model is of
the weapon system and the environment as course the first step in the development of a
functions of time, i.e., the "equations of motion." trainer. An appreciation of the nature of the math
These may be purely "'kinetic," i.e., given directly model is also necessary to understand the relation
as functions of the time when the actions of the of the trainer with computation. It is extremely
trainee does not affect them. But if the action of desirable to appreciate that the logical
the trainee changes the motion, the for,:es which requirements of the math model are essentially
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more complex hian, say, just a realization o0 and the motion of assault boats at
equations of motion. Oeeanics (September 1969).

As mentioned above, the equations of motion

correspond to Newton's Laws expressed in a
EQUATIONS OFMOTION complex of moving coordinate sybottn.,. The

.nathematical description of the forces and
moments, either aerodynamical or

Nevertheless the equations of motion of an hydrodynamicai, is essentially empirical and is
aircraft, ship or submarine in the dynamic form based on tihe measurement of models in wind
are essential and primary elements in a trainer tunnels or towing tanks.
simulation. In the case of aircraft, one would
anticipate that such equations of motion would b"
available froin design simulations. Actually, design SYNTHETIC TRAINING: INITIAL
simulations were resolved iito three CONCEIYI'S
two-dimensional problems; for example, one
two-dimensional system involves linear motion and The initial development of flight training
pitch. The adjustment required by the "cro.s devices for military purpo)se was based on
coupling" of the two-dimensional simulations was pre.World War 1i German and British experience.
done on a simplified basis. B'itish trait-ing, which culminated in the Battle of

On the other hand, the simulation of a flight Britain, established the value of synthetic training
trainer seems to require a full three-dimensional devic-es that could save not only time and money,
approach to avoid certain negative trainirg but also lives. These developments were described
characteristics. Thus, it was necessary for the Naval by Commander Luis de Florez. who visited
Training Device Center (NAVTRADEVCEN) to England in October 1941, in his "Report on
pioneer in the development of complete British Synthetic Training." This report was highly
dynamical simulations. Ti,.?e simulations are significant and influenced the establishing of the
based on Newton's Laws but, because of the form Special Devices Divisions of BUAER during World
in which aerodynamical data is available from War 11.
wind tunneLs, these laws must be expressed relative Early simulations were based on a rather close
to a combination of moving non inertial analogy. Thus the "Link Instrument Trainer,"
coordinate systems. This pioneer development was which was available before World War 1H, involved
reflected in design, procedures. a cockpit with instruments which sensed the

The early development of the equations of position of the cockpit. The cockpit was mounted
motion involved work by Bell Laboratories, the on a universal joint and activated by a vacuum
Cyclone Laboratory at Reeves Instrument system which responded to the motions of the
Corporation and at MIT. This is effectively controls.
summarized by Mark E. Conpelly of MIT in the Another example of direct analogy was Device
technical report, "Simulation of Aircraft," 12BKI, a landing and takeoff trainer, which was
February 1958, (NAVTRADEVCEN 7591-R-I). availabic in 1947. The trainee had remote cozntroi
Work en helicopter equations of motion was of a model airplane which was mounted on a
reported as early as October 1952, and a complete boom anld could land on and take off from a
system of helicopter equations was developed for rotating canvas mat. It was controlled in the air by
NAVTRADEVCEN Device 2F54 by Melpar in the effect of the slip stream from its propeller.
1957. Still another example is a (locking trainer for

The development of the equations of motion submarines, (Device IDA2), which involved a
for submarines was sponsored by radio-controlled model.
NAVTRADEVCEN at the Naval Ship Research An important analog concept was the
and Development Center (Washington, D.C., simulation of airborne radar by sonic propagation
Report 2510, June 1967), at Oceanies (Report in a water tank whose bottom was configured to
63-05, December 1963), and at Ilydrosystems simulate terrain, in a number of trainers, the
(December 1967). The motion of hydrofoils was relative position of aircraft, surface vessels and so
studied at Boeing, Seattle, Washington, December forth was simulated by "electrical crabs" on a
1966 NAVTRADEVCEN Technical Report large flat surface corresponding to an ocean area.

223



j Tj; Ow: . "',ram" inteirrated electrical landmass trainers, using a complex of

na sig•als wI•Ie eo'rreslonded to, velocity transparencies derived froln actual aerial maps.

components. Such a crab could be used with a Cathode eay tube displays became of inzreasing
Link listrusnent Trainer to indicate a total flight importance tn training, Kince radar and sonar
pathi. displays required their use. This development

favored the u.e ,f more mathematical simulation
either in the analog or digital case. The "sc of

ANAiLOG SIMUIATION CONCEtPTS cathode ray tube, displays eliminated certain

mechanical problems associated with optical

The period immediately preceding and during projections.

World War 11 witnessed the development of many During the 1950's as the use of more

conciptts which permitted more mathe natical and sophisticated mathematical analog simulations

scientifically p-ecise simulations fo." aiting developed, these were utilized in fleet and

purpose.. Thc.,e concepts included analog submarin attack trainers. Targets, sensors, own

differcutial analyzers for the solution of systems ships and weapons were simulated mathematically
Sof differential equation.,, electronic and in the analog computers, rather than by models in

Mech~anical amplifications in the formn of a scaled down version of actual areas or space.

servomechanisms, and ithe remote -ontro of Mechanical complications involving considerable
motion by syncfro-sy-stems. Furthermore, fire engineering were thus eliminated or replaced by

control for anti-aircr'aft and naval artillery computer-controlled arrangements. This paved the

represented a dwveloping application, way for the later use of digital simulations witl

The 2F series of trii-nees, developed by Bell their improved resolution, which was extremely

Laboratorie.- and the Special Devices Division of desirable in this type of simulation.
BUAER in l-943 utilized an analog simulation of

flight for operational flight cockpit training. This
series was initiated with thiree types of trailoers, DIGITAL AND ANALOG TRAINERS

nbut eventually at least seven type- of aircraft were Analog computers -are necessarily limited
simulated. The typical block diagram contained relative to the logcal requirements for the
blocks for cockpit, computer, and instrutor complete mathematical model. Trainers, and in
s•tation. particular flight trainers, are of:en required when

eProjeced optical displays, ncluding cinema, the operational equipment is first placed in service.
trainers. The use of During this time, the operational equipment design

ellctromechanical computation permitted the is frequently subject to change and,
development of more complete trainers, based on errespondingly, te trainer may require

the control of such displays by an analog
simuaton. o apmodification. Since an analog model is a piece of

SFor example. Device IBZ2 (1953), the machinery, this modification may involve
Maneui-vering Tactics Trainer at the Generid Line considerable engineering.
School. NieAport, consisted of 16 independent In a flight trainer, one does have a situation
coritrol booths. Each booth was designed for a favorable to an analog; the flight equations, with
conning officer, navigator and signal officer. Inaddition. cach booth had a display, utilizing 25 th trieepsntaedhklopwha

"ao relatively short time constant. Thus, inaccuracies

light projectors, controlled fprom an are normally not pe,'mitted to accumulate but areelectromechianical computer. These ptojectors countered by lthe trainee, and slight computationalr y~~~~~~~~~ielded ai visual simulation of a situation involving onee ytetaneadsih opttoa
i a errors may appear to correspond to variations in

16 maneuvering essels, four aircraft, possibly four the original device. Thus, small-time scale
torpetoes. and background. simulation', are appropriate for analog trainer,.

The clectromechanical control of displays in
accordance with a simulation had many On the other hand, in long-time scale

applications including carrier approach training, simulations, analog errors and inaccuracies can

channel pilot training and the use of periscope accunmulate to an objectionable extent. Also, there

displays in which models were moved on "crabs." are difficulties in those simulations in which a

This concept also permitted the use of radar change of scale is required. Another weakness of
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spots." circuitry was of critical importance in regard to
Digital computation, on the other hand, seems reliability for digital trainers.

to offer expanded logical possibilities for, say, the Another important development involved the
representation of malfunctions and training appropriate math models for digital activation of
procedures. Variations in the math model, due to trainers. Procedures for establishing the stability of
changes in the design of the operatiomal numerical methods for solving differential
equipment, presumably can be handled by equations were formulated.
programing rather than by engineering. Accuracy U10FTT was constructed by Sylvana

can he obtained on a far greater range of scales Electrica! Projects Corporation and became
than is possible in the analog case. operational in 1959. This device yielded a

tremendous amount of practical experience. The

UNIVESALDGIAOessential advantages of digital computation in

FLIGHT TRAINER TOOL. accuracy, flexibility and programing were realized.

The possibilities of digital computation for DIGITAL COMPUTER DEVELOPMENTS
military purposes caused the Office of Naval
Research (ONR) to initiate a diverse program ofcompterdeveoi~ent In he pecfic raiing The developme.-tq in digital computers, many

F_ computer develol..nent. In the specific training of which were foreshadowed by the UDOFrTT
area, the NAVTRADEVCEN sponsored studies by desich gre fores ed the UDoFTT
the University of Pennsylvania. These studies led design, greatly incrcased the potential for training
to the development of the Universal Digital application. The speed of access to core storage

was increased, and the division of core storage intoO perational F light T rainer T ool (U D O F T T ). a n m e f i d p n e t y a c si l o u e
When this program was initiated in 1952, in a number of independently accessible modules

many ways the state ol the art in digital became a part of many commercial systems. The

computation was inadequate for trainers. Since possibility of integrated circuit memories, which

analog computation is in parallel, there is little are faster and mare flexible than cores, is a recent

limitation on the amount of computation available development.

in an analog. One simply adds more equipment to Large-mass storage became available in the
Sincrease anatog.e simplyaaddsmoueuimnt ofrtc form of discs and related devices and the use of
increase the amount of computation-per-tuie transistors greatly improved re;ability and
interval. On the ther hand, digital computation is lessened air conditioning requirements. The design
serial, which means that all computation must gopermit
through the same set of registers, and the available the maximum parallel use of registers. There was
speed of computation in the state of the art was ale axconsiderale omm era de el e of
inadequate for flight simulation. The types of also a considerable commercial development of

storage available were also inadequate and the analogbto-digital and digital-to-analog conversion

problem of dealing with the large number of equipment and multiplexing devices.

trainer analog inputs and outputs was new and Computer systems wre also designed to yield
serious. But probably the most serious problem program control of input-output and flow of data.

was in reliability, due to the limitations imposed This permits a considerable development of
lby vacuum tubes. display devices.

Despite these limitations, the Univerity of The NAVTRADEVCEN continued to monitorPensylvaniaepr ducedaaionsignadequateity of these developments, both in the expanded use ofP e n ns y lv a n ia p r o d u c e d a d es ig n a d e q u a te toc o p t r i n r a e s a d i n h e n - u e
initiate the digital activation of trainers. A number computers in trainers and in the in-house
of specialized sequential procedures increased the development of TRADEC, a modern experimental

data processing system for trainer development.available. rate of computation. Core storage was

used with separate modules for instructions anti The increased capability of modern computers
data. This permitted two parallel flows from has permitted the digital activation of flight
storage. A system of multiplexing inputs and trainers and has raised the possibility of helicopter
outputs was developed. Reliability was increased trainers requiring more computation. Another

by the use of communication vacuum tubts, an possibility is the activation of a number of
expensive approach which also l.(d to (ifficsilties in cockpits by the same computer. Multiprocessing is
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also u,:ed in scihooi irainiug 10f~ ,omiliat =n;ter. the cý.:e:Iparntiye cost of computation ".m different

teams and teanis for antiaircraft defense and computers. However, it is reasonably clear that
antisubmnarine warfare. Radar trainers, fleet tactics over the last 16 y'ears, an increase in c~omputation
and submarine crew trainer., also exist. These capability of about one thousand occurred and a
trainers, of course,. require a complete math model decrease in cost-per-t, nit computation of about

with either dyniamnic or kinetic equations of one hundred.
motion, the representation Of both hostile forces Th,2se trends are by no means exhausted. It

and the natural environment, and instructor seems clear that technological developments will

control for training purposes. Modern training produce computers with a hundred times the pres-
emphasizo,, the use of instruments and sensor ent capability, without reort to increasing logical
displays such as radar or sonar rather than visual complexity, i.e., more components. This would

projected display'3. These are more effectively favor multiproce.-sing in the activation of trainers.

activated by digital methods. One computer in a flight trainer might activate
quite a nmnber of cockpits. In other trainers. on(
computer might service a relatively large number

'TRENDS of combat centers or team trainers.

The potential for computer based trainers does TRAINERS AND COMPUTERS
not seem to be exhausted by the present
possibilities. The simulation on which the trainer is
based, i.e., the substitute for the actual situation, It must be emphasized that their usc in trahl'r.
should be expressed in terms of information, represents a negligible fraction of computer
Presumably this information is most effectively marketing and trainer development. This probably
expressed in digital form. One can obtain a kernel should be adjusted to the commercial availability
of basic information and the rest can be logically of computers. The situation is not equivalent to
derived, that of the past, where major technical problems

Radar landmass data is an example where this actually limited applications. The situation, now,
information, while essentially simple in character, in many cases, is not a matter of feasibility but on

contains a tremendous amount of independent economics, as far as the computer itself is
facts. Consequently, the data processing concerned. The impetus to increase computer
procedures required to activate displays at real capability arises from very broad market
time rates appear to be beyond the present state of characteristics, and the corresponding engineering

- the art. However, this problem is the subject ol effort requires tremendous resources. Resourm,:s
intensive effort at the moment. The basic for training development should be concentrated
independent information appears to be capable of on buch specific training areas as programing for

condensation to an extent which will permit trainers and input-output traffic controls and

storage in modern equipment. On the other hand, displays. Thus, if the computer business produces
one is then faced with a problem of processing and small computers of the requisite efficiency to

data traffic, presenting requirements which are, at justify individual cockpit activation, then this
present, beyond the art in the general-purpose should le acceptable. Smaller units yield reliability
computer. But these difficulties may be solvable by simply providing snare units, and engineering
with either special-purpose parallel digital circuitry costs for a less complex unit are usually less. On
or, conceivably, by hybrid circuitry. the other hand, computer developments may

The cost of computation on a unit operation indicate another direction as being most

basis goes down as the size of the computer economically favorable. The tremendous costs for

increases, provided efficiency of use relative to the computer development make it inadvisable for one

total capability of the computer is maintained, to get involved in computer development to meet
This trend has been extremely remarkable (luring trainer objectives. One can accept and adJuA-t to
the era in which automatic digital computers have general-purpose computer developments. Such a
been developed. It is difficult to get precise policy reduces the cost of engineering
measures of the relative capabilities of different development and utilize., maintenance techniques
computers. The same is true, to a lesser degree, for which were developed in a broader field.
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I
STrainer Philosophy flowever, the main effect of this situation is

long range. In the first instance, there is the loss of
It is true flhat there are engineering and other cumulative experience with the samtý line of

technical difficulties in the present state of the art progiamhl% Furthermore, if laler it becomes
relative to trainers activated by computers. h: desirable to readjust the trainer, then a study of
general, these do not appear to be hasic, but the the original programing .ecomes necessary. It is

appropriate application of effort, time and not unusual to find in these circumstances that
resources should yield progress. tile experien'ce and expe'rtise with the prograrn are,

The purely engineering tedlinical potentiality no longer present, even in the origrial contractor's
for trainers is actually responsible for a or"anization.
fundamental difficulty in the present The problem| of possible field readiustment of
situation-the need to appropriately formulate trainers to future variations of the operational
training requirements from a sensible overall point equipment has led to the philo.-ophy of using
of view. lhe fact that a trainer can be constructed equipment from the oper. !ional equipment in

a large number of features certahny does not trai,'ers, i.e., GFE. Theoretically, if the operationial
mean that it ought to be constructed with all of equipme-nt is changed, one can simply replace the
them. There is an even more painful version of Xzss ciated equipment. In practice. the advantages
this: after a trainer has reached a certain point in of this procedure are highly illusory. Normally, the
its dc;c!oprzmcnt, a new feature is proposed and simulation will still have to be rhanged and
found to be technically feasible. It still may be ton-,equently the programing. It is the study which
undesirable to add it on. must precede the changes that is the expensive

What is needed is an overall training element in the )'rograming. There will ,alo be
requirement philosophy which permits the engineering adjustmenntý. in any such changes.
adjustment of requirements to yield a maximum Basically, this philosophy is one of replacing
return for a given investment in resources. Training programing by engineering, and the impetus is du(e
procedures, educational psychology, human to the lack of long range programing control.
engineering and, above all. common sense must he There is also the difficulty that, when new
part of this philosophy, Is it desirable to develop a equipment for the operational equipment is first
trainer which, in addition to a prescribed school introduccd, combat readiness may take precedence
training requirement, will permit the school over training and the new equipment may not be
training faculty to experiment in the tactics area? available for trainers.
Devices of this character to design tactics can be
constructed, but they are not training devices, and Trainer Standardization in Information Processing
a device for both purposes is a major innovation
which should be very explicitly required. One can of course consider programing

standardization as only one aspect of a more
Programing Control general program of standardization of i:fformation

processing in trainers, including input-output v'nd
Not unre~ated to this problem of requirement data processing configurations. A standardized

philosophy is the need to develop a certain approach to information handling would minimnize
amount of control over the programing part of engineering de,°'opment and consequently ct
trainer development. Consider for a moment the and lead time. The standard approach could be
*programing for a new computer. This is done now readily adjusted to state-of-the-art improvements.
by the contractor as part of the engineering There is the objection to standardization that it
development and independently of the programing may limit technical improvements. However, in
for previous computers. The previous programing regard to information iiand!ing in computers, I am
experience for this type of computer may contain convinced that there is little value in ad hoc
many practical procedures for handling the general computer gadgetry. In the computer field,
programing problem and the specific subroutinc,. commercial equipment. where available, is most
The independent new work will invariably insolve desirable. On the othe-r hand, if a specialiced
new alternatives, and totally new debugg:lIg, and development is required, a tmtinued and
be more expensive than it would be if based on the consistent development should be followed in
previous work. order to tna\imnize the amount of relevant



K exowrience- i.e., as part of the evolution of "read only" memory may represent an extremely
standardized requtirements. Relative to training valuaine iiurease in s'tvragc ...... .:1 ,,

information, essential progress must be ass•ociated
witli a better scientific understanding of training Hlybrid Principles

requirements and proceduir,. A training device is usually a hybrid device in

Input-Output Possibilities which one has both digital and analog

computation and the need to convert between

If the training simulation can lbe made a matter these. This means that the principles of hybrid

of diit.al information handling, then the computation should be understood. There is now

characteristics of a specific trainer appear in the a wealth of experience in this area which can be

controls and output displays, i.e., the inputs and readily illustrated by examples. Let us consider a

outputs of the trainer. Apparently, this is the area type of hybrid device which is successful. Suppose

in which significant engineering developments ean we are monitoring the data of an experiment or of

be hoped for quite soon, an instrument of observation; for example, a

For example, voice communifation from a seismograph or an instrument to measure the

computer to a ýrainee seems quite practical and is motion of an airplane in normal flight. For most

subject to actual experimentation at the moment. of the time, tile reading is of no interest. But when

This development permits the trainee to practice violent motion occurs, the reading ik to be subject

instrument landings under simulated tower voice to considerable analysis. The information appears,

:,ontr �, in gn-nral, it will permit teams to in the first instance, in analog form. An analog test

function under verbal commands which anse from is used to eliminate the data of no interest. The

tthe simulation. remaining data is converted to digital form and

The inverse comnmunication from trainee to may be Subject to, ,av, Fourier analysis. A

machine by voice is dependent on the general properly designed system of this t% pa can readily

problem of pattern recognition, which is also be shown to provide the data processing at

"involved in reading hard copy by the machine. minimal cost.

There is a tremenldous amount of experimental The characteristic element here is the one-way

development and corresponding claims, but flow of data and the corresponding trainer

iriniediately available commercial equipment is situation is represented by the following diagram.

e, trenielv limited in its capabilities. Tile writer There are a number of possible reasons for

6n lieves that emphasis on gadgetry in this general inserting the analog computation in this loop:

ar, a befogs the basic situation; our presently (1) to minimize -.he computation in the digital
Saw lable information theory and concepts are computer, e.g., control forces may be more readily

"inailequate for the pattern recognition problem. comptiid in the analog form; (2) to minimize the

The pattern recognition problem should be tackled amount of conversion between the two forms,

with standard devices, such as the vidicon or analog and digital; or (3) to service the displays,

orthicon. a nd the dIata processed by which may require a large amount of very special

generalipurpoý,! digital computers tuntil effective computation. One may add that, with the

concepts of pattern recognition are available, availability of digital circuitry, special-purpose

Concept,- can always be tried out and established digital computers may be inserted in this loop on

in this fashion, cven using artificial inputs. The the' digital side of the coi|versions.

gadgetry is ine% itable, but should not be permitted There are a number of comments which can be
to defocus the basic problem. made. Logically, complex general computation is

The reall) glamorouwm output possibility at the bec't accomplished in general-purpose computers.

in o in, "it is three-dimensional video on a A special-purposc computer, either analog or

holographic basis. It would of course be very digital., can usually be justified only by its ability

valuable for training but it has certainly not to do a very large amount of a fixed sequence of

as yet teemm.ically arrived. On the other hand, computation, such as display computation.

integrated circuit modules are available and There have been, of course, efforts to produce

provide tremendous possibilitie!% for interface "general.purpose hybrid computers," but the

procedures between the computer and displays resources available for development are very slight

and controls. Also. holographic techniques for compared to resources for general-puipose digital
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development. Some~ of this effort is also based onl a systems can handle it. Advances in speed in digital
misconception among certain enigineers that analog computation have, in general, eliminated thle
integration is supcrior to digital in accuracy. This latter; i.e., the need for parallel analogs or, at least,
is due, simply, to anl ignorance of numerical produced digital competition-sornetimaes in
analysis similar to that which produced the digital parallel form. But there are still cases where
differential analyzer. There arc quite a number of analogs are used because of the amount of
casez; where systems were proposed and justified information or because the conversion of
onl this alleged superiority of analog integration, information from analog to usable digital form
which ended in a very painful fashion for all may have serious practical limitations.
concernied, im-hidinig the taxpayer.

Ani optimal systemn may well involve, in Conclusions
addition to a general-purpose digital computer,
special-purpose computers, either digital or analog, It is clear that there are many engineering
with a fixed sequence responsibility. For developments which would have significant impact
special-purpose computers, the choice between onteapitosofcmur-tvtdtanr.

ofdigital adaao s-o lascerct h l'or example, improved computational speed,
availability ofdgtlcircuit modules favors the improved input-output data traffic handling, and
digital as well as the logical and numerical improved principles of pattern recognition. There
p7ccision of digital computation. The digital is a clear need for programing control and anl
circuit,, do ilot nleed "adjustment" as do many, ascaelsadriato fcmue iia
enalogs, anid this adjnistineiii complicates operation information sytdtems.to f optr iia

and maintenance. Oil thle other hianid, there arc Butfthrematosys wlt edeerplc rbems.

special-purpose analog devices-levers, earns, involv eed moiniate we at b ae inpe moind, poletms

springs, tuned circuits, which are simple. and rnoleal Tof inicae of a N avaRe ea iOnR podlicyu

inexpensive aii(l (difficuilt to replace economically, focllOwficg Wor avld W lar .A ha time.) toice

There is anl ewap;rical principle which states that compugWol Wr11 t tattion .e ithero

One should minmiinze coniversion between the two importance of digitalcoptinehrfr
numeica foms, ~e. diitalandanaog.military or general affairs, had riot been
numricl frms Le. igi~d nd nal~rde monst ra ted. W Vit h ON It s up port,

Fiiially, there is the ease where thre infkraiationr NA VTRADEVCEN embarked onl a gecneral
(airid the problem) is ,o large that only analog pganofomue(lvopirItie.teBg
forms such as pho'tographs or parallel an:alog Wiinds (Cyclone, Whirlwind. Hlurricane, Tlyphoon,
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etc'.). The first effect of these programs was Thus, military development may well lIe denied
general. Butt ultimately the general development the intellectual support on thle deeper levels which
ledl to a tremiendous increase inl Capab~ility ill it requires. A case inl point, for instance, is thle
nuitary affairs; for exanmple, combat information radIar lai (ndmass study which required anl
centers, complex (ligilally liabed weapon systems information-thu oretic study. T1his study was
and, of courbe, trainersý. available from the Uniiversity of Pennsylvania and

As it Iierved itu; puLrpose, this general one canl quote similar situations inl UI)OFTIT and
NA V'lAI)ENCEIN program was redluced and situations where Support was obtained from NI'IT
eventually eliminiated, Bit thle _etieral situation and Columibia. These wouldl probabl)y not he
todlay mnay reqluire anl en tirelyv differenit broad ava~lahle todayv.

pol1icy unesonie is willing to su rrend~er the This new required policy may well he complex.
concept that niilitary system,., should hie based onl Surely, it is dlesirabIle to dlevelop) and1( increase
thle hest available sciene anid technology . One iin-house intellectual competence inl scientific and
may lie, Willing to accept a second class Scientific technical area,,. This intellectual competence musti'
and technological status for niilitar) matters,. If include the practical engineering vni as well as the
not, however, one s;imply imist (develop anl theoretical scientific aspect. Bilt many other
adequate policy' to counteract the current trends. policies will p~rohably have to lhe chiaiiged, too,
University re-search1 is turning a way from contact since, we seem to he (dealing Withi a very general
Withi miilitary matters, and even commercial malaise of which the scientific and technieal
decvelop~ment mlay turn w~ary, Withi good reason. problems are only a symptom.

D~r. FRANCIS .1. MURRAY
Consultant, iNatl Training Decvice Center

Dr. Mlurray received his A.B. in 1932, MI.A. ir 1933, and his Ph.D. in 1 93S (3lathematics) from Columbia
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awarded a full Professorship in 1949 and served in that capacity until 1960. At Duke Vniversity, Durham,
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journal from 1938 to 1940; and Editor Mathematics' Tables and Other Aids to Computers, Ile sermid on
the National Research Council (Division of Mat hematics) from 1Q53 to 1957 t.nd also was a civilian in the
U.S. Navy Office of Science Research and Developmient in 1944. Dr. Murray has been serving as a
consultant to the Naval Trainin~g Device Center from 1945 to present. Ile is responsible for the ..rifing of
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tai Flight Trainers and nauar

Landmass Simulation

Dr. MORRIS RUBINOFF
President, Pennsylvania Research Associates, Incorporated
Professor, The Moore School of Electrical Engineering, 1'hiladelphii, Pennsylvania

The Naval Training Device Center (NAVTRADEVCEN) has been a leader in the deeelopment and
application of digital compuier systems for flight trainers and radar landmass simulation Trainers. The
author has participated in this development since 1950, both at the Moore School of Electrical
Engineering, University of Pennsylvania, and at Pennsylvania Rest-arch Associates, Inc. Bleginning itvW4 a
summary of the flight.trainer state.of.the-art 20 years ago, the paper traces the significant steps nr
developing digital computer techniques and devices for these real.time man.in.the.loop training syetem..

T he Naval Training Device Center formerly simulator design as at procuring a specific device.
the Special Devices Center of the Office of Two problems were critical at that time: (1) no

Naval Research, has consistently been one of the existing, or soon to be completed digital
leading pioneers in applying digital computers to computer, could solve the given equations of a
the simulation of dynamically complex systems, single airplane in real tiniec and (2) there was uoL a
and especially to digital real-time man-in-the-loop priori assurance that the methods of numerical
flight trainers and radar landmass simulators. Right integration then in common use couh! guarantee
after World War H, when the invention of the stable solution for each and every dynamically
electronic digital computer was just being realizable flight maneuver that might be
announced to the general public, the Special experienced in a training flight. Bot, problems
Devices Center sponsored a study at the were resolved; the first by designing a computer 2 ,3

Massachusetts Institute of Technology to with a ten-microsecond multiply time (in 1953,
determine whether their Whirlwind Computer using vacuum tubes), and the secor.d, by
"could be made to simulate the performance of an dermonstrating mathematically through "stability
airplane so well, even including structural charts'•4 that a mple open quadrature formula
deformations in flight, that it could be used to a could be used itcratively, wit hout closures, w~th
certain extent in place of actual experiments on assured stability and with acceptable accuracy for
pilot models."' flight trainer simulation.

This was followed in 1950 with a detailed The investigation of digital radar landmass
feasibility study at The Moore School of Electrical simulation began back in 1960 with a fea3ibility
Engineering, University of Pennsylvania, directed study sponsored by N \VTRADEVCEN, with the
to a highly specific goal, namely, to determine end goal of displaying radar returns from
whether a digital computer could be used as a helicopters up to Mach 3 airplanes, and with
substitute for the analog computer in an ERCO 100-foot resolution out to 20 0 -mile range. The
operational flight trainer for the Grumman F9F target test area was to be 500-by 120 0-nautical
subsonic airplane. The study led to the design of a miles of real world. The mountainous area
rather unusual but general-purpose digital system, centered on Williamsport, Pennsylvania, was
the Universal Digital Operational Flight Trainer chosen for the purpose.
Tool (UDOFTT), which not only proved powerful
enough for the job but was readily extended tosim- By this time, digital computers had advanced to

ulate the F100A supersonic flight plane as well. 2  the solid-state semi-conductor stage and arithmetic
speed was tio longer the bottleneck. The basic

As was generally characteristic of problem was the handling of massive amounts of
NAVTRADEVCEN pioneering studies, the OFT data that need to be stored as well . transferred,
study was aimed as much At determining the processed, updated, and displayed in relatively
underlying criteria and requirements of digital short time intervals.
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\i tts v ah'ilcu lit)iin ,hli weel Ithlit siimple m.torqgc relpre.ieiit tlt- idtht~i~ at a point. another plate is

of t he aoll %a. 1 i*lv% of natura l terrain at tile used to represent thet re flec tivity of thlt terrain,
req inii rt rest iiit ii ovt r thle ,p et-ified tit inmunit did still other plates may he usedk to store otiher
tvt- are-i -ailed fo r a iiitiltigigabit inc mnorn'. .on~tribuatinig factors.
A\ iinin'' t- evn 1,&, to denigna Ic terra in hieight A f~v ing-spot scanner is used to illumtinate thle
Jho~v ,va ievel andti wo bit., to deiignate terrain factor transparency(ics), and thet transmitted light
ret lit taiie, abtout 2\ 10)10 (tweitx billion) bits is picket' tup by a photoreceptor. Tile spot of thle
w,-re neret et. This i., siitsiariail even for today's flying-spot scanner is moved along a path

ma's iiioriet. Mvaiis for dlata conipre~sioii Correspoiiding to thet- radar sweep along, the
witi~out ýilgniht-.ut lm,,; in resohition were- cl.'a~ly groind. The resultiiig output of the photoreceptor
dlesirable. is ant analog waveformn corresponding to thpe factor

It sho utld lbe recalletd that resolution and being scannedl; e~g., heilght or refilectivity. The
Vc t-umac% are- Neparntio anti di6tinct terrain va r iouis w av efo rmis generated via these
jt rituite.-. F'or e~aniplt , it mnight be feasible to transparencies are combined in a display comphuter

nesolk e twot hilltops, I MX feet apart, while io produce thle "video" waveform which is
~inat-uraitoel ptlacing themi buntlred of fett fromt (displayed. Thle display computer incorporates
thteir true geographir jto.-tions. Or, alternatively various effects such as shadows and attenuation. It
ft'a,1i01 Ito piltee tiet-in %tith - grajuhi weturavy implements the features that are incorporated into
'tut fail to resýob e their 4t-Paratv' itlentitV. the model of thle return signal, limited to effects
Moreover, the needl (or L-tlu accuracy andi on tile signlal envelope (as dlist ing-uiLsh ed front thle
rte.olu0tit n, or ve in btheir relatlive nieteds, In anl modulated carrier).
opetratioinal -atlar landwass trainer is an otuen The fa i-r transparency sini~ilation is restricted

it-stioii: only general s~ibjek-ti~v an~wert, canl he ill several important respects, primarily due to
'(1piduntil Upiic trainting minr.im~s havi-iee optecal problems and thet difficulty of controln

identifie-d for traine~rz br-ing procun-tid. the size and shape oV the flying spot. Fr - example,
'I'lie, resolutuon1/accuracy considerations are thle radar sweeps an essentially constant angular

sigiiifit ant also in dt-sigvning the- final 'Aideo display. beamwidtha. This means that the shape of the spot
airky t-ott,ýikerations5  cuggested that a digital should change as thet, range increases, the range

(hi~sjlay would require paimmiiiii at least I 0W_ \ 1000 resolution is constant, but dhe cross-range
points, vith at, h-ast eight shadleb of gray (3 bits) for resolution varies considerably.
ea.Wh radar scant. llas t-d on radtar scan rates tip to A basic problem of the factor transparency
010', per ,eci~ d (360-fdegree PPI display), thle method is that thle limiting resolution is tied
inforniation display rate rtequirenment is at least directly to tile size of the problem area. The
tIt ret' million hits per seconid. The dlata combination of spot size, photographic grain size,
tran-niission rate front thet computer to thet display and optics limits the resolution; i.e., in order to
iniist It-' equally fast or faster. accommodate a sufficiently large problem area,

It 1was concluded from the first pbae~~ of the the resolution of individual points is sacrificed, or
radar landmnass sinviilator wtdy (1962) ti~at else the si-/e of the photographic plates would be
'ulieital terrain storage and( processing were exeesive.
feasibule in Itrinvilet' with tiivital *!cvicec, btit that Thle factor transparency system can be designed

th oet~ito'iin to heighit profile %s. ground range to incorporate the primary contributing elements
and the recojnstructionl of radar video signals could of the radar return, such as height, terrain
be accounpbh.uud more e-fficeiuntly by analog gradient, reflectivity, and specularity. However,
det'icetts. Iht' pu mary reason for the hybrid this wouild require one plate for height, two for
approach vwan the huigih fretjuu-ntv and low terrain gradient, one for reflectivity. an~d three for
Pr(ISIVtIi 01 ~ radlar-riturn information (oin tilt- order specularily, for a total of seven plates to he
of nlfleZdId per ztecond) and the( rep-titii t synchronized and registered to within a few mils.
*idttit of thvt prrcu-.s for gt-nera~tng htighot The. practical difficulties involved have limited

profils. ~'factor transparency systems to the simulation of
Iliti orl.-z t itisaliz themt- conclusio us in pro per tilt basic radair return signal.-

pj~vu'tvih,,. it is %4#'ll to vxamine the analog Further, a real radar dtoes not see an average
eoni~~~~~~~~~~ .;) o.mnnci-II ~fu r rlsae&~Z height, speculanity value, etc. Rather, it sesan

the- latter Ns tern, ai plotoizraihic plate is tiseul to ave-rage return signal, compe -ed of returns fronm
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perhaps many separate reflectors, ea•h of which gradient, and specularity. When properly ge-erated
has. a controlling height, specularity, etc. Such and combined these data components prodc, the
nonlinearitics cannot be simply reproduced in the video signal. The data is generatcd in the form of
factor transparency system. profiles, which are synchronized with the display

1I somi1 applications tile time and Cost to sweep as a function of ground range. The term
prepare the precision photographic plates prohibit ";-rofile" is derived from the concept of height
the use of such a simulator. Moving targets, profiles, which represent the height as a function
structures that are destroyed and then rebuilt, of range in any angular directon of the radar
weather, countermeasures, or any other dynamic antenna pattern. The extension of this concept to
effects must be sacrificed, include reflectivit) profiles, terrain gradient

The approach taken in digital radar landmass profiles, etc., ;- quite natural.
simulation is conceptually the same as in factor A cursory solution of the problem based on
transparency systems, except that the straightforward use of large-scale digita! computers
photographic analog storage of terrain data is (using direct enumeration of terrain data on a
replaced by digital storage in a mass memory, such point-by-point basis) leadb to a requirement for
as magnetic tape or disc. Instead of a flying spot nanosecond computing and gigabit memories. In
sweep over a transparency, a search is made by order to reduce the combined effects of memory
computer through the memory, and data size and speed, the inherent redundancies which
appropriate to the point in question is brought out exist in natural terrain can be exploited.
in synchronism with the sweep. That data is A specific simulator may be used to illustrate
converted to analog waveforms or profiles of the (figure 1). To obtain an optimal compromise
various factor., and then to radar return signal between cost anti performance, the simulator can
values, be designed using analog, digital, and hybrid

One advantage of a digital simulator is that equipment organized into four major components.
resolution is not directly related to the problem As shown in figure 2, these are the aircraft
area; high resolution data may be used in areas computer, terrain data generator, terrain function
with many features, and low resolution data may generator, and display computer.
be used in monotonous regions. Similarly, coarse The aircraft computer is digital, or a part of a
data may be used at far ranges and fine data at digital computer; the terrain data generator is
near ranges. This characteristic of digital storage digital; the terrain function generator is hybrid;
allows the exploitation of inherent terrain and, the display computer is analog. The aircraft
redundancies not feasible in analog systems. computer is not a functionally important part of

Furthermore, the problem area in a digital the radar landmass simulator; it is concerned
system need not be of fixed shape. The problem with the simulation of those aspects of the aircraft
area can be patched out of several base maps with which are impoitant for radar landmass

almost unlimited flexibility; for example, a very simulation, primarily aircraft position over the
long, narrow corridor, with a larger operational or terrain, altitude, and attitude. The terrain data
target area at this end. Patching of maps or generator is functionally equivalent to the factor
incorporation of dynamic effects is done digitally transparency, its positioning devices, and the
under computer control and can be considered a flying-spot scanner and its controls.
field operation. The terrain function generator is equivalent to

Although a digiUi simulator may have a higher the photoreceptor of the factor transparency
first cost, it -,an accommodate a wide variety of system; it is concerned w,... the generation of
radar effects with smatl incremental costs, profiles. The display computer is completely
resulting in a simulator which for a given high level equivalent to that of the display computer of a
of performance is less costly than is the equivalerif factor transparency system; in fact, the display
factor tram earency system. computer of a complex factor transparency system

As mentioned above, the primary problems of and that of a simple digital simulator could be
digital radar landnmass simulation art- due to the nearly identical.
massive amounts of data that need to be handled. The primarn component of figure 2 of interest
In radar video reconstruction, there are several sets at this point is the terrain data generator. The
of data to be generated. The primary data mnain store consists of magnetic tape or disc units
compon-;nts are height, reflectivity, slope' or containing the total terrain data for the area
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Figure 1. Analog Radar Landmass Simulator.

covered. The main store is followed in succession memory stores data for a complete radar scan,
by two levels of core memory storage called the whereas the intermediate memory stores data for a
intermediate memory and the sector memory. The set of successive scans within the maneuveri~,g
outputs of the sector memory are sent to the limits of the simulated aircraft. These memories
region memory employing flip-flop storage. are arranged in a buffering hierarchy, in which less
Region memory outputs are transmitted to the and less data is accessed at a higher and higher
terrain function generator for conversion to analog speed.
signals and generation of the range profiles. Data is stored in such digital systems in discrete

This memory hierarchy illustrates the primary packages of a predetermined number of hits. For
problem of digital radar landmass simulation. As each group of data there is an address in memory.
data proceeds from main store to region memory. The act of accessing a block of data requires

eninories of increasing speed and decreasing size computation to determine where that data is
are enCountered. The region memory stores data stored (its address). If the basic package size is
for a Fmall portion of a radar sweep. The ,ector made small, relatively more time or hardware must
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Fijtw 2. Major cvmponenu of a Radar Lndrau Simuktor

be devoted to the determination of the address "culture" can be organized in any convenient way
md the accessing thereof. If the package is made and it is simplest to package it in the same
large, more hardware must be devoted to the hierarchy of regions as the terrain. Search for an
storage of data. The primary tradeoff in the design effective method of digitally representing natural
of a digital radar landmass simulator is the terrain, to achieve a compression of data
relation between data package size and speed of approaehing the theoreticaily derived etimate,
access and the hardware required to effect these resulted in a new function approximation method
functions. which was based on a modified Lagrange

The underlying consideration in establishing polyncmiai.
data package size is the required accuracy and From purely theoretical considerations making
resolution of the simulated terrain. Man-made use of statistics on the distribution of terrain
objects such a& buildings, highways, powerlines, height and its derivatives, it was computed that no
etc., are handled separately since "cultural more than about 100 bits per square nautical mile
objects" have sharp boundaries and usuaihy need w,!rc required to store map data. Thus, a problem
to be positioned very accurately. Moreover, arva of 600,000 square miles comprised 60
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negalits. of data, Ivwich is well within the storage go(z) (I z) 3 (I + 3z + 6z2 )

vapacit t of a singhI reel of magnetic tape. It was

shown that l; lagrange polynoni-al of third degree, (z)z( +3z)
in two variabhle, was ,tffieient to achieve the
theoretieally derived estimate to the same 2 (z) )-- 2

accuracy as obtainable with coi.tours at 100 foot 0 2
inlervals, giG(Z) = z3 (6z2 - 15z 4 10)

T'he height at any place within a particular IG

region is geonerated front the polynomial specified g 1(Z) = z3 (1z ) (3 z - 4)
to fit the height and associated derivatives at the 11 .3 (;z)2four eorters of the region. lit an adjacent regrion a gl2(W = _ Z
different polynomial is used with the same format
and a diffi-rent sfet of parametric values. This

polynomial fit the data for the four corners of its A least-square fit over each region is used to

own region 0v those corners %dhich the two generate the first approximations to the
regions have in common the same data are used. parametric values for the comers of that region.

The advantages of this approach as related to Since each corner is common to four regions, the

other possibilities are continuity of height and values obtained from the four separate least-square
Mope across regrion boundaries and significant fits are averaged to provide the final results. This

compression of the amount of data required in can be shown to be equivalent to obtaining four

storage. Boundary continuity anti data separate approximations to the entire map and

compression requirements are discussed in detail in then averaging over the four map approximations.

re.ference 8. The block diagram of figure 3 shows three
Figure 4 shows the nine different parameters major subsystems; namely, a general-purpose

stored at each regional corner in the so-called 2-2 digital computer with associated memories, a

version of the modified Lagrange polynomial special.purpose hybrid computer, and a

which has special-purpose analog computer. The
general-purpose digital computer performs those

541.. functions of the aircraft computer that are
required for the simulator and the function of the

6X2 6y 2  terrain data generator. The hybrid computer thus

serves as the terrain function generator, and the

as the highest cross derivative. analog computer acts as the display computer.

The polynomial has the form The aircraft computer programs provide aircraft
velocity, position, and orientation (or rather the

1 1 2 2 \ antenna boresight) with respect to the terrain. The

. -Y Zgip ) gj effects of wind on the position of the aircraft and

i=O j=O tp-0 q=O the overall dynamic response of the system to the

changes in aircraft position and orientation

fY 2  initiated by the pilot are also handled by the

d I fi+3,i+2,p,q aircraft computer.

where With aircraft position and orientation and the

direction of the radar sweep with respect to the

fii3,j i2,p,q means the stored parametric value aircraft (antenna boresight angles) as input data,

the terrain data generator provides data concerning

the height, terrain gradient, reflectivity,
5P•(Ihm specularity, and other factors for the portion of

5uP 6vq the terrain within the range setting of the radar.
The terrain data generator as implemented in the

at the point t z 3+i. v = 24j; general-purpose computer consists of a main sto•e

(tape or disc), some buffer memories, and controls
and u and i are used instead of X andi Y to (via program) for the interchange of data among

normnalize the values: antd these memories. The outputs of the terrain data
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Figure 3. Radar Landmas Simulator Based on General-Purpose Digital Computer.

generator are presented to the terrain function (hybrid special-purpose computer), does the actual
generator, which converts the discrete digital data reconstruction of the various profiles. Within the
to continuous profiles, terrain computer there are three storage areas:

The display computer modifies the data main, district, and region memories. The main
provided by the terrain function generator for memory stores the data for the entire problem
final display. Its computations consist of those area and is implemented as a set of magnetic tapes
required for shadow determination, weather, or as a disc file. The district memory holds all of
noise, antenna patte-n, and similar radar effects, the data which can be seen with a nominal radar
The display computer also handles the weighting range of 200 Miles within maneuvering limits of
of data from calculations on regions of different the aircraft. The district memory is implemented
sizes, scale factors, etc., to allow a smooth as an off-line auxiliary high-speed memory,
transition during the decrease in resolution from controlled by the independent I/O controller of
minimum to maximum range. the computer.

The terrain computer, consisting of the terrain For a problem area of 6 0 0 x1200 nautical miles,
data generator (general-purpose computer the main store might consist of four magnetic tape
program) and the terrain function generator transports. Three regions with different scale
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factors are used in the data. Each region is a square generator. The data are used as coefficients for the
of a fixed size: reasonable sizes of the various terrain profile polynomial. Sweep position is
regions might be: entered as another pair of parameters (x and y

component of the sweep) resulting in the
RegionType Mod IA System Mod IB System generation o, the profile. The output profile is

A 10,000 ft. 7,000 ft. obtained with a frequency response approximating
B 40,000 ft. 28,000 ft. that of the video bandwidth of advanced airborne
C 160,000 ft. 112,000 ft. radars; i.e., several megacycles.

The output of the terrain function generator
T he district memory is fed with data from the consists of a set of simultaneous profiles in height,

main store and includes only those regions whose reflectivity, terrain gradient, etc. The above
resolutions correspond to the resolution required discussion centered on the height profile; however,
up to the maximum range possible for the radar. the same general approach (at a much lower rate)
Functionally, the (district memory consits of three applies for the reflectivity, terrain gradients, and
levels of detail or resolution. Each of these other factors. For example, it is possible to extract
memory areas is numerically equivalent to a the gradient components at the same time, using
east and west of the duc north point, the district much of the same equipment as is used in the
memory is fed with only B and C region data. At reconstruction of the height profiles. Reflectivity
the extremes of the radar scan, where only low is done partly with the polynomial representation
resolution data is required, only size C regions are and partly with cultural data representation.
taken from main store and placed into the district The outputs of the terrain function generator
memory. The main store is organized so thai the are combined by the display computer which

tape is moved only once in an east-west direction performs a ground-to-slant-range conversion, in

for the short-range A regions, intermediate-range B addition to shadow computation and simulation of

regions, and long-range C regions, the range being various radar effects. 9

-neasured in a north-south direction. The calculated video profi!p is displayed on a
For the Mod 1B system, data from the main scan conversion tube, and is not yet a real-time

store is examined at a rate of approximately 900 A signal; i.e., it is painted on at various scales and
regions per second, of which 64 are stored every rates and nas many stops and starts. Of major

6.6 seconds. Thus, the tape problem consists importance is the fact that the sweep-to-sweep

toroid. As the aircraft moves, memory data is not average is in real time. Several video profiles can be

shifted in the memory, but, instead, the central combined to simulate azimuthal beam spreading.

point of the memory is redefined. In effect, the The data which has been calculated, i.e., the
torus is rotated about its axes. Information to be several micro-sweeps which may make up a single
entered ahead of the aircraft is loaded into displayed sweep, is stored in an intensity

memory locations corrsponding to points which modulated form. The face of the scan converter is
are behind the aircraft, and the boundary between scanned electronically. The equivalent of the
forward and rear data ;*, redefined, scanning aperture would be a rotating mirror and

As the main store is serially accessed for slit arrangement to yield an output proportionai to
sections in an east-west direction, those sections the total illumination across a line on the scan
due north of the center of the district memory converter tube face. The slit or filter in the scanner
(the center corresponding to the aircraft position) performs two functions; (1) its vertical profile
are transferred from tape to the district memor) approximates the azimuthal beam pattern, and (2)
with data at all three resolutions. Slightly to the its horizontal profile approximates the transmitter
primarily in finding the data to be entered, rather pulse width. The scanned output is then the video
than entering it as such. A transfer rate of about signal which is pre3ented to display system.
29,000 characters per second is needed if all data If required, at that point, the video may be
were transferred. These rates are well within the modulated to an appropriate IF and injected in the
capabilities of commercially available low-cost actual radar receiver which performs the normal
magnetic tape transports. terrain avoidance or contour mapping presentation

The data required to establish a portion of the of the video signal. Processing, which is performed
sweep being processed is accessed fromn the district at RF in the real radar and which depends on wave
menmory and sent to the terrain function optical effects (e.g., r-onopulse radar), cannot be
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smaller, the point is known to be occulted.
'-- "Remote occultation depends only upon elevation

S.- angle and not upon terrain slope.

"It can be appreciated that such occultation
calculations are made on the height profile in
direct correspondence to the deflection of a

,*CCU.... Kt .... writing beam on the display. Thus, an indicationSUC .3n•| s Na TO?" OGn TUSI |

... .. , ý*Ak TO ......... that a resolvable picture element is occulted
simply means that the writing beam of the display
(or in a buffer memory) is blanked for the
corresponding period of time. This proves to be a
very effective way of deleting from the display

"- - objects that arc not visible from the vantage point
of the observer.

Exhibit A is a simulated radar picture,
presented in the usual polar pattern of an airborne
scanning radar. The area shown is centered on

" ,;". ., . ." Williamsport, Pennsylvania, in the Allegheny
Fiure 4. Local vs. Remote Occultation. Mountains. For this picture the computer situated

Remote occultation requires a knowledge of the radar to the southwest of Williamsport (the
the terrain at points other than the point of bright city in the center) at 20,000 foot altitude
interest. Figure 4 shows an area of remote with the range of 0-30 nautical miles.
occultation. A profile of the "landscape" is traced The sinuous black line in the lower right is the
in the direction away from the observer, and a Susquehanria River, which curves around below
record is made of the largest elevation angle. When Williamsport. The river valley appears very wide in
the elevation angle of a new point on the profile is places due to shadowing by a long ridge running

Exhibit A. Radar Display Prepared by Digital Computer Simulation.
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Exhibit B. Portion of Preceding Picture with Expanded Scale.

south of the river. This is the effect of calculating landmass displays based partly or wholly on digital
shadow and occultation as each profile is traced technology. Although the various systi ms differ
from ground-zero. for proprietary reasons, there are many common

In Exhibit B, the radar has been flown to the elements that may be recognized. The use of
nurthwest of the city, and the range scale has been digital terrain and culture data storage, a mix of
expanded three times (showing 10-20 nautical general-purpose and special-purpose equipment for
miles). Here the city outline is distinct; the system control, and high.speed digital/analog
boundary of the built-up or highly reflective areas conversion are typical. The interface between
is delineated, although the lower reflectivity of digital and analog formats is moving away from
streets and highways takes precedence where such the original data storage and toward the ultimate
features are found on the map. display instrument (CRT), in line with the increase

The above radar pictures were synthesized by in speed and decrease in costs of modem digital
means of a CDC 6600 computer, which wrote a computing elements and circuit packaging
magnetic tape for driving an SC 4c620 comiputer techniques. A recent development that pro,.'5- to
recorder. This is a device which intensifies have impetus on digital landmass simulation is the
individual spots on a cathode-ray tube, the imaIg, award of the Undergraduate Navigator Training
being focused on a frame of microfilm. The Simulator (UNTS) by the Air Force, whose radar
picures were generated in a polar raster so as to landmass simulation subsystem is specified to be
simulate as faithfully as possible the equipment based on the same digital technology that has been
being designed to portray radar images in real nurtured and developed by NAVTRADEVCEN
time. and its contractors.

During the last two years the foresight of the A large number of technical experts
Naval Training Device Center in sponsoring early contributed to the successful development of
work on digital radar landmass simulation has radar landmass simulators. Some who come
borne fruit. Four simulator manufacturers have immediately to mind are Paul A.T. Wolfgang,
constructed laborator- models of real-time Professor Albert Schild, Edward W. Veitch, Henry
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L. Apfelbaum, Joseph C. McMenamin, and Dr. 4. NI, Rubinoff and ll.M. Gurk, Nu ',tions of

Boris Beizer. The contributions of Roger L. Boycih ,-vs,,d , , .. hcS~Eastern joint Computerf Conlfer...,,. Dc, e;-.;.":c
are particularly noteworthy since lie contributed E954.

to these developments from the outset. The 5. Penntsylvania Research Azsociates, Inc., Investigation

stimulation and guidance of Milton Fisher, Alfred of Digital Techniques for Radar Landmass
Simulation. Interim Rpt. No. 1, Naval Training

Weinrauch and other members of Device Center, Tech. Rpt. 1025-1, February

NAVTRADEVCEN were vital in reaching today's 1962;,3F 276 696.

accomplishment-. Assistance by Professor Francis 6. Pennsylvania Research Associates, Inc.. Investigation
of Computer Techniques for Radar Landmass

J. Murray, their consultant, in the development of Simulation. Rpt. to Naval Training Device

the mathematica! bases of radar landmass Center, February 1966, AD 631 592.

simulation is especially acknowledged. 7. R.L. Boycii, Computer Techniques for Simulation of
Air.to.Ground Radar Display. Pemnsylvania
Research A-ssociates, Inc., Philadelphia, April
1967.

0. Pennsylvania Research Anociates, Inc., Investigation
REFERENCES of Digital Techniquea for Radar Landmass

Simulation. Fina, Report, Naval Training Device
Center, Tech Rpt. 1025-3, February 1964, AD

1. The Moore School of Electrical Engineering, 600 240.
University of Pennsylvania, Flight Trainer Digital 9. Pennsylvania Research Associates, Inc., Ihvestigation
Computer Study. 21 March 1951. of CGmputer Techniques for Radar Landmass

2. Rubinoff, Digiial Computers for Real.Time Simulation. (Volume 1, Analytical Investigation),
Simulation, Journal of the Association for Naval Training Device Center, Tech. Rpt- 1526.1,
Computing Machinery, Vo. 2, No. 3. pp. April 1965.
186.204, July 1955. 10. R.L. Boycll, Computer Simulation of Lunar Displays.

3. The Moore School of Electrical Engineering, Proceedings of the Society of Photo-Optical
University of Pennsylvania, Design Description of Instrumentation Engineers 14th Annual
the UDOFTT. 6 September 1954. Symposium, August 1969.

Dr. MORRIS RUBINOFF
President, Pennsylvania Research Associates, Incorporated

Professor, The Moore School of Electrical Engineering, Philadelphia, Pennsylvania

Dr. Rubinoff holds the B.A. degree in Mathematics and Physics, and the M.A. and Ph.D. degrees in
Physics, all from the University of Toronto. Since 1946 he has been an active contributor to the field of
digital computers including digitallhybrid real-time sirrdation, switching theory, and information storage
and retrieval. Dr. Rubinoff has been a member of the faculty of the University of Pennsylvania since
1950, where he is now a ful Professor of Electrical Engineering.

Dr. Rubinoff was first to demonstrate the feasibility of actuating flight trainers by digital computers. In
1952, he and his coll-ogues at the Moore School of Electrical Engineering developed a graphical
presentation of the frequency range over which numerical solutions of differential equations were stable.

Dr. Rubinoff served as Chief Engineer for Computers for Philco Corporation from 1957 to 1959. He
served on several government advisory boards, and on the editorial boards of several professional societies.
He has written approximately 40 papers on real.time solution of differential equations, on logical and
hardware design of digital computers, and on information storage and retrieval.

Since he formed Pennsylvania Research Associates, Incorporated in 1960, Dr. Rubmnoff has been an active
participant in projects dealing with radar landmass simulation and :elated work for ths Naval Training
Device Center and other sponsors.
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Adaptive Vehicle Control Trainers

1-. JOI IN W. SENDERS
President, Senders & Associates, Lincoln, Massachusetts

It is traditional to make individual advancement contingent upon the acquisition of skill. In one sense,
then, the demands made upon a man adapt to his ability to meet them. Within increased development of
complex machines-aircraft, submarines and the like-there has developed a reliance upon training devices
to provide the necessary skill. A training device is often, but need not alwayt be, a faithful replica of
whatever actual machine the training is to be directed.

Th, role of the instructor has been to monitor behavior and impose problems of increasing difficulty and
increasing validity. The efficacy of training devices has been recognized to be a complex function of its
design, the intrir difficulty of the task, and the sophistication of the instructor. The increased
availability of c aputers (analog, and more recently digital) has provided increased knowledge of the
mecltanisms efjecting training and increased communication between training psychologists and
automatic control engineers to bring about the adaptive trainer.

An adaptive trainer is one which alters its task and vchicle characteristics in respon.e tc Mhe variations in
one or more quantitative aspects of performance. It is thus able to achieve high rates of skill acquisition
by the student in a way which is unique to that student. As a simple example, a flight trainer might
reduce its "excess" stability as the deviations around the desired flight path become smaller. Fat another
example, the amount of visual noise in a display might increase toward values found in operational
equipment as the student's detection rate increased and his decision time decreased. A skilled instructor
would presumably have done this if the trainer design permitted. The adaptive trainer insures that it is
done for each student in a way best suited to his rate of gain of skill.

0 tie of the newest and most promising properly. Another was to interpret changes in

developments in the field of training devices student behavior, and in quantitative measures of
is the Adaptive Vehicle Control Trainer. Vehicle behavior, and make suggestions to alter behavior.
Control Trainers have, in the past. tended to be On a more informal basis, instructors have actually
simulators in which some aspects of the task were modified the equipment which was being used in
presented to the trainee with an opportunity for order to meet some intuitively satisfying schedule
frequent repetition. It was frequently discovered of task difficulty. This is what teachers Lave
by instructors that it was easier and quicker to always done when given the freedom to change
train people for complex tasks (like air-to-air radar curricula to meet the requirements of individual
gunnery) by turning off part of the environment students. It is of interest to quote from a summary
and pai! of the complication of the task in order technical report of the National Defense Research
tlat the student could grasp certain other parts. In Committee in 1946 (Volume IV, Records and
general, at, designer sophistication (and common Devices Developed for the Selection and Training
sense) increased, part-task trainers were developed of Sonar Personnel, page 7):
with the expectation that training on the "Next to 'the lack of trained administrators,
components %ould simplify the whole task the lack of trained instructers was probably
performance of the student when he put these the greatest weakness in the Navy training
components together in the more complicated system. The majority of instructors were
ihole task trainer. Such devices did work, of conscientious and hard-working, but they
course, altho.igh they placed a heavy load at times were not qualified teachers. Too
on the instructors,. lowever, there still was the often...good teachers were transferred and
tendency to assume that the best vehicle control replaced by inexperienced men. Like
trainer was that which came closest to the real administrators, instructors should be given
equipment in all its aspects, special training or selected because they have

"Between every trainer and the student using it, had the necessary training."
there was always na instructor. The instructor's The shortage of skilled instructors, as existed
task had many facets. One, of course, was to make during WW 11, is still a serious problem. There are
sure that the training device was operating good instructors and bad instructors, and the
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fudaena picles of earin, wic by Ilite rein forcer wvill lea i Ito progressive
geeal coform to c(in)itoll ,vnse and c all sa fvi s b ap1!!g o f Ihe b eh a ior, tiI it ilihnally
be considered non-vunt rovi er'ial. 'lThe f nzt peine i pe reinftorcemnejt is offered only for the de.sired

oflarnimg i~i t hat of rein lo r~eemen t. In sini pie bh r

terins, behavior canl ie( strengthlented or it, I~et w, ct onsid er how~ sulit!ii pini ipies can be

chlid to write a wvord c:orrec tly, a p ellet of foiod inl of dii exter nal re% io , j. a Colt) utendat ic from the
lieone ease or candy in t he ot her will mi rve a., a traoining direct or, etc., or itt the foirm of internall y

crlayto the geneiral principle of reinforcement hwy high mo01tivation1 to nucevedA fronti sonie ot her

i:sotha t I., oone thereinforemet fowvs the source out-3de the t~rainin- sation. 'lThen, a, he

fThe second prinlciple, may be~ statedl as the itself. T'l'is, of coutrse, requires that someW

priniciple of activity. One must elicit thte de.,ired in fornmation lbe pioi id ed th b. ubject a bout the
behavior before it 'can be rcinforced (althought in nature tii hiii re~sponse and thte degree to which hi6
some cases it is possible to give verbal instruction response chtanges from trainintg session to training

aotltrmotor activity , itslfut oerbfor t e iot cart asni riit session. reeiwti 'bi at thsie slieior peio.,o
both lte motor activityisl bust ovrbfortle mot part aession,~ oraivn wing rsio'- Tsat e beho vit F beO5o

bie learnied). 'Ilhe trainee ha- to be engaged in the glicited antd the trainrce engaged, of course folio w,

A tidpicpeof learning ithat of If the trainee falls asbvep, he' is not engaged. and
sk.-pcig orderigprc sms efciey tisnarily in arty cin pledivehile apprel nt tog theS

when th aeo h oki e ytelanr r instructor. The two othter principles, that of
by his own bhvorather than imlposed rm h self-pacing and that of approximation. are
outside. Tiisaconsequence of individual necessarily ,part of adaptli e vehicle trajiters. It is.

difrne nrt flearnina in fact, thi v/ery nature- of the adaptive priniciple
A fourth principle (-which steins to some large that it is gaged to the pace at which each learner

deeree from the behavioral studie's of Skinner and( learns what to do, andl b) the printciple of
his foliowers) is that of approximation. Animal sltmeessive approximation, the desired t as k
trainers; reinforce as rapid]'y as possible arty behtavior is achieved by alterations in the sy.;tem,
behavior which is in the general direction of the which the trainee i5, conttrollintg as he iearnsb more
desired termintal behavior. If they want anl animial and more how to control it. The trainee's
to perform a comple\, act, they carlr'-)t wait until perceptuah-motor activit' is det-ermirted 'uilnost
th. complex ac sperfo~med before entirely by the nature of the vehicle conitrol
epinfor~emenrt is given, sineo- Ine conmplex acts trainer dievice. As it changV.s to liecorine a better

which are taught to animals, in general, will never and bietter approximation of the actual tehlicie..so
he performed. The same is true, of coutrse, in the will his control beliaiior ehange to become a

PROBLEM OR PERFORMANCE
STIMUUS TRINEEMEASUREMENT

GENERATION (SCO'UING)

Figure I. Fixed or Preproj~rumed Traiewr (taken fr )in ref Il



SPROBLE OR PEFoRACEI
i•STIMULUS -t RINE MEASUREMENT

GENERATION (SCORING)

Figure 2. Adap:ive Trainer (taken from ref. 11)

better atd better approximation of correct control Training Device Center, have supported a long
of that vehicle. The adaptive trainer, then, makes series of important studies by Kelley. A list of the
it possible to use the principle of self-,." ing in a publications coming out of this restech program
way which obviates continuous personal attention is included in the references.

Tby an instructor. v.-daptive training is not necessarily good. It
The adaptive vehicle control trainer can be seen depends on how it is des•igned. If we go back to

to be an extension of automated teaching, which fiue 1, w ca e spand Ih e go show tn

has been used effectively in a variety of other figure 2 an adaptive vehicle control trainer (taken

fields not related to vehicle control, from Kelley (ref. It, page 13J). Kelley stated:

There are three main sources in the United "Here is a diagram of an adaptive vehicle trainer
States of adaptive training studies: The that includes the displays, controls, and problem
Enginecthng Psychology Branch of the Naval generator of the typical flight simulator. The
Research Laboratory where Henry P. Birmingham trainer is madte adaptive by superimposing an
and his associates devc~oped so-called Equalization adaptive logic that connects the performance
Teaching Machines (ref. 1), the Otis Elevator measurement equipment with any part of the

i" Company where E.M. Hudsont conceived andCopatdny aae tM g Hsimulator (res. 2, 3) system in a way that makes the task automatically
created -n adaptive tracking iarder or easier as a function of that
and Dunlap Associates where C.R. Kelly has
carried on the most extensive research program on performance."

adaptive simulation and adaptive training in this Adaptive training, as stated, is related to the
country (refs. 4-10). In England, Gordon Pask broader field of computer aided instruction. Some
initiated research on teaching with adaptive forms of computer aided instruction are indeed
machines prior to 1960 (refs. 12, 13). The ideas adaptive. Research has shown that in some cases
for such development almost simultaneously and the adaptive computer systems are no more
quite spontaneously emerged in a number of effective in training than the conventional
places in the latter half of the decade of the 50's, techniques, and that the presumed logic on which
and might be presumed to be the result of the the program was designed in fact nad no basis in
increasing engineering sophistication of reality. That is to say, alterations in the program
psychologists concerned with training and vehicle technique or the training technique gave as good

control problems, and with the increased results as that which was originally dcsigned into
availability of analog and digital computers. When the system. One way of looking at adaptive
it became clear that one could alter the training is to consider figure 3. Figmtre 3 shows a
characteristics of a simulated machine (or for that typical learning curve. Such a curve i• almost
matter of a real one) on the basis of some measure inevitably encountered when one places a trainee
of the behavior either of the machine or of its in a fixed ,imulation whose characteristics do not
controller. the way to making adaptive sintulauoris change with time. TIe trainee who has had, let us
and adaptive training devices was open. The Office say, I0 trials and finds himself on point x on the
of Naval Research, initially, and later the Naval learning curve, Is in reality a different trainee from
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FIXED STRATEGY
"LEARNING CURiTE"

- - - - -HYPOTHETICAL LEARNWDG
CURVE WITH OPTIMIZED
STRATEGY ON TRIAL N+1

-- - -ENVELOPE OF SUCCESSIVELY
OPTIMIZED STRATEGIES

PERFORMANCE

1 3 5 10

TRAILS
Figure 3. Hypothetical Learning Curves

thle one at point y who has had only one trial. If when training is already adlaptive lbut instructor
then, there was anl optimum strategy for training controlled and when it is dlesirable for reasons of
of the sub~ject at y in order to steepen his cost, standardization or when it can be
improvement curve, there would be some other demonstrated that training effectiveness results

*optimum strategy pertaining to the person at Point from mechanizing the in~strurctor's adaptive
X. By extension, we canl imag~ine that --t m;cry function". . .and "The criterion for using adaptive
point onl a learning curve thrre ib anl optimomn way training si be cost effectiveness, broadly
of training this "dIifferent" organism from tne interprctei a applied." Mlansfield stated: "TheI
way., which are appropriate for the organism at main reason for choosing adaptive versus fixed
other stages of skill. mtThe task for the desioner of training methods is to arrive at a desired result in a
anl adarptive s~ stemn might lbe to formulate a complex training task at less cost by redlucing the
technique which would, at every point on the number of instructors and by reducing the
performance cur~ e, grive the maximum increment trainee' s total time in the training program,
for every unit of time spent in the training thereby increasing thw trainee's and instructor's
situation. In fact, to fill,] such a ciir~ e mighit he timie that c!an be made available for performing the
di ffic ri I, anrd in some cases impossible. Jurm to the operational task as skilled personnel."'
lnimitat ions of repva tahili t) of hehavioral stu(]ie,. Knoop said : "Thie developmien t of adapti n

At a meveting at the Uiversi,.ity of Illinois (ref. t raininirg methIiods, is linriked to thie goal of
I I ) a numbneir of iorkers in the fi eldr of adapt i~e automiat in rig an of the instructor furnitio ns (in
training (ijscnzsevl thle ea.ses anid situa tin ns where flihit simulation trainriing, for c xanip I). One
adaptive training is rmost appropriate. Kelley reason for doning this is not to rep~lace the
stited; " 'Xdapt i\v t raininirg metNhods are, called for ins~true tor biut ',o relie~ e himi of time-c onsumlinirg
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rouintine duities so that he( could uht, his teachitil might be c-alled anl ~idap tive-adaptive trainiwiiin
Fskills more effectively. I t is imnpossible or which, if a partiettlar siratcgy originativ programdii

imrattieal to autiIomiate so~me instruc-tor function,, into the ýy_-temt prosvt% less tr m; JA-i te, [lth

NOi let its niot tailk abloiut rety(tinir rill of limi." A, strtategy itei f (call bw aligtirid. Figutv. 4I Rives :111
Kelle) oi tits mut , "it is mindes~rable for I ra:ni cs it) AINA1uiplt kl ! liioiii ylk m1u) beone.

practtice only onl ea.,) tasks and niliever onl di fficutlt I .et us i mauainte t hat a~n adaptive samiiuIa tor to lie
task.,. At thet same time ) oilnwiia not wan It divcm to used j.i trahining dviiice to easures" thle 'moothttn es
per ftr iniloppilyv and get t Ii m ill thle hialit of of thle vehiieh- performani v anid integrater thi:s
doing so. Th'le rela tion here is defi ned hpN the tneasurt, ouer a1 Awn rt iitn period to he u tei I to
adapt i~e logic and it is etry crucial. (-iii e difflren-tie v arv the degrt-v oif stabil itý agu -ien tat hion
bet Iwecen a good anid at had adaptive systemi call hel pros ded . lint 6iis hypollthtuial ex~ample, if tili-
the differeiice lietwiveen thIie li'fruane tnad tide ii st vtlci I dowl at a p~art i uula comfort able
litlv." level. thenl the > t-iWould he Stabilized at some

Thel( problem , thltl. Msetm' to boil down to the high level of Atahili ty aglo ilen tat ion. 'I'll fiil re of
ques t ion of whlether one canl so fflit-ivo tb helt augin entaitionl svstv*)n to ehangt'r could i tself li1-
etolilpreli nil tit( niat nrc of good instructor prc"-tice a sItimuolus throuightes'tidoir101)oatr

to specifN it p~rec(isiely enough t ha t it can Ilie the mevasurenienit from smuotlitiess of fl ight to

pro gramei d iii anl auitomiatic device. Some somic other me~istureme tit for examiple, a moon t of
im~estigators, like 'ask, have potstuilatted that onie viintri1 Sdck movement. If t!)ii wiere dotne. then
t-an act aroun d thi, Ii ffit-idv ty li avim vg what thle s.'tuazion Would change~t to One ill which tilte

SMOOTHED
RATE OF CHANGE

OF TASK
DIFFICULTY

PROBLEM ORPEFRAC
GENERATION(SOIG

I ALTERS ADAPTIVE LOGIC

f ~ Figure 4. dmnow ldaptit'e Trainer
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siii)Wvts wvere liigtaught~ to minimize, the control human instructors to b cosatyegediii
s~~~ivk ~ ~ movmet aterOw it riaximi-u internreting. and exhorting in an

mmiootliiess of flight. The overall task of the effort to improve student performance. Since
~v-tern, of course, is to maintain some desired path studlents are all different and the optimum

,pavce, and it might probably be that the reii~forcement scheduling and training program for

f anialogy might lie dIrawn to training fur noni-vehicle techniques until the appropriate one is found. The
situationt Mier,!, if one reinforcement, say, variations iii system characteristic can be in any
lollipops or Nl&Ws, fails to p~roduice a desired one or combination of measures. Ultimately, of
improvemient in behavior, then some other course, thle adaptive macline must find its way to
reinforvementt suich as money will he tried, onily to a state at least as (demanding as the operational
he abandoned in turn as imp~rovement ceases. Of equipment. It may, in fact, he desirable to have it
Course, if all conceived-of reinforcement failed to exceed the operational equipment in the demand
induce further imnprovenie nt, then either a that it makes upon the student in the same way

e physiological limit or hotni psychological limit luas that swiniging two baseball bats, seem to facilitate
been reachied an(I the trainiing program would he hatting with one.
terminated. Adaptive training may revolutionize vehicle

Adaptive training, then, can be considered control training; further experiments are still to be
merely as a way of eliminating the necessity for done.
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