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Some Basic Considerations in Training-Device Design

"ot Is "Training:”

“hen we say 2 man is Tin training’--say, for an athletic contest cor
for militory service in the infantry--ve ure likely to have in mind either
“I twc different things. One is the nrccess of physical hardening or
toughening that tuilds strength 2nd endurcnce. The other is the acquisition
and perfection cf vhysical and mentzl skills acauired through practice,
ccacking and study. Scmetimes the two are built through the same events--
for example, practice in pitching 2 baseball may serve both to strengthen
urd to perfect the skilled moter ccordination needed to get the ball over
the rlate.

However, it is important to distinguish the two meanings of "training."
wthervise it is easy to make faulty assumptions about what is required of a
trairing rroceduwrce cr a piece of training equipment. In this bock we are
crrimarily concerned with training in the latter sense--develcping required
Muun capabilities through the learning of skills and knowledges that are
rneeded for performing techrnical duties in military or Industrial jobs. We
will zssurne that the capebilities required have been identified through
rrocedurer such ws those described in Chapters 2, 3 and 9,

To develcp these capabilities, we need to arrange efficient conditions
3 crnirg.  Fer these, mere exercice or practice is not necessarily
ercugh.  Conditions of practice cre needed that will lead the trainee to
rructice doing the right thing at the right time, to enable him to correct
errers, to leurn necessary discriminations.  Almost any form of physical
wxernise may help serve the ends of "training' in the toughening sense. But
(_5 crly vell-designed learning situations will train effectively in the sense
. ol teuching. lithout these, the practice or exercise may serve no purpose.
It moy waste instructionzl time on irrelevant activities. Vlorse, it may
result in mistraining--teaching a man habits or information that vill hinder

joir verformance rother than help it.
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Clocceos of Training: Dovices

By w "tradning deviee"  we wmean any arrangement of equirment,
compenentc, apraratus or materials that provides conditions to help a
wrainee to learn 2 task more efficiently than he could otherwise do. By
1 "tack” e mean ccmething he needs to be able to do in order to £ill a
meeilied Job in o militury cr irdustrial crgonizotion or similar insti-
tuiion--c.g., the nany diverse tasks required in piloting a B-58 bonmber,
trcublecskhecoting o fire-control system, overhauling 2 truck motor, opera-
o o station in 2 ceormunicaticn netwerk, or programming a digital

Troining devices include vericus forms oi two=dimensional displays of verbel,
symtolice or rictoricrl nature, including motion pictures and other forms of
rrojected noteriols such os zlides and tronsparencies, as well as wall charts
and the like. They elso include varicus configurations ol recol or simuloted
three-dirensicnal cemponentc arranged either as o ctudent-operated troiner or
as o clagsrocn: display.

1iithin the general field of training devices, we scmetiumes make a
iistinction between training aids and training equipment. Actually this
discriminaticn is a quite fuzzy one, partly because there is more than
cne vaszic fer distincticn, so that different persons and different organi-
zutions don't wlucys agree on the usage of the terms. For this reason, we
111 net attempt to mnke a rigid, azir-cight classification.

In general, though, we can soy that training 2ids are usually devices

that are used Ly an iastructor, often in a classrocm, to help him present a
ject matter. They may be either two-dimensional aids (such as charts or
+5), or may include equirment mcck-ups or ccmponents, The term training
also scmetimes used to refer to de- ices used to present training

a
inals--fcr exzmple, projectors or tape recorders.

The term training equirnent is scmetimes used also to refer to pro-
Jectors or similar devices, but more often it implies a specialized kind of
wuirment which provides for scme form of active practice by a trainee.
Hevever, since such distinctions are not hard and fast, we 1will most often
use the general term "devices' except when the more restrictive terms "aids”
cr Teauipment” seem clearly more appropriate.

A gimulateor is a more or less seporate class of training cguipment
which, o5 the name implies, attempts to reprcduce or simulate ~n operationual
cituaticn. poxtent of simulation is of course a matter of degree, and any
device vhich providec for direct practice of impor:ant job tasks is in a
cense o simulator. However, the term ic most often applied to highly ccm-
vlcx training devices cuch as flight simulators that attempt to reproduce

Tally =211 of the cperational characteristics of an aircraft, including the
woy it responds to the pilot's control actions.
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In general, cuch flignt sdimulaters and other very cempler totul-cyston
Simulaters will net ve treated explicitly in the rresent chapter, This
exclusion upplics to siaulatorc for cemplex team operations, and olue to
simulaters vhich provide totul zimulaticr of the envirommental situation
fuced by the pilot of advanced light systems such as o B-58 tember.,  How-
ever, the scope »f the chapter does inelude truining equipment in the feorm
of Upart-tusk” trainers for effective teaching of cermmonent. skills and
rrocedwres on vhich more camplex operations must be built.

Jeme of the basic principles dealt vith here in the case of simpler
devicer are, of course, also applicoble to the design of ccmplex-system
simulators. Treir successful application in a ccmplex simulator, however,
generally demands the skills of a human factors engineering staff with

wdvanced exnerience. The present chapter is intended, on the other hand,

primarily for the less experienced training-equirment designer who is con-
cerned with trainirg men to perform tasks required in (1) operating and
mudntaining scmevhat lecs ccmplex cystens or (2) performing specific tech-
nical duties on ccmpenents or particular a2cpects of complex-system operution
ard maintenonce,

Why Do Ve Ueed Training Cevices?

This simple-sounding quesStion is really not such a simple cne because
it really includes several related questions. The ansvers to these aues-
ticns help point up scme of the needed characteristics for gocd training
devices,

Use of Operational Ecuirment: If we are training an equipment
operator, irr)y not train him with the real equipment? There are several
answers to this. Cne is: Scmetimes we should, and do. This is particu-
larly likely if the equipment and the tasks it requires are fairly simple
onec--say, cleaning a rifle or perhaps adjusting a carburetor. It is
unlikely that we would want to construct a special substitute for the rifle
which would be better than working with the real thing for training. Even
here, though, scme charts or even a demonstration film may be very useful as
training aids to guide the student through the proper steps of assembly or
diszssembly of the weapon. And we may want to use an old or inexpensive
rifle until skills and precautions are learned so the trainee will not
igncrantly damage a fine piece.

But more often the problem is not so simple. The real equirment may
te scarce, or even i-nexistent. This is the case, for example, wvhen one is
cornducting training in advance for maintenance of a weapons system that is
still under development. DEven if available, the real equipment may be very
expensive, and for many aspects of training a simpler, cheaper substitute may
cserve ag well., Furthermore, practicing on the real equipment before necessary
basic skills and knowledges are mastered may be hazardous to personnel as well
ac damaging to the equirment.
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Too feed . Trainine:  Tore obviousTy, oven vher nene ol
the ubove e . ~nuL,, the real covipment wiy not provide cycicient cone
ditions o fl‘i”‘P\ cne crucinl need Lor ofdticient learndnge io ovowny bo
cnbde the vtudont to perform corrvectly oo he dees not malie o ro--cv, L he

e trhen, o inform him haediately and chov hov to correot them,  dith
s KRbwds of ecnelex condreent or syctone, this kind of dmscdiote Ceedbael

o the student or operator io lHCkLHb: The conceqrences ol an error my nob
cwowppnrent until mueh too lote, The apparatus Tentuwres that oo needed Lo

}LL‘;HL, 1Lnbrt and correcet errors efficiently to the noviee may be undesiy-
sole crownivacible in the operustional cquitment--ior reasens off opaee, weight,
soaplesity, o LQGt.
Froviding these Teutuwres in the training cituation may involve a troaining

cvice In which veecooory apparatus ls added to the operationzl couipment.
Slternatively, It owny be better to construet o speeial device eopecially
ror purpeoses off training.  This cun have the features needed for effective
lemrning, but does not necescorily reauire all the components or features
ol the operational equipment. Thus, the training device may be more costly
than the latter, or :uy be much less costly.

Cencentrating; on the Crucinl Job Gperations: Another important
churacteristic of an efficient learning situation is that the trainec ig
given umple cpportunity to practice ©ll the various operations he moy have
to rerfor on the job., Often this is not feasible in the operational
zituation,

Congider the case of troubleshcoting, cr diagnosis of malfunctions.
Fer cermple: ecuirment systems this ig cne of the most important und often
03t difficult tasks that faces us in training @ maintenance technician.
mut a well-designed piece of operational equipnment nay malfuncticn only
rarely. Certain types of malfunctions may occwr very infrequently indeed.
Consequently, in order to provide adequate practice in identifying or diag-
nesing these malfunctions in opcrational eguipment, the malfunctions would
: to ve inserted artificially.

nay we unfcasitle Tor a variety of reasons. It may be too

, teo dangerous, toc costly, or toc tine consuming. Therefore, to
ient conditions fer training, we nced to provide 2 training device
its 211 ncrmelly encountered melfuncticn symptoms to be inserted
a d obcerved in a way that provides for efficient practice in diag-
nosing and correcting then., Further, we vant o device that requires the
troinee to perform the prover checking secuences to identify the malfunc-
ticning element in the cystem. However, we want to do this as efficiently
23 poscilble ond not waste the traince's time on varts of the operaticn that
T

e not essential to vhat he has to learn, -

For crxample, many checking and adjustment procedures require acccess to
internal perts that are difficult and time consuming to get at. It may be
nceesszry to dicassemble 2 campler assembly, or remove o ocover plate with
0 screvs, in order to get at the pert to be wvorked with., Cn the job this
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Loy ove by dnevitoele (hCUUVurJ see Chaplter O on desim off eauipment for
core of cadntenanee).  Bul din o trodning sitvation an important principle is
that oot ol the student's time chould Lo devoted to learning the things
thad e it Ticult to leorn, Readily learned (or already learned) routine
aepects of o tnok chould therelere bo dispensed with,  The student should
pot wnstbe o large eunt of instiuction time unserevi.,; belts cr making
sther sinneecsrary prevorations for setting ot the clements of cquirment on
el prnetice 1o nest needed.

carctines bhis ecendition cun be met Ly adepting operational cquipment--
Stertine with 16 already rartly dicascembled, helding on a cover plate with
duet tve ceraws, il so Cortl, Often, however, efficient utilizaticn of a
Ctudent's time reouires special cauirment designed expressly co L‘hat most

S Lhic tioe con be devoted te the kinds of practice that he needs most to

Demevhat vimiler eonsideraticns apply in training the opcrator of
cennler o ert systemc.  Certain cmergency rrocedures arc required fer
sltuatiens which ust Le met when and if they do arise, but vhich arise
seldenm and vhich it would te very dangerous or impossibly exXpensive to pro-
duee deliverately to serve the purroses of training. Scme more feasible way
muct e had to simvlate the essential elements of such situations so that
the trainee can learn to deal with then effectively. Often the only practi-
cel ay to de thiz is to desicn o training device that will acccmplish this

ay
simulation,

lioking COneraticns Visible Tor Study: Among the classes of things
rceding to be learned as rrerecquisites to training in actual operations,
there are oiten certain terms, concepts or principles that apply to the
voeraticn of 2 system.  Often actual equipment does not reveal these
clearly. Tor example, relationships between internal moving parus of a
nechanism, or Teedback in an electronic system, cannot be directiy observed

in the operating equirment, If they are to be seen at all, a special device
i1 then necessary so that they can te observed and studied by the student,

Chearper TCevices llay Te as Gocd--cr Better: Learning to ldentify

ccrpenente and their interconnectiors generally dees not require cperational
cauirment; photographs or dravings often will obviously show substantially
Lhe some visual display, and are vastly cheaper.

s

The facter cf cost has both direct and indirect effects. WNot only may
¢ 0il adeauate surrcgates reduce total cost of training; the fact that many
copics of o low-cost substitute (picture cr inexpensive mock-up) can be
cewrced meons that each student can have one, on which he can study or
practice on identifications and procecdural sequences for as much time as
needed for hin te master what he should learn.

Jith expensive ecuirment, time ver student is limited; the student then
dcee net get encugh werk to master the task. The importance of this
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cenclderation 1o herd o ~verestimate. It applics not only in decilding
vhether to use orevoticnol cquipment or o troining device, tut also in
declding vhether to luy n f'ew exrensive training devices with no limited
tire guots tor cnch student, cr to tuy chearer devices on a one-per-student

Losio,.

The foregeing discussion of why we may need training devices has served
“1lso to introduce several important notions and principles that affect their
erfective decign, selection and use. These and other principles developed
Lelow can nrovide important guides feor making better decisions avwcut the
clireeleristics o tradning device should have to do its job most effectively.

focle Mnevledye lloeded in Desiening Training Devices

Jince training devices should exist only to aid learning, knovledge of
poyehwlegical factors affecting efficient learning is essential. This
wrincizle may sceu obvious enough, though in current practice it is often
rot complied withe. Vhat is perhaps not so obvious is that, as a consequence,
tie decigrer of a training device needs to know something about the factors
thrt make for efficient learning before he can even start to make an intel-
ligent annlysis of the functional requirements for a training device. He
need not L¢ an cxpert in the psychology of human learning, but he must
undersia- 1 a fev fundamental notions concerning the stimulus and response
conditions that govern the efficient acquisition, retention and transfer of
‘novledges and skills (See also Chapter 10). To present even the rudiments
of these noticns would require more space than is available in the present
chapter. The reader vho has not had at least the equivalent of a fairly
recent course covering the psychology of human learning and its practical
opplications to trairing should therefore consult a good reference to pro-
vide this background. In many ways the best concise reference that is pub-
lished at precent is che chapter by Gagne” and Bolles (1959), Scme other
helpful references are the reports by Glaser and Glanzer (1958) and by
Idiller (1953b),and the recent text by Gagne”and Fleishman (1959) .

Swmary
The main principlecs and ccncepts thus far discussed can be swmarized
in terms of the Toiloving guidelines, vhich for brevity are stated in
screwhat oversimplified ternm~:
l. Training devices should be designed to provide efficient
conditicns of learning--such as guided practice, prcmpt

correction of errcrs, basis for necessary discriminations.
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S Teaining deviees vether than cpcrational equipment are
ten necdod b recvide proner Ceedback to the student,
Loopermit onople stedoent practice eon erueial Job operations,
to wnie perations vicible [or stuly, or to provide oppcr-

ity Do svffielont student nractics within allowable

e Trodning deviees chould Le designed so that most of the
Student's time is cpent rracticing the things that are
difficult ¢ lenrn. Treir design should be based on appli-
cotion ~f psycholesical orincinles poverning cffective

o N A ..
lesrning.

Identifying the Requirements for Training

The Mirst “uestions to fnsver

dhen ve ctart to desipgn ony vrocedure or device that is to be used to
vr2in pecple ve muct Tirst deal with three questions, Guidance in ansvering
thece cuvecticnc is centained in the earlier chapters indicated. The ques-
ticno are:

ic the final human verformance that we want to attain?
(3ec Chapters 2 2nd 9.)

[39]

. hat sre the specific things that need to be learned to make
this critcrion performance possible? (Bee Chapter 3, concerning
itinds of gkills and knovledges, and Chapter 7, ccncerning
influence of jcb aids on what neecds to be learned.)

oC
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who Lo to leorn Chem--vhat e hic abilitics and motivations,
whot parts of the botal reouired okills and knovledies deoen
he nlready have?  (See Chaptor 10, concerning the intluence
ol selection stondards on the requircments for training.)

enly vhen ve have pocd ansvers to these busie questions are wve in o
poavition to deteenive in 2 rational rashion the training characteristico
b fraining devieo chould be desirned to cwnich,

4
198

Clevces o Training Ovjectives

It ia dmportant to distinguish amerdc different classes of things that
trainces may necd to learn because scme ol' the requirements for effective
training devices dirler for different classes of training needs. Many
classifications of instructional objectives have been offered. Scme of
them, such ag that of Blocm (195h), are very ccmprehensive and detailed.
Fer present purposes we shall use a modification of the quite simple
clascification piiven in the above-cited report by Gagne” and Bolles (1959),
(This classification differs slightly frcm the classification of tasks
. in other chapters in discussing job design and proficiency measure-
ment. llevertheless, referring to scme of the examples in Chapters 2, 3, 9,
10 and 13 will help in getting a better idea of scme of the specific kinds
of tasks that may be encountered.) We shall deal here with five main kinds
of training objectives, or things-to-be-learned. These will be distinguished
in this chapter in relaticn to the requirements they pose for effective
training devices, The five classes are as follows:

1. Identifying. This means pointing to or locating objects and
locations, naming them, or identifying what-goes-with what--
either physically or in words or symbols., As will be seen,
the latter includes much of what we mean by "facts,"

Knoving Principles and Relationships. This usually means
understanding a statement of relationship--as shown by being

able tc state, illustrate and recognize its implications.

Often this i5 a statement that tells how a cause produces an
effect, or hew a result can be predicted from several compon-

cnt factors. It may involve knowing arbitrary rules of contingent
procedurce: If such and such is observed, do thus and so.

ro
2

Following Procedures. This means kncwing hov to carry out a
set of operations that must be carried out in a rather fixed
sequence--such as a rreflight check, starting a car, or
making a well-defined type of calculation.

(8]
.

liaking Decisions or Choosing Courses of Action. This usually
involves the application of conceptual rulcs or principles

as a basis for naking the kinds of decisions that are involved
in diagnosing or interpreting ccmplex situations. Hovever,

1_
.
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dovelonont o otitudes nd mot ivabion, will

Dreliings Doevices Qonsiderad in Reletion to Troinin: Ob.jectiven

Uve of Illustrative Devieos: In the fellowing seetions 2 nuber ol
trdning deviees are illustroted and deseribed.  The purposes of decerilbing
thuse devices ic to [lluetrate useful princivles of device design, Thic io
‘e by identifylng functional char.etericti 26, indicoting principles of
desizn, or deceribing eatures of cenciruction which lnmlanent these prin-
civles.  Zeome of the deviees are rarticularly designed for atteining one of
the [ive clacscer of training objeetives distinguished above. Cthers arc
decigned less cpecillieally and may be used for seversl of these training
ceals, The latter are scrctimes mere adaptavle, but often are less well-
cuited for pinpointing the requircnients nceded to ottain any cne narticular
ind of cbjective. R

‘Partslwoll Trainer:': Cnc of the problous vhich oceurs Ircquently in

the decign of traﬁning devieces ic the question of "wlole task" versus "part
task” training. Yne general issue is vihether it is nceessary to have a
picee of tf“LHllg eaulrmcnt that vrovides for practice of all elements of a
Tell, or vhcthor certain uzpeets can te selected and practiced indcpendently
cne at o time.  then thc latter is appropriate, lovered cost and increascd

cfficiency in training can often be achieved. Often the operational ecuipment,

cr 2 trodning device thet afferds siavlation of the cntire task, may be

uwired during terminal stapmes of training. But much time in the use of such

deviees can e caved, and the number of devices reouired conseguently reduced,
those clements of the tash thot do rot require the total cquiyment arce

Tirst wastered on simpler eouirrment.

Scrne off the prercauicite knovledees and ckille necded for identification
srd folloving of proceodurcs can ncarly aluays be separated ouvt frem the total
:nts of » rositicn, end leorned mere effectively and more economi-

rooulirer
1th "port- task" training devices. Turthermcre, in training procedural
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Phieowhen bboio bntraduced into the procedural cequence. D -
i ned to teach one-to-cne corrvespondences enn also be uscd
eyl e o velntionshis pince "knoving” o orelaticnshin, at least
weoclerentery Lovel, oitten beecenes identicenl with ldentivying the terme
P e o by the relutionship,

N

&}

coveornt o conciderations entering into the votionale and
etiie desdon destwees of poart tooll trainers io given by Millcr (l@bfe).
Sovtsion o e tevtinent considerations applying to part task traincrs
cther precblons in the desicn of simulators and related duevieces o
- cned (L050) Iren the stondooint of the vrescarch iosucs they
N Jewo sl Ao (1'4“5‘:,\).
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4

Tniividunl Vercong Clacs-Groun Inctruction

For training in wenuel ckills and, “to cowme oxtent, Cor instruction in
felzion making and Lolleviny of procedures, individunl supervised practice
often reecgniced uc very ifmvortant. This is less well-recognized in the
crue of teaching identitications and principles, vhere the group lecture
gethot lo very cormonly emploved,

Hivever, the teaching of identilications and principles can ulso generally
weodere more effectively threouch individual training, thouch this is scuetimes
bt to be dmpractically cxmensive.  Vhen Teasible, individuzl training

: supericyr Lo group instruction because of the fact that diffcrent
at very Jifferent rates. Holding 2ll students to the samc
e dene in a class group, is thus wasteful and inefficient, cven
very ccunen vractice.  UWith most class-group instructicen,
ver ctudents do not cover the material or vhat they fail to cet

m Uy individuel study. The latter is in itself often
we attempts to inculcate wiiicient study habits.

ey
Ioge,
deiye B
toousn

it

Lo omade

tatheriicre, nost croup inctructien fails to provide opportunity for a
wilieient amount of active, puided student practice or recitation. This
iooene of the nost impertont factors in effective lcariing, because it pro-
vides the opnortunity for detceting errors, misconceptions, or inadeauate
tery of portion ¢ 2 cubject, and for correcting these deficiencics
t poces on o new material,
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Cho prenera b dicadvamtares off prenn Inctrve b bon e nebed in relatbbon to
srecitie elacoes oy trnining: Ahdeelive s, Thie i'(‘l;‘l!'i,LlL.‘,' o iy indivl-

»
i
'
i

e linatruetion to peplaoce Leos oftieiont medbodis ot proup=doe o ferbime.
Eron tor aehicvim: virious olaaror off Lraintng objoetives T inerengs iy
et ol enrrent peoere s in Ghe doevelopments ond use G antomted op e -
shoarted cedCainctrnetlont ) deviees o the Sl deceribed in Chapter 10,

b v rradnine devicer or preccdurer chould atort From n
detrPle Doomndycin of pertoraane:s recuirerents, cpocific hnove-
Lelves o GkiVLe nevded s mect than, md baaice charoetor-

Lobies of Lhe tradnooe.,

. Deoulresents o training precedures and deviees chould be

criented oo ewplicitly s poscible In terms of upecitic types
ol huaman perlormaancees o be abtained,  In general, theoe nll
into five ‘oroad alasses: identifying, lmowing principles and
relationshine, following precedures, cheosing coursoes of action,
and performing meter skills.

3. The desirner of training devices chould be alert to the pos-

£ibility of reducing training—deficc cemplexity and cost by

use of part-task trainers to teach rrerequisite knovledges and
»litills,  However, it is often possible to achieve more than onc
Bind of training objoctive concurrently in a well-designed device

1L training objectives have been clearly analyzed,

L. Rether than placing relionce on aids to class-lecture forms of
instruction, effort shculd ve made vhenever possible to provide
devices that permit individual learning, paced to the needs of
cach student and providing a maximum of active, guided student
respense and proempt correction of errors. Self-instruectional
devices deseribed in the next chapter can increase the feasi-

nility of doing this.
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Types of Training Devices Particularly Suitable
for Various Classes of Training Objectives

Teacning Students to Tdentily Thines

prevalonee and importonce of the kinds of
catecory are denirned to meet hus heen vell
1

"The leorning of identificsticns is cne of the most ccnmon

A mman veing does, from coarly childheed throughout his

N Althoush thics type of learning 1s ccranon to nearly
Lmpertance can easily be overlooked., [For example

Jobo reqguire the identificaticn of hundreds of faces,

cclu, or terinls, and in such inctances the period of

r training, veccrmes an escential requirement.

“Irn the wilitory services, with their [requently choenging
Jovs or rartc of jobs ccecasioned by the introduction of new
wearens, the learning of nev ccets of identiticaticns is a

-y
ubiguitens rioncmencn.  The pilot who learns to operate a nev
2irerait must firct learn Lo identify the controls and instru-

ments of the rnew cochiplt.  The cbserver has tc leorn to identify
targets {roam rador returns. The electrenic technician vho is
veing tradned to meintain 2 new guidance system must first master
the identification of its partc and their locations, as well as
their symbols cn schematic diarrams, The supply man vho is most
highly skilled is the cne wince can identify perhaps thousands of
cerperents and parts, and their bin locations, without going
through the laboricus procecss of tracing them down by ncmen-
clature through o ~ucceosion of teernicnl créers.”

caitublde Dowicceg ond Irvheder Ihe group locture methed Teor teaching
identificaticns (or, at leust, for presenting them avd hoplng they will be
lcarned) is frecuently cmployed. Vhere the identificaticas refer to equip-
went or locaticns or other readily visualized things, it is ccmmon practice
to acccmpany the lectwre by scme form of "teaching ai?" or sc-called training
device. This may be the actual cquirment or situation (see Figure 11- 1),
or it may ve a cheaper substitute in the form of pictures, charts, slides,
mcdels, ete. Characteristics of these kinds of devices and their uses are

concidercd further in a later section of this chapter.

specizl dizadvantage of the lecture method for identification learning
is thut it generally fails to take adeguote account of necessary conditions
f‘r el'Ticiently learning tke large number of identifications that may need
to te mastered. Often these identifications are mercly stated and pointcd
wut by the instructor, vhercas effcetive learning requires active iesponse
the form of repeated drill or recitaticn, by each ctudent on each
identificaticn until it ic moctered.
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Where grcup instruction rust te used, cless drill rather than stroaight
lecturing is the test nmethod of teaching identifications. Relatively
simple 2ids in the Torm of pictorial chaorts, Tloon cards, or slides are
ucuelly ot leact as sotisfactory ror this purrose as more exrensive aids such
as nock-ups and medels. Scretirmes, in fact they are more efficient than
mock-unpc tecause, in addition to their lcwer cost, they provide better
depiction and ccntrol of the display in guiding the student’s yerception
ol objects and locations to te identified. For exarmle, a chaert or slide
display such as the one showm in Figure 11-2 can te used to teach locations
as well as functional and physicel interconnccticns in teaching the identifi-
caticn oi system ccmponents. On the other hand, o close-un such as the
cut-awoy drawing showm in Figure 11-3 can be used when it is desired to
Tocug attention on fine detail, either for teaching identification of parts
or their locations and interrelaticns. Often this detail cculd not readily
e observed by more than one or two persons ot a time in classroom viewing
or 2 cut-away rcdel of the actual equirment.

Instruction in identifications, using such visual aids, can well proceed
by a "Socratic" method of question and answer--"Where is the . . .?", "Vhat
s this . . .?", "What goes here?", ¢tc. Note that the training aid does not
e ch in itselfl; it merely provides the things to be pointed to and asked
out by the instructor and identificd by the student.

Individual driil ic more effective than class-group drill for the
reasons noted above, but usual ways of providing for it are very expensive
of instructors’ tlme. V/ith an adequate supply of simple, inexpensive
training 2ids such as realistic dravings or suitable photographs (see
Figure 11-4) pairing off students to provide coach-and-pupil teams for such
drill con te quite effective under suitable supervision. In addition,
recent progress in developing methods for "autcmated" training can be
readily applied for affording the kind of individual drill required for
effzctive learning of a large numver of identifications requlred in a

variety of jobs (see Chapter 12).

Teaching Facts and Simple Relations Considered as Identification
Training: Knowing "facts” often really consists of being able to identify
or rclate verbal or symbolic terms in one-to-one fashion. Psychologists
often term this the learning of "vpaired associates.” The essential facts
that "the capital of the state of Pennsylvania is Harrisburg," and so on
for the other states, scon reduce to a set of verbal identifications
"Pennsylvonia--Harrisburg," or vice versa. Similarly, the "fact" that the
nmmoer for o holding relay in a specified ccmponent of an electronic control
unit is A-57325 consists, basically, in identifying that number as the one
to specify feor obtaining that varticular part, or the reverse process of
knowing that Part No. A-57325 is that particular relay. The two comple-
mentary identifications are not identical; 2 person may be able to make the
proper identilication in one direction but not in the other. For example,
the student may be able to respond premptly and corrcectly to '"What is thig?"
wnen the instructor points to a given item in a complex array, though the

15
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came student has not yet levraned te lecate the item cerrectly in response
to lhich ic the ------ (nwre of item)?"

Eifective Identification Drill: Individucl cr group
identification facts thus needs to provide for
oci
5

ntions in both directicns, and training aids should
vossitle. labeled photographs for initial famil-
)plcmelkcd by unlabeled ones coupled with lists of
i n trhe latter. Vhere coach and pupil teaching is to
sing stu uan in the ccaching role, a labeled 2id for the coach and

Learning of Principles and Relationships

asic Reauirements: The most important consideration underlying the

cn of effective chLCGS for this aspect ol tiuining is to meake a

ching analysis of what principles, concepts and relationships are

cally essential [rcm the standpoint of carrying out the task which the

student is being trained to perform. Cune T the most frequent sources of
usicn iz that of failing to distinguish ovetween physical principles

soverning the ccnstruction and functioning of a piece of equipment, versus

those panc1plc related to its operation and maintenance vhich the operator

cr technician for that piece of equirment actually needs to use in performing

hiz job. These are not necessarily ot all the same principles, although there

mirht obviously te considerable overlap in many instances.

Cne ot the seemingly obvicus sets of principles that may be stressed

in training electronic maintenance technicians, for example, are those
involving the theory of physical functioning of thermionic vacuum tubes,
gemi-ccnductors, electro-magnetic induection, and the like. The principles
that are rore pertinent to actual job operations, on the otlher hand may be
vrinciples of data-Tlov analysis that are independent of’ how the 1nnards

of the equirment vork. These may tell, for example, how to devise strate-
zies for troubleshcoting that effectively take into account the likelihocd

of various linds of malfunctions and the time needed for making various kinds
of ‘iiagnostic checks.

The determination of principles to te taught and the sequence in which

+hey should be taught should, in general, always be based on as ccmplete as
reosible an analysis of the dctual duties that the person being trained
will be called upcn to perferm. Thne principles of physical functioning of
2 piece of cauirment are unimportant, except inscfar as they are actually
the relevant principles to apnly in making decisions as to alternative
eourses ol action to follow in actual job cperations. The determination of
the appropriate conceptual content for a particular job--that is, the prin-
¢iples that reuzlly need to be applied in carrying it out--often calls for a
sirly high deprece of skill and experience. Useful guidance is provided in

varts of Chapters 2, 3, 9 and 10. The remainder of this section deals with

23k
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T devices tha*t moy be effcggively used for teaching the

characteristics o

concepts and princeiples which have veen identified by an appropriate prior

analysis as the ones that need to be learned for a particular job.
Kncwledre of Frinciples: liost principles are stated in verbal form

¢r, in mere sophisticated applications, in terms of mathematical symbols,
"Wnovledge” of a Principle may be revealed either in terms of being able to
ctot: it (or restate it in verious Torms and contexts), or being able to
FIPly it to a variety of situations. "Knowing" the formulas for ccmputing
centrifugal Iforce and the area of a circle so that they can be applied in
rote cr straighticrward fashion are closely similar to tasks of simple
verval identification. On the other hand, knoving how to select the right
vrincizle or relationshivy frenm a large number of possible ones is often
mere cleocely oliin to the tasks of problem solving and comple:: decision

malrl e
masing.

Ouwr psychological knovledge of the nature of "understanding’ is at
rresent cuite incomplete. However, it is clear that mastery of any prin-
cinle, in the sense of being able to apply it, requires two things. The
first is mastery of ccmponent identifications (definitions, etc.). The
cecond is extensive practice in mental or verbal manipulation of the terms
entering into the principle, and of ways of applying it in diverse situ-
ations. Understanding a principle certainly does not mean merely being
acle to state it in parrot-like fashion in s me onE—Eérticular manner in
which it has been memorized. The ability to use a principle generally
requires that the basic relationship it expresses can be expressed in vari-
art forms and that the proper elements entering into it can be identified
in o variety of instances. -

Teaching of Frinciples: The learning of concepts and principles as
zpplied to a specific operational situation or a piece of operational equip-
meént 1s perhaps most frequently acccmplished by 2 combination of lecture
(er “lecture-demonstration”) and unsupervised individual study from training
manuals and technical crders. Often such instruction is very inefficient
because of inherent limitations of the methods employed. Neither the lecture
ner the individual study provides for effective drill and quizzing on the
knculedge of the material that is presunably being taught.

The usual lccture for teaching of brinciples presents material at a
rate rmuch tco ranid for it to be really mastered by most of the students.
Also, it often presents a hcdge-podge of material that fails to differen-
tiatc those aspects of the topic that really need to be mastered from those
¢ vhich general bLackground and familiarity is needed. TFor the latter, a
geed film or a lecture with suitable visual aids (see gection belcw) ma
be adequate. Dut for those principles that the student needs to master and
uve aole to apply on the job there is probably no substitute for extensive,
active practice inu dealing with the principles and their application. This
often needs to cover a wide range, frcm learning basic relationships (where
tie kinds of driil described in the section on "Teaching Students to
Identify Things" atove, is applicable) to active practice in applying
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principles to the sclution of operational exercises using devices of the
kind described in the subseguent secticn on  Synthetic Practice Devices for
Ccmplex Systems.”

Between these tvo extremes, it is of'ten useful to provide the student
with extensive practice in verbal manipulation of terms and relztionships,
in a program of instructional exercises in vhich concepts are gradually
tuilt up, starting with the simpler exanples that need to be mastered first
bei'orce he proceeds to more ccmplex problens. Often the content of the kinds
of exercises needed 1s essentially verbal and synbolic in nature. Here,
complex training devices are quite inappropriate; vhat is really needed for
¢ifective training is not egquirzment but, rather, a well-designed set of
instructional exercises. Howvever, the presentation of such exercises and

checliing or student responses to them can often be effectively mediated
using scrze of the kinds of self-instructional devices descrited in the

Lol dpe ol Hirhly Corplex Interroloticnshins:  Understanding the
speration in a complex system may require relating a considerable nunber of
ovservable indications to a very large number cf components that comprise
the system. The difficulty of learning to do this is often increased
cecause the rclationships between observable indicators and the internal
functioning of ccmponents may be different under different modes of opera-
tion. It is difficult, costly, and time consuming to represent all these
ccmplex interrelationships through study and experience of the actual
cperational equipment or operational situation. Accordingly, it is often
desirable to represent the ccmponents, indicators, and relationships in a
simplified schematic or symbolic form. Generally, this is done in quite
unsystematic fashion, and a stud~unt must then inefficiently "dig out" many
of the pertinent relationships r himself each time he needs them.

The impor*tance of providing a more systematic basis for training
through appropriate devices and materials is particularly great in the case
ol learning the ccmplex functional relationships on vhich successful diag-
nosis of malfunctions or troubleshooting of complex equipment may depend.
In highly complex ecquipment the number of possible interrelationships that
may exist betveen malfunction conditions, mode or procedure of operation,
and output indications at test points is so large that a systematic way of
analyzing and presenting this information can be very helpful.

Crne ayroach vhich deserves consideration is indicated by the device
portrayed in Figure 11-5. This device, a "Malfunction Information Trainer"
cr "MIT," us described in more detail by Crowder (1957), It is essentially
a device Tor displaying the ccmple:: relationships between control inputs,
output indicatlions, and a large number of possible malfunction conditions
existing in any of a ccmplex system's several possible modes of operation.
Such a device can do tvo things: PFirst, it can provide symbolic practice
in trouolecshooting, in which the effects of various test cperations or
signal injection procedures can bc observed in terms of a voriety of oubput

21
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indicaticng, under a wide range of nalrfuncticn cenditions.  Jecond, it
rrevides a camplete, compact, and systematic tebulation, interrelating
these factercs, which is helpful either oz a job aid cr as a2 bacis Tor

designing training excreises.

A3 exemplified in the cuase of cne of the Sperry K-series tomb naviga-
L systens, the device consists oi 2 rectangular table of 28 colunns and

Y rovs, In thesdevice in Pigure 11-5, this table is caryied cn 2 roll of
per, und entries for only one row at a time can be examined. The

20 columns reprecent 28 difTerent critical cembinations of control settings
and wnipulations. These are arranged across the table and are described

in abbreviated form in the 28 columns cn the panel of the exposure device.
Zoch of the 476 rows ic identified as a "test point” or output indicator.
The row of the table that is lined up at any one time in the exposure device
11l display the results of any selected signal-injection procedure on the
indicaticns observable =t that one test point. Selecting the button for any
column of the table ill then disvlay, in ccded form, the test result that
vould appear at that test point (row) as a result of the specified control
ranipulation or signal injection procedure (column). The test result is
«xpressed as a single code letter, such as the letter "b" that has been
eposed in coluin 19 in Figure 11-5.

For this particular system the ccde used (displayed at the upper part
of Figure 11-5) required almost all the upper and lower case letters. A
ccmplete table of 3,384 entries vas used to reflect the state of the system,
in terms of all indications for all indicator points, under normal operation.
Asdditional, similar tables were then constructed for each of a large number
of malfuncticn conditions. Reference to the appropriate row ("test point")
in the table for any given malfuncticn condition would thus yield the indi-
caticn obtainable with that malfuncticn for any selected signal-injection
procedure,

Such a peinstaking and exhaustive analysis of interrelationships in a
ccmplex system not only affords a basis for the particular kind of training
device here illustrated, but is of more general interest because it repre-
sents a pcssible major step towvard making the diagnosis of complex
cperating systems more oi 2 science and less of an art. GCne of the reasons
vhy troubleshooting prccedures are often so haphazard (and vhy, hence,
training for them is so difficult to systematize) is that no really ccmpre-
hensive analysis of this kind has been made. liaking such an analysis is a
latorious and time-consuming procedwre, and generally requires a considerable
amount of empirical determination with an actual operating system under
ncrmal conditions and with various experimentally inserted malfunctions.
However, it is cntircly feasible, the most difficult part being the con-
structicn of the criginal normal-cperation table. For the K-series systems
it was found that, after the description of the normal system was written,
the description of a specific malfuncticn could be written by a skilled man
in o few hours or less, and that a library of several hundred malifunctions
vas thus econcmically feasible. Such a library affords a valuable founda-

ion for the decign of training devices and procecduree for teaching methods
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< palfuncticn dicgnosis, In additicn, suech a ccenpilation, presented in a
simplificd Torm of "malrfunction indicater' device, could potentially bve

ot censiderable value as an informational job aid. The availability of
siueh reference information in conveniently usable form on the Jjob might
not only inerease the effTiciency of troubleshcoting--even for experienced
rersonnel--but might greatly decrease the amount of’ training required in
crder to leecate many malfuncticns,

Lenrning Cequential Procedures

N\’_lc

cic Reouirements: The general requirements for e¢ifective teaching of
rroccdures ure fairly simple, even though procedures to which they apply may
cover a very vide range of tasks differing greatly in length and complexity.
Examples include assembly arnd disassembly of o piece of mechanism, removal
>l replacenent of ccmpenents, fueling a missile, setting up a piecec of test
exudirment, toking an inventory, changing a tire, filling out a form. Scme
rroceduvres (such as checking out a ccrmplex electro-mechanical bombing and
navigaticnal systen) are very lengthy, involving hundreds of steps. It is
cften useful, voth in training and in job operations, to break down such
lengthy precedures into a series of shorter sequences. '"Knowing how’ to
rerform a procedure of any length invclves knowing how to perform each
tmellest step (which may resolve into a ccmponent identification or a

cingle skilled moter act), linking these together into sets or sequences,
and finally integrating these scts into the total nrocedure.

1
e

The learning of a secquence of steps, as distinct frcm Knowing how to
serfcrn the individual steps of the seguences, can often be simplified
creatly by use of 2 check list or other job aid (see Chapter 7). For scme
¥inds of rrocedures, where the steps must be performed rapidly under pressure,
it 1s nct possible to "look them w" in such a guide. But vhere it is
feasible to use such a reference source as a check list, the traininér}equire-
~ent for satisfactory job performance may be greatly reduced (even though the
"0ld hand” may no longer need the check list).

froving vhat kinds of wrocedural guides (check lists, etc.) will be
available thus is an important determiner of the specifications or charac-
teristics required for a training program or training device. Conversely, an
apparently difficult training requirement can often be greatly simplified
by converting the requirement so that it calls for a better source of read-
ily-used cn-the-job information, which then :eed not be "stored in the
trainee's head." This is particularly true for lengthy, fixed sequential
rrocedures, but may apply also to the requirements for variable or contin-
gent procedures like troubleshcoting. In either case, the result of requir-
ing that training cquip the wan to do the Job with the hlep of a well-
dcsigned job 2id can mean that the training requirements are made much
cusier: Instead of having to menorize a very lengthy sequence (fixed or
contingent), the trainee need only learn a variety of relatively short,
unitory procedures which can be called out or "agsembled" in proper order
on the jouv by fellowing the sequences given in the job aid.
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Training devicec for teaching of either lengthy or relatively chort
preecedural sequences generally involve two distinguishable elements. The
rirst iz 2 stisulus input element ¢r sowrce of procedural instructions.
The seccnd is a resvcnse element or set of "manipulanda’ on which the

rceedures are executed. The spource of procedural information may be
aite sketchy, merely outlining the steps as in a cbeck list, or may be
ery detailed and ccmplete, as in a step-by-step procedural-demonstration
Jound film. The recwense elementc generally ceonsist of equirment and
creties tecols. Tio eouiizment can be a real piece of ccmplex operational
icar, a rcdel cr picture of this equipment, or, at the other extreme,
sorely a fcrm te e filled out.

Jtep-vy-5ten Directicns in Teaching of Froceduresz: Scmetimes the input
ticn in a training situation is provided by an instructor vho gives
ster-by-sten directions which the student follows. This has

¢ of [lexibility and permits individual pacing and adjustment to

ctudent's aptitude and rate of progress. Howvever, it is extremely
instructors' iime. Accordingly, various fully or partially

mated cubstitutes have been devised that will undoubtedly be more

and uere videly used in the future.

cr many kinds of tasks at early stages of training, visual demonstra-
ticn accemmanied by creal directions or exmnlanation is preferable to reliance
on purely vertal directions as 2 guide o initial following of procedures

Ty the trainee. Sound mction pictures have great potential for this purpose.
sowever, thelr effective use requires that they be constructed specifically
25 procedural guides, and exclude "familiarization" or "motivationsl”
material vhich, vhile appropriate for other purposes, is extraneous to the
rrocediral demonstration. The latter must cover in careful detail each of
the steps in the demonstravion sequence that are essential if a novice is
really to be able to "follow” or successfully imitate the procedures demon-
strated. OSuch films, ccnsisting merely in clear delineation of a series of
procedural steps, should have adequate provision Tor stopping, to allow
trainee practice, after each step. They can nearly alvays be filined at very
lews cost, using minimal prcduction Tacilities. Scme excellent guidelines

fer loczl production of such low cost films are given by Greenhill (1952,

xy

Lffective Use of Procedural Films: For effective use of such step-by-
step procedural demonstration films, each student should be ecuipped with
thn appropriate response equipment or "manipulanda" for followving the pro-
cedure. A short demcnstration segment is showvm, then the projector is
ctopped on “still frame” while the students perform that task before going
¢ to the next. The instructcr can check the students' performance as
citen as necessary. Such a technique has been used successfully for experi-
sental instruetion in the photographic school at Lowry Air Force Base in
toaching students to assemble and service Air Force cameras.

The uce of stewn-by-step vrocedural demonstration films in this manner
creatly supcrior to the much more ccmmon practice of showing a ccomplete

25
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aCmosltuation und then later having the
ns o the basis of reczll after .
ve elapscd.  Convineing evidence orn his

ata of emperimental students by liaccoby and
tigatore found that learning was ruch more
Ty short demonstration cesments of only a Tew secconds vere
ollcued, o1 at least the Tirst fow times through o procedure,
eriornunce of the steps demonstrated--ns ccmpared vith condi-
I the Troctice was deferred even a et minutes (until the end

teehnigues Yor cutimiziag the use of domonstraticn Tilu are
ated gelf-instructional devices des-

ccurnecteinon witn the zuts
rived in Chapter 12,

ai o icin” Frecedures: Fer effective practice
cedures the studeni nceds +o have an cpportunity to make appropriate
Ses to the step-by-step sequence of instructions that outline the
rezardless of vhether these are given by a manual, an instructor,
straticnal ril:, There is scme cevidence that "mental"” rehearsal
motor acts involved in 2 precedure can sometimes be quite helpful

see Haruvy, 1952). Gencrally speaking, however, the practice of procedures
nould te ccnducted with the student actively cxecuting the procedures as
directed, using apnrooriate manipulund:z in the form of equirment or substi-

tute equirment 2nd anm teols reauircd.

o
by H

e

1~~~

Tor many tasks, actual eauinment may be used. Often, however, this is
nct necessary in carrying out an adjustment procedure. With equipment com-
rosed of separate black-box cubccriponents such as the one shown in
Figure 11-4, a single cemponent of the actual equipment may be used. An
nccriplete component or photographic replica may be satisfactory when the

sponses are straightforward and already learned as individual units. In
this case the steps of the procedure may be ccmplied with, for much of the
oractice, simply by such substitute responses as positioning a screwdriver
ond pretending to turn an adjustment screw by about the right amount, or
doing o maie-believe flip of a photographed toggle switch from up to dowm,
¢r Ly simulating the tvisting of 2o dial and indicating orally to what
position it vould te turned.

,

gererally not suflice, however, if the "feel" of the response must be
learred. At least those elerents of the equiprment which provide this kind
of feedback necd to be physically present for most effcetive - practice. But
tiiie by no meune nccessarily requires that oll of the insides of the equip-
ment be present in the cerpenents that are to be used for training purposes.

A replica allcwing cnly such substitute or symbolic responses vould

o

lar ccnsiderations 2pply vhere the procedure consists of adjustments
and cettings of control panels. Often, many parts of the procedure can be
carvied out with only the facc of the instrument rresent. Certain aspects of

20
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vrocedwre, hovever, will rcouire learning to adjust the steps taken to
changing displays affected by the control settings--such as an oseilloscope
pattern. For thece, the use of the actual equipment is often simpler than
trying to sinulate the control action.

However, the portions of a procedure requiring this often comprise
only a very suazll percentage of the steps in a procedure. Thus, a simple
"surface” mockunmay be satislactory for practicing necarly all of the
procedural steps, with rcal equipment being used only when required. This
reans that the number of items of expensive real equipment required for
practice cun te reduced by using a single picce for a number of students
cnly 2t the points where it is primarily required.

Vaviable and Ccomplex Procedures: In other instances, procedures which
must be adjusted to tihie "feedback” of changes in display resulting ircm
adjustments of controls or other manipulations can be provided more «ffec-
tively or mcre cheaply by o simulated procedural training device such as
that shown in Figwre 11-0. In this device, actual or simulated ccmponents
or photographic representations are used, depending on the necds of training.
Special circultry is provided for feedback for making displays responsive to
contrel adjustments as in actual equipment. An instructor supervises and
checks the student as he performs adjustments and check-out procedures. (This
device was devcloped primarily as an efficient means of testing performance
for routine alignments and adjustments, but also can be used as a training
device for these tasks; see Briggs and Besnard, 1956 for a more detailed
account.) DNote that, as in this instance, simulation provided need not be
fully realistic in all cases in order to meet the needs for effective
training. For example, wvhere the discrimination on the actual equipment is
essentially a "go/nc-z>" decision in terms of the way it is interpreted, a
simple on-off indicator such as a light may be substituted in the simulator
for a meter reading or other quantitative display. The question of whether
special simulator circuitry ghould be provided in a piece of training equip-
ment 1s often a ccmplex one. A complete discussion of the factors affecting
requirements for sensory feedback in training devices used for teaching how
to make procedural adjustments on equirment is beyond the scope of this
chapter. Scame useful pguidelines are provided in reports by R. B. Miller
(1952b, 195C€a, 195Ce).

Part-Task Procedure Trainers: liany lengthy and important but relatively
eimple procedures are required by flight and maintcnance personnel in flying
mcdern aircraft and preparing them for [light. Cockpit procedrre trainers
(consisting essentially of a ccmplete "life-size" mock-up of the cockpit
interior and its displays and controls) are frequently used, especially (or
the training of flight personnel. The number of displays and controls Tor
such a replica is quite large. Scme cockpit procedure trainers carry simu-
lation to such an extent that almost every aspect of the cockpit is dupli-
cated in the procedural trainer, thougch there is concidershle variation in
the ccmpleteness with which displays arc made functional and responsive to
the acts of controls.

oho

27
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. E-4 SYSTEM PROCEDURAL TRAINER

Figure 11-6. . Special Device for Tyaining ol Leccedures in laintaining
a Fire Control System.
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cuehr treining devices eon unquesticnobly ke on inportant contrilbution
to training, -nd in meny instonces con vernit o complete run~thrcugh of
inportint nrcecedures in 2 vay that is soier or morce econcmical than perfomming
thew in the cctual airerart. (The some is, of ccurse, true for ponel
sirulstors oi censoles used in nmiscile dircetion and similerly conceived
rert-task truiners for other kinds of jobs.) On the other hand, many pro-
cecdurce ond diveriminaticns which rlight personnel and meintenance rersonnel
ruct lcarn to acccmplich either require only o small portion of the total
svailable dicplay at one time, or require thoat only a few instruments be
mode restensive for the actions of centrols--with the rest merely furnishing
tosic indoruction or belng irrelevent to thot particular procedurc.

Accordingly, importont econcmies could scmetimes be realized by

constructing sevcral part-task trainers. In these the instrumentation can

te linmited vrimarily to those display-control cembinabions that enter into

the tasks that require the most extensive practice in order to master. Even
26 simple a mock-up as that provided by the experimental training device
chown in Figure 11-7 might frequently suffice in providing such intensive
vractice on certain key vrocedures. (This device is described in an unpub-
liched stuff merorandum by L. i, Stolurow and L., P, Pottsepp, "The Propulsion
pescarch Unit Jet Engine Troubleshooting Trainer," prepared at the bainte-
nance Laboratory of the former Air Force Personnel and Training Research

Center.)

The utilization of such a simplified part-task trainer does not
neccosarily replace the nore ccmplex and completely instrumented training
device, but rather may be used to supplement it. This can often best be
Zone ty using the simpler part-task device to insure mastery of unit
siills, reserving the more ccmplex and expensive device for those portions
of training for which its characteristics are really required.

In additicn to its econcmic advantages, the simplified trainer may

ccmetines actually be a more efficient training device than a more ccmplete
uLmulator because it makes for greater concentration on only the crucial
”spects o; the task during initial stages of learning. Also, the rela-
tively simple part-task trainer makes feasible a program of intensive
practicc that leads to "overlearning" of crucial operations: The trainee
continues practice of a critical procedure until he can practically "do it
in hic sleep.” This may cost tco much vhen more ccmplex devices are used.

2o oin Decldslen Tlulinge rd Diagrosis

Basic Requirements: "Decision making" and "problem solving" in

clementery form include many very simple choices that every child scon
learne to make easily and autcmatically, But learning to make good deci-
stons in complex situaticns is undoubtedly one of the most difficult problems
% trainee has to face. The need is encountered in a great variety of tasks
in nexrly all phases of military and incustrial operations. It will be
exerplified in this chapter primerily in relation to the troubleshooting or
dizgnocis of walfunctions in egquirment systems.

2hly
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It iz gencerully felt that the ccmplex procescses of diagnosis or other
problem-solving tasks cannot be fully mastered simply by routine kinds of
praoctice: Knowledge and understanding of guiding principles and of inter-
nal cause-elfect relationships often se¢m to be required. At the same time
it is easy to carry this notion too far, and one of the main ways in which
training devices can undoubtedly contribute to ability in such tuosks as
troubleshooting is through providing a vide variety of suitably guided
rractice or experience in applying methods and principles in the dingnosis
of uzctual or simulated malfunction ccnditions.

FPractice in Troubleshooting: After a student can interpret symptcm
information and follov appropriate courses of action for making checks,
training is required that will give him actual practice in making the
decisions involved in choosing alternative courses of action. For a com-
plex system which can have a very large number of possible malfunctions,
skill in moking such decisions for troubleshooting requires the ability
to formulate efficient strategies of diagnosis. This may call for extensive
opportunity for practice before satisfactory effectiveness is attained.

The troubleshooting of even an extremely simple system such as an
autemcbile ignition system or a landing-light circuit mey pose quite a
formidable problem to the novice. For such a simple system, adequate
practice in diagnosing artificially inserted malfunctions can be afforded
by a fairly simple mock-up, such as the one shown in Figure 11-8, composed
of the actual equipment ccmponents. However, the mock-up must be designed
with this purpose in mind, so that any malfunction can be inserted or readily
simulated ty appropriate adjustments made by an instructor. Use of simple
test equipment such as a continuity checker then permits the student to
conduct diagnostic tests to determine the nature of the malfunction. Iven
with such a simple system, however, the use of practice in using such job
2ids as a schematic circuit diagram or, better, a proceduralized strategy
of step-by-step checks, is generally desirable.

Synthetic Practice Pevices for Troubleshooting Ccmplex Systems: When
the job requirements are for analyzing malfunctions in equipment of much
greater ccmplexity, use of an operational equipment mock-up in this fashion
seldem provides a fully satisfactory training device. The necessary mal-
functions often cannot feasibly be inserted in such a way as to give the
ctudents a full range of practice. Even if they could be, the carrying out
of all the actual diagnostic checks theat would be required to provide ade-
quate practice in interpreting different patterns of symptcms, and learning
to make appropriatc decisions based on them, would be prohibitively time
consuming.

Reguirements are thus posed for a device in vhich:
1. Essential ¥inds of interrelaticns between malfunction con-

ditions and observable indications can be observed and acted
uron.

2L6
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N A wide ringe of malfunctions can be readily inserted
in such 2o wvey as to produce appropriate symptems.

3+ The cause of these symptcms can be discovered by analy-
s3is of data obtained at proper system check points.

‘s The procedures required to obtain this information and
take corrective action are simplified so that they can
be carried out quickly and yield appropriate feedback
prcmptly to the trainee.

The so-called "malfunction and circuitry" trainers (or "MAC")
shoun in Figwres 11-9 and 11-10 vere designed as approaches to the require-
ment for training devices wvhich provide individual troubleshooting practice
in 2 way that meets these requirements for complex systems. In these
devices, 2 vide variety of malfunction conditions can be introduced by the
instructor for the student to diagnose, simply by changing plugboard con-
nections and switch settings., The experimental device shown in Figure 11-9
wvas developed in terms of simplified inputs and indicators that simulate
nearly all aspects of the operation and essential circuitry of the K3A bomb
navigational system, in a way which would be efficient for training in
knovledge of system functioning, data flow, and troubleshooting methods. A
detalled description of the design and use of this device is given by
french (1956a), and scme cxperimental data on its effectiveness in a training
course are presented by French (1956b) and by French, Crowder, and Tucker

(1956) .

The conclusions of the latter study indicated that some modifications
in the design of the device, including more realistic representation of
scme of the ccmpcnents, controls, and test equipment, could make it a
highly effective supplement to the use of the operational equipment either
in formal training courses or in job-training situations. The study demon-
strated that apprentice mechanics could learn systematic troubleshooting
procedures by use of the device under appropriate supervision of an
instructor, employing logical analysis of the system's data flow as simu-
lated by the functioning of the training device.

The later mcdel of the "MAC" trainer for the [iA-Ta bomb navigational
system, shown in Figure 11-10, is described by French and Martin (1957).
This report summarizes the main advantages of this kind of training device,
as well as the specific operation of the particular device illustrated.
Functional specifications for a similar trainer are given in a Technical
liemorandum by French (1957). In the later model "MAC" trainer various
basic control elements of the device {such as the tracking handle) are
reproduced realistically, as are test instruments used in performing diag-
nostic checks. liajor replaceable components are represented by smail
rlug-in units., 3Some of the other ccmpcnents are merely pictorially
represented. liost of the indicators of system output are reduced to
"go/n.-go”  indications (represented by indicator lights).

33
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The basie advantages el disadvanteges of this type of trainine
ecaquipment are swmarized by Freich and bartin (1957)+  Scme of the advan-
toges they point out for the "j.aAC" trainer, when used to supplement Lraining
acccrplished on equipment in the aireraft o1 a beneh mock-up, aren:

1. A wide variety of malfunctions may be enpericnced and
analyzed in a relatively shert period,

2e Training in bacic troublechooting skills muy be acccem-
plished wvithout jeopurdizing operational coxmitments.

3. The risk of damaging or seriously micalirning operational
equirment is lessened.

. The cecntrols and indicators of the system are closely
integratcd, which is Particularly adventapecous for
effective demonstration or practice.

5. A "HAC" trainer costs only o fraction of the amount of
the operational system itselfl, and requires negligible
maintenance.

Among the disadvantages cr limitations of the "[AC" type trainers are
that:

1. &Since a "HAC" trainer reduces system operation to a
simplified cimple level, there is little provision for
experience in the interpretation of exact, quantitative
readings and visual displays.

2, Certain classes of malfunctions connot be simulated vith the
devices thus far constructed.

The "MAC" trainer can therefore be reccrmended as a highly effective supple-
ment, but not as a ccmplete substitute for the actual equipment in maintenance
training programs.

Although such a device as a "HAC" trainer may require a considerable
amount of supervision by an instructor at scme points, the student is
often able to proceed by himself on a 'problem solving basis," particularly
in more advanced phases of training. Fractice on such a device appears to
be an excellent means of gaining familiarity with system data flow, circuit
analysis, troubleshocting procedures, and the use of Job aids such as
maintenance manuals. The device thus shares certain features with more
ccmpletely autcmated "teaching machines” that are discussed in Chapter 12.

Like the teaching machine, the advantage of such a device over
conventional lecture methods lies in the fact that it challenges the student
and requires active performance of appropriate responses, with immediate
"feedback" as a consequence of the respenses which the student makes.
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Poadoo by T vy o e feehinyg s roetiines, 0 ol of o =i L
bbby the b et et by o contrdinte Lo ctuedent s molivebion e e

tebec b ot e et e posed by Ehe meehibne,

ROt SR I S Y cur baulti-Dyoten Peviecs: The "9AC" trodner i
Paertant ciowrde o oo cynthoetieo rviner that makes coneiderable uue o
Polde represeatatlion ond slupliricd indicalors -md coentrols, and Lhoat
wadnnd o cenatirueted to apply to the aradiing ter a particulan CQuip-
e Ihe Intter Vewture, inherent dn all cystos-linked tradining
l ceooncnne ond beyrictic disadvantoge that o new trainer must
swhnew candpment sycton, and nust be medified to roflect
ineering ehanges in cuccessive nedels of operational cquiyment.
ondy dnereases the totul coot of fraining coudpnent, as comparcd
! whit eon Go cehieved with gencral purpose trainers, but neans that
censideratle "lewd tiac” io recudred in developing the deviee. Though thic

e

[SESN

lond oy bo el lews thun would be reouired in the case of trainers
i ¢ oentensive use of operational cquipment coupenents, it can still

e f@ru;uublc Leeter dn trying to acswe that adequate training equipment
wvalleble vty bhe tine it 1o required.

anothe wther hand, come kinde of truining devices are designed to Tit
guirements of @ general class of training functions ccumon to a number

[ oystens These may receuire, for their adaptation to the training of new
debs (eus., thoce occasicned by a new cquipument syrtem), only the prepari-
tion o1 npew weterials, in verbal and pictorial for, that can be printed on
raper or film. The latter muterioals normally take much less time to preparce
and, varticulurly, to reproduce in quantity, than is the cace with "hardware"
cenfipgurations Tor a gystem-linked trainer such as the "LACY trainer. Cn the
cthier hand, it ney be difficult to devise a general-purpose trainer which
vill afford the mecans of simulating 21l the aspects of system operation
vecudred for effective practice in either the intellectual or procediral
copecte of vysten checkout and malfunction diagnosic.

One soluticn that has considerable wmerit is illustrated by the
cuntinaticn of couipnent shewn in Figure 11-11, described by Briggs (1956).
The pregromaing of problan nresentaticn and other information sources, inclu-
ding the recultc of cheeks made by the student in the course of practice, are
rresented in pietorial, nuweerical or verbal form on the screen of a micro-
filr device at the rlxht. (This is a medification of an autcmated device
dereribed firther in Chapter 12. It ic used in conjunction with a mock-up
of actual and simvloted system corpenents zs in the device at the left in
Figure 11-11. The fcsult: of manipulations of controls made by the student
crr the left-hand deviee n elther ve fed directly into the programming of
the micerofiln prOJCCtCT--Cl, rore simply, the cequence of informaticn pre-
cented vy the latter mey be governed by coded inputs to it that are
frivctcd by the student or instructor on the basis of the results of

vipulsticns perflormed vith the cemplementery equipment-ccmponent mock-up.

Wind of cembinaticn may afford many -f the same advantoges Trom the

Thisg
ctnndpoint of training 2o dees the "LACT traincr and cimiler devices, but
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vith yrenter Plesib Lty and cupericre Lopgistie mnd ceoncmie qualition.

The progr no=reotieheer using microriln or other information dlopluys con,
covionsly, abne beouned with other systems, or reprogrammed rather

crsd by by conctiruebing new Ciln materials, to take account of nysten
cluaiess AL the same time, revising or replacing the simulated ccmponent s
o the Left-hand Jdeviee for use with the nev £ilm program can wp-date the
ot eombine tion with mueh less time and expense thon might be required
b convtruetd o vhele new tralner or to make extensive cireuwit changes in
! bype deviee,

cony further attonpts huve been made to veduce the operations ond,
yorvierdorly, the intellectund processes and decisions involved in trouble-
Shoeting ol ecmplex cquirment and other diagnostic problems, to simpler
symbelice muterinls o "paper and pencil trainers" (sce also Chapter 12).
viten, the crucial aspects of training are learning to make right decisions
en the basiz of infeormaticen: and the question of the form in which the
infcrantion ic obtained, or the physical nature of the responses used to
veprecent cheeks to obtain this information, may be relatively unimportant.

Trcvelesheoting Trainers in Relation to Job Aids: It is clear that scme
o the kinds of information required for the design of training procedurcs
md training devices Tor cemplex tasks such as troubleshooting may also
2fferd a basis for informaticn sowrces which can be used not only in training
fut aleo en the job. This was noted, for example, for the malfunction
Infernmution tabulaticn used vith the "MIT" device depicted in Figure 11-5.

The availability of such devices as accessible on-the-job information
cources nay mediry considerably the requirements for training that will be
adeguate teo produce satisfactory troubleshooting capabilities in technical
verosonnel,  In particular, convenient accessibility of information that
irdicates the functional interrelationships of a system may mean that
much less knowvledge of system function and of underlying theory is required
thun weuld be needed without the availability of such job aids. Thus it is
important to consicder the potential availability of proceduralized trouble-
cheoting guides (described in Chapter 7) in relation to the design of
devices feor treubleshcoting training. Where suitable job aids can be made
wvailable fer proccduralizing part or all of the troubleshooting on complex
eauirment, the specification of training requirements should take account
¢ thig fact, in two ways. Tke first way is that, as above indicated, the
amount of conceptual knowledge which a training program must include can be
considerably reduced (Berkshire, 1954; Hoehn and Lumsdaine, 1958). The
ceecend way is that the training program should provide explicit practice in
the use of the proceduralized job information aids (in connection with
nenipulaticn of cither z2ctual equirment cr synthetic practice devices),

The ininrmaticn in 2 job-training aid for troubleshooting may be
presented in varicus formate and may make use of diagrammatic represen-
toticons. The latter may either provide indications of contingent or
"vranching” seguences of procedure, in dicgrammatic form, or may consist of
dutu-Tlow dicgrame with purticular elements and pathways emphasized in such

39
25k



I PRI
i Co o . e oy . e A F R TR A

JE IR B FE SR o B LEPRT R R T A S TR TRy
L T S T I R LTI U [ TS S E P I IY B I RPOR
T T oo HEEY oy B Pt be e it theny i

L o R RS R TR

R S TR DU 0T SR THTION & IR

Vi y , L ol o U iy e
e b . To e e PG B el e el b g e

e UL UTRTI R S S SRS R TISE TR TR TS ciecotion, Dueh
Tl O N I e vney et cr it cebended

. AR . c T e e e el i eerebe unibe vhieh carc
T T R R S TICE S IR URCE TP l BY PUSON RSO indevendent units, The

N A IR O v Coreeontd et way beosone Cora of identili-
i Yo oo el Ltee Ll resuivring any motor skill.

sl e cntended D ovine and inelude nuacreus component

T CoL (ARSI cvte v Uoint o sothldy Ploving cequenee.  These nre

o co ool nn menn aetivity, cuch ac wlnying o mucical
noir y 2 I e S N AT T I v S TE
R R ST SR croV coudpment systons, training -1 v Ltox
Dbl des iy woeblen of emevhot decreaving importance
AURURE VAR Cootieetives, (Thic is, of course,

Toa of functions that Tormerly requircd
Ll e the dmportont problems of cem-
coetedl in this chupter), the need for
cenciderably less importance

ol the complexity of the

: L o thee mplex moter coordi-
e, R trels such vo nerial

el detail hiere.  (ee

ot ' srinings ol moter ckills
A A oo ; (10531, 10560 195Ge).
Lol veloesrned votor olille
el bt cdrment cystons
iy T, i Tl nrecision,  Cince
‘ slille g Luoed cn
KT B wil by rractice on cpera-
: ) o ol Teeduaek in termo
b \ BRI R cuhion cand bowtures arfoneon, ote,
: Lol ! & Bebed, oty the e lovant

ERIC

Aruitoxt provided by Eic:



Figure 11-12.

"Diagnostigram" for troubleshooting a flight-simulator. Such diagrams,
representing essential elements, functional relaticnships and check-
points of a ccmplex system, have been designed to facilitate logical
troubleshcoting by simple "back-tracking" processes. This can be pre-
sented in a handbook as a job aid, or by slides or transparencies for

class instruction.
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inforration necescary to make the propver discriminations is first taught by
efficient identification-training vrocedures. Final rractice in the muscu-
lar adjustmentc themselves iz generally best acccmplished under the close
supervision of an instructor.

In many instances, as in the case of procedural aspects of training,
isolated equirment ccmponents can be used for this purpose with consider-
zble gain in efficiency. For certain skilled acts, which must be performed
in out-of-the-way locations that are @ifficult of access or impose similar
difficulties, practice may e needed on the operational equipment as
installed in the ccmplete system, or mounted in a way that enables the
mechanic +o learn hov to cope with difficult postural maneuvers or accom-
plish,by feel, an adjustment on a ccmpenent which is not visible. (These
requirenents are scuetimes not met in bench mock-ups of the equipuent.)
hen special motor-skill training devices are used for this end, hovever,
the requirements for their design are generally fairly obvious, once the
feregoing considerations are recognized and borne in mind.

I'ew Skills: UWith the development of advancing technology, ceriain
nev tasks requiring precise motor-skill ccordination have ccme about.
Adjustments to rerforming ordinary acts under "weightless" or other special
gravitational or other unusual envirormental conditions are a case in point
vut will not be dealt with explicitly in the present chapter. Another new
ciass of tasks that has acccmpanied the development cf nuclear energy is the
use of remote manipulators for handling "hot" (radioactive) materials. These
represent an important, although apparently not overly difficult, training
problem. Practice in acquiring such skills can probably best be accomplished
by the use of a device similar to the one shown in Figure 11-13, in which
the "input” and "output" ccmponents of the manipulator are mounted close
together, so that the trainee can readily observe the results of his actions
and be given ccaching by an instructor where required. Scme additional
oroblems may be encountered in training individuals to use manipulators in
pverforming operations with materisls which have to be remotely viewed by
means of closed-circuit televicion linkages or similar means. The use of
two-camera stereoscopic vieving devices for these purpnses is a needed
subject for research to determine the characteristics of training devices
that incorporate remote~viewing ccmponents,

skills Requiring Ccmplex Simulation: As indicated at the outset, the
design of ccmplex simulators such as flight simulators is an advanced topic
that is beyond the scope of the present chapter. The number of such ccmplex
devices that must be used in effective training can frequently be reduced
by desipn of appropriate part-task trainers based on careful analysis of the
ccriponents of joh performance. Readers who are concerned with the design
of more ccrmplex simulators may wish to consult reports by Miller (l953b),
Gagne” (1954) . Williams and Adelson (1954), Swain (1954), Heiter and Fitts
(1956), Killian (1956), and Lybrand et al. (1958).  An account of some
cceriplex simulation devices for team operaticns is given by Chapman and
Kennedy (1956).  Scme pertinent considerations entering into the design
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Figure 11-13.

Remote-Manipulation Training Equipment. For tasks such as remota
manipulation, where precise manual manipulation depends on "feel"
coordinated with visual feedback, actual equirment may be preferable
to artificial simulation. For training, hcwever, eauirment should
be mounted so that it permits effective conditions of practice and
coaching.

258



of simuwlatcrs for training of team performance are indicated in conjunction
wvith perfornance measurement in Chapter 13, and in reports by Glanzer, Glaser,
and Klaus (1.956), Glaser and Glanzer (1958),

Strmary

1.

Effective learning of the numerous identifications required

in performing many tasks requires controlled, active practice

bty students, rather than mererclass Presentation by an instruc-
tor. Coach-and-prupil methods can be used to provide this, often
using simple aids such as photographs or drawings in place of
expensive egquipment mock-ups. Practice should take account of
the direction of association required in Job activities.
Knowledge of "facts"” can often best be taught by similar prac-
tice on the basic one-to-one identifications to which they may

te reduced.

An important and often overlooked brerequisite for effective
and useful teaching of principles is to identify those prin-
ciples vhich will actually need to be applied in performing

Jjob activities. These scmetimes do not have much overlap with
the principles that govern the physical functioning of an
equipment system which a man is being trained to operate or
maintain. Useful knowledge of the relevant principles requires
practice in recognizing their application, and actively
employing them, in diverse situations to which they apply. A
program of exercises to provide this extensive verbal or sSym=-
bolic manipulation often does not call for any complex training
equipment, though controlled presentation and checking of such
evercises to individual trainees may be greatly facilitated by

appropriate self-instructional devices.

An exhaustive prior analysis and systematic tabulation cf the

multivle interrelations among malfunction conditions, mode of
operation and output indications in a highly complex system can

often be very useful as a basis for designing training exercises
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and devices, as vell as for codifying informaticon in a form

that can be vsed as a refercnce guide for job activities.

The effective teaching of exacting sequential procedures

siiould proceed from a break-down of lengthy tasks into shorter
ores, each of vhich can be learned by following step-by-step
instructions or imitating a clearly presented demonstration.
Suitatly designed films are a gocd means for providing such
demonstrations in reproductible, standardized form. These
should be designed to allow immediate practice after each

sten of the demonstration.

The difficulty of recalling lengthy procedural sequences can
be greatly reduced if training can be based on the availa-
bility of suitable job aids. Similarly, the requirements
Tor troubleshcoting training can be greatly simplified if
proceduralized troubleshooting guides or similar job-infor-
mation aids can be made available both in training and on

the job.

Fractice of many procedures by trainees can utilize incom-
plete ccmponents, surface mock-ups, or inexpensive replicas,
reserving the use of functioning equipment primarily for
those procedwres which impose the need to respond to complex
displays cr to learn the "feel" of the response. Even for
ccriplex procedures, a ccmbination of simulated and real
ccrponents with special circuitry to provide feedback may
rrovide a relatively inexpensive substitute for operational
equipment. This applies both to procedural training and to
practice in malfuncticn diagnosis. The design of such equip-
ment can often te facilitated by substituting simple, "go/
rc-go" indicators to indicate equipment conditions. Use of

ine:pensive mock-ups wherever possible can improve training

by making it econcmically feasible to provide sufficient
intensive practice to assure "overlearning" of crucial

operaticns and discriminations.

45
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In particular, assuring sufficient practice in the

interrretation of malfunction symptoms for ccmplex Sys-

tems and in choosing effective courses of action is likely to
reguire synthetic devices, in wvhich the effects of a wvide

range of malfunction conditions can be readily inserted for

the student to diagnose. Simulated plug-in units and sim-
plified indicetors and controls can be employed in such
cquirment so that the results of diagnostic checks or hypothe-
tical ccmponent replacements can be provided promptly to the
student. Such devices, exemplified by the "MAC" trainer, pro-
vide efficient practice in basic decision-making skills, and
form an important ccmplement to practice with operational equip-

ment.

A an alternative to trainers which simulate the data flow of
a particular equirment systenm by functional interconnection of

ccmponents, devices that present programmed exercises in sym-

bolic form have the advantage of greater flexibility in
adapting to system changes. Such readily reprogrammed
rroolem-and-information presenting devices can be coupled
with the use of relatively simple mock-ups of the external
configuration for a particular system by use of coded inputs.
This combination offers possibilities for system simulation
of troubleshooting problems that can be adapted to system
changes merely by constructing new program materials and
making superficial changes in surface configurations, rather

than by ccmplete redesign of complex training-equipment hardware.

The scmetimes very complex requirements for effective motor
skills trainers are not treated in detail here, in view of

the decreasing prevalence of motor-skill requirements in many
jobs. Skills requiring precise muscular adjustment to feedback
frem the "feel" of the operation are often best taught by
svitably guided practice on the cperational equirment or on a

ccrmlex simulateor.
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Classroom Training Alds

Use of "Classrocr: Trainers" that Depict Eouwipment Characteristics

Currently, there is the beginning of a desirable trend for designing
training devices that are specialized for effectively attaining particular
kinds of training objectives, as described above. This tendency is still only
an incipient and partial one, and a great many classroom training devices are
still constructed vhich must somehov be used for trying to attain several
kinds of training objectives that the designer has not always had clearly in
nmind at the outset. These training aids are characteristically organized
in terms of equipment systems rather than in terms of training functions.

These “classroom trainers" are used, in practice, primarily as visual
aids for classrocm lecture-demonstrations. Scme of them are mock-ups con-
sisting of actual equipment ccmponents. The latter are scmetimes mounted in
such 2 vay that system functioning can be demonstrated. The "demonstration"
thus provided should be sharply distinguished frcm the kind of procedural
demonstration used as a basis for giving directions which the student will
lmitate in acquiring procedural skills, as described in the section on
"Effective Use of Prccedural Films" above.

The 'demonstration” usually afforded in classrocm use of devices is
usually not a demcnstration of procedures but a "demonstration" of system
functioning. This is given on the rationale that understanding or observing
the operation of the system will lead to understanding about its functioning
that may be useful in its operation and maintenance at a later time. As
already noted, this assumption is often questionable, and may fail to be
supperted by an analysis of what men actually need to do on the job.

There are also two wveaknesses in the way such demonstratcrs are
custcmarily used. First, so much time frequently elapses between the instruc-
tional demonstration and any application of what has been presented that much
of what has been learned is forgotten by the time it could be applied. The
second weakness is in the inherent characteristic of the lecture-demonstration
form of instruction, which provides no means for assuring that sufficient
recitation and repetition is provided to guarantee that the student gains any
real mastery of the material. These deficiencies have been clearly demon-
strated in experiments in which objective tests were used to reveal the amount
of information retained immediately after the lecture-demonstration as well '
as the amount, if any, retained by the time the information was presumably to
be applied--a number of days or weeks later. Scme data illustrating these
voints, and also indicating scmething about the comparative effectiveness of
the various forms of lecture aids, are presented in reports by Swanson (1954),
Swanson, Lumsdaine, and Aukes (1956), and Shettel, et al. (1956).

Classrocm training devices are ccmmonly classified into several broad
categories on the basis of salient features of their physical characteristics.
This basis fcr clecsification is often a reflection of the fact that training



objectives have not been delfined in terms of the human performances that

need to Le achieved, so that the various forms of devices merely reflect dif-
ferent forms of system depiction rather than teing conceived in relaticn to
specific functions of training. The major categories of equipment are:

1. "Orerating mocke-ups.' using actual equirment compecnents
interccnnected so as to function more or less in the way
they dc vhen installed in oreraticral locations.

2 Hecnoyerating mock-uns, similarly arranged and consisting
elther oi equirment ccmmonents or renlicas designed to
Sirulate closely the apmearance of the actual components.,

3 Cutaway mock-ups, generally cormposed of actual components
that are partially dissected to afford = display that
reveals internal appearance and semetimes shows internal
functioning.

So-called "animated panel" displays, in vhich the systen
cerponents are depicted pictorially and/or by simple
seni-Tunctioning models constructed of plastic, plywocd, etc.

,,
.

5. Transparancies and related devices such as slides, using
optical projection of a transparent photographic repre-
sentation.

G. Uall charts for classrocm display, using phctographic or
other pictoralized representations of system ccmponents,
their connections and overation.

In addition to these six classes of visual aids, an important classrocm
teaching device is the self-contained film presentation, including sound film-
strips and sound (or scmetimes silent) motion pictures, which are further
discussed w.der "'Special Forms of Classroom Aids," belov. Important features
of these, aside frcm the obvious capability of depicting motion, are that
(1) they are automatically seguenced or programmed, and (2) they are self-
contained, in the sense that they provide a total presentation of depiction
and exposition. The latter characteristic distinguishes them from the first
six classes of classrocm devices, which are normally used only as visual aids
to a lecture by an instructor whose individual skill, in organizing and pre-
senting the lecture, often determines the usefulness of the visual aids to a
much larger degree than the inherent characteristics of the devices themselves.

Specific Characteristics of Six Forms of Visual Aids

Certain characteristics more or less specilfic to each of the six
above-noted kinds of visual aids are worth considering, especially in view
of the wide use of such devices and the prevalance of the method of class-
rocm instruction for which they are employed. Their uses for this purpose
as well as some potential otner uses are discussed below.

263
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Cperating Equirment liock-Ups: & representative panel mock-up of this
type was shown in Figure 11-1, for the hydraulic system of the B-L7 medium
bember. A different type of mock-ur is shown in Figure 11-14. An alleged
advantage claimed for such devices is that they show actual system function.
This characteristic is frequently not employed in actual classrcem instruc-
tion for more than a brief pericd. Often, because of the difficulty of
maintaining the device it is not employed at all, and in some instances the
noise prcduced by operation of the equirment is so great as to prevent its
cperaticn frem shoving much of anything except that the system does, sure
enough "wcrk"--a conclusion which the student might reasonably be asked to
take on faith. In addition, the cost of such devices is very great,
Accordingly, it is difficult to reccrmend the large sums that they commonly
recuire, particularly in view of the fact that the functions of visual-dis-
play for which they are in fact primarily used can be served as well or
tetter by much less expensive forms of classroom training equipment.

The excepticn of this rather strong indictment of such devices lies,
of cecurse, in those cases where students can usefully perform actual
rractice work with them, such as troubleshcoting an operatir.. system. This
mignt, Tor example, be acccemplished to scme degree with such mock-ups of
electronic equirment as the one depicted in Figure 11-14, However, the
ccmplex operating mock-up is ccmmonly not made available for required prac-
tice and its potentialities are thereby lost.

The nonavailability of such devices for student practice in working
on them stems frcm two considerations: Tirst, such devices are often very
expensive, and thus are not available in sufficient numbers to permit any
useful amount of individual student practice in assembling, disassembling,
adjusting and regulating them. Second, because of the costliness of the
devices and their demand for instructional classroom demonstration (in view
cf the unavailability of cother kinds of aids suitable for this purpose),
the student is not permitted to "tamper' with the equipment.

There are two consequences to this unfortunate situation. One is that
the main justification for operating mock-up devices exists only in theory
rather than in practice. The second is that the first actual practice the
student gets is on the operational equipment--often not until he is assigned
Job responsibilities in an operational situation. This of course may have
conscquences that are vastly more costly than it would be to provide component
nock-ups on an adequate basis of issue for the purpose for which they are best
suited, nazmely for the conduct of practice on procedures and malfunction diag-
ncsis.

llonorerating Mock-Ups of Actual or Simulated Three-Dimensional Come
pcnents: TCevices like the one shown in Figure 11-1 are frequently used as
visual aids Tor lecture presentations, in nonoperating condition thcugh
with Intzct elements of orerational equirment functionally interconnected.
Ain clternative vhich has been explored is the use of simulated components,
depicting the actual ones with a high degree of fidelity, but consisting
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of plastic and other ersatz materials. To the extent that an exact, three-
dimensional replica of ecuipment ccmponents is desirable, the latter can
have the advantage of being lighter and possibly cheaper, especially if a
large number of copies is required. In addition, they may help solve the
problems of lead time, and avoid the ccmpetition for actual ccmponents
Letveen the needs of training and those of meeting demands for operational
use of eguirment.

However, the advantage of the three-dimensional replica may be seriously
questioned as classrocm aids as ccmpared to less expensive depiction by means
of realistic charts, photographs, transparencies and the like. Simulated
ccmponents made of plastic may also fail to provide the necessary character-
istics for adequate practice of scme of the skills involved in removal, posi-
tioning, assembly, disassembly, and the like. Accordingly, the designer of
training equirment should very carefully analyze the function that any
expensive synthetic components are designed to serve before reccmmending
that they be developed and manufactured.

Cutawvay lock-Ups Employing Actual Ccmponents: These devices are often
arranged much like the configuration in Figure 11-1. With rare exceptions,
the advantages of such devices over well-designed photographs or drawings
(see Figure 11-3), supplemented by occasional disassembly of components for
practice in performing internal adjustments, can be seriously questioned.
This is particularly true in view of the usually very high cost of the
cut-away assembly.

One purpose vhich a single copy of a cut-away or other ncnoperating
mock-up may usefully serve, in some instances, is that of affording a con-
venient ;E? to assemble the equipment for use in producing photographs,
charts, transparencies, and other two-dimensional visual aids. For this
purpose, of course, it may frequently be advantageous to use a quite dif-
ferent layout and form of construction for the single copy of the mock-up
than what would be required for constructing mobile display panels. For
example, the parts may be laid out more realistically in relation to the
locations where they would normally be found in operational situations, they
need not necessarily be so ruggedly mounted, etc.

"Animated Panel" Displays: Two examples of these are shown in
Figures 11-15 and 11-16, The first, in Figure 11-15, is a display for the
hydraulic system of the B-47, and was used by Swanson (195%%) in the above-
cited experimental ccmparison of learning from lecture-demonstrations on B-47
subsystems. It actually consists mainly of an enlarged diagrammatic represen-
tation of the system, using simplified representations of components with
painted lines to represent tubing interconnections. Some of the ccmponents
are constructed with moving parts to illustrate their operation.

The device shown in Figure 11-16 is one of a number of types of
"illuminated animated panels," Such panels may employ indicator lights,
transparent drawings vhich = ay be illuminated (sometimes in multiple modes
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Figure 11-16. Illumineted "Animated Panel" for an Electricel System. Various
schemes of illumination-of pathways and components are used to
indicate system functicning in a lecture-demonstration. Value
of cuch zids can be questioned as ccmpared with various slter-
native devices (see text).

268
53

ERIC

Aruitoxt provided by Eic:



to shew different asnccts of oreraticn or produce apporent moticn of internal
ccmironents), ond varicus Torms of’ illuminated nrothwrays sheving electrical,
rneumatic, or hydraulic intercomneccticns tetween such ccmpcrents. In many
such devices, the pathways involved in different rhaces or modes of orerotion
can te diiferenticlly illuminated to increase clarity of depiction.

This kind of differentially illuminated display can undoubtedly have
scme advantages in depicting the principles of system functioning and, vhere
these are the principles actually needed to be applied in the performance of
& technician's job, the znimated vanel might serve a useful training function.
However, an equivalent display can very often be created and reprcduced ot
very much lover cost by the use of transparencies (see Stolurow and
Lunsdaine, 1¢56), ‘

Iransporencies: As with slides, these are used with a standerd, general-
purrose transparency prejector. It rrojects a scries of transparencies pro-
viding much the same kind ¢t visuel display as the animated panecl.
Censiderable flexibility and variaticn of depiction in such transparencies
can ve acccmplished by the use of rnultiple overlays and other devices for
pvroviding differential illumination of ccriponents or pathways. As ccmpared
with the animated varnel, the transparencies are, of course, far lighter and
more convenient to use, as well as much cheaper and faster to prcduce.

In view of the many advantages of transparencies, the cost and time
involved in the design and construction of animated panels can be very
seriously questioned. A detailed consideration of illumination and depic-
tion characteristics of such displays is rrovided in a report by Stolurow
and Lumsdaine (1956). A more detailed consideration of some of the per-
tinent aspects of visual displays applying both to the illuminated and
other forms of graphic training aids is provided in a report by Saul et al,

(1956) .

YWall Charts: One of the disadvanteges of a total equirment display,
such as those shown in Figures 11-1, 11-15 and 11-16 is that so much material
is present that a student may be distracted frcm focusir his attention most
effectively on a particular aspect. A study by Aukes and Simon (1957)  for
example, chowed that scmewhat better learning was obtained in a lecture-
demonstration with an "~dd-a-part" display in vhich various subassemblies
vere added to the display as they became relevant to the accompanying
exposition presented by the instructor. This kind of advantage can be
readily realized by use of charts such as those shown in Figure 11-17. Such
a display shares with projected transparencies the further advantage that
different forms of depiction can be used as appropriate.

YWithin the basic limitation of training functions which can be served
by the lecture-demonstration procedure, the flexible use of such devices, in
the form of transparencies or wall charts, has an outstanding advantage over
other forms of displays, and should be given very serious attention in
competition with cther more expensive and cumberscme teaching aids. Becauge
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of' their much greater flexibility snd of'ten superior convenience and
durability, transparencies are very often preferable to wall cherts, except
vhere guch factors as poor rocm ventilaticn give the wall charts an advantage.

The cost of supplying an ample nunber of projectors for transparencies
r other projected aids is negligible as compared with the cumulative cost
I providing new equirment mock-ups for each new systen. Adaptation to new
equirements can be accomplished simply be constructing new materials--
transeorencies, Tilms, for a new system. The cost per system for projectors
is vy lov indeed, because their longer useful life weans lover net cost
per strdent, amortized over a period of time. Consequently, a larger number
of devices can be econcmically procured. UWe might, for example, buy enough
Tilm projectors =znd sets of transparencies to have one for every five stu-
dents, for the same amount that it might cost to buy one operating system
mock-up per cystem for every fifty students. This differcence in equipment
availability can be a crucial factor in the effectiveness of training--for
example, Uy making it possible to schedule instruction for each student just
rrior to the time when he will put the information to practical use.

[CNa]

.

[

Cpecial Forms of Classrocm Aids

votion Pictures: Srpeci 1 applications of motion pictures for procedural

training have been noted &tcv:. In scrme cases their use for special appli-
cations of this kind may ©t: . .cie ‘npertant thai: their use for ordinary
classrccm instructien. scvertheless, -hen classroom instruction of the

lecture-demonstration form is to be “ced, well-designed motion pictures have
the advantage that the: rowvrc. of 2 sclif--ontained or almost fully "auto-
rated" form of presentatl n. Recauze of this fact, they can escape frem the
limitations imposed bi the -lortages and dsficiencies of local iustructors,
which in practice oftexn sericusly limit the effectiveness of visu~? classroom

displays. This is particulari, impertant zince, as shown by re a1 studies,
a lorge amount of the irfrrmation +hat is mparted in classrocr: cture-

derenstrations may be cor;eyed primerily Ty the spoken materizl rather than
by the visual display (see 3Swanson, Iumsdaine and Aukes, 1956).

The cost and time recuirecd Lo rreduce films aimed at very specific
instructicnal objectives is often surprisingly low as compared with general-
purrose familisrization films or other "training" films of the kind that
cmploy elobtorate dramatic sceneries patterned after the entertainment film
irdustry. BSatisfactory films can often be produced locally with very
Iinited equirment--sec the previously cited report by Greenhill (1955).
ixjor refcrences that provide guidelines and research evidence on the
cfectiveness of instructional films are those by Hoban and ven Niver (1950),
o ¥, ldiller et 2l. (1957), and lay and Lumsdaine (1958).

-

One kind of film can be produced very inexpensively indeed, by simply
taking a "TV-style" filmed record of a gcod lecture-demonstration that
employs appropriate visual aids. This technique has been used experimentally
in the Air Force (see Shettel, et al., 1956), Use of two cameras permits
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flexnible utilization of close ups and shifting frem one display to anothecr.
Such a f£ilm can le quickly filmed, and easily refilmed to updatec it. Like
other films, it can be reproduced and transported cheaply, can utilize more
prolicient instructors than are normally available in the field, and--per-
haps most important--can be shown or repeated shortly before the information
it presents needs to be utilized on the job (Shettel et al., 1956).

Since most of the materizl taught by any form of lecture-demonstration
iz oiten quickly forgotten, particularly if not soon put to active use, this
reature con meke the filmed presentation considerably more effective than an
equivalent "live" presentation. It may te ncted that this kind of filmed
lecture-demcnstration has recently acquired a considerably vogue in public
education, as illustrated in the year-lons Tilmed courvrses in physics and
chenistry sponsored by the Ford Fcundation and distrituted by Encyclopaedin
Britonnico Filme.

"hiixed ' Tyves of Classrocm Demonstration Devices: TDevices combining a
full operational mock-up together with test instruments and integrated
supplementary display panels may be used for classroom demonstration purposes
2s vell as scmetimes being adaptable for individual practice in performing
certain job operations. One example is the combination of training devices
for the FEED electrenic fuel control system that is shown in Figure 11-18,

4 ccmevhat different kind of cembination is represented by the jet-engine
training device shown in Figure 11-19., This combines actual aircraft instru-
rents, and scme controls, with an illuminated panel. It is designed to shcw
internal engine operation correlated with control actions and corresponding
instrument indications. Provision is included tor demonstrating how both
internal functicning, and outward indications of instruments in response to
control settings, are affected by certain malfunction conditions. Where an
understanding of the internal wvorking relationships contributes to the ability
to apply principles in proper interpretotions of observable indications from
instruments and other symptems in malfunction diagnosis, such a device may have
considerable training value.

Hlewever, much will depend on a careful analysis of the way in which the
information displayed dces actually contribute to job operations and of the
extent to which the use of the device results in these inter:-=lations actually
teing learned ond applied by the student (sec Vest, Smith and Stolurow, 1957,
and Adamc et al., 1957).

In cages where it is decided that the kinds of displays afforded by
cuch a device may make a useful contribution to training, consideration
chould be given to the poccibility of representing them through more
flerivle and inexpensively reproduced means such as a combination of trans-
rarencies and short motion picture "film clips.” In scme instances,
prcducticn of the latter might ve facilitated by basing them in part on
rilmed demecnstrations of a single prototype equirment mock-up somewhat
similar to the one shcwn in Figure 11-19.

57

272



lnﬁma

TmIad
richiRFited

*SUOTROUN T
Juroeay ut sotqoead owos PUEB UoT3eILdS Wayshs Jo usT9gotdop

03 sfeTdstp Toued X3Tdwod y3ta paTdnoo ST STUL *9NO-3{0ay)

JI0F paxTbay jusudrnby qsaf, PO3eTO0SSY yz1n dn-poor wo9s AG

-

Q

Aruitoxt provided by Eic:

E



LLaee H 2L L ST 4

Q

Aruitoxt provided by Eic:

E



f#C1 TOJIIUOD §,I010NI3SUT 29U} £q porussoxdad o Ued SUOTRTPUOD UOIY
-aunJTew ‘Tre suesw ou £q gnq ‘swog *sToxguo) Jurgeasdpy snotaep
09 @ﬂommw«.ﬂoo 3ey3 sLeTdsi@ juemnagsuy pue uotersdg suldus

IOL IO sS309USY UTBRIAD) Juraotdsag JoJ o0TAS( Jututeay, Xordwe)y ¥ *6T-TT om3Td

O

Aruitoxt provided by Eic:

E



Sunmary

1.

The effectiveness of devices used as visual aids for pre-
senting information about equipment ccmpornents and
functioning depends to a large extent on the ability of
the instructor to contribute to attainment of training
objectives through the often quite inefficient methcd of

lecture-demonstration.

Within its inherent limitations, such instruction will be
most effective il given shortly before the student is to make
active use of the information presented. This and other
factors militate in favor of using inexpensive, tvo-dimen-

sional displays reproduced in multiple copies.

The use of expensive operating or rcnoperating equipment
mock-ups using actual or simuiated ccmponents as lecture
aids is frequently very questionable as compared with
simpler, lcss expensive and nore convenient kinds of aids.
In general, mocik-ups should be reserved for actual wractice
of procedures by students. A zingle mock~up may also be
useful as a basis for constructing photographic transnar -

encies, filme or other two-dimensional aids.

The variable display afforded by animated panels of various
sorts can soretimes provide a superior display for explaining
cystem funztioning but, in view of the expense of the ccmplex
i1lluminating panel, the use of ccmparable displays presented
oy multiple-overlay transparencies is generally t- be

rezcrmended as preferable.

Projection ejuipment for effective use of transparencies
and {ilms can be available in each classroom for compara-
tively little cost as ccupared with that of eguipment
mock-ups. liaeterials for use with such devices can be pre-

pvared relatively cheaply and quickly, permnitting ready



wdontation te sroten changes, 10 ovedlat Lo short-cut
rroduction wethods are used,

Soo llotdon pileture presentation of infermaticn Ias the
wiventage over lectures that it is sell-contained,
ctinderdizable at high guality and, wnlike ucua® Corms
ol clussrers visuul alds, does not depend predeminately on

tie locel availability of expert instructors,

Some Speclal Factors in Design and Use of Training Devices

Active 3tudent Resreonse in Classrocm Instruction

Scme of the major dicadvantages of classrocm lecture-demonstration

instruction can ve partly offset, with resultant gains in training effective-
ress, if provision is made for active student response during the presentation
of’ the class instruction. The latter should be designed to serve much the

sane functions of quizzing, active rehearsal, checking, and correction as in
tue case of the c¢aching machines and other individual-practice devices dis-
cusced in Chapter 12. Vhere individual instruction of this kind is not
pcssible, these functions can sometimes be effectively implemented in class-
recm instructicn by the use of appropriate training devices, even though the
advantages of permitting individual students to proceed at a rite cocmmensirate
with their individual abilities is necessarily lacking.

Convincing evidence of the value of this technique is found in a
nuiber of studies in vhich the contribution of "active participation' or
active student recitation, interspersed between segments of presentation by
an instructor or a film, has been showm to result in marked gains in the
arount learned. Following an initial study conducted during VWorld War IT,
in wvhich this technique was used with a film for teaching simple verbal
ascociations (see lovland, Lumsdaine and Sheffield, 1¢49). the technique has
veen adapted and extended to the learning of concepttal materials and various
inds of slkills. Revieus of scme of these studies arc presented by Allen
(1957) and Lumsdaine (195%2). They are well worth corsulting by the indi-
viduals who wish to improve the effcectiveness of clasc instruction. The
¢vidence irdicates that such devices can contribute appreciably to student
rectivaticn in a classrocn situation, relieving boredcm and inattention, but
thut their primary contributicn is in terms of the direct effects of the
practice that is provided cn the learning of specific materials.

Suecessiul epplication of this technique usually demands tinree things:

1. “areful analysis of the objectives of training to determine
the principles, ascociations, and skills that are most dif-
ficult and crucial to learn.
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S SAdveee ploming off Lhe elassrcem instiruetion procedwres
to uake provision t'or an appropriate mmount and type of
rewp practice, "recitation” or vimilar "participation.”

3 Mrovicicn of appropriate devices and materials vhich students
cun use effectively in such cloassroem oxercises.

Theve muterials may consist of simple answer sheets in vhich answers are
reccrded dn verval cr mumerical terms. In other cases it may be desirable to
voe worksheets cuch as the one showm in Figwe 11-20, on which responses to
questions wund shart problems posed by the instructor are indicated on sche-
matic or functicnal diagrams that correspond to the display presented by the
inctructor (ef. Figure 11-19). Actual or simulated equipment ccmponents
(ef. Figure 11-%) are also useful to alleoy student response to exercises or
quentions poved b the instructer or by a specially-designed film.

The oot effective use of the active class-response technique can
verhaps be made by building provisicn for the recitation-practice activities
into o basic training device from the outset. This is clearly illustrated in
the case of filims, vhere appropriate questions to be answered at numnerous pre-
vlanned ctopping points in the Tilm can be posed verbally and pictorially in
the film itself.

dnother vay of implementing this technique can be used where the subject
matter 1s of a nature that verbrl or symbolic responses can be readily coded
in simple nultiple-choice fashion. This is through the use of a device such
2¢ that shevm in Figure 11-21, This is one of a family of classrocm response
devices in vwhich each student indicates his ansver, to questions posed fol-
lowing chort segments of instruction, by indicating an answer choice with a
switch that can bte connected to a central console. The latter provides the
instructor with a visual indication of the proportion of students responding
correctly and, if desired, the proportion giving each wrong answer choice.

Similar devices have been described by Carpenter, et al, (1950), A
simple and fairly :atisfactory device can often be constructed out of available
ccmponents. licre elaborate devices can permit totaling the errors for indi-
vidual ctudents to give each one 2 cumulative "score," and thus provide a
continuous testing function during the course of instruction. Beneficial
e¢ffects on student motivation and attention that can result may or may not
Justify the added cost and ccmplexity that is involved. In general, simpler
devices have much to reccrmmend them for nost purposes. As in the case of the
individual self-instructicnal devices discussed in Chapter 12, the most
impcrtant factor in the effectiveness of using any such devices for active
ctudent response lies in the programming . the instructional exercises ynich
wre used in conjunction with it.

A special advantage of even a simple device of this type in a flexible
presentation provided by a good classrocn instructor is that the instructor
can mcdify his presentation on the basis of the feedback. He can thus clarify
points which an appreciable proportion of the class appear to have missed.
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to Adlov Jetive, Scored Recponses to Guestions in a Class
celecetor suitches, shown in lover picture, to register
morticn giving each response is dicplayed to instructor
chaim in the upper photogranvh. Accessory equirment can
anent record of each student's performancce.

»
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dith but Little meve inctrumentation, (he clasorcaueresponse couivment ¢on
also be made Lo indicate the responser of individunl ctudents to the
instructor, co that he iv ennbled to divecet further questions ot any indi-
vidund student.

Prelinminary Tryoul of Pretotyne Traininge Dovices

Qften u tryout of a very preliminary form of prototype of « training
device may pay large dividends in improving subsequent devices. A special
use of the student-response devices just discussed ig In testing a prelimi-
nay version of an instructional precentation, cuch as o motion picture Tilm,
wvhich i later to ve standardiced. Doing this will often result in clarifi-
cation of many crrors, nisconceptions, or failures of comprehension which
wvould othervise ge unnoticed but vhich, once detected by such a technique, cun
be readily rectificd by modifications in the presentation.

The construction of o preliminoery vercion of a training device (even in
cuch o erude form as that chown in Figure 11-7, for cxample), and its tryout
with sample groups of typical students, vill often result in great improve-
rent of the [inal product. This kind of tryout with a preliminary “"bread-
toard” mock-up iz, of cowse, standard procedurc for detecting deficiencies
and improving design to obtain better eauirment functioning. Unquestionably,
it would be very teneficial to extend this rationale to the development of
almost all training devices also, in order similarly to imorove the "output"
of" such devices 25 measured in terms of the amount of learning resulting frcm
the use of the device. The mest straightforverd application of this is
offorded in instances where the instructional device will be a "sclf-contained"
one as in the case of a film or teaching machine.

In the case of an instructional film, an extremely crude presentation
either in the form of a film strip, a preliminary "take' of 'the motion
plcture sequences, or even 2 "live" presentation to students of vhat is going
to be later filmed, can contribute a great deal in this respect. Research
evidence indicates that very often the instructional characteristics of such
a crude preliminary version are closely similar to those of a final, polished
preduct. if the latter, descpite its "polich" and technical refinements,
retains substantially the some sequence of basic verbal instruction and vis-
urlization ideas (see lay and Lumsdaine, 1958).

For example, in the illustrative d@ .. shown in Figure 11-22, the relative
enmcunt learned on different tect items corresponded very closely between the
test scores of o group that was showm a preliminary film strip and a group
that was showm @ final polished film following the same sequence of presen-
tation (Zuckerman, 1054)., This was true decpite the fact that the visual
materials used in the preliminary film strip were extremely crude as ccm-
pared with the slicked-up presentation afforded in the final film. (A recent,
unputlished study by Grovper and Lumsdaine has also demonstrated the feasi-
pility of effecting significant improvements in the effectiveness of a film
(or TV lesson) by using inputs frem tryout test data for a preliminary
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PERCENT ANSWERS CORRECT

OJ .
2 5 8 I 14 17 20 23 26
TEST ITEM NUMBER

il FILM STRIP AUDIENCE (J TRAINING FILM AUDIENCE

Figure 11-22. Ccmparative Item-by-Item Teaching of Preliminery end Final Forms oi
a Training Film,
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precenta bl oo s b b e feoroving s Ue Chiet i) e wornd it
comparnbive Pt o ervde cand poliichel presentucions ungquestt fonaib Ly
wpbice toomeny ether torne o trainin: deviees,  The payot't' i in the
ence ol ddean, o Lations, appropriate response opportimitics, and ol
Pretors that psyehologiste have found vill conlribute to el fcetive learning--
i not, yrinarily, inothe slickness off the deviee in terwe o Caney pholo-
craphy, artistice rondeating, or oehrome teimming.  The Inttor may ypossibly

fove come clrcet on o aeceplability to students ond their censeoguent mocivetion
(theueh thic bas never been ~lewly demonstrated).  lore likely, cheir major
crlieets muy vlaply be in dnpressing troining supcrvioers and wdindnistrators,
and ooy beave relatively Little to de with the effectivencss of o deviee [or
Lradning.  In sope inctances "Laneying uwp” o training presentation way even
hove un adverce effeet on lemning, as vas Pound din oo stedy reportod by biny
sud Limedaine (L058) 0 1o the ense A the injudicious use of cartoon illus-

v bions end other hurercws oflecte in o training Sl desiimed to teoch
vertvel ddentificotions,

L

Syl b b T s e B T R TR
Simplicicatt noornd RBecldem o o0l

one dimportant facter in the design of displays designed for multinle
training functions in classroecm teaching ic the kind of depiction employed
to reprecent components and interceonnecctions.  For purposes of learning to
Ldentily individuzl ceompeonents cr parts, realistic depiction through dicplay
o 2 rewlistic drawving or photopraph (or, if' more convenient, the actual
cemronent) is obviously advantageous.  However, highly simplificd represcn-
tation of ccmponentc has been demenstrated by Swanson, Lumsdaine and Aukes
(1956)  to be superior in explaining functional interconnections of a system.
Apparently, the simplified rceprecentation of ccmponents permits tocus of
attention on the functicnal interconnections by eliminating the distractions
present vhen the ccmponents are realistically depicted. This differential
advantuge fer different ferms of depiction for meeting the various objectives
JF training ic a Turther arpgument Cor ucing simple, Clexible aids which can Lo
intrcduced or changed 2s reguired at each point in instruction.

tetivational Pactors in Tral. ..o Jevice Desimrn

In the forcgoing diccucsion, motivaticnal factorc entering into training
device dericrn nave tecn onticned as they werc appropriate, particularly in
relaticn to certain elasces of device, The control of student motivatiion i
cemetimes 2 difficult wroblen, 2nd assuring an adecuante level of motivation
15 unguestionably essential in any training program. liajor factors that
uffcet this motivation, however, often lie lorgely in the realm of situa-
ticnel facters, including leadcership and provision of 2 satisTactory student
crvircrment and living conditicns. These may be factors vhich can greatly
outveigh those which can be directly influenced by the designer of training
caouivient. A fe¢v general ccorments, however, arc apvropriate here.
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The detim o Cracininge deviees 1o Sonebines ade e Inrluened Ly o
decire tesmakie [hon Cintercating” cad cltractive fo students,  renettue: Ui
e be ueerully done jn oo vey that does not corprnd e Lhe other fosbopen o)
Che devie, Mrenuently, hovever, i other cnvivomental conditions aye
coticraetory and rogconable slaadaads of student selection have been eners-
clood, Che impertance of speednl "motiviticnal " ciraricks and dieploay reatures
Hdesigned proesumably o enhanec motivation moay be canily exopgpeorated,  An hoes
been noted, indeed, semetimes vhen an atteupt to provide these tuken the F'orn
ol "r:u1c;'in(; up" the deviee in an ingjvdieious manner, listractions may result
vhich uny intoertere <ith the tttention of the studert to Lhe cuasentinl Tacl
toobe lewned, ond thue have nn adverve of et on Learning rather than o

roeneticial ope,

Povhape the noct wdverse clfeats on motivation that can Lo created by o
device ceewr, hovever, vhen the student o frustrated by having too much
sateriel rresented to hin for Wiim to nmotor oliectively, or by being required
Lo Learn things that he deow not nerceive as cnsential or important for thoe
5L o1 vhich he is being prepared. Cre off {he cututunding advantages of
selfl=instructional devices thot regulate the rate of proCress to cach stu-
dent's ability and provide for Crequent checking and corrcction in an
personul, automatic wanner is that they tend to aveid sueh Crustrotions
snd henee keep un the student ! o intereste, caticfactions and coeneral level
ol secemnlichiment.

Peroueding the student thot arduous sesoions of training ore necessary
in order for Linm to muster things that he rcally nceds to knov for successful
Jou performance may also scmetimes bte very important. Effective motivation
ey semetimes depend larpely on hic being initially convinced that the instruc-
tor and desicners of the training devices "know their stuff." The student may
need to ve shovm ot the outset hov in o general way the skills nnd knowledge
that he is being required to attein vill be needed for successful Job perfor-
marce. Often this can be best acccriplished by good instructor leadership,
ulthough scmetimes special "indoctrination" or "orientation" devices, par-
ticularly well-designed Tilms, woy contribute to this end.

In zeneral, such ilmc shculd not try to conicund thig rersuasive or
retivaticnal purrose with o frecific procedural training objective. Their
successciul design may derend less on cinematographic and artistic virtuosity
than on 2 scund aprraisal, taced on objective evidence il possible, of the
attitudes, interests, nigcceneepticns, ete., of the Student, which may need
to Le corrected for him to rerceive the imrortance ond worthvhileness o
what he ic teing asked to learn. In addition, their efiectiveness is
likely to te primcrily deternined by skill in presenting information that
fosters the decired attitudinal and motivational objectives. The design of
such rersuasive reccages is generally not within the province of the designer
or training equirment. Hevever, interested readers ri2y find some pertinent
guidelinec in recent work on Tactors offecting percuasion and attitude
change, rarticularly in rublications by Hevland, Jeonis and Kelly (1953) and

Hovlend (1957).
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Summonty

1. The disadvantuages of cluccroca lecturc-demonstration us o
sethed of instruction can ve purtly offset, wviere it is to
be used, by making provision for a maximum of active stu-
dent respondiig. This can insurc rehcar$al of important
aspects of the cubject and can detect and correct errors
promptly. Careful design of instructional exercises, pro-
vicicen for cuitable medes of student response, and prcmnt
Leedback to students are escential to the succecs of such
wrocedures. Using devices which also provide an immediate
recerd of ctudent response to the inctructor can help him

in clarifying has presentation.

2. Tryout of all forms of training devices in preliminory or
rrototype ferm to determine empirically how well they teach
a cample of students can result in greatly improving the
clTectiveness of the final device. Often, relatively crude

nreliminary forms suffice quite well for this purpose.

3. Olici "polich” and fancying up of training devices is likely
to contribute little cr nothing to their training effective-
ness, and may even have adverse effects. Student motivaticn
is less affected by such frills than by a satisfactory
training environment, ccmpetent instiructors, adequate
orientation, and sound procedures that permit the student to
progress toward mastery of his subject and to keep up his

avereness of acccmplishment.

L, Opecific motivaticnal procedurcs need to be based on sound
appraisal of the interests and misconceptions of students,
wnd should take into account available guidelines on effec-

tive techniques of persunsion and attitude formation.

28k
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Procedures In the Deslgn of Training Devices

Mo jor Stems Required

A logical cutline for the design of training devices for a given job might
ecriprise the following najor steps:

l. PDetermine in deteil the hunon rerformance requirements for the Jjob.

Forrulete training requirements in terms of the new knowledges and
sreciric skills that will need to be acquired, taking into account the
cnoracteristics of the rersons to be trained.

3. Plan a total progron of training through which trainees can master these
skills and kncvledzes to the level of proficiency required for successful
jot rerfoimance.

L. CTetermine the logistic requirements {or a ccombination of instruetcers,
facilities, training devices and t: :ning materials that will accomplish
tinis progronm.

2+ Pevise mock-up or tentative prototype devices, and provisional training
procedures. Give these 2 full try-cut, using trainees as similar as
rossible to those for whem the final training is intended, and assess
the cutccmes in terms of proficiency attained and time required for
training.

6. Revise the devices and procedures to correct deficiencies. Try-cut
the revised procedures as necessary to demonstrate that they will do
the job, as determined by valid and reliable measuves of rerformance
(see Chopter 13). At this point, re-engineer the devices for
relicbility of orerction, ease of maintenance, and (if required)
Quantity production.

licte thet the design of training devices themselves forms only a part of
this cutline, ond enters cnly in the three last steps. The reason for this is
that othervise there is no wvay to assure that the devices will fit into a total
program of developing the personnel capabilities required for the gperformance of
2 job. The major steps identified =above obviously do not define detailed pro-
cedures for the design of training devices; they merely provide the framework
within which such procedures can te develored. Situations for which training
devices need to Te designed differ so widely that no rigid prescription is
rossible thot i1l it 2ll -~ ¢35, Hovever, most of the procedures and guide-
lines suggested here can be - oted or modified to meet specifiec cases, drawing
cn concepts and srecific dew . cheracteristics that nave teen illustrated

thrcughcut this chapter.
The guidelires given telcw are based cn the situation where the designer
is given responsibility Tor the design of all the training devices and suprorting

- naterials needed to troin 2 men to Till a particular position in a complex
system that is under develcrment. Here there is usually a fairly definite
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preduction timetable that specifies when the training devices will need to be
ready in cuontity for training a given number of men to £ill this rosition. Thisgs
calls Tor careful scheduling =nd procurement planning, in addition to the basic
design problerns of determining what training-device configurations will do the
needed Job of training.

successive opproximation. Cetailed steps of procedure, and even the gross
steps cutlired here, usually can not be Tollowed completely in a prescribed
order. This is because early estimates of one aspect of the total pian--job
rerformance requirements or selection standards, for example--usually are subject
to change. Changes in one aspect will inevitably require changes in others.
Cince the preliminary estimate of needed training-device characteristics ordi-
narily cannot await the final redetermination of performance or manning require-~
rients, vhet is usunclly needed is a series of successive approximations. While
these are teing carried cut, provisional design and procurement actions for
training devices should be initiated as early as necessary to insure that the
rieans for providing trained men will te ready vhen needed, even though con-
siderable redesign may te necessary as requirements change. This process of
succesSive approximation will be assumed in vhat follows.

Systen Invuts to Training-Tevice Lesign

Letermining of performance and training requirements should normelly be
acccmplished prior to the design of training procedures and devices. Sometimes,
hcwever, all the necessary information is not made available. In this case, as
a training-device designer ycu shculd yourself try to estimate performance
requirements as well as possible, checking these estimates in consultation with
available scurces of information. In doing this, try to anticipate not only
vhat humen cutruts vill te required, tut also: (1) the way job kncwledge require-
ments will te affected by the availsbility of job aids; (2) the baseline from
wvhich training will start, in terms of prior capabilities on which training can
te built; and (3) the srecific prerequisite competences which will be achieved
through phases of training other than that for which you are responsible.

Analysis of Training-Tevice Requirements

Classify the skills and kncwledges required into the major types of training
objectives cutlined in this chapter: (1) identifications to be learned, (2)
principles to te learned (those actually needing to be used in job operations),
(3) procedural sequences to be Tolloved, (U4) diagnostic problems to be solved
and other decisions the trainee must learn to meke, and (5) motor skills needing
to te acquired and practiced. (For some Jjobs, there may be no entries under
one or more of these classes.) List under each category the specific instances,
first in broad grcupings. ILater break this down into finer detail. The final
1list shculd be such that it ccmpletely defines the set of performances which a
vroficiency test chculd assess to reveal whether a man can actually do the job.

In working cut device requirements for these categories of training objectives,
it may be well to start with the last one (motor skills) and work backward. The
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reason for this suggestion stems Trom the likelihood that the latter categories
will require orerational equirment components that have a long production lead-
time.

Preliminary Tesign Estimates Having Logistic Implications

For each major set of items under each class of ob jectives:

1. TCetermine those which must be taught or operational equirment or a
simulator (e.g., complex mutor skills). and those which~-considering
the number of men to be trained--can most economically be taught through
practice on operational equipment, ‘

2. Tctermine those which~-particularly in the class of identification
*raining and preliminary training of fixed procedures-=-can be taught
Tty use of phctographs, drawvings, simple replicas or partial components.,

3. TLetermine those~~particularly for learning of principles-~for which
verbcl and symbolic materisls to give extensive symbolic practice
are needed.

L, TLetermine those which require synthetic devices to provide sufficient
practice in a variety of relatively seldom encountered situationgee
€.8s+, trcubleshcoting or emergency procedures. Design these tentatively,
and on this basis estimate the number of production-line equipment com-
ponents, large or small ({rcm knobs to amplifiers and servo systems)
that rust te allcwed fTor in rroduction schedules.

5+ Tor training that requires production-equipment units or components,
indicated in items 1, 2, ond 4 2bove, specify the training procedures
to be Tollowed, estimate {on the basis of past experience in teaching
similar procedures) the amcunt of time needed to learn them to an
acceptable criterion of nastery, determine the number of men to be
trained, and thus determine the total number of units and ccmponents
needed. Then order these as early as necessary to assure they will
be available (but not sooner, as your estimates will be subject to
later revision).

6. Do similarly Tor non production-line items required in 2, 3, and 4
when needed as a vosis for procurement.

Further Steps in Tevice Lesian and Development

Now proceed to work cut in detail the materials, devices and procedures
needed Tor training, construct mock-up materials, try ‘these out in actual
instruction, and revise the designs for production. Coordinate your planning
as fully ac possible with the work of others engaged in the planning and design
of' handbooks, other job aids, and rerformance assessment devices., This will
assure conpatibility of terminology, and of representations and coding in diagrams
and other visual aids, as between handbooks, training device displays, and other

training materials.
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Working assumpticns in developing detailed designs. As a basic operating
principle, work on the initial assumption that a2ll training is going to be
acccnplished through individual student proctice on an appropriate program of
exercises. ILoter it may be necessary to depart from this working assumption,
for various reasons, and resort to classroom-presentation methods. But starting
vith this assumption will have two advantages: (1) if carried through, it will
result in’ superior troining, end (2) even if not, it will force you to pay
attention to the conditions necessary for on individual student to practice
and learn each thing he must moster, thus avoiding the Tallacy that what is
presented will necessarily be learned.

Scre Procedural Guidelines for Troubleshooting Training Devices

1. Start bty simplifying the requirements for trcubleshooting training
a2s ruch 2s possible by devising proceduralized troubleshooting guides
or sinilar job-information aids which can be made available for use on
the job. TCetermine the extent to which these can be used to locate
most of the ccrmon, easily-identified malfunctions without need for
extensive education on system principles, especially if location of
the rore elusive maliunctions is turned over to a small number of
highly trained technicians by a job shred-out procedure.

2. Tor the techniques and streotegies of malfunction diapgnosis that men
rust learn to devise on the Job, assure suflicient practice in the
interpretation of molfunction symptcoms, and practice in making the
decisions needed to choose effective courses of action.

3« PLetecrmine whether to provide this practice through one or both of two
tyres of training device: (a) "hardware' trainers using simulated
pluc-in units, and simplified indicators and controls (see p. 246),
in which the effects of a wide range of malfunction conditions can be
readily inserted for the student to diagnose; and (b) programmed
exercises in symbolic form (see pp. 252 and 321). CTesign or select
suitable devices in these categories.

L. Consider the decizn of composite devices (see p. 253), in which
readily reprograrzied problem-and-information presenting devices are
coupled with simple mock-ups of the external configuration for a
particular system by use of coded inruts.

. Guidelines for Tesigning Procedural Trainers

l. Try to reduce the sheer memory requirements for recalling lengthy
procedural sequences by assuring the availability of suitable Job
aids, and design training to prepare men to use these aids effectively.

2. Tor effective teaching oi all sequential procedures required on the
job, break-~down lengthy tasks into shorter vnes and design explicit,

pilctorialized step~by-step instructions tihat can e readily follcwed
if basic identifications and unit skills have been taught.
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Io poszible, translate thece into sten=by-cter filmed dencnstretione
that are designed to o2llow immediate practice after each step or the
demonstration, preferably on an individual basis or, 1T necessary, cn

2 class bocis,

In providing implerments for guided pri.tice of procedures, utilize,
vherever possible, incomplete ccry nents, surface mock-ups, or in-
expensive replicas, reserving the use of Tanctioniry equipment primarily
Tfor those procedures which impose the need to respond to nomplex displays
or to learn the "feel" ¢f the response. Obtain the units, compeonents

or renlicoes in quantities that will allow Tor sufficient intensive
practice to assure "overlearning" of crucial operaticns.

ror ccmplex precedures, determine whether it is more economical to
provi ‘e adequate practice 2nd Teedback through a combination of
simuloted and real compcnents, using special circuitry, or to use
orerational equirment. In designing such equirment, determine vhere
substituting of simple "go/no-gzo" indicators to indicate equirment
conditions will reduce cost withcut materially changing the critical
elerents of vractice,

Steps for Tevices to Teach Frinciples and Relationships

25 the Tirst and most basic step, icdentily those principles vhich will
actually need to be applied in rerforming job activities. Spell these
ocut in detoil. Ignore principles that underlie the physical functioning
of the equirment unless these will help to moke decisions or to recall
procedures needed on the job.

Pesign training equirment and materials to tie in with procedures that
will afTord practice in recognizing the application of the principles
identified, ond in actively employing them os a guide to job operations.
In doing so, first develop a program of exercises to provide this
extensive verbal or symbolic manipulation, then develop the displays
and devices Tor controlled presentation and checking of the exercises

to individual trainees, utilizing self-instructional devices (see
Chapter 12) if possible, :

I you are dealing with 2 highly complex system, try to make an ex-
haustive prior analysis and systematic tatulation of the rultiple
interrelations amonz malfunction conditions, mode of operation and
cutrut indications. Use this as a basis for designing training
exercises znd devices for trcubleshooting, as well as for identifying
relevant principles that may bve applied in troubleshooting or other
orerational decisions which the trainee will Te called on to make.
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Guidelines il'or Teachin of Identilficotions

1. TFor eirective learning of the numercus identifications likely to be
required in rerfoming each tagk, insure controlled, active practice
by students, rather than mere presentation. Either use self-instructional
devices vith suilteble progroms of motericl or provide materials suitable
Tor use by tre coach-and-rupil methods, using simple aids such as
photosraphs, dravings, and printed labels and lists.

2« Tesign proctice materizls and schedules <o that they take account of
the direction of association required in job activities (see p. 230).

3 Include in these progreoms the basis for teaching knowledge of all
required "facts"” by similar practice on the basic one-to-one
identifications to which they may be reduced.

to  Thecush you may hove left the preparation of identification training
devices until last for logistic reasons, do not minimize the importance
o' thic phase of training, on which the success of later phases of
training will often heavily depend.

Impirical Try-out of Training Devices

A most important step which should never be omitted is the tryout of all
forms of training devices in preliminary or prototyne form to determine empiri-
cally how well they teach a sample of students. Time to accomplish this should
alwvays be allowed, as it can result in greatly improving the effectiveness of the
final training devices. Often it will suffice to use relatively crude prelimi-
nary forms of the devices for this purpose--employing, if necessary, supple-
mentary instructors who may later be replaced by partial automation of functions
they perform during the try-out (see pp. 280 and 325).

In selecting the men to be trained in the try-out, err if anything on the
side of including scme men with scmevhat less aptitude and experience than
those you expect will later have to be trnined operationally. However, after
the try-out, determine vhether the externt to vhichh the training requirements
could be reduced if higher selection stanicrds were used, or if there were
better job aids or job structuring. You m.y theu vish to determine whether it
is feasible to change selection requirements or job conditions to reduce
training needs, rather than adding to the resources needed for a training
effort which could be simplified by one of these means.
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