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Section 1 — Introduction and Summary

i. OBJECTIVES OF THE USER-DATA MATCH MODEL

The user-data matching process is aimed at alleviating the basic shortcoming of TMs —

their failure to provide technical information in a fashion which most closely matches
the unique requirements of the equipment and the user. As part of this process an
initial user-data match can be performed during the NTIPS TM acquisition (specifica-
tion ) ef fort , which would serve to direct the overall process toward the most effect ive
‘1 vl design. 

- ______________________________ ___________ __________

Because of increasingly complex equipment design and the use of modern
technologies , technicians depend heavily on the TM to operate and maintain their
equipment. In the past , the technician was often able to “ad lib” the required repair
because most equipment/systems were relatively simpl e in nature. Today this is
no longer possible. If the necessary technical information , in a suitable form , is
not contained in the TM , the technician virtually cannot perform his job satisfac-
torily. Evidence as well as intuition indicates that the trend toward increasingly
more complex equipment/systems will continue to gain momentum through the
19 80’s. Thus , it is imperative that the TM needed to support the Fleet be as per-
fectly matched as possible to the users.

Reasons for Present Deficiencies — NTIP P research as well as the research
of othersTndicate that most technici~ñ~believe their technical documentation has
serious deficiencies and is often difficul t to use. Many of the deficiencies cited
are due to one or mor e of the following: 1) Inadequate task instructions , 2) poor
quality of presentation modes , 3) an inadequate balance of “what to do,” “how to
do ,” and “why, ” 4) reading comprehension levels not matched to user’s abili ties , 5)
lack of standardization in TM terminology and format , and 6) TMs are often too
difficul t to use due to environmental factors. It is believed that an effective total
solution to these problems cannot be achieved without undertaking a comprehensive ,
uniform approach. Evidence indicates that most attempts to date at solving TM
problems have bec~i singular in natur e, attacking one problem at a time. Experience
has shown that often the cure of one symptom alone usually leads to additional prob-
lems elsewhere. Therefore , the approach taken is one wherein all of the variables
or problem areas are addressed simultaneously.

Scope of Total User-Data Matching — Total user-data matching (i.e. , ini-
tiated during TM acquisition , and performed throughout the content generation ef-
fort) would require a continuous and somewhat iterative process that would provide
for increasing refinement of the user-oriented TM design and development. The
data requirements for this process include personnel characteristics , equipment
characteristics , characteristics of the working environment , and identification of
the maintenance/operator tasks. These data would be acquired , at various stages
of the procurement cycle, from: 1) the hardware acquisition project office , 2) as
a result of initial ILS analysis performed by the equipment procurement activity,
and 3) through the detailed ILS analysis performed by the contractor. The result
of this activity would be TM specifications which govern TM media and document
types, presentation components and/or presentation systems, and content , all lead-
ing to a detailed TM bookplan (product plan) .

Need for Early NTIPS User-Data Matching — The user-data matching process
can be irlit iated at a point in t ime well before the availability of detailed task anal-
ysis data. Early in the TM acquisition phase , data will be available which will p ermit
the determination of the ultimate TM user (i.e., the rating), the environment iii
which the TM will be used , and the categories of maintenance/operator tasks that
correspond to the equipment components involved in the procurement. This infor-
mation is what is required in order to apply specifications governing media and
presentation methods for the procurement. These specification s constitute the

1-0



the inception of the process wh i- - ‘
~~, when carried through the content-generation

phase of the procurement cycle , will result in total matching of the TM to the
unique requirements of the user.

The importance of initiating this process as early as possible in the procure-
ment cycle should be emp hasized. By identifying the most appropriate development
strategy at the earliest possible ti m e, the possibility of a redirection of effort is
minimized , and a greater proportion of the development time can be spent on re-
finement of the appropriate strategy rather than on reformulation of the approach.

Concept of the User-Data Match Model — To provide the early guidance ,
i t would be possible to identify the categories of maintenance tasks from a simple
equipment breakdown and knowledge of the rating involved , if data were available
relating type of equipment to tasks based on past procurements. From this , the
most appropriate presentation method(s) could be determined , as first-cut recom-
mendations , if data were available relating the task categories to presentation
methods , based on known human factors principles. It is the purpose of the user-
data match model (see next topic) to enable these relationships to be found by using
simple matrices of the data necessary to each step.

1—1
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Section 1 — Introduction and Summary

1.2 APPROACH TO CONST RUC ’! ION OF THE MODEL

The model consis ts of three matrices , which can be used to determine types of tasks,
associated presentation method s, and required features of the media. The matrices
are based on historical analysis of tasks (e.g., NOTAP da ta), human factors studies ,
and fi eld_surveys. 

__________ ___________________

The re is a logical progression of events when the Navy decides to purchase
a new system or piece of equipment.  First , the Navy specifies that the system!
equip m ent  mus t fu l f i l l  some operational requirement. This being so, the missio n
and fu nction of the equipment are known since the procurement cycle was presum-
ably set in motion to meet the operational requirement. If the function is known ,
the desi gn specifications which govern the equipment’ s capability to f ul f i l l  the
mission are also known. If these desi gn specifications are known , the tasks re-
qui red of the users will  also be predictable from the maintenance history on the
components of that equipment.

Si nce the Navy has a tightly defined hierarchy of tasks allotted to specific
ratings , it follows that the equipment governs the selection of the rating who will
operate and maintain that equipment. Even among the more sophisticated ratings ,
there is a clear understanding of the lines of demarcation that limit the equipments
each rating will operate and mainta in.

To pursue the logic further , if the mission and function of the equipment
are known , the Na vy has a clear notion of where that equipment will be used so
the environment and location are also defined in general terms.

Thus, the three mos t critical inputs to a user-data matching scheme , equip-
ment type (and main components), personnel characteristics , and environment , will
be specifiable to a great extent early in the technical information acquisition proc-
ess. What is needed is a model to employ these inputs for the selection of optimum
methods for presentation of technical information.

As can be seen in Figure 1-1, prior to entering the model there is a require-
ment for a preliminary equipment breakdown , to identify the main hardware compo-
nents of the system or unit. This enables a comparison with typical units having
a known maintenance history. The breakdown would be based on preliminary design
data available to the TM Acquisition Subsystem.

Given the rating and equipment units , the first matrix of the model can
be used to identify the categories of maintenance task that are likely to be involved
in the procurement. These matrices are unique to each rating, and are developed
largely on the basis of analyses of Navy Occupational Task Analysis Program
(NOTAP ) data. These data indicate , for a given rating, the tasks which are usually
performed by the rating as well as the approxi ate percentage of maintenance time
spent performing each task. This information is used to derive the task actions
which comprise the horizontal axis of the first matrix. Thus , given the equipment
breakdown it is possible to predict the task-actions characteristic of the equipment
for the rating involved.

Note that these task actions are not a complete maintenance task statement
(i.e., they do not denote a specific action on a specific equipment item) . Rather ,
they are the fundamental activity (e.g., adjust , calibrate , inspect , etc.) of a com-
plete NOTAP maintenance task statement (e.g., “replace” the oil filter on the fork
lif t ) .  It is assumed that the appropriate presentation of a task action will be similar
for all levels of equipment complexity, despite the fact th ..t  the content of the task
action changes from level to level.

The second matr ix  indicates , for the given task actions to be presented in
the TM , those presentation methods (e.g., photograph , exploded view , directive text ,

1—2
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etc.), or com bi nations of methods which are mos t effective in presenting the infor-
mation to the given rating. Each matr ix  is unique to a rating. The presentation
methods included in this matrix are based on a literature search of the more funda-
mental presen tation “components” currently in use in the services. The presentation
“systems” such as JPA , MDS, wo rk packages , FOMM , etc., are not addressed as such
in the prelimi nary version of the model , bu t are not incompatibl e with it. The pres-
ent intent  of the model is to asist in the presentation of all types of TM content ,
both conventional and task oriented.

The prese ntation components derived from the use of the presentation ma-
trix are provided as recommendations to the TM specification function. A scheme
is provided to grade the degree of validity of each recommendation. For example ,
when more than one presentation component is recommended for the same task
act ion , the user can tell what method of substantiation applies (whether based on
analy tical judgement , field experiments , etc.).

The last matr ix  in the model , on media characteristics , applies to all ratings ,
and relates the characteristics of the users’ en vironment to the physical character-
~stics of media best suited to that environment. The data on environment and media
choices is based on both literatur e searches and field surveys.

F in ally, it must be pointed out that this model will not serve to provide
recom mendations at the “page level.” Tha t is , recommenda tions would not indicate
the specific location of presentation components within a given TM bookplan.
Rather , the model indicates the application of presentations components to task
actions wherever those tasks actions are deemed appropriate by the content
generator.

An adjunct to the m odel is a list of presentation principles based on human
engineering considerations. This is a compilation of general principles which may
be applied to the presentation of technical information. Recommendations are made
regarding components , formats , media , and physical characteristics of presentation
methods. These principles are organized in eigh t categories: indexi ng, physical
charac teristics , typography, reading speed , development of text , graphics , environ-
ment , and microform. The list of principles and the references used in its compila-
tion are presented in Topic 2-C-2 of this report.

1-3 (1-4 BLANK )
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Section 1 — Introduction and Summary

1.3 CONC LUSIONS AND RECOMMENDATIONS

The conclusions reached as a result of the work involved in developing the User-Data
Match Model are listed here with recommendations concerning the work to be done
during Phase IL of NT IPP . 

_______________________

CONCLUSIONS

1. Altho ugh the selection of components is based upon complex interactions
among environment , h uman factors principles , presentation format compoi~ its ,
personnel characteristics , and equipment considerations , a simple step-by-step
approach can be used.

2. The value of the model would be to enable an early appraisal of the most
likely presentation methods indicated for a TM procurement. This would be useful
in the selection of the specifications that would quide the ultimate development
of the TM. The immediate value of the model is that the specifications writer and
subsequently the m anual writer will have access to the most current findings on
the most appropriate presentation comnponents for any given situation.

3. The model can be used as a research “scorecard.” It m a y  he used as an
ongoing record of current knowledge in the NT LPP area , to point to areas needing
further investigation.
RECOMMENDATION S

1. The model should be tested under simulated “field” conditions. While
the User-Data Match Model is a feasible manner of guiding specification developers
and technical writers to appropriate presentation formats , it is necessary to vali-
date the model and to make it more responsive to the needs of those who will apply
it.

In performing this validati on , the model would be tested against the mission
for which it is intended by individua ls representing the technical and specification
writer  communities in terms of ability, exper ience, training , and motivation. The
scenario given to the writers would be a representative sample of tasks they actually
do i n their work.

2. The User-Data Match Model , while providing a sound organizational
scheme for matching presentation components to personnel characteristics and task
elements , also points out gaps in our current knowledge. The entries in the model
are almost entirely based on analytical judgm ents. Further research is needed with
higher-level sources , including expert opinion , surveys , and controlled experiments.
Such research could be expected to enhance the model in two ways: 1) through con-
firmation and clarification of entries now based on analytical judgments , and 2)
through discovery of new rules for matching personnel characteristics and tasks to
presentation components. For example , it is not clear how GCT scores or levels
of task complexity should affect the choice of presentation components.

3. To accurately specify the physical characteristics of TMs , more must
be known about the environments to which the TM will be exposed. A systematic
effor t  should be made to identify these various environments and their locations.
The investigation should fully represent the surface , subsur ice , air , and shore work

• stations of the Navy, identifying their similarities and differences. The data gen-
erated by this effort  would be directly incorporated into the User-Data Match Model.

1-6
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A concurrent survey should identify physical characteristics of TM5 found to he
most -Jesirable in each environmen t.  It must be noted that the model is at present
only a way of demonstrating the feasibility of a scheme for preliminary user-data
matching. Additional evaluation and enhancement would be required before the
model could be introduced for routine use. Some of the considerations which must
be addressed during the development of the model include its updating in relation
to changing technology, and its full potential for utilization early in the systems
acquisition process.
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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

1. SELECTION OF RATINGS FOR THE USER SAMPLE

A sample of 34 ratings was selected which represents the various kinds of technical
manual users in air , surface , and subsurface activities. The selected ratings and rat-
ing specialties fall into ten of the Navy occupational fields.

The users (defined as maintenance technicians and operators) with a need
for technical information will be the ultimate beneficiaries of the user—data match
research in the total NTIP Program. The investigation , therefore , focused on the
users’ personal characteristics , their jobs, the tasks that comprise their jobs , and
the equipment and systems upon which they would work.

Selection of Ratings — Since there are many users in the Navy, it was clear
that not all facets of user-related data could be listed. From this large population
of users , a representative sample of users were selected which would provide data
based on their occupations and the listed requirements and characteristics linked
to these occupations. As an entry point , it was noted that the Navy Enlisted Man-
power and Personnel Classification and Occupational Standards (NAVPERS 18168D ,
September 1975) lists the total number of Naval occupations (ratings). It was de-
cided to exclude ratings whose jobs were solely involved with equipment operation
since their technical information requirements are less than that of a maintenance
technician.

The sample was selected from ratings who serve in the three basic environ-
mental categories: surface , subsurface , and aircraft-oriented maintenance com-
munities. The various types of hardware systems requiring maintenance also in-
fluenced the sample selection. Although some researchers have attempted to
categorize ratings into groups according to the electrical , mechanical , or flow
constituents of the systems they maintain , this approach was found to be imprac-
tical. For example , an aviation structural mechanic (AMH ) who services wing flaps
activated by a fluid-activated cylinder is also concerned with the electronic con-
trols which activate the equipment , the structural mounting , and the mechanical
construction of the component parts. Thus , the selection process was for the rat-
ings to represent the various maintenance tasks requiring technical information.

Another criterion for selection was that the sample group should include
a range of sophistication in tasks defined by the amount of formal training required
for job qualifications.

Using these various criteria , 34 ratings and specialties within the ratings
were selected as a representative sample of various skills having a need for tech-
nical information. Table 2-1 indicates the selected ratings and occupational
fields. Nineteen of the ratings are from the “aviation trades” and 15 are from the
“seaborne trades”.

Coincidently, two other agencies working in other parts of the NT IP Pro-
gram also sampled the occupational list but chose a different sample of ratings.
One was Dr. T. Powers , who was working on task analyses, and the other was the
Hughes NTIPP Fleet Survey team that was conducting a field survey of opinions
concerning technical information presentation. A comparison of the ratings se-
lected by the three groups is shown on the right of Table 2-1. The disparities
in the three selections are due to the different objectives of the three studies.

Selection of Paygrades — The selection of paygrades within ratings was also
an issue in constructing a representative sample. Paygrades E-3, E-4 , E-5, and
E-6 were chosen as representative of prime users of technical information. E-1
and E-2 paygrades are recruits and apprentices and will not have had exposure to
the technical documentation at issue. Paygrades E-7 and up are primarily super-
visors and administrators , and they do not become involved with day-to-day main-
tenance except in emergencies.
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T A B L E  2 - I .  C O M P A R A T I V E  TABLE OF RATINGS SELECTED BY
A N A C A P A , H U G H E S , A N D  POWERS

Rating
Specialities Rat ing s  Used

Used by Hughes by Dr.
Hat ing Rating Specialty 4 Survey Tearn~~ 

- - 

Powers *~~ 
-

1. Aviation Boatswain ’s Mate ABE ( Launching & Recovery Equip. ) ABE —

2. Aviation Boatswai n ’s Mat e ABF ( Fuels) ABF —

3, Aviation Boatswain ’s Mate ABH (Aircraft Handling ) — —
4. Aviation Machi nist’s Mate ADJ (Jet Engine Mechanic) ADJ
5. Avi ation Machinist ’s Mat e ADR (Reciprocating Eng. Mechanic) — X
I;. Aviation Electrician ’s Mate AE AE X

7. AviatIon Struc. Mech, ASIE (Safet y Equipment ) —

8. Aviation Struc. Mech . AMH (Hydraulics) — X
9. Aviation Struc . Mech . AMS (Structures) AMS

10. Aviation Ordnanceman AO AO X

11. Avi ation Fire Cont. Tech , AQ AQ X

12. Aviation Supp. Eqt . Tech. ASE (Electrical) AS
13. Aviation Supp. Eqt . Tech. ASH (Hydraulics & Structures) I — X
14. Aviation Supp. Eqt . Tech . I ASM (Mechanical) — - X

15. Aviation Electron. Tech . AT I AT X

iu . Aviation A/Sub. Warf . Op. AW (Acoustics) — -

17. Aviation A/Sub. Warf . Op. 
- 

AW (Helicopter) — x
is. Aviation A/Sub. Warf , Op. AW (Non—acoustic) . — 

-~

19. A/Sub. Warfare Tech. AX — X
20. Boilermaker BR IBT) BT)

21. Construction Mech , CM — X
22. Data Systems Tech . DS DS X

23. Electronics Tech. - ETN (Communications) ET X24 . Electronics Tech. ETR (Radar ) -

23. Electron . War f. Tech . EW EW I x
2 6 . Fire  Control Tech . FTB (Ballistic Missile Fire Control)
27. Fire Control Tech . FTG (Gun Fire Control) FT I X
28 . Fire Contro l Tech . FTM (Surface Missile Fire Control)

29. Gunner ’s Mate GMG (Guns) GM X30, Gunner ’s Mat e GMM (Missiles)

31. Missile Technician MT — X
32 , Sonar Technician STG (Surface) ST X
33. Sonar Technician STS (Submarine)

34. Torpedoman ’s Mat e TM (Technician) TM X

4From Manual of Navy Enlisted Manpower and Personnel Classification and Occupational Standards.
Section I: Navy Enlisted Occupational Standards , NAVPE R S 18068D , September 1975.

~Also AZ , EM , EN , lIT , IC , IM , OM , MN , RM , DR.
- “Also QM , SM , OS, RM , DP , MM , EN , MR , EM , IC , HT , TD.
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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

1. SELECTION OF RATINGS FOR THE USER SAMPLE (Continued)

Refinement of the Sample — During the course of investigation , modi fica-
tions were made to the composition of the sample of ratings. Additions were made
when it became apparent that many user-data problems were prevalent among the
engineering trades, yet these trades were only marginally represented in the original
sample. As a consequence , the electricians mate (EM ), the engineman (EN), the
hull technician (HT), and the machinists mate (MM ) were added to the sample.

A number of deletions were also made. The aviation antisubmarine war-
fare operator (AW ) was deleted from the list when it became clear that his main-
tenance activities were rare and minor , contrary to earlier indications. The rest
of the deletions were specialties within ratings. For example , the STG and STS
specialties were reduced to the more general ST rating. These reductions were
made for two reasons. First , it was found that the specialties within ratings were
fairly similar in terms of their tasks and abilities. Second , most of the other re-
searchers and data sources associated with NTIPP have not used specialties within
ratings , so inforamtion was not available at this level of specificity.

The modified list of 23 ratings is shown in Table 2-2. 

~~~~~~~~~
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‘FAB LE 2-2. LIST OF 23 RATINGS REPRESENTING MODIFIED SAMPLE

1. AB Aviation Boatswain ’s Mate
2. AD Aviation Machinist ’s Mate
3. AE Aviation Electrician ’s Mate
4. AM Aviation Structural Mechanic
5. AO Aviation Ordnanceman
6. AQ Aviation Fire Control Technician —

7. AS Aviation Support Equipment Technician
8. AT Aviation Electronics Technician
9. AX Aviation Anti-Submarine Warfare Technician
10. BT/BR Boiler Technician/Boiler Maker
11. CM Contruction Mechanic
12. DS Data Systems Technician
13. EM Electrician’s Mate
14. EN Enginernan
15. ET Electronics Technician
16. EW Electronics Warfare Technic ian
17. FT Fire Control Technician
18. GM Gunner ’s Mate
19. HT Hull Technician
20. MM Machinist ’s Mate
21. MT Missile Technician
22. ST Sonar Technician
23. TM Torpedoman ’s Mate

*(Specialties wi th i n  the rating not shown , e.g., FT(B), FT(G) .)
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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

2. RANKING OF RATINGS BY APTITUDE TEST SCORES

Ratings differ greatly in their average test scores on the General Classification Test
(a test of verbal reasoning ability) and the Ari thmatic  Test. Typically, the supe rior scores
are those of the electronics-oriented ratings. 

____________

To assess the personnel characteristics of the rating used in the User-Data
Match sample , data were gathered from the following sources: 1) the NTIPP Fleet
Survey, 2) the Bureau of Naval Personnel Enlisted Master Tapes , and 3) the Navy
Occuptational Task Analysis Program (NOTAP ) . The Fleet Survey, conducted by
Hughes , identified a number of important problems related to technical data usage
through interviews with over 400 individuals in technical ratings. The data from
the BuPers enlisted master tapes * provided statistics on age , sex , race , number of
enlistments , and so forth for all ratings and paygrades over the last several years.

The Navy Occupational Task Analysis Program (NOTAP) collects information
that determines the job content of Navy billets. This information , collected through
the administration of occupational questionaries (job task inventories ), is processed
by computers , analyzed , and maintained in the occupational data bank. While the
task analysis data was in itself of interest to the NTIP Program , the preliminary
sections of the NOTAP response packet were particularly valuable in the compila-
tion of data on personnel characteristics. These preliminary sections contained ,
among other items pertaining to individuals ’ backgrounds, questions regarding scores
received on the Navy Basic Test Battery administered to all recruits , and questions
about individuals ’ opinions regarding need for job training and experience. These
two categories of information , abilities at entry, and knowledge gained after entry,
were judged to be ideal in the development of the User-Data Match Model.

Interpretation of Test Scores — The Basic Test Battery test scores received
from NOTAP are Navy Standard Scores. These are termed standard scores because.
regardless of the number and difficulty of the items m aking up the test , all are
placed on the same numerical scale and can be readily compared with each other.
Navy standard scores may be interpreted as follows:

• Scores above 64 are “high” and include about 7% of all enlisted personnel.
• Scores from 55 to 64 are “above average” and include about 24% of all

enlisted personnel.
• Scores from 45 to 54 are “average” and include about 38% of all enlisted

personnel.
• Scores from 35 to 44 are “below average” and include about 24% of all

enlisted personnel.
• Scores from 22 to 34 are “low” and include about 7% of all enlisted

personnel.
• On current batteries , very high scores (about 70) are rarely found , and

scores are not lower than 22.

*Provided to Anacapa Sciences , Inc., via Dr. T. Powers , University of Maryland.
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The General Classifica tion Test (GcT ) — ‘JThis test measures ability to learn
and th ink  as demonstrated in understanding of relationships between words and ideas.
It is pr incipally a measure of ability in the area of verbal reasoning. Figure 2-1 shows
avera ge score by rating on the General Classification Test for the 23 representative
ratings selected for use in the User-Data Match research. In this figure , the averages
are combined across pay grades so that the ratings m a y  be compar ed. No t ewor thy  is
the la rge disparity between the two ends of the ranked list of ratings. While  each
rat ing has a mean score of at least “aver age” (above 45), the OS, ET , and other
electro nics-oriented ratings on the high end of the scale show clear ly superior perfor m —
ance on this test. This does not indicate , or course , that the acquisition of a particular
rating casues one to become more proficient in understanding words and ideas. On the
contrary ,  since these tests are taken by recruits before the acquisition of a rat ing,  it
is the scores on the test which cause recruits to be placed in certain ratings. A
correla tion comparing electronic vs nonelectronic ratings on their GCT scores results
in a coefficien t of 0.84 , i ndicat ing a marked tendency for high scores on the GC’l’ to
pertain to elect ronic type ratings. (See Appendix A.)

While the OCT is not an lQ test , i t does correlate well wi th  reading ability
(r 0.72) . The correlation of OCT scores from N OTAP and those from BuPers tapes
is r = 0.94. This strong agreement lends augmented credibility to the NOTAP sample
da ta. The large disparity of GCT scores across ratings is an indicant that different
ra tings may need different  forms of technical informat ion presentation.

-‘I
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RA NPc EO LI ST OF RAT INGS

Figure 2-1. Average Score by Ratin g on the
General Classifica tion Test (GCT) . The GCT is
not an IQ test but measures the abilit y to learn
and t hink by requir ing an individual to demon-
strate an unders tanding of the relationshi ps be-
tween words and ideas.
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— Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

2. RANKING OF RATINGS BY APTITU DE TEST SCORES (Continued)

The Ar i thmet ic  Test (AR I ) — This test measures abil i ty to use numbers in
pra ctical problems , i ncluding the ability to perform ari thmetical  computations and to
reason in ar i thmetical  terms. The average scores on the ar i thmet ic  test , listed
by rating , are shown i n Figure 2-2. Notice that this ranked list of ratings appear s
extremely similar to that  for the GCT scores. In fact , there is a very hi gh Pea rson
prod uct-moment correlation (r = 0.98) between the two tests for the listed ratings.
These differen tial abilities in the use of numbers in practical problems across rat-
in gs is a factor which should be considered in the choice of technical information
presentation methodologies. For example , while some ratings m ight best derive
ari thmetical  information from a formula or graph , others may need a matr ix  of
pre-solved ar i thmetical  conclusions.

The Mecha nical Knowledge Test (MECH ) — This test measures famil iar i ty
with mechanical tools , ope r at ions, and pri nciples. The average score on the MECH ,
listed by ratings , is shown i n Figure 2-3. Notice in this ranked list of ratings
that the difference in average scroes across ratings is not particularly great ,
especially by comparison with the GCT and AR!. This lack of variability is probably
due to the fact that the MECH is not a mechanical aptitude test but simply a scale
of familiarity with mechanical tools operations and principles , which is measured
at entry to the Navy. Since this test does not correlate highly with any other per-
sonnel index , nor does it allow for discriminations between ratings , little use may
be made of this data.

Fi gure 2-4 shows t i-ic a verage scores by pay grade on the general classif i-
cation test , the arithmetic test , and the mechanical knowledge test. It is noteworthy
that the var iability across pay grades is very small as compared with the variability
across ratings shown in Figures 2-1, 2-2 , and 2-3. This finding indicates
that it is probable that the greatest payoffs in development of different information
presentation methods would be from selection of presentation methods based on
different ratings than on different pay grades within the same rating. This is a
fortunate finding since , it would be much more economical to vary the presenta-
tion methods by type of equipment and expected rating involvement , rather than
having for example , several different manuals for the same piece of equipment to
be used by different pay grades within a rating. This does not mean , however , that
allowance should not be made for various skill levels across pay grades.
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Figure 2-2. Average Score on the Arithmetic Figure 2-3. Average Score on the Mechanical
Test (ARI) ,  Listed by Rating . The ARI measures Knowled ge Test (MECH) , Listed by Ratings .
abi l i ty  to use numbers in practical problems , The MECH measures familiarity with mechanical
including ability to perform arithmetica l compu- tools , operations , and princi ples.
t a t i o n s  and to reason in arithmetical terms.
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P A V G R A D E

Figure 2-4 . Average Scores , by Paygrade , on the
GCT , AR ! an d MECH . Variability across paygradc
is very small as compared with the variabili ty
across ratings.
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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

3. ANA LYSIS OF NAVY TRAINING AND EXPERIENCE REQ UIREMENTS ON RATINGS

Knowledge of degree of prior training is useful in selecting presentation techniques
for rating classes. The different ratings vary greatly in their opinions r egarding the
amount of Navy school training and years of Navy work experience necessary for job
performance.

Rat in g Opinion Data — Most of the data provided by the N O T A P  survey were
of a factual nature.  However , respo nses to three questions were based on the opinions
of indi viduals completing the questionnaire. These questions dealt with the neces-
si t y for formal Navy school training, on-the-job training (OJT), and Navy work ex-
perience. A problem in dealing with this kind of data is that the origins of these
opinions cannot be clearly specified. One does not know whether the estimate of
necessary weeks of Navy school training for job performance is based on the actual
amount received by the respondent , or upon his independent judgement that he might
have needed half as much or twice as much traini ng as he actually received. The
same difficulty applies to perceived requirements for Navy work experience and
OJT. Nevertheless , this data provides a unique opportunity to evaluate the amounts
of knowledge ratings must acquire after entry into the Navy. Figure 2-5 shows
the average estimates by rating of Navy school training required for performance
of the individual ’s present job. Note the extreme variability in this figure , where
estimates of required school experience range from 50 weeks down to about five
weeks. The electronics-oriented ratings tend to describe themselves as needing
more Navy school training than the other ratings. In fact , a point-biserial correla-
tion yields a coefficient of 0.73 , indicating a strong relationship between rating
and perceived need for Navy school training. This data may be useful in selecting
technical information presentation techniques inasmuch as it provides an index of
the amount of school-earned sophistication within a rating. It may be supposed ,
f or example , that a rating having minimal Navy school training requirements will
need the most comprehensive explanations and job performance aids for use with
unfamiliar equipment.

The average perceived need for OJT is listed by rating in Figure 2-6. Notice
the lack of variabili ty across ratings in this figur e as compared with the previous
one. Regardless of rating, abou t 20 to 30 weeks of OJT is considered mandatory.
OJT does not correlate highly with any of the other personnel characteristics.
Nor does i t d i f fer  between electronic and non-electronic ratings (point-bisearial)
correlation coefficient = 0.06). In summary,  the perceived requirement for OJT
does not vary greatly with rating or test scores and thus has little bearing on the
selection of technical information presentation forms for various ratings. It does
indicate , on the other hand , that technical informat ion presentation should be such
that is aids the individual through the fair ly long period of OJT.
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Figure 2-5. Opinion of t he Average Navy School Figure 2-6. Opinion of the Average On-the-Job
Trainin g Required . Stud y part ici pants were asked Trainin g (OJT) Required. Stud y partici pants
“In your op inion , based on your personal exper- were asked , “In your op inion , based on your
ience , how many weeks of Navy school training personal experience , h ow many weeks of on-the-
are required to prepare you for your present job?” job t ra in ing  are required to become funct ional

in your present j ob ? ’
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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

3. ANALYSIS OF NAVY TRtUNING AND EXPERIENCE REQUIREMENTS ON RATING S
(Continued )

Op i nions of the average Navy work experience believed to be required are
summarized by ratings shown in Figure 2-7. The average preceived need progress
from about two to about four years and varies greatly across the ratings. It is interest-
ing to compare this figure against those portray ing ratings ranked by GCT , AR! , and
school training required (the correlation coefficients are -0.59 , 0.56 , and -0.4 0 , respec-
tively ) . There is a strong negative relationship between a perceived require ment
for general Navy work experience and the degree of Navy school training and scores
on the aptitude tests. A point -biserial correlation of -0.56 reveals that the elec-
tronic ratings feel much less need for Navy work experience than their non-electronic
counterparts. While all the implications of this figure are not clear , one aspect
for consideration is that technical information presentation should be greatly im-
proved in order to benefit the ratings earlier in their careers so that the require-
ment for Navy work experience is reduce.

Figure 2-8 following shows the average estimates by pay grade of Navy
work experience , OJT , and Navy school training required for the performance of
indi viduals ’ present jobs. Notice that as in the case of test scores , the progression
of data points over OJT and Navy school training for the various pay grades is much
less than the range shown by the various ratings. The case of Navy work experience
estimated to be required is an exception. While the E3s , E4s , and E5s do not vary
greatly in this respect , the E6s estimate a far greater number of years are required
for performance of their (mostly by that t ime , supervisory) jobs. Again , these find-
ings may be taken to indicate that a variation in forms of technical inform ation pre-
sentation may be primarily directed at the different ratings and secondarily at pay
grades within ratings.
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Ex perience Required. Stud y part icipants  were
asked , “In your op inion , based on your personal
ex perience , how many years of general Navy work Figure 2-8. Training Required for Performance

ex per ience is required to prepare you for your of Present Job. Average estimates , b y paygrade ,
present j ob? of Navy work experience , OJT, an d Navy school.
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Sectio n 2 — Approach to Development of the Model
Subsection B — Analysis of Task Considerations

I. MA INTENANCE TASKS DATA SOURCES

The Personnel Qualifications Standards (PQS) program , the Rate Training Manuals pre-
pared by BuPers , the research of Dr. Powers at the University of Maryland , and the
data banks of the Navy Occupational Task Analysis Program (NOTAP ) were useful in
understanding the task requirements of the various ratings.

Publications producted under the Personnel Qualifications Standards (PQS)
program are based on a special kind of task analysis with the objective of identif ying
the specific skill and knowledge elements needed to maintai n a particular system
or piece of equipment. The overall thrust of the PQS program is to define the crit-
eria by which personnel can be qualified on specific systems.

The Rate Training Manuals are designed primarily to aid the technician
to prepare for advancement to his next paygrade level. They are based on the pro-
fessional requirements or qualifications specified in NAVPERS 18068 (Series — Man-
ual of Qualifications for Advancement) . Unlike the service or military requirements
for advancement , these publications are specific for paygrades within each rating
(and rating specialty) and discuss skills and knowledge in terms of technical under-
standing. Although they refer to specific equipment , this is done to provide examples
of concepts. They are not considered system specific. The Rate Training Manuals
proved particularly useful for enhancing understanding of data collected by Anacapa ,
data from the Hughes Special Survey, and in extrapolting from information provided
in Powers ’ reports.

The University of Maryland research effort conducted by Dr. T. Powers
for DTNSRDC identified the general kinds of jo b tasks performed in conjunction
with technical manual use which are common to most (if not all) Navy technical
ratings (Powers , 1977)16 Dr. Powers formed his data base from two sources:
NOTAP and a data-collection effort at a series of Naval establishments. These
findings , though on a somewhat different sample of ratings , were useful to compare
with the Anacapa task analyses.

The most valuable source of rating-specific task data was the Navy Occupa-
tional Task Analysis Program (NOTAP ) . As discussed earlier , the NOTAP program
determines the job content of Navy billets through the administration of occupa-
tional questionnaires (job task inventories) . These data are processed into a com-
puterized data bank , and may be printed out in various formats , such as percentages
of time spent on the itemized task categories. The printouts supplied for each rating
were invaluable to the analysis in that they listed the tasks done in detail. This
permitted the examination of the amount of t ime each rating spent on different types
of hardware , performing different types of tasks , at different levels of complexity.

Useful data came from an analysis of NOTAP printouts obtained from the
Career Task Development Group at the Chief of Naval Education Training Service
Support Center Pacific , San Diego (CNETSCPAC) . This agency is a central reposi-
tory and user of NOTAP computer printouts for developing curricula and training
programs. These printouts were available in a readily usable form for the selected
ratings in the User-Data Match Sample.

16 Powers , T. E. Selecting Presentation Modes According to Personnel Character-
istics and the Nature of Job Tasks. Part I : Job Tasks. Baltimore , Maryland:
University of Maryland , January 1977.
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The NOTAP printouts provided detailed and specific maintenance activities
categorized by equipment types and levels of complexity. This breakdown provided
a definitive data base in two categories: 1) a listing of tasks defined by a large
sample (range of n = 400-1200) of the users themselves, arid 2) a listing of equipment ,
systems , and components also identified by the users. Because the data in the print-
outs are categorized by what the actual users say they do , rather than what the
Navy thinks they do , the data are valuable in that they reflect the “real-world” sit-
uation and are not estimates.
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Section 2 — Approach to Development of the Model
Subsection B - Analysis of Task Characteristics

2. DEVELOPMENT OF TASK ACTION DATA BASE

Characteristic task actions for four sample ratings were extracted from the NOTAP
survey. 

_____ _________________

Many kinds of equipments , assemblies , components , and parts are operated
and maintained by an equally complex hierarchy r~f ratings and paygrades at dif-
ferent levels of maintenance. To bring the data base within manageable propor-
tions for the purposes of the model , an analysis was conducted of four representa-
tive ratings (M M , El, AT , AB) to disclose the types of systems they worked with
or operated. These four ratings were selected from the sample of 23 ratings used
in the User-Data Match research effort. The material comprising the raw data
for analysis came from task inventories carried out by the Naval Occupational Task
Analysis Project (NOTAP ) and summarized in various ways in computer printouts.
A large sample from each rating category was surveyed to determine precisely
those tasks and equipment types which consitute the “work package” for a specific
rating.

The total number of men at the journeyman level for the four sample rat-
ings is shown below , together with the total tasks and the maintenance-related
only tasks.

Maintenance-
Connected

Rating No. of Subjects Total Tasks Tasks

ET 1, 265 597 413
A T 768 346 192
MM 1, 183 590 410
A B 40 3 419 207

The intent in analyzing each rating by task and system was to establish a data base
on the various levels of maintenance as they applied to various items of hardware.
Unfortunately, the respondents to the NOTAP survey did not itemize their work
in terms of the type and level of systems on which they worked.

The NOTAP data lists hundreds of maintenance tasks for each rating. There
are , however , relatively few task actions performed , these being common to many
items of equipment. The NOTAP printouts provided statements of maintenance
tasks such as “clean digital computer electronic components ,” followed by the per-
centage of rating members performing this activity and the percentage of t ime
their members spend performing the activity (see Table 2-3). Each of the hundreds
of task statements pertaining to each rating is divisible into two portions: an action
verb (task action) and a particular type of hardware.

It is the large number of equipment items which necessitates a listing of
hundreds of maintenance tasks. Typically, the number of task actions required for
a given rating is relatively small; approximately 15 to 20 task actions are sufficient
to describe a rating ’s maintenance responsibilities without reference to specific
equipment.

The action verbs required to describe the maintenance responsibilities of
Navy Technical ratings are defined in Table 2-4. These action verbs , derived from
NOTAP data on the four ratings of this study, represent most of the maintenance
task actions performed by all Navy technical ratings. Definitions and synonyms are
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provided to clarify the semantic difficulties that inevitably arise when words such
as bleed and drain , or fill and top-up, are used interchangeably.

The approach used in developing the task action data base is to avoid
reference to specific hardware items , and deal simply with the task actions per-
formed by the ratings at a level of hardware complexity. The task action “calibrate ” ,
for example , will remain basically the same regardless of the function performed
by the equi pment to be calibrated. It is recognized , howe ver , that the task action “cali-
bra te” m ay vary in meanin g dependi -ig upon the level of complexity of the hardware
item. Furthermore the meaning of task actions will vary somewhat with the type
of rating performing them , because different ratings maintain different types of
hardware.

TABLE 2-3. EXAMPLE OF NOTA P TASK ANALYSIS PRINTOUT

Data Systems Technician (SD) — Journeyman (Paygrade S & 6)

Maintenance Task Percent of Time
Perform ing Task Spent on Task by

Task Action Type of [-lardware Performing Members

Clean Digitai Computer Components 53.8 1.7
Adjust Magnetic Tape Transport 51.8 2.0
Test Printed Circuit Boards 57.8 1.9
Troubleshoot Electronic Equipment 80.9 2.0
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Section 2 — Approach to Development of the Model
Subsection B — Analysis of Task Characteristics

2. DEVELOPMENT OF TASK ACTION DATA BASE (Continued )

TABL E 2-4. DEFINITIONS OF ACTION VER BS DESCRIBING TASKS

Verb Definition Example 
- 

Synonym

ADJUST To bring into a more Adjust voltage output to ALIGN
satisfactory state; to read 50 VDC.
bring from out-of- Adjust slot “A” in turn—
tolerance to an in- buckle to coincide with
tolerance condition slot “B”

BLEED To extract from; to release Bleed brake fluid from REMOVE
some or all of a substance master cylinder
from its container

CALIBRATE To determine accuracy and Calibrate VTVM by com- ALIG N
restore to a special standard parison with master

meters

CLEAN To remove dirt , dus t , Clean grease ni pples of
grease , rust or foreign grit before attaching
material from grease gun

DEGAUSS To demagnetize a Degauss ship as protec- DEMAGNE-
substance or tion against magnetic TIZE
equi pment mines

DISPOSE OF To get rid of Dispose of flammable DESTROY
rags by burning

FILL To put into up to a specified Fill battery with electrolyte CHARGE
level or to limit of to bottom of slot in tube TOP-UP
container

INSPECT To examine by visual Inspect hydraulic pipe EXAMINE
observation of a condition joints for leaks CHECK
(of a system)

INSTALL To place in position and Install waveguide on mast. (Note:
attach; to fit an equipment! Install generator on truck Preferred
unit into next larger level engine usage is
of system WIRE

instead of
INSTALL
WIRING ,
similarly
CAP and
PLUG)

REPLACE Exchange one piece for Replace faulty capacitor EXCHANGE
another in B+ network

2- 16
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TA BLE 2-4. DEFINITIONS OF ACTION VERBS DESCRIBING TASKS (Continued )

Verb Definition 
- 

Example Synonym

RIG To assemble , adjust , and Rig control cables, PUT
align major components pulleys , turnbuckles , TOGET H ER
in a system (notably for airfoil components FIT
aircraft)

SERVICE Replenish consumable Service wheel cylinders
supplies, preventive with HY9 O weekly; service
maintenance air filters on mobile

deck equipment

SET Bring electronic equipment Set transponder codes for
(CODES) up to operational require- 1FF MK1 O Channels 3,

ments for identification 7 , 9
codes , power output
response

TEST To perform specified Test power output of CHECK
operations to verify if BQS— 13 Sonar at full OUT
system or equipment is level
functioning to a
standard

TORQUE To apply turning force Torque the nut to TIGHTEN
to fix a nut or collar 60 foot pounds
more firmly in place

TUNE To adjust for precise Tune DF equipment to
functioning within plus/minus 0.1 Hz
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Section 2 — Approach to Development of the Model
Subsection B — Analysis of Task Characteristics

3. DEFINITION OF LEVELS OF H A R D W A R E  COMPLEXITY

The User-Data Match Model identifies tasks for four levels of equipment complexity:
system , equipment , assembly, and part. Because users are inconsistent in their use
of words like “system ” and “component” to describe their equipment , definitions of
these four levels in terms of the ”loose” equivalents were established.

In order to apply the task actions to levels of equipment complexity, it is
necessary to devise an orderly way of referring to the levels of complexity.

The Navy equipment on which operation and maintenance is performed is
commonly referred to as consisting of “systems” , “units ” , “components” , “se t s” , “ re—
quirements ,” and other levels of hardware denoting various levels of complexity.
For example , respondents to the Naval Occupational Task Analysis Project (NOTAP )
survey described their work in terms of an action work , such as “align ” or “calibrate ” ,
together with an equipment type or equipment level. It was evident that different
groups of action verbs applied to various levels of equi pment complexity, but a word
like “system ” was being used loosely to describe an entire f ire  control system , or
a radar set. The ambiguity of the terms presented a systematic allocation of the
task actions to levels of complexity.

A good terminology for distinguishing levels of equipment complexity is
already available in the standard nomenclature of logistics items. This is shown
in the second column of Table 2-5. A further simplification is possible in that the
distinctions between system/subsystem or assembly/subassembly do not generate
diffe rent contents for the task actions. Thus a 4-level scheme was adopted as shown
ir-~ the f i ’ -;t column.

Analysis of the NOTAP responses showed that the equipment types could
be categorized into the four levels of complexity defined in Table 2-5. The char-
acterisitcs , and some of the “loose” equivalents used by the NOTAP respondents
are listed in the table for each item , along with some typical equipment examples.

In the User-Data Match Model , recommendations for presentation compon-
ents to aid task actions are modified by the level of complexity of the hardware
involved. Obviously the task elements and actions required for alignment by an
ET rating at the component level in adjusting a variable resistor will be quite dif-
ferent from ali gning a transmitter and receiver to a common frequency in a corn-
plex communication system.

2- 18
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TABLE 2-5. DEFIN i TIONS OF LEV ELS OF COMPLEXITY

Logistics “Loose”
Level Item Characteristic Equivalent Example

Syste ms & a. System Complex mission: . Air Defense
Subsystems multiple items System

• Fire Control
_____ _____ __________ 

System 
_____

b. Subsystem Function or func- • Group • After Steering
tions contribute • System System
to mission: • Component • Data Processing
multiple items System

Equipment Equipment , Smallest physical • System • Radar Set
Set entity that per • Unit - • Computer

forms function(s) • Component • Turbine
along (with only • Rack
prime power &
stimulus)

_ _ _ _   -- — -t - - - ___

Assembly a. Unit  Physical enti ty • Module • Circuit Card
b. Assembly that performs a • Component • Control Panel
c. Subassembly function or part • Chassis ~

- • Main Reduction
of a function within Gear
an equipment • “Memory Section”

• Transmission
(Mech )

Part Part , Piece Lowest element , • Component • Resistor
usually not repair- • Diode
able • Piston Ring

• Gear Wheel
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Section 2 — Approach to Development of the Model
Subsection C — Analysis of Presentation Techniques

1. ID ENTIFICATION OF PRESENTATION COMPONENTS

An illustrative set of presentation components (kinds of pic torials , diagrams , etc.)
was id entified through a search of the l i terature and Navy TM5 .

The approach to presentation techniques was to develop a representative
lis t of the major presentation techniques in use today, based on an examination of
TM5 in the field. A conventional definition of presentation technique was adopted
that was neither excessively detailed nor at the proprietary system level.

Over the years the technical publications communi ty  has developed various
unique formats for presenting information. Many of these formats were given
acronymic ident i f iers  to label their unique feature.  These methods of presenting
technic al information , of course , are tied closely to the maintenance of one type ,
or family of equipment , to a particular level of complexity of equipment , or even
to the rec urring problem of short-term enlistments (which is associated with a limit-
ed dep th of technical ability ) .

For example , although P0MM and JPA5 are very effective developments
in thei r own right , each has some characteristics that precluded it from being used
in wide sense for all tasks , systems , and for all users. Some of these characteristics
are linked to the actual physical format (size) of the item , and some only apply to
maintenance at a simple directive non-deductive level. Many other methodologies
exist that can be applied , in the generic sense , to equipments at all levels of corn-
ple xi ty .  All that is needed is to match the components or basic elements of the
presentation technique to specific types of users.

An important step in the research was to develop a checklist to categorize
and define the components that were present in the documentat ion now in opera-
tional use in the Navy. The checklist was developed from a review of the literature
and an examination of typical technical manuals. The checklist was then used as
a means of logically ordering observations concerning formats and components
gathered during a field survey. One hundred twenty—five documents were examined
in the field representing a wide range of presentation techniques and systems
throughout the field. A summary showing the components of each type of present-
ation was compiled (see Appendix C).

As a result of the field analysis , it was clear that many of the presentation —

components in the checklist were too specific or defined at too low of a level to
be useful in the User-Data Match Model. For example , various distinctions in types
of block diagrams , such as a functional block diagram versus data flow block dia-
grams, were found to be of little value for the purposes of the model. After  con-
sultation with the Hughes technical staff , a list of presentation components with
conventional definitions and clear-cut exa m ples was developed. The resulting list
of 40 presentation components consists of sufficient “building blocks” to form most
of the presentation techniques and formats presently used (see Table 2-6). This
list would have to be coordinated with the specification modules in the final desi gn
of the User/Data Match Model. The User/Data Match Model will provide a method
for the selection of these components individually , or in groups depending upon the
task actions at different levels of compelxity by various ratings. However , it should
be noted that the recommendation of presentation components by the model would
not constitute a TM design as a substitute for any of the presentation systems.
The application of a presentation sytem (such as P0MM , SPA , SMD , etc) would be
a separate determination that would take precedence over the recommendation
of any particular presentation component.
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TABLE 2 -6.DEF IN ITI ONS A N D  E\ AM PLES OF PRESENTATION C O M P O N E N T S
- - 

PICTORIAL R E P R E S E N T A  flON

Portrayal  View Type

F igure C-l  Photograph Figure  C-B. Assembled
Figure ( ‘-2. Airbrushed Photograph Figure ( ‘ -9. Exploded
Figure  ( ‘ -3. Airbrushed Drawing Figure C- lU .  Cut -  -\way
Figure C-4. Sketch 

- Locators / Ident i f ie rsFigure (‘ -a . Engineering Drawing
Figure C-i l .  Superimposed

\ Itt W Figure C-12. Coordinate
- - - Figure C-l3. Line and LeaderFigure ( - t .  Two-Dimensional  View

Figur e C-7. Three-Dimensional  View

DIAG R A M M  -\TIC R E P R E S E N T A T I O N

Ill ock s Hybrid Blocks

Figure ( - 1 4 .  Overall Block Figure C-2 1. Blocked Schematics
Figure (‘— 15.  Detailed Block Figure C-22. Blocked Digital  Logic

Figure C-23 . Pictorial Block —

Interconne ctions
- -. - ServicingFi gure L — 1 6 .  Schematics

Figure C-17. Wir ing  Figure C-24 TimingFigure C-l8. Cabling Figure c-25. Maintenance Depen-Fi gure C-19. Functional Signal Flow denc Ch t (M DCigure - . igi a ogi Fi gure C-26. Decision Trees
Figure C-27. Waveforms

-. Fi gure C-28. Graphs

TEXT

lode Style
Fi gure C-29. Di r ective Figure C-31. Continuous
Fi gure C-30. Deductive Figure C-32 . Segmented

C O N D E N S E D  DATA

Lists Tables/Matrices
Figure C-33. Retrieval-Oriented List Figure C-37. Procedures
Fi gure C-34. Glossary/Abbreviations Figure C-38. Specialized Data —
Fi gure C-35. Materials Table
Fi gure C-36. Wire Figure C-39. Specialized Data

Mat r ix
Fi gure ( ‘ -40. Retrieval -Oriented

\1 a t n  x
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Section 2 — Approach to Development of the Model
Subsection C — Analysis of Presentation Techniques

2. H U M A N  FACTO RS PRINCIPLES RELATING TO TECHNICAL INFORMATION
P RES E NTAT ION

While the User -Data Match Model provides a logical basis for selecting presentations
and formats , some considerations do not fit  within the parameters of the model and
can best be covered by reference to general principles governing information presenta-
tion. __________________________________________________________

In discussing the problem of matching technical information to user require-
men t s, Booher ( 1975) commented , ...“ writers of technical m anuals , desi gners of
programmed instructions , and designers of equipment are continually faced with
the problem of selecting among pictorial , schematic , and printed formats to commun-
icate information with little or no knowledge of the format’ s effect on understand-
ing or comprehension of the information being presented.” Some basic principles
concerning the relationship between man and the information he needs to do his job
do exist in human factors literature. While some of these principles may appear
basi c, they are overlooked frequently enough in technical manual development to
warrant their inclusion in the User-Data Match function. These principles are listed
i n Table 2-7.

A comprehensive review was made of 103 sources of possible reference
data that would lead to some generally applicable principles of good presentation.
Not every source was frui t ful ;  some were highly specific to equipment or tasks ,
some were totally focused on the mechanics of presentation , and some were so
theo retically oriented that they had no immediate  practical application. The docu-
ments reviewed are listed in Appendix B.

The statements categorized into the divisions listed in Table 2-7 are
framed in directive or conditional terms. If the statement is attributable to a single
sourse , an appropriate credit reference is listed. However , many of the statements
represent a composite developed from the l i terature , and therefore cannot be cred-
ited to a single reference source.

TA BLE 2 7 .  H U M A N  FACTORS PRINCIPLES IN
INFORMATION PRESENTATION

PHYSICAL CHARACTERISTICS

• Books should be bound so that pages will lie flat when the book is open
(Woodso n & Conover , 1964).

• When tabs are used , they should be designed so that they cannot tear
out with normal usage (Woodson & Conover , 1964),

• Content tabs and the indents used for thumb indexes should be large
enough for legibility and no larger.

• .~-Iu 1tipage figures are undesirable.

• Foldout pages should never fold downward into the lap of a user (i.e.,
foldouts should extend sideways) .

• Transparent overlays are an effective means for successively combining
or exposing parts of an illustration.

• As the number cf color-coded items increases , the value of color as a
cue for selecting impartant  information decreases.
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FABLE 2-7. I I U \ l  -\N FACTORS P R I N ( ’ I P L E S  IN
IN F O R M A T I O N  PRESENTATION (Cont inued )

TYPOG R AP H Y

• Ten-point type wi th  the line length ranging f rom 14 t o 25 picas (2-5/16 ”
to 4-3/16” ) is easiest to read when using a double-column format  (Tinker ,
1963).

• Bl ack-on—white is 14.7% more legible than white -on-black (Holmes , 1931).

READING SPEED

• Readin g speed is greater using proportional spacing than equal space
fo r each letter. (Payne , 19 67)

• Readin g speed is affected by brightness contrast between ink and paper ,
rather than the colors of ink or paper alone.

• Reading speed is greater wi th  lower-case text than all-capital text
(Tinker , 1955).

• Reading material presented with unjustified right margins can be read
slightly faster than justified copy (Powers , 1962) .

• Black-on-white is read 16.1% more efficiently than white-on-black
(Paterson & Tinker , 1931).

F D E VELOPM ENT OF TE X T

• Material presented sequentially in logical groupings improves the com-
prehensibility of a manual.

• Text should be consistent in terminology, style , and fo rmat.  Use the
simplest common words or phrases which convey the intended meaning.

• Technical manuals should be consistent with respect to formatting,
abbreviations , capitalizations , nomenclatures , acronyms , numbering
and references (Price , 1975).

• Short , precise paragraphs enhance comprehensibility.

• The necessity fo r cross-referencing should be kept to a m i n i m u m .

• Consistency in the choice of words is recommended.

• Important  nformation needed by an experienced high-skill user can be
highlighted to enable him to quickly utilize essential informat i on  after
he is thoroughly famil iar  with a detailed procedure. Examples of high-
Lghting:  underlining, bold-face type , i tal i cs, color , and boxing (Depart-
ment of Defense , 1976a) .

• Borders around text materials of critical content are useful for emphasis.
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Section 2 — Approach to Development of the Model
Subsection C — Analysis of Presentation Techniques

2. HUMAN FACTORS PRINCIPLES RELATING TO TECHNICAL INFOR MATION
PRESENTATION (Continued)

TABL E 2-7. H U M A N  F AC TORS PRIN CIPLES IN
INFORMATIO N PR ESENTATION (Continued )

• For procedures descriptions , the information must be presented in a
logical location-item-action indication sequence (Department of
Def ense , 1976a) .

• Text combined with a corresponding illustration enhances comprehension
of complex materia l.

• In a technical manual , all descriptions of warnings , cautions , and notes
appearing on the actual equipment should be incorporated into the text .

GRAPHICS

• Learning and comprehension of verbal material by low-aptitude subjects
can be enhanced by pictorial presentation (Rohwer , 1967).

• Simplified line drawings are a cost-effective and training -effective method
of presenting visual informat ion.

• Illustrations or other types of graphics should be used to enhance or reduce
the amount of text.

• Placing the text and graphics together eliminates shifting back and forth
between text and supporting figures.

• Graphic titles should accurately and succinctly describe the graphic.

• To prevent clutter the amount of information included in a graphic has
to be controlled to present no more than required by the user for task
performance.

• Locator diagrams shoulu be used to identify the physical position of com-
ponents in complex systems or sets of equipment.

• Leader lines should be unifo rm , short , and as straight as possible.

• Thickness of lines on a graph should represent the order of the import-
ance of the information.

• Length of graph scales , captions , etc., should be in similar proportions
for vertical and horizontal axes.

• The number of curves on a single graph should be limited to four to avoid
confusing the reader.

• When the general shape of a function is important , a graph is superior
to tables or scales.

• When interpolation is necessary, graphs and scales are superior to tables.

• Tables should be designed so that there are more horizontal rows than
vertical columns.
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( ‘ABLE 2-7. 11DM AN FACTORS P R I N C I P L E S  IN
I N F O R M A T I O N  PRESENTA TION (Cont inued )

• Hori zontal lines in a table should be used sparingly and then only for
separa tion of major sections of the table.

• Verti cal lines should be used in a table to c larify column separation.

• Standard hazard warni ng symbology should be used in the manual  to coin-
cide with symbols used on operational equi pment.

• R eferences which describe controls and displays in text should use the
same identifiers as are on the parts themselves or in supporting graphics.

• Exploded views are normally used in remov al/ installation , assembl y!
disassembl y, repair , and illustrated parts breakdown data.

• Pict ures or illustrati ons should be oriented in the way that the technician
expects to see the actual equipment.

• Excessive realistic detail in photographs may be suff icient ly strong
to detract attention from relevant and importan t learning cues.

• A legend or key must be incorporated into a graphics presentation (as
well as associa ted text ) when index numb ers are used as identif iers or
locators.

• Cartoons are often an effect ive means of pre senting information since
they concentrate on essential detail and exaggerate crucial character-
i stics of appearance and behavior ,

ENVIRONMENTAL

• Sixty foot-lamberts is adequate for reading conventionally-formatted
materials , while 300 foot—lamberts is necessary for f ine detailed work.

• No work involving reading should be attempted below 30 foot lamberts
without  supplementary li ghting.

MICROFORM

• Text and drawings must be vertically oriente d ~most viewers cannot
be t urned 900).

• Foldouts must be eliminated or designed for single-frame reproduction
of contiguous sections , i.e., use white frames around drawn sections
(“guttering”) .

• Half tone graphics must be avoided because of reproduction problems.

• Type size must be selected carefully to f i t  the several criteria for best
results in copying, reproducing, and reading (viewing ) methods.

• Integration of text and illustrations is critical.
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Section 2 — Approach to Development of the Model
Subsection C — Analysis of Presentation Techniques

2 HUMAN FACTORS PRINCIPLE S RELATING TO TECHNICAL INFOR MATION
PRESENTATION (Continued)

TABL E 2-7. H U M A N  FACTORS PR INCIPLES IN
INFORMATION PRESENTATION (Continued )

• Index must be combined with Table of Contents.

• Use of color is possible but expensive.

• Bibliographic references should be placed on the bottom of the pages
on which they occur.

• On the basis of limited studies , positive film (black characters on a clear
background) appears to be superior for reading and comprehension
(Teplitz , 1970).

• Efficient storage and retrieval of informatio n (in microform ) is depend-
ent on the identification of that information in such a way as to permit
effective filing and recall by the user (Teplitz , 1970).
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Section 2 — Approach to Development of the Model
Subsection D — The Readability Issue

1. R EADABILITY CONSIDERATIONS FOR THE TM USER

A dispa rity exists between TM readability and the reading ability of Navy enlisted per-
sonnel. The predicted reading grade level (RGL) of Navy technicians who actually use
TMs ranges from 9 to 13, while the measureable RGL of current Navy TMs varies from
11 to 15. 

- - - -~~~~~

A great deal has been wri t ten  on rea dability of technical manuals and the
la rgely accepted mismatch between this readability and the reading ability of Naval
tech nical personnel. But the assumed degree of the discrepancy between reading
ability of Navy technicians and the readability of their technical manuals may be
due to the inappropriate application of traditional readability formulas to person-
nel and manuals for which they were not specificall y desi gned.

The often-cited figures for the rea dability of Navy technical manuals range
f rom reading grade levels 11 to 15 (e.g. , Biersner , 1975). There have been several
studies testing the reading ability of Navy technical personnel. In general , this
reading ability, or reading grade level , is found to be between 9 and 13 (e.g. , Carve r ,
1973). It is on the basis of such figures that the apparent mismatch between read-
ing ability and readability is founded. It would appear , given the findings , that
approximately half of the Navy technical personnel would have difficulty reading
their technical manuals (Curran , et al., 1975) .

There are several considerations that may mit igate  the extent of this
mismatch:  ( 1) word fami l i a r i ty ,  and (2) reading-operation relationships.

Word Famil iar i ty — Most readability formulas  are weighted by “d i f f icu l t
words ” (i.e. , words outside the normal spoken vocabularly, or words of several
syllables) . Technical manuals have been shown to contain approximately 15% tech-
nical words (Curran , et a!., 1975). These words are not found in the normal spoken
vocabularly. They are also typically multisyllabic words , such as “om ni-directional.
The ef fect of these technical words is that of raising readability scores toward
hi gher levels than if they were not present. This is meaningful in the sense that
big technical words are linguistically more difficult , yet , to the Navy electronic
technician , “omni-directional antenna ” is just as familiar as “preliminary antenna ” .
It has been suggested (Curran , et al., 1975) that a list of common Navy technical
terms be assembled that count as simple words in readability formulas.

Reading-Operation Relationships — There is almost no data on the relation-
ship of reading grade level , as measured on a standard reading test , and the ability
to actually use technical manuals in an operational situation. According to Githen s ,
et al., ( 1975), “it may be that skills the technicians use in workin g with the TM
(e.g., finding information , referring back and forth from equipment to text without
strict t ime constrainsts) are different enough from those called for by a standard-
ized reading test (e.g., reading short passages quickly and answering questions) to
render the test a doubtful prediction of a technician ’s actual ability to use the TM. ”
This is not to say that readability indexing is invalid in the Navy situation.

Additional factors that bear upon the “mismatch” may be summarized under
two headings: motivation and clarity. None of these factors are adequately ac-
counted for in the application of reading ability or readability tests.

Motivation can certainly affect the amount of effort and attention a tech-
nician will put into comprehending a technical manual. His desire to understand
the material , his interest in the content , and his famil iar i ty with the subject mat ter
are all important parts of the motivat ional factor. Of course , readability itself
is an important factor in preserving whatever may be obtained by mot iva t ion .
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Clarity of the prose is another interacting factor. RGL formulas are con-
- cerned with length of words and sentences. So f a r , they do not concern themselves

with the grammitical complexity of the prose. Thus , true readability (comprehen-
- sibility ) may be affected by the grammatical and syntactical factors of the writing

style. These areas are currently under study throughou t the human factors
- 

community.
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Section 2 — Approach to Development of the Model
Subsection D — The Readability Issue

2. READABILITY FINDINGS INVOLVING TM USERS

Average Reading Grade Level varies considerably over a representative sample of
technical ratings , ranging from 9 to 13. ______________

Analysis of the readability issue reveals that most of the Navy reading
ability testing programs involve recruits , rather than individuals who have entered
a rating via “A” school or another method. Since the vast majority of Navy tech-
nical information users are individuals who are eligible for school training, and have
been assigned ratings , it is appropriate to examine the composition of these ratings
wi th  respect to their mental capabilities , wi th  particular reference to verbal reason-
ing and reading ability. A first cut at this kind of information was provided by an
examination of ratings apportioned into the various mental categories. Such data is
available from BuPers statistics , as reported by Powers ( 1976) . While this data showed
considerable variation in average mental ability among ratings , i t was clear that
indi viduals holding ratings were , in general , more likely to be members of Mental
Gro up Categories I , II , and Upper III than were recruits. This finding is , of course ,
largely the result of Navy selection and qualification procedures. Mental group
categories are determined for individuals by aiding their GCT , ARI , and MECH scores
and finding the percentile value (based on all enlisted personnel ) of the total. The top
seven percentiles of these scores are classified as Group I. The scores in the 65th
through 92nd percentiles constitute Group II , and the 49th through 64th percentiles
are described as Group Upper III. The 48th percentile and below make up Group
Lower III and Group IV; those personnel who do not usually qualify for a “technical”
rating.

The Navy Enlisted Occupational Classification System (NEOCS) study in-
cluded a section (K-IV) by Carver (1974) regarding the correspondence of Mental
Categories and Reading Grade Level (RGLs) . As a general rule , Mental Categories
I, II, III , and IV correspond to RGL 5 13, 11, 9 , and 7 , respectively. Application of
this rule to the BuPers statistics on Mental Category distribution s across ratings
seemed to indicate that the magnitude of the reading ability problem in the tech-
nical trades was not as great as had been feared.

A more exacting specification of mental abilities for the ratings of interest
was made possible by materials from the Navy Occupational Task Analysis Program
(NOTAP ). Of particular interes t were the General Classification Test (GCT) scores
for each of the User-Data Match selected ratings , broken down by paygrades E-3
to E-6. The GCT is a measur e of ability in the area of verbal reasoning. This abil-
ity varies considerably across ratings , as shown in Figure 2-9.
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Section 2 — Approach to Development of the Model
Subsection D — The Readability Issue

2. READABILITY FINDINGS INVOLVING TM USERS (Continued)

In an unpublished study at NPRDC , Duffy (undated) performed regression
analysis of GCT scores and reading grade level of 7 ,135 recruits. It was foun d that
GCT and RGL correlated r = 0.72. The formula for the regression of reading grade
level on OCT score is shown in Figure 2-10 , along with a graph of the regression
line. Figure 2-10 may be used to predict reading grade level if GCT score is
known. For example , if an individual receives a GCT score of 50 , i t is predicted
that his reading grade level will be 10. The average reading level of each of the
23 ratings , as predicted by regression on the general classification test score , is
shown in Figure 2-11. Note that the DS and ET ratings are predicted to read at
the 13th level. Note that the ratings are predicted to read less than the 9th grade
reading level , on the average. When these predicted reading grade levels are aver-
aged over all of the 23 ratings , the mean RGL is found to be 11.6. If we subtract
2.7 (two standard errors) from this figure , we arrive at a reading level of 8.9. In
other words , on the basis of regression of reading grade level on known GCT scores ,
95 percent of the Naval ratings can read at a reading grade level of nine or above.
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Section 3 — Construction of the Model

1. DEVELOPMENT OF TASK ACTIONS FROM EQUIPMENT TYPES

‘l’he NOTAP task analysis data may be summarized by a matrix for each rating, show-
ing task actions performed on hardware items at different levels of complexity .

As discussed under Approach , the first step in developing the model is to
identify the task actions by level of hardware complexity (e.g., assembly, equip-
in ent , system , etc.) rather than by type of hardware (e.g., computer , drone , radar ,
etc) . This analysis of task actions is different for each rating. Only four ratings
were selected for model development: MM , ET , AB , and AT. These ratings were
selected to offer maxi m al diversity of task requirements.

The task data from the NOTAP data bank concerning these four ratings
were summarized by construction of Task Action and Equipment Level Complexity
~-latrices , shown in Tables 3-1 through 3-4. These matrices show the various task
actions and their relationship to the hardware items categorized by the four levels
of complexity: systems , equi pment , assembly, and parts (as defined in Table 2-5).
These categorizations were done by judgments based on definitions of complexity
levels rather than information from NOTAP. Cell entries (dots) in the matrices
indicate which task actions are performed on what items of hardware maintained
by the MM , ET , AB , and AT ratings , as indicated by the NOTAP printouts. The
NOTAP data base is not a mandatory source of task action data for constructing
the User-Data Match Model. Any source which supplies the type of task action
data represented in the matrices would suffice , in that what is required is a task
list which can serve as a topical listing of what the technical documentation pre-
sented to the user must cover.

In using the model , of course , the Navy TM engineer in conjunction with
the equipment procurement office will identify the task actions via the hardware
items and level involved in his particular system procurement. For guidance , the
user will use condensations of NOTAP type data as in Tables 3-1 through 3-4 of
this report.

3-0
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TABLE 3— 2.  AN A L Y S I S  OF TASK A C T R ) N S  FOR ELI- ; c TR QN IC

Tas
lsolate

Task Level Adjust Calibrate Clean Faults Lubricate  Mea’

A i r  search radar systeni 
_________ ____________ ________ __________ ___________ _____

Dis t r ibu t ion  main f rame 
_________ ____________ ________ __________ ___________ _____

ECM/ES I ’.l system major component 
________ ___________ _______ • ___________ _____

ECM/ESM system ~ubsys~em 
________ ___________ _______ 

. 
___________ _____

GCA/ CCA radar sy’stems - components 
________ ___________ _______ • ______ _____

GCA/CCA radar systems - subsystems 
________ ___________ _______ •

Logic famil ies  
_________ ____________ ________ 

. 
___________ _____

LORA N systems 
_ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  

S 
_ _ _ _ _ _ _  ___

Major subsystem in combat system
~ configuration 

_________ ___________ _______ _________ __________— -~~~~~~~~~

~ Radar/ signal distribution system .
(components , video amps , trippe r
amps , switchboards) 

_________ ____________ ________ _________ _ _ _ _ _ _ _ _ _ _ —  —~~~~~~~~~

~ Ships audio entertainment system — _________ ______ _______ 
. 

______ _____

~~ SINS . 
- ______ _______ ________-

Surface search radar system 
_________ ______ _______ • ___________ - —

System checks with diagnostic program 
_________ ______ _______ _________ ___________ _____

TACAN antenna system facsimile (FAX) •
to subsystems (recorders , modulators ,
converters) 

__________ _______ ________ _________ ____________ _____

Teletypewriter comparator , converter S
group (URA B/URA 17) 

_________ -______ _______ ________ —-________

TV studio dis tr ibut ion systems 
__________ ______ ________ 

. 
____________- -- —Weather radar - individual components __________ -~~~~~~~~~ ______ ________ 

S 
____________ _____

Weather radar — major component s 
__________ ______ ________ _________ _____

Weather satellite receiver/recorder
system

Anemometers • ________ - _______ _________ • _____

Communicat ions receivers • _______ _______ _________ __________-

Components of communications remote •
(t ransmit ters , controllers , audio
amplif iers ,_ etc) 

__________ _____________ ________ __________ ____________ _____

Computer buffe r equipment • ___________ —_____

Digital  comparato rs 
_________ ___________ _______ _________

~ Fat hometer _________ ___________ _______ ________ _________

~ Klystrons 
_________ ___________ —_______ ___________

~ Mobile t ransceivers
~ Omega receiving set 

_________ 
. 

___________

E Portable t ransce ivers  • _____________ ______— •
.~~ Rada r indicators  S
~ Receiver 

_________ ___________ _______ • — _____

~ RF power output 
_________ ___________ _______ 

S 
__________- _____

I

Tape recorders .
VHF/UHF communica t ions  equipment  

__________ ____________ ________ 
S

Video tape recorders  — subassembly . . 
____________ _____

VLF/LF/H F receivers  
_________ ___________ _______ _________ - —

Wa ve guides • 
- - —

I 
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OF TASK ACTIONS FOR ELECTRONIC’S  T E C H N I C I A N  (El’) BY LEVELS OF COMPLEXITY

Task Act ion

Isolate Set Tune
Clean Faults Lubricate Measure Modif y Remove Replace (Codes) Test (Klystrons )

S
I———

-_ _ _  
S 

_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _

S
- - - _ _  _ __ _ _ _ _ _ _ _ _

___ 
. 

_ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _

S.
________ 

S 
____________ ___________ _________ ___________ ___________ ___________ ________ _______________

S.
S

S 
_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _

S

S

S.

.
S..

__ _ _ _ _  • • _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  S _ _ _ _ _ _ _ _

• _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  • _ _ _ _ _ _ _ _

• S S • •

• _ _ _ _ _ _ _  _ _ _ _ _ _  
S 

_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
S _ _ _ _ _ _ _ _

• S

• S

• S

• S S S

• ____________ __________ 
S S 

______________

_____ • _________ 
S

• S S

_ _ _ _  • _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  S 
_ _ _ _ _ _ _

• S 
_ _ _ _ _  _ _ _ _ _ _  

S 
_ _ _ _ _ _ _ _

• S S 
_ _ _ _ _ _  _ _ _ _ _  

S 
_ _ _ _ _ _ _

S S 
_ _ _ _ _ _  _ _ _ _ _ _  • _ _ _ _ _ _ _ _

• S S 
_ _ _ _ _ _  _ _ _ _ _  

S • _ _ _ _ _ _  
S 

_ _ _ _ _ _ _

S S

S S S S
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Section 3 — Construction o

1. DEVELOP M ENT OF

TABLE 3-2. ANALYSIS OF TASK ACTIONS FOR ELE CTRONJC ’S ’I ’ ECHNI

‘I

Isolate
Task Level Adjust Calibrate Clean Faults Lubricate Mel

Cables/cable harness ________ ___________ ________ ___________

Computer arithmetic section ________ ____________ ______ —
Computer control section -________ -___________ _____ -
Computer input/output section 

________ _______ ________ ___________

Computer machine control signal units S_ —
Computer memory section ________ ___________ ________ 

S — ___________

Computer typical data terminal sets _________ ____________ _________ 
S 

____________

Computer typical magnetic tape units ________ ___________ ________ 
S _________

Computer typical pr inter  ________ ___________ ________ ___________ —
.~ Computer typical punched card units ________ ___________ ________ 

S 
________

~ Computer typical punched tape units 
________ ___________ ________ • 

-
—_________

~ DC_patch boards ________ — 
. 

______ —
~~ Digital adders/subtractors 

_____ ___________ ______ ________ ___________ —
.
~ Digital counters/registers ___________ ______ • ______ —

~ Digital decoders 
______—_ — — ________ —- ______

~ Digita l matrices ________ ___________ ______ ________ ___________ —
~ Fluorescent lamp fixtures 

___________ ______ 
S 

_________

Gear trains ________ • ___________ _____

Headsets/handsets _________ 
S 5 

______ 4
Low voltage power supply 

________ __________ 
I 
____

Major component (chassis , PC board
circui t )  ______ _____________ _ — ________

_____ 
Mechanical linkages S —______ — ~~~_ . _________ _____

Negative logic devices 
________ ___________ ________ 

S 
___________ _____

Oscillators 
________ 

S ______-— _______ ___________ _____

Positive logic devices .

AFC ci rcui ts  _________ ____________ ________ _________ ____________ _____

Batteries ______ ____________ -________ _________ ____________ _____

— 
Circui ts  _________ ____________ ________ _________ ____________ _____

Components on printed circuit  boards 
________ __________ _____ — _______ __________ S

CRT _______ _________ ____ _______ _________ ____

- 
Digital and/or NA ND/NOR gates 

________ _______ -______ ________ ___________ _____

Digital logic flip-flop circuits  ________ — ________ ___________ _____

‘~~ ECM/ESM system failed circuit part ________ _______-- - ________ __________ ____

~ Electrical/Electronic components — _________ ___________ ~~~~~~~~ _________ ____________ _____

~ GCA/CCA radar systems - failed
~ circuit  part ________ ________ ______ _____ _____

Individual  components (switches , S
resistors , capacitors) 

________ _________- - -  ~~~_ -- - - -

Micro switches 
________ ___________ • ________ ___________ _____

Motors/generators - components 
_________ _____ 

S 
_____

Relays ________ • 
-

Video tape recorders - components 
________ — -

Video tape recorders - failed c i rcui t
part 

_______ — - - - - _ 
-

Wa ve guide sections

/

-- -- ---—-----

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - -



Section 3 — Construction of the M odel

I. DEV ELOP M ENT OF FASK ACTIONS BY LEVELS AND RA T INGS (Continued )

~ A c ’ l I  ~~~ I- ’(
~R ELF :CTR NIt ’’S l I- : ’ I I N I C I : \ N  I E l )  BY L }- :vi- . Ls fli - ’ t iMI ’ LI - :XITY It - l l l i nue l )

1.is-h A L -I u n

Isolate ~~- t Tune
Draw Clean Faul t s  Lubr icat e  Me asur e  M u ’ I i f v  Relno v i Rep lace iCodesi I e ~ t (KIVSI r - l n s l

S S S S

S S S S

S S S S

S _
. S S

• - - _• S S

S S S S

S S S S

— , _ _ _ - 
S S - 

S 
- - ~~ -

— - 
S_ - - 

S S ~_ _  -

• S S S

S S S S

• S S 
- 

S I

S S S S

• 5 S

• 5 5 S S

_ _ _ _  • _ _ _ _ _ _  
S S S

S S S S

_ _ _ _  • . . S 5

• S S S S

• • S S S

S S S S

___ - 

S 
- 

~ S 
_

.

_ - 
S 

- . — --

___  _ _ _ _  
S 

___  
. -- 

S S 
—

• 5 S 5 5 5

S S S

___  • S S _ _ _ _ _ _

S S S S _ _ _ _ _ _ _

S S S S 
_ _ _ _ _

S S S S

_ _ _ _ _  
S S S _ _ _ _ _ _

• S S

• S S

— - 
S S S - - -—. S S S 

_ _ _ _

• S S

S S S S

• 5 5 5

S S S S

•_ 
S S S 

—

_ _ _._ - 
S S S S 

- —
S S S

• 5 5 
——

— I I - _ - __- -_- _ _ - _ _ _ _ _
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TABLE 3-3. ANALYSIS OF TASK ACTIONS FOR AVIATION BOA ’F SWA IN ’S M

Task Actio n
Isolate

Task Level Adjust Bleed Calibrate Clean Faults Inspect Install Lubr ica te  Measure Reb

Ai rc ra f t  oxygen systems 
______ ______ ________ _____ S S ______ ________ ________ —

Automatic lubrication system 
______ ______ ________ _____ • • -

~ Bridle arrestor system 
______ ______ ________ _____ • _______ ______ ________ ________

~ “C ROV” drive system _____ _____ __  _____ • • 1 — —-—— --_______ ______

Flight deck elevators 
______ ________ _____ • S____4 ___ ___ 

~~~~
__ - - -

Fuel systems ____
~~

_ — -‘___--l-- - ---_ - - - - — - - -

~~ 
Hydraulic/pneumatic system 

- 
. 

- - s _ _~~~~~~~~_ 

~~ Mirror landing system 
_____ -~~~~~~~~~~ S _~~~ _ _ _ _ _ _~~~~ - -

Manually operated visual land- • S
ing aid system (MOVLAS) 

—~~~~~~~ _____— _~~~~~~~~~

Piping ( fuel , hydraulic , water) • S s S

“AG” dynamometer 
_____ __ S 

_____ S _ I _ _
~~ ~~~~~~

__ ~~~ 
-

- - -Aircraft  handl i ng equipment • s s - s -
(towbars , chocks , etc) 

______ ________ _____ ______— ~__ __ _  _ _ _ _ 5

~ Fire-fighting equipment 
______ ________ 

S S 
______ 

S _~~~~~_ _ __ -

~ Ground support equipment 
______ _______ _____ • • _____ I - - __ - —Trail bars (nose to a i rc ra f t )  
______ -________ 

S S S 
______ S

Vehicles • S S 5 I

“AG ” eng ines 
_____ _____ _______ 

s 
______ • s

Barricades • • • I ______

Bridl e arrestor brake assemblies • S S S - S — S
Bridl e arrestor cam assembly • ________ 

s s • ______

Bridle tensioner 
______ ________ • • • ______ ______________________

C-11/C-7 console s 
_______ 

s s s 
______

Cable anchor damper • ______ ________ 
s s • _____ •II~iI~~~ -Catapult hydraulic accumulator • s 

_______ _____ ______ _______

Catapult power piston — - S s
Catapult power piston assembly — -~~~~~~ 

s — - - -—

Catapult shuttle assembly 
______ !_ P~~ _______ — - - -.

Clutch assembly • _____ -_______ _____ S 
___~S -

Constant runout valve (CROV) S ~~~~~~_~~~~~ _ ~~ _-_• _. —~- -~~ - - - -   -
_ C ross-deck pendants S 

_____ _______ 
S S S

_________ S

~ Drag chutes 
______ ______ ________ _____ • s S

,~~ Equipment/gear/switches s _~_~ - -- _ S S , 
S  

-
~ , Fuel t ransfe r lines 

_____ 
s S S S

~ Hydraulic pumps 
____ - — - 

s 
—- ~~~~~_ _~ 

S 
-  -

~ Launch/exhaust valve operating s s S

~ cyl i n d e r  
______e~ Lif t ing slings and cables 

_______ • . • —Main engine re t ract ion •
cylinder 

_____ — - —
Pneum at i ç_~y~ te ms S s 

_ _ _  
S • S -Pressu re_reg ulators • • s s •

Retract buffer  
______ ______ ________ _____ • _____ • I I

Sealing stripe t cn sioner  • 
t

Shore—based ‘ A G ”  r ew i n d  5 5 5 • 5 5

engines 
______

Sound powered phones 
______ _____ _______ _____ • — -—

Vehicle t ransmiss ions , J 
- 

s 
-

engines, rear ends, etc f
Water brake s s • •

/

_ _ _ _ _ _ _ _ __ _ _

~

.1i_ . _

~

_ __

~

_ 
- - -
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~SK ACTIONS FOR A V I A F I U N  BOA’I ’S\V~\ I N ’~ MATE (AB) BY L E V E L S  OF C O M P L E X I TY

Task Act io n

Iso late

~an Faults  Inspect Install Lubr icate  Measure Rebuild Recharge Remove ‘R epair  Replace Rig Service Test Torque

— ____ S ___  _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  ____ L — ____ — —  _____

S S 
-

S S _ _ _ _ _  _ _ _ _  _ _ _  
S 

_ _ _ _

S S ___  ___  S _ _ _ _

____,~ 
S ____ 

‘ 
S 

-

S S S 
_ _ _ _ _

- I - - -~~~~~

‘

• 

--i - - i _ --

~ _ _ _

- 

I

— +

S 
_ _ _ _  

S I - 
S 

_ _ _ _  - - —-——— -~ — - -— ____

S S S S S S

S S S S 
_ _ _ _ _ _ _ _  

S 
_ _ _ _

S S S S S S

S S S 
_ _ _ _  

S S 5
S S S S S S

S S S 
_ _ _ _  

S 
_ _ _ _  

S S S

S S S S S S S
—- -i- — -—- - -— ______ _____ _______ — — - -— - —  —— ~~~~~~~~ — -  - - -  — - -  - -  —— —-  , -

S S S S S S S
S S S S S S S S 

___

S S S 
_ _ _ _  

S 
_ _ _ _ _  _ _ _ _  ___  — S S S 

_ _ _ _

• S S _ _ _ _  
S S S S

• S S S S S
S S S S

• S S 
—

S S S S S

S S S S S S

S S S S 
___

S S S S I 5 5 5

___ -___ S -~~~ ! ~~~
— S _ _ _ _  S _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  S ___~~~ I ____ —

• S S S S S S S
S S S S S

S S S S S S S 
_ _ _ _

5 5 5 1 
5

S S S S - S S

S S S S

S S S S S S S S S S 
—

S - S S S S S S S

S S S _ _ _ _ _  S S S S 
_ _ _ _

S S S S S S
S S S S S S S S S S

S 
____  _____  _____  - --  

S 
____  ____  ___ 

S 
____

S S S S S

5 I 5 5 5 5 5
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Secti~

1.

TABLE 3-3. ANALYSIS OF TASK AC TI ONS FOR AVIA’l ’ION BOATSW A IN’S

Task Actb
_ _ _  - --—_- -

Iso 1ate~~~~~~~
‘l’ask  Level Adjust  Bleed Calibrate  Clean Faults  Inspect Install  Lu l , i ’i c : i l e  M~

“AG” torque release coupl ing 
_______ • ______ , 

s 
- -~ —

A i r c raf t  launching hardware  
________ — 

S ____________________

~~

_ - __-

Arres t ing  gear cab le sockets ______— S S

Bearings 
— _____ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S 

- -

Bridle ar res tor  t i’ac-k I S

Bridle arrestor t r a c k  1)oltS  
- — - - 

- S 
-

Broken bolts/ studs - S

Cable guides •
Catapult  shuttle assembl s
rollers 

____________ ___________ ________ -
_ p ~il~~~iot se~ ls 

- - ~~~- - • —

“CROV” cam 
________ 

~~~~~~~~~~ - j -

E—1 5/ 1- :—27 “AG ” cam I - -

— 
Fair  lead sheaves 

— _ S ~~~~~~~~~~~~~~~~~~~~~~ • ___~ -c Fire  bottles j I S -

F i t t ings  (flanges , valves , ~~~~  
— 

~~~~~~~~~~ T ~~Flight deck safety nets 
—    ~~~~ _ - -

Gauges S
‘
~~iT~~7~~ouplings   

_ _ _ _ _  - _ -

Hydraul ic  f i l ters  _ _ ______ - -- —-- — I - ____________

Motor and pump flexible S S S S S

couplings 
— _____— ____

Nit rogen  bottles 
-  

_______

~

_

~

_

~

I

~ 

S

“O” r ings  
_ _ _ _ _  I 5 

- _~~~~~ _ _

Packing glands 
— - — -~~~~~~~~ _________ _____ 

5 _ _ ! _ _ _ _ _

Pisto n guide S
_ _ _ _ _ _ _ _ _ _  - - -~~~~~~~~~~~~ ~~~~~~~~ --~~~~~~~~~~~ --- ~~~~~~~~ - -~~~~~~~~~~~ - - --- --

Purchase cable  •
Retract ion engine sheaves 

— - _________ 
. ____ 4 - - - - -

Sheave lip 
— -~~~~ - _____ ______ ______  - - - -

Sheave spacer 
—~~~~~~~~~~ _________ _____ - -

Sight glass gauge 
- _  ________ _________ ______ 

S S 
— - —

Tubing/hoses 
____ ______ _______ 

S S

V~iE~es S S 
--

Valves/cylinders packing  S S

Water s trainers S S S

Wire rope 
— _________ - 

S j ~ I

(



Secti on 3 — Construction of the Mode l

1. DEV ELOPMENT OF TASK ACTIONS BY LEVELS AND RATI NGS (Continued )

FOR AVIATION BOATSWAIN ’S MATE (AB) BY LEVELS OF COMPLEXITY (Continu ed )

Task A c t i o n

Inspect Instal l  L ub r i c a t e  Mea sur e  Rebuild Recharge Rcmo~ e Rd-pa i r  Replace Rig  ‘c-r~ ice ‘l’est ‘I’orque

S ‘ S S

S S S S S S S S

S S •
• S

- — —— —- - -  - - -—- -  _ _ _  - - - - - - -- - - ---—_ --- - - -- - -

5
—-- _ - -

‘ 

- - 

~~~~~~~ 1~~~~~~~~ 

-

S 5 5 5 1

5 5 5 1

- —-- - - — -

~~~

- 

- -  

~- - 

:

S S S

• S 
_
S ‘ 

- 

S
S S S I 

_ _ _ _ _

S S S S
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TABLE 3-4. ANALYSIS OF TASK ACTION S FOR AVIA ’I ’ION E L E C T R O N I C S  TECITN ICL

Task Act ion 
-

Dispose 
—

Task Le vel Adjust Calibrate I)egauss of Inspect Install Measure Remove

Ai r craf t  systems s __________ _________ ________ 
S 

________ ____________________

ASW systems _______ __________ _________ ______ _________ ________ I

Comm unication systems _______ _________ ________ ________ S _______ __________- -_______

Computer systems _______ _________ ________ — ______ 
s 

_______ ___________________

Drone pround control systems _______ __________ _________ — - S 
~~~ - - __________

‘~~ 
I) rones/d rone systems _______ — _____ _______ ______ —

~ Dual rada r antenna system _______ __________ _________ _ _  S ~~~~~~~~~~~~~ _ - —______ —
-~ ECM systems 

______ ______— ________ _______ 
S 

______ - -

~ Elec tr ical systems 
_______ ______ ________ ________ 

s 
______— —

~ Electronic systems 
— ________ • I

~ Equipment cooling systems 
______ __________________ ___________

I nf ra red systems 
-~~~~ - -- 

s _~~~ _ _ _
‘
~~ - _____

Inte rcom/PA systems I 5 
_________ ________

Naviga tion systems - s

~~t ical system s -- _______ 
S 

________ ________

Radar systems

Electric/electronic test equ~p~~~nt - - - —  — - - - -- 

- 

s 
______- 

s -

E lectronic equipment s •  • s S

~~~~~ Klystrons  ___ I !_~~~~~~~~~ ~~ _ _ _ _ _ _

Test sets _____  — I

~ To rque wrenches S -

Vacuum equipment 5 5 5

Ai rcraft  engines  ______

Au tomatic frequency control _______ I S - - _____

Coaxia l cables 
_______ __________ - S S - S

Counte rmeasures cans 
______ - - - — - S

— E lectric motors _______ __________

~ Electrical  wir ing  
______ _____ - s — .4

~ Gear t ra ins  
——  — - -

~. Guns 
— —~~~~~~~~~~ — — ______ _____ —

~ High voltage power supplies 
_______ 

S S S

~ Indicators , trans ni~t tei’s , gauges - - - t - - -_______ - 

~ I nterva lometer t imers  
_______ __________ _________ ________ _________ ________ 

s
~ Low voltage power supplies • — _________ ________ 

s S 
-

Mecha nical l inkages . 
_________ ________ _ _ _ _ _—  

s s s
Mic romin iature c i rcu i t s  

_______ _________ _________ ________ ________ ________ I 5

Servo amplifiers 
- H—-— — -— - - -_____

Synchros/resolvers S -

Ba lance weights 
_______ _________ ________ 

S 
- 

S ~ -______________

Ca thode ray tubes 
_______ _________ ________ 

5 
________ _ 

‘

Commo n hardware 
______ _______ 

s • L ~Electro nic components _______ ________ 
s

— 
Eguipment/gear/ switc -hes 

—_____ _____ - - - -  -~~~~ _______

~ Knobs , lights , fuses 
_______ ________ _________ ________ 

s s S 
—

Mecha nical  comp onents 
— -— _____- - — ________ 

s S 
_____ 

S

Micro switches  • s s s

~~~ “O” ring s , gaskets , seals , t i c  
- - - - - - J - - 4 

5

Oscil lators 
- - - --.  -

Pressure gau ge _ L •   - __ 
~~~~~~Radio active mater ia l  s ______ ______

Transistors 
______ 

j  
________ ________ _______ —

Wa veguide sections  1 1 _ I

_

~

-— - --- --

~

--- ------

~ 

—-- -- - -~~~
--- _ — _ -

~~~~~~~~~~~
— .

~~~~~~
------ -- - - - - -
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K ACTIONS FOR AVIATION ELECTRONICS T E C h N I C I A N  (AT) BY LEVELS OF COMPLEXITY

Task Actio n 
_____ ______ ______

I)ispose J Isolate
ate Degauss of Inspect Instal l Measure Remove Repai r Replace Service Test F’au lt s Tune

— ________ ________ 
S _______ _________ I ________ _______ ________ 

S 
_____ ______

— _ _ _  _ _ _  
S 

_ _ _  _ _ _-L___ _ _  _ _ _  _ _ _  _ _  _ _

— _____  _____  S _____  ______  _____  ____  _____  _____  ___  
S 

____

S _ _ _ _ _  _ _ _ _ _  ___  
S

____  _ _ _ _ _  S ___  
S _ _ _ _ _  

S

_ _ _ _ _  S S ____  _ _ _ _ _  ___  S

— _______ ______ _______ ______ —-——— ______ _____ ______ -- - - — — -  
S

— _ _ _ _ _  _ _ _ _  
S 

_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  ___  
S 

_ _ _ _

—i 
_ _  

: 
_ _  

--- I — _ _  _ _  _ _  _ _  _ _  _ _
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Section 3 — Construction of the Model

2. CLASSIFICATION OF FA SK ACT IONS BY H A R D W A R E  COMPLEXITY L1 - :VEL

Corn monalities in the hardware maintained by each rating group permit the task ac-
tions to be classified by level of hardware complexity, th us simplif y ing the specification
of presentation components.

A cri tical review of the matrices shown in Tables 3-1 through 3-4 reveal
a clustering of s imilar  i tems wi th in  complexity levels for each rat in g.  For example ,
the hardware main ta ined  by the Machinist Mate at the systems level is all hydraulic
or pneuma tic. Thus , althou gh the purposes of the hardware vary, the hardware de-
signs would share many corn mona l ities. This type of s imi lar i ty  pen n i t s  fu r the r  data
reduction of the NOTAP based summary  data. Thus , the next step in the task
analysis was to condense the data displayed in Tables 3-1 throu gh 3-4 by removing
reference to specific hardware i tems , and showing only the relat ionship between
t ask actions and complexity levels.

The results of this condensation are presented as matrices in Tables 3-5
through 3-8. An entry in a cell formed by the intersection of two axes of one of
these matrices indicates that the technician performs a specific task action (e.g. ,
“Test”) on at least one item of hardware at the noted complexity level (e.g. ,
“Assemblies ”). Note that  each of the matrices contain the same f i r s t  six tas ’< ac-
tions , although the levels of complexity at which these task actions are performed
often differ. The commonality of some of the task action verbs is not intended
to imply they mean exact ly the same thing to each rating. Fault  isolation , for ex-
ample , may be expecte d to entail  quite d i f f erent  actions for the ET versus the AB .

Fur t h ermore , the task action verbs may not mean exactly the same thing at dif-
ferent  levels of complexi ty .  Faul t  isolation of systems is usually very d i f fe ren t
fro m fault  isolation of parts.

These matrices are not themselves p art  of the User-Data M atch Model.
I-however , their  cel l entries form a bridge to construct ing the f inal  set of matrices.
Since they specif y task actions at complexity levels for each rating, they become
one axis of the ma t r ix  (described in the following topics) for selecting the most
suitable presentation components to aid the rating in the performance of the listed
task actions.

3 —I 4
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TABLE 3-5. N U M B E R  OF TASK ACTIONS AT EACH LEVEL OF
COMPLEXITY PERFORMED BY MACHINIST’S MATE (MM )

Task Act i on

Common to Ratings MM , AB , AT , and ET isolated for ET ’

~-olate I I
Complex i ty  Level ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Test c~~~~~~~~ubr ica~~~~ Mod i f y LMeasure  Set (Codes) l u n e

Equipment  S • I . . . • - I - •

Assemblies I - s - 

- 

• • I I 
- 

I 
- - - ----- •~~---

Pa rts I f I ‘ 
~ I ________

‘Some t a s k  actions Lfl this group may also he done by ether ra t ings .

TABLE 3-6. NUMBE R OF TASK A~~TIONS A T EACH LEVEL OF
COMPLEXITY PERFORMED BY ELECTRONICS TECHNICIAN (El)

i I~~i Action 
- —

Comm on to Ra t ings  \ 1 1 I  - Alt , A T , an d hT iso lated for MM

( p1 t~ I I ~~~~~~~ 1ai~~~~it F It t tc mo e Lepi i t  I I I  L I  an U In J Lubr~~~~~~~~~~~~ u I P  rge ~j~~~ I k R p r  r’

-‘~y~ t ern S 
- 

. . . . I

Iquipmests • . . . . . . . . . . .

Assembl ies I • • • - I •

Parts  S 

~~~~~~~~ 
- . 

_
~~~~~~

• S i i 
S

‘Some task actions in thi s group may also hr done by - S  th t- r r a t ings .

3— 15 

- - - -~~~ -- —  - —~~~ ---



- - 
_ _ _-

~~~~~~~~~~

Section 3 — Construction of the Model

2. CLASSIFICATION OF TASK ACTION S BY H AR D W A R E  COMPL E X ITY LEVEL
(Continued )

TABLE 3-7, N U M B E R  OF TAS K ACTIONS AT EACH LEVEL OF CO M PL E X ITY
PERFORMED BY AVIATION BOATSWAIN ’S MATE (AB)

Task Action

Common to Rat in gs MM . AD , AT . and F t  Isolated for A1t

C t L e v e l  A ~ raiJ t I n ~~ Rerno~~~~~~ Is i t  DI ed C lean in 1511 i s P  
I f ~ ib ~~~~~~ ebu t l Rerh~~~~~R p h g

:::~
— -

~~~~~~~~

- - - 

~~~~~~~~~~~ 
- - :  

~~~~~~~~ : . 
-
. 

-
~~~

- :  --

_ _ _  - 
I ~~~~ I :~ -r _ _

_.1_i.i
‘Some tas k ac tion s in thi s group may als o be done by other ratings.

FAB LE 3-8. NUMBER OF TASK ACTI ONS AT EACH LEVEL OF COMPLEXITY
PERFORMED BY AVIA TiON ELECTR ON I CS TECHNICIAN (AT)

Task Action

Common to Ratings MM , AB , AT , and ET Isolated fo r AT

isoiate T I
Comple xity Level Adju st Cal ibrate ]  Faults Remove Replace Test I)egauss j Dispose of ~ Inspect Install Measure Repair Service Tune

Z - - -

~~~~~~

-

~~~~~

-

~~~~~~~~~~ : . ~~ 
-

~~~~~

-

--t—

~~~~~

-

-

t 
-f 

—- - -- -

~~

- 
—

- 

.

‘Some task actions in this group may also be done by other ratings .
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Section 3 — Construction of the Model

3. COD ING THE MODEL FOR UT ILITY AND VAL I DITY

A codi ng scheme is described which enables the matrix entries to be interpreted in
te rms of their utility and validity.

Entries in the presentation components matrix indicate a recommended
selec tion of component for each task action. Although checked (N ) cells could be
used to indicate the recommendation , important corollary information would be
lost. For example , the user of the matrix would like to know the importan ce of
the chosen presentation component as an aid to understanding the maintenance
task , the basis for selecting the component , and what combinations of presentation
components are most effective.

Accordi ngly, a three-part code has been developed with  alpha-numeric-
subscript com ponen ts, for example B32. Each component is described below un-
der the headings of utility of information , source value , and presentation compo-
nent combination coding.

Uti l i t y  Scale — The first  part of the code is the ut i l i ty  scale. There are
three levels of utility, coded as follows:

code~~ L 
Rating Def inition

A Ideal The presentation component is the best possible way of
portray ing technical information for conducting mainte-

B Good Though far from ideal , the presentation component is of
value to the user performing maintenanc e tasks.

C Fair The presentation component does not show technical in-
formation well but is of some assistance to the user.

Information Source Value Scale — The second part of the code provides the
information source value, Though the iliti lity scale indicates usefulness of a pre-
sentation component , users of the model need to know the “confidence ” they can
place in the alphabetical levels used in the utility scale. For example , although
a certain pairing of presentation component tasks would seem ideal , one wonders
what the rationale is for making such a pairing. A simple way of coding source in-
formation relating to selection of components , which becomes the second part of
the code , is shown below.

~ode~~~~ Validity Rating 
— -  

Definition 
- -

1 Incontrovertible Data is available from controlled experi-
mental studies.

2 Strong Data has been gathered by systematic
field surveys.

3 M oderate Information source is a recognized ex-
pert(s) from the user population. 

_ _ _ _ _

4 Subjective Analytical judgment based on literature
references and/or personal observat ions.

3-18
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When both ut i l i ty  and source value scale codes are combined , alphanumeric
codes such as A2 (ideal presentation component according to survey data) , or B3
(good presentation component based on expert opinion) may be used, The entries
in the cells of the matrices are i l lustrated in Figure 3-1. When the manual wri ter
needs in fo rmat ion  on the best presentation components for a given maintenance
task , he wil l  read across the column by rows. He wil l  note that  each task action
is keyed across the rows to a number of entries indicating the util i ty and information
source value of various presentation components. More than one cell entry in a
row means that each noted presentation component should be used to present tech-
nical i nformation for the given task action. For example. in Figure 3-1, the “repair ”
task action should be aided by three presentation components , (C3) exploded view
and (A2) sche matic , and (B4) directive text , Presentation components should not
be substituted for each other unless the code carries a subscript (see below).

sO

in
PRESENTATION COMPONENTS tIc

TASK ACTION

REPAIR
ALPHA-

_________ NUMERIC
82 ~~ 

—~~~~~ CELL

I S OL A T E  FAULT 

B2 

ENTRY

R E M O V E  _________ ________ ________ ________ ________

- — 

-

Figure 3-1. Exam p le of a Ut ilit y Scale and Informa t ion Source Value Scale in a Presentation
Com ponent-Maintenance Task Action Matrix
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Section 3 — Construction of the Model

3. CODING THE MOD EL FOR UTI LITY AND VALIDITY (Continued )

Presenta tion Component Combination Code — The third part of the code
is to denote presentation component combinat ions ,

I n some cases , choices will be available between presentation com ponents ,
such as pho tographs and airbrushed drawings. Individually they are useful for pre-
.sen ting technical information.  Alternatively, they might both be used in combina-
tion to enhance the presentation of information. These and/or cases required ad-
dition of subscripts (eng., A2 1) to show combinations or alternatives among
presenta tion components. If a subscript appears in a mat r ix  cell , one or m ore cells
in the same row wil l  have it. This means that two or m ore cells may be used , wi th
one substi tut ing for the other.

Fi gure 3-2 shows an example of the subscript code. Interpretation of the
entries is as follows: for “fault isolation ” at the equipment level , (Al )  detail ed block
dia grams and (A2 ) schematics should both be used in the presentation of technical
in format ion .  For “removal” at the assembly level the subscript (1) indicates that
ei ther  (A2 ) photographs or (Al )  sketches or both may be used to present the neces-
sary technical informat ion .  For “lubrication ” at the part level the subscripts (1)
and (2 ) indicate that choices may be made between (B2) photographs and (B3)
ske tches , between (B4) exploded view and (B3) cutaway view , and between (B3) cut-
away view , and (A2 ) schematics.

Some cells will have multiple subscripts. For example , in the “lubricate
part” row, the cell coded (B3) cutaway view , has two subscripts (2,3). This indicates
that such a cell may be used with other cells with the same subscript , i.e., cutaway
view and/or exploded view , or cutaway view and/or schematics. If a cell with
multiple subscripts is not used (i.e., an alternate is used), the cells which remain
with unlike (or no) subscripts require that the presentation component in these
columns must be used. Thus, if (B3) “cutaway view ” were not used, both (B4)
“exploded view” and (A2) “schematic ” would be required.

Gi ven the matrix and the coding system (see Tables 3-12 through 3-15)
it can be seen on Table 3-9 that the machinist ’s mate (MM ) has little need for
servicing diagrams , for example , but would be greatly aided by sketches, air-brushed
drawings, and engineering drawings.

3-20 
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P R E S E NtA T I O N  COMPONENTS

1 ASK ACTIONS

E Q U I P M E N T  Al A2

FAULT I S O L A T E

ASSEMBLY 2A2 1 A

RE MO V E

P A R T  82 1 B3 1 84 2 
B3

2 3  A2 3 B I

LUBRICATE

- - 
__ 

- -

Figure 3-2. Examp le of Presentation Com ponent Combination Codin g in Cells Containin g Ut ilit y and
Source Value Codin g
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Section 3 — Construction of the Model

4. THE SELECTION MATRIX FOR PRESENTATION

The presentation selection matrices enable the user to select recommended presenta-
tion components for each specific task action requ i rement s  performed by a given rat-
ing. 

- - -

The recommendations would be validated by best available procedures for
de te rmin ing  the appropriateness of presentation component.

The NOTAP-based task data (task actions by levels of complexity from
Tables 3-5 through 3-8) are used to construct one axis of the Presentation Compon-
ents Selection Matr ix  (Tables 3-9 through 3-12). For exam ple, Table 3-6 shows
that the MM is sometimes called upon to test hardware at the systems level. Thus
“systems test” becomes a row in the MM version of the presentation selection mat-
rix (Table 3—9).

The columns of the model matrices represent various presentation compon-
ents. Presentation components are specific technical information presentation
aids, such as photographs or block diagrams. The forty presentation components
were subdivided into four categories: pictorial representation , diagram matic repre-
sentation , text , and cond ensed data. Each of the components grouped under those
four headings is i l lustrated in Appendix C of this report. This listing of presentation
components is the result of an a t tempt  to assemble a set of basic elements suffi-
cient to construct any presentation format by means of variations and combinations.

The matrices of the User-Data Match Model are arranged into rows of task
actions and columns of presentation components. While the column headings re-
main the same on every matrix of the model , the row titles vary with the task
actions required of each rating. Separate matrices are provided for each rating
to reflect the appropriate list of task actions and the presentation components best
for each task action for that particular rating . Proper consideration of personnel
characteristics are thus implicit in the construction of the matrices.

Each entry is coded (e.g., B4) to show relative merits and source authority
for a given selection (see previous topic). An entry in a cell of these matrices in-
dicates that the presentation component of that column is recommended for aiding
the task activity of that row.

Notice that most of the entries in these matrices have a code of “4” , indicat-
ing that the recommendation is subjective and based upon an analytical judgement
made from liturature references or personel observations. Those entries having
a code of “2” in these matrices are founded upon the Hughes Fleet Survey of 1976.
To receive a code of “1” , controlled experiments would have to be performed de-
monstrating incontrovertably the value of the given presentation component in aid-
ing the task action.

While the row titles (task actions) vary in each matrix , there are similarities.
The matrices for the MM and the ET , for example , both have rows for “isola te faults
at the systems leveP’. Yet the entries in this row are different in the two matrices.
The differences in the entries are indicative of differences between the ratings:
task actions do not always mean the same thing to different ratings , and the appro-
priate presentation components will also vary with differences in personnel
characteristics.

For convenience of the user , the upper left-hand corner of each matr ix con-
tains a small block which identifies the rating to which each matrix pertains , plus
pertinent data including major work emphasis , average reading grade level , and
the average estimate of weeks of Navy school training required for job perform-
ance. This material is presented merely to provide cues to the matrix user about
the general nature of the rating, and not directly for selection of componetns.
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~JIPMEN T COMPLEXITY TO PRE~ ENTAT1 ()N COM PONENTS OF “ h A R D  COPY” PRE SENTATION COMPONEN TS
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Section 3 — Construction of Model

5. THE SELECTION M A T R I X  ~~~~ i . v I  Ph YSICAL Ci1. -\ RACTERI STI CS

The physical characterisitcs of the media selected for technical data are determined
by environmental contraints. The User-Data Match Model therefore includes a matr ix
constructed to permit selection of physical characteristics of media based on these
constraint s. 

-

The remaining matrix in the User-Data Match Model (Table 3-13) deals with
the relationships between environmental constraints (vertical axis) and the physical
characteristics of the presentation media (horizontal axis). Characteristics of hard
copy are described in detail , microform is given a broader treatment while au dio! -

video media are only achnowledged. The environmental constraints column lists I

those aspects of the natural environment that would affect information presenta-
tion (e.g., wind , rain , hea t , etc.) plus those man-made constraints that would have
a si miliar effect (e.g., ha zardous work areas , cramped space , dim li ghts , etc.).

~n entry in one of the cells of this matrix ind icates that the physical char-
acteristic of media identified in that column is approprite for use given the environ-
men tal constraint identified by the row title.

Definitive information on the environments in which the users work has
no t yet been gathered. The environments identified in this matrix are based upon
data from the l i terature , results of the Hughes Fleet Survey, and informal discus— -
sions with cognizant Navy personnel. Many critical environments may have to be -

added to this matrix as more information becomes available. -

Entries in the cells of this matrix are illustrative of being based upon sub— -

jeetive evaluation of the appropriateness of the possible environmental  constraint — -

physical characteristic pairings. The recommendations in the complete model would 1

be validated by field surveys.

- ~~~~~~~~~ 
-
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Sectio n 4 - Use of the Model

1. P ROCEDURE FOR USING THE USER-DATA MATCH MODEL

Use of the User-Data Match \iodel requires input of the equipment type , user ratings ,
and the user environ m ent. Recommendations concern ing presentation components and
physical characteristics of the TM are outputs from which specification modules can
be identified. 

_____ _______

The application of the model to the design of T i-I s for specific types of users
involves the correct use of three types of matrices:

Equipment Type vs. Task Actions
Task Actions vs. Presentation Components
Environmental Constraints vs. Physical Characteristics of Media.

Figure 4-1 shows the application of the matrices.
Step 1 — The initial step in the process is to determine the type of hardware ,

and the environment in which it will be used. This determines the rating(s) that
.vill ma in ta in  the equi pment .  With the rating identified , the basic categories of
tasks (or “task actions”) that are characteristic of his work can be derived , based
on a listing of the hardware components (next step). If the rating who will be tasked
with maintaining the hardware system is not obvious, check NAVPERS 18O68D.

Step 2 - The equipment should first be analyzed to determine its main func-
tional units and characteristic components. This first-cut hardware breakdown
would be based on prel iminary descriptive information available at the t ime of ac-
quisition , and would be assisted by comparison with various sources of data on simi-
iar procurements , past experience , etc. The maintenance level (equipment , assembly,
part , etc) at which these units and components .vould be maintained , which should
be more or less self evident , would also be noted.

Step 3 - Determine the task actions associated with  the rating for each
equipment uni t  and level. This would be done in Matrix N’o. 1, which preselects
the characteristic task categories (based on NOTAP data) for each rating, against
the typical units.

Step 4 — Select the presentation component matrix appropriate for the given
rating. (Note the brief descri ption of the personnel characteristics of the rating
given in the upper left hand corner of the matr ix . )

Step 5 - Note the task action rows which have entries. These indicate the
presentation components recommended for the given task actions. The meanings
of the cell entries are (A) ideal , (B) good , (C) fair , qualified by (1) experimental
evidence (2) systematic survey, (3) expert opinion , and (4 ) analytical judgment.
All presentation components identified by entries in a task row should be used in
the technical informat ion  presentation. Exceptions to this are shown by subscripts
(A2 i)  denoting either or both.

Step 6 — Identify the environment to which the hardware (and TM) will be
subjected.

Step 7 — Ident i fy  the row on the environment/physical  characteristics mat-
rix which correspond to the environment (s) identif ied above. Note the cells in the
rows which have entries. The column headings are the physical characteristics of
the TM which are mos t applicable under the environments considered.

In the final version of the model , the final output will be recommendations
concerning the selection of specification modules.

The most immed iate  use of the model will  be by the preparers of TM speci-
ficat ions (and secondarily, by the TM procurement manager) . The specification
will  subsequently provide directions concerning presentation techniques for the TM
wr i ter .

4-0 
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[‘he presentation component matrices may be made either mandatory or
guidance documents by the specification funct ion.  These matrices , however , are
constructed in such a way as to allow a number  of levels between “strict ly manda-
tory ” and “guidance only ” usage. For example , the specification funct ion may elect
to m ake the presentation components mandatory if their  u t i l i t y  scale code is an
“A ,” or the i r  source value code is a “2” or better , whi le  other ma t r i x  entries would
remain  as guiding suggestions only.

The Navy TM engineer in the procurement function will  employ the model
when he has a requirement  to procure TM s for a new piece of equ ipment .  Wi th  the
dat-i base contained in the User-Data Match , it will  be possible for him to enter
into the model the type of equipment  and the personnel rat ings who will operate/
ma in ta in  i t .  From this , he will get recommendations concerning presentation spec-
if icat ions modules best suited to that  procurement.
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Figure 4-1. Procedure for Using the  M atr ices  in the  User-Data Match Model. When comp l e t e l y
developed for all Navy r a t in g s .  t h i s  mode ! would conta in  suff icient  data to enable selection by the
Navy TM eng ineer of t i le  best p resentat ion comp onents  and techni ques for match in g  a TM to t h e
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i n  iN co mp leted fo rm.

4 -3 (4 -4  B L A N K )

L - ---
~~~~~~
—.

~~~ —



.—----- -,-- .- -‘--- ~~-- - --- --- ---- - - - -- - - ---- --, ,--- ----- -- -,-- - - - - -.- - ------- -. - - ----,-- — - —,----‘-— -- ----‘--.--.----- - - - --

APPENDIX A
CORRELATION COEFFICIENTS FOR ANALYSIS OF PERSONNEL

CARACTERIST ICS 

~~~~~~~~~~ , .



Fl,.-.-- 
~~

-_

~
- 

~~~~~~~~~~~ 
- — - - - — - - - - -- - -—- - - - - - -— — - - - - — -

~
----—‘--- “--- ‘-

~~
‘---‘---

~
-- --‘-‘--------—

Appe ndix A

CORRELATION COEFFICIENTS FOR ANALYSIS OF PERSONNEL
CHARACTERISTICS

A series of person product-moment correlations and point-biserial correlations
were performed on the data collected from NOTAP. Table A-i provides a summary
of the person product-moment correlations and Table A-2 a summary  of the point-
biserial correlations comparing the electronic versus the nonelectronic ratings on
six factors. A discussion of the meanings of these correlation coefficients follows:

Person Product-Moment Correlations. The person product-moment correla-
tion is used with interval scales. It indicates the degree to which two sets of scores
are linearly related; that is , to what extent we can predict with a linear equation
a person ’s score on one variable if his score on another is known. This technique is
ganerally used wi th  individual scores rather than ranks. The results of these cor-
relations are shown below.

GCT-ART (r = 0.98). This correlation indicates that those ratings which have
high scores in the verbal reasoning test also perform very well (on the average) on
the ar i thmet ic  reasoning test.

GCT-MEC H (r = 0.56) . This correlation indicates a positive relationship be-
tween performances on the verbal reasoning test and the mechanical knowledge
test. The mechanical knowledge test average scores do not vary greatly across
ratings. Mechanical aptitude would probably have varied more and shown a stronger
correlation wi th  GCT.

OCT-School (r = 0.68) . This correlation is an indicant that those ratings with higher
average verbal reasoning abilities are seen by their members as requiring the most
Navy school t ra in ing.

GC U-Experience (r = -0.59). The negative correlation obtained in this case
contrasts sharply with the OCT-school correlation discussed above. It appears that
those ratings of higher average verbal reasoning abilities generally feel that little
Navy work experience is required for their job performance. This finding is in cor-
respondence with  th ~egative school-experience correlation discussed below.

GCT-OJT (r 0.25) . This correlation indicates a tendency for ratings of higher
average verbal reasoning abil i ty to believe that they require relatively more O T T
on their  jobs than other ratings.  On the whole , OJT requirements seem indepen ient
of reasoning abi l i ty ,  t r a in ing ,  or Navy experience. 
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A RI -MECH (r=0.59 ) . The same situation occurs in this case as in the GCT- M ECH
correlation above. This is not surprising since the OCT and ARI are so highly co-
related.

A RI-School (r=0.70 ) . This correlation indicates that those ratings with higher
average ar i thmet ic  reasoning abilities are seen by their members as requiring the
mos t Navy school training.

AR I -E xperience (r=0 .56) . As in the case of OCT-experience , it seems that
those ratings of higher average ar i thmetic  reasoning abilities usually feel that
relatively l i t t le Navy work experience is required for their job performance.

A RI-OJT (r=0.29 ) . Again , lis t the case of GCT , this correlation shows a ten-
dency for ratings of higher average ari thmetic  reasonong ability to believe that
they require somewhat more OJT on their jobs than other ratings.

MECH-School (r=0.34) . This correlation indicates that there is a tendency for
ratings with hi gher mechanical test scores to feel that they require more Navy
school training.

MECH-Experience (r=0.16) . This small negative correlation shows that there
is little relationship between scores on the mechanical test and perceived need for
Navy experienc e for job performance.

MECH-OJT (r = 0.56). This correlation indicates a positive relationship between
performance on the mechanical knowledge test and the perceived requirem ent for
on the job trainin g.

School-Experience (r z 0.40) . This negative correlation indicates that there
is a tendency for ratings to stress their requirements either for Navy school train-
ing or for Navy work experience but not both.

School-OJT (r=0.09) . The small correlation indicates that one may not predict
a rating’s stated requirement for Navy school training from knowledge of the stand-
ard requirements for on the job training, and vice versa . The two different kinds
of requirements do not necessarily substitute for each other.

Experience -OJT (r=0.05) . This small correlation is similiar to the case of
school-OJT discussed above. Knowledge of rating ’s average statement of required
Navy experience does not permit a predicti on of the stated requirement for on the
job training.

TABLE A-i. PERSON PRODUCT-MOM ENT CORRELATIONS
BASED ON NOTAP DATA ______________

GCT
ARI 0.98 ARI
M ECH 0.56 0.59 MECH
School 0.68 j —0.56 0.34 School
Experience -0.59 -0.56 —0.16 —0.40 Experi ence
OJT 0.25 0.29 0.56 0.09 —0.05

A- 
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Point-Biserial Correlations. The point-biserial is a specific type of coefficient
des igned to be used in correlatin g two variables when one of the variables is a di-
chotomy such as being male versus female or a farmer versus not being a farmer , etc.
When the rating groups are divided into electronic versus non-electronic orientations ,
poi nt—biseria l correlations may be computed using their test scores and opinions
as i ndicated in the NOTAP data bank. The results of these correlations are shown
in Table A-2 .

There are three very high point-biserial correlation coefficients in this table.
They pertain to the GCT score , the ARI score , and the percei ved need for Navy
schooling. It is clear that recruits scoring highly on the OCT test and the ARI are
usually assigned to electronic-type ratings. Furthermor e , these high scoring individ-
uals are sent to schools of greater duration. Whether these results are based upon
individuals ’ preferred career objectives or upon the needs of the Na vy is not clear
f rom th is data.

The negative correlation with perceived requi rement for Navy experience in-
dicates that the electronics-oriented ratings do not see a necessity fo r ma ny years
in the Navy in order to perform their required tasks. It is evident that the perceived
requirement for Navy school substitutes for this experience. The correlation with
the mechanical knowledge test is quite small and with OJT , is inconsequential.
These two factors are apparently not predictable from knowing whether or not a
ra ting group is classified as electronic or non-electronic in orientat ion.

L TABLE A-2 . POINT -BISER IAL CORRELATIONS — ELECTRONIC
VS NON-ELECTRONIC RATINGS

0.84 

g~~~~ EXp e T

A-2
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Appendix C — Examples of Presentation Components
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Figure C-I. Typ ical Photograp h Used in TMs. Numbers (as shown here) or other artworked callouts
may be added for closer correlation with accompany ing text.
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Figure C-2. Airbrushed Photograp h. A photog rap h with de ta i l s  enhanced . and/ or  irrelevant mater ia l
obli terated , by app lication of ink or coloring agents from a spray gun.

c-i



r 
_ _ _ _ _  _  _ _ _ _ _ _

CLEANING
FILTER ELEMENT HANDLE

SELECTOR 
I

HANDLE 
•

~~~~~~~~~~~~~~~~ 
~~~~~~~ .d .

ELEMENT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4

CLEANING

Figur e C-3. Airbrushed Drawing . A sketch or eng ineering drawing with detai ls  enhanced . and ; or
irrelevant material obliterated , by app lication of ink or coloring agents from a spray gun.
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Figure C-4. Sketch. A freehand drawing illustrating important features of an object without  concern
for precision of dimensions.
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Figure C-5. Eng ineering Drawing. The representation of an object by means of lines , stressing precision
of dimensions.
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Figure C-6. Two-Dimensional View. The representation of an obj ect in one plane , e.g., a front view
without perspective/depth cues.
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Figure C-7. Three-Dimensional View. The representation of an object showing more than one plane
with “vanishing point” perspective.
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Figure C-8. Assembled View. A representation showing all parts of an object fitted together as seen
in normal use.
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Figure C-9. Exploded View. A view of an object showing the parts separated , but in correct
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C-8

- —- - •— -- -~~ -, ------- — -— -  ~~~~~~~~~~ •—- -~~~~~~~~~~ -- - • I ~~ ~~~ - ~~~~~ - - 
-



BEST AVAILABLE COPY
HANDWHEEL

INPUT cONTR . 9
~~

S
~~~~

PRESSURE CCNN EC~~ON 

\
~~ H~~~~~~~~~~~~~~~DILPHRAGM SEAT

\
\ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _  -

HOLE~~~~~ 
- 

~~~~ ,.

FUEL OIL _ _ _ _  

FUEL Oil.
INLET~~~ 

______ 

/

_

— 

SCR EW

SPRING NUT

ADJUSTING SCREW
~~ 2 !

~~~8ARREL

CLEANOUT PLUG

P

- 
4DJUSTING NUT

_____ LOCK PIN

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ BaRREL. CAP
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Figure C-li . Superim posed Locator. Where an identifier such as a word or symbol is printed directl y
on the representation of an object or part.
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t he point where two lines intersect at r ight angles. The lines are keyed to combinations of numbers
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Figur e C-13. Line and Leader Locator. Where a system of lines and arrows point toward an object
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C.-12

- - ~ -~ --- rn - - - - - - ----- -~~~~~ .- —-- - ---



—--‘—---- ----— 
_ _ _ _

BEST AVA1L4B~E COPY

~~t~~I __
004011

L 
LC.0.UTII CM TIl L 0UT~ I 

~~ ~
__

~ 
11

~~i~~i~~~*i,c5 
41*00 000 040~ &~ 011)140 

.4~ • , ~
10 h 1

0*70
0I,T,’—n..
UI’S.

I tO I ’(T 4(0(0. 5*0*0 IOSITNO 410 nO.116
04041

0*? 41500 _____ •_
~

_____
~~~______~______ 

I

04000 .44_il
~ 4*0(5 IUC?I11 C S

14049 *4IW0TW 0010

0(5 0IS~ 4AV MITUIILIS

Figure C—1 4. Overall Block Diagram. A diagram composed of rectangular blocks connected by lines
representing a ph ysical and/or functional interface between components of a system.
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Figure C-17. Wirin g Diagram. A diagram identif y ing the ph ysical path of all electrical power an d
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Figure C-20. Digital Log ic Diagram. A diagram symbolicall y representing the functional relationship
of log ic sect ions , units , and assemblies , incor porating Boolean equations , tr uth tables , and signal char-
acter istics , as necessary for clar ity.
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Figure C-22. Block Digital Logic Diagram. Digital log ic symbology superimposed on block diagrams
to represent two levels of comp lex ity simultaneousl y .
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Figur e C-23. Pictorial Block Diagram. A block diagra m incorporating pictorial
representation of equipment or assemblies instead of simp le rectangles.
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Figure C-24. Timing Diagram. A diagram showing the relationshi ps among a group of timing signals
by their alignment against a common origin on a graphic time scale.
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Figure C-25. Maintenance Dependency Chart (MDC) . A diagram specially constructed for fault
isolat ion at system , equi pment , and assembly levels such that the last good indication and the first
bad indication in the dependency structure can be established , there by leading to the location of
t he faulty element in the dependency structure. The dependency structure is the interrelationshi p
of all the inputs and outputs of each function.
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Figure C-26. Decision Tree. A diagram incorporating symbols for actions and indications as part of
a forced sequence of actions to be followed when operating or troubleshooting equi pment. Each
indication has a binary outp ut (yes — no; good — bad; etc,) forcing the choice oî the next appro-
priate indication or action.

C-25 

~-—---— ——--- - -



r - - - . 4  ~~~~~~~~~~~~ -- - --- --—- - - 
_

— - -— ------
~~~~~~~

- --— - -
~~~~~~

-~
r. 

~~~~~~~~ -~~

12 - P(OIL- 510
- I- • ~~~~1 VERI 0.2~ I CM -

I 
I - I I4ORIZ 50LJ5EC ICM 

-

I SYNC AC . MT

_________ ______ 

-

~

L3AI OVO..T S
AZ I ~~ P*OUo XlO

I— - 
I - ffi--~~~~~ —~ V(RT a.ZV 1CM

- I I~~~ 1 - I~ - IIQRIZ: OIISECICM -

- - ¶ i  I SYNC AC - EXT
_______________ —

~~~ I 1MM TPT

14A1 I I I I 10 - PRO!E~ X10
- 

x 
~~~~~~ ~~~~~~

~JJIU fl~ 1 ~OR i 2~~~~~CM

F ~~~~~~~~~: I  I I

I H I W H I
AZ - I • PROB&

I I I I VERT O.ZVICM- I 
______ 

HORIL IMSECICM

- 

. 

— 
- 

- 
SYNC AC . EX T

I ‘
~ E ________

Fi gure C-27. Waveform. A graphical representation of the shape of an electrical wave that indicates
t he characteristics of frequency and amplitude on a scale.
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Figure C-28. Grap h. A diagram that illustrates a set of data p lotte d against one or more scales. The
diagram expresses the relationshi p bet ween two variables.
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2.7 .8.2 Sector Pulse Block Assembly Replacement.
This paragraph conta ins the replacement procedures for
the sector pulse block assembly, fIgure 2-47.

The followmg tools are required:

1. Nut driver or open end wrench , 1/4- or 3/8-in ch
2. Allen wi’ench, 3164-inch
3. Cam disconnect tool, NAVORD Dwg 3902288
4. Phillips screwdriver , number 2
5. Loct ite. MIL.S-22473, Grade C

Replace sector pulse block assembly and sector pulse
pivot helical spnng as foUows:

LWARN ING I
Position all circuit breakers on appropriate disk
drive PCP panel to OFF. Failure to remove
power ~ n result in personal injury.

1. Remove sector pulse and support assembly
(chapter 2).

2. Using a cam disconnect tool, remove snring
anchor and helical extension spring.

3. Remove 1/4. or 3/8-inch nut from sector pulse
and support assembly pivot pin.

4. Loosen Allen ~rew s that secure pivot pin to
sector pulse block assembly .

5. Remove sector pulse pivot pin and compression
spring from sector pulse and support assembly.

6. Remove sector pulse block assembly from
support block.

7. Remove stop nut and nylon set screw from old
sector oulse block assembly and install in new sector

Figure C-29. Directive Text. A writing sty le in which sentences start with the imperative form of a
verb , so t he reader is commanded to perform an action.
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Troubles which may prevent a centrifugal
blower from performing its function gener-
ally involve damage to the rotor shaft ,
thrust bearings , turbine blading, nozzle
ring, or blower impeller. Damage to the
rotor shaft and thrust bearings usually
occurs as a result of insufficient lubri-
cation , an unbalanced rotor , or operation
with excessive exhaust temperature.

Cent r i fugal  Liower lubrication d i f f i -
cult ies may be caused by failure of the
oil pump to prime , low lube oil level ,
clogged oil passages or oil filter , or a
defect in the relief valve which is
designed to maintain proper lube oil
pressure .

If an unbalanced rotor is the cause of
shaft or bearing trouble , there will be
excessive vibration. Unbalance may be
caused by a damaged turbine wheel blading ,
or by a damaged blower impeller.

Turbine blading damage in a centrifugal
type blower may be caused by operating with
an excessive exhaust temperature , by oper-
ating ct excessive speeds , by bearing
failures , by failure to drain the turbine
casing, or by the entrance of foreign
bodies.

Nozzle ring damage may be caused by
excessive exhaust gas temperature , foreign
bodies , and turbine blades which break
loose.

Figure C-30. Deductive Text. A writin g sty le in which facts relating to the operation or maintenance
of equi pment are presented as premises requiring the reader to brid ge the gap between supp lied informa-
non and uns ta te d conc lusions.
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4-100. MV/HV POWE R S1JPPLY.

4- 101. GENERAL . The ‘~\t/ H\ i power
supply (T.O. 31S1-2TSQ91-63 , fig 6)
provides #15-ky and +SOOv power for
the ppi and ARO crt. The #15-ky accel—
erating potential is supplied directly
to boti- ppi and ARO crt . The +500v is
suppliec to the ppi and ARO intensity
amplifiers to provide voltage for the
cathode , accelerating ~electrode , and
focusing anode of both ppi and ARO crt .
The MV/MV power supp].y consists of
timing circuits , power supply circuits ,
and r egu la to r- sensor  c i rcui ts .

4-102. The timing circuits contain a
tirning pulse generator that produces a
timing pulse to control a MV switch-
driver in the power supply circuits;
a 4~l5-kv error amplifier that produces
an amplified error signal to control
the duty cycle of the timing pulse
from the timing pulse generator; a
+500v overcurrent or ±15v fault pro-
tection circuit that disables the tim-
ing pulse generator when either art :

1

overcurrent condition occurs in the
+500v power supply or a fault occurs
in the -iSv input power source.

Figur e C-31. Continuous Text. Text writ ten in a normal prose sty le; a smoot h narrative divided
appropriatel y into paragraphs.

C— 30

—- --—- ~~~~~~~~~~~~.— . - -- —-.- —-. -~~~ 
-

~~~
-
~~~~

- - -
~~~~~~~ - - ~~~~~~~~~~~~~ — — --



BEST AVAILABLE TfQPY
IA4AJ 4-AN tf.~’,-4 PT~ E~IC.E ASSE MBLY

GENERATES A 144KHZ REFERENc E FREQU ENCY FOR OVERALl. SYST EM
TIMIN G. COfITA ~~.S CO uE~ ER - D I V I D E P S  TO OI V I D E THE 144KHZ

~~C,. ~~ ‘ ra  Y~~~~ ’.:E P Y E ’ T I C .  ->0 ROT—I RE C GPD ~P A ’ ,O
D I G I T A L  ‘EAD C UT ~) D SEP ’11 tao.’. ~~E KEa RATHER T HA N FRIY.i
Ban’.- THE TR A NSD ~j CLR TIl l S IS AC:C.’,I~ .IS,E0 BY ADVA NCING
T .~E K E V I NO SO T P.A ’ .SMI T PLL SES c~ - . OCC~.iR PRIOR TO T I-It DIS-
PLAY Z ERO DLPTHT II ,I L

PRON IDE S LAJ.IF DRIV E FOR F~~T 0015 TDC.RT ’ORS , .‘ ASI-B -

INC EI,ER Y~E ‘ .0 INDICATOR LAM P A ND DSCRM MODE LAMP
WHIC H AUT OMATIC A LLY FLASHES IT, W ATER LESS THAN 30 FEET.

PRODUCES A CA T 1110 SIGNAL AND A GATE TO PREVENT TIlE
RECOG NITIO N I)’ A FALSE ECHO A ND SOME TRA NS MIT REVERSER-
A T I CTI BY ~~E DISP LAYS A GATE IS INCLUDED TO O. IMI NATE
THE CHA RT TRANS M IT TIME ZERO MA RK IN ~~ FEET AND FATH~~
SHORT PLLSE RANGES . IT INCLUDES MEANS TO C l-( C~ AND
ADJUST CHART ZERO.

PROVIDES aECT RON IC KEY PULSES FOR aEC’TRC*IIC KEYING
AND DIS A BLES THE ~~CO RD ER D R IV E  ..H€ N CLECTROMI C KEYING
MODE IS SO. ECTED. PROVI DES C I R C U I T  O DISAB L E RA NGE
GATE W HETI IN SINGL E PING OPERATION.

C-PW R-1

FILTERS AND DIST RIBUTES -“5 V~~T POWER.

TRACKIN G PULSE DISABL E GATE

I-WN - I INPUT IS LOW IN AUTO . ALLOWING OUTPUT TO BE
TR ACKINC PLILSE ’10. 2. WH EN THE A UTOP I NGS IGNA L IS
HIGb~ OUTPUT IS LOW . SHORTING OUT THE TRA CK ISO PULSE
TO DISABLE THE RANGE GATE IN SINQ.E PING,

144KHZ OSCILLATOR

CRYSTAL CONT RC~LED TRANSIS T OR OSCI lLATOR PROV IDES A
144KHZ REFERENCE FREQUE NCY FOR ALL TIMING CIRCU ITS IN THE
ANJUQN-4.

.2 COUNTER NO, I

I - ~F-1 IS TOC CL ED BY NEGATIVE GOING EDGE LB Q-OSC-I CtJTPUT.
I-FF-I OUTPJ T IS A 12KHZ SQUARE WA V E WHICH IS USED AS A
STARTING POINT FOR ALL SUBSEQUENTLY USED FREQUENCIES.

ADVANCE KEY I NG PULSE GENERATOR

I-BMV- 1 GENERA TE S A POSIT IVE 5USEC PLLSE EACH TIME LB~E
I~ THE ADVA NC ED cEVING PULSE ‘ PUTS 5 ALTERNAT ELY
GROUNDED BY ~~E 1A6 <EY TR AL’9-E AND A294 OPERA TE ~OGE’HER
A S A FL I P-FLOP ‘I-tA T REMEMBERS WHICH INPUT WAS PREVIOUS. ’
OROLNO ED. CA OR CR ‘TOV E NTARI LY PASS THE GROUND C l-LANCE
SE N SE S BY THE 1L I O~~ t Q ~~ TO WOO- A 0 FORM A PULSE OUTPUT .
~~E D U RATION CF T

~~E °ULSE IS CONTRO.LED BY THE T IM E YE-
Oi  RED FOR R16 . R1 7 . A ND ADO-A TO RECHARGE CS AND CR
SUI - TI C I ETt T L Y TO T ET UR N BOTH WOO— A INPUT S TO H I ~ 4’5 .
I - I N, -2 AND I -  IF~~-3 INV ERT THE ADVANC E KEY PEtit FROM
1~ T - A  TO FORM THE TWO NEGATIVE GOING DATA STROBE PULSES

L~~~~ __.. -- .
~~~~~~~~~~~~~~ . .. -- _ _ _  _ _

Figure C-32. Segmented Text. Text wr i t ten  as a series of short s ta tements  in which the theme in
each s ta tement  does not necessaril y relate to tha t  in the following statement.
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INDE X

Acetylene , 204 Backout tools , 19
Acid tests , 107 Baffle tile, 76
Adj usting flame, welding, 209 Baffles , 91
Administration , repair department , 9 Bearing metals, 104
Air casings and smokepipes , 279’ Belling tubes, 125
Air coolers , 151 Bending stresses, 95
Air ejector condenser assembly , 150 Bending tubes , 121
Air lock system, 405 Beveling , 252
Air regiMters and atomizers inspectIon , 339 Blowdown, use of , 362
Air requ ire d for combustion, 358 Boiler
Air settirg mortar, 76 air casings, tests and inspections, 337
Ai r supp iy system, 405 boiling out , 271
Alteration equivalent to a repair, 12 capacity , 352
Alterations, 11 control systems, automatic, 378
Aluminum and aluminum aUoys, 104 air lock system, 405
Ammonia test, 111 air supply system, 405
Anchor bolt firebrick, 80 automatic combustion control systems,
Anchor devices , 76 379
Annealing, 112 - automatic feed pump controls , 418
Arc automatic feedwater regu lator systems,

air gouging, 262 395
blow, 192 feed pump control system operation , 424
cutting, 261 maintenance, 410
oxygen cutting, 262 operation, 408
welding techniques, 188 troubleshooting, 409

Arrival conIerence, 13 external fittings inspection , 338
Assigned cards, 57 firesides, care of, 263
Assigned manhours, 54 fittings and instruments, 292
Assigning work, 21 desuperhea ters , 317
Assistant repair officer, 10 oil drip detector periscope, 308
Automatic boiler control systems, 378 remote water level indicatorS, 312
Automatic combustion control systems, 379 safety valves, 292
Automatic feed pump controls, 418 soot blowers , 303
Automatic feedwater regulator systems, 395 superheater steam flow indicators, 309
Auxiliary condensers, 143 laying up idle, 273
Availabilities , 12 lighting off , 346
Backhand welding. Z1Z operating characteristics, 341

Figure C-33. Retrieval-Oriented List . A list provided to aid the reader in locating informat ion in the
document , e.g., ta bles of contents , lists of illust rations , and indexes.
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GLOSSARY

Special computer terms and their specific meanings as applied to this computer are given below.

ABORT—The condition in the computer that BIT PLANE—Two memory boards that con-
results in the skipping of the next sequential tam the same relative bit position for each of
instruction.. 32,768 memory locations. Bit posthonis d~~~~~vs &.tc~~

by the associated stage in the Z register. Bit
ACCESS TIME— The time interval , charac- plane control is ‘ concerned with the parallel

teristics of a memorv or storage device , between transmission (flow) of information int o and out
the instant information is requested from mern - of memory on a bit plane level.
ory and the instant the next request for informa-
tion from memory can be made. BOOTSTRAP—A routine , normally input ,

contained in the 16-word wired memory.
ACKNOWLEDGE—Indication of the status of

data on the input/output lines. Abbreviated as
ACK. BORROW—A borrow in subtraction is the

additional subtraction of a one from the next
ADDRESS—A coded number that specifically partial difference and is initiated when a digit of

designates a computer register or other internal the minuend is zero and the corresponding digit
storage location. Information is referenced by its of the subtrahend is one. In a binary system of
address. Portions of computer control are re- modules 2k - 1, where k is the number of stages
sponsible for directing information to or from in a register, the borrow produced from the

an addressed location, leftmost digit 2k - 1 of the minuend is called the
end-around borrow. A final correction is made
by applying the end-around borrow to the partial

ADDRESSABLE—Capable of being refer- difference of the rightmost digits.
enced by an instruction; e.g., Enter A ~f = 11).

ARITHMETIC —A section withinthe computer BRANCH POINT—A point in a program or
where reasonable processes such as addition , instruction where a decision is made on the
subtraction, multiplication, and division are per— basis of arithmetic results. The result of the
formed, and operands and results are stored decision indicates whether the main program is

temporarily, to be continued or branched to a different pro-
gram. See also JIJMP.

Figure C-34. Glossary /Abbreviations. A list of definitions of unfamiliar words , abbreviations ,
acron yms , symbols , or other uni que items.

C-33  



RESFAVAIMBLE COPY

Reference ‘ .

Designation Name and Description

1116 integrat e d Circuit : M FR I 5 2 38 ,
P/N M1C962-SD

U 17 Sa rne as 3 A l A I U 2
U 16 Same as 3 A i A i U i
1119 Crystal OsciUator: MFR 14986 .

P/N UQ6C I9.2K-BL -S
U2O to LJ23 Same as 3 A l A l U I
1124 Same a s 3 A lA l U 2
3A 1A 2 M/D IJ Contro l : MFR 14304 ,

P/ N 0240-5410
Cl . C2 Capacitor . Fixed Tanta lum. 39 uF , IO V :

Mil type M390 03/ Ol-20 19
C3 Ca pacitor , Electr i c . 10 uF. 16V:

MFR56289,P/N TE1155
CR1 Diode : Mu type 1N36 1l
Ri Resistor . Fixed Composition , 47 K :

Mil type RCRO7G474JR
R2 Resistor. Fixed Composit ion , 18 K:

Mit type RCR O 7GF I 83JR
111 Inte gr ated Circuit ; MFR 15238 ,

P/N M1C946-S D
112 Integrated Circu it : MFR 04713.

P/N MC 18IO L
U3 Integr ated Circuit: MFR 0 1295 .

P/N SN7496J
134 Integrated Circuit : MFR 15238 .

P/N M1C934-S D
(35 Inte grated Circuit : MFR 0 129 5

P/N SN7493J
(36 Int egrated Circu it:  MFR 15238 ,

P/N M1C945-SD

Figure C-35. Material s List. A list of parts , tools , controls , disp la ys , test equi pment , or ot her set(s)
of items used in operating or maintaining equi pment.
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UNIT 5I~.NAL

3 O0~~ O .a’~ U D  *A  ~~~ 052 *~~ I~~E, Y*LI ~~PI

3 0J~5 040 05 *A 043  075 *0 K E Y C L t ~
3 ~~~5 0 4*  02 *4 034 045 XO ~~~CCL ~~
3 005 04S 05 ‘(A  0.5 7 006 ‘4 US T Q SOI
3 OCi s 0’e ’1 05 ‘(A 037 005 ‘4 ~ U S T R t O %
.i O t S  050 05 ‘(A  037 t 3  N • O STR ~3 O I
.1 005 051 05 ‘(A 037  0 1 ?  ‘4 O ST ’48 )2
J O C S 052 05 *4 037 0 1 6  U R D S TW O O2

3 005 053 05 ‘(A 037 021  ‘4 O S T R B O 3
3 O~ .5 054 05 *4 037 020 ‘4 it DSTR 8O3
3 005 .055 05 *4 037 349 ‘4 * O S TRI 3 I.)3
3 005 OSo 05  *4 037 008 ‘4 DST~tl~~).a

3 005 O~~7 OS ‘( A 03? 007 ‘4 ~ D STR9O 4
3 005 055 05 ‘(4 037 019  ‘4 D S TR H U S
3 0 : 5  0~~9 05 ‘(A 037 0 * 5  ‘4 ‘4 05114805
3 ~~~ 060 05 ‘(A 037  047 ‘4 - S 05114905
3 005 0b2 05 ‘(A 337 045 ‘4 • 05114802
3 005 063  05 *4 037 0 12  ‘4 O STRS t)c
.1
. oos Ou4 05 *4 33? 0 1 1  ‘4 74 usT r)t1

3 O J s  u65 os *4 037 043 ‘4 S 05114806
.J 005 067 05 ‘(4 03? 037 ‘4 * OSTRRO4
3 0~15 Ijb~-* US ‘(4 03? 023 ‘4 O S T W 8 O 7
3 035 oo9 35 *4 037  022 ‘4 4 0ST14807
.i 005 070 05  ‘(.4 037 05*  ‘4 * O 5T148 t )7
.1 GoS 071 Os *4 03? 0 1 0  ‘4
3 O~.5 072 05 ‘(A 0 37  009 ‘4 14 OS TR 8OS
3 0 .~5 u73 05 ‘(A 031 0 4 *  ‘4 * OS IR BO tI
3 C C 5  050 05 ‘(A 0 43  036 X L )  O R V I O C O
3 005 oiL l 05 ‘(A 0 43  050 XC ) O ’4LOC
3 305 ~J 42 05 ‘(4  043  035 ‘(0 I IOSTFNO

3 305 053 05 ‘(A 037 032 XC.. W LU J ~~F
3 005 0 5-4 05 *4 043 076 *0
3 005 3~~5 05 *4 043 0513 *0 ?C0A ~~SE
., oos os~ os ‘(A 035 O3~~ ‘(C) WL I 4E
3 005 355 05 *4 343 061 XD ~~JSF 1M F
.i ~ os us’~ 0 5 ‘(4 t~~i 043 ‘(3 M C O A R S t
.1 005 O ’~O 05 ‘(A 043 02~~ ‘( U  6—I~~~~ 4O
3 uos 091 35 *4 043 022 *0 ‘4 I ’ 4 F 1 i 4 t
3 00 5 09.~ O s  ‘(A  0 43  057 *1) ‘4)4403
J 005  0’4 3 05 *4 343 0 1 3  XL) SGL DML .
3 005 0’,14 05 *4 043  02 *  *0 ~~Z 3 ’ 4 E

Figure C-36. Wir e List. A list of wiring connections for point -to-point wire checking, li sting origin of
signal , location of connection , and destination of output in a simp le coded format.
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Operation
of Test Control Settings and

Step Equipment Point of Test Operation of Equipment Performance Standards

3 ... SIF—P/SIF a. Set NED thumb- SIF-P/IJNIQUE readout
UNIQUE wheels to 11111 shall display 11111
readout b. Press ENTER 3

pushbutton
c. Momentarily press

READOUT 3
pushbutton

d. Press ENTER 3
pushbutton off

4 ... SIF-P/ SIF a. Set NED thumb- SIF-P/UNIQUE readout
UNIQUE wheels to 14444 shall display 14444
readout b. Press ENTER 4

pushbutton
c, Momentarily press

READOUT 4
pushbutton

d. Press ENTER 4

- 
pushbutton off

5 ... SIF-P/SIF a. Set NED thumb- SIF-P/UNIQ UE readout
UNIQUE wheels to 25555 shall display 25555
readout b. Press ENTER S

pushbutton
c. Momentarily press

READOUT 5
pushbutton

d. Press ENTER S
pushbutton off

Figur e C-37. Procedures Table. A tabular format used to organize procedures into a logical sequence.
Reference data in the table are usually organized in columnar form.
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BEST AVAftAB[E COPY
Table S-I. — Char, cter1.~ c. ol mobile electric powerplantl.

Method. of Geu,erator Operating Power raUngs Slatting Power Service powe~Fyps 
I~ opulal on dJ’h ’e envi ron- r C — T —

mint d.c. I a c .  let I Reclp . Jet I flect~ .

NC-3 , Self-propelled Main Shore 25/ISv *15/b oy d.c. only d. c. only c c .  a r .
NC- SA . gavoilne engine vehicle baaed 200/b Oa 400 Hz , 30 & C. d.c .
NC.SB vehicle engine only l000a m t  30/45 kys

NC- C , Toe,ed traller Gasoline Shove 25.5v 120/bOle DNA DNA i.e .
NC-tA engine based 200a 400 lIz , 30 d.c . d.c.

only 32/45 kw 30 kva

NC-i , Towed trai ler , ‘ Gasoline Shore 25.5, I I5/200v d.c. on ly d. c. only i.e . a. c .
NC-7A , or se ll-propelled engIne based 750a 400 liz , 30 d.c. d.c. -
NC-ill wi th in  narrow only l000a tnt 35 kva
NC-ic limiti 45 kw 0. 75 PF

NC- CO Towed tra i ler Diesel Shore or 28v I 15/200w d.c. only d.c. only a. c . a. c.
engine car r i e r 750a 400 lIz d. ~ . 1. C. -based !O00~ hi t 90 kv*

NC- lilA Towed tralle r or
neil-prope lled (Rome) (nan~~ (sam.) (Ri me) (same) (same) (name) (sa me)

NC- lZ Towed (ro ller Diesel Shore 26w 115/200, d.c. only d.c. only a.c .  a c .
engine bared 750a 400 liz d. c. d.c.

onl y l000a m t  125 kva
45 kw

NC-llA (same) (same) Shore or (so me ) (Rains) (urn.) (so me) (same) (urns) I
carr ier
booed 

__________ _________ _________

Figur e C-38. Specialized Data Table. Information condensed into a table pertaining to a specia lized
area of knowledge. Tabular formats have one primary axis (column or row headings) while matrices
use two axes in order to locate a cell containing the desired information. As a result , cel ls in matri-

ces are more likel y to contain numbers and symbols, while cells in ta bles are more likel y to contain
words.
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Figure C-39. Specialized Data Matrix. Information condensed into a matrix pertaining to a specialized
area of knowledge. Tabular formats have one primary axis (column or row headings) while matrices
use two axes in order to locate a cell containing the desired information. As a result , cells in matrices
are more likel y to contain numbers and symbols , wh ile cells in tables are more likel y to contain words.
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FUNf,~ IONA 1 I’,(~t~

~UNCTI0NAL FUNCT IONA L I SCHE MAIIC SCI-(MA(IC MDC OR ~
DESCRIPTION 8LOCY~ BLOCK I D IAGRA M DIAGRAM MAINIV4AN CE ~.

DIAGRAM DIAGRAM TEXT TEXT DATA -
~

PACE NO. PAGE INO, PAGE .‘~~ . PAG E NO. PAGE NO. PAGE 50.
50.30 EXPtAT ,A T ION Of CO OtS . SHADES . SYM8~ 2 — — — —

M A SUX I. 0 ( S C R I P T I O N  
— 

3 — — — —

INT (GR A T EDC IRC UII  DATA 4 — — — —
~l(7V5 O U’g’MD(.’s 6 — —

OUIPSNN( DESCRIPTION I — — — — —

OP ERATORS DATA CO — — — — —

FUNCTION TIE SCR IPT IO N 
— 

— CI 14 — — —

SV5IEM L(Va MDC — — — — 16. 17

PON( R DISIR IBIJFI ON — 19 lB — — 18

SYNCHRONIZER FUNCTION — 21 20 — — 22i 23

TR ANS MIT F U N CTI ON — 25 24 — — 26. 21

REC EIV E- R ECORD FIJ T ICTI O N — 29 21 — — 30.3*

DIGITAL OISPt A YFU NCTIOVI  — ______ 33 32 — — 31. 35

DI GITAL TO ANALOG COWE RTER FUNCTION — 37 36 — — 36

REMOTE INDICATOR FUNCTION — 81 80 SI 80 83

UNIT I REC EIVER-TRANSMITTER RT-888l11)N-4 — — — — —

CAl ENERGY STORAGE ASSY — 25 24 43 13 42

(A Z ENERGY STORAGE ASS Y — 25 24 43 43 42
1A3 POW 6R CHASS IS — 1~~~25, 29 16, 24. 26 43 43 

—.

LU CAR OF ILE — — — —
!A4A I RECEIVE R A S S Y  — 2? 23 

__________ ___________ __________ 

1IA 4AZ RECEIVER CONTRU. AS SY —— 29 28 41 47 46
1A4A3 REF(P(NCE A SSY — 21,25 , 29. 33 20,24 . 28. 32 49 50. 51

AIM SYNCHRON IZER ASSY — 21 20 53 52 54 . 55

1A4A5 K E Y I N G  CONTRO. ASSY — 25 24 57 56 5&S

(A4A oT RA C KING CO NTRCL A SSY — 33 32 6* 60 62. 63
1 A4A7 TRA C K ING CONTROL ASSY — 33 32 61 60 62 63
IA4AR READOUT CONTRO.. A SSY — 33 32 65 64 66.61
!A4A9 R&.OOUT CONTRC*. ASSY — 33 32 65 64 66. 67
IA IAIO SLAV E READOU T BUFFER — 33 32 69 64

~MA11T- R 5E1wO~~ — 25. 29 21. 28 43 43 42
lA4A l3 SIGNAL PROCESSOR — 2* 25, 29 20,24.28 TI 70 J 70

Figure C-40. Retrieval-Oriented Matrix. A matrix provided to aid the reader in locating
information in the document. Information on two axes is used to locate cells containin g
page, paragraph , or sect ion numbers.
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