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cowermhensive systematic investigation of
usd paid nroposed for use by equin-

m.ent oaerator information tronswission techniques were
ovallni within th.-? p,ar,atleamrs of mnvironment, task and equipment complexity,
personnel trairinc and competence as they apply. Thi5 study develOped an
improved waintenarce program which could result in lowmr maintenance costs,
bettor and :niyher availability of Amy materiel.

Today the cost of omership of equipment is higher than the cost of
orocurino those iterms. There is a cultural lag in recognizing this state
of affairs. In earlier days we could properly think of the hardware item
ms an expensive inves-tment to be protected by careful mintenance and repair%
Today the cost of maintenance personnel has gone up, and- hardware items are
so complex and have so many parts to wear out and fail, that many more main-
tenance personnel are'required to care for them. One third of the personnel
in the U. ArmeS Services are presently in full time maintenance workl,
and this does net include all the operators who do maintenance part time.
The cost of these personnel is greater than the cost of2equipment procurement
in a year and is the major factor in cost of ownership. Replacement parts
are another cost of ownership, hut they are relatively small in comparison
inth perconnel costs, so that when we consider costs of ownership, we must
consider the ways in which personnel costs can be changed.

Equipment can be better designed for ease of maintenance, but this study
does not explore,that approach. It traces what has been done that can change
personnel costs directly.

. There are tnree ways personnel costs can be changed:

7. By redudnq non-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 personnel perfoxmances and reducing formal training time. Most

of these new concepts have been developed in the Psychological, Behavioral
Science community rather than in the Engineering community, They focus on
changes in the persmnel subsystem rather than on enoineering changes. Much
of this research deals with the software link between the hardware and
maintenance personnel. Iraditionally, this software link has been the

I
-Statistical Abstract of the United States, United States Department of
Commerce, gist Edition, 1970.

2
[vInpower costs have increased-from of the U. S. Defense Budget in 196,2

to 47'/, in 1972 (Budget of the U. S. Government and the percentage in
1975 is estimated. at 55-60%.



Technicol 7'ImuaI: A certain arouo of The new concepts proposo a noN medium
tor this' o:g., wicroklow, tone, ,ecords, otc, However, tho
redigo: used ror this-link nas little or op ottect on the rnat Of ownership-
Tk. i5 bontr/ horr:ontatil,,
okna,:o5 per:form:aro:2e On the :ohL

ho L6Hrt-2r Loacornod with changing the
i!P2(71n-1,1tiOrl h1ows ticros theso it is by changing the inFcrma-
tion thM, the porforrlance of maintenonce personnel and the requirerents

5rm-,a1 schooling can be changed. ThiS in turn impacts the three Factors
liste above and consequently the costs lwnorship Tho n-nsont
i5 desitTred op examlne all these nee ,:,encepts, to identify elements of the
concepts which have the greatest effa,4 on changing performance.

ft has been recognized that different situations may require different
ancept elements; it has also been suggested that some families of elements

ace stvited toisome situdtions and not others; nevertheless, the aim
of this study is to examine different situatens in the Army with the inten-
Lirm of tailoring a single new concept to fit all situations, with variations
TF reclred.

The 9b'ectivps of this study were org'arized into seve

Task 1: To identify new concepts for maintenance that hold promise fgr
reducing the cost of equipment ownership.

`ask 2: To analyze the new concepts in order to identify the fundamental
elements responsible 'for their effect upon maintenance cost.

Task 3: "To :notch fundamental elements to particular Army situations, to
evaluate their validity, and to make broad cost projections;

Task 4: To review the fundamental elements against the Commodity S'ystems,
and project the cost of owner5h1p which could accrue through use
cif these elements to produce ali Army TMs.

Task 6: T0 prepare a specification which includes all the fundamental
olements tailored to Army situations where they are appropriate.

TiTfsk 6: Prepare a sample manual based on the speci cation.

Tas 7: Prepare a test plan -rot- testing the sample manual.

Interim reports were prepared on eoch of the above tasks during the
course of the contract. This report $ummarizes and replaces all of the
inf(-2rin -task reports. The interim task reports are working papers each
contributing to the next renorts and the final report.

)



-thdy prsdi ?stima:e of the reduction in

'dtionl hiq new Technical Nanual specification

ylorrT n prorkp-ptimate would depend on factors whiCh

3ttl 6tid _ r- tions rrom factors -wlmJ do not justify such

ion. IH order For the potential reductions in cost of owmership
-lizid, tho poliriel ai-a=f tdinimg subsystems must he changed, H

icy cannot he changed without the cnange in information supplied through

the ;echnical Manual ii oh io are, then, talking about a change in one

system that will have an effect across other Army systems. This is one of

the most ditfigult changes to accomplish because the separate systems _do

not formally "come together' below then level of the Chief-of-Staff of the

Army. If changes in one command are to he coordinated with changes in
otl-Pr cormands, high level coordination is required,

Though this coordination is not the _ubject of this study, the fac
that thP subject of low cost 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,
ft does this hy 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. ft provides the research community with a

way of o,7ganiztrig in one study what has previously been 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

be 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 primarily 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

based on improved performance. ft will also provide evidence of possible
Ancrements in performance as school training is decreased, and personnel
begin to perform more on the hasis 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.
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For full time maintenance jobs in forillal schools
each and contributing apornximately 1.2 billion -!

cost of ovnership.

each

ut

droually to 1.

/1. There is ample evidence that a new approach to maintenance Technical
nuals tan reduce these cos.ts of ownership by about 1.7 billion dollars

per year, and two billion dc1lars 1 t necessarily bp the upper
limit of t, estimate.

75. The 1 a rge reductions in costA,forie I 1.1-pm a reduction in school training
of about 750 and a 15': reduction In the Oze of work forco. Some swller
reductions may also be achieved by -'.,eductions in the number cf fdlse
removals and the supply perturbationt they entail.. No cost savings are
seen for 'the manuals themselves, but\their cost fs- only a very small
fraction of the cost of training and work force.

6. The new approach is based on a change in conception and assumptions
about technical manuals. Instead of using training to provide the new
maintenance personnel with general information which is combined with
specific equipment descriptions on the job, the new app-roach is to analyze
all jobs and describe exactly what is to be -done in the TM to maintain the
equipment, The descriljtions are presented in graphics and short words for
a user with grade school rnadinq skills.

7. The changes required to bring about these reductions in cost of
ownership rOguire coordination between major commands;, particularly AMC
and TRADOC,

8. The specification )repared in this study incorporates the fundamental
elements from all new concepts which have proven their effectiveness
the Army, Navy, Air Force, Coast Guard, and indu try over the past 18
years, It provides the Army with the best singl approach for
accomplishing reductions in cost of ownership.
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Si, a and personnel

, on one or more new
r,L= Ile, a rid on one or more
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selected comitunicatlons or artillery ccmputing equipment.

2. Tee scale iiz:lementations snould be corducted by Army personnel,

b),it nnsearco perscrinni should also be involved im data collection and

cpi.i:L projections nver a period of vears in nrder to gain more precise

thiin arn possible frnnn the small scale studies conducted to
shduld be coordinated at aresearch-level with similar pilot

tieing coOucted thn Air Force.

Plans should he prepared for fmrther -Larger scale implementation based

..,71 experience gained in the pilot scale prouraus, This would involve

production of new Technical Manuals for many items of existing equipmerrt

and new equipment with the specifftetions belga sirmflar to those used in the

pilot scale implewentations.
a

-Advance development research f,unds should be allocated to this effort

as it will require some kinds of mndification and finprovement As the

scale of operations identifies new problehs, 0,9_, reducing the number of

MOSs as personnel can effectively Laerform a greater-variety of jobs, and job

relevant testing of personnel for advan_comeht, new solutions will be needed

to capitalize on these potentials. Also, such studies will be of,value to
other services and industry as well as for setting priorities and implemen-

tation schedules within the Army.

5. Personnel with re5;earch experience in 4tis field should he retained
to help guide pilot scale implementation effort. This should include help

to the Army procuring agency and to the rest of industry which must learn

new methods fOr meetind the new 4eciflcations.

5



TASK 1

A. General Discussion

New concepts that claim to improve transmission Of maintenance nfor-
niati on 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
trios e 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 terns of their effect on -cost of owner-
ship, because,* have no effect on cost of ownership. The.appropriateness
of a.ny transmi ssi on medium for Army si tuations depends on power and
mobi lity characteristics of the equipment associated with the media, not
cost of ownership. None of these new concepts which dealt with media had
any test data to -demonstrate any advantage over_ traditional paper technical
manuals Essenti al ly al l .the techni ques of informati on transnii ss ion that
do affect cost of ownership can be used over any medium,

14hen. he term new concepts jn maintenance is used hereafter in the
repo rt it refers only to thos-er that have. a _potential for affecting the
major costs of ownership, the personnel subsystem.

All of these new concepts piromise to improve maintenance through improved
performance of maintenance personnel. There were no other criteria for
inclusion 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 ha;. had not al ready been identified by others.

The survey format is not adequate to provide a breaktlfrough in this
field Surveys merely describe, they do.not-.;treate a structure for reducing
all results to a common form which_:can--b-eused. to structure the next steps.
Advances can only come fron--r-edliang existing data to some kind of conrnon
form.

Therefore-, the survey portion of the present study is not the important
step. It merely provides the groundwork for building 'a structure and
reducing data to that structure.

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



desi gn leiel understandi g . The focus is the new man on the
is as surned to be untrained or trained only at a functional level

I t Oecause- of this focus that the new concepts have such a large
impac t on cos It of ownership. The high cos ts of ownership are in the new
man, his trai nin9 and first year on the job. It is these costs that the
.now_ concep nave demonstrated a capability for changing. An experienced
.lnan's performance cannot be dramatically improved because he .is al ready
operating at a rel atively hicih I eve I If the new concepts also help him,
this must be ansi dered a5 a side benefit. Desirable as this migh.t be,
it does not tly affect the cast ot ownership.

B Proced ure

The proceeiures for collecting data on the new concepts wer as follows:

1 . Cp1s of reports of new concepts in company files
colle cted. This produced about 85% of the total li s

Reque sts were made to the Defense Documentation Center ( DDC) an
Natio-nal Technical Information Service (NTIS) to provide i nformation
by su hject matter. This produced relatively l ittle new data

bou t of total ).

i rst

DDC a nd NT IS were requested to provide information by author. This
requi red pri or ,knowledge of what authors to request. lt updated

ifornii ion but provided no new concepts (0% of total) .

Pa rti al li sts of new concepts included in about ten other reports

were exami ned. Most of the i tems in theSe lists included
unver ified sources given in previous reports. Original copies
of re ports were requested from all originators for which no

ma ter ial was on file . This provided informati on on sone new

conce pts ( abdut 87, of total ).

S. Verso nal contact was made with personnel who have worked i n the

fi eld (5it, of total ).

There remains a short list of new concepts whi ch have been reported
by name in other reports but on which we were unable to collect
any i nfonnati on . Telephone call s and letters did not reach the
sources gi ven in other reports. The sources , Aherefore, remain

un verified.

ND :research results are included in this survey that did not come from

a verif Jed so urce. It should be added that this cri terion did not excl ude

any dat.a. 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 new concepts -has been col lected for this report.



There hav been sekral previous surveys of this field. The earliest
were by Shriver and TrexTer in 19661, and a compendium of conCepts prepared
by the SMC Equipment Manual& Field Offic (PTO) at Letterkony Arrny Lnu I i

19652.

More surveys have followed. tut all have descr ibed the concer
without reducing them to the fundaMental -elements responsible for
results; The present study uses the'survey--onlv as a small f st91;,

The important steps aTe described in the-tasks which follow. 'Othout
those steps the survey phase can be said to_be misleadin.g- rather than
enlightening. It identifies so many seemingly conflicting formats and
intentions that:any reader must say the field 'is not yet read..., for
implementation. The results of many studies Andioate important potential.
But there_ is no single clear action that Oil achieve the potential
effects. -Surveys perpetaate this indecision. They'cannot clarify, they
only add a few niore items to a clutter of seemingly different concepts.

A list of these concepts appears as Appendix

-Shriver, E. L., and Trexler, R. D. A Decription and na tic Discussion
of Ten .New Concepts for Electronics Maintenance. Technical Report 66-23,
Human Resources Research Office, George Washington University, Alexandria,
Virginia, December 1966.

2Technical Resort SMC EMEO 1 l irn.roved Main enance Da a jechniaues.
Improvements Branch, Guidance Division, SMC Equipment Nanuals Field
Off ice Letterkenny Army Depot, Chambersburg, PA., 15 August1965.

8



Discusinn

The.. pu pose of Ta5k v;as to analyze the various new concepts iden-
fied in the survey, ,id identify fundamental elements which muld

account for the results obtained from using those concepts, -An initial'

set of fundamental-elements was identified 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
elemits n the initial list, a new element was tentatively defined to
dosc-ibe it, or an old one Has redefined. This was done through
iterating entries in a:matrix of concepts by fundamentad elements.

In the performance-of this task, the initial list-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' WA5 redeflned as "Intelligibility", thu.s including
information given in graphic form as well as in written words.-

In performing thi5 iteration of fundamental 'elements, each of the
new concepts was defiried in a set of common terms.

The iteration process was accomplished with a Patrix 9f 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 of 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 vas 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 experienced
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",-hut 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
level. Both concepts can legitimately be described as using some form
of "Plain English", hut the first is intelligible only to a limited
audience.



When decisionS arising from such dilemmas had to be made as Le whether
or not an element was sufficiently "present' to be placed in the matrix,
it vas =retognized that it was rnt the presence of many elements which-made.
a concept effective, but the thorough development of a few. Wheh 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 degreeof procedural-
ization, every one provides some understanding, some Plain English, sole
content analysis, etc.., but the reallv successful new concepts were found
to have one or two elements present in a _fully_ developed form.

When we look at the results Of Task 3, we find that almost all of the_,
research results have been collected from a relatively small number of new
concepts-that have some elements fully oeveloped. Other concepts represent
only. "nood 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 mintenance 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 fund;mental 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.

Ta k 2 was extremely useful for revealing the notion of "fully
developed". It had not been recognized previously as an organizing
principle. This principle, coupled with the redefined fundamental eleme.its,
organizes the entire field 'tit° a meaningful picture. The issues opened
up in Task ? are resolved in Task 3. where evaluations are accomplished
in conjunction with results.

B. STeoific AnaLyses_ and Results_

The vari J objectives of new concepts are summar *ed in the following
list:

To improve Technicirl Performance

o To Harov_. educe T chhician Training

10



o To Reduce Technician Skill Level Requirements

o To Reduce Equipnent Downtime

These objectives are concerned with the.,personnel and training sub*stems.

.Throu0 these systems they_have the potemtial ofaffecting cost of:ownership.

The results of the research studies are in terms of the objectives Tisted

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

are made in Tasks 3 and 4.

Tne original list of fundamental eletnents hypothesized to account

for all-of the results 'obtained with the concepts, is as follows:

1. Task Analysis

2. User POint of View

3. Effidiency,of Task Analysis/Logic Trees

4. Assumed Knowledge,and Skill

5. Understanding Versus Rote

Plain English

Psychological Motivatibp

Medium of Presentation



The i itial organi I ing rarnewor k fur these furidarnenta i elements gas.

Task

Analysis
2, Us r Point!

'of View 1

ficiency ofl
Task Analysisi

and
Lonic Trees

-smed
Knowledge
Hnd Skill

'

Plain

English

5. Understanding
vs

Rote

f

7, Pychologica
Motivation

Finaj Documentation

Medium of I

Presentation

This framework means that Task Analysis (1) is perrormed on the subject

equipment. The User Point of View (2) is used in rdaking this analysis.
The efficiency of the Task Analysis and the resultant Logic Trees (3) is
function of the procedures used. Since the trees represent a very

inefficient set of steps for doing the job, a set of efficient procedures .
i-s 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 carbureto
the step need onlysay 'remove carbliretor", but jf not, the step must be
broken down to "remove air filter, disconnect gas line, etc." -Likewise,
the steps can be broken down for "disconnect gas line" to "place 114 inch
open end wrench on nut 1, turn counterclockwise, etc." The assumptions
made on skill and knowledge of the user determine the level of tas.k step
.detail which the Task Analysis goes into.

The framework has Understanding versus Rote (5) as a decision and also
an optional method of treatnent after the basic data is analyzed. It

means that the data can be organized for understanding (at a functional
Block Dilgram level) or for a series of procedures for rote performance
with no understanding.

After-the ana1y7d data is prepared for Understanding or Rote, there
are additional processes to perform before it _is placed in a technical
manual.

12



All written material should be put iq via;.1 tnglish (6). This means

preparing it so that it is comprehensible to the user population. If it is

prupAred properly in Plain English, it will pass readability standards.

Psycho". ical Motivat (7) is any technique for making the content

in--resting to the reader. This is typically done by incorporaCing graphic

devices a6J color. This has been called the comic book technique by

detractors, 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, agnetic tape, etc.

Using the nat.rix for successive iterations resulted in the following

redefinition of the original eight fundamental elements into fifteen

elements.

The First three original elements were.redefined as four types of

analysis that had been used effectively in various concepts. They are

de'scribed as four types of content analysis:

1. Equipment Analysis

2. Functional Analysis

3. -Task Analysis

4 Behavioral_Task Analysis

Thse analyses a-erall: processes that hove ,been us d to generate job

aids and training in some new concepts. They have been well developed

in one concept, br another, but have never all Peen used in one concept.

The fourth and fifth original elements were changed into:

1. Procedures

a. Serial

b. Branching

2. Functioncl) Unde--andin

a. Training'

b. Narrative

Graphics

13



These represented means by which'certain new concepts had achieved
either Understanding or Rote, ancLthis in turn required assumptions about
how much skill and knowledge the user had in order to use the documentation
provided. Those new concepts whiCh used prbcedures for rote perfornance
generally assumed no special training for the user. Those that used
-'aining with the documentation assumed the user would_learn certain

equipment functions in that training - but this was quite different
the training content of traditional formal schools.

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

1. inipliFied Text

2. Text/Graphic Combinations

3. Organized-Format& 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 words required that
the term "Plain English" be changed to a term such as "Intelligibility".

The seventh original element was evanded from Psychological Motivation
to Motivational Graphics, and ncluded:

1. Mo,ivation Graphics

2. Personal Involvement

3, Color Graphics

The first and third new elements are graphic technig_ s The second

involves the use of personal wronouns in the accompamying text .

This, then, is the list of elements for evaluation in Task 3:

Content Analysis

a, Equipment Analysis

Functional A alysis

r. Task Analysis

Behavioral Task:Analys s
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Procedures

Serial Procedures

Branching Procedures

Functional Understandino

a. Trainira

b. Narrative

c. C'aphics

a._ Simplified Text

b. Text/GraphiC Combinations

c. Organized Formats-to Support MultiUser Performance

5. Motivational Graphics

a: Motivation GraphiCs

b. Personal Involvement

c. Color Graphics

tt is not the final list, since as a result of that analysisz, he

fundamental elements were again redefined (Task 3).

C. Definition of Elements

1. Content Analysis

a- ,5.(1.1_22EL2t12LCAL

The Equipment Analysis is the point of contact with system design.

Its output is the identification of all equipment items authorized for

various kinds of maintenance in each maintenance category. The inputs to

Equipment Analysis 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 all equipment items, an0 it is a manager's tool for assigning tasks to

analysts, and checking off 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 j b task of adjusting a carburetor requires that the ancillary

15
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task.s of operating Lne hoou uu romo,i
the major task fs performed. LiK(11Wise,

barts,etc., are ancillary to major tas,
identified by the analyst in a Task Analy3
ment of analyzino.a Job task. The term 'Jo
tasks identified in the Equipment Analysis.
called "subtasks", and are identified as he.
Task Analysis process.

.iter be .,...ompieted DeTIO

such as going to get lubricants,
Thse ancillary tasks are

he receives the assign-
ask" is used to rcfer to r,h,-,2

The ancillary tasks are
vioral o jective in the

The_Maintenanee Allocation Chart (MAC).1$ on eample of the sumc-
output of this. Equipment Analysis process., For troubleshooting mainteroncO,
the MAC is used to verify that the functional analysis (described belo0'
is complete. For non-troubleshooting maintenance, the MAC is used to ,

generate a comprehensive list of tasks by reading off the,intersection of
maintenance functions with component assemblies, including associated
Group Number, Tools and Equipment, and Remarks. The ultimat( source
document for this analysis is the engineering drawing. Questions about
specifications and tolerances must be resolved by referring to this doc
and products not consistent with this document are in error.

ment,

Ndte: The Army is the only service to produce a product like a MAC.
In the other services this product must be produced by the personnel
.preparing the TN. This product of this anal tic procesS is called the Task
Identification Niatrix (TIN) in the Air Farce

Modification of the MAC, per se, i5 not a technical manual development
responsibility. Inconsistencies An partstockirig and distribution, etc.,
which may be revealed by the other analytic process, are treated by calling
them to the attention of the system-desigh shop, it should be noted tlit
these inconsistencies must be cleared Up before the manual can be finaltzed_
Any information from LSAR (formerly knownas MEADS) is source information
for the 771 developers.

L. Functiobal Anal sirs Troubles s Only. A Functional
Analysis is performed for troubleshooting

(1) To develop an understanding of s
and how they 'are related in the equipment through functional block di
and functional descriptions.

n tions and subfunot ons

(2) lo identify all the inputs and oLLItpu
how to measure them.

(3) To identify symptoms of abnormal eq i:r
associated with each block.

the bloc s and show

nt function that are

(4) To allocate parts to blocks so that the failure of any part
ass _tied to a block will not affect the measured input to the block,
only the neasured output.

16



The fun_ional desf-riptiln say ir -dc, what the functions of each

be blocks on the block diagrams are. This is not a recapitulation of

the theory required to design the system; it describes how the equipment

;Jr,ctions and indirectly indicates where the user-should look Mien it

malfunctions. It is man-oriented, not system-design oriented. it employs

simple, uPderstandable 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 wi h

the functional block diagrams generated for- troubleshooting purposes.
The boundaries of troubleshooti4 functions are not physical boundaries

or design engineering boundaries , but are the boundaries that make
troubleshooting and maintenance most effective and efficient for the
human beings doing the maintenance.

The troubleshooting block diagrams take into account the block
diagralls 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 got sufficiently detailed to convey the rigor that

this analysis must entail. This analysis takes into account accessibility,

probability of failure and di5criminability.

c, Task Analvs Non-troubleshootin Tasks and Procedural Aspects.

of Troubleshootin rhe TaSk Analysis-convert§ the job tasks
identified in ,he Equipment Analysis to the series of tasks and steps
required to get that job task accomplished. The MAC ii_sts the parts of

the equipment and-what type of maintenance is needed on each. Task

Analysis is concernec&with the conversion- and organization of maintenance
tasks, into perfocmance sequences of steps. The job task of replacing a

carburetor is defined as a series of tasks including raising the hood,

removino 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 soldier on the job. It is new data, not a

recapitulation of information developed by design engineers:in descrilling

-the equipment. Later, in Behavioral Analysis, these tasks are confirmed
and developed into more detailed graphic and written instruction by a

"hands oe- performance on the equipment. Notes, cautions and warnings are
identified, specified, and inserted at the appropriate places in the task

structure during the Task Analysis and Behavioral Analysis.

I TB 750-93-1, Functional Grouping Codes, represents eng nee ing functions,

not the troubleshooting functions described here.

2
Shriver, F. L., et al. -A Procedural Gulde_for Technical Im

of the FORECAST._Methods_of Task-apd Skill_Analisjs. Training Methods

Division, Human Resources Research Office, George Washington University,

Alexandria, Virginia,,July 1961,

lementation
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The user population for whom these procedures are intended includes'
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 is con-

cerned with human sensory perception - with what can be seen, heard and
touched. Maintenance personnel are the users of maintenance documentation,
and as human beings, they come equipped with certain sensory 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 findeseurces of trouble or to perform a sequence of steps. What the ,

user will actually see, hear, etc., iS an important part of the-analysis.
In mechanical situaJons (serial) the sensory capacities are used in making
inspections and checkouts. The Behavioral Task Analysis should'ensure
that.the distinctions between acceptable and unacceOtable situations are
adequately described in behavibral/sensory terms so that the maintenance
personnel can make the correct discrimination in any-given case.

tn troubleshooting situations the Behavioral Task Analysis must "look
ahead" to what lies-along a given branch. If the collection of sensory
inftrmation 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 discrimination§
that are too fine should be avoided;:that is, the boundaey 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 likelihood of a failure at an inaccessible location, then

luintenance personnel should be directed to that location sooner than-if
it had parts that failed only infrequently. So, although probability data

has no similarity to human behavioral considerations, the probabilities of
uchine "misbehaviors" must be traded off against human characteristics
at this point.

In practice, .ithe Behavioral Task Analysis always looks for the simpler,

more efTicient way. This means simpler in terms of cues, discriminations

and the behavioral responses of personnel. This is not an engineerin6

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. lf, for example, the plates of a
rectirier will glow red shortly after warmupif there is a remote short

18



on the B4- l4ne, whereas they mill 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 stch

information in the engineering design,sheets but this information is what

a human.being uses to perform an, effective job.

Since relationships such as this are cleaHy not-derivable from_ an

analysis pf function only, tha Behavioral Task Analysis should not be,

conducted sequentially, but in parallel with the Functional Analysis. Thus,

it is the information from a Behavioral Task Amalysis (BTA) conducted side

ty side with the Furictiodal,Analysis, that provides,the basis for building

task sequences arouhc1111§_ctkiilfttilituTing the,,task organizational phase.

Cues, which canhotTeadiltte'described'in'the BTA'May have to be rejacted

for,usOn the-Functional Analysis.' For instance, an "igniteru_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 represehts an effort to describe the cte.

'Once recognizedAt is highly discriminable. But some cues are so difficult

to discriminate that a "hands on" analysis of the equipment isessential

for the Behavioral Task Analysis. It is desirable to do soMe of this in

tandem with the Functional Analysis. It may require more experience 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.
,

2. Procedures. Deleted (Task 3, paragraph CI).

3. Functional Uriderstandin. Deleted (Task 3,'paragraph C1).

4. Int. Redefined (Task 3, paragraph CI).

5. Motivational Gra hics. Deleted (Task 3, paragraph CI).

D. S_EoAra

The major finding of Task,2 was that the fundamental elements exist

In varying degrees in each concept: rudimentary, highly developed, or

any point in between. This was found during the process of entering the

elements from each new concept in a matrix, and iteratively redefining

,andre-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 believed

that the concept which had the greatest number of elements would be the

most effective, but in this task it was recognized that the degree of

development of an element was more important than the number of elements..

This finding is further developed and resolved in Task 3 which evaluates

the results obtained with the new concepts.
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Task 2, then, resu;teo in a definition of fundamenta; eiements,,whieh
was the prime obJective. However, the important findings of the task
concerned breaking with the procG)nceived notion that the quantity of the
fundamental elements represented in a new cnnCept would determine
effectiveness. In resolving this reassessment, the eTerwas in Task
were reduced in number, as indicated in Section C df the Task 2 descri*en.
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TASK .3

four ri in objectives of this task:

nch vidual Army situations and determine the appropria

elements for each.

To make a comparative evaluation of the fundamental elements

,ntified in Task.2.

Toevaluate those concepts listed in Task 1 which had no appreciable

effect on the cost of owne ship..

To project, broadly, changes in cost of ownership.

1. LI!1_021722_DIrldTen al Elements to Situations.

Before this study started, there was a strong belief 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

latch specific situations with appropriate fundamental elements from the

new concepts. During the process of performing this task, it became clear

that the oripinal belief was in error. Only two basic situations were

found for which different fundamentzll elements were required: the-

troubleshooting situation, and all otner 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 require different technological

processes for developing information in manuals.

2. Evaluatin Fundamental Elements.

.Before the task started, there was a common belief, that evaluating

the fundamental elements (technological processes) would be like 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

(3
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the field for years. The deceptively simple answer ._ame only th. °ugh a
lona oroc.ess of trial and error analyses in the present study. A sump'
is provided 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:

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

When this study was initiated, anythina 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 producing a new type of TM, each
process converting one kind of information into another kind.

b. What kind of fundamental elements are needed in order
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._
All of the processes are used for troubleshooting tasks, while functional
analysis is omitted for non-troubleshooting,tasks.

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 evaluat d

in the following terms:

Did use of the concept result in improved performance and or .

lowering training time? If so, how much?

Were one or more of the fundamental elements mo e fully
developed than others in the concept producing the best

results?

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

The important thing that was recognized was that the technological

processes called fundamental elements are not in conflict with each other,

that every concept uses some form of each, and that the-hest results are

obtained when onP or more is fully developed. With one exception, the

2 J
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fully developed form of a fundamental element always had good results

associated with it.1 In retrospect, this can be seen to be a "self-

selective" precoss. That is, there are few reports on technological

Processes that didn't work. The key to the evaluation was the results

obtained. Every cOnceot 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 factors producing the good results from a given concept. For insta

concept A produced good results. It had a well developed form of Tasl<

Analysis (on of the fundamental elements). it had a rudimentary form of

making text iadable (another fundamental element). Concept B also

produced good results, hut 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 fundamental eleMent selected fOr

inclusion in the final specification has proven itself to be the- eff-ctive

ingredient in one new concept study or another.

The second part of this step was to answer the question of whith

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

peoples' 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

elerents, 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 t-airing time

and another had shown a 60% reduction based on development of the same

fundamental element. Which presentation of the element sh9uld 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.descript on Of the

process.

3. Evaluating In ective ConsepIl_.

The third objective of this task was to evaluate the concepts

1
The Meintenance Dependency (Aar (MOC ) is the excention and it is discussed

later in this section.
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:listed in task 1) for which no experimental results exist. it was found that
concepts which do not affect ownership costs do not have well developed
fundamental elemerit. -iney are oenerai iy eL Lhe lovoi of lovelopment
a company brochure, They odvocaLe Task Anai.vsis cr BlocT :)iaarIs or
improved readability, and they MaY show some c;:ampos, bpi: they do
provide the details on the technological proceshe', Hi- developing the
fundamental elements they advocate, Their advocacy points to the impor-
tance of these elements, but it contributes nothing to their dove Iirfrn

Consequently, these new concepts can be subsumed undor fI1P
develop one o!-- more of the fundamental elements. Their presence ,JiouiL
not be allowed to confuse the evaluation picture. -They ore not contend' 1
for implementation, but merely point in directions that
developed in other concepts. These concepts are described ir ndix R

Develo inq Cost -f Ovr- ship_ Proi Ltions.

The fourth objective was to translate the results obtaired in
various studies into common measures which could be used with cost data
to project changes in cost of ownership, For this purpose the results
were reduced to the following

a. Reduction in training time.

b. Reduction in size of t

e. Reduction ir false removals.

This was accoMplished in this task and the results carried forward to be
combined with costing elements in Task 4,

F. Ilpprslac h_ - General

Task 3 marked a major milestone. It was the first point at which a
complete outline of the final specif cation became available. The outline
was subject to further confirmation in Task 4 , expansion (Task 5),
application (Task -6), 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 turning point in orientation. It began the process of
closing 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 results
to project the costs of ownership that could be changed by the use of-the
combined integrated specifications.
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Terms of Result-

Thu o Li cirlpd wi t each now concept wero generlized

ill Crv situot-fons. esults were reduced to those

conc_crod with:

duction in training time

Roduc or in 4ork force

r. Reluction in false removals

Bounoarv ,onditions of Fundamental Elemen.

3ased on these analyses a better understalding of what was effective

in producing results was developed, and the fundamental elements were
accordingly redefined. Some elements brought forward from Task 2 were
]eleteC, and the boundary conditions (or definitions), of others were

changed. 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 one process stops and another starts is somewhat arbitrary.

The boundaries between the processes as given here are aids in understanding

the precesses (fundamental elements ) and reOresent a useful way of organizing

them for application.

Sample.Fermats_

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. Annroach - S ecific

Anal qis of Existine Data in Terms of Fundamental Element

The following is a list of the fundamental elements generated in

TA k 2, which was the starting point for Task 3:

(a) Content Analysis_

(1) Equipment Analysis-

) Functional Analysis

Task Analysis

Behavioral Analy is

25
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Procedures

(1) Serial Procedures

(2) Branching Pt-7edures

Ftmctional Understanding

(I) Training

Iarrative

Graphics

(d) Int-lligihility

(1) Simplified Text

.aphic Combinations

Organized Formats tO Support Multi-User Per ormance

ational Graphics

(1) Motivation Graphics

(2) Personal Involvement

(3) Color Graphics

Each new concept was described in terms of the fundamental elements
which were fully develonedin the Oncept, and those which achieved moderate
development. However, .

the'process of doing this led to the drawing up of

a simplified set o fundamentell 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 sliven element or not. After

they had done their job, they discussed their dWiculties together and

came to the- realization that it was not a case of have or have not, but a

question of degrees of having each element.

,The Task 2 list also has Functional Understanding as an element, with

Training, Narrative, and Graphic's 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 list. Procedures are a product

of a process like Behavioral Task Analysis and not a. process in themseiVes.

So they also were dropped from the list. 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. All of these were rejected as funda-

mental elements.
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Intelligibility, next on the list, was metaked as a fundamental

Oement, hut withollt itq sub-elements. Intelligibility is a chaTacter

istic of information. It depends on the characteristics of the user. In

the present study, the user on whom most of the costs of ownership hinges is

the lovice. Certa-in of the new concepts used prncesses for making information

'elligible to novices. These processes are fundamental elements, and have

b(?en !-Jiven tisv:-2 name intelligibility Standards. This, then, is the fifth

fundaEmtal element. it is used in conjunction with the four types of

analytic processes It conOts of two parts, text and graphics. Text

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

primarily to convey information about things (nouns).. Organized formats

for supporting multi-user formats are not included'as a fundamental

elemnt, but the format prescribed is organized for multi'-uSers.

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

Motivational Graphics is recognized to reOresent processes for improving-

performanee, and the rmy MateTiel Command has been the leader in all the

services in using these processes. However, there has been no research

followup. Without results there is no way to project costs. For this

naasm, Motivational Crannies is npt included as a fundamental element.

HoWever, there haN been good acceptability from the field on manuals for

organizational perYionnel which have similarities to motivational graphics

manuals. These manbals use color, 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 said 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 list of fundamental elements accepted for purposes of

conducting evalua ions is .as follows:

o Eq ipment Analy is

o Functional Analysis

o Task Analysis

Behavioral Task Analysis

o Intelligibility

It was in terms of this list that the new concepts were investinated,



2. Torms in Which Rosull-c. Have Bee, Rpor

In evaluatina the data itwas found
investiaato s have collected data in this riel

the dimensions aionc: lieh
,

ciude.

The number of items completed p- un, t dee

The time to cociplete unit i tems

o The time to train

o The skill level of the -ersonne,

The number of parts erroneously replaced

o Accuracy

0 User endorsement

Differ-ences in school attrition rates

"Within tol_ ance" performance rates

pped

These results are not directly translatable into costs of _wnership.
Th refore, 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 ip Traipjpg_Time

The data on time to train translates directly into reductions in
trainina time. Some results are reported in terms of s hool attrition
rates. While such reductions certainly affect time to train, the trans-
lation factor is difficult to project, and, therefore, results reported in
terms of reductions in attritiOn can only he considered supportive of_
results reported in terms of time to train. If they could he figured in
it would increase whatever values are reported in terms of reduced train n

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 completed per unit time translates easily into
work force. If one man can produce twice as many items per unit time
using a new concept TM, then a work force reduction of 5V can produce an equal
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:b of itms in tb nit time. It is recodnized that work force

rqdlictions can involve other factors than speed o,f production For

insl_ance, if fewer mpn are placed in the work force, one may have to

_ skills that previously inherent in the complete work

fo(ce. There is evidence tat the new concepts result in good transfer

from one job specialty (MOS) to another, but it would be exceedinglY

difficult to translate this into specifics across all Army situations.

tt is much easier to make a conservative estimate on what reduction in

work force would be possible, for instance, -to project a reduction of

inctead of 50';; for the results used in the eN.-ample above.

;Reductions i- False_ Removals,

The number of parts orroneously replaced translates directly to

Yfaise removals", Tn contrast, other measures 'such as haccuracy° and

_ _rS" 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 himself; ft might

mean an inefficiency that an alternative series of steps would have
completed the sane 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'tne

same deficiencies as recording in terms of "errors". ft 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 directly in the estinate of false removals.

The results obtained with various concepts and the fundamental elements

Ihich the results were attributable are contained in Table 1.

3= Discu,sion of Resul s of Data Reduction

Data on troubleshooting performance have been collected and rep-

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 trainfng 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 definitions.
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Table 1

F,esults at Coacepts

Fully
Developed Elements

Fundamental Naderately Reduced
Concept Elements Developed Task Training

05;ECTIVES

More Fewer
Errors

FORECAST Functional Equipment NTS/
1955 Analysis Analysis TS* 60%
Army Radar Intelligi-

bility
Task AnalyFis

FORECAST
los9 .

Army Raqar

Functional Equipment
Analysis Analysir-

Task Analysis

TS 50% 40%

FORECAST
1963-1964

,Navy Loran

JOBTRAIN
:1962 -

Army
Communication
-7'cluipment

MAINTRAIN
1963 -
NIKE

MInTRAIN
1c:54 -
11,=.TK

Functional Equipment
Analysis
Intelligi-
bility

Task Analysis

Analysis
TS 0 200%

Equipment
Analysis
Functional
Analysis

Task Analysis

TS 50% 0

Functional
Analysis

Functional
Analysis,

TS 80%

TS 0 40% 41%
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NTS Non-troubleshooting
TS Troubleshooting



Fullv
Develepod

Fundamental
conr Elements _

1964
Functional
Analysis

Table 1

Results of Concep

E ements
Moderately
Develo ed Task

OBJECTI

Reduced More

N0C* lowered TS 0 2 4%

intelligi-
bility for
novices
*Ma i ntenance Deueidric. Chart

Fewer
_rors

MD'S

AVIS
1964 -
Radar

-Functional TS

Analysis
Intelligi-
bility

1966

Functional
Analysis
Equipment
Analysis

Task Analysis

TS 200% 80%

Fully
Proeedur-
alized Aids
JPA
1968

Functional
Analysis

Task Analys is

TS Almost
100%

PIMO
1968 -
C141A

Task
Analysis

BRITISH
ALGORITHM
1969-

Intelligi-
bility

Functional
Analysis

:ITS 11% 80%

0 2007.

1
No valid comparison to performance of another gr up. No measure _

effectiveness.

9

Reported in other secondary sources but not confirmed in pri ary sources

only 5 sublects)
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Developed
Fundamenral

Concopt Elements

FEFt/T Ft
1969

Table I_

Pesults of Cond Ls

Elements
Moderately
Developed

Functional
AnalysIs
Intelligi-
bility

OBJECTIVES

Reduced ru Fower
Task Training T,Torl, Errors

Ts
0 3147,

JPA
Non-TS
Fl70

SETIS
1971
SRC-20
Radio

Task Analysis
Intelligi-.
bility

NTS 100% 30%

Functional
Analysis 0 Positive

JPA 1 ?

1971 & MDC
UHIH

Equipment Functional
Analysis Analysis

Task Analysis
Behavioral
Task Analysis

Intelligi-
bility

NTS/
TS

Almost
100% 60%

SMD TS Negative 0

MDS
1972 -
Radar
Senerator

NTS/
TS

JPA was revised by Behavioral Task Analysis and Functional Analysis before
results reported were obtained_ Without revisions there waa no difference
in performance.

)

Personnel could not use MDC and could n6t be trained to u e them in reasonable
time.
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c e n L

Tal:1 e

Rpsiilts of Cnnee-ets

Oovejoeee Elemens
lundaenLal Moderately Reduced Morc
E en:crt LS De ve lp_pe d Task TraininLY '4ork frr

jPA
,

197? -
Power Planr

197 ;

Functional
Analysis

Lowered
Intelligi-
bility for
Novice use

NTS

Ts

Large Less

0

AAT
1973

TS More 130- 0

,1

nanuat had to be revised for test to be conducted.
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The effectiveness of proceduralized troubleshooting_has not been
.1demonstrated 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 correctl,y.

On the other hand the increased effectiveness of block diagram
approaChes -to trouhleshooting have-been-demonstrated-several-timesWhen
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" implementations, only those using the
MDC. failed to meet wit[vsuccess 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. &it the MDC 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 extensively on.non-trouble-
shooting tasksi They have produced good results. Task Analysis has been

used to identify detailed task steps. ;The results have been good in tests

of the'RIMO concept.3 When the same processes were followed for generating
the JPA manuals, there was no improvement in performance until a Behavioral
Task Analysis was performed, and the JPA was revised according to this

analysis.

1

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

2-Whitmore, P. G. Some Problems in the Anal sis of Troubleshootin Behavio

Human Resources Research Office, George Washington University, Research

Report No. 2, October 1959.
3-
Project PIMO Final Report, Serendipity Inc., Chatsworth, California, May

1969.
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The median increase in performance associated with,procedure-oriented
concepts in non-troubleshooting tasks ranges up to 60%, and training

reductions approach 100% in studies using these procedures.

4. Evaluation of Conce Lackin _x-erimental 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

identify similarities between the fUndamental elements of the concepts

that were well developed, and those that were not. It is believed that

any new concepts.w-hich might appear in the future cante 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. -Resui ts-in Terms of Proection _ofCosts

a. Training Time Reduction

(1) Non-Troubleshoatinç Tasks. Training time for non-tiTuble-

shooting tasks has been, reduced tO a near Zero level in some research

studies. J'ersonnel 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,2 #ede 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 entjrely 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 Work 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 asipersonnel using conventional TMs and training.
This would indicate that as/ much work can be done by one-third as many

people, a 66% reduction iniwork force. There are many factors which affect

work force size other thanithis 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;psed.
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False Remova

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

D. Summary,

The folThowing 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 form
of each -of the fundamental eleMents were to be used in one integrated
concept. The- specifiCation developed in Task 5 includes the fully developed
form of all the processes for production of-a Job,Performance Manual (see
Task 5, paragraph Al).

o Reduction in Training 75

o Reduction in Work Force 15

o Reduction in False Removals - 15
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TASK 4

Introduction

This :Jection describes activities completed under Task 4: Evaluation of
Approaches by Commdity Systems and Cost of Ownership Projections. The
.activities performed du-ing this task were:

o To collect information on the Commodity Systems.

To revieW the 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.
identify Conflicts with the fundamental elementt.

To identify the cost elements of each of the three changes in the
personnel subsystem identified ip Task 3 and to project the change
Jn cost of ownership which could accrue through use of the funda-
Mental .elements to produce all Army TMt.

Information on Commodity Systems was collected through field trips and a
review ofavailable literature.

The-fundamental elements:identified in Task 3 were reviewed for their
aOpropriateness in the various Commodity Systems. The basicaTly different
situations were identified in Task 3, Troubleshooting and Non-troubleshootina
Tasks. The fundamental elements for the items ars the 5ame except that
Functional Analysis is performed only for troubleshooting tasks. The
question addressed in Task 4. was whether the five fundamental elements
were sufficient for treating situations and environments in all Commodi y
Systems, or whether some systems required new elements or variations to
treat some unique situation.

The TM specifications of each Commodity System were 6amined to see if'
any of the fundaMental elements would be in conflict 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 project reductions in cost of ownership.across all Army systems.

The primary source of data on cost was the Comptroller of the Army
and the Military OCcupational Specialty Training Cost-HandbOokl (MOSB)
in particular,

The primary-source of data on numbers-of personnel in maintenance
categories in the Army was the Dep-artment of Commerce StatiStics.

I
Published by the Directorate of Cost Analysis, Office of the Comptroller

of the Army, Washington, D. C., 20310, May 1974.
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'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 emtironmentS 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 etre:rent technical manual specifications .

covering the various Commodity Systems. The Commodity Systems covered

are as follows:

.COMMODITY:SYSTEM COMMAND

a. Aircraft Aviation Systems

b. Communications Electronics

Missiles Missile

Munitions Armament

e. Weapons Armament

F. Vehicles Tank-Automotive

g. Support Commodity System Troop Support

Each Commodity System was reviewed to identify personnel skill levels, 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 reciwirements, troubleshooting task

requirements, non-troubleshooting task regtehmeMents, text and diagraM

format requirements, and quality assUrance requirements. This examina-

tion was perforMed to identify the-extenttioolhich -requirements were

establiShed in each of these arms, n1fVences in these requirements

across:commodity types.

a. Aircraft Commod ty_Systen

The Aircraft Commodity.System is administered by the
Army Aviation Systems Command (AVSCOM).

With respect to maintenance manuals, AVSCOM is responsible for
maintenance engineering, stock and supply control, and technical a: is-
tance to users-of all Army avietionand aerial.delivery equiPment.

Equipments include end item aircraft, airframe structural components,
ground support equipment, wheel and brake systems, gag turbine engines,

jet engines, internal combuStion, radial encl.-horizontally opposed air-

4 5.
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craft engines,
starters, etc.

arachutes and parachute accessor es hydraulic pumps,

Enlisted personnel maintaining aircra t 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
-

nermally consists of several independent systems, such as the airfame,

navigation equipment, communications equipment, armament, power plant, etc.

Within some of th:2se systems there are very diverse equipment types and

coMplexities. Without-precise documentation, it takes a wide range of

specialties to maintain an aircraft. At pretent there are 27 MOS.positions

for aircraft maintenance. In addition, multiple levels-of maintenance are

used to ensure short down-times.: Eor example, a defective.assembly oreven

entire equipments will be. mmoved and replaced so that the aircraft will

be quickly returned to operation. The assembly or equipment is then

repaired pff-line. Aircraft are designed with this process in mind,

probably more than any other type of equipment. Once the assembly or

eqUipment is mmoved from the aircrafthomever, its maintenance character-

istics arebasically the same as those for other Commodity Systems.

Thus, the critical difference between aircraft systems and other systems

As at the first level of maintenance, which is designed to return the

aircraft 0 service quickly. This also includes preventive maintenance,

checkout and scheduled maintenance.

Final)y, aireraft require very.diverse spares provisioring and tools.

b. nwiscoyLCoqiiinodit_Sstern

The Communications Commodity System is administered by the

Army Electronics Command (ECOM).

ECOM is responsible for maintenance support and supply

and electronic equipment and systems.

Enlisted personnel maintaining communications' commodity equipment

tend to fall under the following MOS series:

communicatiOn

26. Series - Radar and Microwave Maintenance

31 Series - Field Communications Equipment Maintenance

32 e-ies - Fixed Plant Communications Equipment Maintenance

33 Se les Intercept Equipment Ma Ttenance

34 Se_i s - Data Processing Equipment Maintenance

4 6
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ComMun cations systeas are electronic/electro-mechanical in nature.
Electronic equipment design hashad a marked effect on electronic main-'
tenance philosophy. Withthe advent of semisonductors and micro-
MiniaturizatiOn, equipment packaging became more_modularized,and some-
times more functional. This created the potential for siMplification
of troubleshooting and repair of these equipments,:out in practice it
has not consistently led to simplification. rhe 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.
Forthermore,;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 114 watt 1000 ohr(resistor, which
may Oe commo: to many systems, is no longer an item of replacement.

Tools a-d test equipment requirements are not especially diverse
nnr extensi,e in electronic equipment. Test equipment is typically
_common td 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.o.,
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 area5_

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

c-

The Missile Commodity System is adminis e ed by the U. S.
Army Missile Command (MICOM).

MICOM is responsible for the maintenance, with tech ical manuals,
rocket, missile, and related programs.

Equipments include free rockets, guided missiles, ballistic missiles,
target missiles, aq defense fire coordination equipment, special purpose
and multi-system te5t equipment, missile launching and ground support
equipment, and missile-fire control equipment.



Enlisted personnel maintainn ;ni-;,ile commodity equipment and systems

nd to fall under the following MOS series:

21 Series Ballistic flissile Elec -onic Maintenance

22 Series - Luided Missi1e Electronic Maintenance

23 Series 'le Fire Control Electronic Maintenance

24 Series Air Defense Missile Electronics Maintenance

26 Seri s - Missile 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
operators. Test and checkout equipment tends to be unique for each
missile, except for the common test equipment, e.g., oscilloscopes and
multimeters that come in various models. Some 42 MOS positions are used
in this system.

Troubleshooting and repair tasks are performed at the higher echelons
/of maintenance, usually in shops and laboratories for test instrument

/ calibration. Spares provisioning tends to be unique for each misSile
type. All levels of maintenance use technical manuals to approxiMately the

i same degree.

Munitions CommoitSys_tem /

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

Army Armament Command (ARMCOM). 1

ARMCOM is responsible for technical manuals for nuclear and non-nuclear
munitions, including rocket and missile warhead sections, demolition
munitinns,andoffehsinanddefensive chemical material.

Typical items include grenades, mines, warheads, explosives, smoke
generators, chemical irritants, and incendiary units.

Munitions are maintained by theLfollowing MOS series:

54 Series Chemical

55 Series Ammunition

Munition, maintenance is un que in that virtually no maintenan 0 is
performed at the organizational level except specific storage and
inspection tasks. Direct support maiintenance adds only the cleaning,
repackaging, and replacement of e,xternal components. General support
extends to internal repair. Thus, there is a very fixed division of
activities. The variety of skills s minimal. Only 5 MOS positions'are
required. Because of the extreme dangers involved, manuals are used
extensively even by experienced pellsonneL The maintenahce environment
at the organizational level is theistorage facility. At:direct support/
general support level the maintenance envi onment tends to be an elaborate
shop/laboratory facility.
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Weapons._ Commodi ty _VssttEL

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,)

ARMCOM is responsible for technical manuals for all nuclear and non-

nuclear ns, including artillery, infantry, gun-type air defense,

and surface v hicle mounted and aircraft mounted weapons.

Equipments include artillery and infantry Weapons and weapons syste s,
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 MOS Series:' Armament Maintenance.

Weapons are largely mechanical and electromechanical in nature: Failures

normally occur as a result of improper care or 4Tutine 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 level requirements is minimal, as only
5 MOS positions are required in weapons maintenance. All echelons use
technical manuals to about...the same, degree; use tends to decrease with
increased experience ma particular weapon.

f.

The Vehicle Commodity System isadministered by the Army

Tank-Automotive Command (TACOM).

TACOM is responsible for technical manuals for tank-automotive mate.ial

thr ughout the entire U. S. Armed Forces.

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

Enlisted personnel are primarily in the 63 MOS Series: Mechanical

Maintenance.

,

Vehicles system maintenance is like airc_aft maintenance. Many

components are replaced on-line,' in order to return the vehicle rapidly

to service,-and then repaired off-line. This is particularly true for
combat vehicles that include sophisticated armament systems. It is these

irmament systems which make the combat' vehicles much like-the aircraft in

maintenance characteristics. The variety of different sub-systems on
combat vehicles is less, however, as there are only 8 MOS positions. 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.
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In terms of spares provisioning and maintenance support also, vehicle

maintenance is similar tc'aircraft, but without the extreme variety.

g. 5ApportCor

The support commodity systems are administered by the U. S. Army

Troop Suppo t Command (TROSCOM

TROSCOM is responsible for such items as barriers and bridges; water

purification equipment; rail, marine, and amph'ibious equipment; power

generators; materials and food handling equipment; industrial engines and

turbines; and environmental control equipment. Materials handling eq ip-

ment which are presently under TROSCOM will be transferred to TAcOm

1 July 197S.

Enlisfed personnel tend to fall under the ft:I:flowing MOS $ ies:

52 Series - Power Production and Distribution

61 Se_ies - Marine Operations

62,Series Pigiheer Heavy Equipment Operation and Maintenance

65 Series - Railway Maintenance and Operations

Support Systems are a conglomeration of the equipment neoessa.sy 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 S' positions

in any one'category. Tools, test equipment, and,facilityy.equirements

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. Words are more useful for stating the action

that should be taken after the- viSual discrimination is made.

h. Deoot Level a ion

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 level maintenance is excluded.
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2. Concfkt Fundamental Elements RevtgteliAlliEq_Commodity,An_tems

In Task 3, five fundamental elements w2re identified as the proc 7
for producing a manual. Sliohtly different combinations were identifie.i
trotleshooting and non-troubleshooting situations:

?rocesses Requirod_

TroubleshogItm

Equipment Analysis

Functional Analysis

Non:Troubleshoo

Equipment Analys

Task Analysis Tok Analysis

Behavioral Task Analysis

Intelligibility

Behbvioral Task Analysis

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 fdr 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 pf the five processes (fundamental elements).

3. Laly!js of the_Maintenance_Sttuations

a. Maintenance Miss:ion

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

Troubleshooting_ Tasks Non-T oubleshootino Tasks

Malfunction Diagnosis
and is9la-ion

44

Preventive Maintenance

RepTacement

Repair
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ettte ! lacer 1 and/or repa r tas i-l.' required to complete a

!ihi eshuoLiu i task, they may also be performed as a result of an inspee-

The. ,hey :Are ecnsidered non-troubleshooting tasks.- Troubleshooting,

a, here. ce,cribes tnese actions necessarveto locate a faulty component

ene Telfnr.tior symptom has t.oen detected. All commodity systems nave

! kerr of

mmodi' ihm CS

deta iee dicussion of the commodity characteristics is provided

in paragraph 6 of thiS Task description. In terms of the commodity break-

doc.,n rselec;:eicel/electronic, mechanical, fluid/dir flow; and simple versus

'complex), each commodity type can still be Characterized as being made up
of one er more or these equipment types. This has little effect on the

proce:y: For preparing documentation. The content specifics differ, but the
prece,,,es for preparing the specifi'cs are the same. It was noted that as

e r.it:em becomes more complex, the maintenance mission tasks are spread

aceoss the echelons of maintenance and MOSs. This requires that the infor-

mation be packaged and indexed accordingly. It does not affect the process
-..oreoacing information for each .. echelon or each MOS specialty.

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

or 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 incutbents consider
themselves to be.

Pie process for prodOcing a manual _hould describe each task so that
personnel Of grade 5chool reading ability can follow the Instructions
and perform the task. There are no assumptions about the skill level

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

task, no special skill is assumed.

Experienced personnel may be regarded as more hfghly skilled in the sense
that they have memorized many of =the steps which constitute a task. They

Ften can perform a task faster- Experienced personnel know "short cuts"
and this may be regarded as higher skill, but noneof thisaffects 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 centinue 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, ut the details will be generated by the fundamental

processes 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 variouslevels of maintenance are factors

which determine the maintenance envirommlq. The higher the echelon, the

greater he support provided in terns of tools, test equipment,facilities,

processes, etc. Since tools and test eqUipment are used in task perform=

mance, instructions on how to use thinn are giver in the menual. The

specifics orthe 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 mein body of themanual 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 Existin S ecifica

In an additional atternpt to discover. Ay differences required in the

process for producing documentatipn Oar the vtrlous 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 orvanirational,-direct support, and

general suppo-t levels of maintenance.

The technical manual specificativw.re*Iewed across -__he commodity systems

revealed the following differences and sfmrilarities:

a. The most detailed requirements were contained in the specifica-

-:tions for electronic equipment and for aircraft and aircraft equipment.

b. Content organization requirements were basically the same for

each cormodity type with aircraft requirements being the most specific.

Here specific subsystem headings were called out and coverage for each

subsystem detailed.

c. All sPecifications called for th -ry". Only four spetifications,

those for telecommunication equipment, teletypewriter equipment, electronic

configurations for aircraft, and photographic equipment, required theory in

detail. Of those 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-

ic sufficiently explicit to make muchof a difference in what the TM

producers do. In fact, what the producers do is deter:mined more by what is.

"traditionally done"-(i.e., by examples from previous TMs that were acceptable),

than by the specifications themselves.

3
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It is very important to recognize that the Functional 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 with all current
specifications, but it involves a change in practice. It "forces" a

particular level more than any specification does today.

d. Except for electronic, 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 guide the user.

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 is
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 inputs:and a bad output. Then the block diagram
of that block is treated in the same-way, and this is repeated until a .

replaceable unit is reached.

e. In the specifications examdned, the requirements for non-
troubleshooting tasksare'not detailed. Generally, they merely require
consistency with the MAC.

f, The text format requirements for all of the specifications
examined are these 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. Finally, 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 alljob tasks by new users (novice
soldiers, pot: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.
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'tro'feti kind of analNsis is the

tr,.4.ibleshcoLioq .t HHczic,r.a] Aullysis to pcnvide thr,

Ath fpnc7t-inx7;1 !JtJerst,--Hi tbn 7vt,-.r.jr 1)11 other fundefflent4

=..',re al
Mfl-trodHeshuotinq

(-1.e -in conflict with those of

cc,r7rodiy The,/ oriy in the amount of detail theY,

nail for in Tt's. 4 new specification must call for more detail than any,

spPe,1F;Latien in regard to' .what processes are required. The

fundamental elements are processes for generating manuals

:The are maintenance situation which had a ;-flajor effect on the funda-

mental elements was depot. There is no way to adapt the fundamental
Lo the. icncal hbrication processes prevalent at depot. Therefore,

level maltirtenanc7 was excluded as beyond the scope of this study.

5. t7,hanls in fAst of NnersjOILThrough Fundamental Elements of tlew
r-

The Military-Occupational Specialty Training Cost handbooki(MOSB),

Volorle Enlisted MSs, is the primary source document for costs.' All

,:11;ands and r-Any,.
clin on the distribution list for this

doLument, The following is an excerpt from the Introduction of the MOSB:

.
traininc costs account for approximately 10- -f

the FY budget. Too Oten the cost of a solder is
nucrted solely in terms pay and allowances and possibly
the supplementary benefits such as free retirement,
health and dental care: While this framework night
app-opriately be used to describe the functioning soldier,
it does not take into accgunt the soldter in a trainlng

,..tatus. When a soldier itrrininb, he is not producing
benefits to the Army, hu-t. ..ncurring a number of

training-assoctlaed costs that are not reflected the

con-gentional cosi.ind describm above."

1 411itary Occupational G_ecialty Training Cost Handbook (MOSB), Directorate

of Cost Alalysis, Office of the CoirTtroller of the Army, Washington, D. C.,

May 1974.
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CCAPErS leading to ectrdnic and mechanical riteriance

First enlistment soldier could be trained in. No course which

i_--:-,)ratdr NOS tvas included in this analysis.. The average length of

plas computed. as was the average cost (per soldier) of the

broth of a school arid/or ATC courses for maintenance
to precisely across all schools, MOS, _jpes

cors,a lengths change frequently, but the MOSB pmvides
whichwas correct in 1974. The average total

these courses was $20,348 per soldier. This represents a cost per.

-.)er week ofabout S1000. This cost is remarkably constant across
H091 varying more than 20/i. The time spent in travel and awaiting
of the course and assignment after graduation must be added to this.

H:eee weeks on each end of a course is common. Travel oan add a few

. A figure of five weekS is used as an average amount of time in

Htifl- activities, The cost of this waiting and travel time is
at S300/week, or just slightly more than the MOSB figures for a

F.C1-. Five weeks at .$300/week is $1500 'far the waiting time. Added

-21,348, the average amount spent one-training a soldier for,mainten-

eie l's $21,848. The MOSB does not provide any figures for the cost
soldier on the job. But the cost per week of a soldier in

!;300. The cost per week .of a soldier in formal training is
cost on the jab hks ta be mare-thkn $300 and less than $1000.

ise a figure of $600/week, this napresents a cost of about $30,000

With the estimate of 169,000 full time Maintenance personnel in

he yearly cost of this work force would be 'almost $5 billion per

Including the costs of training.

r'roher of full time maintenance ernnel varies each year.as the

-e -vices strength varies. The estimated enlisted personnel
Arry at_the end of FY 1974 was 676,000 according to Department

saurcL indicates that approximately one-third of all personnel

-rfled Forces were occupied in full time maintenance duties-in 1967,

year this particular statistic is available. It is assumed that

Had a somewhat smaller percentage of its personnel in,full time

,onance duties in 1974. There are no specific statistics for the Army

year, but a conserVative estimate is that one-fourth of_the Army

were in full time maintenance jobs= This would mean (1/4 of

about 169,000 personnel were in full time maintenance jobs/in

t of the United States, United States Department of

Edition, 1974.

Abstract of the United States United States Department of

ist Lion, 1970,
7
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The reenlistment rate varies over different years but-10-2r would be

a reasonable estimate for maintenance personnel. To replace the losses

of experienced personni each year, about one-third of the work force must

he replaced with new personnel. These are the personnel who mst be trained

each year.- One-third of the work force of 169,000 is approximately 56,000.

Trainind

The cost of trai ning 56,000 new personnel in main enance du 1

at alrost $22,000 per soldier is 51,232,000,000 per year.

b. Labor Force Cpsts

The cost of 169,000 personnel in the full time main enance labor

force at S30,000 per soldier is $5,070,000,-000 per year.

c. Trainlril_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 51.232 billion).

d. Labor Force Cost Reduc ions

If the maintenance labor force can be reduced by 15% the annual

reduction is $755,000,000 Lr approximately $.7 billion dollars.

The to al of these reductions in personnel cost is $1.6 billion

) annually.

e. -Cost of False_Removals

The other cost to'be added to the 1.6 billion dollar figure

com..ps from the reduction in false removals: 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

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 -eduction of .$75,000,000. This is only .075

billion dollars, little more than a rounding error in tbe 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 justifieth
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C, Sumnarl

The proiected changes in ces of ownersho tivlf ran be jfected v,itn
a new manual seech'icaticm is on the order ci 1.2 bii7ic,!1 dollars eu,Vluoly.
The exact figure is not ifthe (.1c:ual !=icure :s
omount or twice that amount, the -abbropriate action is (ne some. The:v
changes represented by the new concepts ch,,. id be imple!1,ented. The
mentation cannot be made overnight, but Idle direction W: t,)(1r.

it may be possible to make the reduction in cost of Ovin0-',*t:, ;alre, sir it
may be less, but either way it represents ,a goal worth ti-7::.;i,2viriq_
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se,rec IH nippeser;ts an intenration
ayp resulted from

rii- oa-Hilaiauce ovcor the bast twenty years. These

f,viadam:e.Pto apply to all situations 'in the Army co/o'0di

..,:ibated specification based on the fully-developed forms

of elements in new concepts should produce manuals that

:ave eyvdflteces fuund in tests of the original manuals. This includes

7, c.-iOuQtion in training time, 15% reduction in the maintenance labor
-10d 1.5' reduction in false removals. The cumulative effect of

combination af fa.-Ars on cost of ownership is on the order of

Beere preseuting the integrated specification it is appropriate to
descrtisethe elements and give acknowledgerent to their sources.

1. °;-!r. Performance Manual' is an acknowledgement of
Lhe coneribtion cf the Air Force Humah Resources Laboratory. Dr. John

P. Foley. coined the term Job Performance Aid (PA). The term "aid"

is t-bat is probably no longer appropriate. The product of the

soecificak'bt,n is a manual. The _term Job Performance Manual or JPM is
simdlar to jPA to acknowledge the origin of the acvanym,

while uslu the more appropriate nomenclature. The term "integrated"

is used to acknowledqg the contribution made by all the originators of

new concepts. The cbntributors will find words and phrases-that they
should find compatible with their views ald with the statements they have

made in dE5criting their concepts. It is not feasible to attribute every
phrase-. Put those who have worked in this field during tho past. twenty

will recognize their contributions.

2. Feu 7:lent P:nabysis. The specification for this analysis is adopted

from the JPA speofifhPation.1 The process is one of identifying all the
Joh tasks that need to be performed on an item of equipment. The Army

Maintenance Allocation Chart (MAC) does almost the same thing. Task

identification or Maintenance'Ailocation is based on thP equipment items,

and states what maintenance (task) is to be performed on each. The basic

information for this chart is engineering information. It represents the

interface between engineering and the process of developing instructions

for the maintenance user. It isa management tool for producing technical

manuals. rt insures that every major job task is identified for analysis
and prepacon of instuctions for performiliq the task. It does'not

indicate how to perforM the tasks it identifies. That is done in the

following-processes.

J00 Performance Adds Advanced Type, for W:AF Organizational

Maintenance. iS March 1971. 6 0 .
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The Task Aria lysi i dentifies the conditions foy --

forming each Job taK and the subtasks associated with each job task.

The conditions include such things as number of personnel required,

lubricants required, tools required, etc., by task. Task Analysis does

not provide the exact cues and responses involved in performing a given

task, nor how each Job task should be described with graphics and short

verhs (This behavioral detail is specified An the Behavioral Task

.
Tile Task Analysis is used for non-troubleshooting tasks and

the olocou 1 aspects of troubleshooting tasks, e.g., test equipment

a form of analysis'common to many new concepts, but its

i"os il.eevcloped statement is in the JPA Specification:

l_Analysis. The term "functional" means troublesho in7

flDt, functions as the design engineerwould think of them. The

souraa ':)1' this part of the 3PM specification are FORECAST and SIMMS.

The products nf the analysis are block diagram, inputs, outputs, symptoms,

funckional-ohysical overlays, and functional descriptions that tie these

thinus together and provide,understaading of each functional block. More

studies have been conducted on the products of this analysis than on all

the other Rew conc,?pts combined. The integrated OM specification iden-

tifies the products of this analysis and the criteria they most meet.

nctional area (block) of the equipment must be precisely defined

in '.11-'rris 07 uoth the parts within the area, and those outside the func-

tional area. The symptoms associated with a malfunction in each block

must nr, d.fined, as well as the correct block inputs and outputs. No part

can he included in a block if it affects the measured input to the block.

le analysis is accomOlished in several levels. The top-level breaks the

euiDrl,ant Own into about seven functional areas. The second ievel breaks

e ten level functions down to' about seven staller functional

areas s-s tontinues in levels until the stollest replaceable part

echelon) is broken out.

ting concept used in this specification is designed to

-.wo inherent disadvantages of the fully procedura zed

-r take advantage-of certain characteristics of a block

ia, la-

lized approach, call it tree, or ea se/effect table or

ent disadvantages. One is that the efficienc,},,, of

a function of test point'indications produced by a given

means that each item of information collected can change

eat item 'of information should be collected in the next

--ocedure cannot shift strategy or order of steps. Another

misinterpret a test point readino which cPrids them into

H.In't be in. They only find- that'it is a dead end when

Then the user does not know where he took a Wrong

hac to the beginning. He thus repeats steps done

Ibis is inherently inefficient and Psychologically t cing

6
514



The block diagram approach avoids both of these serious disadvantages.

The particular block diagram approach selected here is- the one that "holds"

the user at one level until the trouble is localized to a. particular area,

n releases him to the details of that particular area to repeat the

process there. The user never deals with more than aboOt seven blocks at

a time. He always has a level togo back to if he misinterprets a'reading.

he does_not repeat From the beginning. Also the block diagram approach

allows for a change in strategy as the ,Jser becomes:more experienced. The

user is instructed to always test the inputs to thetlock with a bad output.

This single general instruction makes a strict procedure out of the block

diagram data. But when the user is experienced he can,deviate from the

instruction of this fixed strategy. He is told he Can:skip blocks so long

as he remembers- (or makes notes) of what he skipped. This allows him to

skip to the test points that are easier to measure nave a higher failure

.rate.or are more likely in view of the test point :A already collected.

Thus this particular bloCk diagram approach provie, for a mixed strategy.

The one used by a novice amounts to a procedure. Butithe 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. At has. proven its

efficiencv tn many tests of large scale equipmentiwhile 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. It describes the

equipment functioning at ea,--.h leveTin terms of cues and conditions for_

obtaining the cues. .This is'the level of understanding the design engineer

has for designing the equipment. The analyst iises more basic, theoretical

information to make the analysis that reduces this to functional infor-

mation. All studies indicate that this functional information is a better

level for troubleshooting the equipment than design theory information.

There are detailed techniques for making theSe-analyses on different

kinds of elect7onic circuits (FORECAST) but these technical details are

not conSidered appropriate for,inclusion in a specification. Both FORECA5T

and the SIMMS specifications',4 call for these functional analyses.

1
Shriver, E. L. FORECAST and Other New Developments in Manuals, Matrix

Corporation, Alexandria, Virginia, May 1964.

2_
-MIL-M-24100B. Symbolic Integrated Maintenance Manuals ( MM) for SysteTirs

and Equipment, May 1972.
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No attempt here :=ri of
neW conLepts Lo the- inLeqcateg speg,ticatic, bgt these functional
analyses are the only ov
shooting perforance. The-:/ ii i-.

inflexible series of Yt.:".:7
to enly those.- He has ciadanee fr ordr
tJke :he Strjr,;,S, Eat ftwo,t I to

dcir.n so, 7hos oto
the lob Athoot neeatively aff2ctieo nis

5. Behavioral_Task Ahalysis,_(STA) trp ,

forin of this type- of analysis, bdt have bot delopis-,' it irH:
development was in a particular study nn 1P,i for the
JPAs as originally prepared shooed no improvod perferman,t-
TMs oith the groue of individuals who YJsed the first
Task Analysis was used to oroduce ton ether versiors of tee PA-7

test purposes. .The final version 'r substantJal "rc,--ease's
in performance leycis ever standerd tch. w manuals. , is Cei-ir
evidence for the effectiveness and imiretanno of DTA, 3N. hvelve an
analysis of cues and responses used o0=7-.:oar

also.to make-the written materi match th9 Tt oas
deve;oped as a defined method of analyt:s ih a shoPent toport by
Edgar L. Shriver on that Air Force itest. ft has not bes,o included-in
the AF diPA specification.

The Behavioral Task Analysis Tequires the analysts to perform on the
equipment. ,The performance is the subject of analysis, not thP enOpmeni
The final manuals contain graphic and written instructions for performing
the tasks analyzed by the BTA. The materials must he intell-idible td
novi-ce performers. If not intelligible, thovj.'iUst be changed ard tss
aapin., it is nnt acceptable f: a 3PM producer to say that th
information is not final on a task. ;:s sufficient reason fnr not nerforming
a test of drafts (graphic ind written), because thi's test Is for
-eibility and not just accuracY. Eygn if the equipment changes before ct
final TM i s produced, these,valir,3ations istst leie performed for intelli-
'nibty during cieyelopment,

The Behavioral Task Ana7ysis is c n2d for in the integrated
specification, ft is not specifically anribUtatle to any one of the
new concepts. Some form cf -tis analysis is use,-' in many of the new
concepts. Out it WAS not well developed until the test cited above.
This was the first tire that it was seevin that lack of this procedure
could negate the others.

1.
A Report on the r:7algoi.ho of :.19b Orqani:atir

Pattsrson :371.

Ohio,
Eebyior 7,1=0r:



-'4;5 and exit:P.m-Fes -silerew in it, These materials
ahnve. Strictly

.1tP: t:irr C1.117:YSiS. is a standard
wrliton and graphic aspects

oraphic and written.

a pAascribcd list
It also prescribes a certain sentence and

. -r,v! instmucions. When applied with graphics it

res1J:t.=, whidn is intelligible to users with a grade school

read-dri ap: Clement was first developed in Piro and a form of

it wvls late: H..a%nd n the JPA specification. The initial list of verbs

'4dS Pt-eent JP71 specification by replacing the MultiOle

ca-igina-1 list with single syllable verbs. There

tmls Pen (Janoopt that verifies the advantage of single
' v != T t p 1 e syllable verbs. But there have been many

reil.)11;ty, which have shown that the smaller the number of

the lower the level of reading ability required to understand

the fn fact. Frost definitions of reading level use the number of

,==liong riith :,.7,r1-1(7e length as part of the definition. The

,,qnra F.wd sentence length prescription resulted in text

roaLblo at ,,Iout nirtH grade level. The new concepts of PIMO-JPA,

and the many nfK)ale an7 have studied readability, are ackdowledged as the

sot-ce fnr this part ')F ,I.Pr specification.

,TirarfHc. t:A.I;T.C.t,F. The fir5 new concept to fully develop graphits

as a major t,:lehnigne For ihpvting information was PIM. Traditional TMs.

cnntain some :::raphidt material. But TM specifications traditionally allowed

the U30 of graphics only if necessary. Many of the new concepts used

extenOvply. PiM0 m,aide a full break. PIMO prescribed a

dranhic on everv oaqe, facing the words instructing the user in what to

de to tho .(H graphic became of central importance

for 1.?ver:-/ insZruction - not in support of a manual that primarily

consists of words. PW., ,a-acl later JPA, prescribed line -Iraw-ings for

graphics rather than-photouraphs. In practice the line drawings became
les's Ifke meciwicai drawings and ulore oriented to the viewpoint of the

user. lt is virtually impossible to write a specification on the appear-

ance of a ot_-aPhic The integrated JPM specifies that acentext and focus
view of each graphic be included on each page, and that-only the detail

neocsary for tr.lo user to make a match between the graphic and the equip-

r:ont it represents, be included. There are also certain requirements
about numerical indexes between the graphic and the-step-by-step instruc-

ticns associate'i with the graphics. The intelligibility standards and the

Behavioral, Task Analysis are developed together. The graphic is specified

as the source of i-be visual cue information, with the associated instruc-

Lion conainine2 the response action information. Intelligibility is

checked during_the Behavioral Task Analysis. The sources of the specifi-

cations on intellioibility of oraphics for the integrated JPM are Behavioral

Task Analysis. PIM6 and JPA.



7. V.alidation-Veri icatipn_Tes_ts. Vlidatin and verification tests are

common to most speC-ifications. The important aspect of the JPM verifica-

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. Gut clearly the validation should be done as

if the subjects were novices. The goverment may use the validation as

its verification process if it chooses,

B. Job Performance Guide JPGI

The Integrated Job Performance Manua complimepted by a Job Perfor-

mance Guide. The subtasks such as using wrenches, tools, opening hatches,

etc. that rnare =VW to many job tasks, are analyzed and placed in the

Job Performance Guide (JPG). The JPM and the JPG constitute a complete

guide to performance of all job tasks. But the JPG includes material

which soldiers should learn, rather than constantly 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 wh ch

would appear over and over again in the JPK, and increase its vo7ume if

not placed "off line" in the JPG.

All content for lim,AM% is produced by the same fundamental elemen,.9

as are osed.fer proddellgrtbe content of VT") JPM. It is validated and

verified along witiv the 4PPL. It can be used as OJT, er with tape audio

cassette, or with audio visual cassettes lt is validated and verified

by tests with novice sediers. There is no precedent in the various new

concepts for this breakout. It is included as a practical measure to

prevent tha? JPM from becoedes smoesTilvey lalrge in volume, and in

recognition of the factiSet tuem 0, learn procedures that are repeated

often. As such it constitutes a training program in basic procedures

which are required frequently on the job. The content of the JPG is pro-

duced in the identical way that it is produced in the JPM.

The JPM and JPG specification produced ander these tasks are titled MIL7M-

532XX(TM), graft HilitarY Specificatiofl for Preparation of Improve. Technical

Documentation and Training, Part I. Job Performence Manuals, and Job Perfor

mance Guides, Part_II,, Treeing Mater1a1s (Supporting Job PerformaNce Manuals

and Guides).:Parf rta the ipeciftcation 'lefilles requirements for the

development content and product perfonmance of extension traininiq materia1

(ETM) to be used innconjunctiou with JPM/JP; documents, in support of the

maintenance of Army coterie-L. See section On training specification follwing

the Task 7 description-
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TASK 6

Task 6 involved the preprtion of a sample in acc rdance with the

specification developed: i TOsV 5. The equi,ment selected tgr the

sample was the M60A2 tan* Urret with specific coverage of selected

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

The sample provides gener 1 information, $cheduled maintenance,

troubleshooting, and reocve-replace procedures at the organizational,

direct support and genewal Wpport levels. The sample is provided as

a separate docurent tO tht's report
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Field iesr Plan

The Fi.eld Test prepared and submittPd under this cp,rt-act is
hpntained in Appendix F. Ic cnmbines field test and researc_P test-.

characteriStics. The plan is designed to evaluate the amph.

in Task 6 in terms of cost, user effectiveness, and user apcpIabiLt,...
Tnp plan is also designed to tPst any cr)71,0Ptinq manual concepr,s or

techniques.
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TRAINING

t: 'Ho 1 .ine prescrited In the
tfl ocr the rimi-Htr---Jice and ope_rator

Jot tas'xs. lihmild he trained to . The cdrrent

M 1 ::rairiha and Doctrine GDmmand, 'Mir-MC, are tDo:J which tolls :3oloicrs what Zu do to accomplish jGb
prneuc:s. Fets H,; exactly what the PW..-I.PGs do. Therefore, TRADOC became
interested in trlis product from the training Point of view and added funds
to tniL; cortr:--_t to produce Part IT df PrLt 1IL-M-532XX(TM).

Pacts I and 11 use the same fundamental elements, Or processes, and._
esseht:ily the same products of the analyses. However, Part II prescrites
the oreodration of certl4n administrative' instructions for the new soldier
to li-se as he is exposed to various tasks during his early tine on the job.
it also provides for a nandbook that the iob suPervisor uses to select-jobs
'hiat are appropriate For the maw use, =11.: various stages of work on the

Job,

The JPG contains instructions for'using common tools and performirp
mmon tas'Ks. These are the types of things that should be programmed early

in the new gseeS Job experience. They are the 'Minas a user will learn lo
do without the JP1 after sme e'xhrience with them. They tend-to be the
things zhat are remembered because thev are freouently used, whereas Job
tasks Jescribed M the JPM are not as frecuehtLy performed. They will mot
he memorized until mch later in the user's experie,ice. Some may never he
momori7ed.

To the extent that it is =or :,isi-ent Inith the unit's work schedu -. tMe

,now user should iaf-2 issioned certain taskssooner than others. This does

n t imply a gthict sequence. It-merely means that, on the aveeaoo, the
now user should i:e assigned td some kinds of Jobs err er rather than later.
There is a Training Managers odbook prescribed ih Part If. 3-his tells

_the Jot superv'isor/trainine riager what tasks should --'61orr* sooner rather

than latem--,-Ptit It does r -event him from assigning anY job at any tire.
The JPM and JPG used together describe how to do any job task. The soldier
can 'do -an-y job task from descriptions in these sources. He learns fromt ,

doing that job task. He will learn certain'common procedures-and'common
zools from doing almost any job tasks. However, there:are certain-sequence,5
of lob tass that will:,require all common procedures and tasks-. If such

a sequence ol- tilee iob task-s is compleCed the Soldier and the super-visor
know he has performed everything in -the JPG, The confidence of bothore
increased when this seqqence is completed. Therefore, such a. sequence is -

given in the Training anager's Handbook. It is- one .that also minimizes
the chances of &page to tho equipment or the soldier. For each'lesson pre-
scribed in the Training Manager's Handbook there is a Lesson Admanistrative
Instruction (LAI). This tolls the soldier ,where.to look in the dPfl rad
what his obiective and criterjon of performance is on each task ih ',::.he

lesson. The ill is nn me,e than a single piece of paper which provides:a

61
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b.eginning a d An end pcoirit for each hour of the soldiers early time on the
job. Par t 11 lso pro*vicles for,--the use of oth0 yedia than the JPI1/JPG.
I t provid es D1 aucjo sonl y and audi o/v isual i nfollnation. Audio visual
riould be Used -to shag -the "big pi-cture for a given equipment. For a radar
thi 5 rnigh:t e n Overvie4 of one or more batteries of radar equipment
oPe rating toge ther Ito -acui re, track and destroy targets. If the equip-
ment i 5 a= tank , tank or' platoon of tanks might be shown in action. The

Vi 9Ual i rid-ludas guotion and would be used to show anything that it
Would be incon verde-it to demonstrate for a single new soldier on the job.
7-he audio/v isu Car a lso be used to i ntroduce the sol die r to the
31ThINPG, the Les5on Adillioistrative Instructions, and how he is going to
learn by doing , ,The p rocesses for preparing audio visual material are
prescribed in Part 1I. Out it should be noted that the processes prescribed
in Part L a re the oily processes to be used for preparing specific main-
-ten ance/ope ratin0 alstructi ons for mai nta in ing/operati ng the equipment .
ilart is ot an alte-rnoti ve to' Part I. Part I I provides for some addi

nal meterials tilat tile job supervisor and new soldier use to bring the
(Her throUgth his ea rly job experience wi th rni niroun concern to the sol di er
supervi sor and ga)cinkso building of confidence on the part of each.

The other. medium a;liowed by Part 'II is audio only. This medium might

t)e used to PaCe s Oldlieir, or more 1 ikely a crew through a procedure that
rriust be performed withoin relatively rigid time constraints. An example is
operatiori of tlie eqUipoieint. Maintenance personnel have to know how to
operate the ecuipoiflt, , brut they can do this at their own speed. They do

nut have to be skil led operators. But a tank crew or a radar crew must be

pushed to nigrer sk ll- levels. The JPM/JPG can only describe a procedure,
they cannot pece Personnel to bring them to higher ski 11 level s. The audio-

only niode can Pace Per'soginel. The audio/visual node can also pace personnel,
but-, tile wisuaV inedi ufli geeneral ly -is not a desirable one on which to build
tip skill - Gerierall y ki11 mu-st be built on the actual equiptnent or a
!mock up of it ralher -Gbasn through a p-icture an a screen. The audio medium
rnatched with Che real eqsuipment or a mock up of the equipment is expected
to be used extenlively fOr operator and crew training. Again the content
or training WOO ki not be different than that produced by the processes

escribed fn Pa Tt I. But the application of this content to the user(s)
oold be by a di Iferert niedium than paper.

A lso ifl c rev/ trlai nirig si tuati on a sOldier at one posi ti on may perform

Part of procedur e! arid then wait for another to perform part of another
orocedure, etc.' l-Fle ituation that the crew is in may require different
coribinatioris of ba5ic procedures_ The crew nust gain skill in recognizing
situatiorns and p-erfurwling the prop r portions of their procedures as well
as pe rfo-rmi osj th em rapid ly,

unmet ry
N.

P art- t he specrication provides the opti o71 of the audio only and
auJio vi sul fled la . t does not prescribe the situations in which they will
be us4i'd. 1.-t does riot prescribe any analytic processeF. separate from those
speci fie d fri Part I. The content of the JPM/JPG s o'pcted to be the basic

coritent for tvai birig. But the examples and discussion in -this section are
in4:endeo to srION hc..N rart JI can be used to round out the basic training
cortent ni the 3 PVJPC; and provide for a- smooth progression for the soldier

ricJ h is super-Us or,
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,joilaiNij-'.AJ.:

ATOMS

AVIfl

13FIC/F.IF/r,C

Mock Form
Fritish Algorithm
C-A Lodical Processes
cATA

CM
Comkate,c-AidtA Loop DYIram
Representations

Computer Graphics and Yisual
Module System
CONSD
CONTEXT (Vitro Laboratcries)
DATGM

Dynamic Display
; '''')CULAR

IAFT

tThsearch System
FilDT

FLAPS

FOMM/SIMMS/Ii- IMP/INC/BAMAGAT

-1RECAST

TPA/PIO/JPA

(-PAM

HAWK Radar Mechanic/System
Collection Manual

1;dmini5r.rafr.ive

iutomatic Oiagno..
Information Retr,_

Automated Data Preparation
Evaluation Program

Automated Technical Order
Maintenance Sequences

Audio Visual Information System
Binary Fault Isolation Charl-

Computer-Aided Trouble Anaiy,s
Condensed Maint,Aanco Guides

Condensed Servicing Data

Data Aids to Traiding, OperC'ion
and Maintenance

Electronic Ocular
Fast ACCPSS to Sytems Technlcal
Information

Flight Engineers Fd,,lt
n Around Fault Isolation

Fault Isolat:on by Ser Mtomatic
Techniques

Functional Layout and Presentation
System

Functionally Oriented Maintenance ,

Manuals/Symbolic Integrated Maintenance
Manuals/Integrated Maintenance Package/
Integrated Maintenance Concept/Flock-
a-Matic, a-Gram, a-Test

Fully Proceduralized Job Perform2nce
Aids/Presentation of Information for
Maintenance and Operations/Job
Performance Aids

Graphically Proceduralized Aids for
'laintenance
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T A
-r

LTS-1/LTS-2

Maintenance on Micrefil.li
-:AENT-RAU.;

MrL,nRI

OF coNCFP7,

TrainThq Aids for Maintenance
Learner-Centered Instr)rtion
Lexical-Graphical Compose2r-ProteF
LincoN Training System
Microfilred Maintenance Manual Data
Dissemination

Malfunctirr DetectiOn, Analysis and
Recording STAems and its Ground
Prc7essing System

Maintenance and Training in Complex
Systems
Safeauar-7! Mintenante Data Systr.,

Maintenance Engineering Management
and Repair Information

Micrncard.
Miniard System
MAracode System
MMS Maintenanc_ Nanagement Systi.
Model 205F. 'licro Twin

F-.0corder-R,sJder

Model 5300 and 530H Tleade,'-
Printer

Neostyli:e'
CTtimam
ProcedureT Flew 0harr,

Profile
PS Magazine
Puliod Light :F-:;ectnh
PYRAGRAM Pyramid Diagram
PAPID5 Rapid Automated Problem identification

Data Systems
REPON/TRM 'Reliability Prediction Oriented

Maintenance/Maintenance Instr:ction
Recorded Magnetically

RESTORE Rapid Evaluation System to Repair
Equipment

rTieahilit Report
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1F6i

TPACE

Tr'oubl Lo--

VATE
Videofile S,ystem
VidPosonic r-Sstem

.
Work PackPqe Concept
WSMAC

Weapon System MaintenancL, Potion
Center

Experimental Fault Locator
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Transistor Radio Autwatie Circuit
Evahatol-

T&chnica1 Review ,wd Update of
Manuals and Publications/Maintenal
Information Automated Retrieval

System
Versatile Automatic Test Equipment
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DESCRIPTI .4S OF THE LEVEL OF DEVELOPMENT OF
FUNDAMENTAL ELEMENTS OF TECHNICAL DOCUMENTATIoN

CONCEPTS WITHOUT EXPERIMENTAL DATA
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been put into practice. And it

!
e"'0:7titiely with it or not. it

aHs,ysis diaqrams ore Cunctinnal loops.
so and SIMS in its fundament61' elemeTa.s.

Finctional Task Analysis is not descdbed in

!,Se product (functional loops) is evidently

- L.e 'clsk analysis. For all practical

!ei,soser-, lb, 1 nen be saidthirq. the fundamental elements in
bP very similar to those developed in

Tne one exception is that the "functional loops' used
jy=riy_ documentation of subfunctions within functions.

Hicldde,t this "indented" function within functions but

:r dc-imerltood cild not show this in the rather clear- way that

Hiy4eiver. ,ince ATONS MI5 never worked out for a large syste-

ft is ;ct 'k,t10',-.Y1 if tho functional diaerams that look clear on one page

woule tioreail over many peges. This problom of scale

hA='; a for more than one concept as it moved from an idea to

implementation. 'The MDC's ef SIMMS are a qood example of this. The
pdc:e "ierc nsd in an attempt to keep all of a big sTstem on

pane as nd been ',10M? a little system when the MDC was at the

idea stage.

This e,,ir:_ee hcis r done bevond the, -ldea stage. It has not received

ffniementatloii tes- It uses a block format, wherein the blocks con-
tain steo-hu-eo instructions similar to PIMO and JPA. The block

iiabrf-ers n.nt. or(Y,Hr_le deccrity--s of the equipment functions as

de'sP.-! Thlock". If developed it would be

n;ovies ilyelopment o' a fundamental element that

nac not beLn m/ O b,/ other concepts which have been
i7hi0Henteq

oonceot comphte. Ine nature of the analyses, (the Funda-
mental elements) in this concept, are not well defined. Whtever -offer-

iveness has ber1 claimed For the concept must be achieved 'ouah the

analyses that are performed before the computer is programmd. OuL. there

is insufficient lnforitiatieu to telT what kind of analysis was made. There

are no Wjiing is contributed to our knowledge of'fundr,1-
7ental elements by the information that has been obtained on .thisconcept.
The facc that the results of an analysis cun be programi7ed- and displayed

on a ...omputer is not a contribution. Other concepts have -shown that the

--olts of: content analyses can be presented effectively by lower cost means.
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Tlis snsept has. pct imp: .1 or testosi, I is desinr-o

_i_erienced technician Who already knows all the procedures hut
rewewber certain sppcifies on test point readinqs. tolerances or

....n urn I sequences. It is apparentiv based on analyses but they (ice w.ri
'pecific. The Condensed Maintenance Guide (,CMG) is dosiohated as ,

experienced man's "little black book" of condensed information. fhe

relevance of such summary information is a function of how the man has
developed his techniques in his own experience. That is, some types

summary information are idiosyncratic to people. Some aspects of this
concept might he considered for use as a checklist to summarize material
'0 documentation used by the experienced man, But CMG has not been
implemented or tested. Except for its relative ,.iigueness (with CONSD)
in being designeu -'ur the excrienced man only, it does not hold mbch
promise for use in the present study. ThilS doesn't mean the experienc

wan should be ignored. But costs of ownership will not be changed
sighificnntly by making things easier for highly experienced men.

Cr,eidensec ServiCing Data.

The Condensed Servicing Dal-. (COMSO), like the Condensed Main
Guide (CMG), is designed for the highly experienced technician ope,-EitIN..3
without the .standard technical manual, or It can be used with the

Tech Order. It appLu..Aitly utilizes content analysis more so than does

LIG. it includes a list of fault cueS, suggesting sone kind rf behavioral
analysis. Like CMG this might have potential as a check':
but it is untested and has not been implemented. Also: r.

is not going to be affected significantly by some heir ft expe-snced

wa;:.

DATOM manuals can he used for training and. also on the They

based on analysis and-provide understanding for the usr. Ths concept

has not been tested. Rut the fundamental elements in this concept are like

those in FORECAST and MAINTRAIN. If the fundamental elements were fully
developed and documented they would look very much like those in concepts

which have been implemented and tested. The fact that this concept uses
techniques which promote understanding for troubleshooting-is an endorsement
of that approach, but it does not represent any advPince in the state of

development of fundamental elements over that found in implemented and

tested concepts.

keY feature of FLAPS is the organizati a of its forrmt formulti-
.:ongh the use of FLAPS attached to thc ednes of pages. Unfolding

uverlay reveals more detalled information. FLAPS also utilizes at

B-2



of
deo defin ci in '!!

Center hut ;t

T :11

theiunh

before general ...o,

e= aealysis and 'r-Tlain

r,v'r efft,.,c7' devoloPment oi this fi r!]:11

1; WO;t n iJ and complete as that of PiMO an

fu-Mv, it he.very similar to PIMO and JPA it

,,,,orNif_;ed development in one respect. It tries to reduce

inn lanc:uade by using graphic representations of verhs as we-ii --

has not hePn implemented and tested. It is difficult tr. s,,.--

.i.uhnenent on its unique use of graphics to communicate vrhs.
re.searrh area, hut it cannot be utilized in

ond oc-ting is ,.(-7collinlichi;,d,

t :To c for 'Jhe

eerc1?;1 r1 .= idea of havirr different docLmeht:,P-H,

is vory consciously identi'rig,d
(iocumentation for Parh level is not e-',1e7

oro two levC.3 in oncL boring to rrd

nor] shood a mrked didain for PIMT) hornment-
."-er,-,,tw'ti) -that '.iescribe.i each step in detail, This re,Te-T

be_ it was a reason to CalisP those who wor',:e

O,TrViary ievel of documentation for eori(N-]o:_.-.

,,re! hr,-, amplev-, of a concept produced frw

e fw!Inel FOP,ECAST, SF'7,5 M,INTRAIN Ind
f-leorrof,i!: troubleshooting all include twten---eey :f '

four-in-one levels of organization.

not been tested but it iT,ay be wr).-:-.fly Of

ficin more rse-.-;.ren in mechanical situations. 1-nL,

a question_ It nay.er may not provide an answer. The q!Jesti6n

IHY e-t problem..

The multiple levels of organization are used in vin:I.;!ly

the dbrceots developed for electronics troubleshootinci

has no been detocCed. Often the contrary has been found. The

j'or th ii se:f-con;cious use of the tern "hybrid" anh two

nocumdnt ,fly_stren frem the fact that psychologists like to find

enoPs in individual reactions and pften cater to this ratoe- jlor,

ent ',)rons the hoard" solutions-.

8-3
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or-i-lr.lum PI" ,IWt- Inia)Pri 7

ehe . ill depiht urL 05 :

Of te Dc.,,t,rJ1

1 ,Hhe in a Siiruidted cnviromseot h 005 s

:lit'-ehent from an encrationiii situation.
over all types and dll graphic fclrinat

Even though the academic rpsearch efl this enteh'
100151 c1 i'05 1-7-, are needed ho-icore it Car. he cgoeiteret

LTS10,1 PIM (JPA) technieue.

'f'nFoti(an oh Tilis (±)nceps ha5 00e0 hard
implemented or tested. So fJr -.-as can tre

01 dot;_:s hiJr. afaVimC,: -On

Inv fundamental element, Its ecorts hnd ci7

ailllyni5 and erganined formats Coo :duitiplo users. tias eeve!ees..e )or
large scalp digital equipment. It specifies four t-ea'adown
kailiP levels used in FORECAST, SIMMS and other concepts OriOin,1Hy
developr,J': for large scale systems) achieved through a as;al,-Is
(also common to FORECAST and SIMMS). -It segments inforwItlen to what
Is needed at each leVel (aS with FORECAST and SIMMS). But ::rocheter,,,lized

InformatiOn at each level: This-is different f FOR'IICAST ant 'III' se,

difliiar to PIM in in,tents but there is not informotioh
Preendures leoke like oe tasw they were derived fr:-..11 anF vs L: id
interesting tO Yitr, that inteprbion of element:. In th. or
lovplopPd or P4 t1i crntract 17roa:-T'-3 a rir.7)6Jct t'flat

The Procedural -Informapn and -in armation -ter ue,tcdstating
!7-r0uh]F:sh10t1 n(1 1 5 1,yr in -ondept to

......;reciedUralicatJh of information at t.epti level .77.f

TDACE

Thp rimarli feature of TRACE is its use oF old 15 C aEd cards shitk
holes aligned ovor test points on printed circuit boads. TRACE used
dorte form of task analysis to identify the proper test points eng
organize theni into sequences for testing, and it al;:-up uses som0

with graph-ics in ddditIon '0 thP blasticized cards. It a.:',5!_11110q thp
technicion has a bacground in design theory, knowledge ut sys'Le

test ago prtAi6encY the use of test_ equipinr - Ihe card doe's-
the (user's actions to probing at prescribed test Point..., ape thus

edetects otheh parts r) the equipment fFos dariaue. It-ndea
,nique plastic cdrLi co achiev6 its effects. It J0E t o5 ...1 any state
of the art hisprevelapnt over more fully developed concepts en the
Hes!c.nts it u. except for rhe plast-ft card, The plastif, dard with:
holes is a or htploweetation of an elemant,that h-ilE,4.5 to be researched
fo- possHble. fut..ure use. 3ut. it has not unuerucue any tests and shoplt
co.)sidered only fOr asea ratheY., than implementation e+ vie pro
timc.



t ir i1Iii

o'

inpeesonts o e Iss o; aetomated rest oodipm,

It prcvines on eucortonity to nv.-0 a koier
macchinc aris 'Limon '

pooPle 10 nof hove the same SonsJry
sianse batte:ns le.q., oscilliscope nat1:terns) os ea,m,m T

humans do rnt make measurelments os machines,
analyzed to cueS that human' ,:ense pasilt.e s

different analis than that used t -dine %,,not

ornorommed to Let,t. However, the t .-knt, is tm

ViOnk Out ToalutianS that rote tech-l.c;us

kHr programming maceines. There are many opnroaches
mauhincs. and tne otter outortatPd tastino

ir this prolect orc Just d samule. These samules ore
tit/ them as d CliASS of apHen-,,ches aep ditterpor,

the approaches which arP the subject, 0F this pruject. coin

relevance to this project use analyses to accomplish tne same
as do the analyses tor programvinc, automated testing pouipmeuf. bnt the

conteht.Of the analyses aro different because the seusphy and.ntheo
characteristics of humans and machines are different. Analysis is, net

Just the province of the machine; the use of analysis is commcn to l',iste

machine apnrcoohes and people approaches. The efferfive.e-sss of or,

has keen demonstrated in both cases. The preSent project is d-He:,-!

using people fe do the senCing aS well as occ emplIshino the reimicemmatt
tm offeist repairs. It is the premise or tho present ber-Hp t
omoroach will have a oreotec -kipact on COST: Ot ownershiu tO7IH H - tfer

Idnine approach, at least during the-next-five to ten yeacc.

CdiiLEPT

The Work Package Concept uses all the fundamental elements ck
etc., but it dOes not carry any of them to full novel'aument. ',4heo

those rundamentai ,alements are usen in their full slate-ore:fie-aim_
they enable novice porsonnel to do effective work without tr,aininc atc;

witnessed in ielh tests of PIM(' and JPA. The ',Iork Package Cahouet

the fundamental elements in a relatively rudimentary forTn, 5y the

:!1'Xit bring e>' ive training in design theory and equipment u'lag,

tm tho work 5- lon. Thus the concept tails to achieve the Of=,,Drt!'

and JPA n I iready demonstrated. It iS true that the ;,orl, Packane

toncopt does utiti7P,d relatively wail developed nrgaei7olpil of

tcolviht tonephPr in wOrk packages. it uses a fonctional analvsis to

suime degree to prepare subordinate wori packages, and reference them fc

higher order packages. Sets of work packages are prepared '..phirn ,:oot-117::te

B-5



-tv:HY,,7.-,H:-,o7r.ing frorl non-troubleshooting inF,..rkItion,and e=-2ch of t'losii?

,--!:: c,,,,H.1,,J1(:!!-. ot oporatn, OthPr break,. .1:_-= dri---: made for v,irino

-..-_,;-:: _,,. -;f-.':,,,:H -..1.,iP,!, ---_,w_] i11,,ic.,!--. -,----- ,;-. 'or.--. , Thwn'',_ H
(r-,-y-i:i-',,-.1H0,1 of ne ,locumnot:at.':',77, prubably -.1H-=., -U.: e2asic.-- tor tH:,

-:.,,ir.-.0..,,,,D,,,,7,ilLet. !na-,-ntenance man Than '.;,tr,da1 docul,len-

- ,.',ut-. r,H1-..,- ,,rv not dita to domonstra-., U 's),

i...- .,1,.1., :-.rkage Concept is unique and ve 'y important examplr:

:, -:,;-,,L.-: LO2 ',._:f SitUatiOn, fl- uses all the 4-,t. fundamental elementt

., ae-e-i e.in. i.f:,..e :.np,---- to tnchr full extn7. .- i, techr-i(7.

rH,,,--;.., ..--41:,1r15 a r:Jclehtary understanding b- larioLis fiAndawerJ!

o''''!erlt-.,. bolan puttinq them into practice with .n.. bene'it of spooifi

..('.tions, ,TrJAcnce or quality control. The resu L can be lauded as 8

.vo in the right ditection,or it can ,be condemtav. as a poorly exccuted
i-,-.TY:ementation of techniques which could be and O6ve been implemeutei

-;ch L-i.'!'=:-t-,:-2.-
sihe Work Package Concept is clearly :iot well el-laugh implr-

HpAfd_Lo gu'Ae novice personnel, and though it ma',, be an imp,ovement re:ph
traditional documentation, it will not support ttie rperformanc as well

.iii cor:(.:5.pts oT:plo/ing well developed and implemented fundamentef', elements.
'Airl rirc-ict to costs o4 ti'.merhip this means the 'efork Package Concept

i,- '' 1),,,/ ':-P-',.,,i'i marinF.1, decreases in the cost of ownershir whil

trr- mc.ijor cost reduotions uotouche.

rf fuother research ann development, 6n =iiis concept is contemplated

it. :_l,ilold eithe,. (Vi be adapted to what has been fully developed in other
`i:Tic.==Pt, or :::)' it Mould be tested against such other concepts rather

..i-,Irl ac3uin9t standarO documentation- This field is now too well
--inrir;ped for a demonstration of marginal improvements over $tanda,-d
.-!,-!---..r-ntition. The qoal now has to be improvement of fundamental elements
,H,,-; Ile,v-.-- aL-oody shnwn very substantial improvements over standard

aJsnoimiet,,Joh.
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f
.1

to ',k-L?. OI n Mole f, tn ier points to he drawn

the dissslon COE noL dvrcd..ly ig on cosi,:i3

as co the Table 1. However, in studying the rolevant

se(LQrdac:., sorees, f-eiowing points

-se]ecLfel olnts, deserving o1,7 discussiJn,

, c)oting Task_s

Force Lcacing

Contrcl. As part of the F-4J study as discussed by

lypotretical work center wan mc-rled mathematically and manpower

Jti71.7.otir implications explored. Ii. ,)r,ected that, using the

nandalF, 71 percn inetienced labor time is spent
rHIeni assisting exper tecgoicio,ns, Using new prooedtrali7:ed

percent of inexpe.' .(.,d work time would be spent performing

Ard the rormining time in assistind.

f\notir std6y :-eviewed by Rowan of the NC-SA mobile electronic power

niant indicated that an experienced technician could kee0 at least four

oexperienced men occupied using JPAs. The work situation did not permit
testing the capability of experienced men to keep _even moro ippredtiees

busy, Teus, tne Potent,ial for increasing 40uperviscr' span of control

numcir of tasks that ceAn be supervised, at one time seems great.

(2) Invento-ny Jli-,-lotenance. Rowan reports anotr finding from

1-mo study concerning error rates for technicians with and without

:recle-lu014.7L),:i manuals. For experienced personnel, procechrel errors
Jecresed From 14 to 4 percent. A5 discussed in this report, procedural

errers matter of definition, but at least some of these e:rrc.-:. are

likeiy to ..,.ffect the spare part inventory and distribution system, because

they lmad to unnecessary replacemert_ Valse .,:semovals). These data 5uonest

that the "float" requiremnts for pcine equipments and assemblies can be

redoced by nerans 15 percent.

Eguioment Utilization

(1) Mean Time Between Failures (MTBF). The second conseguence

reduced errors Is a reduction in technician-indgood ro.ononent failures.

=J1r..,1 on this effect require long-term monitoring up-timp", and

i
Rowan, Thomas C. Iffiprov_in DOD MAintenance Tn_rough Perfprmanc.e Aids.

ARPA Order No. 22/14, Project Cod-e 3D2tr, Adv-anced REsearch Products Agency,

Washington, D. C., 1973.
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has nut t.een developed, PIMO (Serendipity, 1969)
1

, however, -projected
such effects using a mathematical model, and it Seems reasonable that a
-,-educt:oi in non-trdiJfi hon 1 0_nd

,ent will reduce system down-time due to such
y'tlect is difficult to proJedt. It recuires tvDc2

pqui,,-,Tlont in thp lflvertr tho

=scro:isd 'up-time" for c-ach, P' is nnt

'shis study. f',ut it should be rEcoL-7,2,i 55 '

(1 -increase the amou:-.ts

Troubleshoptdpo_ Ta

Thlse Removals

(1) Inventory Maintenance, An 'Optir-.:

5,Udy" (Naval Weapons Engineering SUppert Act,
'float requirements may be reduced by conserv--,!
:,-IsPd only 9 percent more spares than alisolutelY
-1-Thlc, Journeymen used 20 Percent more trare

and 48 percent mre witno::,t them,

-,--eThese data resulted from a simulation and 0.
con5ervation in the flPid. Ho'wever, similar ,dre obti-mi-, a:

edrt of thP PIMO study. Sperific,tilly, undo: dTrdit'ons,
ve -fold reduction in the replacement ot unneen,-yj "7S W-C,ez etserved

utind a simplified Maintenance Dependency Char':

'he projection of these costs i r-o nfl ' -

they wculd represent an additional saYinqs,

Productivity on the Job.

Mean Jime to Renair (MTTP1,
Hfllt tWO se.,,rete FORECAST studie ren

.dard 77,1s ui )7 percent, (196n)e' ' .

-Hojert PIMO Final Report, Contract AFC14-(9,1--)9, Seendipity, inc,,
rhatsworth, California, Vey 1969.

2
Shriver, E. L. Determinitlg Traininagyirements for Electroilic

De\-/elopment and Test of a New.Nethod_of Skill nt Know

Analy0s. HumRRO Technical Report 03, June 1960.

'Shriver,.E, L., et ai, FORECAST_WLt_ems Aialysis and Trainin: Methi)L

fo_r flectronics_VaintenanEiTTFDnin-a.:70717,-Renort N67-171,-P-y
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reported 140 per nt (1965.1 , and AVIS zia percent. Productivity increase.

from HAWK (1964) ranged from zero 6 106 percent. PIMO using MDCA found

rcent increase in productivity.. FEFI/TAFI increases (1969)J were

percent undQr unique circumstances. Rowan reports the F-4J work center

m'oiected improved departure reliability-of .50-65 percent, with a

per,..7crit improvement in operational readines5 (1973).4 These data

Lne projection that MT7R can be substantially reduced with Wr%

manwls.

Trai ing Tine Reductions

(1) Training Reductions. FORECAST reported reductions in

time of 60 percent and 56 percent, JOBTRAIN 50 percent, and.

(1967)5 HO percent and (1971 )6 of 5( and NY:- Rowan repoI

P!MO studies (1973)7 project from models that training time can be reduced

percent by using OJT time' for productive work.

(2) On-the-Job Training (OJT). Post and Price (1972 )8 sugqes

rhat nmdj fled JPAs can be an effective OJT vehicle. Such use is not

iritrA by the experience of supervisors and traine

ers, J. P., and Walter, T. H. The Develo.nient and Evolution of an

jmproyed Electrici n's Trouble ootin Manual, HumRRO Technical RepOrt

6-1, March 1965.

j rs, J. and Thorne, J. H. Develo ment of a Pr edure-Orientect

Trainina P ram for HAWK Rada HumRR ecTiT5-EiI6Toort

69-25 Decenber 969.

10 Fault Isolation. McDonnell Douglas Corporation, Report DAC 68441A,

Ocuober 19 9

.alrysky, A., et al. J b P- ce Aids d Thei _t-on Man ower_

DL-TR3270, Philco Corp., Palo Altti, .California, May 1967;

-Folley, J. D., Jr., et al. Full Proceduralized Job P

Technical Report AFHRL-TR-7 WPAFB, Ohio, Decernbe

'Rowan, , Cit.

3Post, T. J. and Price, H. E. evelo ment_ of Innovative Job Aid

Volline I - Descri,tion of Conc,. .NAVAIRSYSCOM, Arlington, Virgin-a,
May 1912.
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(3) Cross Specialization. iOBTRAIN withheld training on o
the equipments. After just one day's familiarization. trainees 'using Lhe
new manuals performed satisfactorily. FORECAST demonstrated satisfoLt.ory
transfer from a simulator representing only a porUon or tho t:.he

entire system. Foley (1972)1 points out that, using 0..rdidard trainiy and
technical manual support, training for one specialty requires 37 ,,-!"K.s
plus 24 weeks OJT, after which the-enlistee is still only (=I'l'fitive Gn
the system for which he is trained. Reassignment require,?, additional
OJT, and perhaps some additional formal training.

,(4) Tour Effectiveness. Inexperienced- pernoci usin the new
job guides were able to troubleshoot the F-4J as well or !Tletter than
experienced -personnel. SubStantially the sane findiri wore reporte, by
the Naval Weapons Engineering Support Activity.

. The cost savings projected fron a reduced labor o icc with improved

performance are included in the cost projection; hut the entinnte ol= 15

percent must be considered conservative.

1

Foley, J. P. Jr. Tsk An.411,121Jali Performance Aids and Related
Training. Training Research-Division, WPAFB, Ohio, October 1972.
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LIST OF mECIFICATIONS

MIL-1-63011 (TN) 30 December 1972
Military Specification
Manuals, Technical: For Maintenance Tes of Army t

MIL-M-63019 (TM) 15 October 1969
Military Specification
Manuals, Technical: Telecommunications EqUipment (E-c

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

MIL-M-63022 (TM) 22 December 1970
Military Specification
Manuals, Technical: For Electronic_ Configurati n5 _Ai craft)

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

Equipment

MIL-M-6302.6 '(TM) 15 March 1909
Military Specification
Manuals, Technical: .For Armyi Aircraft

N1L-M463027 (TM) 13 March 1969
'Military Specification
Manuals-, Technical: Mainten nce and Overhaul Instru ions - (Aer-onautical

Accessories and Support Equipment)

M1L-M-63028 (TM) 31 Januar 1969
Militar,Opecification
Manuals:Technical: Manuscript Require ents for Maintenance of Ai-craft

. Engines and Engine Accessorie

MIL-M-63030B (TM) 1 May 197
Military Specification
Manuals, Technical: Preventive Maintenance Services

MIL-M-63032-(TM) 25 September 1968
Military Specification
Manuals, Technical: Manuscripts Requirements for Weapons, CcmitNrt Vehicles,

and Fire Control Materiel
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LIST OF'SPECIF CATIONS

MIL-M-63041 (TM) 3 September 1970

Military Specifica len.
Manuals, Technical: Content Requi reuients for Depot Maintenaice 1,1( k

Requirements

MIL-M-63043 (TM ) 27 May 1970
Military Specification
Manuals, Technical: Missile System Equipment CheLk Procedures

MIL-M-63044 (TM) 2 Sep ember 1970

Military Specification
Manuals, Technical: Missile System Muipment Uni -Under-Tes

Procedures

MIL4I-63046 (1101) 2 -September 1970

Military Specification
Manuals, Technical: Missile Syste0 Equipment

MIL-M-38784 (TM) 1 May 1974

Military Specification
Manuals, Technical: General Re4uirements

AR 310-3 December 1968
Military Publications
Preparation, Coordination, and Approval of Departm_ the Arqy

Publications

U
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PEPOT 7qAHTENANCE

ii malntenancc Htt as characterized in -task 3 was borne

z u r the-comoodlt; r er a ii vestigdtions The extent to which tools,

test' equipnent and :,p-d'!itir-r are provided tends to be a function of the

echelen of m,iintenanc, Thr- higher the echelon the greater the support

provided Lem,.T. of tdc,;, test equipment and facilities, processes, etc.

This is to a areat extent 67=1eroined by the complexity and support .

reciOre0ont. of various t6Jks.and the allocation 0 spares at the var i us

levels (1 f umintenaoce..

Pawever, hased on nor viit to Corpus Christi, Texas, Army Main

to m Depot, we deter.-ined that this factor of the.Naintenance Environ-

men"-, has characteristics that differentiate it from other echelons. We

F.0 longer believe that rJePot level maintenance falls under the purview

of this project. Our reasons for this' change a're detailed below:

Helicopters are usually brought.in some flown in) to depot'. There

is some general diagnosis performed in which TOgged hours on engine,

transmission and main rotor assembly is an important aspect. It is the

exCeption when a few things are corrected and:the aircratt is returned to

regular duty. The common action is a virtual/ly complete strip down to the

airframe. After the strip down,only the engine, transmission and a few
other items that were originall'y on an airframe are matched up with that

airframe again. All other parts are sent to a pool . 7he depot also

receives parts from lower echelons, as well as complete aircraft_ These

a,T treated as a pool. The depot "owes" various "customers" a certain
number of parts of a given type but they are not controlled by serial number.

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

The airframe is cleaned and so a e all the mechanical parts. The

parts are inspected. There are cri eria for the inspection established

by enoineering control. The criteria are a function of nanufacturing specs

and the local situation, The criteria are based on 2.11<pco'decisions.
For instance, a floor panel may:

1) be bouaht as a replacement art;

2) 'be fabricated at the depot from scratch;
3) be repaired if damage is 80% Or less.

The e.xtent of repair is a function of
1

how easy (or costly) it is to get a

new item- An item like a floor panel, may be completely out of production
at the subcontractor's plant that origiaally set up an assembly line to

produce 5000 of these items_ If the/item cannot be readily obtained from
the subcontrac'tor it is produced at/the depot. The decision on whether

to make this part from scratch at the depot or make a repair of it is based

on local cost factors and`cost fact,ors regarding entire purchase - make

or buy decisions based on local processes. The same decision is made on

making an 80% or 30?.'- repair.

E-1
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Other carts may have been eroded to. 3 tho -:andths or 8 thousandths
of an inch. The chrome plal,ing department maye able to deposit an amO6nt
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 exiStinq chrome plating
vats. The decision again is a local one based on local manufacturing .

capabilit,,,,e There are thousands of such local decisions. The manufacturer
soqcification on what the parts should measure will .h.et rietermine what
processes aere used to get the parts to those dimensions.

Therefore, it is not practical to prescribe peeform ,oe

accomplishing particular processes in depots as there is a ar

of accomplishing thejob. The processes at echelons below depot-are
standard and can be documented Jn "how to do it" books because there ere
no decisions on what process to use. The process is always replacement.
DocumentatJon which describes.the Process for repla,ement of parts is
standard when replacement is the process that will'ee used: But at oeeot

there are many alternatives to buYing replacements from the original
manufActurer. The depot has a manufacturing function. 'Hom much manu-

facturing, and the avst cost effective process is a functioi of many
factors. There is-no way to solve all these answers befo-9 The ac 1;o

it is impracticAl to- document specific solutions.

These decisions regarding the, process for repai _ --ts are h6t

the,only thing going on at the depert. ,There is also the assembly process.

This-is a standArd'process. Parts arrive at the assembly Tine and they

-6 assembled in a standArd way, it makes no difference ta the assemblers
whether the parts delivered to them are new, built up wirn-7 thouSandths
or 2 thousandths of chrome or whatever. The parts d6Tivero_ to them are
standardized parts regardless of how they got that W,:r/-

The.assembly process can be described completely. But t

question of the extent to which the detail should be describe
assume new employees, then the process should be de'i:r-id in grr-.±.at detail
But if there are many old experienced personnel th, is_not neod

Clearly a depot does not have the turnover'in Personnel that fhe lower
echelons hAve, and some people coming to the depdt have h.di training before.

If depot operations were to,expand quickly (as in wir time) there Would be
an influx of new personnel. So there is a question of whther assembly
procedures should be described in detail for depots. It H 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 oreat with
respect tO the -number Jri lower,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 "pay off" of
having assembly processes documented would be-great. But it.is probably

a lower priority item under current conditions.

There is_one additional idea that should be introduce:i at this point.
It is that manufacturers have _been increasing the use of job aids on their

assembly lines. Videosonics is a job aid'Hughes developecito show its
people how to wire certain circuit boards. So continued thought should g

on this point even though we say it is a low priority for the imm.ediate-

situation. it should not be-forgotten. But when it is considered it should
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be done in a larger context of job aids than we are.doing in the present

study: We are Focused on pictorial-language job aids that go on paper or

film pr videoscreen. There are other types of job aids - especially for

production processo. There are jigs, for instance. The wiring harnesses

'v!ere asseehled at depots had jigs to guide their construction.

71v,q00,1 -- had amps oh them tc hold,wire. Lines on the plywood showed

no.;. 100r: ho wirps thould bP, where they should go and how many to each

point. Ithor information wis.also on the Job regarding connecting the

wires 1:o _ nc on cennpcter plOgs. There are a great variety ot- job aids

a production/manufacturing plant that go beyond those documented on

paper. It would he inappropriate to go 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

maintenance in the present study. The big changes in cost of owner-

Aeip can be made-with paper aids at field maintenance echelons. We should

limit gur tohclusion,s and documentation specifications to those echelons

of high payoff and high applicability for the present. But we should also

initiate broader studies at the depot level. The "crUnch" is not_on us

at,the moment as it is not Wartime or expansion time. But all-the advan-

t.ages of job aids-in expansion are cl arly critical.

Ngw let us discuss electronic equipment. The process is entirely

different for repair of electronic equipment. The depot does not tdke all

the parts off of electronic equipment and replace them. But for circuit

hoard.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 like an indicator wiggle or-Th

ightly irregular pattern will suggest, the failure of a particular part

tliey 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 wtth 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 logical troubleshooting process may

be inefficient at depot but highlyefficient in field echelons. These

observation's leadto- the conclusion that documentation of different processes

may be appropriate for depot and field. This is not.Soastonishing because

field and depot are likely to require different documentation AnYwaY, just

because'they are fecused on different parts of the same equipment; eg.,

depot on parts within a module, and field on-modules within a larger-system.

Thisaspect 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
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different at depot ap_ other echelons.,. It would appear thc.t cost of
ownership is not qoirwj to be affected greatly by this dinoiion ,

if we limit our pre!--ior 1--,ion to f.,c.n.,2inr '-,olow d!--)por: ,:''',..:.,..1,11 hdvo
basically the same irpoct on cw--.,,,t ot ono-,--ship

And the advantage 1-)f not addre--ina depor oper icr.,= thi riL:-

the situation there , like] to requ'ire a ifftN-c0 a !rnH ci r,,r,_ -1n,

tiens (like incliidinq ,ther lob aids than . dim,7_,r!,,lenal), Fi L.1

echelons_ We, therCtor, ovoid giving a -eScnpor
different situation.

The reasons tor e tminaL
n study are:

from

The nature of the work is quaH Lative 1y jj fferent from work per-
formed at ether maintenance levels. Depotmaintonance consivts
largely in fabrication, not ,easily proceduralized.. (Note that
this fabri c.OtiOn is not a characrerisLle of any one_Commodlt,y
System, but rather of the depot echelon in general.)

Large variations in specilic work p ocedures ex
dictated by ayailab e eqUinment and local SOP's.

Depot persognel are primarily civilians, with long expeOence
They perform the same assembly and cl&sassembly procedures and
need TMs only when switching to a new job situation,

depots

4. Depot operations,account for only a sm-all fraction of total
ownership-costs. To add-ess specific depot problems would not
be cost effective.

It should also ,b,e :noted again that the specification that will be-
nroduced in Task 5 could be applied .to certain depot ac ivities e.g. ,

assembly processes
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APPENDIX F

FIELD TEST PLAN

SCOPE_

Ihis repoPt the development of a field test for evaluating

cost fcctivenes fhe prototype information presentatioh ansoissioms

packe develonv. in Task 6.

II, OBJECTIVES

he object IVPS Of thls task were to develop a fi1d test plan which

would evaluate tho proetype information package in torm$ of cost7
user effec6v eness, and uLet'acceptability.

APPROACH

A. fieneral

Man,y teSts have bean conducted on the new cOncepts &ver the past twenty

years. It is -inst;ructive to -look at their strengths and weaknesses as a
,background for thPi2, proposed Test Plan.

1. YAJIAALK_LIResult_i

Two communities with the same goals have different riteria for beli

ability or validity. They ire the research and.the military comilunities .

The mil itary community believes in tests that are close t the everyday
military, environment ard involve the judgement of military observers who.

are intimately faniliar with that environment. The reseArch community-

believes in tests that are highly controlled, repeatable, and are
independent of the (presunably biased) opinions of any observer, military

or gcientific, experienced or inexperienced. The grounds; for common

expectations from these communities is that the test environment stiould

look something like the operational environment. .But the research 43ersen
will sacrifice siniilarity for the sake of control and repeatability and

the military person will sacrifice those criteria for sinilarity to field

conditions. The research person will agree to observer evaluations only
if the Criteria for what category to place an observation in is so well

defineathat virtually anyone can make the same '!correCt" judgement.
The military person will eschew "reliability and objectivity' for an
observer who can evaluate a given performance in terms e other performances
he has seen in similar circunstances. In effect, one is looking for an

evaluation while the other is looking for an observadon .

To provide a believable and valid test for those in /oth ccrnniunities

the Test Plan integrates a tightly controlled three w ek tet_with a

nine month field condition test.
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Wherm Pe son nel - receive an experi mental treatment , i t is g ené ral ly on

a " on e shroth or eept---5on basi s. That is, after the test. , the ,"guinea
piqsh arc no-k gi ven the job for which the experimenta 1 t reatment was
designed to prep are therr. This kind of future has general 1 y been no secret
to th e guinea p igs rt is easy to See that peop le wor 1<i n g u ride r suchr
condi tiorts cannot t hve -the s ame motl vation as those who can expect to
achieve the job goal en the other hand , the conclus ion th at an experi -
menta or-op-an wr'il I produce personnel as job qual i fie d a 5 the tradition.al
program C treatme lit) is diffi cult to .a ccept before the te st. When the
di f fe rem es -in t Inca -.nen-ts are qui te d iffe rent , e. g , pro ced ures versus
under stamding, 1 t i very di -rficult to gi ve the job d uty to an eKperilflafltal
person pr-epar-ed the "otmer way".

The propose(' Test Plan incl tides a provisi on for ill 0 S st .su bjects to
be in cotspoora-ted into; the regular unit operati on after the test ing is
complete.,

3. Ra aintenance

In c llect reearo h study, nal f uncti ons are ar tifici y insrted
into the eg -iipmeilt. Troubleshooting and non-troubles hoo g tasks are
sel ecte an -che ,bas-f s of sone cri teri a that are i n tended to ident ify a
range of ta%ks t_hat -are repr-esentative of the real world - Advantages t o
thi s approach ariQ trrat 1:ots of di fferent tasks can be run ina short pe riod
under rather clOe xper--imen -tal control . But mai n tenance p ersonnel do not
normally funttio ii orx a. oompressed tirhe scale. Nor do they normal ly
ncour--iter maiinte nianc tmks in the frequencies usdd 1 r a co ntrol 1 ed tes t.
(Some ,exp eri mien ly once or twice a year. ) Main ten once per's onn el
Pay perfo rni one .-type-.of task almost daily and another ha I.-di ever
not at al 1.

The propose T st Pilan allows both a compressed and contl 1 ed tes t,
-to col lec t d wid r nge of i rvforrnati on qui ekly and ef-Fic ien tly f ol 1 owe d

loy ope rat-f ona 1 f6) llovg-up that moni tors mai n ten a nce activ in es as they
ur dur ing the lorfger terrn cour-se of "normal " op erations

1

The =general pur-Pas of -the Test Plan is to evaluate a riew docurnentAti
package, it& str.ong-vhs a_ndrwe aknesses , its cos tS, and effectivene$ s,. and its
acc eptabi lity to th5---- tar-get user popul ati on. The specification f rorn mh ich
'it Vas de-vel olped wii 1 be-'part-_ ial 1 y va idated because it ias th-e s Our ce eof

-the irnpl egilen ed 4octi men t..ati n pa c kage
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To this end, it is invortant to'identify and collect information on

all aspects Of the documentation's operational use. Results will be used

to justifY decisions regardingythe implementation of the documentation

package_ Recommendations must be based upon good research _design data as

011 as -salient-military considerations.

2. Goals

The purpose of the test way be stated in terms of three general goals,

relE:Ling to costs, effectiveness, and acceptability.

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-

tation. Maintenance costs is the key to reducing life cycle ownership

costs. The Test Plan must generate accurate data that can be used,to

project_cost savings achievable,from adoption of the documentation package.

b. Effectiveness: A1thou0 costs are of primary concern the docu-

ipentation package must also be tested for its effectiveness in the hands

of the intended users. Consequently,Idata will be collected on the level

of skill demonstrated by personnel maintaining the equipment under the

guidance of the documentation,package, with respect both to individual

effectivenessand 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. Lc_c_e_p_tabill:it: Whenever a new innovation is introduced, there

is'danger that it will be disnissedout 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. Is the documen-

tation package accepted on its face or is an indoctrination or."weaning"

phase required? Is it immediately preferred over the existing package

or does it depend heavily on prior experience with traditional forms of

documentation? Is it 'immediately acceptable to new users (new personnel to

the Army)?

3- PPItql_

Objectives bearing on these goa s include but are not li ited to the

fo I wing:

1 1 0
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a.. Costs

(1) Development

Determine absoTute co
s_para- ly for: .

o content analysis
o materials preparation

materials production
o materials reproduction, distribution and display

. Compare these costs with tosts associated with cur'ent
mentation.

(2) Training

Estimate savings in training cos
relative to standard training costs.

pa age development ntimat._

(3 Maintenance

er user trainee),

Estimate savings in maintenance costs attributable to lowered
incidence af replacinggood pa ts, especially nonexpenclableparts and
savings frOni increasedmanpower utilization.

b. Effectiveness

(1) Productivity

Estimate increases in user productivity, as measured by time
to s ccessful completion of maintenance tasks, or user idle tinie.. under
alternate manpower configurations.

(2) Readiness

Estimate increases in p ine equipment downtime attributable
slow or ineffective maintenance.

c. Aigt2212_111X

Estimate'preferences for the documentation-package'over existing,
anidante, by -noviCes trainees, users their.supervisors,-and.commanders,

F-4
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EV_ RE ULTS

The proposed Test Plan hll evalOate the prototype information package

covering the Armament Subsystem of -11e -MON tank.. The testitig will cover-

a representative sample of tasks ir the.prototypie patkage and corresponding

tasks in the following lechnical Manuals.

o. TM 9-2350,212-20J2
o TM 9-2350-232-34/2

TM 9-1240-365-.34

M60A2 Turret OrganizationaHlaintenance
M60A2 Turret Direct and General Support
Maintenance
Laser Range Finder General and Di ect
Support Maintenance

A. Design

The lest Plan is c.lvided into three phases:

Preparation
Experimental Phase
Operational Phase

The Experimental Phase consists of a controlled researchstudy la_

approximately three weeks. ,

The Operational Phase is a long term (approximately nine months
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 professlonals 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).

-g

Since Preparation activities are dictated by the designS for the
Experimental and Opera ional Phases, the discussion-below is presented in

the following order:

Experimental Phase
Operational Phase
Preparation-

1. Ex erimental Phase

Test objectives require an evaluation in both absolute and relative.

terms. For example:absolute data incl'udes raw dollar costs of analyzing
the equipments, clock hours required to return equipment to operational

status, and so on. Relative data, on tne other hand, requires a comparison

standard. For,example, how much training .tirrjej& aved relative to current

practices? .How high is productivity relative to existing standards?
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Comparison standards,art available in the literature, but only in
rough form (e.g., 85% of non-expandable parts returled to the depot as
bad are tested and found to' be good), and none eT available for the
specific equipments- to be tested.

Consequently,' the design calls for a compa ison of u ers main aining
equipment with and w thout-the new package.

a. Subjects_

Data collected during the expe.imental phase will be used to establ h

..two groups, avExperimental Group and a Control Group. Each group will
be subdivided into novites, apprentices and journe.ymen as defined below:

Novice: No experience maintaining the target equipment or
comparable equipmerit, i.e., BCT groduates.

/1%pprentice; Less than 6Hmonths experience or Technical Sthool
graduate no experience

Jou neyman: More, than one year's experience

Novices, apprentices and journeymen in the two qrouos will be matched
for important characteristics, e.g., months experience. The Experimental

Group will include at least 15 novices, 15 apprentices, and 15 journeymen.
The Control Group will contain equal numbers of subjects in each'category.
All 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 to the specified levels.

b. Treatments

All slibjectS will be administered training as reoui
the prototype package, but only as necessary and appro
mentation to be used. It should be rioted here that th
is designed for the novice and should severely reduce
ment. Thus, the training will be limited to aCces5 ta
tools and test equipment, etc.

a

P-

ed and defined by-.
riate to the dgcu-
prototype package

ke training require-
ks use of special

Following training, subjects will be asked to pe form main enance tasks
directed"by test personnel. These tasks will be pre-selec ed from the
totype package for such'criteria a

Non-Thoubleshootin

(1)

and replac

(2)

All Maintenance missions will be covered (nreventive, remove
ssemble/disassemble, align and adjUst, etc.)

A. wide range tool/test equipment usage will he re uir d.

F-6

1.



-Troubleshootin

(1) Malfunctions inserted will require a ra of is lations to

each of the póssible levels ,(maduie replacement to piece part).

(2) Malfunctions inserted will require a-wide range of

equipment

c- Measures .

Data will be collected during test administration as required to

accomplish cost and effectiveness objectives. Acceptance data will be

collected via interview and questionnaire methods at the terminftion of

the Experimental Phase,.

2. 0 e ational Phase

- The critical feature of the Operational Phase i that it be represen-

tati ve of:the "real world". Jor example:

The equipment should be in service under conditions for which it was

intended. Thus, malfunctions should be those normally expected under

typical usage. No malfunctions will be artificially inserted.

Similarly., the maintenance environment sliould be the regular opera-

ional environment except for thelpecial documentati n and possible

special tests and record keePing.

Finally, the personnel themselves should be typical of the type o

personnel expected tb routinely maintain the equipment.

To the extent that these assumptions are unmet, the final results are

"impure" projections of what to expect beyond the tegt enNironnemt.

Consequently, it is important that measures taKen on the two groups

during the Operational Phase be as unobtrusive as possible. To this end,

documents routinely_generated'in performance of maintenance tasks will be

reviewed to identify data bearing on differences between the two groups

andsubgroups. ,These documents will be analyzed during the experimental phase.

Simple procedures will be implemented during.the Operational Phase to

=capture data elements identified as relevanL

Test administrators will visit the test site bimonthly to confirm

that data collection procedures are being:implemented properly, to

collect accumulatedArta, and to refine meaSUres as necessary.

Since equipment breakdowns will be taken as th6y normally occur,

the Operational Phase may have to continue for several nonths 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 Tun lonr than nine months.
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Preparation:

a. Experimental Pha

To prepare for the Exp Amental Phasp,'test adOinistrators will
select and justify maintena/ ce tasks in terms of criteria stated earli-er.
Detailed,measures of these/tasks will be identified or developed, including
data collection, data redulction, and data analysis techniques. All. planning
will 'be carefully coordinated-with localsuperViso and comwoders.

Data necessary.to eStabliSh the,Experimental and Contr l Groups and
subgroups will be furnished by the test administrators. At minimum,
subgroups in thd Experifrental and Control Groups will be matched for sub-
group mean months relevant experience (on the target equipment or
comparable. equipment

-.Site prdparation/ for the Experimental Phase will begin on arrival .at
the test site at teaSt one w:.ek in advance of formal testing. Important
tasks include:

. .

(1) sect.e the cooperation of local personnel
(2) becon* thoroughly 'familiar with local maintenance

envirbriments and conditions
3, dry run and debug specific measures to _beemployed.

b 0 erational Phase,

1

Test administrators will review TM -n (TATIc) tri id.=,ntffj oppor-
,

tunities for monitoring maintenance activities in terms'of rou ti ne forms.
Plans for unobtrusively collecting information in this manner will be
confirmed during the Experimental Phase. Additional measures will be
developed only as necessary.

Plans for data collectiOn during the Ope ational Phase,will be
coordinated with cognizant personnel.

B. 'Data Re on_z

L.ggrimental Phase

Data collected during Experimental Phase testing will be analyzed- o
determine the effectiveness of the prototype package as cOmpared to the
conventional Technical Manual. This analysis will be in terms of
successful completion of tasks, time required to perform tasks, and
mistakes and problems encountered. These data-can be used to determine
cost effectiveness in terms of personnel utilization, impact on troininig

.

bnd on maintenance Costs and productivity. The anticipated savings accrued
here can then be compared against the 6st of the development of full Scale
manuals under the new concept:



erational 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 fo- ms of data which san be collected during the
Operational Phase._ The first-type of data is that of, Operational
readiness of the major equlpments to which maintenance of the subcom-
ponents contributes%. If the group Using the new manuals is of sufficient
size to conduct maintenance'of all subcomponents of-an identifiable group
of'equipments,'thel the material -readiness ofthat group of equipments can
.be used as Wpeasure of the effectiveness (ye the personnel doing-the
maintenance.-

However, if the group.is not la'rge enough or other operational con-
straints make this.form of data collection impossible,,a second form may

..be,used. Records Would be kept on the indi-Odual items. mainpined,
-rather,than on the major items which the maintenance contributes t
These individual items woUld be the normal "work units" assigned by-the
job supervisor.' The jobs. are identified in the MAC Chart (which istalled
-a Iasic, Identification Matrix in Air Force terminology). The records kept
would -include the man hours expended in accomplishing the maintenance tasks.
assigned by the job supervisor. The.effort expended by those Using the new
documentation,and those-using traditional documentation:would be, the basis
of. dompariSon._ (This measure iSavailable even if both groups ofperSonnel
work on the' same major equipmentitems.)

,

,A third form of data would be statements from job supervisors. -These
would not be general opinion. statements; but would be,specific to-events
Which occurred. The supervisor will be asked to cite specifics in his
statements 'On how well personnel, performed their jobs. -He will be asked
state why he failed to assign certain jobS to members Of either group
arld why. This data form is intended to be more objective than the usual'
opinion gathering survey. It is intended-to use his judgement about-job
effectiveness applied to specific' situations which he observed. It Is

not a 'global impression measure ofiJure opinion.
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