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FOREWORD

This report was prepared by the American Institute for Reseerch under USAF
Contract No. AF 33(616)-2080, The contract was initiated under Project
7197, %Human Engineering Factors in the Design of Training Equipment." The
contract was administered by the Psychology Branch, Aero Medical Laboratory,
Dirzctorate of Research, Wright Air Developmsnt Cénter, with Dr. Goxdon A.
Eckstrand, Chief, Trainer Research Section, Psychology Branch, acting as
Preject Scientist.

It is intended for use by engineers who design training equipmsnt or assist
in prevering the specifications for them, by psychologists and cthers who are
concerned with the design of progrems of training whicl.use training devices
ard alds, It is possible that soms instructors will be interested in at least
some of the content, since the instructor is perhaps the most ubiquitous of
all training devices available and may compensate for defects and exploit the
assets of hardware used for training.

The purpose of this report 1s to assist those whe specify, design, or use train-

‘ing devices to consider the human, psychological factors which determine the

effectiveness of the devices. A number of rule of thumb recommendations are
of fered, usually in a condensed comext of explanation, For a more extendad
treatment of most topics in this report, see the pareat reports of which this
is a digest. These perent reporis are listed in the Preface.

The author is indebted to Dr. Eckstrand for suggestions on form of presentation
and for careful editorial review and to Dr. Alan D, Swain especially for the
material on the instructor's station. Dr. Swain is author of the parent report
of which this instructor's station material is, in great part, a digest.,
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ABSTRACT

A training device is a machine whose purpose is to teach job skills which will
transfer to operational situations, As such, the human factrrs involved in
afficient learning and transfer of iraining are considerations essential to
anonony and training value of trainer design. The report presents a number of
considerations and recommendations for trainer design under the following topicss
I. Some principle concepts in learning and transfer of learningy II, Froblems
of physical simulation; III. Stage of learning and degree of physicel simu-
lotion; IV, Knowledge of results and scoring; V. Recording procedures;

vl., Proficiency measurement; VII, The design of the instructor's station;
VIIT, The trainer as demonstrator of principles; IX. Outline of steps in de-
signing a training device,

This report is essentially a digest of previousiy pubiished material by the .
author and by Dr, Alan D, Swain, It has been adapted for persons who may not

have a professional background in psychology. The veport is intended for those

who participate in framing the requiremente for training devices, designing

them and, in lesser degree, for those who use them in training,

PUBLICATION REVIEW.
This report has been reviewed and is approved.

FOR THE COMMANDER:

oy Alonclonsare, 8. USAF(MUST)
’mgACK BOLLEKUD
Colonel, USAF (MC)
Chief, Aero Medical Laboratory
Directorate of Research
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PRIFACH

* Several publications, currently available or anticipated in the
near future, indicate the features of equipwment ana work environments
that help or hinder a human operator to ao a job, This report is
intended to suppliment those publications anu emphasizes those human
properties and their matching environmental requirements which deal

with his learning to do a job,

Theoretically, what a human can do ana what he can learn to do
are nart of a single problem. A task vihich is easy to uo often means
that it is easy to learn. For exanple, a task which presents imnediate
knowledge of results tends (other things being equal) to be more readily
learned as well as easier to perform reliably at a high accuracy level
Practically, the uifferentiation is made between phases of activity
called "training” and phases of activity called "operational performance."

In order to design equipment efficient for tralning purposes it is
therefore necessary to be familiar with those processes by which human
beings learn, and with those conditions generally favorable to learning.
Unfortunately for the designwr's art, those properties and conditions
cannot now be stated in quantitative form. Design must therefore be
guided more by principles about tre learning process than cuantiiative

prescription.

For this reason the text in “his report must ve somewhat more dis-
cursive than handbooks and guides that deal with "operational performance”,
a subject ratter in hum'.n “ehavior less comp’ex and more readily control-
led than "training." That .s, the behavior prssililities in learning to-
operate are clearly more numerous tran those in operating the device.
Because of this lack of nard-boiled nrescriptions in training, it is often
necessary to solve problems through awareness of veriables and nrocesses. -
The first chapter of this repert represents a minimuwu of terms and ideas
for maximum interpretation of the “raining proce:-.

This first chapter, lixe the rest of the report, ic a uigest and -
sunnary of more thorough treatments of training and the aesizn of train-
ing devices. The principal reference cocuments are -he following:

Miller, Robert B, A Method for Determining Human Engineering Decign
Requirements for Training Equipment., WAUC T.chnical Report 53-
135, Vright Air Development Cenier, Air Research °nd Development
Command, USAF, Wright-Patterson Air Force Basc unio, 1953.

Handbook on Training ana Training Bquipment Design, WALC Techni-
cal Report 53-136, lright Air Development Center, Air Research
and Development Cormmand, USAF, Wright-Patterson Air Force Base,

Ohio, 1953.

A Method for Man-Machine Task Analysis. WADC Technical Report
53-137, Wright Air Development Center Air Research and Develop-
ment Command, USAF, Wiright-Patterscn air Force Base, Ohio, 1953.
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Human Engineering Design Schedule for Training Equipment. WADC
Technical Report 53-138, Wright Air Development Center, Air
Research and Development Command, USAF, Wright-Patterson Air
Force Base, Ohio, 1953. ‘

Swain, Alan D, Guide for the Design and Evaluation of the Instruc-
tor's Station in Training Equipment. WADC Technical Report 54-
564, American Institute for Research, Pittsburgh, Pennsylvania,
1954.

Many persons have come to identify "truining device" with "simulator."
But this report deals with training devices of which "simulators" are only
one type or class, Treatment is also given to materials ranging through
demonstration charts, mock-ups, and synthetic training devices which are
less than the extreme of the engineer's art.

Important as it is to be able to decide what should go into a simu-
lator, it is equally important to decide whether a simulator is necessary,
and why a simpler device would not be just as effective from a training
standpoint.

In this report, therefore, the term "training device" will be used
in the most general way to include any fabricated object, ranging {rom
wall chart to simulator, used for a training program. This usage vastly
simplifies the discussion.

This report omits aiscussion of one important dilemaa which the
designer of training equipment frequently must face. This is the problem
of acceptability by the using agency where there may be pre-existing
attitudes contrary to the designer's conviction of what is appropriate.
The customer may often have excellent reasons for his attitudes and even
for his prejudices. But a policy of "the customer is always right," evea
when it is against the customer's best interest, sets up a vicious circle
which can be broken only when all parties can cooperate on a common basis
of informaticn., It is hoped that some of the principles in various of
the human engineering guides can help establish such a basis for coopera-
tion,

It would be unreasonable to expect a designer of equipment to require
no more than a report such as this in order to design successful training
devices. Not only a great deal of specialized engineering know-how but
of psychological know-how must be brought to bear in the invention of
training equipment which is to be both efficient and economical. It is
& major purpose of this report, however, to facilitate team work involv-
ing engineering knowledge and skill and that body of knowledge and skill
which deals with human behavior as modifiable by training and experience.

WADC TR 54-563 viii
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CHAPTER I. SOME PRINCIPAL CONCEPTS IN LEARNING AND
TRANSFER OF TRAINING

WE WILL HAVE TO BEGIN WITH SOME OVERSIMPLIFICATIONS! Humen learning
deals with such a oomplex of behavior variables, that even to define learn-
ing is to enter controversial grounds. So let us start with a somewhat sim-
plified definition and bear in mind that this definition will include =most of
the other processes identified and defined in the rest of this chapter.

Definition

Learning is the process whereby new or different responscs come to be
pade to given stimuli as a function of practice. In practical situations
we can identify the effects of learning when we know "vhat the person is try-
ing to do."

This definitior may be roughly translated as follows: Learning
is equivalent to the process of reprogramming the human computer
mechanism so that a gfvm sensory input A which has produced out-
put response X now produces response Y. The term "different! in
both sentences above should includet “making more reliable a
previous response output, such as X, to the given stimulus input."”

INPUT HUMAN OUTPUT
Practice
Trisl 1 Stimulus A Resgonse X
Practice
Trial 100 Stimulus A Resggnse Y

Response Differentiation

This first general model is en cversimplification because practice may
develop capacities or mechanisms for response output. Example: Learning
to make to a signal rapid trigger responses with the third finger rather

WADC TR 54~563 =1~
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Principal concepts

than with either the third or fourth finger. This idea, which we call Re-

sponse Differentiation, can

bs shown as follows:

INPUT HOMAN OUTPUT
Practice RBBpo“nBe X
Trial 1-5 Stimilus A L —————
< OR
“. Response Y
N—eoaieD R S Lo
Practice
Trials 100-105  Stimulus A e i

(not Response Y

RESPONSE DIFFERENTTATION

Response Patterning

But the learning proces

8 can also result in putting responses together

into patterns occwrring either at the same time or occurring as a temporal
series. These two types of patterning, which are shown in the following dia-

grams, are called Response C

oordination and Response Serialization.

INPUT HUMAN QUTPUT
( Stimulus A(x) Response X
Practice = -
st < Stimulus A(Y) Response Y
foo o
\ - —
Practice Response Componari X
Trials 100~  Stimulus A Regponse Component ¥
110 .‘T o
I | Response Component 2

-

Simultaneous Regponse
Pattern to A

RESPONSE COORDINATION

(Simultaneous Response Patterring)

le: Learning to move stick, rudder bar
and throttle together in coordinated flight.
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Prinoipal concepts

INPUT HUMAN QUTPUT
Stimuius 4(y) Response X
=
Practice
Triale Stimulus A(Y) Response Y
1-10 == e
Stimlus A(z) Response 2
> o
Practi
Tr::lsce Stimlus A Response Response Resporse
100~110 e Conponent X Componont 1 Comporsnt Z

RESPONSE SERTALIZAYTON
(Sequential Pesponse Pe*terning)

Example: Recall of e memorized procedure; actual
performance of « weli-practiced starting procedure.

Actually, of course, changes in the "computer mschanism" iccempany changes
in response patterning, ard may be principally responsible for sliciting the
regponse pattern when it becomes a part of the response repartory of the
traines.

(The reader is again reminded that because of the complexdty of the in-
teractions within the human mechanism in action, dlagrammatic medelr should
always be regarded as scientific fictions.)
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Principal concepts

Stimulus Differentiation

Let us now turn to the input portion of the system. Effects of learning
processes nay show up as systematic differences in the decoding or encoding
of messages presented as inputs. Thuss

INPUT BUMAN OUTPUT
Praotice Stimlus A Response X —
Trials 1-5
i Stimulus B Response X

— e ] >

Practice Stimulus A ! Response XA»—
Trials 100- o

105 Stimilus B Response XL
-—.-—_.—_—P

Let us call this process STIMULUS DIFFFRENTIATION: differential respon-
ses are learned to different stimuli to which similar responses were made
earlier. e

Example: Lesrning to distinguish a MIG-15
from an F-86E Sabre-jet in the air.

Stimulus Generalization

INPUT HUMAN OUTPUT
[ [Erem— !
Stimulus A Responss X
o e
Practice ' '
Trials 1-10 Stimlus B = Response Y
Stimelus C Response 2
b -
_itimulus A s Response X
Practice . |
Trials 100-110 Stimlus B Response X
Si=n
Stimulue C Response X
k g — —

STIMULUE ~ATNERALIZATION

WADC TR 5L~563 b=
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Principal concepts

Lst us call this process STIMULUS GENERALIZATION: gimilar responses
are performed to a variety of stimli which are physically dissimilar.

le: Interpreting code messages in the same way irreapective
of the pitch of the carrying tone.

Stimolus generalization as a process has its effect in “iransfer of
training.,* The validity (success) of a training program depends on the genoral-
ization or transfer of responses from the synthotic situation {or synthetic
stimuli) to the operational situation (stimuli).

Stimulus generalization may also come about through the learning pro-
cess. For example, & pilot who reads altitude informaticn £rsm ths convention-
al three-nsedle altimeter can learn to get equivalent information from a count-
er-single-needle-typs altimeter. To this pllot, after sufficient practice,
both instrueents are functionally similar with respect to the "altitude -esponse®

he makes.

Much of the discussion in later chapters will pivot around the conditions
which produce transfer of training and transfer of what kind of training or re-
sponse repertories. But in order to state principles we will first have to de-
fine a few more of the required terms.

Stimulus Patterning

Practical situations invariably require perceptual response to configur-
ations of stimuli in time and space. The car driver responds to a configur-
ation compounded from various instrument readings and complex data about the
enviromment such as road conditions, nearnsss of other cars, bend in the road

ahead, and so forth.

A percepinal response is therefore inevitably a response to pattern. of
stimulus inputs. A variety of patterns of stimmlus inpuie may become,
through training, functionally equivalent in producing some one response or
response group. They may become equivalent by virtue of pattern in space or
time or both. In training, an exsmple is the leurning of a set of verbal
procedures to a photograph of equipment. The trainee does not misteke the
pbotograph for the real objacts depicted. Neverthelass, he may transfer
(generalize) his verbal procedures quite substantially to the work situation
filled with the actual objects in the photograph.

We are also able to recognize a tune played in one key when it is played
in snother key; a telegraphic message when delivered through the ear by head-

phoneg or through the eye by blinkers.

When there is a demand for tramsfer of iraining to superficlally differ-

ent sitvations, some modes of training which emphasize response 1o’ patterns
of cuss will be more effcstive than others which emphasize specific response
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to specific cues. Training which directs response to the total configura- ;
tion of the work enviromment will therefore enable the trainee to cope with '
wider varieties of work situation, including transfer from aynthetic to actu-

al work ocnvirorments.

Through practice, certain responses can become at least partial stizuli
which trigger off others in response series or groups. When such response se-
quences are active, they becime part of the total stimulus context to which
the human responds; this associative response context also holps us understand
how human beings can resist irrelevant stimuius inputs during an ongoing task
activity. Associative response convext also helps account for a pilot being
able to have one set of habits appropriate to flying one type airplene and
another set of habits oappropriate to flying another type airplane, even though
the display and control configurations may be quite different. Similarly
person can know and speak several quite different languages without one inter-
fering with another.

PERCEPTUAL, IDEATIONAL AND MOTOR FROCESSES
It is somatimes helpful (elthough sometimes misleading) to differentiate

segments of the learniig process into PERCEPIUAL processes, IDFATICNAL or ST«
BOLIC procusses and MOTOR processes.

CCMPUTER MECHANISM
SENSORY MECHANISMI™ — ™~~~ 7~ 7777 '! RESPONSE MECHANTISM

) . e =5 E
s ) 11 [T/ Bt
L —
|
L

-

-~

Perceptual
Processes @~~~ ~T"T~T==~° Processes

Ideational
Processes

This distinction is importent because under some conditicns the ideatiovn-
al processes (thinking, reasoning) may become by-passed by virtue of the learn-
ing process. Such by-passing has important implications for learning and for
capacities for performance.l o

Ideational processes include encoding, i.e. trénsforming an environmental
stimulus into & symbolic stimulus; associative symbolic stimulus-response pat-

1. The diagrams on p. 12 shcw symboli¢ and nonesymbolic channels,
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terns stored in memory (as in self-instructions); and the conversion of Bym~
bolic responses into response output. Ideational processes also may include
Fanticipatory" systems and purposive or motive-incentive processes.

HOW DO WE GET THE TRAINEE TO MAKE NEW RESPONSES?

In order for a new response to be learned to a stimulus A , 1t must be
practiced to stimulus A. But how do we get a new response to occuwr in the
first place?

In humans; en important mechaniem is that of symbolic stimlus-response.
For example, a red light appears on a panel. The trainse's hand remains idle
on the control panel. The instructor tells him that when the light appears
he must press switch X. On the next trial when the light appears to the trein-
6e it combines with the symbolic stimulus-resporse (the instructions) and the
trainee presses switch X. He has made a new response.

Now let us go on o the situation in which the trainee uses the consequen-
ces of his response to improve his response output.

Informative Feedback

The following diagram contains the elements of a feedback systen,

INPUT HUMAN OUTPUT
Stimulus Response
A o

I Information about Response

FEFDEACK CHANNELS

There are two major types of informative feedback. The distinction is based

not necessarily on any characteristic of the signel itszelf, but in the way it i
used by the trainee.

Learning feedback: Lot us preswms voluntary or #ideationally® guided be-
havior. A feedback system presents the trainee with his response output com-
pared with what that output should have been.
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IiPUT HUMAN OUTPUT

e — ™

Stimlus A " | Human Machine
Campubey Response e Rasponse X

Time 1 l

2! Hemory
S
Stimulus A _[Computer| Human Machine
recurs T ponse ponse
Time 2 4+—2—Information about
” ] Stimulus A
' Hmen Response X
Memory Machine Response X

LEARNING FEEDBACK

(Feedback acting in time)

In this case, the error feedback results in a change in the computer (or
as stored information) sv that when stimulus A recurs on a later date, a scme-
what different signal will be issued from the computer to the response mechan-
ism. That is, in effect, reprogramming the computer. In this way & man learns
to aim a gun better on the tenun day of practice than on the first if he sees
the size and direction of his misses. -

Let us call feedback which acts in this way ®learning feedback.® Another
term for this activity is lknowledge of results. But usage also gives another

meaning to "knowledge of results¥ as our next example will show.

The effecte o. learning feedback ars not revealed until another occasion
on which INPUT A occurs as such. On this occasion, INPUT A produces a re-
sponse compounded of the response tendency and the “correction factor" intro-
duced into the computer by the learning feedback. The rescltent 1s respomse
T which, we hops, has less error in it than did the former response X.

(It is as if the mechanism said: *"When Stimulus A occured I should have
made Response Y instead of Response X and the next time Stimulus K oc-

curs I will respond with Y.%)
It follows that the more efficiently the learning feedback informe the

trainee about his response, the more readily he can learn. He should be in-
tformed only about what he can control. We conclude that for efficiency in
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training, learning feedback should not be contaminated by machine variable
srror. In this respect, as in others, the synthetic training situation may
bs more efficient than the operational training situation.

Action feedback: Consider & tracking task such as pointing a gun at a
moving target. The difference (error) betwsen momentary point of aim and ter-
get position is a signal fed back to the operator who uses this information as
& stimulys for succeeding momentary corrective adjustments. Because these

the e

adjustmente direct actlon to rror signal by utilizing present programs in
the muman computer, let us call this information "action fe;%m.-"

INPUT HRMAN OUTPUT

Action Feedback

|
x
|
|
I
|
1

|
I Stimulus % Response X,
' Stimulus B Reﬂgp_gng_e_Y_’

Solid line w Time 1
Dashed 1ine « Tinme 2

} ACTION FEEDBACK

(Here it is as if the computer said: "Response X must now be changed into
Response Y in order to reduce the error now presented.®)

Note that action feedback does not change the characteristic of the compu- '
ter (by definition) but learning feedback (by definition) does tend to change |
the characteristic of the human computer. The same external channal of error
information may carry both action feedback and learning feedback. Whether the
feedback gignal acts in one capacity or the other, or both, is in part due to
the "set," Mintent" or motivation of the trainee overator.

Response to avallable feedback is always selective at the perceptual, idea-
tional and motor levels. Effective training guides the selective tendencies of
the trainee, according to his momentary capacity for handling pattern of learn-
ing feedback plus action feedback.

Many persons, including specialists, use the term "knowledge of results®
to include|either or both learning feedback and action feedback. In fact, the
distinction between action and lesrning feedback has rarely been recognized.
Because of the important implications to training of the difference between
these twa terms, however, we will use them in this report.
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Changing Response Through Anticipation

Let us assume the path of a target has a given characteristic such as
that of a sine (regular) wave. On trial 1 the operator will be one reaction-
time behind the target.

eta.

Time

Notice the lag of the cursor response, and the resulting over-travel.
With continued practice he will learn to anticipate the course of a target
upon ldentifying that target and getting into phase with it.

Trial
100

Time

Now notice that after the initial latent period, the cursor catches up
to the target and instead of merely fellowing it, keeps up with it. I% is
convenient to think of this performance as showing anticipation of what the
varget is going to do next. The Lwman computer which guides the cursor
(which may be the humen hend itself) has acquired the same program as that of
the target's generator, plus a phasing-in mechenigm, Ths phusing-in mechanism
keeps the cursor track from remaining one reaction time behind the target

trank

- wBILL &

Note that leamj.ng may reach the point at whic. no more than the target
signal at time O (zero) need be shown. From this starting-signal, the humen
computer may trace out the proper space-time path without further data firom
the target during the mission. This is the analogy in tracking behavior of

the conditioned response.
WADC TR 54~563 =10-
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Changing Response Through Stimulus Cambinations

Response to a given stimmlus may change when that stimulus becomes a com-
ponent in new patterns of stimulation. Thus the contours of a battleship at
sea may become unrecognizable when 1%t is camoufleged. (Later we shall see that
there is not a one-to-ons relationship between response to a physicsl stimulus
in one context and to that physical stimulus in another context of events.)

INPUT HUMAN OUTPUT

1. Original Stimulus A Response X

Habit System

Stimulus B Response Y

2, Intervening

Practice Corditions
3. later Stimulus & (T~ Response

Habit System Stimilus B ___} ¥ ¥ 7

CHANGING RESPONSE THROUGH STIMULUS CQMBINATIORS

The brace in the computer symbolizes a combining activity.

Speaking in general terms, stimulus contexts include one or more of the
following factors: '

¥hat other physical stimuli are present at the same time
Waat physical stimuli preceded the stimulus
The prevailing "motivation" of the trainee
Tattitude”
"set to respond"
ete.

The terms motivation, atiitude, set to respond, put huge burdens on keep-
ing our model simple. Let us for the time being recognize their importance to
learning processes without trying to get them into our diagrem.

Incidentally, practice to suitable combinations of stimwlus A and B may
lead to both responses X and Y being made to either stimulus A or B.
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Changing Response Through Symbolic-Ideational Activity

Training usually refers to highly complex hehaviors acquired more or less
through voluntary intent of the learner. We must therefore include as perhaps
the most significant determiners of new responses to enviromeental inputs,

the capacity for symbolic stimlus-response activity. Thus the driver may ‘
think or say to himself: *This map shows a short-cut; therefore, when I come
to the next corner (new symbolic stimulus) I will twrn right (new symbolic
response) instead of twrning left (old symbolic response)."
INPUT HUMAN OUTPUT
|
Conversion Symbolic Conversion

»| to Symbolicl._._ gl Responses|..| to Motor o

: Stimulus Formation Response |
Stimulus {. | Response [|Respons

| O
Inpu I rMechaniam Output

[}

P Non-Symbolic Channel — ———— ——~ !

CHANGING RESPONSE THROUGH SYMBOLIC IDFATIONAL ACTIVITY

Notice, however, that the driver was using stored information
when he recalled the short-cut shown on the map. Let us add this as
another feature to our diagram:

INPUT HUMAN OUTPUT
P ey . {
Conversion Symbolic Conversion
t--to Symbolic [-----»1 Response [->{ to Motor [
: Stimilus Formation Response ||
Stimilug)| | f |,| Response || Response
Input ! Stored Information ¢ Clechanisn] [Gutput
! (Memory) 3
l l
|
L=wew—— Non-Symbolic Channel —-===w= -~~~ -

SYMBOLIC BEHAVIOR UTILIZING STORED INFORMATION
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Symbolising processes imply decoding and encoding capacities of the com-
tral mechanism. That is, in order for symbolic activity to ocour, there must
bs symbolic representations of stimulus inputs and output responses cempatible
with each other and with stored information. This matter of code compatibdli-
ty is an impertant area in the study of human behavier.

Note, however, that we have vastly expanded the learning-capacities of
the mechanism by introducing symbolic behavior!

The following kinds of *information" can be and are symbolized in the hm-
man computer systems

Stimulvs objects, stimulns relations, stimulus clesses
Responses and "sets to respond

Response feedback
Motivations, incentives and goal conditions

Symbolic processes or coding systems include words, images and concept-
ual processes few of which can be precisely correlated with objective items or
sequences. For owr purposes, it is more or less sufficient to know how to con-
trol the external conditions wnder which thess jrocesses can be induced so as
to affect learning and performance.

It will be convenient to refer to these symbolizing processes which occur
inside the human "black box" as mediating stimulus-response systems or activi-
ties. They "mediate” stimuli from the environment and responses performad on
the enviromment. Such processes have payoff significance in problem-solving
activities, in the giving of self-instructions, and in the making of decisions.
All three of these activities are probably closely inter-related.

Ideational stimulus-response systems have an important role in transfer of
training in that they can make superficially different stimuli similar. We can
say or think "One dollar® whether we see or think of a hundred pennies, a dol-
lar bill or the figures $1.00 printed on & check. Through suitable ure of idea-
tional capacities we can speed up the learning of complex moter respons %, and
amplify the range of stimuli to which training can be generalized.

Changing Response Through Habituation, Sensory Adaptation, Fatigue

Within limits, the magnitude of response to & constant value continuing
stimalus input tends to diminish. We plunge into water which seems cold at
first but after ten minutes the water!s temperature seems neutrel, unless it
is below certain limits. Noises on a telephone, which at first may be disturb-
ing to a verbal message, become less noticeable after a few minutes conversa-
tion. The more constant and less variable the background portion of the stimum-
lus, the more rapidly it cesses to distract -~ that iz to elicit disturbing or

other responses.

When this phenomenon occurs within one session of activity it is called
Wgensory edaptation® or "negative adaptation.® When 1t happens from onc sess-

HADC TR 5h-563 213

ey

o e AR AN IR A 8 { oL g A U AR B



Principal concepts

jon of activity to another it is called "habituation."

Some writers have related sensory adaptation and habituation to sensory
fatigue, but we need not be concerned with the problems raised by thie issue.

Two important conclusions can be recognized from these phenomenat

1. An input will tend to act a8 a stimulus (that is, producs re-
sponse) when 1t 1s a change in some previously existing stats
of inputs. Its strength as a stimulus will be related to itas
rate, as well as absolute magnitude, of change. The organiem
is rarely placid to enviroimental inputs of the moment, how-
ever; it contributes to the siimulus conditions through idea-
tional and motivational (purposive) activity.

2. Response outputs are modified through the organic phenomens of
sensary adaptation and habltuation.

Note to the academic reader: Vexation is caused by the frequent
ambiguity of the term "stimulus." Let us agree that an environ-
mental stimulus input be thought.of as & stimulus only when it
elicits an actual or hypothetical response in the human system.
This distinction has substantial bearing on our later distinction
between engineer simulation and psychological simulation (see
Chapter II, page 2).

Objectively, fatigue is the reduction of the likelihood of a given re-
sponse to a given stimulus configuration as a function of the rate, frequency
and recency of making that response. This observation ssems to hold for ldea-
tional as well as motor processes. As a consequence of practice, learning ef-
fects tend to be obscured by fatigue effects; and the learning prooess may, in |
some respects, interact with the fatigue process. In general, learning ef-
fects are more persistent than fatigue effects. Nevertheless, the interact-
ion of the learning and fatigue processes suggests optimal perlods of pract-
ice versus rest for any given type of task. Research into "massed versus dis-
tributed practice® confirms this by showing diminiching returnz for time spent,
beyond a given point, in continuous practice before a rest interval. Optimal
ratios of practice to rest, and times for rest, are related not only to kind
of task, but to incentive conditions and stage of learning.

In any event, sensory adaptation, habitwation and fatigue can account
for changes in response. To the extant that these changes in responses are
consistent, they may become pert of the total pattern of response.

Motivation

Qur treatment of motivation will be necessarily brief and cavalier. Let
us presume (ofben rashly; thab the tralaee wants to form the job reliably
although actuslly pert of the function of training may to induce a desire
to lsarn the skills required.
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We can think of motivation as performing two main functions in the learn-
ing modelr an amplifier of response tendencies and a filter of response feed-
back.

INPUT HUMAN OUTPUT

Hunan Machine.
C
Percaptuel, amputer :::i:ﬁ:m Tesponse” Response

I Stored
-] Information

A i
| ¥

Motivation [<~~
AmplTfTer System !

e ———— —————

Motivation |e¢-
- ee d — ~ o ‘. L

-=» Filter System

[ — e e e

Memory System

MOTIVATION

Hotivation energizes the learning-action system, and energizes it select-
ively. Motivations may be highly specific, and are learnable. They are idem~
tified through incentives. An incentive is some goal (or null) position se-
lected out of a number of possible goals or goal variables.

Examples A pilot trainse is motivated to reduce azimuth error. He
does so, but neglects error im elevation and tracking smoothness.

Motivations ere also incorporated in attitudes of acceptence or rejsction

of objects and situations. Gross attitudes of rejection interfere with learn-
ing and *ransfer of training.
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AT TN T 63 B e STy —




Principal concepts

SIMMARY

Learning is the process whereby new or different responses are mads to
given stimuli as a consequence of practice. Practice is defined as making a
given response to a given stimulus. Practice may develop new capacities for
response output through respofse differentiation, response coordination, and
response serialization. On the stimlus input side, suitable modes of prac-
tice develop stimulus differentiations, responses to ccaplex patterns of
stimulus inputs, and transfer of responses.

For convenlence in the planning of training it is helpful to distinguish
between perceptual, ideational (symbolic), and motor piucosses.

In order to learn & new response, it must ve made snd made to the appro-
priate stimulus. Processes by which new responses can be induced to ocour
include (a) the development of enticipations, (b) stimulus combinetions, (c)
symbolic activity, (d) sensory adaptation and habituation -~ or combinatims

of these processes.

Essontial to improvement in skill, however, is information about the re-
sults of the output response. Whem this fesdbaok is carried over into a re-
currence of tha original stimulus so as to reduce error on the later trial,
the signal is called "learning feedback.” When an error signal is used to
modify the response in progress 1t is called "action feedback." Much effice-
iency in learning depends on the availability (and use by the trainee) of ap-
propriate learning feedback.

Motivation acts as an amplifier to the entire system and a selective fil-
ter to feedback information.

TRANSFER OF TRAINING

When a response is made to a stimulus it tends to get learned to that
stimulus. %hen that stimulus recurs, the response will terd, by the degree it
has been learned, to recur alsc. (In one sense, the response is Mtransferred®
from one occurrence ¢f the stimulus to a later occurremce of that stimulus.)
But a set of stimulus svenis is never precisely repeated. It is therefore dan-
geroug to spesk of Wthel ghimulus as if we ever could specity all the stimula-
ting conditions which, at any moment, are associated with a given response.
Neverthelesa, when responses recur to stimulus events which wers similar to the

earlier stimulus, we speak of memory or habit.

But we may chenge the original stimulus in a variety cf ways and find in
some cases that the responses, in some degree, transfer to the changed stimulus.
We will find cases of high iransfer of response to apparently very dissimilar
aituations. In other cases we will find that even rather small changes in stl-
mulus conditions produce little iransfer of an earlier response. If we can be
specific about which conditions make fer greater and which for lesser transfer
of response (or training) we can obviously be economical in training. This
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will be espocially the case if the operational conditions involve stimuli very
expensive to produce, such as an airplane, guns and aerial targets.

Transfer of training is transfer of responses from one set of stimulus
conditions to another set of stimulus conditions. Training devices and class-
room studies set up synthetic stimulus situations. W¥e hope that the responses
learned to these synthetic situations will: (&) aid in learning operational
responses; (b) transfer positively to operational situations; (c) cover oper-
ational situations.

An additional note. We have "transfer of training® even whon the
trensferred habita are inappropriate to the new sltuation. In such cases,
the hadbits may interfere with the learning or exscution of the corvect
response in the new situation. This is usuelly the problem -in transition
training where similar sets of stimuli now demand different (and even re-
versed) response patterns. This "ransfer of training" has nsgative or
interference effects. Obviously, training sliould be directed not only
towards transier of habits to operations, but transfer of appropriate
habits end the avoidance of inappropriate habits and attitudes. The
transfer of these latter may require unlearning during operations which
can bs hazardous as well as expensive.

Perceptual Sensitivity And Stimulus Variation

Human receptor channels, like other receivers, have limitations in sensi-
tivity. That is, for any stimulus input, there will be ranges through which
physical differences will not b2 matched with behavioral differences. These
ranges of insensitivity will differ for different modes of response.

For e.ample, a person may reacily distinguish a white from & yellowish
i1lumination in stepping from cne room Lo anolher; if however, you ask him to
read a passage of prose first in one room and then in the other, no difference
in reading may be discovered within the criteria established for reading offect-

iveness.

Similarly, seasoned pilets may be able to tell us that the feel of the
controls in a simmlator differs from the feel of the corresponding controls
in their aircraft. Their performance of maneuvers in the simulator may, how-
ever, raeveal no measurable difference of response output within the operation-
al criteria established for that performance. ‘n the other hand; the converse
nay be true: differences between stimuli which an cperater mey feil to dis-
criminate at the verbal level may show up in job behaviar.

Stimulus validity should therefore bs established ¢m the basis of what the
operator has to do on the job, rather than irrelevant responses.

Economy and feasibility require that the training device copy the opera-
ticnal equipment only within the range of stimulus inputs which produce, or are
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likely to produce, a demonstrable change in essential job behaviors. Para-
meters and formulas are not now, or in the near future likely to be, avail-
able for estimating "transfer sensitivity! to stimulus differences. The
educated guesses of specialists in human learning will probably be the best
bagis for decisions,

Transfer And Type Of Task

It has already been suggested that some types of activity transfer to a
wider range of stimuli than others. For example, ideational forms of behav-
ior tend tc be less "stimulus-bound" to specific environmental cues than most
kinds of manual or motor response,

We can also expect differences in transferability among types of motor
performance, Let us distinguish between procedural tasks and continuous feed-
back tasks.

Procedural or discontinuous tasks are tasks in which separate, mainly all-
or-none, responses are made to given cues. Following a set of printed (or re-
membered) instructions in pressing a series of switches to a sequence of sig-
nals would be an example. Procedures are often verbally mediated. When they
are, they may transfer to widely different stimulus inputs., With high degrees
of practice, of course, verbal mediation may tend to drop out and the responses
become automatic, When they do, we will get somewhat less generalization to
different stimuli,

Every job has a large number of procedural portions, many of which can be
learned with relatively crude physical copies or even symbolic representations
and mock-ups,

Continuous feedback tasks are also known as tracking tasks. Performance
involves a continuously changing response to a continuously changing stimulus
input., ("Continuous" refers to the maximum continuity capable of the human
operator as a system,) The response is a continuous adjustment by the operator
to a changing error signal., The error signal results from the operator's
comparison of the desired output with the changing output signal which is fed
back to him.

In general, transfer of training in tracking tasks tends te be more re-
stricted than it is in procedural tasks, especially if time changes are involved,
That is, the operator learns sets of anticipations of signal inputs, and when
these anticipations do not conform tc the sequences and patterns of cues in the
new situation, the old responses are inadequate,

This topic is given expanded treatment in Chapter III, Stage of Learning
and Physical Simulation, p. 3l.

The statements in this chapter are intended to present an introductory

overview to the concepts in the following chapters which will apply these de-
finitions to problems more directly connected with equipment design.
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CHAPTER II.  PROBLEMS OF PHYSICAL SIMUTATION
INTRODUCTION

Training consists of the acquisition of skill in using equipment in
operational environments. Let us call any set of environmental conditions

a "program.”

A simple example may clarify the moaning of the terms. We wish to
train a person to drive a car. This statement may imply programs but it does
not specify them. " -iving a car on the open road; in dense city traffic;
two-lane, truck-cluttered roads; icy roads; night illumination ~- all these
are program variables in driving.

The problem of simulation must take into account the representation of

programs as well as the representation of the equipment and its functioning

to the trainee.

PSYCHOLOGICAL SIMUIATION VERSUS ENGINEERING SIMUIATION

Simulation is not all or none; it is a matter of degree. Perfect
simulation consists of the job itself performed on operational equipment in
the context of all its actual programs. The fact that a situation is
synthetic in itself is less than complete simulation. Items, functions, and
programs are selected for copying, and each for copying to varying degrees
of physical reproduction.

¥We should therefore not speak of pnysical simulation as if it were an
object which must be either present or absent. Even in physical terms,
simulation is a matter of degres.

The Training Problem

But the training problem is not a matter of physical copying of
equipment and its interactions with physical replicas of programs. Let us
give the name "engineering simulation" to the copying of some physical model

and its physical properties.

The training problem is to provide stimull so that responses learned
to them will transfer from training to operations with little or no loss.
When responses learned in training transfer into appropriate action in
operations, let us think of the relation of the synthetic to the real con-
ditions as "psychological simnlation.®

WADC TR 514-363 -19-
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Problems of physical simulation

Psychological simulation may be far removed from physical realism.
Take an extrems examplo. An instructor tells a trainee in a bare classroom
that when he enters an airplane cockpit he should immediately slam the
cockpit door forcefully. The trainee goes out to the aircraft, enters it,
and slgms the dooz forcefully. Th? clagsroom situation has, in terms of
the job outcoms, (in this instance) psychologically simulated the operation-
EI_agiﬁhtIon. = #

In thie case, the simulation was effected by symbols--words in sentences
presented to the trainee who "practiced" the response of slamming the door
symbolically to a symbolic stimulus.

The point hers ie not "Can you train such & response in this way?"
The point is, "To the extent that there is transfer of response so that the
Job is performed correctly, we have psycﬁglogical simulation.®

Interrelationship Of Transfer, Economy, And Engineering Simulation

Failure to distinguish between psychological and engineering simu-
lation may produce costly excesses. The engineer is charged to "bulld a
simulator."” At once he undertakes to synthesize in hardware all the physi-
cal apparatus, and perhaps one or two arbitrarily chosen"programs." His
limits are defined only by budget and the state of the engineering art.

There are kinds of task and degrees of learning which may profit from high
degrees of physical fidelity in many features of the task environment.

Other tasks, or degrees of skill, may be learned and transfer quite adequate-
ly from synthetic trainers having relatively little physical or functional
realisnm.

At least from the standpoint of economy, the development of training

devices should rest on psychological simulation rather than engineering

simulation. Therefore to the extent that enginesring simulation is a matter

of selection and of degree, the selection of variables should be based on

psychological considerations as to what will maximize validity of training.
With respect to the psychologicel simulation of tasks we will be con-
cerned with two main problems. One of these is the extent to which the
training includes what is necessary to include. The other problem is what
can be excluded &s irrelevant to the training problem. Cutting across both
of these consideral' n. is the degree to which engineering variables in the
training situation need to duplicate the operational situation for practical
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Problams of physical simulation

amounts of transfer to obtain. Although the interrelationship of these three
considerations has ueen recognized, the independence of them has not general-
1y been made explicit.

Once we recognize that there are degrees of both engineering simulation
and degrees of psychological simulation, we must realize that practical
decisions about the specifications for training equipment must rest on
economic and trainirz objective compromises. As engineering simulation in-
creases, the equipment tolerances grow tighter and the equipment becomes more
expensive to build =.d maintain.

e IR R T

ing on the kind Eﬂg level 2{ gkill which is being trained) with increased

engineering simulation. BEE 223 gains in skill may be uneconomical from the

standpoint of the dollars and cents involved in bullding and/gs maintaining

the training device.

To take an extreme example, we should not spend a million dollars to
build a training de ice when the task can be taught just as well on the
operational device .> the ten thousand trainees we need for a dollar aplece.

The figure belos is an oversimplified demonstration of the relation-
ships between <egree of engineering simulation, cost of such simulation, and
the amount of transfer of training value to be derived from increased engineer=-
ing simuwlation. The figure may be interpreted roughly as follows. The line
marked "cost" shows that as degree of engineering simulation increases, costs
gn up at an ircreasing rate. This increase in cost is particularly true when
not only the nean <f some variable on the operational equipment is reproduced,
but when this mean is reproduced with increasingly small operating tolerances
in the treining device.

But physical r-.lism is not only a matter of degree with respect to a
variable, but -l.5 in number and kind of v ‘iables represented. That is,
mere and more ~ac.acteristics of the operational situvation may be put into
the trainer, an. each of these added characteristics may increase cost dis-
proportionatel, thr»rgh multiple interacting linkages.

The relationship of cost to degree and kind of simulation can be rather
readily determined, although in actual situations these variables may not
lend themselve: *o a: simple a presentation as is made in the drawing below.

The line markad "transfer" in the figure is a hypothetical relation-
ship between degree «° engineering simulation (of one or more variables in
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Schematic Relationship between Degree of Engineering
Simulation, Cost, and Trapsfer of Training Value.
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the operational task) and the transfer value which arise. At very low
degrees of engineering simulation [Il) on the diagr we may expect
relatively small gains in transfer value with given increments in engineer-
ing simulation. This statement is interpreted as follows: With low degrees
of engineering simulation the trainee will be making verbal or other
mediations of both display and control components of the task, and will be
transferring to the operational task little more than the identification

of controls and display features, nomenclature, and perhaps skills in gross
proced&res limited to direction of movement of display items and control
1tems.” He may also be acquiring some concepts of the action of the equip-
ment in some context. But since this stage of learning will have a high
verbal content to mediate generalization, increases in degree of engineer-
ing simulation will tend to result in little or no incrcase in transfer
value for this stage of learning.

(2) However, as learning is carried to higher degrees, especially in
tasks requiring perceptual-motor coordinations and rapid sequences of
accurate perceptions and movements, increments in engineering simulation
have increasingly higher transfer value, assuming the training on the train-
ing device is carried only to a degree optimum for that device. But degrees '
of engineering simulation can be reached where dividends by way of transfer '
of training grow less, that is, diminishing returns set in. It is in this
region that production costs may mount disproportionately.

(3) Finally, we can postulate degrees of simulation beyond which no
appreciable gains in transfer can be found; that is, where human vari-
ability and limitations of capacity to discriminate situwation one from
situation two are greater than variations between operational and training
equipment, or are greater than the "reliability" of the training equipment

during its operation. .

Unfortunately, we do not know the parameters of this transfer curve.
Except for a few scattered reports about ons or two task variables, there is
available little information from which an actual transfer curve could be
drawn. Perhaps one of the principal difficuities has been that the various
dimensions of the prcblem have not been made explicit. An attempt will be made
in the following pages to do so. When the various premises of the problem have
been established, it is to be hoped that some conclusions of a practical; even
though rule-of-thumb, nature can be drawn until more experimental evidence

becomes available.

JRUSIRFREEE

1. Of course, if the above is all that the training task need teach, then
transfer value can be high for these procedural skills, and with a low
degree of engineering simulation.
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Problems of physical simulation

SIMUIATION AND THE SAMPLING PROBLEM

Let us take a different tack. Let us ask; "What shall we select as
our operational model to simmlate engineeringwise?™ What mean values and
tolerances shall be used in the construction of the 10 or 100 copies of
the training device? Every B-36 has somewhat different characteristics than
every other B-36. Which B-36 should we copy?

Sources of variability will be discussed under two main divisions.
One of these divisions will discuss the variability from moment-to-moment
of a given unit of equipment. The other sub-topic will be the variability
between diffcrent units or samples of the same equipment.

The practical outcome to the manufacturer of this discussion on vari-
ability will be guides as to tolerances to be built into training equipment.

Within-Unit Variation

A given aircraft will function somewhat differently from day to day.
The greater the extent to which an attempt is made to standardize the con-
ditions of its operation, the less variable will its performance be. But in
practical situations, standardization is only a matter of degree. To cite
only a few sources of variability, even though it were subjected to exactly
the sams situational conditions, there are: variations in maintenance, age
of the equipment, fuel, differential types of wear on components due to
special history of the equipment, fuel load, loading of the equipment, stage
of warming up, and so on.

So we can expect that to some degree, a person cperating a given piece
of equipment will have a task somewhat different each time he operates it.

Insofar as the operator is concerned, these physical differences may
not result in any "practical" difference to him in the performance of his
task requirements. Thus he may not be able to report any difference between
equipment N as it operates today and as it operated yesterday. Nor will his
task necessarily be materially different in performance. Obviously, there
will be differences whenever the error components of a system are changed,
but these differences may not be measurable, or they may not fall outside
the tolerance criteria established for effective performance of th# man-
machine task. We may thus speak of the operator as being insensitive to such
machine differences. It is not important at this point whether or not the
operator can or cannot report a difference; what is important is whether any
difference shows up in his task performance insofar as the task criteria are

concerned.
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Ve have had to presume that the vperator himself contributed no error
Lo the man-machine system. This assumption is, of course, quite false.
But in order to proceed with an analysis we will have to accept certain
"givens" in each topic, even though these givens become' variables in the
next topic.

Sane systems of equipment are more subject to variability than are
others, although of course variability is always a relative term and it is
difficult to find a common denominator on which to base direct, quantitave

comparisons.

But we may point out that most gunnery systems, for example, seem to
have a good deal of uncontrolled machine variation under operational con-
ditions. The same gun will change in its barrel temperature, rifling, and
electrical and mechanical linkages. Differences between one bullet and
another will show up in hit error. OSo if we could substitute for the
operator an alming device which was itself "perfectly" reliable we would
still find considerable fluctuation of hit error from one shot to the next,
cne group of shots to the next, and from one portion of the gun's history to
the next. We have been presuming that we are sampling from a universe of
actual operating circumstances such as occur in combat, with all the con-
tributing circumstances (such as amunition, maintenance, target movement)

being adequately represented in our samples.

Radar equipment seems also to suffer even yet from a fair amount of
what in operatic rehearsals is called "temperament." The same equipment
funcvions differently at different times. Obviously, the more slipshod the
maintenance is, the more the same set will vary from one mission to another.
Presumably, however, we aim co train trainees ultimately to cope with live
operaticnal problems, and notv merely with the antiseptic conditions of a

laboratory.

Let us refer to the kind of variability we have been speaking of as with-
in-equipment variation. For each sample from a type of equipment, there will
be a mean and standard deviation of performance on each variable of its
respective outputs. When these variables interact, their individual vari-
ations may become compounded into still greater ranges of unpredictability,
and the way in which they are compounded may be peculiar to each individual

sample of the equipment in question.

It is of course highly time-consuming, difficult, and expensive to de-
termine within-equipment variations, especially if this determination is to
be done under operational conditions rather than an artificial laboratory
situation. It is always quite safe to anticipate (at least on logical
grounds) that the variability values established for the performance of a
given piece of equipment will be much larger under operational use than in
test use. The total error variance (a measure of variability) of a complex

YADC TR 5-563 ~25-




W

Problems of physical simulation

man-machine system will increase according to the well known sum of squares
principle.l

Unless actual detarmination of within-equipment variability is determined
under suitably representative operational conditions, we cannot know the lower
limits of the pracision needed to construct a training device for this equip-
ment. Conscﬁ'nntly, we will not know how cheaply we can afford to build it.

Furthermore, by building a training device which performs in a more
standard manner than a given piece of equipment is likely to perform, we risk
8 blased training of the trainee by shielding him from ranges of machine
variation which contribute to the performance of the task in operations. Ad-
Justing to such variations may be an important part of training.

Between-Unit Variation

Even when two units of the same operational equipment come off the as-
sembly line together, they will vary to some degree in their functional proper-
ties. The more complex the equipment and the more complex the situation and
variables in which they will operats, the greater these differences between
individual equipments. They will differ according to mean values of perform-
ance and also according to the variation each shows around its mean perform-
ance when subjected to comparable conditions. Thus aircraft Helen of type XD
will stall at an airspeed of 70 mph, with a standard deviation of L mph,
while aircraft Josephine of type XD will stall at 66 mph, with S.D. of 3 mph.
A third example, (Doruthy) will stall at a different speed with a different
standard deviation.

Our problem is, since we want to train a pilot to fiy aircraft type XD,
shall we train him on a device simulating Helen, Josephine, or Dorothy?
(In the particular example we have chosen, these differences in stalling speed
nay be psgchologically unimportant. The example is merely for illustrative

purposes.

The same sources which make for variability from time to time within an
individual equipment will be acting to widen the possible range of differences
between individuals of an equipment. The older that an individual equipment
becomes, the more likely it will develop individual characteristics as a
function of its intrinsic difference in construction, and also as a function
of its individual history or experience.

1. The total variance is equal to the sum of the independent, contributory
sources of variance. If these sources are not independent, the total vari-
ance 1s egual tc the sum of the variances from each source plus the cor-
relational factors. (See any standard statistics text.)
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The presentation of the problem of within-and between-unit varia-
tion poses significant logical problems to the training device engincers
even before we come to the psychological problems. The psychological pro-
blems consist of: (1) what are the equipment differences which make a
psychological difference, and (2) how important is this psychological dif-
ference to training efficiency and transfer of training. A related problem
is, how far can training go on a so-called simulator, and at what level of
skill or training is it more profitable to shift the trainee to the opera-
tional equipment, taking into account our logical problems in sampling
equipment characteristics as well as other difficulties in the training
situation? We may find that the human being is so insensitive cr sc adapt~
able, that what constitute frightening variations in the manufacturing proccss-
es of equipment are insignificant in the realistic training context.

Conclusions To The Sampling Problem In Physical Simulation

If one and only one sample of the operational equipment is used as a basis
for determining the engineering characteristics of a training device, the par-
ticular one unit selected as the model may nct be "representative" (have aver-
age performance value) of all the other units or items of that clacs of equip-
ment. Thus the particular F-500 chosen for data-gathering purposes may be
consistently more sluggish, or more sensitive, than nearly all the other i*-500's
which will be used in operations. A device which physically simulates this
F-500 will not simulate other F-500's. Thus we risk biased training.

Furthermore, by building & training device more standardized than ia opera-
tional equipment, we risk a different kind of biased training by shielding the
trainee from ranges of machine variation which contribute to the task in opera-
tions. Adjusting to such variations may be an important part of training. In
actual fact, it is. Pilots do get out of one F-8i and without special "train-
ing" fly off in another F-8l4 which has a somewhat different feel and behavior

characteristics.

So we see that even if we accept physical simulation as & legitimate ap-
proach to providing a behavioral context for training or performance, we are
balked by problems which seem to have no answer in a reasonable economy.

It is true that many of the problems cited above are characteristically
.ouored by basing the specifications of the training device not on the actual,
measured operating charactieristics of the operational equipment. The train-
ing device is built teo the calewlated specificrtiona of the operational equip-
ment. The matching of these specifications to what the operating equipment
actually does rarely is more than piecemeal, and confined %o one or two accepi-
ance and engineering test models. These test models are not necessarily simil-
ar to the production models of the operating equipment. Undoubtedly they are

better maintained.

WADC TR 5)-563 ~27=

e e s SR A




Problems of physical simulation

Designed by this procedure, the training device simulates not an actual
operating device but the specifications for an operating device. Dis-
crepancies may be far more substantial than the close manufacturing toler-
ances usuvally imposed on the construction of simulators.

Sampling Of Program Data

Programs consist of environmental circumstances with which the man-
machine team will have to cope. We may think of the characteristics of the
machine itself as the properties of the display-control or cursor-conirol
systemj and the characteristics of the programs as target plus noise proper-
ties in the learning problem. Obviously there is always interaction beiween
the cursor-control system and programs. That is, no man-machine cperation is
parformed in an envirommental vacuum.

In gunnery, whether fixed or flexible, the target may vary in identity,
size, and capacity for evasive maneuver. Combat may occur at high or low
altitudes, against the sun or away from the sun, among clouds or in clear
skles; if radar is used, countermeasures may be employed or the set may mal-
function in part or completely. Each man-machine system has a variety of
program variables, and these variables need to be sampled systematically be-
fore training can be sald to be complete for operational readiness.

The distinction between engineering simulation and psychological simu-
lation applies to program variables as well as to the physical characteristics
of the equipment in the man-machine system. In training it should be the aim
to provide those cues sufficient and necessary for learning to perform the
operational task. These cues may in many cases be less than complete realism.

Physical realism is the relatively safe way to include the sufficient and
necessary along with the irrelevant in cues. But it is frequently so expensive
that few can be built and maintained, so the large amount of time which the
many trainees may require to attain proficiency is impossible to provide. Thus.
there is lost a principal. aim of the training device which is to provide ample
practice time for trainees to become highly skilled.

Furthermore physical realism will not guarantee that all important program
variables will be represented, or represented in sufficient renge, or in suf-
ficient interactions with each other. In visual reconnaissance;, one class of
programs would deal with reduced visibility due te haze, glare (atmospheric
conditions), others would consist of target size, target camouflage, variation

in aircraft altitude and attitude, perceptions, of emergency conditions and
many others. A visual recormaissance pilot trained to observe from one altitude

would lack important skills for reconnoitering at different altitudes. The com-
bined conditions of camouflaged targets and variable altitudes provide an
example of interaction of variables in a program.
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Problems of physical simulation

In order iLaat the usefulness of the trainer not be severely restricted,
thore must be capacity for providing programs adequate in kind and range.

But the trainee may learn to make the corract responses to a given
practice program after relatively few trials. In order to train him to cope
with thatkind of program, a greater number of samples are necessary than he
can memorize as such, unless operations demand only a restricted set of
habits as for example "following of standardized procedures."

Before undertaking to design a device capable of incorporating all vro-
grams and tanks encountered in operations, the entire training requirement
should be exwmined with a view to what tasks and programs can be given train-
ing in part-task trainers, procedural trainers, part-gimulators and the
operational equipment. In this way costs can become reasonable and training
devices can be produced in quantity and maintained. It is no criticism that
a synthetic trainer does not in itself train completely all task requirements
to operational readiness--unless the claim of completeness 1s made for it.

SIMMARY AND SUGGESTIONS

It has been established that physical simulation is a matter of kind and
degree. Problems have been raised as to the model or sample to be used in de-
termining the operating characteristics and programs in the design of the train-
ing device. BEconomical solutions to thesa problems of physical simulation do
not seem likely. What is the alternative?

The alternative is to ask, "With respect to a given purpose such as train-
ing and transfer of training, how much physical difference makes little or no
psychologicel difference?" We may find that very considerable physical differ-
ences are negligible in transfer of training. And this may be especially true
of some tasks more than others, and some stagec of training more than others.
Furthermore, we may be able to train around limitations in physical replica-
tion. Finally, we may be able to see the training device and synthetic train-
ing in a perspective which is boxed 1n less by the state of the engineering
art than by our knowledge of human behavior.

A number of recommendations can be drawn from this chapter. They are as
follows:

1. The design of training devices should be directed towards maximm
transfer of training value, not physical realism.

2. Physical realism, both in degree and kind, finally reaches diminigh-
ing returns in transfer of training value per dsvelopmental dollar.
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3. Some stages of training and kinds of task trained require less
physical realism than others. Account should be taken of these differences.

. Tolerances of a variable in the trainer should take into account,
and generally not be required to be closer, than the general range of varia-
tion found in that variable in tiems of operational equipment. Tolerances
required in training equipment should also take into account that the
characteristics of the same item of operational equipment vary considerably
from time to time.

5. The vital importance of providing practice programs of sufficient
kind, range and variety, justifies concentrated attention of the designer.
The trainee's range of skill will tend to be restricted to the range and
complexity of problems he has met in training.

6. The kinds and extent of physical realism built into a given training
device should be based upon careful examination of what is psychologically
important versns what is unimportant.

The next chapter 1s an approach to the design of training devices from
the direction of psychological requirements for transfer of training rather
than physical simulation.
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CHAPTER III

STAGE OF LEARNING AND DEGREE OF PHYSICAL SIMUIATION

One does not begin learning a complex job or group of tasks by starting
to learn everything at cnce. There are discontinuities in what is learned
and how it is learned. These discontimuities occur spontaneously and they
may show up more in some individuals than in others.

In other words, the humen learning process consists of a group of pro-
cesses, some going on at the same time, others evolving from response
groundwork acquired through practice on the task.

These stages or pheses of learning may determine the kinds and degrees
of phyelczl sirmlation sufficient for effective training and transfer of
training both to later fraining and to operational equipment.

The following pages of this chapter will attempt to rolate phase of
learning with minimm simulation or other training device requirements. It
will be seen that different stages of learning will call for different mini-
mun trainer requirements. But these recommendations should not imply that
a different training device should therefore be bullt for each stage dis-
cussed, nor that a training device may not be satisfactory for training if
it incorporates more than the minimum as proposed.

Furthermore, in actual learning, many of these phases will overlap each
other, or shade imperceptibly one into another. Therefore it would be false
to consider the process described in each phase as independent of other

phases or aspects of ongoing learning processes.

FARLY STAGES IN TASK LEARNING

The learning of practicslly every task, whether contimuous or discon-'
tinuous, begips vy gettling ideas on what the task is about, and how to go
about it. ZEven contimuous tracking tasks have at least brief phases during
which they are performed like discontinucus procedures.

We can roughly describe Stage One as the learning of procedures, but
1ot learned by any degree where the task responses are unreeled automati-
cally. The tralnece is learning a repertory of self instructions, concepts,
and images of what he is supposed to do and under what conditions. Much of
this learning can be divided between classroom gtudy, texts, training aids,
and trainers which are extremely rough or non-functionsl coples of opera-
tional equipment. In these latter the itrainee will get practice in grossly
carrying out instructions provided by himself or supplementedby the instructe
or or a test. During this stage of learning, the instructor will usually be

the most economical source ¢f knowledge ¢f results.
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Stage of learning and simulation
Early learning

Learning What The Equipment Is Supposed To Do

This part of early learning is one phase of what may be called indoct-
rinational training. Not only should it cover the principal purposes and
objectives which the operational man-machine teams are assigned to achieve,
but the degree of precision of various aspects of their criterion performance
may be presented. How the particular team's work fits in with other jobs in
the performance of a mission may also be vresented. For exmaple, the relation-
ship of the particular fighter alrcraft to the bomber for which it flies as
protection would be described.

Unless this kind of information is made explicit to ths trainee, he will
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