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Concepts currently used in conveying technical
information aboutr the operation and maintenance of equipment in the
U.S. Army were investigated. The objective was to develop a more cost
effective maintemance program by reducing personnel costs through a
more effective softvare 1ink between the hardware and maintenance
personnal. The study objectives were orgazized into sevemn major
rasks: {1) To identify new concepits for maintemance that hold promise
for reducing the cos* of equipment ownership, (2) %o analyze the new
concepts in order to identify the fundarental elements responsible
for their effect upon maintsenance cost, {3) to match fundamental
elenents to particular Army situations, evaluate their validity, and
make cost projeciions, (4) to review the fundanental elements against
the commodity 2yst§ma and project the cost of ownership which could
accrue *hroungh use of these elements to produce all Axrmy technical
‘manuals, (5) to prepare a specification which includes all the
fupdamental elements tailored +to appropriate Army situations, (6} to
prepare a samnple manual based on’ the specification, and (7) to
prepare a plan for testing the sample manual. This report summarizes
interin reports i@r cach of the seven tasks. (Author/NJ)
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; o navticination and heln of various
individuals who sedhiired fo o the Tinal oroduct af this contract.
- 2 Wi y ~tle b AfWﬁWCF given by the two Contracting

; 5
Ofi 5 Tec fajor Josan Miscik and Mr., Don

Mac . Secr ,* mamhar of Tho stas? of tne Human Engineering

Laboratory pYD\1GEd he!pxu1 ﬂuld@ﬂ(F through conferences during in-

progress reviews. Spacitically, 0r. Wilhiam 7. ltokoun and #r. John

R. ckson aro acknowledged. Dr. Jchn UF1T?3 Nirector of the Human

Engineerina Laboratory made the initial contact with Major General Paul

Gorman of the U. S. Army Training and Doctrine Command (TRADOC) which .
ted to t s1ishment of the Improved Training and Technical Documen-

tation C h members from AMC and TRAROC. The members of that

C@Hn1tiﬁi 5 Buchan, M. Don Hacihey, My, Arthur Rulon and

Mr. Victor Mara:cc reviewed ths specifications produced in this contract,

and made mumerous points tor ciarification, corrections and deletions.
Thelr work was of major importance in JvDFu_1ﬂq tha final form of the
specification. Colonel PnbérL Dirmeyer and Major Oonald Parrish of the
TRADOC Training Management Institute alsc worked with this Committee.

In adaition to naming these individuals we would like to express our
aporeciation to the wany technical perscnnel in the Ordnance School who
answered questions and provided equipment for analyses made in preparinu
the sample materials produced under Zhe contract. Hr. Harold Oliver,
Edurational Advisor at the Ordnarce School, made the arrangements for
thoiv help.

in reviewing work on the
c of researcn. They are,
Theodere Post.and Mr. Harold

The panel membors who
contract are prominent
dr. Jahm P Foley. Jr.,
Price,

There were key people in anitiating this contract on Low Cost Ownevship.

Their attention f@ the nesed jf the Army and their knowledge of means
available for fulfilling those needs were essential for bringing the

contract into be1ﬂg.‘ Those 51nq1eé cut here are Dr, Thomas Rowan of

the Logistics Management Institute, ilr. Paui Burns and Mr. Roger Graves,

of the Army Mazeriel Command.

Finally, we wish to express appreciation and high regard for all of the
research personnel who have developed the rew concepts in all the services
and industry over the past twenty years. Without them, there vould be
nothina to repocrt, nor woul.l the means be available for the Army to
implament the Job Performance Manual and Job Perfovmance Guide Specifica-
in oursuif of low cost ownership.
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of environment, k and equipment complexity,
as thev aoply. is study developed an
iwrh could rasult in lower maintenance cost
availability of Army materiel.

"J f ‘(‘ IT‘ F}
T D\,/pd

o cost ¢f ownership of equipment is higher than the cost of

se items. There is a cultural Tag in recognizing this state
of & 3 in earlier days we could properly think of the hardware item
A¢ an expensive invastment to be protected by careful maintenance and repair.
Today the cost of maintenance personnel has gone up, and hardware items are

ol

50 complex and have so many parts to wear out and fail, that many more main-
tenance pa‘fcnﬁel are required to care for them, One third of the personnel
ervices are presently in full time mainterance workl,

in the U.
and this nﬁES not include a7l the operators who do maintenance part time.

The cost of these personnel is greater than the cost of,equipment procurement
in a year and is the major factor in cost of ownership. Replacement parts
are another cost of cwnership, but they are relatively small in comparison
with personnel costs, so that when we consider costs of ownership, we must
consider the ways in which personnel costs can be changed.

Equipment car be better designed for ease of maintenance, but this study
dogs not EKDTQFFLthét approach. [t traces what has been done that can change
nersonnel costs directly. '

Theye are three ways personnel costs can be changed:

1. By reducing non n-productive hours spent in formal classrooms.
2. By reducing work force through improved performance on the job.
3. By reducing false removals through improved performance on the job.

There have been numerous 'new concepts” advanced in the last twenty years
for improving persornel performances and reducing formal training time. Most
of these new concepts have been developed in the Psychological, Behavicoral
Science community rather than in the Engineering coimmunity. They focus on
changes in the persoanel subsystem rather than on engineering changes. Much
of this research deals with the software Tink between the hardware and
maintenance persornel, Traditionally, this software 1link has been the

Tétatw TwcaT Abstra#f of the United States, United States Department of
Commerce, 91st Edition, 1970.

EMéhp@wew costs have increased from 37% of the U. $. Defense Budget in 1962

to 475 in 1972 (Budget of the U. S. Government) and the percentage in
1975 is estimated at 55-607%. :
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The of this study were organized into seven tasks:
Task 1 For matntenance that hold promise for
ipment ownership, =
Task 7

in order to identify the fundamental
ir effect upon maintenance cost,

11 To match fundamental elements Lo particular Army situations, to
svaluate their validity, and to make broad cost projections,

ts against the Commodity Systems,
ip which could accrue through use
Aymy TMs

To prepare a specification which in¢ludes all the fundamental
elements tailored to Army situations where they are appropriate.

—
Ll
L
oy

Tesk 62 Frepare a sample manual based on the specifi ication.

a test plan for testing the sample manual.

0rts were prepared on each of the above tasks during the

‘act. This report summarizes and replaces all of the
: The interim task: reports are working papers each
2 nert renorts and the Fanai report.
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reduction in
specification

1 on factors which
SRS ot justify sdon
jctions in cost of ownership
cubsystems must be changed, Fut
_ information supplied throuun
i “Hnical Manual 1ink: n, tatking abont a change in one
system that wiil have an 3 other Army systems. This is one of
- - difficylt rhanges to accomnlish hecause the separate systems do
not Tormal gme together” below the level of the Chief-of-Staff of the
f o '3 in one command are te be coordinated with changes 1in
mmards. high level coerdination is vequired,

i
REE-

Though this coordination is not the subject of this study, the fact
that the subject of 1 st ownership cuts across commands is specifically
recognized. It is.a fact that has made change difficult in the past. This
study is concerned with the technology for making the change possible.

It does this by drawing together every relevant concept which has already
been tested. In doing this, a single new technology is identified, which
is an amalgamation of small scale studies in all of the services and
industry. This provides the Army with the best of what has gone before,
tailored to their situations. - It provides the research community with a
way of o-ganizing in one study what has previously beén discovered in
separate studies, conducted for different purposes in different situations.
In the process, it resolves old arguments and sets a new base from which

to proceed. . The questions that remain to be answered are those that can

ba approached only through larger scale implementations that have never
been possible with the resources of the research community. The results

of the present study provide the Army with the best possible specifications
and evidence for implementation. The implementation itself must be
coordinated primariiy between AMC and TRADOC and should be accomplished
with a concurrent research study to keep performance records. These records
should provide the evidence for possible future reductions in work force

u

4
—
IS
X

"

C

based on improved performance. It will also provide evidence of possible
Jincremerits in performance as

school training is decreased, and personnel
begin to perform more on the basis of information in the Technical Manual
than on the basis of formal school instruction.

With this overview, the specific tasks and products of this study on
low cost ownership are now presented.

10
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in conception and agsumpt1rnk
Instead of using training to provide the new

maintenance personnel with gerneral information which is combined with

specific aquipment descripticns on the job, the new approach is to analyze
atl jobs and describe exactly what is to be done in the TM to maintain the
The descriptions are presented in graphics and short words for

equipment.

a user with grade school reading skills. _ -
7. The changes required to hf1rg about these reduct%oﬂa in cost of
icularly AMC

ownership require coordination between major commands, part

and TRADOC,

The specification prepared in this study incorporates the fundamental

elements from all new concepts which have proven their effectiveness in'

the Army, Navy, Air Force, Coac
It provides the Army

years. W
accomplishing reductions in cost of ownership.
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shoutd be corducted by Army personnel,
so be involved in data collection and
F years in order to gain more mrﬁfite

emall ala studies conducted to
a research-ievel with similar pilot

rther larger scale implementation based
¢ pragramns. This would involve

for many items of existing equipment
ations beine similar to those used in the

development research funds should be allocated to this effort
réquir? some kinds of modification and improvement. As the
rations identifies new problems, e.q., reducing the numbev of
onnel can effectively nerform a qreater-variety of jobs, and job
ing of persconnel for advancement, new solutions will be needed
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ze on these potentials. Also, such studies will be of value to
ces and industry as well as for setting priorities and implemen-
dules within tne Army

5. Persannel with research experiznce in -ihis fiela should be retained

to help guide pnilot scale in D]EMPHLFtﬁﬂﬂ effort. This should include help
to the Army procuring agen st of dndustry which must Tearn
new methods for meeting the iens.
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TASK 1/ ' .
A. General Discussion

New concepts that claim to improve transmission of maintenance infor-
mation from manufacturer to user were identified in this study and analyzed.
They range from ideas published in a company brochure to fully developed
and tested techniques. The first analysis of new concepts was' to identify
those which dealt only with media {photographic and electronic techniques)
and not the content of information transmitted over the media. This was
the first analysis because the medium of transmission of information does
not appreciably affect cost of ownership, the study objective. There can
be no further analysis of media in terms of their effect on cost of owner-
ship, because gfey have no effect on cost of ownership. The appropriateness
of any transmission medium for Army situations depends on power and
mobi ity characteristics of the equipment associated with the media, not
cost of DWHETSﬁip{ None of these new concepts which dealt with media had
arly test data to demonstrate any advantage over traditional paper technical
manuals. Essentially all the techniques of information transmission that
do affect cost of ownership can be used over any medium.

_ Yhen.the tefm new concepts in maintenance is used hereafter in the
report it refers only to thos%fthat have. a potential for affect1ng the
méjér costs of ownership, the pePSDnﬂé] subsystem ’

A1l of these new concepts pramﬁse to improve maintenance through improved
performance of maintenance personnel. There were no other criteria for
inctusion in the survey. It is believed that ‘the survey included virtually
all the new concepts, and it certainly- includes all the major ones. .The
survey portion of the present study did not uncover any important new
concepts tha; had not already been identified by others. o

The survey format is not adequate to PFDV1dE a brégkthrcuqh in this
field.  Surveys merely describe, they do. not cregte a structure for reducing
a1l results to a common form which_can—b&" uged to structure the next steps.
Acdvances can only c@me Fram.reduc1ﬁ9 ex15t1ng data to some kind of common

form. PP

Theref@re, the survey portion of the present study is not the important
- step. It merely provides the grDUﬁdwark for building 'a structure and

i reducing data to that structure,

, From the survey it is clear that the inexperienced soldier is the focus
: of most new corcepts. The new concepts involve job aids for the most
. part, though training is also included in some. When training is
| included, it is for a functignal understanding of the equipment and not

P ) €
f . * . €)




for design lewel understanding. The focus is the new man on the job, who
is assumed to be untrained or trained only at a functional level.

B:

Tt 4§ because of this focus that the new concepts have such a large
impact on cos# of ownership. The high costs of ownership are 1in the new
man, his triiring and first year @n the job. It is these costs that the
new concepts Mave demonstrated a capability for changing. An experienced
man's performance cannot be dramatically improved because he is already
operatirg at a relatively high level. If the new concepts also help him,
this must be <onsidered as a side benefit. Desirable as this might be,
it does not greatly affect the cost of ownership.

Procedure.

The procedures for collecting data on the new concepts were as follaws:

1.

2.

Uw’h

‘Ejm

conee pts (about 8% of total).

Copies of reports of new concepts in company files were first
colle cted. - This produced about 85% of the total Tist.

Re que sts were made to the Defense Documentation Center (DDC) and
Hatiomal Technical Information Service (NTIS) to provide information
by subject matter. This produced relatively little new data

(zhout 29 of total). '

DDC and NTIS were requested to provide information by author. This
requi red prior knowledge of what authors to request. It updated
information but provided no new concepts (0% of total).

Parti a1 lists of new concepts included in about ten other reports
were examined. Most of the items in these lists included
unver-ified sources given in previous reports. Original copies

of reports were requested from all originators for which no

_materiad was on file. This provided information on some new

Personal contact was made with personnel who have wovked in the

field (5% of total).

There rerains a short list of new concepts which have been reported
by name in other reports but on which we vere unabTe to collect

any information. Telephone calls and letters did not reach the
sources given in other reports. Tne sources, -therefore, remain

un vey-ified. :

Mo vesear-th results are included in this survey that did not come from
a verifdied splrce. It should be added that this criterion did not exclude
any dita. No reports cited any data from unverified sources - only the
existence of a new concept. Therefore, it may safely be assumed that all
data on the néw concepts-has been collected for this report.

i
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There hava been SEVEjaT previcus surveys of %his field. The earliest
were by Shriver and Trexfer in 19661, and a compendium of concepts Drénaréﬂ
by the SMC Equipment hanua?c Fwe]u Of fice (EMFG) at Letterkenny Arcy vepot i -
19652, T

More surveys have followed. But all have described the concents
without reducing them to the fundamental elements responsible for <=h
results. The present study uses the- survey only as e small first step,
The important steps are described in the.tasks which follow. Withou®
those steps the survey phase can be said to. be misleading rather than
enl ightening. It identifies so many seemingiy conflicting formats anc
intentions that any reader must say the field Vs not vet ready for
implementation. The results of many studies indicate important potential.
But there is no single clear action that will achieve the potential
effects. Surveys perpetuate this indecision. They "cannot clarify, they
only add a few more jtems to a clutter of seeningly different concepts.

A list of these concepts appears as Appendix A.

1Sﬁﬁ1vev E. L., and Trexler, R. D. A Description and Analytic Discussion

of Ten New Concepts for Electronics Maintenance. Technical Report 66-23,
Human Resources Research Office, Gearge Washington University, Alexandria,
Virginia, December 1§C6

ETechniCaT Report SHC EMFO 11, Improved Ma1ﬂtenance Data Technicues.

Tmprovements 8ranch, Guidance Division, SMC Equipment Manuais Field
0ffice, Letterkenny Army Depot, Chambersburg, PA., 15 August. 1965.

1o ‘ _ u




A, Ceneral Discussion

The purpose of Task 2 was to analyze the various new concepts iden-
tified in the survey, and identify fundamental elements which would
account for the results obtained from using those concepts. -An initial
set of fundamertal elements was jdentified in the project proposal, and
each new concept was initially defined in terms of those elements; when
a concept was found which could not be described by the fundamental
elements in the initial list, a new element was tentatively defined to
describe it, or an old one was redefined. This was done through
iterating entries in a matrix of concepts by fundamental elements.

~ In the performance of this task, the initial 1ist of fundamental
elements was expanded, primarily as a result of redefining or reorganizing
the original elements, rather than of adding new elements. This
definition is referred to as “changing the boundary conditions" of the
fundamental elements. For instance, the original fundamental element
of "Plain English" was redefined as "Intelligibility", thus inc1uding
1nfDxmgt1an .given in grephic form as well as in written words.

In performing this iteration of fundamental elements, each of the
new Concepts was def1ﬂed in a set of common terms.

The iteration process was accomplished with a matrﬁx of fundamental
elements by new concepts. The entries were iterated several times. A
matrix was prepared which represents a description of each of the new
concepts in- terms QF the fundamental elements used to make them effective.

At one point it was thought that the concept which embodied the greatest
number of fundamental elements would be found to be the most effective.

.As the matrix was iterated, this was found to be a naive idea: _the mere
presence of a fundamental element did not ensure that it was efficiently
developed. For example, every concept uses "Plain English" to some degree,
but its intelligibility may be severely limited. One concept studied is

. intended to provide information in "Plain English" for the EXDEFTEﬂCEd

' man. The information consists of concise readings at key points in the

system, and the notation for special settings for contents for certain
test conditions. There are no procedures to tie the readings and the
settings together. To the experienced man, the data is plainly and
concisely presented in "Plain English",:but to the inexperienced man,
the data is unintelligible. In another concept the procedures for using
such data are included in the documentation and are intelligible on any
Tevel. Both concepts can legitimately.be described as using some form
of "Plain English", but the first is intelligible only to a 1imited
audience. A

o)




When decisions arising from such dilemmas had to be made as te whether
or not an element was sufficiently "present” to be placed in the matrix,
it was recognized that it was not the presence of many elements which made:
a comcept effective, but the thorough developmént of a few. When an
originator sets out to improve technical documentation, he may do so in
the name of "readability", or "understanding” or "full proceduralization”.
In all cases this means developing that element more than has tradi- .
tionally been done. Every Technical Manual has some degree’of procedural-
ization, every one provides some undeystanding, some Plain English, some
content analysis, etc.. but the really successful new concepts were found
to have one or two elements present in a fully developed form,

When we Took at the results &f Task 3, we find that almost all of the

research results have been collected from a relatively small number of neéw
cgncepts-that have some elements fully developed. Other concepts represent
only "aood intentions” or partial developments. For instance, FORECAST
and SIMMS concepts utilize very fully developed block diagrams for
understanding. Their block diagrams have been developed for dozens of
systems; the rules for their construction have been defined, and they have
been tested with thousands of maintenance personnel -and refined through -
successive iterations. They are fully developed aids to understanding and
. performing troubleshooting. ATOMS and other-new concepts also utilize
block diagrams, but the ATOMS concept is represented only in a few pages
of a company brochure; the block diagrams are examples only of intent.

The ATOMS concept, then does not add anything to SIMMS and FORECAST.

ATOMS is actually subsumed under them as a less developed form of each
fundamental element. Other new concepts that utilize the same elements
are also subsumed under the prime concepts. They are not in competition
with the prime; they merely represent supporting.evidence for the fully
developed form of each fundimental element. "Any new concepts that are
developed or have been missed in this survey can be subsumed under the
fully developed fundamental elements of the major concepts. -

Task 2 was extremely useful for revealing the notion of ”fu]?y
developed". It had not been recognized previously as an organizing :
principle. This principle, coupled with the redefined fundamental elemeats,
“organizes the entire field into a meaningful picture. The issues opened
up in Task 2 are resolved in Task 3, where evaluations are accomplished
in conjunction with results.

B. Specific Analyses and Results

The various objectives of new concepts are summarized in the following
Tist:

o 7o lmprove Technician Performance

o To "prove/Reduce Technician Training

.

b7
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o To Reduce Technician Skill LeveT Requirements

o " To Reduce Equipment Downtime
These objectives are concerned with the personnel and training subsystems.

Through these systems they have the potential of affecting cost of ownership.

The vesults of the research studies are in terms of the objectives listed

above, and costs of ownership are projected from them. These projections

are made in Tasks 3 and 4. -

k]

The grigiﬁa1 list of fundamental elements, hypothesized to account
for all of the results obtained with the concepts, is as follows :

1. Task Analysis
2. User Point of View ' .

3. Efficiency.of Task Analysis/Logic Trees

4. Assumed Knowledge .and Skill
5. Understanding Vé%sus Rote
6. Plain Engiish
7. Psychological Motivatiaon -
8. Medium of Presentation
N
\\
\ &
y
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The iritial orgenizing framewor k. for these fundamentai elements was:

Ei N ! o 7 {jj:bﬁ%%{éipﬂcy of rz;:"mf;FQW@n |
[N Task ] 2. User Point ‘ Task Bnalysis; |- Knowledge
‘ Analysis!| | of View l and ’ and Skitl!
§ . ' Logic Trees }
a—a—;ra—f;‘—v‘w——m, S — —_ _— — | :._:,‘_
B ]
5. Unééggténdiﬂgi
VS
Rote
s S N
/6. Plain 7. Psychological IS. Medium of
| English Motivation _ | Presentation

9. Flna1 Documentat1oﬁ

This framework means that Task Analysis (1) is performed on the subject -
equipment. The User Point of View (2) is used in making this analysis.
The efficiency of the Task Amalysis and the resultant Logic Trees (3) is

+ a function of the procedures used. Since the trees represent a very

inefficient set of steps for doing the job, a set of efficient procedures.
is to be selected For use here. The Assumed Knowledge and Skill element (4)
is the basis on which the details.of the prescribed step are determined.

For instance, if it is assumed that a user knows how to remove a carburetor,
the step need only say "remove carburetor”, but if not, the‘step must be

broken down to "remove air filter, disconnect gas line, etc." -Likewise,
the steps can be braken down for "disconnect gas 11ne” to "place 1/4 TﬂCh
epen end wrench on nut 1, turn counterclockwise, etc. The assumptions

made on skill and know1edge of the user determine the level of task step
detail which the Task Analysis goes into.

The framework has Understandirig versus Rote (5) as a decision and also
an optional method of treatment after the basic data is analyzed. [t
means that the data .can be Qrgan3§€a for understanding (at a functional
Block Diagram level) or for a series of procedures for rote performance

with no understanding.

After the analyzed data i prepared for UndEﬁ§Tanding or Rote, there
are additional DfDLES%ES to DEFfDPm before it 15 placed in a fechn1ca1
manual. ;

ez
o,
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== A1l written material should be put in Fiaia tnglish (6). This means
preparing it so that it is comprehensible to the user population. If it is
prepared properly in Plain English, it will pass readability standards.

Psychological Motivation (7) is any technigue for making the content
interesting to the reader. This is typically done by incorporating graphic
devices and color. This has been called the comic book technique by
decractors, but it has good user acceptance. This can be done in addition

to putting the content in Plain English. The third technique option listed .

at this level of the framework is the medium of presentation (8); e.g.,
paper, film, magnetic tape, etc.

Using the matrix for successive iterations resulted in the following
redefinition of the original eight fundamental elements into fifteen
elements. 5 :

The First three original elements were redefined as four types of
sis that had been used effectively in various concepts. They are
ibed as four types of content analysis:

t. Equipment Qhéiysis

2. Functional Aﬁalygis
3, . Task Ana1y§f5 ’ .
L, Behavioral Task Analysis
Thuse analyses afa;all pr@éesses'that have been uéed to generate .job

aids and training in some new concepts. They have been well developed
in one concept, or another, but have never all peen used in one concept.

The fourth and fifth original elements were changed into:

1. Procedures

a. Serial
. b. Braﬂgﬂihg

2, Functionsl Qgégjsésﬂdihq

a. Tréiﬁing'
b. Narrative

c. Graphics

13
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These represented means by which certain new concepts had achieved

either Understanding or Rote, and:this in turn required assumptions about
how much skill and knowledge the user had in ovder to use the documentation
provided. Those new concents which used procedures for rote performance
generally assumed no special training for the user. Those that used
training with the documentation assumed the user would learn certain
equipment functions in that training - but this was quite different from
the training content of traditional formal schools.

The original element of Plain English was changed to Intelligibility,
and included: 7

1. Simplified Text

2. Text/Graphic Combinations

2. Organized Formats. to Support Multi-User Performance
These were seen to be.ways which certain new concepts used to achieve
simplified content. The use of graphics and English vords required that

the term "Plain English" be changed to a term such as "Intelligibility".

The seventh original e1Ement'wa§-expaﬂded from Psychological Motivation
to Motivational Graphics, and included: o 2

1@ Motivation Graphiés

2. Personal Involvement

3. Color Graphics

The first and third %éw elements are graphic techniques. The second
involves the use of personal proncuns in the accompanying text.

%hisg then, 1is the list of eTements for evaluation in Task 3:

1. Content Analysis 7

a. Equipment Analysis

b. Functional Ana?ysis '

Y

Task Analysis

d. Behavioral Task Analysis

21
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. Procedures
;aﬁ Serial Procedures
b. ‘Branching Procedures
3. Functional Understanding
a. Trainiﬂgl
b. Narrative
c. Graphics
4. tntetligibility
| a.. Simplified Text
b. Text/Graphic¢ Combinations

c. Organized Formats-to Support Multi-User Performance

o
.

Motivational Graphics

a. Motivation Graphics
b. Personal Involvement
c. CDior Graphics |

. [t is not the final list, since as a result of that analysis/the
fundamental elements were again redefined (Task 3). : '

°C. Definition of Elements

1. Content Analysis:

a. Equipmentrgnaiy§ig

The Equipment Analysis is the point of contact with system design.
Its output is the identification of all equipment items authorized for
varigus kinds of maintenance in each maintenance category. The inputs to
Equipment Anatysis include schematics, parts lists, the identification of
required tools and test equipment, and all Logistics Support Analysis Records
(LSAR) (formerly known as MEADS) information.

Equipment Analysis identifies the major job tasks. It .insures coverage
of a1l equipment itens, and it is a manager's tool for assigning tasks to
analysts, and checking of f their completion; .however, it does not provide
an identification of all tasks that need to be performed on the job. There
are several ancillary tasks associated with most major tasks. For instance,
the major job task of adjusting a carburetor requires that the ancillary

15
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tasks ol eperating Lhe oo anu FEmuy iy b &1y filter be Compieted petore
the major task is performed. Likewise, Lasks such-as going to get lubricants,
parts, etc., are ancillary to major tasks. Thase ancillary tasks are

identified by the analyst in a Tack Aﬁaif;ia aftar he receives the assign-
ment of analyzing-a job task. The term “jol task" is used to refer tp the

tasks identified in the Equivment Analysis. The ancillary tasks are
called "subtasks", and are identified as henavioral objectives in th
Task Analysis process. .

The Maintenance Allocation Chart (MAC) is an edample of the suimary
output of this Equipment Analysis process. For troublesheoting maintenanca,
the MAC is used to verify that the functiomal amalysis (described below}
is complete. For non-troubleshooting maintenance, the MAC is used to
generate a comprehensive list of tasks by readina off the intersection of
maintenance functions with component assemblies, includina associated
Group Number, Tools and Equipment, and Pemarks. The ultimatc source
document for this analysis is the enginee@ring drawing. Questions about
specifications and tolerances must be resolived by referring to this document,
and products not consistent with this document are in error.

flote: The Army is the only service fto produce a product Tike 2 MAC,

In the other services this product must be produced by the personnel
DPEpaﬁiﬂg the TM Thi pr@duct of th15 aﬂﬁ1jt1C process is called the Task

Modi fication of the MAC, per se, is not & technical manual development
responsibility. Inconsistencies in part~stocking and distribution, etc.,
which may be revealed by the other analytic process, are treated by calling
them to the attention of the system design shop., It should be noted that
these inconsistencies must be cleared up before the manual can be finalized.
Any information from LSAR (formerly known.as MEADS) is source information
for the ™M developers. ’ ;

L. Functional Analysis - Troubleshooting Tasks Only. A FumctignaT‘

Analysis is performed for troubleshooting Lasks:

(1) To develop an under;tand1nq of system functions and subfunctions
and how they are related in the equipment through functional block diagrams
and functional descriptions.

(2) To identify all the inputs and outputs of thé DTQCLS and show
how to measure them

(3) To 1dEﬂt1Fy symptoms of abnormal equipment function that are
associated with each block. ’ -

(4) To allocate parts to blocks sc;that the failure of any part
assigned to a block will not affect the measured input to the u]DCk but.
only the measured 0u;put :

24
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The functional dessriptine= cay irn wreds what the functions of each
of the blocks on the block diagrams are. This is not a recapitulation of
#he theory required to design the system; it describes how the equipment
“unctions and indirectly indicates where the user should Took when it
maifunctions. It is man-oriented, not system-design oriented. It employs
simpie. understandable concepts couched in Plain English. It is more
concerned with what is understandable than with what is true in terms of
competing theoretical or engineering positions. It is coordinated with
the functional block diagrams generated for troubleshooting purposes.

The boundaries of troub1eshootiﬂ$ functions are not physical boundaries

or design engineering boundaries', but are the boundarijes that make
troubleshooting and majintenance most effective and efficient for the

human beings doing the maintenance. . )

The troubleshooting bleck diagrams take into account the block
diagrans generated for design purposes, but their final boundaries are
established in the Functional Analysis, including examination of the subject
equipment: The analysis must be a "hands on" analysis.

These paragraphs are Eat sufficiently detailed to convey the rigor fhat
this analysis must entail.® This analysis takes into account accessibility,
probability of failure and discriminability.

c, Task Analysis —_Mpnstrgub1eshootiggffasks,andefpcedura1 Aspects
of Troubleshooting Tasks. 1The Task Analysis -converts the job tasks
identified in tne tquipment Anmalysis to the series of tasks and steps
required to get that job task accomplished. The MAC Tists the parts of
the equipment and what type of maintenance is needed on each. Task
Analysis is concerned with the conversion and organization of maintenance
‘tasks. into performance sequences of steps. The job task of replacing a
carburetor is defined as a series of tasks including raising the hood,
removing the air filter, removing the gas line, etc. These data are
developed by the analyst from the experience and information available to
him, rather than by the soldfer on the job. It is new data, not a
recapitulation of information developed by design engineers in describjing
the equipment. Later, in Behavioral Analysis, these tasks are confirmed
and developed into more detailed graphic and written instruction by a
"hands on' performance on the equipment. Notes, cautions and warnirigs are
identified, specified, and inserted at the appropriate places in the task
structure during the Task Analysis and Behavioral Analysis.

1TB 750-93-1, Functional Grouping Codes, represents engineering functions,
not the troubleshooting functions described here.

iShriver, E. L., et al. -A Procedural Guide for Technical Implementation
of the FORECAST Methods of Task and Skill Analysis. Training Methods
Division, Human Resources Research Office, George Washington University,
Alexandria, Virginia, July 1961, ‘ '
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The user population for whom these procedures are intendéd-inc1udes
the novice with no experience or training on the subject equipment. The
" task step procedures for every task are prepared.

d. Behavioral Task-Analysis. Behavioral Task Analysis 1is con-
cerned with human sensory perception - with what can be seen, heard and
touched. Maintenance personnel are the users of maintenance documentation,
and as hyman beings, they come equipped with certain Sensary capacities. '
Those sensory capacities are immediately available for use in sensing
deficiencies in the equipment, and are often easier and faster to utilize
than test equipment.

Behavioral Task Analysis elicits from the hardware the cues (from
various side effects or from intended displays) which the user will use
to find sources of trouble or to perform a sequence of steps. What the .
user will actualiy see, hear, etc., is an important part of the analysis.
In mechanical situa_.ions (serial) the sensory capacities are used in making
inspections and checkouts. The Behavioral Task Analysis should ensure
that. the distinctions between acceptable and unacceptable situations are
adequately described in behavioral/sensory terms so that the maintenance
personne) can make the correct discrimination in any given case.

In troubleshooting situations the Behavioral Task Analysis must "look
ahead" top what lies "along a given branch. If the collection of sensory
information on all alternatives is not equally easy, sensory discriminations
should be programmed in the order that they are the easiest and fastest
to obtain. Equally, where branching is involved, sensory discriminations
that are too fine should be avoided;.that is, the boundary for functional
entities should be selected as a function of the ease of making an effec-
tive measurement at the output of that function. This fundamental element
involves “trade offs" that are functions of human characteristics. Along
with these "trade offs" is another factor which involves the probability
of a failure being in any particular place. For instance, if there is a
very high 1ikelihood of a failure at an inaccessible location, then
‘maintenance personnel should be directed to that location sooner than-if
it had parts that failed only infrequently. So, although probability data
. has no 51m11ar1ty to human behavioral considerations, the probabilities of

machine "misbehaviors' must be traded off against human character15t1cs

at this point.

In practice, sthe Behavioral Task Ana1ys1s always looks for the 51mp1er,
more efficient way. This means simpler in terms of cues, d1scr1m1nat1ans
and the behavioral responses of personnel. This is not an eng1neer1ng ’
analysis, and only starts with the hardware features of the. system. \\\

The Behavioral Task Analysis product includes what some of the concepts
have called a malfunctional analysis. If, for example, the plates of a
B+ rectifier will glow red shortly after warmup: if there is a remote short



on the B+ line, whereas <they will arc and spit immediately if there is a

short in the output filter, then these cues and discriminations should be

elicited by the Behavioral Task Analysis, There will be no record of such
information in the engineering design. sheets, but this information is what
a humap being uses to perform an effective job. '

Since relationships such as this are ¢learly not derivable from an
“analysis of function only, the Behavioral Task Analysis should not be
conducted sequentially, but in parallel with the Functional Analysis. Thus,
it is the information from a Behavioral Task Analysis (BTA) conducted side
by side with the Functional.Analysis, that provides the basis for building
task sequences around discriminability during the task organizational phase.
Cues which canfot-readily be described inthe BTA may have to be rejected
for. use “in ‘the-Functional Analysis. For instance, an “igniter" in a jet
engine makes a shapping sound like two screwdrivers being struck together
while being held by the blades. This is a very useful troubleshooting cue.
The description given above represents an effort to describe the cue.

‘Once recognized it is highly discriminable. But some cues are 50 difficult
to discriminate that a "hands on" analysis of the equipment is essential
for the Behavioral Task Analysis. It is desirable to do some of this in
tandem with the Functional Analysis. It may require more experiance on the
part of the analysts to do this than they will possess initially, and it
may take time to develop this level of sophistication. T

7. Procedures. Deleted (Task 3, paragraph Cl).

3. Functional Understanding. Deleted (Task 3,°paragraph cr).

4. Intelligibility. Redefined ‘(Task 3, paragraph Cl)x

5. Motivational Graphics. Deleted (Task 3, paragraph cl).

D. §ymmari

The major finding of Task. 2 was that the fundamental elements exist
in varying degrees in each concept: vudimentary, highly developed, or
any point in between. This was found during the process of entaring the
elements from each new concepi in a matrix, and iteratively redefining
“and re-entering them in a new matrix. This finding is further developed
and resolved in Task 3.

A second important finding was that the number of elements im a concept
was not an important determiner of results. It was initially balieved
that the concept which had the greatest number of elements would he the
most effective, but in this task it was vecognized that the degree of
development of an element was more important than the number of glements.
This finding is further developed and resolved in Task 3 which evaluates
the results obtained with the new concepts.
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Thare were four main objectives of this task:

individual Army situations and determine the appropriate

Yo examins
' or each.

. inz
elements T

o To make a comparative evaluation of the fundamental elements
identified in Task 2.

o

To
e
1

FF

evaluate those concepts listed in Task 1 which had no appreciable
ect on the cost of ownership. ' :

i
=
=

o To project, broadly, changes in cost of ownership.

1. Matching Fundamental Elements to Situations.

Before this study started, there was a strong beiief that each of
the new concepts was tailored to a particular environment or situation
in the various services. It, therefore, seemed necessary to identify and
match specific situations with appropriate fundamental elements from the
new concepts. During the process of performing this task, it became clear
that the ariairal belief was in error. Only two basic situations were
found for which different fundamental elements were required: the
troubieshooting situation, and all other maintenance situations (non-
troubleshooting). This had to be checked against -specific Army environ-
ments in the next task, Task 4, but these were the only two situations
(across services) which appeared to réquire different techrological
processes for developing information in manuals.

2. Evaluating Fundamental Elements.

Before the task started, there was a common belief that evaluating
the fundamental elements (technological processes) would be Tike comparing
apples and oranges. The basic problem was that there had been no experi-
ments made on the individual technological processes used in each new
concept. The new concepts had always been tested as packages. Conse-
quently, it was difficult to see how any of the separate parts could be
evaluated, let alone compared across different concepts and the situation
for which they had been developed and tested. The answers to that problem
which were developed in this task now seem simple and obvious, but they
were not obvious when the task was begun: the questions had been plaguing
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the tield for years. The deceptively simple answer came only through a
long process of trial and error analyses in the present study. A summnicy
is orovided below which leads from the initial problem to the final
conclusion in logical steps, rather than in terms of the trial and error
steps. The logical steps were designed to answer the following questions:

a. What is & fundamental element and what are its boundary
conditions?

When this study was initiated, anything that was found in any
of the new concepts that improved user performance or lowered training
time was called a fundamental element. This was still true at the
conclusion of Task 2. At the end of Task 3, however, a fundamental
element was no longer a "thing". A fundamental element was now recog-
nized as a technological process for pxauuci“g a new type of TM, each
pProcess CDHJEFtTﬂq one kind of information into another kind.

b. ‘that kind of fundamental elements are needed in order to
prepare an integrated specification?

Four of the fundamental elements are analytic processes. The
fifth fundamental element utilizes stored information and techniques as
part of the process for converting the results of the other four analytic
processes into intelligible information for the grade school reader.

A1l of the processes are used for troubleshooting tasks, while functional
analysis is omitted for non-troubieshooting.tasks.

c. How are the best fundamental elements selected on the basis
of the results of the individual studies?

) In this step, the fundamental elements were defined and evaluated
in the following terms:

0 Did use of the concept result in improved performance and/or
lowering training time? If so, how much?

0  Were one or more of the fundamental elements more fully
developed than others in the concept producing the best
results?

0  Were there any fundamental elements which were well developed
but d1d not produce good results or were not tested at all?

he important thing that was recognized was that the technological
ces called fundamental elements are not in conflict with each other,
wvery concent uses some form of each, and that the-best results are
obtained when one or more is fully deveioped. With one exception, tHe
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fully developed form of a fundamental element always had good results
associated with it.1 1In retrospect, this can be seen to be a "self-
selective” process. That is, there are few reports on technological
processes that didn't work. The key to the evaluation was the results
nbfained. Every concept with good results was found to have one or more
fundamental elements in a thoroughly developed form. It was therefore
deduced that the fundamental elements which were well developed must be

the factovs producing the good results from a given concept. For instarce,
concept A produced good results. It had a well developed form of Task
Analysis (on: of the fundamental elements). It had a rudimerntary form of
making text ::adable (another fundamental element). Concept B aiso
produced good results, but it had a rudimentary form of Task Analysis and

a fully developed technique for making text readable. It is a logical
deduction that it is the fully developed form that is responsible for the
good results in each case, and that an improvement in only one fundamental
element can produce good results. Each fundamenial element selected for
inclusion in the finai specification has proven itself to be the effective
ingredient .in one new concept study or another.

The second part of this step was to answer the question nf which
fundamental elements in a fully developed form are more effective than
the others? It seemed initially that an answer to this question was
needed in order to choose between them. For example, Task Analysis
produced greater improvements in performance than did Intelligibility,
but on reflection it became apparent that both are ‘desirable, and that
neither is in conflict with the other. This important point was not
apparent when the study started; there had always been a conflict in
neoples' minds over which single concept should be adopted, which seemed
to be solvable only on the basis of which concept produced the best
results. But when the concepts are broken down to their fundamental
elements, it becomes evident a single integrated concept should be
designed in which all the fully developed elements are incorporated to
the extent they are not in conflict. Each one that has been shown to
be effective in one concept or another is a desirable component of an
integrated concept. There is no need to say which is best. We just
use all which have demonstrated a value.

At one point in this task, problems such as the following required
resolution. One concept had resulted in a 40% reduction in trairing time
and another had shown a 60% reduction based on development of the same
fundamental element. Which presentation of the element should be used
in the integrated specification? This turned out to be no problem; it
was the same fundamental element, the same process in different stages
of development, and we, therefore, use the most fully developed form --
the one that has the most precise specification and/or description of the
process.

3. Eg@]uatjﬂgfIﬂgffectiygéCpﬂcept§f

The third objective of this task was to evaluate the concepts

1The Maintenance Dependency Lhart (MDC) is the excention and it is discussed
later in this section. )
: 30
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4. Developing Cost of Ownership Projections.

The fourth objective was to translate the fwitf ohtained
various studies into conmon measures which could be uged with cost da
to project chanDEF in cost of ownership. For this purpose the result
were reduced to the fnlJowing.

a. Reduction in training time.

b. Reduction in size of work force.

c. Reduction ir false removals.

This was accomplished in this task and the rasu!ta carried forward to be
combined with costing elements in Task 4.

ral

u"“‘

0. Approach - Gen

Task 3 marked a major milestone. It was the first point at which a
complete cutline of the final specification became available. The outline
was subject to further confirmation (in Task 4), expansion (Task 5),
application (Task &), and Test (Task 7). Nonetheless, it represents the
first "rough cut" at a final product. '

Tasks 1 and 2 were deliberately expansive in nature. That-is, every
effort was made to-identify all possible concepts, elements, categori-
zations, etc., that might conceivably bear on maintenance documentation.

Task 3 marked a turn1ng point in orientation. It began the process of
.cinsing off options and consolidating them. The fundamental elements
became better understood, and their number was reduced to five. . The
results were consolidated into three categories for projecting costs -of
ownership, and ownership costs were analyzed and combined with resultls
to nroject the costs of ownership that could be changed by the use of the
combined integrated specifications.
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1. Heduction in training time

5. Paductior in work force

¢. Peduction in false removals

2. Boundary Conditions of Fundamental Elements

Jased on these analyses a better understanding of what was effective
in producing results was developed, and the fundamental elements were
accerdingly redefined. Some elements brought forward from Task 2 were
lejetec, and the boundary conditions (or definitions) of others were
charqged. It was finally recognized that the fundamental elements are
processes for producing the documentation in the new concepts. Five distinct
processes are defined, but it should be recognized that in practice, the
point at which cne process stops and another starts is somewhat arbitrary..
The boundaries between the processes as given here are aids in understanding
the orocesses (fundamental elements) and represent a useful way of organizing
them for application. '

=

. Sample Formats

Format differences were found to be preferred ways of displaying
the results of the processes. The formats given as samples in the
specification (Task 5) are adaptations of those used to present the
results of the analytic processes in the effective studies. Others may
be found to be useful at some future time, but an ‘integrated set of
formats, based on those that have been found effective, are prescribed
here and in Task 5 (Specification).

C. Approach - Specific

1. Analysis of Existing Data in Terms of Fundamental Elements

] The following is a list of the fundamental elements generated in
Task 2, which was the starting point for Task 3:

(a) Content Analysis.
(1) Equipment Analysis
(2) Functional Analysis
(3) Task Analysis
(4) Behavioral Analysis
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(L) Procedures
(1) Serial Procedures
(2} Branching Procedures
(¢) Functional Understanding
(1) Training
(2} Marrative
(3) Graphics
(d) Intelligihility
(1) Simplified Text
(

(31 Organized Formats to Support Multi-User Performance

ol

) Text Graphic Combinations

Ll

i

Motivational Graphics

o
T
e

(1) Motivation Graphics
(2) Personal Involvement
{3) Color Graphics

Each new concept was described in terms of the fundamental elements
which were fully developed in the cbncept, and those which achieved moderate
development. However, the “process of doing this led to the drawing up of
a simplified set of fundamental elements, and to the recognition that every
concept included something of each element. When independent judges attempted
to describe each concept in terms of the elements listed, each found it
difficult to decide whether a concept used a 2iven element or not. After
they had done their job, they discussed their dit iculties together and
came to the realization that it was not a case ot have or have not, but a
question of degrees of having each element.

~ The Task 2 1list also has Functional Understanding as an element, with
Training, Narrative, and Graphics as means for achieving it. However,
Functional Understanding is an objective of Functional Analysis, and not a
process in itself, and was dropped from the 1ist. Procedures are a product
of a process like Behavioral Task Analysis and not a process in themselves.
So they also were dropped from the 1ist. The original element Training was
deleted as well: training is a medium for delivering information, not a
process for generating the information needed for understanding. Similarly,
Narrative and Graphics are means or media for the delivery of information,
and not processes for generating it. A1l of these were rejected as funda-
mental elements.
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intelligibility, next on the Tist, was retained as a fundamental
alement, hut without ifs cub-elements. Intalligibility is a character-
istic of information. It depends on the characteristics of the user. In
the present study, the user on whom cost of the cnsts of ownership hinges is
the novice. Certain of the new concepts used prucesses for making information
intelligible to novices. These processes are fundamental elements, and have
bean given tha name Intelligibility Standards. This, then, is the fifth

funda tal element. Lt is used in conjunction with the four types of
anaiytic grocesses, It consists of two parts, text and graphics. Text .

ig uysed to convey information about action (verbs). Graphics are used

srimarily to convey information about things (nour:s). Organized formats

for supporting multi-user formats are not included as a fundamental
element, but the format prescribed is organized for multi-users.

One last element, Motivational Gﬁaphigsg appears on the Task 2 list.

Motivational Graphics is recognized to represent processes for improving:
performanse, and the Army Materiel Command has been the leader in ali the
seryices in using these processes. However, there has been no research
follow-up. Without results there is no way to project costs. For this
reasal, Motivational Graphics is not included as a fundamental element.
However, there ha%§ been good acceptability from the field on manuals for

organizational per'sonnel which have similarities to motivaticnal graphics
manuals. These manbals use cnlor, simplified graphics, graphics and
instructions on the same page ard somewhat simplified words and have been
produced without specifications by the Armament Command.  The processes
for producing them sound very much like the processes for the other new
concept manuals, but without data and without specifications it is

impossible to go beyond what is caid here about this type of manual.

Even though Motivational Graphics and its sub-groups are not considered
fundamental elements, the use of color should certainly be considered for
organizational manuals. No requirement for color has been positively
identified, but it is not precluded by the specification produced under
the present contract.

The final 1ist of fundamental elements accepted for purposes of
conducting evaluations is as follows: : '

o Equipment Anaiysis

Functional Analysis

o

o Task Analysis

PBehavioral Task Analysis

ﬁ\
o]

0 Intelligibility

It was in terms of this 1ist that the new concepts were investigated.

i




7. Terms in Which Results Have Been Reported

In evaluating the data it was found that the aimensions alone which
nvastigators have collectad in this field include:

4

-

.-

s
™
ol

e numbar of jtems completad por unit time

o The time tD complete unit 1items

o The time to train

o The SkiWi Tevel of the personne’ pool beinuy tapped .
0 The number of parts erroneously replaced

0 Accuracy

0 User endorsement

G Differences in school attrition rates
0 "Within tolerance" performance rates

These results are not directly translatable into costs of ownership.
Therefore, it was necessary to select those that would directly translate
in factors that are known to be the major contributors to cost of ownership.
To .do this the results were reduced to:

a. Reductions in Training Time

The data on time to train translates directly into reductions in
training time. Some results are reported in terms of school attrition
rates. While such reductions certainly affect time to train, the trans-
lation factor is difficult to project, and, therefore, results reportéd in
terms of reductions in attrition can only be considered supportive of
results rep@rted in terms of time to train. If they could be figured in,
1t would increase whatever values are reported in terms of reduced tré1n1nq
time. In certain studies personnel perform with a new concept TM, or
general tasks like using torque wrenches and safety wiring. .Such study
results are recorded as "approaching 100%" reduction in training time.
They are characteristic of non-troubleshooting tasks, not troubleshooting.

b. Reductions in Work Force

The number of items completéd per unit time translates easily into
work force. If one man can produce twice as many items per unit time 7
using a new concept TM, then a work force reduction of 50% can produce an equal
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- time. 1t is recoanized that work force
factors tpnan speed af production. For

ed in the work force, one may have to
AR . praviously inherent in the complete work
f5ree.  There is evidence that the new concepts result in good transfer
from one job specialty (MOSY to another, but it would be exceedingly
difficult to translate this into specifics across all Army situations.
Tt 9z much pzcier *n male a conservative estimate on what reduction in
work force would be possible, for instance, to project a reduction Of
15°% instead of 50% for the results used in the example above.

Reductions in False Removals.

 The number of parts 2rroneously replaced translates directly to
"falie removals". In contrast, other measures ‘'such as "accuracy' and
"arrors" do not translate directly. The definition of an error is not
that the individual makes an error in what is removed; it refers rather
to what the experimenter defines as an error. The term error might
refer to a false step that the individual user corrected himseif; it might
mean an inefficiency -- that an alternative series of steps would have
completed the same job more rapidly =- or it might mean a false removal.
In the first two cases, more time than necessary wouTd have been taken
to complete the job. Some experimenters record only "errors" and not the
time required to complete the job. This does not translate into data
useful for cost projections. Recording in terms of "accuracy" has the
same deficiencies as recording in terms of "errors". It is dependent on
the experimenter's judgement of what is accurate, and it does not trans-
late into time or any other data form that is useful for cost projections.
Without knowing how long the work took or how many items were completed
per unit time, "accuracy” means nothing. It might take twice as long to
be accurate. The data on errors is supportive of data on parts erroneously
replaced, but it is not used directiy in the estimate of false removals.

The results obtained with various concepts and the fundamental elements
to which the results were attributable are contained in Table 1.

3. Discussion_of Results of Data Reduction

Data on troubleshooting performance have been collected and reported
for seventeen instances of implementation. The fundamental element of
Functional Analysis has been fully developed for troubleshooting tasks,
primarily electronic, but also mechanical and hydraulic. Concepts which
developed Functional Understanding through training and block diagrams
have been demonstrated to be effective for troubleshooting. Procedure-
oriented concepts have not been demonstrated to be effective for trouble-
shooting, except for some "error" reductions, which are largely a matter
of the experimenter's définitions. -
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The effectiveness of pracedura11zed trcub]eshocting h§5 not been
demonstrated in the new concepts analyzed in this study ¢ It has been
demonstrated that troubleshooting can be proceduralized. And it has been
demonstrated that some people can follow troubleshooting procedures. But

the efficiency of personnel using fully proceduralized troubleshooting
procedures has not been demonstrated except for very short sequences. A
procedure is inherently inefficient for troubleshooting because it prevents
the user from skipping time consuming steps while remembering that they
must be returned to if necessary. An equally serious source of ineffi-
ciency is that a user who misinterprets a reading and takes the wrong path
in a procedure has no way of returning to that point after he finds he -

is on the wrong path. He must return to the beginning of. the procedure

and repeat many steps that were originally performed correctly. '

On the other hand the increased effectiveness of block diagram

approaches to troubleshooting have been- demonstrated-several -times.  When . .

this approach has been used in new concepts the results have been increases
in troubleshooting effectiveness up to 200% (FORECAST, 1963-1964, see
Table 1). The functional analysis for the block diagram approach is
therefore selected as the fundamental element in this study.

It should be noted that within the block diagram approach some: pro-
cedures are used. These are procedures for making measurements. They are
produced by the Behavioral Task Analysis and incorporated in the block
diagram troubleshooting produced by.functional analysis.

In the case of "understanding" jmplementations, only those using the
MDC failed to meet with success in all cases when used by novice personnel.
This is somewhat surprising, in that the MDC presents exactly the same
information as the block diagram used to support understanding, and the.
block diagram implementations were uniformly successful. But the MBC is
a cryptic. abbreviated presentation, whereas block diagrams are common use
in our culture. The MDC must be learned as a new language. This charac-
teristic forces the treatment of MDCs as a special case. If the MDC
implementations are omitted, increase in productivity associated with
understanding ranges up to approximately 200%. Training reductions for
troubleshooting tasks range up to 60%. -

Procedural implementations have been used extens1ve1y on non-trouble-
shooting tasks: They have produced good results. Task Analysis has been
used to identify detailed task steps. The results have been good in tests
of the PIMQ concept. 3 When the same pracesses were followed for generating
the JPA manuals, there was no improvement in performance until a Behavioral
Task Analysis was performed, and the JPA was rev1sed according to this

5 analysis.

E1T1ot T. K. Development of Fully Proceduralized Troubleshooting Routine,
AMRL-TR-67-152, November 1967.

Ewh’ltmare, P. G. Some Problems in the Analysis of Troubleshooting Behav10r
Human Resources Research fo1ce George Washington University, Research
Report No. 2, October 1959. .

BPFDJECt PIMO Final Report, Serend1p1tys Inc., Chatsworth, California, May
1969 o CLL
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The median increase in performance asscéiatéd.with;précedureforiented
concepts in non-troubleshooting tasks ranges up to 60%, and training
reductions approach 100% in studies using these procedures.

4. Evafuatj@niGfggppégptg,Lacﬁing Experimental Data

The concepts with data were compared with. the concepts without
data. The fundamental elements were not well developed in the published
material on the concepts without data, but it was relatively easy to
jdentify similarities between the fundamental elements of the concepts
that were well developed, and those that weve not. It is believed that
any new concepts which might appear in the future can:be compared in a
similar fashion. . Appendix B contains descriptions of each of the concepts
that had no data. Their similarities to other concepts, "and certain
unique features, are also discussed here. '

5 ﬁResgit§;infTetmsicfw?fgjegﬁipn,qfiﬁggts

a. Training Time Reduction

(1) Non-Troubleshooting Tasks. Training time for non-tkouble-
shooting tasks has been reduced to a near zero level in some research
studies. .Personnel with virtually no training have performed as well- as
personnel with sixteen weeks of training. Manuals produced with the funda-
mental elements of Equipment Analysis, Task Analysis, Behavioral Task
Analysis and Intelligibility Standards hav: made that difference. A
figure of 95% reduction in training is used for the cost projection.

(2) Troubleshooting Tasks. Training time has been reduced as
much as 60% for troubleshooting tasks with performance remaining equal.
The content of the reduced training was entirely different from that in
the longer training. The content was functional information presented in
special manuals, and rehearsed during the training. The fundamental
elements used to produce these results were Equipment Analysis, Functional
Analysis and moderately developed forms of Task Analysis, Behavioral Task
Analysis and Intelligibility Standards. ‘

(3) A figure of 75% reduction in training is used as an
_average for troubleshooting and non-troubleshooting tasks. This is carried
forward to the cost projection made in Task 4.

b. Reduction in ngk Force

Increases in performance levels reported in these studies have
ranged to as high as 200%. |This means that personnel with new concept
manuals and training have correctly performed as much as three times as
many tasks per unit time asj personnel using conventional TMs and training.
This would indicate that as/ much work can be done by one-third as many
people, a 66% reduction in work force. There are many factors which affect
work force size other than|this one. Some are discussed in Appendix C.

For the purposes of the cost projection, a conservative figure of a 15%
reduction in work force is; used.

/
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c. False Removals

The number of false removals is difficult to estimate from
results reported in terms of "errors". Only a fraction of errors made are
actually false removals. However, from the results given, a fiquré of
15" reduction in false removals is a conservative estimate.

0. Summary .

The Fa]?@wiﬂg estimates from results obtained with the new concepts are
carried.forward to the cost projections made in Task 4. These are\the
estimates of reductions which would prevail if the fully developed farm
of each of the fundamental elements were to be used in one iﬂtegrated\
concept. The specification developed in Task 5 includes the fully developed

form of all the processes for production of a Job Perfarmance Manual (see
Task 5, paragraph Al). -

0 Reduction in Training - 757%
o Reduction in Work Force = 15%

0 Reduction in False Removals - 157




TASK 4

A Introduction |

This section describes activities completed under Task 4: Evaluation of
Approaches by Cormnc1ty sttem§ and Cost of Ownership Projections. The
cactivities performed during this task were:

0 To collect 1nFormdt1Qﬁ on the Commnodity Systems.

o To review ;he fundamental elements from Task 3'against this informa-

~ tion in order to confirm that they .apply to all Commodity Systems
and to detect situations in which the fundamental elements would not
be appropriate. ' ' ’

To ‘examine the TM specifications for Commodity Systems in order to
identify conflicts with the fUﬁdamenta1 elements.

0

o To identify the cost e1ements of each of the three changes in the
personnel subsystem jdentified in Task 3 and to project the change
in cost of ownership which could accrue through use of the Fundaa
mental .elements to produce all Army TMs. :

Information on Commodity Systems was co]?ected through field trips and a
review of-available literature.

The fundamental elements identified in Task 3 were reviewed for their
appropriateness in the various Commodity Systems. The basically different
situations were identified in Task 3, Troubleshooting and Non-troubleshooting
Tasks. The fundamental elements for the ijtems are the same except that
Functional Analysis is performed only for troubleshootinag tasks. The
question addressed in Task 4 was whether .the five fundamental elements
were sufficient for treating situations and envivonments in all Commodity
Systems, or whether some systems required new elements or variations to
treat some unique situation. .

- The TM specifications of each C0ﬁm0d1ty System were eXamined to see if
any of the fundamental elements wou1d be in conf11ct with them.

The costing objective of this task was to collect data on costs of
ownership that are affected by the results brought forward from Task 3,
and to praject reductions in cost of ownership.across all Army systems.

The primary source of data on cost was the Comptroller Df the Army
and the Military Occupat1onaT Specialty Training Cost Handb@ok1 (MDSB)
- in particular.
The primary -source of data on numbers -of personnel in maintenance
categories in the Army was the Department of Commerce Statistics.

1F'ub’lished by the Directorate of Cost Analysis, Office of the Comptroller
of the Army, Nashingtang n. C., 20310, May 1974.
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B. Results

1. Commodity Systems Characteristics

In order to evaluate the responsiveness of the hypotheses developed
~in Task 3 to the various-Commodity Systems, it was necessary -to examine °
" the operational and maintenance environments of each Commodity System.
This was accomplished through visits to several operational facilities,
interviews with Army personnel in the responsible commands, reviews of
current reports, and a review of the timrent technical manual specifications .
covering the various Commddity Systems. The Commodity Systems covered ¢
are as follows: '

COMMODITY SYSTEM . COMMAND
a. Aircraft . Aviation Systems
b. Coﬁmuﬁicatigns ‘ o Electronics
cg' Missiles ﬁissi1e
d. Munitions ¢ Armament
e. Heaponél: PR _ Armamenf ) .
f. Vehicles - Tank-Automotive h
g. éhppérﬁ Commod ity System "' Troop Suppgrt

Each*Commodity System was reviewed to identify personnel Ski11.1EVE1S, equip-,
ment types and complexity, and maintenance facility requirements.

Technical Manual specifications reviewed for the various Commodity
Systems are listed in Appendix D., Each specification was reviewed for
organization requirements, theory requirements, troubleshooting task
requirements, non-troubleshooting task requirements, text and diagram
format requirements, and quality assurance requirements. This examina-
tion was performed to identify the extemt to-which requirements were
established in each of these areas, and-dTfferences in these requirements
across commodity types. :

a. Aircraft Commodity ;;sﬁag

~ The Aircraft Commodity System is administered by the U. S.
Army Aviation Systems Command (AVSCOM).
With respect to maintenance manuals, AVSCOM is responsible for
maintenance engineering, stock and supply control, and technical assis-
‘tance to users of all Army aviation and aerial delivery equipment.

Equipments include end item aircraft, airframe structural components,

ground support equipment, wheel and brake systems, g§§ turbine engines,
jet engines, internal combustion, radial and horizontally opposed air-
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craft engines, parachutes and parachute accessories, hydraulic pumps,
starters, etc. _

Enlisted personnel maintaining aircraft commodity equipment fall
generally under the following MOS series: : :

67 Series - Aircraft Maintenance
68 Series - Aircraft Components Repair

Army aircraft are large, complex, diverse systems. A complete aircraft
normally consists of several independent systems, such as the airfame,
navigation equipment, communications equipment, armament, power plant, etc.
Within some of thése systems there are very diverse equipment types and
complexities. Without precise documentation, it takes a wide range of
specialties to maintain an aircraft. At present there are 27 MOS positions
for aircraft maintenance. In addition, multiple levels of maintenance are
used to ensure short down-times. For example, a defective assembly or even
entire equipments will be removed and replaced so that the aircraft will
be quickly returned to operation. The assembly or equipment is thern
repaired off-line. Aircraft are designed with this process in mind,
probably more than any other type of equipment. Once the assembly or
equipment is removed from the aircraft, however, its maintenance character-
istics are basically the same as those for othar Commodity Systems. g
Thus, the critical difference between ajrcraft systems and other systems
is at the first level of maintenance, which is designed to return the
aircraft to service quickly. This also includes preventive maintenance,

- checkout, and scheduled maintenance.

Finaldy, aiferaft require very -diverse spares provisioning and tools.

b. Communications Qcmmgdiﬁ§75ystgn
_ The Communications Commodity System is administered by the
U. S. Army Electronics Command (ECOM).
-EQDM is responsible for maintenance support and supply of communication
and electronic equipment and systems. : R -
Enlisted ﬁeréanne1 maintaining communications commodity equipment
tend to fall under the following MOS series: _

26 Series - Radar and MicrawaQe Maintenance

31\§Eries
32 Series -

33 ;;FQES

Field Communications Equipment Maintenance

Fixed Plant Communications Equipment Maintenance

Intercept Equipment Maintenance

Data Processing Equipment Maintenance
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Communications systems are electronic/electro-mechanical in nature.
Electronic equipment design has had a marked effect on electronic main-
tenance philosophy. With the advent of semiconductors and micro-
miniaturization, equipment packaging became more modularized .and some-
times more functional. This created the potential for simplificaticn
of troybleshooting and repair of these equipments, but in practice it
has not consistently led to simplification. The modules are seldom
designed functionally from the troubleshooting point of view: Usually,-
many different signal paths trace through one module so that although
modularization reduces the number of items of spares required for a given
equipment, the overall effect is to increase the cost of each spare item.
Furthermore, modules tend to be unique for given equipments. For
instance, when an entire high cost "deck" of integrated circuits is
the replaceable unit, the low cost 1/4 watt 1000 ohm resistor, which
may be common to many systems, is no longer an item of replacement.

Tools and test equipment requirements are not especially diverse
nor extensiye in electronic equipment. Test equipment is typically
common to all equipment, with special test equipment required only. for
equipment operating at very high and ultra-high frequencies. However,
there are often different models of the same basic test equipment,-e.q.,
different( oscilloscope and multimeter models. The need for the
extensive varieties of the same basic instruments is questionable.
The maintenance environment at the organizational level ranges
from primitive field situations to shop environments. Upper level
maintenance occurs in environmentally protected shop-type work areas.

A1l levels of maintenance use technical manuals to approximately
the same degree.

¢c. Missile Commodity System.

The Missile Commodity System is administered by the U. S.

Army Missile Command (MICOM).

MICOM is responsible for the maintenance, with technical manuals,
of rocket, missile, and related programs. ;

Equipments include free rockets, guided missiles, ballistic missiles,
target missiles, ai% defense fire coordination equipment, special purpose
and multi-system test equipment, missile launching and ground support
equipment, and missile-fire control equipment. :

40
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. Enlisted personnel maintaining missile commodity equipment and systems
zend to fall under the following MOS series:

2] Series - Ballistic Miszile Electronic Maintenaﬂce

22 Series - Guided Missile Electronic Maintenance

23 Series - Missile Fireg Control Electronic Maintenance
24 Series. - Air Defense Missile E1ectf5nics:Maintenance
26 Serijes - Miss{ie Mechanical Maintenance

Missiles are similar to communications systems in that both are highly .
electronic/electro-mechanical, with modular packaging of newer equipment.
Maintenance tasks include a lot of inspection and checkout. “Troubleshooting
occurs in the event of an inspection or checkout failure, or report from
oparators. Test and checkout equipment tends to be unique for each
m1,511e except for the common test equipment, e.g., oscilloscopes and
mu1timeters that come in various models. Some 42 MOS positions are used
jﬂ this system. . . :

j ‘

f Troubleshooting and repair ta:ks are pPrformed ‘at the higher echelons

[of maintenance, usually in shops and Taboratories for test instrument

| calibration. Spares provisioning tends to be unique for each missile

" type. A1l levels of maintenance use techn1ca1 manuals to apprcx1mate1y the
same degree. ;

i

. ) [
d. Munitions Commocity System /

The Munitions Commad1ty System is adm1n1stered by the U, S.
Aﬂﬂy Armament Command (ARMCOM). ‘ ;

ARMCOM is responsible for techni:a1 manuals for nuclear and non-nuclear
munitions, including rocket and missile warhead sections, demolition
munitions, and offensive and defensive chemical material.

Typical items include greﬂadeg, m1ne5, warheads, exg1@s1vesg ‘smoke
generators, chemical irritants, and 1ncend1ary units. ’

Muhitigns are maintained by the'following MOS series:
54 Series - Chemical

55 Series - Ammunition
Mun1t1DnJ maintenance is unique in that virtually no maintenancé is
perf@rmed at the organizaticnal 1evel except specific storage and
inspection tasks. Direct support majintenance adds only thé cleaning,
repackaging, and rep1acement of external components. Genera] support
extends to internal repair. Thus, there is a very fixed d1v151on of
activities. The variety of 5k1113 fs minimal. Only 5 MOS positions:are
required. Because of the extreme dangers involved, manuals are used
extensively even by ‘experienced peisonnel. The ma1nt3ﬂance environment
at the organizational level is thesstorage facility. At/ direct support/
general support level the maintenance env1ranment tends to be an elaborate
shop/laboratory fac111ty o b /
AR



e. . Weapons Commodity System

Like the Munitions System, the Weapons Commodity System is
also administered by ARMCOM. (ARMCOM was formed in 1973 by merging two
major subordinate commands - Munitions and Weapons. )

o ARMQQM is respoﬁsib1e for technical manuals for all nuclear and non-
nuclear weapons, including artillery, infantry, gun-type -air defense,
and surface vghicle mounted and aircraft mounted weapons.

Equipments include artillery and infantry weapons and weapaons systems,
tanks and tank-like vehicles, small arms, armament for Army aircraft,
and fire control equipment for these weapons: systems.

Enlisted personnel maintaining Weapons Commodity equipment tend to
fall under the 45 M0OS Series:- Armament Maintenance,

Weapons are largely mechanical and electromechanical in nature. Failures

~normally occur as a result of improper care or routine wearout. Mainten-
ance is largely preventive: replacement of worn parts, and overhaul.
Preventive maintenance is performed at the operator level. Organizational
‘maintenance is largely limited to replacement of parts that can be ,
accomplished in a field environment. Direct support and general support
maintenance is performed in both field and shop environments, often using
powered tools and holding fixtures. Overhaul,.of course, occurs at the

, depot level. The variety of skill Tevel requirements is minimal, as only

! . 5 MOS positions are required in weapons maintenance. A1l echelons use

- technical manuals to about-the same degree; use tends to decrease with

increased experience on-a particular weapon. '

f. Vehicle Commodity System

The Vehicle Commodity System is ‘administered by the U. S Army
Tank-Automotive Command (TACOM).
TACOM 1is FeSpOnS%bTé for technical manuals for tank-automotive material
throughout the entire U. S. Armed Forces.

Equipments include combat and tactical vehicles, motorcycles, motor
scooters, trucks, trailers, their accessories and components.

Enlisted personnel are primarily in the 63 MOS Series: Mechanical
Maintenance. _ :

Vehicles systems maintenance is like aircraft maintenance. Many
components are replaced on-line, in order to return the vehicle rapidly
to service, and then repaired off-l1ine. This is particularly true for
comhat vehicles that include sophisticated armament systems. It is these
Armament systems which make the combat vehicles much Tike the aircraft in
maintenance characteristics. The variety of different sub-systems on ‘
combat vehicles is less, however, as there are oniy 8 M05S pesitions. Four
of these are associated with tank turret maintenance (45 MOS Series). The
rest relate to wheeled and tracked vehicle maintenance. Thus, when compared
with aircraft maintenance, the variety of skill requirements is small.

49
42




A\

[

In terms of spares provisioning and mé%ntEﬁance support also, vehicle
maintenance is similar to aircraft, but without the extreme variety.

g. Support Commodity System ;Y
1 i ) ;
The support commodity systems are
Troop Support Cemmand (TROSCOM). \

administered by the U. S. .Ar’.my
\

TROSCOM is responsible for such items as g?rriEfs and bridges: water
purification equipment; rail, marine, and amphibious equipment; power
generators; materials and food hand1ing equipment; industrial engines and
turbines; and environmental control équipment.ﬂ Materials handling equip-
ment which are presently under TROSCOM will be ‘transferred to TACOM
1 July 1975. i

Enlisted personnel tend to fall under the fallowing MOS series:

52 Series

Power Production and Disfribution

\

61 Series - Marine Operations

62 §%??€% Engineer Heavy Equipment Operation and Maintenance

65 Series - Railway Maintenance and Operations

: Support systems are a conglomeration of the equipment necessary to

" support troop activities. . Maintenance requirements of this diverse group
equipments are similar to those of one or more of the other commodity
systems. Skill level: requirements are also diverse. ~Approximately 10
MOSs are associated with support maintenance, with less than 5 positions
in any one category. Tools, test equipment, and facility requirements
run the gamut. The equipment is often .commercial, for which commercial
manuals are used or adapted. Non-troubleshooting maintenance tends to
predominate in this system and inspection plays an important role as it
does in munitions systems. This importance of inspection implies an ,
emphasis on graphic support, because graphics are the primary basis for
distinguishing visual cues. MWords are more useful for stating the action
that should be taken after the visual discrimination is made.

h. Depot Level Operations

: A visit to the Corpus Christi Depot made it clear that the
fundamental elements of the new concepts would not apply easily to depot
operation, because so much fabrication is done there that is not amenable
to standard procedures described in a manual. The assembly processes are
-amenable, but they are generally performed by personnel with years of
experience. This is described and discussed in Appendix E. But for the
purposes of this study, depot Jevel maintenance is excluded.
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2. Concept F Fundamentﬁ7 Eipmenfs Re yﬁgﬂed.Agaﬁnét;Cpmm@ditngyst&m;

In Task 3, five fundamental elements wore identified as the proces

Fs
for producing a manual. Slightly differe E combinations were identifie! 'Q;>
troubleshooting and non-troubleshooting situations:
: Processes Required

Troubleshooting : | Non-Troubleshooting

Equfpment Anaiysis Equipment Analysis

Functional Analysis

Task Analysis ' Task Analysis

_Behaviafa1 Task Apalysis _ - Behavioral Task Analysis

Intelligibility | Intelligibility

Once the maintenance characteristics of the commodity systems (Aircraft,
Communications, Missiles, Weapons. Vehicles. Munitions, Support) had been
defined, the effects of those characteristics on the processes for genera-
ting a manual were examined. The examination was made in terms of which
environments or situations in a commodity system would not be amenable to
any one of the five processes (fundamental elements).

3. Analysﬁspgfribg Mainteﬁgnce,ﬁi;ggtigps

a. Maintenance Mission

The maintenance missions are constant throughout the commodity
types. Preventive maintenance is performed only at the operator/organizational
level with the remaining activities be1ng performed across all of the echelons.
As defined in Task 3, the maintenance missions are still categorized under
either troubleshooting tasks or non- -troubleshooting tasks.

Troubleshooting j@ggg Non-Troubleshootina Tasks
Malfunction Diagnosis Preventive Maintenance
and Isolation
Reptacement
Repair
Overhaul

L



O

ERIC

Aruitoxt provided by Eic:

complex ),

“task, no special skill is assumed.

Sithngab replacenent and/or repair Lasks are required to complete a
propitleshonting task, they may also be performed as a result of an inspec-
T . ‘hey are considered nen-troubleshooting tasks. Troubleshooting,
describes tnose achions necessary. to locate a faulty component

symptom has feen detected.  All commodity systems have

1 11en discussion of the commodity characteristics is provided
ot thid Task description. 1In terms of the commodity break-
-31/electronic, mechanical, fluid/air flow; and simple versus
-h commodity type can still be characterized as being made up
of one ar more of these equipment types. This has 1ittle effect on the
process for preparing documentation. The content specifics differ, but the
proeessas for preparing the specifics are the same. It was noted that as

2 rv.tem becomes more complex, the maintenance mission tasks are spread A
across the echelons of maintenance and MOSs. This requires that the infor-
mation be packaged and indexed accordingly. It does not affect the process
of prepacring information for each echelon or each MOS specialty.

l=n £
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c. Skill Level

The skill level for a job is usually defined in terms of the.
amount of training required. Skill levels are sometimes defined in terms
of fineness of discriminations, dexterity, etc. There are also subtle
distinctions made in terminology, e.g., repairman, technician, maintenance
personnel, etc. There are also some distinctions made in terms of aptitude.
The higher the echelon, the more highly skilled the incumbents consider
themselves to be. : o ’ '

The process for producing a manual should describe each task so that
personnel of grade school reading ability can follow the ‘instructions
and perform the task. There are no assumptions about the skill Tevel
required to do this. For the higher echelon personnel there will be more
tasks to be performed within an MOS, and this variety may be considered a
matter of skill, but to follow the instructions for any individual given

Experienced personnel may be regarded as more highly skilled in the sense
that they have memorized many of the steps which constitute a task. They
often can perform a task faster. Experienced personnel know "short cuts"
and this may be regarded as higher skill, but none of this affects the
processes for producing manuals for the novice. The analyst who prepares
the task step details identifies the shortest set of steps for getting the
task done properly. The process results in detailed instructions (graphic
and written) for the novice user on how to perform each task within a job.
Skill increases as personnel continue to use the manual, but there are no
differential skill requirements for using it. "Complex" tasks will result
in more pages of description than a "simple" task. But page for page the
complexity will be the same. Experienced personnel who have learned many of
the procedures in the manual can skip over those details of how to accomplish
the instruction, hut the details will be generated by the fundamental
nrocesses and will be included in the manual.
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d. Maintenance Environment

The extent to which tools, test equipment and facilities are
available in the maintenance environment is a function of the level of
maintenance. The length and support requirements of various tasks and
the allocation of spares at the various levels of maintenance are factors
which determine the maintenance envirorment. The higher the echelon, the
greater the support provided in terms of tools, test equipment, facilities,
processes, etc. Since tools and test equipment are used in task perform-
mance, instructions on how to use them are given in the manual. The
specifics of the instructions will be different for each tool, but the
process for generating the instructions remains the same for all. With
more tools, more instructions are needed. Increases in special tools
and equipment indicate that more of the instructions for their use should
be taken out of the main body of the manual and placed in off-line
training (see Task 5). This is done to avoid repetition in the manual,
but it does not affect the processes for preparing the step-by-step
instructions. The processes for generating content going in the manual
and in training are the same. °

‘4. Review of Existing Specifications

In an additional attempt to discover any differences required in the
process for producing documentatiom for the various Commodity Systems,
sixteen technical manuals specifications were reviewed. The specifications
covered all of the commodity types required under this contract. Each '
specification covered at least the organizatiomal, direct support, and
general support Tevels of maintenance.

The technical manual specifications. ve ;_ across the commodity systems
revealed the foliowing differences and sfimiTarfties:

a. The most detailed requirements were contained in the specifica-
" “fions for electronic equipment and for aircraft and aircraft equipment.

b. Content organization requirements were basically the same for
each commodity type with aircraft requirements being the most specific.
Here specific subsystem headings were called out and coverage for each
subsystem detailed. :

c. A1l specifications called for "theory".  Only four specifications,
those for telecommunication equipment, teletypewriter equipment, electronic
configurations for aircraft, and photographic equipment, required theory in
detail. OF these four, only the specifications covering electronic equipment
maintenance were explicit by calling for theory "to the point of explaining
each circuit". So, though these specifications are different, none of them
i< sufficiently explicit to make much of a difference in what the ™
oroducers do. In fact, what the producers do is determined more by what is
"traditionally done" (i.e., by examples from previous TMs that were acceptable),
than by the spacifications themselves. _

b3
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It is very important to recognize that the Funct1ana1 Analysis process
element specifies a particular level of functional description. This -
analysis requires functional descriptions to a level consistent with the
troubleshooting process presented. This is consistent w1th all current
specifications, but it involves a change in practice. It "forces” a
particular level more than any specification does today.

d. ' Except for e1ectrcﬁ1c aircraft, and aircraft equipment,
troubleshooting requirements in existing specifications only call for
symptom cause tables and require that the fault isolation must be consistent
with requirements.  They do.not specify how functional information should .
be developed to gu1de the user. a

Functional Analysis also calls for symptoms, but each symptom
must be identified with the block which .contains the parts that can produce
that symptom (bad output). This means that each symptom is identified as
a bad output from a specific block. The troubleshooting strategy calls
for measuring the prescribed inputs to blocks with bad outputs until a .
block is found with good 1ﬁput5 and a bad output. Then the block diagram
of that block is treated in the same- way, and this is repeatéd uﬂt11 a
replaceable unit 15 reached.

- e. In the specifications examined, the requirements for non- "
- troubleshooting tasks, are ‘not detailed. Generally, they merely require '
consistency with the MAC. . SN

L]

S T

fg The text format requirements for all of the specificatiéns
examined are those required by MIL-M-38784, General Requirements. The"
content analyses are not in conflict with this, but do specify additional
data.

- .g. Diagram format requirements were very detailed in the
specifications for electronic (excluding missiles), aircraft, and photo-

graphic commodities. Diagram format requirements in the other commodity
systems were virtually non-existent.

h. Fipally, for quality assurance requirements, validation and
verification were referenced to MIL-M-63000 and MIL-M-38784, Technical
Manual Requirements for Manuscripts. But more stringent requirements are
required. They include performance of ail job tasks by new users (novice
soldiers, not 'highly. experienced personnel). That is, to pass validation
and verification inspections, new users, not just experienced personnel,
must demonstrate that they can use the manual products to perform all job
tasks to technical standards of adequacy with no other information or
training.

-y



O

ERIC

Aruitoxt provided by Eic:

lisping & iffore

i, byrise

St be macle

wod ity area S
snecific tools .
tha< tnis isa tragitions |

need

Dpever, the same g7 /ses e
il uding denot).
The T producer wi N be reguired produce produ

sbhecified procasses to meet naw spectd L
to pave the PeQU1T@§ foreats, T
Analysis, Behavioral Task Analysis, Func ity
LVO€EZﬁ1ﬂ9 mist be spesi Fied, as well as ‘
recoun ize d that the details of-a format ratre will
h@gﬁfﬁr@np Toms those of a format For a dual t i

1“655 to se%, for-ore thing), but a new

ess that sdys "all settings on the
H(ﬂ and sych A Wiyl and exarples show
tifferent types of eq dprent, ?ha f@rr' g
neter are not different, though i@ ﬂof have
FG instance, eampfes aoq:t test equioment, encines,
ete., wuld be difreresit from tﬁojé asgéﬁ1a*ed wuui coriplex electronic
systems.  But the p@1.i i5 that the specified pradurtf of the required
‘nalytic brocesses w171 be the same regardless of what the meter or special
cqQuipment 1oo0ks 1ike. The producers of T™s @171"Héve to meet the same
criteria redirding an Autput regardless of the type of test instrument used
L0 rleasure fhe output,

et er
-h tjpﬁ o7

,"L WET

nrary of App licability of Fundamer

The pracesses represented by the TFundamental elements, Equipment
Analysis, Functicna” Afalysis. Task Analysis. Behavioral Task Analysis. and
Intell igi bi Fity, wpply ecia lly.well to all Commodity Systems. These are
processes for Acclrate ly stating how the maintenance job should be accomg
clished §n ngalTig%b 2 graphic and written forn.

Any o f fhe tasks i1 the Commodity Systems are amenable to such analyses.
Pnaﬂyfes of diffgfeﬂt systems . e.g., hydraulic, e alectronic. mechanical,
/1171 produce procuc s that Took 17Ffprﬁﬁt- but the proczesses for preparing .
the content are £he Sarle. A complex task can be analyzed in the same way

"as asiple on2. The 2roducts of the apalvses will differ in length,

Blut page far PQQ& fhe 41§f14u,ty will be the same.,” A commodity system

wiitna ot of 1l thie analysis of mare tesks, but the processes
for each are e

“he same aopearance.



ERIC

Aruitoxt provided by Eic:

Theoan ]y T hag
fashooting

kind of analysis is
Aralysis to provide the
M1 other fundamenta)

Y srlg - treagb Teshoo b

for moye Jct& 1 th'
are h)

T u?u tﬁi
DFDCESS;S

«re ra1n* snance situation which had a major effect on the funda-
t ndamenLa1

J
There 1s no way to adapt fu
cior nt at depot. Therefore,
=
=]

a
ation processas preval
cludad as beyond the scope of Eh13 study.

The Mili<ary JFLHDdx]ﬂFﬁ Specialty Training Cost F"db@0k1(HDSE)i
T, Enlisted is the Lr1marv source document Faw costs. Al
ari the distribi for this

sedo ommands and o

; , 0
The 911GWWrﬂ pf Trom ‘he InLradu;t1 nof

", training "ﬂi FDdﬂt for approximately 1OV of

the Py budget. - £ a soldier is

quoted salely in terms Towances and possibly
e the supplementary bene ree retirement.

its such as
health and dental rérLS While this .famewar% might
appropriateiy be us sed to describe the functioning soldier,

L does 31 ﬂra account the tu?ﬁ er in a training
ctatus. When a soldier ds-treining, he is not producing
ben=fits to fhe Ar bu* 'is ncurring a number of
training-ass od costs that are nDt reflected 'n the
conventioral costing describec above.

I Directorate

MT]xfaFj _hLunat foral Gpecialty Trainis ),
: Nashington, 0. C.

of Cost Analysis. Office Compr:
lay 1954!

49
518

5



il

~curses leading to electronic and mechdnical mo intenance
Syt the First enlistment soldier could be trained in. No course which

v casratar MOS was included in this analysis. The average length of
- was computed. as was the average cost {per soldier) of the

if

a+#h of a school and/or ATC courses for maintenance
ot *ta cezermine precisely across all schools, MOS, t
lengths change frequently, but the MOSB provides

< e gt 2006 weeks, which.was correct in 1974, The average total
~¢ these courses was 520,348 per soldier. This represents a cost per
- aor week of about $1000. This cost s remarkably constant across
..'Hpm varying more than 20/. The time spent in travel and awaiting
it of the course and assignment after graduation must be added to this.
-wope weeks on each end of a course is common. Travel can add a few
,a. A figure of five weeks is used as an average amount of time in
L i%is- activities. The cost of this waiting and travel time is
-=< at 5300/week, or just slightly more than the MO5B figures for a -
50T, Five weeks at $300/week is $1500 for the waiting time. Added
197,347, the average amount spent on traiming a soldier for mainten-
m: 3¢ $21,848. The MOSB does not provide any figures for the cost
¢ a soldier on the job. But the cost per week of a soldier in
o-iit 5300. The cost per week of a soldier in formal training is
e cost on the job has to be more thawn $300 and less than $7000.
wn a figure of $600/week, this represents a cost of about $30,000
car. With the estimate of 169,000 full time nfaintenance personnel in
. the yearly cost of this work force would be almost $5 billdon per
v ncluding the costs of training.

chae lern

Cowrs

srber of full time maintenamce personnel varies each year as the

w1 savvices strength varies. The estimated enlisted personnel
~he Avny at_the end of FY 1974 was 676,000 according to Department
Statiztics.!

.+ sourceé indicates that approximately one-third of all personnel
. .rmed Forces were occupied in full time maintenance duties in 1967,
.+ year this particular statistic is avajiable. It is assumed that
A nad a somewhat smaller percentage of its personnel in, full time
amance duties in 1974. There are no specific statistics for the Army
‘=is year, but a censervative estimate is that one-fourth of the Army
el were in full time maintenance jobs. This would mean (1/4 of
19" about 169,000 personnel were in full time maintenance jobs in

.

v
b

£ the United States, United States Department of
1974. _

o 1 Lract of the United States, United States Department of
coo, 275t Editdon, 1570,
5%}
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The reenlistment rate varies over different years but-10-20% would be
a reasonable estimate for maintenance personnel. To replace the losses
of experienced personn. | each year, ahout one-third of the work force must
be replaced with new personnel. These are the personnel who must be trained
each year. One-third of the work force of 169,000 is approximately 56,000.

a. Training Costs

The cost of training 56,000 new personnel in maintenance duties
at almost 522,000 per soldier is $1,232,000,000 per year.

i

b. Labor Force Costs /

‘The cost of 169,000 personnel in the full time maintenance Tabor
force at $30,000 per soldier is $5,070,000,000 per year. :

c. Training Cost Reductions

If maintenance training time is reduced by 75%, this represents
a lowering of cost of ownership by $924,000.000 or approximately $.9.billion
(.75 x §1.232 bilFion).

d. Labor Force Cost Reductions

If the maintenance labor force can be reduced by 15% the annual
cost reduction is $755,000,000 cr approximately $.7 billion dollars.

The total of these reductions in personnel costs is $1.6 billion
(.9 + .7) annually.

a. Cost of False Removals

The other cost to be added to the 1.6 billion dollar figure
comes from the reduction in false removais. The figure of a 15% reduction
in false removals was brought forward from Task 3. The assumptions involved
in estimating this cost are extensive. A false removal is often "corrected”
at a higher echelon, and returned to service. Some false removals are
thrown away. Statistics on these factors are not readily available. -Nor
are the costs to the system of transporting these parts from one echelon to
another and keeping the paper work on them. If we estimate that these

costs are on the order of $500,000,000 per year, a-15% reduction would
represent a cost of ownership “aduction of $75,000,000. This is only .075
billion doliars, little more than a rounding error in the personnel figures.
The figure of 1.6-billion could be rounded up to 1.7 billion with addition
of the estimated cost of false removal reductions. In view of the magnitude

of the false removal factor, it may be seen that increased precision in
this estimate is not justified.
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epts should produce manuals that
the original manuals. This includes
reduyction in the maintenance labor

~emovals. The cumulative effect of

£ ownarship is on the order of

ity the 1n|eg“ared specification it is appropriate to
alarents and aive ackngwiedgewent to their sources.

erformance Manual " is an acknowledgement of
%he Air Force Human Resources Laboratory. Dr. John
term Job Performance Aid (JPA). The term "aid"
%abiy no longer appropriate. The product of the
*5nua1. The term Job Performance Manual or JPM is

‘to JPA to acknowledge the Qrigin of the acronym,
porDDF1aLP rnomenclature. The term "integrated"”

¢ the contribution made by all the originators of
{vntr1hutur“ will find words and phrases that they
ihie with their views and with the statements they have
i concepts. It is nct feasible to attribute every
2ye worked in this field during the past twenty
- cantributions.

=

2. : - The specification for this apalysis is adopted
Ff@m the PA Jneu{ 1(at1@n 1 The process is one of identifying all the
job tasks that need to be performed on an item of equipment. The Army
Maintenance Allocation Chart (ﬂ&F) does alnmost the same thing. Task
Identification or laintenance ‘A1iocation is based on *he equipment items,
and states what maintenance (t:sk) is to be performed on each. The basic
information for this chart is engineering 1nfgrmat7aﬂ [t represents the
interface between angineering and the process of developing instructions
for the mainten user. It is a management tool for producing technical
manuals,  [% dnsw that every major job task is identified for analysis
and paration netructions for performing the task. It does not
indi v the tasks it identifies. That is done in the
follow

\

\

5

bacrtarmance Aids Advanced Type, for VIAF Organizational
& March 1971. 6
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iysis. The Task Analysis identifies the conditions for per-

T g each job task and the subtasks associated with each job task.

o conditions inciude such things as number of personnel required,
ubricants required, tools required, etc., by task. Task Analysis does
provide the exact cues and responses involved in performing a given
ngv how each job task should be described with graphics and short
(This behavioral detail is specified .in the Behavioral Task
ic.) Tne Task Analysis is used for non-troubleshooting tasks and

a1 aspects of troubleshooting tasks, e.g., test eguipment
iz 1w a form of analysis common to many new concepts, but its
i1y aeveloped statement is in the JPA Specification.

“umcriomal Analysis.  The term “functional® means troubleshooting

. rot functions as the design engineer would think of them. The
SOUrTRY *hic part of the JPM specification are FORECAST and SIMMS.
The prodicts nf the analysis are block diagrams, inputs, outputs, symptoms,
functional-physical overlays, and functional descriptions that tie these
thinae toaether and provide understanding of each functional block. More
studies have been conducted on the products of this analysis than on all
the other new concants combined. The integrated JPM specification iden-
tifies the products of this analysis and the criteria they must meet.
functinpal area (block) of the eguipment must be precisely defined
in *erms 0 poth the parts within the area, and those outside the func-
tional area. The symptoms associated with a malfunction in each block
must he defined, as well as the correct biock inputs and outputs. No part
can be included in a block if it affects the measured input to the block.
The analvcis is accomplished in several levels. The top-level breaks the
enyinment down into about seven functional areas. The second Tevel breaks
sarh ~ rra tap level functions down to about seven smaller functional
arpas ar- this continues in levels umtil the smallest replaceable part

£ - : [

{s+ 5 -iyen echelon) is broken out.

¢ L] s s .’ . . . .
~nanting concept used in this specification is designed to
~w0 inherent disadvantages of the fully proceduralized

- s o take advantage of certain characteristics of a block
apeaach. . -

<y reduralized approach, cali it tree, or cause/effect table or
hs innerent disadvantages. One is that the efficiency of
~e .. i a function of test point indications produced by a given
. - means that each item of information collected can change
fe o stes-v:, oo what item of information should be coliected in the next
srec. & .7 arocedure cannot shift strategy or order of steps. Another
st ., - v misinterpret a test point reading which sends them into
Ao T ‘ooldn't be in.  They only find that it is a dead end when
¥ 4. Then the user does not know where he took a wrond
. hach to the beginning. He thus repeats steps done
L o, This is inherently inefficient and psychologically taxing
fognrawarding,
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The block diagram approach avoids both of these serious disadvantages.

The particular block diagram approach selected heré is. the one that "helds”
the user at one level until the trouble is localjzed to a particular area,
then releases him to the details of that particular areg to repeat the
procass there. The user never deals with more than about seven blocks at
a time. He always has a level to:ge back to if he misinterprets a reading.
e does not repeat from the beginning. Also the block diagram approach
allows for a change in strategy as the user becomes more experienced. The
user is instructed to always test the inputs to the ‘block with a bad output.
This singie general instruction makes a strict procedure out of the block
diagram data. But when the user is experienced he can. deviate from the
inctruction of this fixed strategy. He is told he can skip blocks so iong

as he remembers (or makes notes) of what he skipped. .15 allows him to
" skip to the ftest points that are pasier to measure o have a higher failure
vate .or are more likely in view of the test point = -a already collected.
Thus this particular block diagram approach provic.; for a mixed strategy.
The one used by a novice amounts to a procedure. But'the user can use
other more efficient strategies when he is experienced. The data grows
with the user. ‘ |

Therefore, the processes for producing a fixed procedure with its
inherent inflexibility and inefficiency is not selected in this study. The
advantages are all with the block diagram approach. -1t has proven its
efficiency in many tests of large scale equipment while the fully proce-
duralized approach has not proven efficient except in very limited tests’
of small equipments and the inherent disadvantages of proceduralization
for troubleshooting make it unsuitable. ’ .

A functional description is prepared for each level. [t describes the
equipment functioning at eash level in terms of cues and conditions for
obtaining the cues. This 1is the level of understanding the design engineer

has for designing the equipment. The analyst uses more basic, theoretical
information to make the analysis that reduces this to functicnal infor-
mation. A1l studies indicate that this functional information is a better

level for troubleshooting the equipment than design theory information.

There are detailed techrmiques for making these -analyses on different
vinds of electronic circuits (FORECAST) but these technical details are
not considered appropriate f?rginc1u5i§n in a specification. Both FORECAST
and the SIMIS specifications'®® call for these functional analyses.

=

]Ehriver,bEi L. FORECAST and Other New Developments in Manuals, Matrix
Corporation, Alexandria, Virginia, May 1964.

2MIL-M-241008. symbolic Integrated Maintenance Manuals (SIMM) for Systeris
and Equipment, May 1972.
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7. Validatien-Verification Testis. Validation and verification tests are
common to most specifications. The important aspect of the JPM verifics-
tion is that it requires a novice user using nothing but the Draft
Equipment Publication prepared under this specification to perform all
job tasks. The specification does not require that the validation be
done with novice subjects. But clearly the validation should be done as
if the subjects were novices. The governmment may use the validation as
its verification process if it chooses.

B. Job Performance Guide (JPG)

The Integrated Job Performance Manual is complimented by a Job Perfor~
‘mance Guide. The subtasks such as using wrenches, tools, opening hatches,
- etc. that 'are common to many job tasks, are analyzed and placed in the
Job Performance Guide (JPG). The JPM and the JPG constitute a complete
quide to performance cf all jeb tasks. But the JPG includes material
which soldiers should learn, rether than comstantly refer to the JPG.

The content of. the JPG is recorded in the context of selected job tasks.
Content is not extensive. It is not theoretical. It is just content which
would appear over and over 2gain in the JPH, and increase its volume if
not placed "off line" in the JPG. '

S is. producesd by the same fundamental elementis
rodiirfie e comten: of the JPM. It is validated and

g with the JPd. [t can be used as OJT, or with tape audio
cassatte, or with audio visual cassettes. It is validated and verified
by tests with novice salfters. There is no precedent in the various nov
concepts for this breakeut. It is included as a practical measure to
prevent the JPH from beepmdhg ewcessivaly large in volume, and in
recognition of the fact hmt users @ Teswyw procedures that are repeated
often. As such it constitutes a training program in basic procedures
which are required frequently om the johi. The content of the JPG is pro-
duced in the fdentical way that it is produced in the JPM. :

St

The JPM and JPG specification produced under these tasks are titled MIL;M-
632XX(TH), Draft MiTitary Specivication for Preparation of Impraved Techrical
Documentation and Trainming, Part 1, Job Performance Manuals, and Jou Perfor-
mance Guides, Part II, Training Materials (Swpporting Job Performarnce Manuals
and Guides). Part IX of the dpecifPlcation defines requirements for the
deve)opment contesit and product performance of extension training materia)l
(ETH) to be used imwcomjunctica with IPW/IPG documents, in support of the
maintenance of Army materiel.. See section ¢m training specification follawing

the Task 7 descripticu.



Task 6 involvad the preparation of a sample in accordance with the
specification developed v Task 5, The equipment selected for the
sample was the M60AZ tank twrret with specific coverage of selected

portions of the armament subsystem to include the Laser Range Finder.

The sample provides general dinformation, scheduled maintenance,
troubleshooting, and remeye~replace procedures at the organizational,
direct support and genaral support tevels. The sample is provided as
a separate document to this report. :
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fundamental elements, ur processes, and

! and 1 use the same

y the same products of the analyses. However, Part II prescrioes
ation of certain admiﬁiitfﬂ*1V? jnstructions for the new soldier
he is exdo: ﬁ arious s during his early time on the job.
:ovides 7 job subervisor uses tG select jabs
npropria various stages of work on the

The JPG contains instructions for using common tools and performing
common tas These are the types of things that should be programmed early
in the new user*s i thny are the *hinags a user will learn tc
do without J porjence with them.  They tend to be the
thinus that are usa they are frequently used, vhereas job

ibec re not asz fre nuén ly performed, They will not
in the user's experiesce. Some may never de

ar it yent with the Uﬁif’g work schedule the
+ain tasks sooner than others. This does
merely WPaﬂ% that on_the average; the

rl

t.
new s shn some kinds of iobs eE?TTer rather than later.
ThHere a T idbook pres LTTDPQ in Part [1. This tells

qar what tasks should fome sooner rather

the job supe q
eveat him from assianing any job at any time,

s

than late ut does

The JPM and qu used together describe how to do any job task. The soldier
can do-any job task from descriptions in these sources. He learns from.
doing that job task. He will Tearn certain common procedures and: commen
“nals from doing almost any ij tasvs, However, there are certain sequences
af job 1 A 11 -rec d'1 Lgmmmun procedures and tasks., [T stch

;ud tﬂe soldier and the supervisor

a Sequenc:
know he has DEFFDrde The confidence of both- are
ingreased when this s £ 1: ;etgdé ,heref@re, s5uch a sequence is

given in the Training it is- one that also minimizes

the chances of 3 i the soldier. For each lesson ore-
scribed in the Traini ig:', 's Handbook there is a Lesson Administrative
Instruction {LAT;. This tells the soldier where . to Took in the JP4 and

what his obiective and criterion of m@rFOfmancp is on each task ih ;he
lesson, iz nn omgee than a sinagle D|QPF of paper whifﬁ pﬁnvgdp? A
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beginning ard 4n end point for each hour of the soldiers early time on the
'j0b.  Part Il also prowides far-the use of othey media than the JPM/JPG.

It provides foT auddo anly and audio/visual information. Audio visual

would be used to show the "big picture" for a given equipment. For a radavr
this mightt be 4n overy lew of one or more batteries of radar equipment ~
oberating toge ther #o Acguires track and destroy targets. If the equip-
ment 75 & tank, & tank oY’ platoon of tanks wight be shown in action. - The
audi0 visual i fciudes Motion and would be used to show anything that it
viould be inconveriient to demonstrate for a single new soldier on the job.
The audic/visudl npde tar also be used to introduce the soldier to the
JPM/JPG,  thé Lessin AdMmipis trative Instructions, and how he is going to
Tearn by doing. The processes for preparing audio visual material are
prescribed W Part 1. But it should be noted that the processes prescribed
in Part L ate the oflly processes to be used for preparing specific main-
fenance/Ope rating jmstruicti ons for mai ntaining/operating the equipment.

Part Z1 s Mot an altemative to Part I. Part II provides for some addi- -
~zicnaimaterials tht the job supervisor and new soldier use to bring the
50, dier through Nis early job experience with minimum concern to the soldier
and supervi Sor.and #ximum building of confidence on the part of each.

The Other medium allowed by Part ‘11 is audio only. This medium might
be usel to ace & sOldlier, or more likely a crew through a procedure that
must bt perfored withsin relatively rigid time constraints. An example is
cperation of the eqliphent. Maintenance personnel have to know how to
Operatt fhe eclii peft, but they can do this at their own speed.- They do
not have to be sKiTled operators. But a tank crew or a radar crew must be
pushed to higher ski1} 1evels. The JPM/JPG can only describe a procedure,
they <inrot pate pe'sohnel to bring them to higher skill levels. The audio
only ride cin page Peylomnel. The audio/visual mode can also pace personnel,
fue the Wisla® medim emeral ly is not a desirable one on which to build
ap skll - CGerwr2l1y gkill nust be built on the actual equipment or a
Mock up Of it rathe! thas through a picture on & screen. The audio medium
matchel with the red] tqalipment or a mock up of the equipment is expected
to be use@d extensively for operator and crew training. Again the content
of train-ng woul 4 not be different than that produced by the processes
nrescribed in Part |, But the application of this. content to the user(s)
wuld be by a di fiererit gledium than paper.

ATSo , 0 2 crew! trAining situation a soldier at one position may perform
part of A procedirg ardl then wait for another to perform part of another
Arotedire, etc.” Tkt gituation that the crew js in may require different
copbi mitiords OF basic proceduras. The crew must gain skill in recognizing
sizuatioms ind performing the proper portions of their procedures as well
as perfoming them rapidly.

Sypm ] {
2urma vy - ' \5\

.. Part 1L o7 the speciTication provides the option of the audio only and
audio vi suzl redia. At does not prescribe the situations in which they will
be nszed. Lt dues ¢t prescribe any analytic processes separate from those
speci fled #n Part L. The content of the JPM/JPG is expected to be the basic
coptent for tzajni-y, But the examples and discussion in this section are
inten ded to sPow hok Part I1 can be used to round out the basic training
coptent of the JM/IPG and provide for a smooth progression for the soldier
and his Superwisor. '
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DISCUSSION OF AMCILLARY RESULTS
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Productivity increase:
PIMO using MDC§ found
(1969)° were

reported 140 pergent (1965)1, and AVIS 40 percent.
from HAWK (1964)¢ ranged from zero to 106 percent.
{ 12 pevcent increase in productivity. FEFI/TAFI increases {
314 percent’ undar unique circumstances. Rowan reports the F-4J work center

nrpjected improved departure reliability of 50-65 percent, with a
L) pepcent improvement in operational readiness (1973).4 . These data «
the projection that MTTR can be substantially reduced with impvo:.

SO

gi) T
1-10z2] pandals,
-, Training Time Reductions
(13 Training Reductions. FORECAST reported reductions in
veaiving time of 60 percent and 56 percent, JOBTRAIN 50 percent, and.
Powan repo-ts that
fuced

Post and Price (1972)& sugges
Such use is not

Vo,

t4 (196735 100 percent and (1971F of 5% and 207,
FIMO studies (1973)/ project from models that training time can be rec
1

’% percent by using 0JT time for productive work.

L
£

(2) On-the-Job Training (QJT).
that modi fied JPAs can be an effective 0JT vehicle.
Vimited by the experience of supervisors and trainers.

J. P., and Walter, T. H. The Development and Evolution of an
HumRRO Technical Report

improved Electrician's Troubleshooting Manual,

;Rﬁgeﬁsg,.
Development of a Procedure-Oriented
HumRRO Technical Report

65-1, March 1965.

! .
“Rogers, J. and Thorne, J. H.
Training Program for HAWK Radar Mechanics.

69-25, December 1969.
n0-10 Fault fsa?atip@; McDonnell Douglas Corporation, Report DAC 684474,

(ctober 1949.

a .
Op. Cit.
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o ol

et al. Job Performance Aids and Their Impact on Manpower
EDL-TR3270, Philco Corp., Palo Alto, California, May 1967
?uWTQ Proceduralized Job Performance Aids.
WPAFE, Ohjo, December 1971.
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i'ization.

1F91]Ey, J. D., Jr., et al.
echnical Report AFHRL-TR-71-53,
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'RQwaﬂi Op. Lit
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(3) Cross Specialjzation, JOBTRAIN withheld training on one of
the equipments. After just one day's familiarization., trainees using fhe
new manuals performed satisfactorily, FGRECAST demonstrated satisfactory
transfer from a simulator TEETESEHt{ﬂg orily a partion of the systom Lo the
entire system, Foley (1972)! points out that, using st.ndard trainice and
technical manual support, training for one specialty renuir 7opers
plus 24 weeks OJT, after which the enlistee is still cnly #ifes
the system for wh1ch he is trained, Redssignment requires addit
0JT, and perhaps some additional formal training.

Sive on
fonal

(4) Tour Effectiveness. Inéxper.enced Dtlalﬂngl using the new
job guides were able to troubleshoot the F-4J as well or nelter than
experienced personnel. Substantially the same findings ware reported by
the MNaval Weapons Engineering Support Activity.

The cost savings projected from & reduced labor Forvce with inproved
performance are included in the cost projection, bul the esiimate o¥ 15
“percent must be considered conservative. :

'Foley, J. P., Jr. Task Analysis for Job Performance Aids and Related

Training. Training Research Division, WPAFB, Ohio, October 1972.
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LIST OF SPECIFICATIONS

CMIL-M-63011 (TM) 30 December 1972
Military Specification
Manuals, Technical: For Maintenance Test Flight of Arm: Alr=raft

MIL-M-63019 (TM) 15 October 1969
Military Specification
Mdnua15, Technical: Telecommunications Fqu1pﬂtnt (Except Tetetypewriter)

MIL-M-63021 (TM) 15 December 1969
Military Specification _
Manuals, Technical: Teletypewriter Equipment

. MIL-M-63022 (TM) 22 December 1970
Military Specification 7
Manuals, Technical: For Elactronic EDnF1qurat1Qn5 (Aircraft)

MIL-M-63024 (TM) 9 February 1970
Military Specification
Manuals, Techical: Photographic, Motion Picture, Sound and Recording

Equipment "
MIL=M-63026 (TM) 15 March 7989 : =
Military Specification \

Manuals, Technical: For Army Arcraft
- , !
MIL-M<63027 (TM) 13 March 1969
‘Military Specification .
Manuals, Technical: Maintenance and Overhaul InStPULt1DnS (Reronautical
Accegsoiwes and Support Equipment)

MIL-M-63028 (TM) 31 Janua#y']gég

Military Specification :

Manuals, Technical: Manuscript Requirements for Maintenance of ATFCPaft
s - Engines aﬂd Engine Accesscries

, MIL-M-630308 (TM) 1 May 1973
o Military Specification
‘ Manuals, Technical: Preventave Ma1ntenance Serv1ces

MIL-M-63032. (TM) 25 ;EDtQWDEF 1968

Military Specification ' o
Manuals, Technical: Manuscripts Requ1rement5 for Heapans Combat Vehicles,

and Fire Control Materiel

5
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LIST OF SPECTFICATIONS

MIL-M-63041 (TM) 3 September 1970

Military Specification

Manuals, Technical: Content Requirements for Depot Maintenance Work
: Requirements ’

MIL-M-63043 (TM) 27 May 1970

Military Specification ' ' :

Manuals, Technical: Missile System Equipment Check Procedures

MIL-M-63044 (TM) 2 September 1970
Military Specification : ; ‘ - B
Manuals, Technical: Missile System Equipment Unit-Under-Test (UUT)

Procedures /

MIL-M-63046 (TM). 2 September 1970 / ‘ !
Military Specification S /
Manuals. Technical: Missile System Equipment /o
o me — o ' /
MIL-M-38784 (TM) 1 May 1974 /
Military Specification - ) ‘ :
Manuals., Technical: General Requirements ) of

v S > ;
AR 310-3 December 1968 _ /o

Military Publications 7 : J', 7 ‘
Preparation, Coordination, and Approval of Department of the Army
Publications = : : /
/
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DEPOT MAINTEMANCE

fneomaintenance am et 28 chavacterized in Task 3 was borne
cut in ihoe-commodity e nens 1rv91t1th1Dn% © The extent to which tools,
test equipment and ities are provided tends to be a function of the
echelon of mainTenan Twe 7igher the echelon the greater the support -
pr ik nls, tast equipment and facilities, processes, etc.
This 1 : ent determined by the complexity and support
Fequiremient of various tesks-and the allocation of spares at the various
levels of maiﬂt@nanca.

However, based on our visit to Corpus Christi, Texas Army Main-
teriance Depot, we determined that this factor of the Mainténance Environ-
ment has characteristics that differentiate it from other echelons. We

ro Tonger believe that Nevot Tevel maintenance Fa115 under the purview
of this Dro1aft Qur reasgns for this change are det¢11ed below:

Helicopters are usually brought in (some F1Gwn in) to depot. There
is some general diagnosis performed in which logged hours on engine,
transmission and main rotor assembly is an important aspect. It is the
exception when a few things are corrected and the aircraft is returned to
regular duty. The common acti@n is a v1rtua11y compl ete 5tr1p down to the
airframe. After the strip down,only the engine, transmission and a few
other items that were originally on an a1rfﬁame ‘are matched up with that .
airframe again. Al]l othen parts are sent to a pool . The depot also
receives parts from lower echeT@ﬂs, as we11 as camp1eta a1r¢raft These

ave treated as a pool. The depot "owes" various "customers'' a certain
rnumber of parts of a given type but they are not CDﬂtPD17€d by serial number.

The remaining discussion refers to mechaﬂ1ca1 aspects down to the
point ‘where electronic parts are identified as a separate topic.-

The airframe is cleaned and so are ail the mechan1ca1 parts. The
parts are inspected. There are criteria for the inspection established
by engineering control. The criteria are a function of manufacturTHQ specs
and the Tocal situation. The criteria are based on make or buy’decisions.

For instance, a floor pané1 may: I
i

1) be bought as a replacement part;

2) ‘be fabricated at the depot frgm scratchs

3) be repaired if damage is 80% /or Tess.
The extent of repair is a function of "how easy (or costly) it is to get a
new item. An item 11?@ a floor panel may be completely out of production
at the subcontractor's plant that or1g1na11y set up an assembly 1ine to
produce 5000 of these items. If the/1tem cannot be readily obtained from
the subcontractor it is produced at ‘the depot. The decision on whether
to make this part from srragch at the depot or make a repair of it is based

: ’ on local cost factors and ‘cost fact@vs regarding entire purchase - make

or buy decisions based on Jocal prgcesses. The same decision is made on

making an 80% or 307 repair. b
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Aruitoxt provided by Eic:

Other parts may have been eroded to 3 thousandths or 8§ thousandths
of an inch. The chrome plaiing department may we able to deposit an amount
of chrome on this part_to "make up" the amount eroded. This is a variable
amount. “And some parts may be too large to fit in existing chrome plating
vats. The decision again is a local one based on local manufacturing
capabilitv, There are thousands of such local decisions. The manufacturer's
specification on what the parts should measure will not determine what -
processes ave used to get the parts to those dimensions

Thérefaﬁea it is not oractical te prescribe performances +or
accomplishing particular processes in depots as there is 3 < LA
of accomplishing the job. The processes at echelons below depot-are
st

standard and can be documented .in "how to do it" books because there are

no decisions on what process to use. The process is alwavs replacement.
Documentation which describes the process for replarement of parts is
standard when replacement is the process that will ve used.  But at ceoot
there are many alternatives to buying replacements from the original
manufacturer. The depot has a manufacturing function. 'How much manu-
facturing, and the most cost effective process is a functiod of many
factors. There is no way to solve all these answers hefaora the fac® 30

it is impractical to document specific selutions. ' e

Thase decisions regarding the process for repair of parts are not
the,only thing going on at the depot. There is also the assenbly process.
This is a standard process. Parts arrive at the assembly line and they
are assembled in a standard way. It makes no difference ta the assembiars

"whether the parts delivered to them are new, built up wirh 7 thousandths

or 2 thousandths of chrome or whatever. The parts desliverad to them are
standardized parts regardless of how they got that wev. :

The assembly process can be described completely. But there is a
aquestion of the extent to which the detail should be described. [If we
acsume new employees, then the process should be des rip=d in great detaii.
Bur if there are many old experienced perscnnel the «ast:* 15 not nesded,
(learly a depot does not have the turnover in persannal that the Tower
echelons have, and some people coming to the depot hawve had training before.
1f depot operations were to expand quickly (as in war tima) there would be
an influx of new personnel. So there is a question of wh:ther assembly
procedures should be described in detail for depots. [t is clear that
they can be for assembly process, but there is a question of what the

" “pay off" for doing it is. The number of depot people is not great with

respect to the number in Tower- echelons. 'Doing it or not doing it at depot
level is not going to have a large effect on cost of ownership under
current situations. If rapid expansion is necessary the "nay off" of
having assembly processes documented would be great. But it is probably

a lower priority item under current conditions. : _

Theye is one additional idea that should be intrnduced at this point.
It is that manufacturers have been increasing the use of job aids on their =
assembly Tines. Videosonics is a job aid Hughes developed to show its
people how to wire certain circuit boards. So continued thought should go
on this point even though we say it is a low priority for the immediate -

situation. [t should not beforgotten. But when it is considered it should

E-2
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be done in a larger context of job aids than we are.doing in the present
study. We are focused cn pictorial-lanquage job aids that go on paper or
£i1m or videoscreen. There are other types of job aids - especially for
production processes. There are jigs., for instence. The wiring harnesses
that were azsembled at depotis had jigs to guide their canstruction.
“Voupnd figs had clamps on them to hold.wire. Lines on the plywood showed
wan tana the wirves should be, where they should go and how many to gach
point.  Jther information was also on the job reqarding connecting the
wires to oine on connector pougs. There are a great variety of job aids
in & proguction/manufacturing plant that go beyond those documented on
paper. 1t would be inappropriate to g& into a depot environment with only
the type of job aids that are needed at lower echelons. . '

This is another reason for not making definitive statements about
depnt maintenance in the present study. The big changes in cost of owner-
ship can be made with paper aids at field maintenance echelons. We should
Vinit our conclusions and documentation specifizations to those echelons
of hiah payoff and high applicability for the present. But we should also
initiate broader studies at the depot level. - The "erunch" is not_on us
at the moment as it is not wartime or expansion time. But all the advan-
rages of job aids-in expansion are clearly critical. -

Now let us discuss electronic equipment. The process is entirely
different for repair of electronic equipment. The depot does not take all
the parts off of electronic equipment and replace them. But for circuit
board.avionics equipment the process in depot is much like it is for tube
type, non-modularized equipment at field echelons. The depot people
troubleshoot electronic equipment and replace only the bad parts. But at
depot the equipment is likely to contain many unrelated bad parts (field
echelon personnel, knowing an item is going. to depot, will pack it with
every manufacturing card they have). The personnel at depot see the same
modules over and over, every day. They say they learn the idiosyncracies
of those modules so well that a subtle cue 1ike an indicator wiggle or'a
51ightly irregular pattern will suggest the failure of a particular part
they have experienced as especially weak in this module. In short, .
through intense repetitive experience they are_able to go from a subtle
cue to a highly likely bad part. This is a very useful technique when the
equipment is packed with a multitude of unrelated bad parts. This situation
is quite different than that in field maintenance echelons. ~Documenting
the process for depot would provide a different product then documenting
the process in field repair shops. A Jogical troubleshooting process may
be inefficient at depot but highly.efficient in field echelons. These

be 1
observations lead to the conclusion that documentation of different processes
may be appropriate for depot and field. This is not so. astonishing because
field and depot are likely to require different documentation anyway, just
because they are focused on different parts of the same equipment; e.g.,
depot on parts within a module, and field on-modules within a larger system.
This -aspect of the situation has always. been different and requires

different documentation. But our observations have led us to hypothesize
that the efficient troubleshooting processes (as well as content) may be

A | £-3
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Aruitoxt provided by Eic:

“And the advantage of not addre

different at depot and other echelens. 1t would aﬁpénr that cost of
ownership is not going to he affected greatly by this 1iftﬁnﬁtinn! S

if we 1imit our pres¢riptions e loy annf v wl i have
basically the same Trpact on ship oe 0F we | Dl

= " a0 aner
the situation there 1s Tikely to require a A3ff
tions (like including other job aids than &
echelons. We, therefore, avoid givina a prescr
different situation.

The reasons for eliminating depots from furtier o 0 cal doZunenia-
tion study a

1. The nature of the work is qualitatively differsnt from work per-
formed at other maintenance Tevels. Depot maintenance consists
largely in fahrication, not sasily nroceduralized. {(Note that
this fabrication is not a characteristic of any one f) mod ity

system, bub vather of the depot echelon in general.)

%]

Large variations in speciiic work procedures exist across depots,

dictated by available equinment and local SOP "<,

3. Depot personnel are primarily civilians with long experience.

-~ They perform the same assembly and di'sassembly procedures and
need TMs only when switching to a new job situation.

4. Depot operations. account for only a small fraction of total

ownership costs. To address SpErifi depot problems would not

be cost effective,

It should also be noted again that'thé specification that will he

sroduced in Task 5 could be applied to cgrfa1n depot activities (e.q..
assembly processes). ' : o
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APPENDIX F

FIELD TEST PLAN

[. . sCoPt

This repm-t covers the development of a field test r'an for evaluating
cost effectiveness af =he prototype information presentaticn/transmissions

package develaped in Task 6.
I1. OBJECTIVES

7 ThéngjECtiVES of this task were to develop a field test plan which
would evaluate the profotype information package in terms of cost,
user effectiveness, and ucer-acceptability. ‘

[11. APPROACH
A, General

Many tests have been conducted on the new concepts aver the .past thﬁty
years, It is -instructive to look at their strengths and veaknesses as a
sbackground for the proposed Test Plan. . ;

¢

1. Validity of Results

Two communi ties with the same goals have different criteria for believ-
ability or validity. They are the research and the mil{tary communities.
The military community believes in tests that are close to the everyday
miTitary environment and jnvolve the judgement of. military observers who.

- are intimately familiav with that environment. The research community-
believes in tests that are highly controlled, repeatable, and are
independent of the (presumably biased) opinions of any observer, military

or ‘scientific, experienced or inexperienced. The grounds for common

‘expactations from these communities is that the test environment should

Took something 1ike the operational environment. .But the research person

will sacrifice similarity for the sake of control and repeatability and

the military person will sacrifice those criteria for similarity to field’
conditions. The research person will agree to observer @valuations only

if the criteria for what category to place an observation in is so well

defined, that virtually anyone can make the same ‘correct” judgement.

The military person will eschew "reliability and objectiwity" for an

cbserver who car evaluate a given performance in terms of qther performances

he has seen in similar civcumstances. - In effect, one is laoking for an
evaluation while the other is Tooking for an observation .

To provide a believable and valid test for those in both communities, |
the Test Plan +integrates a tightly controlled three week test with a i

‘nine month field condition test. - : {

F-T
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2. b Inf;umbggnts‘ | l o _ o /

Whers pea rsorn hel - recezive an e;s;per": mental treatment s it 1s géne ra? 1y on

“ope sreot" or ' execet B basis. That ds, after the test, the "guine
p’l@s" ire= 1o’ 97 yen the job for which the expehmentﬂ treatient vas
dE£1gﬁEd 0 prep yra  therm This kind of future has generally been no sexret
to the "guines pigs'* - Ttis easy to see that people working urder suche
condi £iores cameo t hezve he s ame rrotivation as those who can expect to
ichigwe f£=he Fob ga% . Onthe other hand, the conclusion that an experd -
nerta 3 proogram will  prochice  Dersomiel as Job qualdified as the Eraditional
progr.an Ctre::atmé i) s iffi cult to.accept before the test. When the |
differenczes <in trea{zmenﬁs are quite d‘foef‘ent? e.g., procedures versis
indey stan:ding, 1 t1§; vary di “ficult to give the job duty to-an experimental
persor preefared the otjer way" ! ®

The progpse | Te=st Plan ¥ncl Cides a provision For most test Subjects to -
be incorporaged ipte thez regealar unit operaﬁ on after the test =lng is
comp)ete, - .

3 - of Maintennce - .

In a contto Negressarch study, malfunctions are artificialiy inserted
into the equdpent; Troowlesheoting and non-troubleshoo£ing tasks are
.sel ected on Ehe bas ¥ $0F some ¢ teria that are in tended to identifya
rarege of taskss t.»,haft -ire representatwe of the real world. Advantages to
thi s appr-oack ara tpett Tats of di fferent tasks can be runina short period -
incier  rather clo:ge g=xer—itental control, But maintenance persomel o ot
nm‘*ma?y finétio m oyx @ cmpressed time scale. Nor do they norrral ly
ancoyAter ma“Ente manf;e tassks In thee fr‘equerlmes used ina controlled test,
. (Some eXp: erirment 5 oyz ly i1 once _or twice a'year. ) Main+tenance personn e
nay perfo m cne Ftypg of task  almost daﬂy and anather‘ har‘du aver , Oor

ot ot a 1. _ S

. The prggzoSedeé;st P lan a]laws both a cgmr_':r‘essed and controlled tes t,
10 cD“! lecta wde re.nge of ireformation qui ckly and ef-Ficsently . Foll ove d
by an ope ratEona 1 fe llows-up. That - moni £ors - mamtenance wctivities as they
QCEZUF' duy~ing the ]oﬁrger term  cour-se o f"' ncjrma’l Dperatmﬁ‘% :

7. Purﬂg

T‘he {jEn%l‘ﬂ pur‘DDSgOf +he Test Plan is to eva]uate A oW do(:ljﬁ‘ieﬂt-at‘} on
package, 18 streygyhs anlweaknesses , its costs and effect-iversess,. and &S
acceptab1 lity~to  the tareget user papuT ation.  The specificatiors from which
it wys develooped iy ) be- bartialTyvalidated because 7t was the source- af

*the 1mples‘nent:ed <pcyy Ment-ition package,




/ To this end, it is important to identify and collect information on
a1l aspects of the documentation's operational use: Results will be used
to justify decisions regarding:.the implementation of the documentation
package. Recommendations must be based upon good research .design data as
ael1 as -salient.military considerations. : ‘ Co

2. Goals

The purpose of the test may be stated in terms of ‘three general goals,
relzt ing to costs, effectiveness, and acceptability.

0 a. Costs: Cost is the most important test.dimension.. There is a =~
‘potential reduction. of 1.7 billion dollars annually in the cost of Army:
equipment ownership that can be effected by new types of technical documen-
fation. ‘Maintehance costs is the key.to reducing 1ife cycle ownership
costs. The Test Plan must generate accurate data that can be used,to
project_cost savings achieyable -from adoption of the documentation package,

b. Effectiveness: Although costs are of primary concern, the docu-
mentation package must also be tested for its effectiveness in the.hands:
of the intended users. Consequently,-data will be collected on the levels’
of.skill demonstrated by personnel maintaining the equipment under the.
guidance of the documentation_package, with respect both to individual

effectiveness’.and overall manpower utilization (group effectiveness).

_ Effectiveness data will be reported separately. Where possible,

however , .these data will be translated into cost estimates as well. (For
instance, when effectiveness or job production is increased by 50%, this
can be translated . into reduced personnel or into increased readiness of
capital equipment.) . :

c. Acceptability: MWhenever a new innovation is introduced, there

45 “danger that it w111 be dismissed out of hand, just because it is new,
independent of its value in reducing costs.or improving effectiveness.

Consequently, a third goal of the Test Plan is to collect -information on
the acceptability of .the new concept - to its intended users and,to the
Army Commanders responsible for training and staffing. s the documen-
tation package accepted’on its face or is an indoctrination or weaning"
‘phase required? Is it immedi ately preferred over the existing package

or does it depend heayily on prior experience with traditional forms of
documentation? Is it immediately acceptable to new users (new personnel to
the Army)? :

3. Objectives

Objectives bearing on these goals include but are not limited to the °
following: - ' :

3
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(1) Development -

Determine ab;oTuté Qaafs uf package deva1ﬁpmen‘; estimated
separate1y fGr

content analysis

materials preparation

materials production :

materials reproduction, distribution and display

cC o oo

.~ . Compare these costs with tosts associated with current
documentation. -
(2) Training _

Estimate sav1ngs in t?51ﬁ1ng costs., per user (trainee),
relative to standard tra1ﬂ1ng costs.

(3) MaintEﬁance
Estimate savings in maintenance costs attr1butab]e ‘to 1aweréd
incidence .of replacing- good parts, especially non- expendabTe parts, and
‘savings from increased manpower utilization.

b. Effgctiyenggs-

(1) Productivity

7 Estimate increases in user productivity, as measured by time
‘to successful completion of maintenance tagks or user idle time, under
a]ternate manpower canf1gurat1ans

(2) RéadinESS

19

Estﬁmate increases in pr1me equ1pﬂent downtime attributable
to s]aw or 1nEFfect1ve maintenance. . -

¢ Acceptability

Estimate’pre.erences for the dqcumentation package over existing i

auﬂduﬁue, by novides: trainees, users, their supervisors, ‘and commanders.

F-4
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. status, and so on. .Relative data, on the other hand, requires a comparison
standard. For.example, how much training_time s saved relative to current

V. RESULTS

" The proposed Test Plan will evaluate the prototype {ﬂFormatiQn-pa:kage
covering the Avmament Subsysten cf *he MB0A2 tank. The testing will cover -

a representative sample of tasks ir the prototype package and corresponding

tasks in the following Technical Maruals. '

o. TM 9-2350-232-20/2 - M60A2 Turret Organizational. Maintenance
0 TM 9-2350-232-34/2 - M60A2 Turret Direct and General Support
‘ Maintenance - -
0 TM 9-1240-366-34 - Laser Range Finder General and Direct
' ’ ' Support Maintenance

The Test Plan is wivided into three phases:
Preparation
Experimental Phase : ,
Operational Phase . v o

The Experimental Phase consists of a ccnt?@l1ed,feseafchjsthdy Tasting

approximately three weeks.

- The Operational Phase is a long term (approximately nine m@nths?
follow-up to collect data under normal operational conditions.
This general approach is intended to satisfy both research require-
ments (Experimental Phase) and military requirements (Operational Phase).
It treats subjects (users) more as.professionals than as guinea pigs,

because all subjects will be allowed to perform.in jobs for which they were

trained (at. least over the nine month period).
.- Since preparation activities are dictated by the designs for the
Experimental and Operational Pha;es,’the_discussioﬁ-be]aw is presented in

the following order:

Experimental Phase
Operational Phase
Preparation-

1. Experimental Phase

Test objectives require an evaluation in both absolute and relative,
terms. For example, absolute data includes raw dollar costs of analyzing
the equipments, clock hours required- to return equipment to operational

practices? ‘How high is productivity raelative fo existing standards?

| TR ,
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Compar1son standards ;are ava1Tah1P in the literature, but only in

‘.f;ﬁough form (e.g., 85% of non-expendable parts returned to the depot as

bad are tested and found to be good), and none a»e ava11ab1e for the
SpECTFTC equ1pments to be tested.

Consequently, the d2519n calls for a compariscn of users maintaining
equipment with and without the new package. :

L=

Data collected during the experimenté? phase will be used to establish

two groups, an.Experimental Group and a Control Group. Each aroup will

be subdivided into novices, apprentices and journeymen as defined below:

Novice: No experience mainﬁaining the target equipment or
camparab1e équipment, i.e., BCT graduates.

Bppreﬁtice; Less than 6 mcnths experience or Technical SchDDT
s } E graduabe'e no experience

Journeyman: MGFE than GHE~yeaP'S experience = E

N0v1ces apprent1ces and journeymen in the twc droups will be matched

. for 1mportant characteristics, e.g., months experience. The Exppr1menta1
Group.will include at least 15 novices,. 15 apprentices, and 15 journeymen.

The Control Group will contain equal numbers of subjects in each category.
A11 subjects will be working under their primary MOS, and will be picked
for their availability during the Operational Phase. Some personnel from
the Experimental Phase will be available for the Operational Phase, others
will not. Those that are should be utilized; additional personnel should
then-be added to bring the numbers in each group ta the spec1f1ed levels.

b. Treatments

A1l subjects will be administered training as required and def ined by -
the prototype package, but only as necessary and appropriate to the dOEU*
mentation to be used. It should be noted here that the prototype packaqa
is designed for the. novice and should severely reduce the training require-
ment. Thus, the training will be Timited to access tasks., use of special
tools and test equipment, etc. S A

_ Fa]TQWTng training, subjects w111 be asked to perfovm ma1ntpnance tasks
as directed’ by test personnel. These tasks wili be pre- se]e;ted fram the
pratetype package for such’ cr1t9r1a as:

\ Non- Troub1eshaot1ng . : f
i (1) A1l maiﬂtenance missions will be covered (preventive, remove
and replace, assemble/di sassemb1e\ align and adjust, etc.).

(2) A wide range tool/test equipment usage will be required.
. F_B .‘I . s
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~ .Troubleshooting:

(1) Malfunctions inserted will require a range of isolations to

each of the péssible Tevels (moduie replacement to piece part).
(2) ‘Malfunctions inserted will require acwide range of test
equi pment. .

c.. Measures -

Data will be collected during test administration as required to
acconplish cost-and effectiveness objectives. Acceptance data will be
collected via interview and questionnaire methods at the termindtion of
the Experimental Phase. ' ’ '

2. Operational Phase

* = The critical feafurewof'the Operational Phase s that it be represen-
tative of "the "real world". -For example: .

The equipmentlshaqurbé in service under conditions Ffor which it was
intended. Thus, malfunctions should be those normally expected under
_typical usage. - No malfunctions will be artificially inserted.

)_SimiiaFTj,”the maintenance environment should be the regular opera-
tiorial environment except for the special documentation and possible
special tests.and record keeping. ‘ :

Finally, the pérSénne1 themse1VeslsﬁDqu be typical Dfxthé t}pe of
personnel expected to routinely maintain the equipment. . - :

.. To the extent” that thesa asiumptidns are unmet, the final.results.are
"impure" projections of what to expect. beyond the test envi ronment. '

Consequeatly, it is important that measures taken on the two groups
during the Operational Phase be as unobtrusive as possible. To -this end,
documents r@gﬁine1g,generated‘inlpe?fcrmance of maintenance tasks will be
reviewed to-identify data bearing on differences between the two groups
and :subgroups. . These documents will be analyzed during the experimental phase.
Simple procedures will be implemented during-the Oparational Phase to
scapture data elements identified as relevant. '

- Test administrators will visit the test site bimonthly to confirm
that data ceollection procedures are being implemented properly, to
collect accumulated'data, and to refine measures as. hecessary. '

~ Since equipment breakdowns will be taken as thédy normally occur,
the Operational Phase may have to continue for several months before
" sufficient data are available to Justify conclusions and recommendations.
This Phase will be terminated as soon as sufficient data are collected.
In no event will it run longer than nine months. -

2
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"3, Preparation-

a. Experimental Phase

To prepare for the Expérimental Phase, test administrators will
select and justify maintenance tasks in terms of criteria stated earlier.
Detailed measures of these/tasks will be identified or developed, dnciuding
- data CD1]ECtTOﬂ, data redu:t1on, and data analysis techniques. Al1 planning
w111 be carefully coDrdinated with local supervisors and commande rs. A :

Data necessary.to eétab11sh the Exper1ménte1 ﬁﬂd Control Gs&up? and
subgroups will be furn1thed by the test administrators. At minimum,
subgroups in thé Exper1WEﬂtal and Control Groups will be matched for sub-
group mean months P51evanL experience (on the target equipment or '
comparable equipment).” : ’

Site preparat1oh for the Experimental Phase will begin on arrival at
the test site at 1east one w. ek 1n advance of formal tegt1ng Impartant
tasks include: :

secu&e the Coaperatﬂnﬂ of local pér%Dnne1

(1)

(2) become thoroughly ‘familiar with 1aca1 manﬂtenance
‘ env1rbhments and conditions -

(3) dry run and debug specific measures to be emp]@yed

b. Operational Phase.

l -

"Test adm1n15trators w111 review TH 28-750 (TQMMQX td identify oppor-
tunities for monitoring maintenance activities in terms of routine forms,
Plans for unobtrusively collecting information in this manner wiil be
confirmed during the Experimental Phase. Additional measures will be
deve]aped on1y as necessary. :

P1ans Fnr data collection during the ODerat1Dna1 Phase will be
cacrd1nated with ﬁ@gﬂlzant personnel, Z )

*

B. Déﬁﬂ Reggrt1ng and Aﬂﬁ]ijSr

--1fl Exper1ﬁenta1 Pha%e

Data cellected during Exper1menta1 Fhase test1ng will be ana?yzed to
determine the effectiveness of the prototype package as compared to the
conventional Technical Manual. "This analysis will be in termns of
successful completion of tasks, time required to perform tasks, and
mistakes and prahTemﬁ encountered. These data can be used to determine .

. cost effectiveness in terins of personnel utilization, impact on tﬁa1n1ﬂg_
‘and on maintenance costs and pfoﬂuct1v1ty The anticipated savings accrued
here can then be compared against the cost of the deve1apm5ﬂt of full ScaTe

‘manuals. under the new concept.

" 1 ,i, 0 .
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2. Operational Phase . \

The data collected during this phase can be used to update the pro-
jections developed during the Experimental Phase. These data represent
the "real world" and as such should form the basis for broader imple-
mentation of the new concept.

There are three forms of data which can be collected during the
Operational Phase. The first.type of data is that of Operaticﬁai
readiness of the magar equipments to which maintenance of the subcom-
panents contributes. If the group using the new manuals is of sufficient
size to canduct maintenance of all subcomponents of-an identifiable group
. of equipments,” then the material readiness of that group of equipments can

.be used as a' measure of the effect1veness of the personne] dDan the
ma1ﬂtenance

Hawever 1f the Grcup is not large enaugh or Dther operational con-
straints make this.form of data collection impossible,-a second form may
_be-used. Records would be kept on the individual items maintained,
rather.than on the major items which the maintenance chtrTbutes to..

These individual items would be the normal "“work units" assigned by thé
job supervisor. The jobs. are identified in the MAC Chart (which is*called
-a Task Identification Matrix in Air Force terminalogy). The records kept
wau1d include the man hours expended in accomplishing the maintenance tasks,
. assigned by the job supervisor. The: effort expended by those using the new
: chumentat1Dn .and those -using traditiona) documentation 'would be the basis
~of comparison. (This measure isavailable even if bcth groups of pers@nne]
work on the same major equipment items. ) o

,A third form of data would be statements Fﬁom job supervisors. These
would not be general Gpinion_statémentsg but would be .specific to.events
which occurred. The supervisor will be asked to cite specifics in his
statements on how well personneT performed their jobs. 'He will be asked to
state why he Tailed to ass1gn certain jobs to members of either group
aid why. This data form is inténded to be more objective than the usual
opinion gathering survey. It is intended to use his judgement about job
affectiveness app11ed to specific 51tuat1015 which he DbSEFVEd It is
not a ‘global 1mpress1on measure of” purﬁ opinion. :
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