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Thie Marorandun contains suggesied procaéur,s for prep-ring
hanitcuks of job inserustions, and Js it ed YA Sygzesved (ullol
in ovder to emphesize that 1L ¢gos not recccanviiy reflect Lhe
official views of ithe Air Force Personiel and Training Heseave:

Center or auy other Air Force agency.
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Because the preparatica of job Zrstiu is wmaried by
contiruing refinements of precedures, it is idered in eni-
rection vith this report that further resear n, muvrloprcn~ ani
testing are nzeded for many of the sugcestions whese sowvintis nay:
not be s:if-evident.,

.
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Tne contractor w0 prepared this docwrent has conductad ¢
numter of studies ccncerned with the forecasting and (bucranuica
of job and training requiremeats for Air Force persornsi, Hi
experience in this work, therefcre, is reflected in h spggeszed
procedures,

ﬂ
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It is telieved that this report, tiough tentative in nan:
its practical implicaticns, contains suggestioxq wnich,
would represcat an improvemeat over certain of the existin
in the deovelcopinent of job instructions for Air Fore
Further developrent and evaluation of princinles
sentation of job instructions for maintenonne p=
undertaken in cornjunction with FProject 7709, Mai
Servicing Training, and can be ercected to rzcul
ficity end refincorents for cerizin ol the ze
the present report,
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CHAPTER I

THE PURPOSES OF JOB INSTRUCTIONS

Job instructions can be the most impertant sirgle tool in making a job
simple or difficult, As such they are critical to training and to operational
efficiency and deserve all the care and competence that can be brought to bear
in their preparation, The finished product will probably result only from
considerable labor and planning, and at least some trial and error,

An estimate of the value of well prepared instructions can be made by
thinking of the thousands of times each page, and perhaps each paragraph,
will be consulted during training operations, If a sentcnce, or a page, causes
confusion, that confusion will be multiplied many times. If an incompletely
worked-out reference results in a five-minute delay in locating an item of in-
formation, that five minutes must be multiplied by every occasion in which that
information will be sought through that reference, If the instruction contains
some error or ambiguity, that error in operations may be a liability multiplied
by every user and occasion on which he uses it,

Precisely because job instructions are such an important tool on the job,
learning how to use them is a training requirement, If they are unnecessarily
difficult to use, they become a training liability., As such they may tend to
eliminate--screen out--trainces on a basis irrelevant to the job to be per-
formed, The ability to unravel complicated sentences and gets of symbols, or
to infer what has to be done from "scientific-style" writing and content,
ordinarily are not job requirements unless the handbook of instructions makes
them so, ’

It cannot be too strongly emphasized that the job of using or maintaining
equipment does not demand the same information as is required for desiening
that equipment., There are circumstances, as will be pointed out, where the
"why" is nearly as important to get across as the "how to" kind of information,
But these are very special circumstances, and even here the content must be
examined for precisely that minimum information that will tend to guarantee
successful job performance,

A successful set of job instructions is prepared from the viewpoint of
the needs and capabilities of the user, not those of the handbook writer and
his engineering associates. In many c«ses, espccially in maintenance and
support positions, the user will be of about average intelligence., Among
some groups of trainees there will be sizeable numoers of users who may be
substantially below average intelligence., Not infrequently the users will
have had 1little or no high schoo), instruction, and may have passed high
school English courses only with great difficulty, The realities of man-
pover availability dictate, however, that many of these persons must be
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put on technical jobs. By way of contrest, the writer of instructions generally
will be considerably above the average intelligence level of the user., Thiz

means he must deliberately change his normal vocatulary, style of writing, and the
amount of information he is tempted to put into a pentcnne, paragraph, or the

book itself,

]
1

Vhat Is a Job Instruction?

A job instruction 43 a sct of symbols which cue the operator or mechanic z .
to make correct and efficient responscs in the jodb situation. A good job {
instruction statement contains three principal parts, One part tells what
action signal or condition should be perceived, noted, or otherwise taken into
account, It describes the essential stimulus for the action to be taken, The {
second part of the instruction describes what should be done, the action to be
taken; in other words, it describes the response, or the essential feature of
the response, The third part of the instruction tells how the user will know ‘.§
if the action he has taken is adequate or imnadequate,

|

An example or two will make this clear., Consider the statement, "When

pointer X reads zero, press switch A all the way down.," The first part of

. this statement describes the stimulus for action, the sccond part describes ¢
the action, In this case a physica) action is taken. Ordinarily a job in-
struction is never complete unless it specifiec some physical action, although
it may include a number of steps, such as a mental calculation, that should
occur between the stimulus and the physical action, Thus we might say, "Vhen
pointer X reads zero, note vhether the pointer tends to oscillate," This
instruction is incomplete until it produces a physical action statement such
as, "If it oscillates, turn power switch OFF; if it does not oscillate, press

H switch A,"

3

p— oy

In most actions it is proper to look for an indication of respcnse ade-

qQuacy; in other words, did the response produce the required result? This I

is the third part of an instruction. Thus the instructicn becomes: "When

pointer X reads zero, press switch A all the way down: X should read 10,"

Ve have described here (a) a display condition, (b) a control action, and :

(¢) indication of response adequacy. The form of this description parallels

the form of the activity, This is the ideal form of the job instruction if

the user of the instruction can readily find and identify pointer X, a zero
5 reading, switch A, end an X reading of 10, .

‘ Genoral Rules for Good Job Instructions

Later sections of this Guide will discuss in detall the testing of job.
instructions to insure their erfcstiviness. For the prescnt let us establish
I some gencral criteria and guiding factors for good job instructions,

i .
L}
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Gereral rules

1, Job instructions are specific to the users of the instructions, .

The most important test of job instructions beginz when they are put into
the hands of the intended user in an on-the-job situation, Although it is
important that he understand the words and symbols as such, it is of key impor-
tance that he be able to translate the words into the required actions. The
efficiency with which he can do this is a direct mcasure of the usefulness of
the instructions,

This means that before preparing job instructions we must have some esti-
mate of the capabilities of the intended user, An experienced electronics
engineer can be given a circuit schematic and told to align the set, He may
be able to perform the right actions without further details., A less broadly
experienced man might require fifty more detailed statements; and a novice
might require several thousand still more detailed statements. This means that
a set of job instructions may be excellent for an experienced electronics engi-
neer, but quite uscless for the novice.

2, Job instructions are specific to a given task and vosition,

Instructions should be directed to a person charged with specific job
responsibilities on a given piece of equipment. It is not safe to consider
.:] general instructions about a class of equipments as adequate for working with
[ a particular equipment, Thus the principles of tuning a radio apply to eny
radio, and an expert or engineer could adapt them to tuning a radio he had nzver
before seen, But it is unrealistic to count on having this kind of expert using
the handbook on the job,

Different echelons of maintenance will perform different tasks on the sams
equipment, although there will also be cases in which there is task overlap,
These differences and similarities should be reflected in the contents of the
handbooks prepared for the respective positions. In summary, job instructions
should provide information specific to a given position as reflected in its
performance on a given equipment, :

3. Job instructions tell what to do, vhen to do, and how to do it.“

The primary requirement of job instructions is to provide directions to the
man on the job rather than an explanation of why he should do as instructed,
This does not mean that training should be devoid of "principles of operation"
or other explanations, It does mean that such informatica generally shovld bte
‘ presented elsewhere than in the "how to do it" manual that the man props open in
front of him while operating or rcpairing the equipment.,

It is true that the conditions under vhich sane Job operations are performed
may be so complex that it is sirpler (even from the operator or mechanie's stard-
'j] point) to present a set of principles rather than list all the altermative

S
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Gereral roles

conditions and responses, Trouble shooting complex equiprent is an example,
But even in these cases 1t is Liportant to find and present only thz informa-

tion essential to the man in deciding what to do,

A warning repeated in this Guide is that it is 1mportant not only to tell
2 man vhat to do, but when to do it. This means helping him tc recognize the
conditions that indicate that the task or operation is to be performec, or must
not be performed, as tke case may be,

Job instructions need to be complete, There obviously is no open-and-shut
criterion for completeness, A few words may be eample for a skilled operator,
vherecas five pages of instruction might be incomplete for a novice. Ideslly,
the instructions would be so complete that one who had never performed the job,
or a job like it, could perform the operations from them after one demonstration,
We would have to assume that he knew the nomenclature and lecations of the dis-
plays, controls, and other things named in the instructions, In a later chapter
(pages L2-L6) we will discuss the yardstick of completeness, and how to obtain

and test it,

he Job instructions should require a minimum of interpretation,

If the trainee (or operator) must scratch his head and ask, “"What does this
statement mean that I am supposed to do?" we have failed to comnmunicate instruec-
tions to him, Ve may have used the wrong words, or tou few or too many of them,
or organized them improperly, Ve should try to reduce to a practical minimum
his having to figure things out; on the other hand ve aim at brevity, Thcse
two objectives often demand ccmpromises because they seen incompatible,

S. Job instructions should ontimize ease of learninz,

It is desirable for instructions not only to be easy to foullow, but easy te
memorize, These two objectives are not always equivalent, It may be easy to
follow instructions because they arc detailed. but difficult tu memorize them
because they are so long, We should find ways of laying out instructions that
make them easy to follow, but also, because of organization and some guide-
posts, relatively easy to memorize,

Although many jobs do not require complete memorization of job ins iructiors,
some degree of memorization is gererally nocessary for efficient job performrance,
Frequently it is desirable, if not absolutely necessary, that thec operator or
mechanic memorize instructions implicit beticen items in a check list, A check

1 It is for this reasou that scme of the irstructions in this Guide are in
the forn of principles about what to do rather than speeific prescriptions,
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list is frequently a suminary of high spots in a sct of more detailed job instruc-
tions, This suggests that ve try to integrate tha preparation of check lists and

Jjob instructions,

6, Information should te easy to find.

Information should be easy to find under the conditions that are likely
to arise in job performance, This means that topics should bz organized and
indexed according to expected groupings of job activity, and the kinds of questions
that may arisc in job performance, In other words, the classification and organi-
2ation of topics and inforiration should be guidad by the sequences expected in
Job operations, and the contingencies that ma;r arise in trying to perform therm,

Effective use of key words, symbols, indexes, and topical diacrams that
anticipate user demand will help mske information easy to find, This may some-
times require elimination, as well as the putting in, of reference symbols, or
deviation frcm conventional textbook indexes.

7. There should bte a minimum of irrelevance or "noise,"

Envineers speak of a nolsy signal as one that contains irrelevance that
interferes with the responsc to the message., Any markings on the white pare
of the job instruction that do not contribute to a message will tend to inter-
fere with it, Thig statement applies to drauinrs, schematics, sentences, words,
symbols, indentations, type face, borders, and pictures,

Before interpreting this staterzant too 1literally, it should be remcmbered
that a message consists not only of informaticn content, btut of organization
and context, Organization may establish erphasis; it may also simplify the grasp
of ideas by setting them off from-each otlier in units for easy remenbeving., Any
means of providing such emphasis and simplification is a proper part of the
message itself, If the means used seems to call attention Lo itscif ir its own
right and out of the instructional context (such as many cartoons, for example),
it becomes an irrelevance,

Ly LI ey g &

8. The job instruction book should be easv to handle,

3 ]

. The over-all size, birding, and proportions should provide optimal con-
venience when the harndbool: is carried, held, and examinzd ou the job, The size
of foldout pages should be compatible with limits of work space in which the
foldout may have to te used, The construction of the book shaould be sturdy
enough to withstand considerable use in job situvations, including exposure to
grease and oil, tearing action, a:d 50 on, hepiir of the book should be 23
sirmple as possible; provision sheold be made for restoration or substitution of
pages, diagrams, and covers, . ’

Ly T3 L3 L3 13
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Svmmary and Conc) usiong

Job instructicns are clearly an mporiant, if not the rost irportant, single
factor in the simplification of trainirz and in opzrational perfonnance ol pro-
cedural tasks, It nay be said that what jeb instructions do nob do by them-

selves, training rust accomplish by other means,

Satisfyingy the eight criteria will nocessarily require corpromise, for
many of the factors entering into an "ideal" (as opposed to a "practical") sct
of job irnstructions tend to couflict with euch other, Corpromisze means
Judgment must be used in weighing one factor against another, The bacise for
this judgment consists mainly in having a e¢lecar picturc of the specific capa-
bilities of the users of the Job instructions, knouwlng precisely what they ave

to be instructed to do, anticipatinz their conlinzencles, and giving then instroce I

tive infonsation as briefly as possible,
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CHAPTER I1I

INITIAL STEPS IN PRECARING JOB INSTRUCTIONS

The data for job instructions consist of the information about what tha
user of the instructions is going to have to do., This information nsy not bs
couched in the langunge intended for the instructions, But the cperations to
be ‘performed must be known before they can be described in any form or style
. of language, '

The source of this information presumably will be the erginecers vho
designed, developed, or tested the equdprent, The information may be in oral
or written fomm, or consist of an actual scries of operations that the engl- J
neer is able to perform nn equipment, but has not described,

Step 1 Design and Test the Procedures to Be Described by Job Instructions

'_] ' The design of a work procedure may in itself help to simplify the
| preparation of the instructions for doing it, The simpler the cpera-
L ' tions, the more likely it will te simple to describe them clearly, The
J following considerations, although not exhuustive, will have bearing:
a, FEnviromnental conditiorns. Design the prccedure in the realistic

j vork context, liaintenance performed in an aircraft in zero weather is
different from maintenance of the sarme items of equipment in the monu-
facturer's laboratory, Take into account the limitations and contingeucies

:] to be found in the realistic environment,

' b, Orerational requirerents, It is also essential that the pro- !
'-’J cedure actually result in what js to be claired for it in the job

s instructions, If a predicted or promised outccme occurs only 'in some

proportion of times, what should be done vwhen thz procedure fails?
. Furthermore, careful study of the operational requirermcnts of the pro-
_.] ’ cedure may result in a reduction of steps., An exarple wonuld be arrang- e
ing a check procedure in an order that maximizes the useful information
Ly obtained in each step; or that provides internal checks of correct
__:] operator performasnce,

¢, Human requirerents, The design of the procedure may also
-] attempt deliterately to take account of human capabilities ard linmita-
I tions, This may bec donec through woirk siuplification, reduction of
hazard, and counteracting tendencies to error, Suggestions about design
'J for operational and human requirerenis may be obtained from maintenance
and operational personnel who have actually had first-hand experience




Step 2

Step 3

Step 1

with the type of procedure snd equijmont under study, Frgireering
psychologists also may have assisted in providing for humsn require-
rents in procedure design, ’

Testing the procedures should be done under as rcalistic a simula-
ticn of field conlitions as possible, These should include conditions
expreted te be as bad for performing the procedure as is likely to be
demanded by operations, Especially in mulntenanee, it would be desirable
to have the preceduies tiled out by persons other than the engincers who
were closely iduntified with developront and engincering test of the
egutirment, Jdeally, exarples of personnel expected to be used on the job
voutd Sutva as eabdanla W the toal pluadyy  Tlaundnge, £, and expense
at this time may save rany later revislona of Teohnilenal vrdera and hand-
books of instructions,

At this point, we will presume that procedures are available and
tested for a pgiven job, The way in which they are described here, hov-
ever, will not nacessarily be that of th: instruction handbock,

Determine Vhat Activities, Tasks and Dutics Will Be Perforicod by the

Person for When a Hondlook of Job Instructions 1s Baing Prepared

Since instrvctioa handbooks will be organized arcund position duties
ratler than equipints, it is ncerssary to know wvhat tasks will be per-
formed by a man in Position A versus what will be dore by mon in Position
B, (The term "positicn" has the Air Force reanirg of all the activities,
tasks and duties pevforried by a man with a specific job title, Ve will
use the words "job" and "positicn" interchangeably.) Simply list by
name the tesks and procedures to be perforied on equiprent X by Pesition
A, so that they can be unambiguously Jdentified, Then do the same for
what Position B is intended to do on equip=~nt X, This will tell us in
general terms what will be the contents of Handouok A and Handhook E
for equiprent X, '

This step may be eliminated automatically 4f it is presured that
only a single set of position requirc.cuts will includs all the pro-
cedures and activities urnder study, )

Iporoughly Deserite the Prucpdq:gg_ig B- Perfot;igz

o

_ This will be a prelirivary doscription aired at thovoursknens, This
description should include the following material:

2 A detailed rethod 45 given in liller, R, B, é_Sur~pst¢d Cuida

> . ' . > al .
to Pesition-Tack Deserinlion, Lewry Air Ferce Bane, Colo.:  Aro-ont

Systens Percornel desearch Laboratory, Adir Force Personpel and Train-
ing Ecsearch Center, April 1926, Techuical Hoerover ., (ASE-11-55-6,)
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1 ’ o Step 3
I a, The operational purpose for performing the procedurc,

b, How the opcrator, i,e,, position incumtent, will know when thn
procedure is to be performed, and urder what circunstances; and in what
conditions to avold performning the precedure., This statement may in-
clude the2 time sequence relating this to other procedu‘es to be per-
formed by the same operator.

£4

[ P

¢. Activity elerents or steps to te pevformed, Each elemcnt
should have its temporal relation to other elcerments indicated, such
es on2 being done after another, or at the same time as another, or
as being contingent on the outcome of some other step,

"Each activity elcment should include the following information:

Cmed G d

1) Its temporal relation to other activity clements, such as

"T preceding, following, being concurrent, or contingent.

E 2) The control and/or tool to be manipulated in that particular
,*] elencnt or step,

o ’ 3) The specific activity to be perfonacd,

-“] L) The indication that the activity has or has not teen success-
N ful; in other words, the indication of response adecquacy.

= ] S) Remarks, such as qualifying conditions, precautions, hazards,

6) Tricks of thc trade. These may be sugsostions, and less formal

7 than the statenent of a position element, Examples would be
-l how to weave a particular set of wires Llopether to facilitate
. soldering; or how to make an especially difficult access in
= starting a nut onh a bolt, In gereral, an attempt should be

made to incorporate these tricks of the trade as formal elemerts,
but this may be done later in actually preparing the instruc-
— tiors, A trick of the trade that has general applicability to

a variety of elements in a number of tasks in a positicn might

.'-u .
better be put in a special section of the handbook devoted to

— such ltems, but referenced where applicable,

e It should again be noted that the above descriptiors are the raw

= information from which the firal instructions will be prepared, They

should include engineering diagrams, photographs and other pictorial
= material, They should also include a complete norenclature of the
indicators, controls, tools, test equipment, signals, functions ard
other terminology developed by the engineers in design, and for

e d anticipating mailntenance and operation of the equiprent,

. 9
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Step b Describe Tnformation Reanirad by the User for Meeting Decision-Makine
Requireranty

A decision-raking requirerent occurs when the operator or mechinie
has to respond to complex conditions for vhich it is jmpr.cticable to
write out a speeific response for each contingency, This ncans the
operator has to use judgrment or make some iuferences in arriving at the
propcr action, Trouble shooting of complex clectronic equiprent 15 an
exanrple; identifying and coping with corplex er:rgency corditlons is
another; the pattern of fuel ccnsunplion frem various tanks under differ-
ent diztvibutions of cargo 1lrad dn n transpert ajrceraft is still another,

In outline, the pfoccdurc is as follous:

a, Determire the gencral job circumstanszes whore interpretations
and inferences must be mad>, problens solved, plans or strategies
formulated, or when search muct be conducted, These are circunstarces
wherc Standing Operating Frocedures do not cever the specific individual
control movements to be made to each individucl sipnal or individual
pattern of signals,

b. For each such type of situition, 1ist the variables in the
conditions that should te taken into account by the operater in deciding
what response to make,

c. As a corollary to b,, 1list ihe varipus conlrols ard control
manipulations (or mancuvers) that thc operator shovld riake, sivly or
in combination, to representative patt:rns of conditions,

d, Deteranine the minimua information the cporator st hie in
order to make the proper inference from any combipition of varisbles in
a situation, and frcu this inference, chooze the proper resporse to make,

A Note on Tracking Tasks

A tracking task is one in which a more or less continuously varyin~ sipnal
is matched with more or less continuous control action, Verbal inziructions aler:
are insufficient to produce good tracking perferronce: skill is the result of
actual practice, For this reason h ndbools of inciruction are of limited irpor-
tance in these tasks, end 1ittle attention will Yo given to this tepic,

Tracking tacks are, houover, usu~lly corricd out in ca™natics vith plars,
strategies, and the choice of mancuvers, Those present training preblers
requiring handbocks of trairinz instructicns, Bul sirece wc are nob dircetly -
concerned hare with training as such, v: will frnore thewe ratters, too, cven
while recognizing the nced for supplying d-ta tc trainirg,
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The essential raw data in preparing job instructions are the cereful
descriptions of the duties, tasks and eler~nts of the position for which the
instructions are to be prepareds These dats will consist of work procedures,
operationally tested in sc far as is possible and will include the step-ty-
otep elerents that make up thesc procedures, .We should also have the informrma-
tion essential for the operatcer (or rechanic) to solve preblems and otherwise
cope with job situations too comnlex Lo bic reduced to step-by-step S0P, 1t
will be especially helpful. to anticipate the kinds of errors likely to be made,
These data must be supplied by the manufacturar of the equiprent and from
agencies having previous experience with similar equipment, In some cases, tho
raw data may have to be modified by work methods Specialists into sufficient

work procedures,

We should also bave estimates of the limitations in vocabulary, and of
ability to translate words into action on the part of sclectees for training
and operations, .

11




CHAFTER IIT 3 j

PROCEDURES AND FORMATS FOR JOB IHSTRUCITCNS

The major factors which render job instructions in:ffective and difficult
to use are specific and readily identified. On2 of the most obvious is tic
use of a gpecialized end complex language. Olher common linbiliticc are the
inclusion of irrelevant inforuntion, the failure to espccify what tc do in con-
tingencies, crowding too much information inlc an action uait, and finally,
the use of a complex referencing system. This chapter is directed toward posi-
tive recommendations which will reduce these liabilities.

Tescribing Standard Pouline Procedures H

Content of Job Instructions

The following topics enumerate the kirds of information necesszry for per-
forminz a routine task., Means are suggested for prescenting that Inforcaticn in
a set of Job instructicns.

Conditions indicatiny that the tack is to te po frved. Condicicns chould
be described in @ way rcadily identifiable by thic operctor’ in his work eaviicn-
ment. If the tack is to be perforued as one in a regular seric.. of other tasks,
sone of the following items are not applicable.

l. Describe the work or operatiocuncl context. What other aclivitics by the
operator precede, follow, or arc concurrent with the tacsi?

2. Describve the special indications or signzls which indicrie n-ed for
rerforming the tack. Include where pertinenti, indicaticns that neon the tosh

should not be perfonred. .

3 Unless otherwise specified, "operator" reans a yoccen who is eithor
operating or raiutaining equiprent, or perloming suryortive eiecrations, FHe
is whoever will be using the job instructinns either in cp raticns or train-
ing. B

13




Standard routine procedures

Specify by title and mimber of individuals the por-

B80S ( if en ) l\-qull Cd t'O OSSiub j]l pe IO ic ’1!; L.K- tauku AluO s‘! -L.lfy h}lb
t ’ i y i 1 ru iq t (AR 3 3 12 slale .

3 . {
if they rust coordinate cffort. If they must)wgrk cgopiizzi:§;goi? ﬁiziiiﬁ;gg
e o 1 guch as Gl ond G2) by selec : s >
tép;oczgxgi’cgogzt;dzzhgznsgmbols. Tuen preceds each descriptive sicp with the
6! se !

proper symhol, thus:

Personnel rcqgired.

step 10. (G1) Set FURGUTT-STRAIGHT LIIE switch to PURSUIT

. (G1) Rever.c RUl-RUN switch 3
i;. EGE Set CAL-NORM cwitch to NOIUi

Equipacent. required,  Bpecify apy equipnent necennnry for pﬁrfzigizglthe
Lorlk. ineludn toois and test equipment, and designate thesc unequ = ]¥.
oL‘.J, e s mmcmeal bipde AF Fanle ey inetrymeents ray serve equally well,
specify e aliertuiives. A6 s vapevtably tpovtant tu be gomptote in dn;
seribing supporting equipment for a task such as flight-line maintenence that
must be perforied away from & source of supply. It tekes as long to return

to a shop for a clip lead as for a milliamuzter.

. 3. °p\ ~
C L Wepeieas e liuinas 4o ctaviiag the tatk. Smocify the festures for
whilch o woeraver rnovid voe atery o SDUCTLTCU, o waaltd ushiveld esit Nee

fore starting the task so as to avoid hazard to personnel or equipnent.

Norenclature and locations of itcms used in instructions. In order that
the operator bte able to follow insiruct.ions he rust be able to identify vhat
the terms and symbols represent in the work environment. 1In most cases it is
presuncd he has learned during training what the symbols mean. But recall is
often faulty. A glossary of terms, indexed for casy locatirg, may thercfore
be desirable somewheie in the handbook. Diagrams and reétouched photographs
are especially helpful, but space consuming. If space permits, the closer the
diagram to the relevant item in the text the better, even at the sucrifice of
conventional syrmetry in pecc layout.

Setup at start of task. Specify all display or indicator conditions, and
control positions that should be prcsent bvefore the operator starts performing
the task. These are items he should inspect tefore he does anything else in
performing the task. .

Work to be dore in each job elenent. A job element is often referred to
es a step. It is the unit of 'wnit to @o" in a set of instructions. The es-
sential items of informwation in dezcribing a Job elewent are: a description
of tie action perforued on or with the control object; and & description of
the indication which tells the individunl whether his action is apyropriate
(correct or incorrect) and which therefore signals the next action to be taken.
Additional remarks ray include warnings, precautions, error tendencies, refer-
ence informalion, contingencies, and so forth. An exurple of « Job e¢lement is;

[ ]

1h




¢ 7 ) e J ¢

Stzndard routine procecdures

"fdjust RLO3 until 2 1:1 liss~jous figure is obsorvcd on the USM-24." Here,
"RhO3" is the control; adjust" is the sction; end "until a 1:1 Liscajous
figure is observed on the USH-24" is the indication of recponse adequacy.

The following discussion takes up in turn 1econwordlrjons that deal with
statenents about controls, actions, 1ndicatiovo of respouse adequacy, and re-
marks.

J. Centrel., The term should permit absolute identification by the oper
ator of the objsct referred to. If it is likely to te confused with some other
control, or the name for another control, a supplew~ntery statement, diagram, ’
or qualification should be provided either in the statenent about the control,
or as a Remark. On the other hand, if the elerent pernits any one of several
controls (tools or instrurents) to be equivalent altcrnatives, this should be
explicitly centioned. c

2. Activity. Hunon activities can be broadly grouped into perceiving,
rnca]ling;—3ntcrﬁ}eting and inferring, aud performing nanual operations.
Within these broad categories more specific ectivities can te identified so
as to reduce umbiguity in description.

a. Perceiving. The two terrs most widely used are "note" ard "check."
"Note" tells tiic op:rator to "look et ©nd take notice of" some indicator or
signal. The term "check" irplies "look at it to secc if it is &l) right." Both
terms are useful, but an atitenpt should be rade to find precise qualifiers.
Thus "check wiring” might be qunlified a5 "cheek wiring for insulation breuks
and loosc terminals," or "check wiring for friction with roving parts," or
"check wiring for slack of more than six inches." One could reke rony adii-
tioncl kinds of checks of wiring. Miniwwm specifics for which the operator
15 responsible in "noting" or "chacking” should be given, unless the context
of instructions clearly implies these spccifics.
If the terms "check" or "note" ure used, the instructions should make
clear vhat the operator should do, ard with whwt pricority if the cher  reveals

that sorething is faulty.

If the coperator muct pake & Jjudgirent on the basis of scormething he per-
ceives, that judgment is the result (f the corrariccen, actua) or implicit,
between sorething observed and some starcerd.  Thug, how badly rust a given

‘wire te frqynd tefore it is to le subntituted o pended? A Job cleront mny

read: "lote thal resolver diuls fo]lrw sinothly.”  But in order for the orper-
ator to wake a decision as to what is 'r'ﬂlhly encuzh,” he wast refer e’ ther
to sore remenbered, or described, or pizsconted standard,  Of ccures the 1.

struction writer h: hau the prou1gm of corpromising space Jimitation with com-

"pletencss. If he chooses to te brief al the cost of teing explicit, he my .

still providc safeguards. In sore cepnrabe stateront be can ctipaleie the
precise list of judgmeuts and standards thet the user of the instructicon.
must already have in order to interpresw the words and pul thenm inbte astion.

b. Recallipg., 1In soxe cases the projer perfornoce of o job elerent
requires + {7 © cperator recall infor ation he obnaird from provious aleg
He may have to recall the cetling of b-!tllf“, or sci: leuporary arvrongsr at
of electrical counceticns for epakirg @ test. Or be pay hove to reesl) th
differences tetween one nudel nuater anl another in porforsing Lhe i,
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Strs dard routine procedurcs

Recall is gomelires unreliable., Therelore, an atteupt should te rade to
design the procedure and prepare instructions in such e way es to demand & mini-
pur: of recall, or at least to provide the operator with reminders. The op-rator
is ecpecially likely to forget qualifying conditions if he btecoinzs preoccupied
with a difficult or ebsorbing provlem of the mor:nt. If he has to make a scries
of rerceptions and responses in rapid sueccessicn, particularly if they demand
precise timing and coordination, he may becore forgetful. If he has to make
computations, or otherwise carry & good deal of new infonration in his hecad at
the time, he will be prone to forget factors or items of inforization not irmmedi.

ately in his field of attention.

In nmany cases, Job instiuctions attempt to anticipate recnll failures by
inserting & "Warning," a "llote--," or a "Remark." These may be especially im-
portant where one or several elements are likely to preoccupy the operator,
and to narrow his range of attention and recall.

In somr situatiens, such as in diagnnsis of a malfunction, the operator
rAY W teaindad of a4 welevant principle of oreraticen. The instructions can do

-
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il

e o 3
- .- a

this by means off & coded tererense o pore deok onm opelvolnles s
oreration.

c¢. Intervreting and inferring. This topic is given speu’al treatment
in the next section (page 22) dealing with instructions about nemroutine tasts.

d. Perfonaing manual operations. A large number of ection verbs can
be listed, ranging from such vaguec words as "operate," or "move," to such spe-
cific terms as "twist clockwise," "pull," "push up,” "press," "connect,"
“insert." The advantages of raximun specificity are:

1) Specificity of action description provides inforrational re-
duvndancy to the operator. By saying, "Iwist BCID-1'AV switch
CC to 'BOMB'," rather than "Mova BCMB-NAV switch to 'BOMB',"
we reduce his likelihood of attempting to manipulate a press-
pull switch. It is truc that the BCIB-NAV switch probably is
labelled, and the only way to move it to "BCMB" pocition is by
twisting it CC. But repeeting the "environzental inforuation”
in the instruction will tend to reduce error probability at

least by some small amount.

2) Specificity tends to "pre-set" the proper response, thus re-
ducing the operator's requirerent to think it out. The oper-
ator's thinking it out takes tire, ef'fort, and is subjcct to
error, btesides distrecting him from gerhaps more important
ratterc. If he is thinking out an interpretation of job in-
structions, he cannot very successfully be thinking about -r

remenbering operational data.

Terns  that descrite activities shouwld be used consistently. The samc kind
of activity should be syrbolized by the same verb; and the same wverb ghould
always denote the sare kind of activity. This ray mean repetitiveness, and some
loss in stylistic elegance. Eut the operator's ecse in translating the symbols
into action is of overriding irportance. VWhere anbiguity is at ell probable,
despite care in the choice of a verdb, qualify the term. A somcvhat less dee-
sirable alternative is to provide in th= h2adbook n speciel glossary of tenms,
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Stendard routine proccdlures

including ectivity verbs, Examples provided should epply to the specific equip-
rernt and handbook. Minimum uce of a glossary tghould L.e doir~vded because of the
loss of time resulting from having to look up things.

An exarple of word difficulty cor2s from the failure to fird & single verd
that precisty descrites the rcgpcch to na,fe in operating a toggle switch. It
may te "pressed," "depressed," or "pushed," but nonz of thece words is exuctly
accurate, "'.l.‘hz'ow" ic a poosibility, but pczhnp, could better be vsed for de-
scribing action with a knife switch. The word "enop" might te celected as the
best compromise; it could be specially defincd, and used to refer only to orer-

etion of torcle switches.

3. Indication of response adequacy. When 2 control is selected and ac-

‘tivity perforned on it or with it, the coperator should look for sore signal

indicating a successful outcome of his response. Vhen a light switch is turned
to "CN," the indication of response adequacy is the lamp lighting up. This re-
sult indicates adequacy of response of buth the operator and the equipment in
getting the lamp 1it. In some cases, howciar, only an "imucdiate" signal of
the operator's correctness of response way be available. This would be the

case in "Tighten end nuts with hend wrench until face plate is seated in frame."

. The preceding examples are qualitative indications of response adequacy.
An attempt should always be made to include quantitative values and tolerance
limits of acceptable adequacy. For example, "[u.: GAIN COITROL knob until
voltmeter reads 40 ¥ 2 volts." 1In cases where aliznment must be made with
least discriminable error, it is appropriate to state "exact coincidance."
Where the operator should scan more than one indicator and indication for re-
sponse adequacy, mention all of theu. '

"k, Rem'mc.,. This may becone a catch-all cetegory, hence shculd te used
sparingly. 'Remarks" should not include informaticn properly puat in the text
in the form of Controls, Activity, and Indication of Response Adequacy, unless
it is grossly impractical to put it there. .

It ic essential, however, to specify what the operator should do if con-
tingencies develop. Thc omicsion of such statements is rerhapns the sivr'le
worst liability in a set of instructions. 1t permiits the operator to come to
a dead end in trying to perform & proccdure. The description of what to do,
or a reference to instructions located elsevhere in the handbook may te made.
In any event, the handbook should spell out what to do if en indication falls
outside tolerance limits, aftexr the operator hag followed instructions. This
spelling-out (or reference to such a sy:]ling out) should te an intecvxdl part

of the inst:ructions.

LA
| p— An elternctive to a glodsary may be printing definttions of eonon
J terms on training flyshecets that can be rermoved by the operator ofiter 4..in-
j-1-1 ing in the use of the handbook.
S )
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Stendard rouiine procedurces

Briarks ray also includ: prccautionary ections, wminings and, where gppro-
rrirte, the reecon either for perfomming the job clement or for otcoerving the
preceution, A reason or rotiorale usually serves to motivate ihe opeiretor to
do es h2 ig {0ld by the instruction, although sorztimes it wray alert him to
ratters too couplex to specify in the instructions. Where 14 s expected thet
the ope: ator is cespecially prone Lo error, or to disregard instructions, &
rceson for yerforning the job elerent ray te glven, But btecause reasons in
theoselves ere not instructive, they should e used sporinzly end te restrieted
to a few words. ITn some Instances it ray te eppropriote to provide o reference
to sources of more complete irformwation.

It is impertant to focus afilentlion on warmings and cautions through chonge
in' typography, spacing, border, or location, Bubt if the differcence frcu the
body of the text is too great, the raterial may bte skipped over btocouse it is
not perccived as & part of the text.

Format for Jod Elerents

A standardized way of orgenizing and presenting job elements in desirable.
This will reduce difficulty in interpretation, simplify recall and nake it
easier for the user to find and keep his place, It is best o begin each Job
clexant on a new line. Fach elerment eghould bte nubered or otherwise ceded.

In some exccllent exarples of Job instructions the sction verd starts the
sentence, thus:

6. Turn the selector switch to "OFF"
7. Dasconnzct charger cables
8. Turn selector switch to "OPERATIOH."

Another useful but less widely followed recorrendation is thet based on the
norwal sequence in performing ection, rather than on normal syntex in writing
about action. In performirg acticn, the operator morrally (a) locates and
identifies the control, (b) activates the control, (c) notes indication of
response¢ adequacy. The sample forrmat in Figure 1 shows this order.

(Sec Figure 1 on the following pace)
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Foruutl for Job elcnents

Wherens this forxat ray toke an hour or iwo of initiul "getting wsed Lo by
the uzer who first cenes in coutzet with it, this way of presenting instructions
has been fourd vorhable by couplete novicec to e new picece of equipmeit. Few
errors were rade even on the firot practice trial, Jt reportedly was cacy Lo
find cono's ploce in the instructions. The prineipal disedvantage is the amount,
of space thnt is required on the puge. Compromiscs may te mide by the elimin:-
tion of vertical columns,

hovever, that no one forratl will be idecal
for ell purposcs and for every kind of job element. A formab should be a gulde
rather than a tyrant to the writer of instructions. Where cinplicity denands
violation of a format, the modification chould be made evident to the reader so
that he is not misled into looking for sonething that is not there. Occasionnlly
some column headings may te inappropriate, or ray call for runovers in space. In
such cnses, the format may be interrupted by suitable breeks and spacings.

It should alwvays be emphacized,

Amount of information to be put in a Jjob elenent. A job elemant is an
action unit. As described above, it consists of locating and identifying a
control object, activating the control and noting the outccorme of that acti-
vation in terms of qualitative and quantitativc standards. Running more than
on? Jjob element together in compound sentences is usually undesirable. It de-
mands that the operator carry too much information in his head between reading
the instruction and putting it into action. This means risking confusion dur-
ing reading, during recall, and in exccution of the instruction. Job elements
chould te treected as action units, and set off from each other in the form of
centences or spacing. Smoothness of style is far less important than gaining
inm:diate comprehension and easy recall.

Prvhasining special infowration. A warning or precaution specific to a
Job eJcront or a group of Joo elerents should be integrated in the format,
althouzh it may be desirable to print it in a distinctive color or tyre face.
But putting a border line around it may risk the user treating it as a paren-
Lthetical staterent, and skipping it in order to maintain his continuity in the
text, Ifa bordcr box is placed around a warning, the word WARIINIG should te
printed in bold type. Substitute words muy be PRECAUTICHM or DAIIGER, depending
on the meaning. : )

Illustrations for jeb elercats. The user of instructions often has diffi-
culty in identifying and locating the objects mentioned in the job elerent.
This is especially true for corparative beginners on a job, or for those who
perform the job infrequently. It may elso bte a source of error to a person
who performs similar orzrations on itens of equipiment on which the controls

2 For details on the format and the test sec Pamford, H. E., & Brinda, John.
Prelinminary trycut of a format Yor raintenonce job 1notru*tlon' Lovry Air Force
Eace, Colo.: Arcament Systems Porcennel Dicoeerch Leboralory, Air Yorce Persomneld
end Training Reseacrch Center, March 1955. .(Inis is en unpublished draft in tho
foim of o laboratory HNote.)
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s Foruat for Jjob elerents

er.d irdicators ere in diffcreat locoztions. Space ray be provided in the teoxt
for diagrens that will provide the esseatial cue for Jeocating the controls and/

ab
‘ : or indicators nentionad in the Job clenent. By providing & piciture oo well as
- words alout what to Go, the reedor cen rorc reedildy rewonbor the job fnstruee
(-m tion from the roment of reading it to the worent he puts it into action.
o] 1 The following rccomrendations should bo considored in uvsing 1llustrative
o paterial for nouwenclolure and locations.
vae

J 1. Present only eritieal cues. It is unnecessary end undesirable Lo
represent the entire coclonit to chow the loecation of on indlentor in a reecdily

s discriminated subpane). Show the criticel sector and the eritical items withio
the sector. 1f it is thoushi necessary, a smill scole disgram of the entire

=3 arca may bte shown with en inset of the critical cectlor to indicate itc relative

— location.

' 2. Line drawvinrcs sorelires iy be betrer than photorraphs but each has
5 Yy L Jray

. advantages and they ray be used cffeclively din combination. :
e 3. Where pocsible, avoid bresking into the contiruvity of the instructions
with illustrative materiz) that is only supplernontury. This is not alwvays prace
e ticable, enpecially in the light of the ncxt recorrondation,
et NG k, Put the idlustration cloce to the statezint it illustretes. Havirg

to turn p2ges intreduces not only deolay, and having to refind ore's place, bul
also poses ghort-term menory problens to the user.

5. Limit the number of itemrs of reference inforcation per dizgren. A
N single illustration showing the cpnoarence ond location of items srhould gener-
ally have no wore thaan four or five singi<d out for aiteniicn.

- Experimentzl attempts are carrently teing pade to develep ways of con-
bining diagram and text raterial in Job insiructions. In cre such expoiivent

'”1 a line diagren supplements each staterant of what ihe control setiirg should

: be and vhat the consegquence stould Joot lile ou a given indicator. For each

step there is also a refercnce on what to do if the irdicetion is not what it
- should be. This treatront conswes a lerge emcunt of space, but it provides

instruction that is undeniably ecsy to wderstand end to reranmber at least
- for bricf pericds of tire. Trycut resulis arc not available to show the
- superiority of sample presentetions of this kird, but reocarch is urdervay
to obtain such dava. Thzse daviioynients cnphasize the necd to kecep an in-
. quiring attitude towards irprove-ints in the art of cc.oounication,
i
]
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Fethod ond Principlea '

Pecinion paking is required vhen a percon lacks a rule that tells hinm .
specifically vhat to do in a given set of circumstances. Usually the circun- {
strncen consfst of & nmuenber of different variables or conditions to vhich e
unified recponse must be made by the operator. In other cases, the opcrator
ray have to make a nuwuber of tentative responses in order to get additionsal
inforration for choosing the correct response alternative. Diagnosis and re-
sponse in emergency conditions and trouble shooting are examples; the selece
tion of a tool or of the proper course in an air-to-air iuterceptiou are

-

others. ) [
‘

It is, of course, theoretically possible to prepare a rule for every
potential contingency. fThis might easily become an encyclopedic, highly im- r
practical assemblage of rules, and therefore in many cases principles and i
strategics governing a variety of related situatious miy be foraulated, This '

is frequantly trus of electronic trouble shooting, and soxetimes in coping
with emergencies. The question then erises es to what inforraticn to provide,
or rathker, what informaticn it is essential to provide. t

The general intent should be to reduce even the most ccouplex probvlein- !
solving situations to a standard procedure in so far as practicable. This {
end can usually be best attained by taking the role of the operator in bveing
confronted with the problem. This necans developing staterenls leading frena
effects of causal factors to the proper responses for the opcrater to muke,
An example of this reduction of & multivariablc situation to a set of stend-
ard procedures would be as fcllows: A B-b7 pilot is confronted by a pair of
fuel boost pump lights indicating either a possible fuel line leak or & ;
double boost pump failure. His response to this ralfunction must bte deter- ‘
mined from the collation of information presented under rany possible flight
conditions, and on a variety of indicators, sore of which are fuel selcctor i
scttings, affected engine indications at the time o1 detection, and systen h
rcacticns to diagnostic contro) activations. Standing Operating Frocedures
for the above situation are list2d in part in Figure 2. (For additional ,
examples see pages 27, 29, and 30.)

In rmany cases this kird of® job instruction will bte used wore for training
purposes than in on-the-job activity. But the training conditions may occur
in a job context: they ray require frequent refresher study, as of sircraft
ercrgency procadures by experienced pilots. Furthercore, the operator ray
ectually have to turn to e handbook of instructions fox guldance during a g
crisis. In such & cace, it is essential thet only critical information be
provided, and in a form rcadily ussble,
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,! The uscr of the follewing job instructicas should be
= corpletely famlliar with ‘equipnen® norcnclature and
¥ location, 25 woll as the standardized abbreviations
) ] such as Ti¥, M2 and To for fuel selector vettings,
»
“] Irnttial Inc 1cdtion"-ggufﬁv bqp~t pu“n ]*riu__Zg:N
"
‘ Indicotions Hespouses
J 'l 1, All fvel sclectors TilR 1,1 No imrmedizte response nccessery
l~- 2 Wihen flight conditions permit:
I a. M2 affected engine
L™ b, TE 211 but one other enginz
. ¢. Choek lights on T¥% enginc ‘
| ‘] e, TMZ engine lights "Orew
' (Boost purp failure) a,1 TiZ opposite engine to onn
"'] affected
o . «2 Tt all other good engincs
l' b. T4 engin~ lights "G
ey (Linz lea') 5,1 TE affected engine
.2 Ratard throitle to cutsifl
5 o3 Pull affected enzine fire
*~J shutoff switch
i Reset fire shutoff switeh
e within 15 rirutes
=
- 2. Affected engine fuel selector 2,1 Y& affectwd engine
. on 1, engin: RPY zoove 607 o2 TiF opposite ensire
- «3 1E original TMZ engir=
S 3. Affected engine fuel solector 3.1 Retard affected engine throtile
] en TE, engine R7If bolow 60 to cutols
“a
. Etc, ’ Etc,
| SR e e ) _ H
- Figure 2, Deciston-Making Foriat, Szple A: B-47 Fuel Enorgensy
, Note: For use in actual operation Lhis exa.ple wvould be erpanied
B so as also to spicify the varicus indicatiors and responaes used ’
- by the pilol to cheek circuit broater conditions for btoost purp
pcwer, fuel gquantities for pumn resvarts and air start procsdures
a fer shvt down ergzinas, In using tuls list the pilot £inds the
= conditions displaycd by nis indicaters in the Indiestlons eoluun,
and rerfor's ip the orde'given the resocneus cppositle ercn in-
s dication, Vren a vacpor-e Jeada Lo fuclior elterrtive inlicalicns
_ the pilot ngnln refers to thz Indications coivin, FHe then porfos s,
.’ in ovder, thz zdditiona) rosponscs for the sopropelste altonative
T . indiction.
B 23




Mathod el privciplaos
Those Tantlizr with IPM annlysis of dala by selective sorting will veco it

its siridarily to the schere for decision ralilog proposed hexe. The followlng
paros,caphs diucuss the steyps in deotnril. .

Steps in Prepaying Job Instructicons

for Decision-taking Slbuwfionq .

Step ) Identify the Cbjoctive in Solving the Problem

This usuzlly consists of naming the pyollen situation for idantilica-
tion purposes. For example: "Irouble shooting iha computer in equipr ni
X," "Handling fuel leak emergencies in eireraft X," "Femoving & fused colld
from heater unit X," end so fTorth.

Step 2 Specify the Indication: of Trouble

This informatieon is usually sov2 synptom or condition obszivable to
th= oporator that should indicate to him the presence c: anticipation ¢f
8 problem cituation. It ray be one or more spacific or relatively vepus
reports of malfunction to a mechanic, or a too repid ratc ef charge in an
indicutler, or & weather condition.

It is essential that the problem indicator te one oboervable by the
operalor in tne course of his performing a noiwal duty. The condivion
ghould not be described in te:nis of the cause of the synptoun,

Step 3 Spzrify Critical Varieghles in the Tecision

The solutioan of many problems reguires the operator to re d to
patterns of cues. VWhat erc the variebles that are present in an
patterns? Taus, the maneuvers for an eworgency landing with defeutiva
landing gear will deperd on several factors in the landing geor, the
amount and kind of load ir the aircraft, and the length and condilion
of the runray. Similerly, therc will bte princival factors zoverning
the propsr response to teke in Joss of cabin pressurizetion: (altitvde,
pature of inission, auxiliary equiprent, rale of depressurizeticn, and
others). The purking of & fire truck ot the cite of & fire requires
accounting for such verinbles a2z direction, velocity and stecadinc:s of
wini, expected ccmbustibii‘ty of materials, length of hese, nozzle
pressure, and so on.

Step b Specity the Alternative Pacronses

Each faclor in a probler situatien is irportant if it has tenring
on the {inal response ihat 1s the cutcown of a dicision. The hnﬁr1:4 of
these various factors 1o the outcarme of the responze therefore recds 4o
te etated explicitly., Tinw, at lecst one prizary conditicn in the cholco

=11
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. Pecision-raviny situotions
' Step b

of an ewrorgency landing ficld is vhether lhere is sufficient fu:l to ga
to &1 altcrnintive {iedd, If lack of fuel climinates an alternative,
then the pilot is coradtied 1o lend, Tbe next varicble is visibility,
nd ¢fver thet, lenzlh of runvay, end so forth. A short runvay will re-
quire certain preparatory raneuvers, and so will low visibility. ‘the
tvo together may cn2ll) for sorewhet different tactics in apprecch and

stopping.

It is not likely, of course, that under sucn conditions the pilot
would actually consuli & hizndbool, 2lthovgh he might scan e well 1nid
outl chock list., Tuo exanple dees dononctrate the mochanics of declsion
woking which it would be Cesirable Lo parellel in the hondbook piescnto-

tion.

Preswrably ihe oyerations enzincers will supply information on
critical variables enterirs into problem-solving treeticuts in jnoo ine

% siructions. List these in erder of juportence, if such an order exists,
and state for each the implication for oreratlos responce. If they are
12 interdeperdert in their response implientiors, group thon eccordingly.
ol Step 5 Provids Exrlanaliors That Sirnlify
l' . The purpose of an explanition shouvld te dirceled spocifically to
helping the overator renember vhat to do in given circunsinnees, fMnis

reans the explanatory inforwatior shovld be Jinited to vihist tho opoi-
ptor can uce cither in identifying 2 conplex sct of coniiiior; in so. 2

{ sinple wvay, or in being able to arivicipate the coascqguraces ol hic po-
b tential responses. If the infointion dess not dirvctly 51*1) sen e
kind of action to be perfored by the operatcr &s cne of bir C"lx;,

the inforration should nol be incluled.

An exapple of a simplifying explanation is the stateront th-l
|'] "Carbon nonoxide is heavier than air, hevee it tends to sirt™ 4o 400

H floor ard flcir dovnwards if pussible." This iten of inforvation
rezdily permits a mental picture to be forued, end from it the o1:-
ator may take many precautions and coricctive actions in emcrgencics,

L

Another example of a sirplifyirg stat u;nt s5: "Indicniors 1 end
2 ave powered by Fox A, end Irdicater 3 is powcicd by Pex B." This
:} informration pormits tuo opeirator rcadily ta de du-: that iT Indic-texs
1l and 2 are both ouu, the troubie is probably in Box A; wherooes i
, Indicstors Y and 3 are both cut, but # js nct, the troublie is like
= to be peither in Box A or Rox B. Thic ic en overcirplificd exo e of
! most equiprrent linkages, of course, bul the principle is souwd. IU
can bte stated as follows: Give such anferration as poraits e opor-
= elor to picture the relationshins of vvenls srd o whnt he is doine, .
’] in g0 far as this helps hio quickly to rave nocorvecty aQision or tala
the proper ection,
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Step 6
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Decision-iaking situntions

IJ e ]nf01rnt on

- -

Gyaclfy Siratlepies for GH*L)W

R e e

fhe solution of many probvlems conslsts of e series of steps, ecch
one ~f which provides edditional information leading to a dccision. The
problemn ray te that of Jocaliving & re2lfunction in a piece of equipment.
Indicator A signals that so-thing 1 wrong, bul not where the trouble
lies. ‘The operator 1y, by looking al Indicators Y, Z, and X in that
order, te able to localize the wrlfunciion precisely enouch to decide
what correcctive actlon is neccssary.

In enothizr typo of eyemple, the npevator may huve to pove certain
coutrols tentatively and note if the gsyuptcorn pieture 4s chengszd, ond hew,
' This information is added to thal alreudy oboerved by the pilot in narrove
ing down thz field to the source of the problen.

Here again detzil should bte carefully rcctricted to vhat the operator
has to do o1r to work with. Ieb us sssure that in the cese of a fuzl lenk
in an engine the only thing the pilot can do is to shut off the cogine; it
makes no difference vhether he localiuzes tne leak to e duet or valve within
the engine. Thecsefore, hin search stratepgy should take hin only to the
gross isolation ot the leak to the enginec. On the other handg, if local-.
izing the leak within the engire (rathor thon merely to the engine) might
make the difiercnce tetwzen his deciding or not decidinz to shul off an
adjacent enging, or to turn on firc extinguishers, then the search ctretzgy
should take him to such localization. It is elso uselesy to describe to
hin localization that depends on inforvation not eccessible to him during
the perforimanec of his duty requirecrsnts.

Diagrams moy sormetires supplenzut, and even substitute for, Giscus-

sion of provcdulv" the operator should tzke yhen faced by voarious ccle
tingencies.

Examples of Irnstructions on Decisizn-laking Activities

Two brief examples are provided in addition to Figure 2 on page 23. The
first outlines one of several means whereby trouble-shooting prgcedure end in-
formation content can te presented to an electronics flight-line rointenance
rechanic. The sccond exarple sugpasts hos to daseribe the Inforrnotion critical
to diagnosis and corrective response in a hnlicopier exzrgency situaticn of a
given type.

Lovafwon of malfunction fq_j:‘ GCA redny systen. In trouble shooiing, the
mainteniace rechenic {indo & Gy.plo repovwed Lo Lim by the operotcr. Ho pro»
3, page 27.

ceeds to locnte the scurce by following the steps as glven in Flgure

Helicopter owerxaticn: dealirt wi‘h ~n _erersoney,  Twe @lternative forrn
ere shown for layin; oat thc u3cision-maxing proccame in dzclioz with & suud@n
indicated drop in fue) prossurs during flight., Tue fivst leyoul is recusnized

as conventional in eporoech, tub 11]a,b:2t1n| the ettenpt al brevity end clexity
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Declsion-paiing cctivities
Exaumes

which the Jorepcivg corrideraticons dernnd., The second presentaticn of the sone
erzzmple s zore exparireatnl, and zoy Fldustrate the usclulness of e scemidipgrons
ratic rethcd for vresenting relationships,

1., Narrative foim

Fipure b illustrates the Juyoul without dizgrens, in which the scquence of
of paregraphs presents the inforoation ia tho sequence required by tho onerator.
At each step, tvo alternative outcomes eare porsidle. They are merlioned succes-
sively. The orerator must recall the contents of several lines preceding the
line he is rceding. But, on the other hund, the conventional paragraphical
form will te easily followed by the oporator vho lacks experience in using the
diapramratic form.

Vhere reference is mnde o contenl on @ rermote poge, censider the length
of the roterinl so cited. If it is brief enouzh (on2 uentengc), include it &5
a step, so that the pilot urnder tinme stress or emotional stress is notl urduly
taxed in an enarvgency., It is best {to wele reference only to raterisl which the
pilot has either so well memorized that even ia an encrgency he need not reread
it, or which he can loock for withouv Lime pressure. Tt is fmportant not to in-
terrupt the continuity of the instructions en the page he is reading.

2. Diegram form

This is i)iustrated in Figure 5. lHeic the successive steps in the pro-
cedure follow each other down the page, with the two outcomzs ef eech step
laid out on the sax2 line.

In this illustration, interpretations ere incerted betuwecen "IF YOU Sti"
end "YOU MUST." These serve to focus the response, by providing the oparotor
with an inage of what to look for. f1Tney &re included ouly if ihey are saovt
enough not to intevfere with continuity. If they ere longer then thore given
here, they should te relegated to the Remarks celunnm.

In all four examples of decision-making layout showm it weuld te possidle
to substitute pictures for words describing the andicators and indicatiors,
the conirols, end in som~ cases the proper contrel action to accompany given
indications. Pictures or diagrams might be used to suppleitent rathz: than
gsubstitule for words. The latter wight btc more practicable, and less subject
to error than the foimer layout. Although these possibilities hold pronise,
it would te desirable to tect with sore actval users such experimeniael retheds
of presenting inforwration. Thus, it might tuim cut that the diagrams would te
extrerely valvable for trainivg pwrposes, or for activities that werc perforued
only very rarely in job occrationz; but for the rore proficient user of instivc-
tions the diagrams might e vu lmpedirceud, if for no other rcason than becaus:
of the space regquired for then.
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Instructions for Doaling With en Luergeacy
During Keliecopler Operatlion

1, FEnorgency procedwre for loss of fuel pressurs
wvith full fusl tanks

1-1. Prinary Sqeplon: Keedle
Of I'UEL lnl‘dbl A“’: (J:\Gh r\,nds | o
low minimum operating level
(isee; below red index lark on
diel: sce page X, fige x) but

* FURL QUARTITY GACKE indicztes

anple supply.

Push FUEJ. BOOSTFR PUNP
switch to BICH

1-2, Begin landing procedure
(sce page XX).

1-3. During desceat, attenpt
to locate trouble as teing
electyicel or mechanical,

Sniff, to detect odor of fuel.

1-L. If odor IS detecled, even
though bocsier pvnp mintains
pressure,

Iand at once.

1-5, If there is O dotect-
eble odor of fuel,

Observe engine nolse and
exhaust trail for indi-
cations of choking «f engine,

1-6, If backiire noieo end srioke
occur, (indicating choliing of
enginc), asswin a leak wihiich by-
passcs carburctor and nay cauce
engine to stall; end

Iand at oncec,

1-7.

If thzre 18 X0 smoko or
backlire,

Read ENGINE OLL FRESSURE GAGE,

1-8. If oi) prescure reads zero,
thon essure 26-volt instrument
S)ut:.n h&... f&iledo

Centirng fiight under cnergency
precautionary conditions (sce
pape XXX).

1"'90 If I‘ttUI,lfl OlL }R} 'Sf’lrlu G;\G.-
reads ornal,

Choclc fuse of FUEL I250sURE
GACF.,

1-10, If fuse errears OF (£3la-
nant not brokeny glasa nab clondy),
trcunls has not bean Ineated,

land at cacz.

1-11, JI{ FUSL MFESSURE GACR fucoe
has blown,

Replace fuse,
1-12, If irdieated pressure pc-
tuns to Nownal erd 1c.ains Normal,
then trouble has teen eccreched,

Frocead in rormrd f£ii:ut.

1-13. I fusc blows epain ard
gace a1y,

Conplote micsfon with caulina,

Figare L. Decision-in
Szzplo C:
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The Index to ibe Handbeok

The index of & set of Job instructions should be en effective tive-saver.
If it is perely o catalosue of where nanves ere mentioned in the text, however,
it ray rot only waste tire and exaszperete tlie reader, but it may causce him to
forget what he was looking for, ard why he was looking for 1it.

The index should therefore be preparcd with the needs of the uecr in nmind,
The user of a handbeok of instructions will generally wunt to know how to por-
fornm sor opcration, and efther the tuble ol contonty ov the indox nunt toll
hin where to look. Key words should generally have subtitles indicating the
Job context of the page reference cited. The intent is 1o save the user from
necdlessly having Lo concult the reterenced page in order to determine whether
he has chosen the correct reference.

There is an exception to the general rule of including only "how to do it"
references. The user ray want to find out what syoptons are associated vith
som2 given condition or equipment 1malfuncticn. Thus he ray be faced with the
appzarance of scorm: symptom, develop a huach as to the cause, and want to check
his hunch by finding out what additional symptoms accormany the causal influence
he ha's in mind. In this case, the index ray help him by naming the ceuse (such
as "Rectificer X, failure symptoms: p. Y ; figure y ) and telling him wherc
in the toxl e von find e 1list of the associated symptoms. It is possible that
the handbook will contain & speciel scction listing couuon equipaent feilurcs
end the symptloss associnted witn the failure,

The shorter the index, the ecasier it is 4o find en iten in the index. Raf-
erence should te not only by pugc, but by paracraph., References should include
not only vertal content, but pertinent disgrzmntic weteriel., fThe index should
include items appoering in the table of concents.
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CHAFT#Y IV

e

[ed SPECIAYT, TREATLENT O MAILTENAUSKH JUR TUSTRUCTIONS

7 In general, 211 of the coments in the previous choplers arc as
- applicable to maintenance as to operaber roiquironoite fer instruetors,

Several specific dtems will be amplified becavse of thiir spscial drportance

e tb maintenance,

a2 Deteminine the Objects with Vhieh a Posilion Doale

= In order to nraintain relevunce, the handbock should doseribe only those
= operations performed on or with an eq"Lp.nwL by a wan in a given position,

In general this reans mentioning only those objects in, or on, the equiprent
e vith wvhich he deals., Carcful reference sheuld b2 made to the position de-
scription dxla in order to maintain this ielevance,

' Diagrarms: Block, Circuit, Schrmatwr

The purposes of an electronic desien ensineer in preparing the desipn
el of circuits differ radically from the purposes of the maintenance riechionic in
e the use of tlock, circuit, arnd scheratic diszeans, The infora=tion provided

on diagrams included in instruction handtooslics should be gecend Lo tha specific
ey nceds of the mechenic,

= The followinz couciderations apply to diagrans prvepored For thoe recheanie.
= 1. Standardize syrbols. Use the sane syiboel in Lic s way throuzhout
——— the handbooit. 1f fossivle, use the syrbols elresdy incun to tie eapocled
mechanics, &nd use then as he has used them, It is better Lo develop a ueu
peiY symbol, horover, than to use an old one in a way diflerept, fros the wvey the
o] mechanic has used it befouc.
a 2. Use as feur synbols as reecessiyy fer t}r'k ven pesilion,  Syrbols
nay refer to oo]ccf:T'TG'%IIET:'EBEIEF' SRR AT »u7—§] or ¢o.rinniion, of
e these two factors. llony differentiations ol furclicas and ¢ jects immoriant
- to the equipnment designer nay be irrzle ant to the maohonle in a given
. position, Eliminate differentiatiens 2wz a7 bcls Lial arve nob raflizeled
- o in distinctions the mechanic necls to rate in prvforiin~ his spreafic duties.
- 3. Shew in diarrams cnlv these chiecls, funchkierns, and reletieonsiing
r ﬁonti.ﬂ_go_::d in _1'c‘n h_pe rrol nee., The fotl E‘i' :-‘T:T:»}Tﬁ:- o e 1ot
‘exhaustive of all those i1 whicn a mechnnic roy consult a dizcrem, now ray
iy all of them belong to any sparific position, Tu'} ¢o, P,”“'vr, previcds a
practical basis for deciding vwhal diagross are ng~’;d.
= a. Tracinz signal flow., It is v uully sicplev ta trece dinoe




Disgio.s

on a page than wires, cables, and often hiddaa cernactions,

b. Localion of check points; the relation of these to other ehieck
points; points that yicld ruch information coout the system per chack; best
placces for breaking an infommation loop.

¢. Chack valuec and tolerances al given check points,
d. Adjustment points (specifle to position dutles).

e. Schematizing the various functions porforined in a given box
or compouent as they affect chanzes in output signals,

f. Some way show physical locations of parts.
g. Syibols for matching job instructions with part referred to.

Block diagrans, which are corparatively simple, shouvld be ured in
preference to wiring diagiams if the former will serve the purpose intendsd.

L. Organize diarrammed infornation accordine to iob need. The orpan-
ization of a diarram should, if possible, shoW parallcls with the steps
taken in the procedure with which the diagram is to be used., If, houcver,
the same diagram is to be used as a supplement to a nuaber of different
Job procedures, the coding systen may become unduly complex,

Other aids in the organizing of diagramcatbic raterials are an follows:

a. Consistent sories of diagrams frem sinple block to schematics.
If it is necessary to show various levels of detuil in a series of disgrans,
attenmnpt topological ccnsistency. If the transinitter is diagramied as being
above the receiver in Diagram A, it should be above the receiver in Diazvam B,
It inay also be helpful to have locator guides, where practicable, to shcw which
sezgment of a simple, over-all diagram is represcnted in greater detail by an
expanded wiring or schematic diapran. Another possibility is to use a mar-
ginal grid system, with codings’that permit subdivision, that is censistent
throughout a series of diagrams,

b. Color usad consistently in a given famiiy of diagrams.‘

¢. Functional connections clearly ideriifiable frem crusscver
lines in th:s diagram,

The extent to which a funchtional diagram can also suggest the relaiive
physical location ol the iteins diagranrmed will reduce the mentzd translating
required of the mechanic, Simplicity in funclioanal layout mzy eftcn be
incompatible with showing physical locations, however, so that the buest work-
ing compromise nay consist of more than oue diagran,

Providinge Surport for Trouble Shooting

T LR AR T T

L)
Since troudle shooting is usually ths most difficult part of tihe job,

both in electrical and mcchanical mainlen-nce, every effert should be rade
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Supjort for
trouble shootang

to asuisl the mechanic, The previous chapler (pages 22 throuvzh 28) supgested
some pebhods of presenting infornmalion and procedvres for trouble shooting.
If likely caases are cited for given symptons, the mechanie should be told
what Lo do 3f none of the likely couvsesturns cub to be the true cause.

Difficulty often arises in trouble shooting from the large amovnt of
informalion specific to the nalfunction which the machanic has to remesber in
reaching ¢ diagnssis end choosing e covroctlve acticd, An exanple 3s (a) the
number of dJdata chainels that might influcnece a given signaly (b) the spocific
values obtained abt check points; (c¢) the locations of objects diagramacd; and
(d) instructions about what he should or nirht do, Such emounts of infor-
mation are retained with relative ease by the clectronics expert with thousands
of hours expeiience, but beocone cenfusing to the less experierced.

One practical aid consists of glassine envelenze and overlays with which
the mechanic nay cover partiecular pspes end diacrars in the handbook, He
rmay write check valuves, or pencil critical parts of a dirgran on the glassine
as a remory aid, or X out verbal end diagrariiatic mauterial he hos already
used without, solving the problen,
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C: «PTEL V

ILLUSTRATIVE FATFRIAL, IAYQOUI AND CONOTRUCTION

1llnstrations

Corronts have already beea nade (Chapter 1IV) aboui the preparaticn of wirlng
* and other diagrams used in electirical aud c¢lectronic maintenance. The folloiting
corments are sorcvwhat parallel, but muke reference to othoer forms of visual eaid

material such 2s photographs, drewings, and diagrams,

The folloving stops sugpest both 2 procedure and eritique for the prepara-
tion of illustrative material,

Step 1  Decide What Job Inforration the Tllusiratien Is o Provida

This is equivalent tov identifyin; the specific puvrpose the illustrs..
tion vill aid the operater to acconplish, The following list is fairly
exhaustive of the funcltions of iilustrative mabecial irn an instruction
handbook:

a, Leccations and norenclature,

b. Functicnal interrelationships of kirds specific to jcb action
such as trouble shooting, and complex operating procedures involving
potential misuse or hazard, Diagrans may also show, in & form easier to
grasp than through words, how several variables interact to procduce a
given effect.

¢. Sequerce of operations, and contirgent operations in tle formr of
a graphic summary of verbal material, :

d. As an aid to the rcader's ricturing the eccompanying instructions

for better interpretation end reccall, Pictuvres arc cften better recalled
than verbal statemsnts about viswal material,

Step 2  Include Cnly Those Vleronts of Trformation Critical to Jcb Use

This reans a seleclinn of enly thome lines, details, and renderings
sufficient to convey the easenlial ressage intended. Thus, photegraphs
are ofien peorer than diaprarmatie represcotations becanse photographs
often contain much visval irrelevancn, which rsy ohscure th2 essenticl
rmessage, The tendency to "pretiy up" a diagram with shading and decora-
tions, hcuaver, must be firmly suppress-d., Skillful varialicn in the
thickness of a line is usuzlly effective in sugrasting coatour and threo-
dircnsionality in a drawins. without wedecing 1ta vividness as is oft-~n
the case with shading end hatching.
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Step 3

Step L

J1lusbrations
Stecp 2

Unless the illustration is interded to aid in ddentifyinz paris and
their 1001L10rw, realisin and consisieney in scile 18 dess impertant than
clearly rcveading Lhe essenlial information,

Select [abels for Tinms Within the 11lustralion

Label only the criticsl informolion in the diipgrea, ead enly these
itens that are not explanalory without a lab2l, An attopl to introduce
lengthy text in diagrammatic trealment is often on unsuccessful comprorise.

Labels in iliustrations should be uncambigucusly relatsble to accormpany-
ing tert, Vhere a serics of dicpgrars is used on the sane pape or pages in
sequence, and itens in diagrams are nucbered rather than ramed, the nurbers
mist not be confused with nunbers in Lhe te<t in those scveral pages, or
with numbered items on other nearby dicgrans, Vhere items in the text ave
nuiber-coded for reference to nusberod iaoas on 2n 31ustration, the reader
must have no deubt about which diegrinm is veins referrad to,

Arrovs may be used to syrlolize scquence, flov or relaticnshio,
Arrows used for these purposes nust not be confrsced with arruurs thal are
used to direct atlention, or thal lenr from a lobel to the ¢hicct labelled,
Important as arrcws often are in conveying a wmessaze, thoy chorid nct be
more visuvally compelling thnn the illuciretive context --in olher words
they should not be a design element in Lheaselvis,  The head of the ariow
should be readily iduzotificc fron the shaft, &ivews represcucine ribhons
as seen in perspactive orr threc-dimensions, hrave been effeclively voed to
represent flow or motion in three-dirrnsionsl continuity,

Select a Label or Title for the Tllustraticn

Each illustration should be nurtorelabelled for unzirbijuous refcreace
in the text and index, The title should be short, prefersbly under soven
words. A long, expianatory tille is beiter broken into a briefl identify-
ing label of a feu words, follcwed by & subtitle explanatery stoterent,

If the main purpese of the illusiration is to show sure priacinle of
action, this principle may be bricfly stated ac a subtitle unless it is
stated within the frome of the illustruuion. .It is gruoxullv goad to
reinforce the main poirt of whal 3s i{1lusirated by a verbad stater i, i1

a
that staterent con ba li-diced 4o 2 sirzle seitonce of a for words,

If the diagram is not dmmediately ¢ijrcert to the tezt i+ suppie -nis,
the relevant paze and paréecragh sho l Lo cited in the contici,




.Faga Layout

LY

Aesthelic coneiderations such as syretry and layout consistency shonld ba
secondary to clarity end continuity of subject matter, HNarrower mavgins may be
permitted than is usually the case for textbooks,

———
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Foldout pares. These should be kept to a minimun, although scatiering con-
tent, rightfully belongingz on one large page, over a nurber of pages may be
worse than a foldout page. Foldout pages are especially e nulsance if they huve 1
both vertical ard horizontal folds., In any foldout p3age ne more than one hori- |
zontal fold should be mide (that is, a fold made at right angles to the birding '
of the book) although several verticzl folds may be made to be pulled out side- r
vays. The opened-out page should not be longer than an arm's lengih, about '
35 inches, When folded into the beok, the edges of the folds should be stug.
gercd towards the outer margin to facilitate folding the opened page back into .
the book, This is called a "pyrarid gate fold," If pcssible, section edpes of |
the diagram should fall on crease lines, In any event, small butb critical :
information should not fall on cicase Jines vhere it will be worn away. Thesc

recormendations are based on ease of use, and the likelihood that job instruc- f
tions may often have to be used without a desk or table tcp space on vhich to {

rest folded oul pages., They may also have to be used out of deurs in vind,

Pape identification. FEach page should be identified by the folluwing
infornations

1, Technical Order nurber, or other military serjal designation; ¢
preferably centered in the top margir,

2. Section nurber,

' 3. Topic and paragraph numbers, inclusive of coitent on the page; best &b
upper, outer margin.

L. Page nurber; lower outer margin.

! 5. Foldout pezes should have page nurber end figurc coding ccmpletaly '
visible when all pages are folded into the book, It is alsn helpful to have a
short form of the title or key word in the title visible hera, !

Fhysical Cerstrurticn of the Eanl cck

Size. For ideal working purpnses, the maxirun size ol 2 handbeol of inshruc-
tions may be larger if the opcrator does all his work in the £: 2 rocn than if he
must move from one place Lo another end carry the instructicns around. For non-
mobile personnel, the stardard Techinical Ord-r size 8 1/2 by 11 inches i€ sabis-
factory, If the book is to b carried around, ez in flight-line nzintensnce, it
is dezirabic to fit it into = fabigue uniferm pockets The maxirum such a peck:b
will adnit is abeut 5 by 8 inches, with a thickness of ebeub ) 1/2 incl-s, liven
this sizc will strain a pockec,. ,
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Fhysicnl
tonstiuction

ancre  The pages should be towgh, high ray content paper that is watle
F The g hould be tovgh, high ray content pa that i Ler
rezistant, Foldout pages should be of paper that dors not breck at the folds;
this is especiolly true of ary "master" treuble-shootling di:grons. The paper

should not te glossy,

Covers. The covers should be of a soft, seni-rigid lewtheretie or plastic

material that is durable snd w31) resist crecking b the edees or @leong bindlng
secamy, They will nced to withstand water, oil and gicase, perspiration,

Birdinz., This should be of the spirel, pgyral or plastic ty; thal perndts
the opencd book to lie flat. The nochanie ard operator frequently rust use both
hands in operatiens; they usually will not have & band to spare for holdin the
book open, The frequency with which the handbooll is used demanda a Lough,
durzble binding.

It is recopnised tha* revisions of scebions of job handboolks freauently are
made, A pewmanent binding prohibits suvbstitntion of pagess Tho plostic binding
does permit svbstitutions to be made, bul o speeial Lool s requited, Ring
binders take up exira space, and pages ave essily torn onl and pot loont., 1t 34
clear thal no universally satisflactory solution netr aveilsble is both econoaiceal
in terms of page substituticn, ond prortical for on-ilie- job op-valionse A

thorough cost analysis may shou that . " -cement of the cemplele boadbook is
cheaper in the long run than providing inserts and siubetitole pages.
[}
39
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CHAPTIR VI

GEARING JOB JUSTHUSTIONS TO OPERATICHAL CHICK LISTS

A check 1list ususlly is an abbreviated set of job instructions. Its use
assures familiarity with the procedure being performed,

It is cbviously incfficient to learn a preeedure frem job instructions in
one way, and perforin it differeuntly from a check list, Even though the differ-
ence may be no more than the rearrangerent of the same steps into a different
order, confusion, timc delay, and crrorv are invited. It is true that exigencies
at ccrtain sites may demand a rearranzensnl of a procedure, and the Air Force
characteristically pernits ezch buase, and soielimes orpanizations within a base,
to establish its own check lists, But differences among check lists for the
same procedure also arise because diffcerent items of infonmation are abstracted
as check list iterms, without rearrangement of steps or substitution of human
actions,

The manufacturer may reduce some of the incompatibilities found tetveen
check lists and job instructions by cavefully vorking out check liste himself,
If so, the following considerations will serve to guide hin,

1, A check 1ist itenn directs atlention to what it is operationully
essential to do in a procedure., Thus a check list item may state an end effect
which could not be achieved except ty perfoirming a nuaber of suboperations or
job elemonts, A check mark appearing beside the itenm therefore dmplies that
these actions rust have been performed,

2. A check 1ist item is a memory aid to the operator or mechanie. 1lts
wording, and the infcimation in it, should be such that it will help him recall
the more complete iustructions in the handvook, Parallels in vording will help.

Parallels in margina! spacing mcy also h2lp in the recall of the handbook coutext,

3. Check list items should be directed toward evidence of response
adequacy. This rule will have many important ard nccessary exceptions where aon
incorreclly mrde huran response may result in delzy, hazard, or damage to equip-
ment, But chack lists should also direct the user’s attention to how the equip-
ment is performing as a cor=equencze of his performing successive steps in a
procedure, Standard values and Lolerences shondd be provided of critical
indicators of equipment performance, .

L. Check list itens shculd includs eritical specific actions to bz per-
formmed, If the incorrect selection or manipulation of a glven switch at a
given time nay jeopordize a large anount of effort or materlel, the operater
should have cuch actions specifingd in the check 1ist,

Lo

o

e v

-

ey

-

e n

~———

——




Check Ylsts

1 Se Check list iters should point out what specific actioa Lo take an

.! . error-likely sitnatione. These include sitnations in vhich the operator nay
ovcerlook some important aclion, even with the handbosk open before him, or

5 : expose himself or the equipment to needless hasard. This consideration is nol

independent from item li above.

’ 6. Check list items should have a caled refercnce Lo the inclusive

material in the job instruction Landbook dealinz with each iten, This permits
. the operator quickly to look up and fill in froi the handbool the information
he nceds that is not provided by the check list itenm,

7. The specificity of the check list itens should be compatible wuilh tho
ability of the operator, That is, if the check list is supposed Lo bLe used
with little or no reference to the job instructicns, it will have to be much
more detailed for a newcomer on the job thun for the porson vho has performed
the task many times. If an operator must shift vork arong a veriely of soro~
vhat similar equiprments requiring subtle differeaces in proccdure, the check
list he vorks from should be more detailcd than if his work is repetitive on
. the same equipnent,

8. Check lists likely to be used vhen tha operator is under eintional
siress should be morz detailed than those used urnder tranquil conditiens,
Under stress there is proneness to forgel cven familier ratterns of aclivity.
Thus, the dctailed check list ray compensate for tendency to memory failure,
Tt i« possible that a detailed check list ray also be called for if the operator
: : is acting urder line stress with the lizelihoc! of skipring esscnutial activiticer.
Under such circumstances, of course, the cperater noy skin using the check list,
too, becanse it takes still more time to consult., Crrpremices noed to be basod
« on a study of what happens when a given check list is actually used in operztioens
by the personnzl for whom it i« intended.

The layout of the job instruction text sheuldl provide pwalls? siructire
to the check list derived frem it, and emphasize check list itano in the

instructicnal centext, Thus the words usod in a check list rnay bie set out in
distinctive type readily picked out by scauning the pase.

Topic
in scome cases may be blocked out with checlk list iten titles,

-

v
‘

aterial

:
v This relating of check list to job instructien text will syecd uvp 14 rate
at whiich the student or operator can becere practiceldly Lidopendeat of the
T instructicns, and perform the task couyleatly frem the cuocx 11t ftoelr. Cn
& . the same basis, error will tz reduced in the renbtal transpesin: of ¢l instruce
tions intc the context of check list iiems,
".?
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CHAYTIZ V1T

TESTING THE JOB TISTRUCTICHS

Any set of joh instructions chould be thought of as provisicna? until it
has been successfully tried out. The tryouts should be directed to Lwoe majox
purposes: one is to ¢etermine tha technieal corrcetness and adequacy of the
inforvation, instructions, and jllustrations; the other ic to detcrmine
their practical usability. The tryout should simulate the limivations znd
difficultics of curhbat conuntlong.

Enpinecrin~ iryout for Techinicr) Corvectnoss of Informabion

In this test, enpincors who are expert in the task and the equipment
reticulously follow the instructions as they are printed, and atiempl to do
vhat is sprcified. Vhere 2 proceduvre, a nusorieal value, or a contingency is
described inaccurately, or whare undcoirable options may be implied, the
experts na%e suitable corrcctionz. They mzy also recormend changes for
inproving the efficiency with whieh th: task is performed according to the
instructions. The following conuiderations apply:

1. Require the expert aclually to do what is described irn each step of
the instructions. This should includ? ihe use of diagrams and illustrative
material that support the text.

2. Thc expert sheuld carefull 3 eranina thke description of when and under

what conditions each task is to bto. porforricd, and judge its dCCUr?CJ and
conpletenecs,

3. A scparate monitor (vho is not hinself an echrt) should obrerve the
expert, corparing each step rerforned swith what is described in ths instructions
for that step. The monitor sheculd noto inconsistencies.

L. Opcrationsl conditions unzer which the task will be perforried should
be simulated as closely es possible. This ineludes the hazarauz, ecsatingen-
cies, and liritations that may realistically be expected; the instructisns
should be expacted to ctird up uider as adverse conditions as those in which
perforinance by the job incunbeals will be expected. Other factors will be.
linited wori space, wealher, illu-inaticn, location of tools and accessory
equirment, If the tack includes wrouble ghosling or diagnosis, the expert
should rot kncu in advance what the "treuble" ccnsisis of.

S. The expert should unisrctand precis~ly what duties and tasks are

expected of tue pasition beinz simulated. Tils is an extremely impoviant
consiceration, because the exvert ray freqguently attribute broador

L2
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L0

Testing
Job dnstructions

capabilitiecs to 2 position than vere slipulaled by the position requircnents,
Refercace shovsd be mude to the docwienl spceifying the josilion reguircments
(deseribed on page 8).

6. If posciblc more than ene exyert shondd perform the tryout. Fach
should do so independently in order to deberminz the reliability of the critie-
cisms end judpnents.

7. The expert should chock the handoeoll for the following factors:

a. Correctncas of lozatlons erd nonenclaluwre used in text and
illustrations,

b. Corccctness of all standard values and lolerances, Unrealistic

" tolerances should be increased, if ja5sible, or statements should be given as
to what kinds of conrromises in tolerances mny be acceplable undder severe con-
ditions of irwediate demand for the equijrient.s Thase &ve operational policy
matters, but they have extremely practical imjportance to the mechanie vho is
trying to meel time deadlines, and to officors who are alieupting to meet
mission quotas. The problems frewirntly cor2 to a focus in docicionz of vhat
"fudge factors" are pernmitled in putling an urgenlly necicd picce of equipncnt
into use. On the other hand, if no "fulge factors” should be pormilted on
certain tolerances uider any circw:st=nces, it roy te advicable Lo nake ‘come
explanntory stalements to that effecl, It is possible tint the nanufacturer
will not wunt to cormmit such data to a handbool: of instructions, tul prefer
to issuc it sepiralely to naintensnce officers to bte wsced et their discretion.

¢. Correcctaness of tools and equirnen® r;ocified,

d. Coriectness of diagrans, schenatics, ond other irouble-shooting
aids.

e. Statenents of conlingerncies and wlat to do aboul them. It is
unlikely that the tryout can sample very widely frem operetion2l conlingencies,
Presunably the expert will be awarce of pessibilities, and vith these in rind
he should exzinirne the job instructions feir rewlisiic coverages Ho should
stucy carefully the recommend-ations as to whai to do in n2etinz various con-
tingencies, and, if at all practicable, try Lo put tic recciiewdations into
practice. le sliould not us: tools, inctrumente or other facilities not
available to the cperalor or mechanie urder vork coniitions.

VARINING: Pe sure that the enginecring exp2ol understands vhat dutices arnd
tasks the particular position docs arnd do2s not enl2il,
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Tryout with Movices for Interrretability of Instruectiens

This phase of the tryout should determine hot successfully the users of
the handbos!s will be able to transiate words and illustrations into the correct
action., The following considerations should guide rcvision and acceptance
of the handbook. ' [

e S

1. Selcct subjects for the tryout. The operators or mechanics chosen t
for tho tryout should be represcntative of the actual persons who wvill use
then. It is rore important to get the reaclions ol ths pooror quality porson
nel than of superior individuals. In training and operations the poover ones
will tend to be more dependent en the instructions, and for a longer period of

" time; they will also have the greatest preblems in interpreting them.  Testing ;
with subjects selected from among th2 mere limited in ability (who still will |
be responsible for performing the job) is like torture tosting of equipment:
the weak spots sheow up most rapidly. This is the intent of the tryout.

P—p—y
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Arrangeronts often can be made through the Air Force for providing Lhe
subjects. Those who are planning the test should try to specify the edn-
cational and training background of the subjeets, their individual aptitude
test scores, and, where relevant, their relative performance in previens
basic training courses if they are expected to transition to the subject
equipnent.. These data should be kept and matched with the performance of the ,
subjects during th2 tryout. i

-

2. Fulfill the training presuppositions for vse of tbe hondbook. This
will generally mean supervised familtizrization of the subjects with nomen- d

clature and locations of indicators, controls, signals, work cbjecis, tools, d
test instruments, and other items referrcd to in the job instructions. In
order to shorten this period, nomenclature and Jocations can be taught conly 1

for one segnent of the instructions at a tine, and then bave the subjects i
tested on that segrent., This method is likely to be l2ss practical if the
handbook also contains proccdures for diagnosing troubles, or for ceping with
emergency situations. These areas can b2 tested last, however, after the
subjects have acquired more familiarization with the equipment through per-
formance of the standardized routine procedures.

Presumnbly the subjects will aluo got a demonsiration of the procedures
by a corretent instructor. The demonstirater should pace his perfornance to
allow tire for subjects to follo it with handbook presantztion, The domon-
strator should not add verbal material that is not in the handbook. Tt might
be desirable for someone (not a subjeci) to read tne instruciions «loud,
Questions asked by the subjects during the instructions shculd te recorded.

Probably inuiecdiately after the deronstraticn, each subject should be |
required to go through one or more guided or coached performances of the pro~
cedure using the handbook for instructions. The coach should let the subject
take the initiative, and give help only wien the subject obviously is doing
the wrong thing, or preparing to do thz wrong thing. Aid should be provided
for locating itlems difficult te find, althoush if labelled iliustralions are
provided by the text, an attenmpt should be mads tc determine hous efficient
they are. '

Ll
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l | Tryout. for
Intorprota™ility

Mzitter in th- fanilinrization trials nor ths test triads should there b
E s
L

n
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€

a sysicoalic attempt to fovee the cubjects Lo porfora tesks within tine linits,
ecpreially thue Jindd: within which exporle could perform the tasks On the

other hnd, it will ah ys be groireble to urge the gubjecls to complete tasks
as rapidly as consisiont with avoidence of crrovs,

3. lect the ivloctrinated subjects with the hanlbock, It will be desir-
able to allow aboul hill a day to elapse betusen the fomilinvization described
in jten 2 above, ard the fivsl of the tecls, This time lapse forces the sub-
ject to be mere dependent on the handbook tharn on what he olscrved in the
denonstration,

Cnc oheerven, conp;etr1y conversent with the proecdures being tested,
should be assipned to watch enc subject dvring the test(s).

For cach strp (elenent) of the procedwre Lzing perfermed the observer
should rote the following:

g 2. Frrevs rade by Lhe subject
be RANind of error
¢. Excessive tinz delays
d. Total tire betwcen conpletion of cach step
€. Gross inefficiency in carsying oul Lhe step

fo Dead ends: vhen the subjoch coes Lo a peiul frem whichh he does
not knoir how 1o fo on,

Vhen it is clearly establishad that 2 sabjeecl has reached & drad end, the
observer should try to find cut ihe reauson by discussing the problen with the
subject. The obiserver may then help the subject over the hurdle, if possiblie,
by pointing out to the supjecl scnething in the instruclions that he fail-d
to notice.

L. Fote the reduclion in iime an! ervors telucr s suceassive reprolitions
by the same suhject of the sare procedure., IL ray be dusivable to have ile
subject repeat the procedure vntil he can perform it without errvor and within
the operational time limits permitlieds Thuase daba wildl be valuable in plO-
viding estimatzs of training time, assuniing 1ha” the dnst<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>