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Section 1 — Introduction and Summary
1. 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) effort, which would serve to direct the overall process toward the most effective
1M 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 simple 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
1980'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 — NTIPP research as well as the research
of others indicate that most technicians believe their technical documentation has
serious deficiencies and is often difficult to use. Many of the deficiencies cited
are due to one or more 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 abilities, 5)
lack of standardization in TM terminology and format, and 6) TMs are often too
difficult 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 been singular in nature, 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
E for increasing refinement of the user-oriented TM design and development. The
F data requirements for this process include personnel characteristics, equipment
» characteristics, characteristies of the working environment, and identification of
; the maintenance/operator tasks. These data would be acquired, at various stages
of the procurement cyecle, from: 1) the hardware acquisition project office, 2) as
i a result of initial ILS analysis performed by the equipment procurement activity,
3
)

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 (produect plan).

Need for Early NTIPS User-Data Matching — The user-data matching process
can be initiated at a point in time well before the availability of detailed task anal-
ysis data. Early in the TM acquisition phase, data will be available which will permit
the determination of the ultimate TM user (i.e., the rating), the environment in
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 specifications constitute the
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the inception of the process whi-h, when carried through the content-generation
phase of the procurement cyecle, 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 eyele should be emphasized. By identifying the most appropriate development
strategy at the earliest possible time, 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,
it 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




Section 1 — Introduction and Summary
1.2 APPROACH TO CONSTRUCTION OF THE MODEL

The model consists of three matrices, which can be used to determine types of tasks,
associated presentation methods, and required features of the media. The matrices
are based on historical analysis of tasks (e.g., NOTAP data), human factors studies,
and field surveys.

There 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/
equipment must fulfill some operational requirement. This being so, the mission
and function of the equipment are known since the procurement eycle was presum-
ably set in motion to meet the operational requirement. If the function is known,
the design specifications which govern the equipment's capability to fulfill the
mission are also known. If these design specifications are known, the tasks re-
quired of the users will also be predictable from the maintenance history on the
components of that equipment.

Since 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 maintain.

To pursue the logic further, if the mission and function of the equipment
are known, the Navy 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 most 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 approximate 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
lift). It is assumed that the appropriate presentation of a task action will be similar
for all levels of equipment complexity, despite the fact that the content of the task
action changes from level to level.

The second matrix indicates, for the given task actions to be presented in
the TM, those presentation methods (e.g., photograph, exploded view, directive text,
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ete.), or combinations of methods which are most effective in presenting the infor-

mation to the given rating. Each matrix is unique to a rating. The presentation

methods included in this matrix are based on a literature search of the more funda-

mental presentation "components'" currently in use in the services. The presentation :
"systems" such as JPA, MDS, work packages, FOMM, ete., are not addressed as such

in the preliminary version of the model, but are not incompatible 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 presentation 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
action, the user can tell what method of substantiation applies (whether based on
analytical judgement, field experiments, ete.).

The last matrix in the model, on media characteristics, applies to all ratings,
and relates the characteristies of the users' environment to the physical character-
isties of media best suited to that environment. The data on environment and media
choices is based on both literature searches and field surveys.

Finally, it must be pointed out that this model will not serve to provide
: recommendations at the "page level." That is, recommendations 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 adjunet to the model 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
inethods. These principles are organized in eight categories: indexing, physical
characteristics, typography, reading speed, development of text, graphies, 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 | — Introduction and Summary
1.3 CONCLUSIONS AND RECOMMENDATIONS

The conclusions reached as a result of the work involved in developing the User-Data
Mateh Model are listed here with recommendations conecerning the work to be done
during Phase II of NTIPP.

CONCLUSIONS

1. Although the selection of components is based upon complex interactions
among environment, human factors principles, presentation format comporcnts,
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 manual writer will have access to the most current findings on
the most appropriate presentation components for any given situation.

3. The model can be used as a research "scorecard." It may be used as an
ongoing record of current knowledge in the NTIPP area, to point to areas needing
further investigation.

RECOMMENDATIONS

‘ 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 validation, the model would be tested against the mission
for which it is intended by individuals representing the technical and specification
writer communities in terms of ability, experience, training, and motivation. The
; scenario given to the writers would be a representative sample of tasks they actually
do in 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 judgments. 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
effort should be made to identify these various environments and their locations.
The investigation should fully represent the surface, subsur! ce, 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.
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A concurrent survey should identify physical characteristies of TMs found to be
most desirable in each environment. 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.

3
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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 a
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 NTIP 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.




14,
15,
16,
1%,
18,

19.
20,

29,
30,

¥ 31,

32,
33.

34,

—

TABLE 2-1. COMPARATIVE TABLE OF RATINGS SELECTED BY

Rating*

Aviation Boatswain's Mate
Aviation Boatswain's Mate
Aviation Boatswain's Mate

Aviation Machinist's Mate
Aviation Machinist's Mate

Aviation Electrician's Mate

Aviation Struc, Mech,
Aviation Struc, Mech,
Aviation Struc, Mech,

Aviation Ordnanceman
Aviation Fire Cont, Tech,

Aviation Supp, Eqt. Tech,
Aviation Supp. Eqt. Tech,
Aviation Supp. Eqt. Tech,

Aviation Electron, Tech,

Aviation A/Sub, Warf, Op,
Aviation A/Sub, Warf, Op.
Aviation A/Sub, Warf, Op.

A/Sub, Warfare Tech,
Boilermaker
Construction Mech,
Data Systems Tech,

Electronics Tech,
Electronics Tech,

Electron, Warf, Tech,

Fire Control Tech,
Fire Control Tech,
Fire Control Tech,

Gunner's Mate
Gunner's Mate

Missile Technician

Sonar Technician
Sonar Technician

Torpedoman's Mate

ANACAPA, HUGHES, AND POWERS

Rating Specialty*

ABE (Launching & Recovery Equip, )
ABF (Fuels)
ABH (Aircraft Handling)

ADJ (Jet Engine Mechanic)
ADR (Reciprocating Eng. Mechanic)

AE

AME (Safety Equipment)
AMH (Hydraulics)
AMS (Structures)

AO
AQ

ASE (Electrical)
ASH (Hydraulics & Structures)
ASM (Mechanical)

AT

AW (Acoustics)
AW (Helicopter)
AW (Non=-acoustic)

AX
BR
CM
DS

ETN (Communications)
ETR (Radar)

EwW

FTB (Ballistic Missile Fire Control)
FTG (Gun Fire Control)
FTM (Surface Missile Fire Control)

GMG (Guns)
GMDM (Missiles)

MT

STG (Surface)
STS (Submarine)

TM (Technician)

NAVPERS 18068D, September 1975,

| Rating
Specialities Ratings Used
Used by Hughes by Dr.
Survey Team** Powers***
ABE -
ABF -
ADJ
= X
AE X
= X
AMS
AO X
AQ X
AS
= X
= X
AT X
= X
= X
(BT) (BT)
= X
DS X
ET X
| EWwW X
I
FT X
GM X
o X
ST X
S S =

*From Manual of Navy Enlisted Manpower and Personnel Classification and Occupational Standards.

Section I: Navy Enlisted Occupational Standards,
**Also AZ, EM, EN, HT, 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, modifica-
tions were made to the composifion of the sample of ratings. Additions were made
when it became apparent that many user-data problems were prevalent among the
1 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.




TABLE 2-2. LIST OF 23 RATINGS REPRESENTING MODIFIED SAMPLE

p—
[N =]
8" @

19.
20.
21.
22.
23.

Aviation Boatswain's Mate
Aviation Machinist's Mate
Aviation Electrician's Mate
Aviation Structural Mechanic
Aviation Ordnanceman
Aviation Fire Control Technician
Aviation Support Equipment Technician
Aviation Electronics Technician

Aviation Anti-Submarine Warfare Technician
Boiler Technician/Boiler Maker
Contruction Mechanic

Data Systems Technician

Electrician's Mate

Engineman

Electronics Technician

Electronics Warfare Technician

Fire Control Technician

Gunner's Mate

Hull Technician

Machinist's Mate

Missile Technician

Sonar Technician

Torpedoman's Mate

*
(Specialties within 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 Arithmatic Test. Typically, the superior scores
are those of the electronies-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 statisties 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 making 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.
e Scores from 55 to 64 are "above average" and include about 24% of all
enlisted personnel.
o Scores from 45 to 54 are "average" and include about 38% of all enlisted
personnel.
e Scores from 35 to 44 are "below average" and include about 24% of all
enlisted personnel.
o Scores from 22 to 34 are "low" and include about 7% of all enlisted
personnel.
e 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 Classification Test (GCT) — This test measures ability to learn

and think as demonstrated in understanding of relationships between words and ideas.
It is principally a measure of ability in the area of verbal reasoning. Figure 2-1 shows
average 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 may be compared. Noteworthy is
the large disparity between the two ends of the ranked list of ratings. While each
rating has a mean score of at least "average" (above 45), the DS, ET, and other
electronics-oriented ratings on the high end of the scale show clearly superior perform-
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 rating, it
is the scores on the test which cause recruits to be placed in certain ratings. A
correlation comparing electronic vs nonelectronic ratings on their GCT scores results
in a coefficient of 0.84, indicating a marked tendency for high scores on the GCT to
pertain to electronic type ratings. (See Appendix A.)

While the GCT is not an IQ test, it does correlate well with reading ability
(r = 0.72). The correlation of GCT scores from NOTAP and those from BuPers tapes
isr = 0.94. This strong agreement lends augmented credibility to the NOTAP sample
data. The large disparity of GCT scores across ratings is an indicant that different
ratings may need different forms of technical information presentation.

65T
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GENERAL CLASSIFICATION TEST
(GCT) MEAN SCORE

Figure 2-1. Average Score by Rating on the
General Classification Test (GCT). The GCT is
not an IQ test but measures the ability to learn
and think by requiring an individual to demon-
strate an understanding of the relationships be-
tween words and ideas.




Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

2. RANKING OF RATINGS BY APTITUDE TEST SCORES (Continued)

The Arithmetic Test (ARI) — This test measures ability to use numbers in
practical problems, including the ability to perform arithmetical computations and to
reason in arithmetical terms. The average scores on the arithmetic test, listed
by rating, are shown in Figure 2-2. Notice that this ranked list of ratings appears
extremely similar to that for the GCT scores. In fact, there is a very high Pearson
product-moment correlation (r = 0.98) between the two tests for the listed ratings.
These differential abilities in the use of numbers in practical problems across rat-
ings is a factor which should be considered in the choice of technical information
presentation methodologies. For example, while some ratings might best derive
arithmetical information from a formula or graph, others may need a matrix of
L pre-solved arithmetical conclusions.

' The Mechanical Knowledge Test (MECH) — This test measures familiarity
with mechanical tools, operations, and principles. The average score on the MECH,
listed by ratings, is shown in 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 ARI. 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 discriminaticns between ratings, little use may
be made of this data.

Figure 2-4 shows the average scores by pay grade on the general classifi-
cation test, the arithmetic test, and the mechanical knowledge test. It is noteworthy
that the variability across pay grades is very small as compared with the variability
k 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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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

3. ANALYSIS OF NAVY TRAINING AND EXPERIENCE REQUIREMENTS 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 regarding the
amount of Navy school training and years of Navy work experience necessary for job
performance.

Rating Opinion Data — Most of the data provided by the NOTAP survey were
of a factual nature. However, responses to three questions were based on the opinions
of individuals completing the questionnaire. These questions dealt with the neces-
sity 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 training 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,

for 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 variability across ratings in this figure as compared with the previous
one. Regardless of rating, about 20 to 30 weeks of OJT is considered mandatory.
OJT does not correlate highly with any of the other personnel characteristics.

Nor does it differ 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 information presentation should be such
that is aids the individual through the fairly long period of OJT.
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Figure 2-5. Opinion of the Average Navy School
Training Required. Study participants were asked
“In your opinion, based on your personal exper-
ience, how many weeks of Navy school training
are required to prepare you for your present job?”

Figure 2-6. Opinion of the Average On-the-Job
Training (OJT) Required. Study participants
were asked, “In your opinion, based on your
personal experience, how many weeks of on-the-
job training are required to become functional

in your present job?”
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Section 2 — Approach to Development of the Model
Subsection A — Analysis of Personnel Characteristics

3. ANALYSIS OF NAVY TRAINING AND EXPERIENCE REQUIREMENTS ON RATINGS

(Continued)

Opinions 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 portraying ratings ranked by GCT, ARI, and
school training required (the correlation coefficients are -0.59, 0.56, and -0.40, respec-
tively). There is a strong negative relationship between a perceived requirement
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
individuals' 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 time, supervisory) jobs. Again, these find-
ings may be taken to indicate that a variation in forms of technical information pre-
sentation may be primarily directed at the different ratings and secondarily at pay
grades within ratings.
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Section 2 — Approach to Development of the Model
Subsection B — Analysis of Task Considerations

1.

MAINTENANCE 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 identifying
the specific skill and knowledge elements needed to maintain 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 job 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 time 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.




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, and 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 of 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 (MM, ET, 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.

g 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
AT 768 346 192
MM 1,183 590 410
AB 403 419 207

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 time
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




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 equipment to be calibrated. It is recognized, however, that the task action "cali-
brate" may vary in meaning depending 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 NOTAP TASK ANALYSIS PRINTOUT

Data Systems Technician (SD) - Journeyman (Paygrade 5 & 6)

Maintenance Task

Performing Task

Percent of Time
Spent on Task by

Task Action ~ Type of Hardware 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)

Vérb

TABLE 2-4. DEFINITIONS OF ACTION VERBS DESCRIBING TASKS

-Befinition 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- ALIGN
restore to a special standard parison with master

meters

CLEAN To remove dirt, dust, Clean grease nipples 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
equipment 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
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TABLE 2-4. DEFINITIONS OF ACTION VERBS DESCRIBING TASKS (Continued)

Verbi

' VDefirﬁtion

-

RIG

SERVICE

SET
(CODES)

TEST

TORQUE

TUNE

To assemble, adjust, and
align major components
in a system (notably
aircraft)

Replenish consumable
supplies, preventive
maintenance

Bring electronic equipment
up to operational require-
ments for identification
codes, power output
response

To perform specified
operations to verify if
system or equipment is
functioning to a
standard

To apply turning force
to fix a nut or collar
more firmly in place

To adjust for precise
functioning

Example

Rig control cables,
pulleys, turnbuckles,
for airfoil components

Service wheel eylinders
with HY90 weekly; service
air filters on mobile

deck equipment

Set transponder codes for
IFF MK10 Channels 3,
(i

Test power output of
BQS-13 Sonar at full
level

Torque the nut to
60 foot pounds

Tune DF equipment to
within plus/minus o.1 Hz

Synonym

PUT

TOGETHER

FIT
E

CHECK

ouT :

TIGHTEN |
1
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Section 2 — Approach to Development of the Model
Subsection B — Analysis of Task Characteristics

3. DEFINITION OF LEVELS OF HARDWARE 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", "sets", "re-
quirements," and other levels of hardware denoting various levels of complexity.
For example, respondents to the Naval Occupational Task Analysis Project (NOTAP)
survey deseribed 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 equipment complexity, but a word
like "system" was being used loosely to describe an entire fire 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 logisties 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
different contents for the task actions. Thus a 4-level scheme was adopted as shown
ir the first 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-
acterisites, 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 aligning a transmitter and receiver to a common frequency in a com-
plex communication system.




TABLE 2-5. DEFINITIONS OF LEVELS OF COMPLEXITY

Logistices "Loose"

Level 8 Item haracteristic | Equivalent i Ixample
Systems & a. System Complex mission: e Air Defense
Subsystems multiple items System

e Fire Control
System
b. Subsystem Function or fune- e Group e After Steering
tions contribute e System System
to mission: e Component | e Data Processing
multiple items System
ol BRI SaS S e S T T e e S T e W e ol B TR 3
Equipment Equipment, Smallest physical e System e Radar Set
Set entity that per- e Unit e Computer
forms function(s) e Component | e Turbine
along (with only e Rack
prime power &
stimulus) h
Assembly 7 a. Unit Physical entity e Module e Circuit Card
b. Assembly that performs a e Component | e Control Panel
c. Subassembly | function or part e Chassis e Main Reduction
of a function within Gear
an equipment e "Memory Section"
o Transmission
(Mech)
Part Part, Piece Lowest element, e Component | e Resistor
usually not repair- e Diode
able e Piston Ring
o Gear Wheel
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Section 2 — Approach to Development of the Model :
Subsection C — Analysis of Presentation Techniques ;

1. IDENTIFICATION OF PRESENTATION COMPONENTS

An illustrative set of presentation components (kinds of pictorials, diagrams, etc.)
I was identified d through a search of the literature and Navy TMs.

The approach to presentation techmques was to develop a representatlve
list of the major presentation techniques in use today, based on an examination of
TMs 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 community has developed various
unique formats for presenting information. Many of these formats were given
acronymic identifiers to label their unique feature. These methods of presenting
technical 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 recurring problem of short-term enlistments (which is associated with a limit-
ed depth of technical ability).

For example, although FOMM and JPAs are very effective developments
in their 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 com-
plexity. All that is needed is to match the components or basic elements of the
presentation technique to specifie 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 documentation 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 distinetions in types
of block diagrams, such as a functional block diagram versus data flow block dia- L
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 examples 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 design
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 FOMM, SPA, SMD, ete) would be
a separate determination that would take precedence over the recommendation
of any particular presentation component.
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TABLE 2-6.DEFINITIONS AND EXAMPLES OF PRESENTATION COMPONENTS

PICTORIAL REPRESENTATION

Portrayal View Type
Figure C-1  Photograph Figure C-8. Assembled
Figure C-2. Airbrushed Photograph Figure C-9. Exploded

Figure C-3.
Figure C-4.
Figure C-5.
View

Figure C-6.
FigUI‘C‘ C-1.

Blocks

Airbrushed Drawing
Sketch
Engineering Drawing

Two-Dimensional View
Three-Dimensional View

Figure C-10. Cut-Away

Locators/Identifiers

Figure C-11. Superimposed
Figure C-12. Coordinate
Figure C-13. Line and Leader

DIAGRAMMATIC REPRESENTATION

Hybrid Blocks

Figure C-14. Overall Block
Figure C-15. Detailed Block

Interconnections

Figure C-16.
Figure C-17.
Figure C-18.
Figure C-19.
Figure C-20.

Mode

Figure C-29.
Figure C-30.

Lists

Figure C-33.
Figure C-34.
Figure C-35.
Figure C-36.

Sehematics

Wiring

Cabling

Functional Signal Flow
Digital Logic

Directive
Deductive

Figure C-21
Figure C-22
Figure C-23

Servicing

Figure C-24.
Figure c-25.

Figure C-26.
Figure C-27.
Figure C-28.

TEXT

style

Figure C-31.

Figure C-32

CONDENSED DATA

Retrieval-Oriented LIst
Glossary/Abbreviations
Materials

Wire

. Blocked Sehematies
. Blocked Digital Logic
. Pictorial Block

Timing

Maintenance Depen-
dency Charts (MDCs)
Decision Trees
Waveforms

Graphs

Continuous
. Segmented

Tables/Matrices

Figure C-37.
Figure C-38.

Figure C-39.

Figure C-40.

Procedures
Specialized Data
Table

Specialized Data
Matrix
Retrieval-Oriented
Matrix
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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 INFORMATION
PRESENTATION

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-
ments, Booher (1975) commented, ..."writers of technical inanuals, designers 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
basie, they are overlooked frequently enough in technical manual development to
warrant their inclusion in the User-Data Mateh function. These principles are listed
in 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 fruitful; some were highiy specific to equipment or tasks,
some were totally focused on the mechanics of presentation, and some were so
theoretically oriented that they had no immediate practical application. The docu-
ments reviewed are iisted 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 literature, and therefore cannot be cred-
ited to a single reference source.

TABLE 2-7. HUMAN FACTORS PRINCIPLES IN
INFORMATION PRESENTATION

PHYSICAL CHARACTERISTICS

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

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

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

e Multipage figures are undesirable.

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

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

e As the number of color-coded items increases, the value of color as a
cue for selecting impartant information decreases.
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I'ABLE 2-7. HUMAN FACTORS PRINCIPLES IN
INFORMATION PRESENTATION (Continued)

TYPOGRAPHY

e Ten-point type with the line length ranging from 14 to 25 picas (2-5/16"
to 4-3/16") is easiest to read when using a double-column format (Tinker,
1963).

e Black-on-white is 14.7% more legible than white-on-black (Holmes, 1931).
READING SPEED

e Reading speed is greater using proportional spacing than equal space
for each letter. (Payne, 1967)

e Reading speed is affected by brightness contrast between ink and paper,
rather than the colors of ink or paper alone.

e Reading speed is greater with lower-case text than all-capital text
(Tinker, 1955).

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

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

DEVELOPMENT OF TEXT

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

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

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

e Short, precise paragraphs enhance comprehensibility.
e The necessity for cross-referencing should be kept to a minimum.

e Consistency in the choice of words is recommended.

e Important information needed by an experienced high-skill user can be
highlighted to enable him to quickly utilize essential informaticn after
he is thoroughly familiar with a detailed procedure. Examples of high-
lighting: underlining, bold-face type, italics, color, and boxing (Depart-
ment of Defense, 1976a).

o 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

9. HUMAN FACTORS PRINCIPLES RELATING TO TECHNICAL INFORMATION
PRESENTATION (Continued)
TABLE 2-7. HUMAN FACTORS PRINCIPLES IN
INFORMATION PRESENTATION (Continued)
e For procedures descriptions, the information must be presented in a
logical location-item-action indication sequence (Department of
Defense, 1976a).

e Text combined with a corresponding illustration enhances comprehension
of complex material.

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

GRAPHICS

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

e Simplified line drawings are a cost-effective and training-effective method
of presenting visual information.

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

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

e Graphie titles should accurately and succinctly describe the graphic.

e 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.

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

e Leader lines should be uniform, short, and as straight as possible.

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

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

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

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

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

e Tables should be designed so that there are more horizontal rows than
vertical columns.
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TABLE 2-7. HUMAN FACTORS PRINCIPLES IN
INFORMATION PRESENTATION (Continued)

e Horizontal lines in a table should be used sparingly and then only for
separation of major sections of the table.

e Vertical lines should be used in a table to elarify column separation.

® Standard hazard warning symbology should be used in the manual to coin-
cide with symbols used on operational equipment.

e References which deseribe controls and displays in text should use the
same identifiers as are on the parts themselves or in supporting graphiecs.

e Exploded views are normally used in removal/installation, assembly/
disassembly, repair, and illustrated parts breakdown data.

e Pictures or illustrations should be oriented in the way that the technician
expects to see the actual equipment.

® Excessive realistic detail in photographs may be sufficiently strong
to detract attention from relevant and important learning cues.

® A legend or key must be incorporated into a graphics presentation (as
well as associated text) when index numbers are used as identifiers or
locators.

e Cartoons are often an effective means of presenting information since
they concentrate on essential detail and exaggerate crucial character-
isties of appearance and behavior.

ENVIRONMENTAL

® Sixty foot-lamberts is adequate for reading conventionally-formatted
materials, while 300 foot-lamberts is necessary for fine detailed work.

e No work involving reading should be attempted below 30 foot lamberts
without supplementary lighting.

MICROFORM

e Text and drawings must be vertically oriented /most viewers cannot
be turned 900),

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

e Halftone graphics must be avoided because of reproduction problems.

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

e Integration of text and illustrations is critical.




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

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

TABLE 2-7. HUMAN FACTORS PRINCIPLES IN
INFORMATION PRESENTATION (Continued)

e Index must be combined with Table of Contents.
e Use of color is possible but expensive.

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

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

e Efficient storage and retrieval of information (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. READABILITY CONSIDERATIONS FOR THE TM USER

A disparity 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 written on readability of technical manuals and the
largely aceepted mismatch between this readability and the reading ability of Naval
technical 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 specifically designed.

The often-cited figures for the readability of Navy technical manuals range
from 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., Carver,
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 mitigate the extent of this
mismateh: (1) word familiarity, and (2) reading-operation relationships.

Word Familiarity — Most readability formulas are weighted by "difficult
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 al., 1975). These words are not found in the normal spoken
vocabularly. They are also typically multisyllabic words, such as "omni-directional.
The effect of these technical words is that of raising readability scores toward
higher 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. Aeccording to Githens,
et al., (1975), "it may be that skills the technicians use in working with the TM
(e.g., finding information, referring back and forth from equipment to text without
strict time 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 familiarity with the subject matter
are all important parts of the motivational factor. Of course, readability itself
is an important factor in preserving whatever may be obtained by motivation.




T

Clarity of the prose is another interacting factor. RGL formulas are con-
cerned with length of words and sentences. So far, 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 throughout 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
with respect to their mental capabilities, with 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, it was clear that
individuals holding ratings were, in general, more likely to be members of Mental
Group 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, I1, III, and IV correspond to RGLs 13, 11, 9, and 7, respectively. Application of
this rule to the BuPers statistics on Mental Category distributions 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 interest 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 measure 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)

2-32

In an unpublished study at NPRDC, Duffy (undated) performed regression
analysis of GCT scores and reading grade level of 7,135 recruits. It was iound that
GCT and RGL correlated r = 0.72. The formula for the regression of reading grade
level on GCT 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, it 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

The NOTAP task analysis data may be summarized by a matrix for each rating, show-
ing task actions performed on hardware items at different levelsgf 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-
ment, system, ete.) rather than by type of hardware (e.g., computer, drone, radar,
ete). 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 maximal 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
Matrices, 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, equipment, 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.
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1. DEVELOPMENT OF TASK ACTIONS BY LEVELS AND RATIN&
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TABLE 3-1. ANALYSIS OF TASK ACTIONS FOR MACHINIST'S MATE (MM) BY LEVELS OF CO|
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1. DEVELOPMENT OF TASK ACTIONS BY LEVELS AND RATINGS (Continued)

ALYSIS OF TASK ACTIONS FOR MACHINIST'S MATE (MM) BY LEVELS OF COMPLEXITY (Continued)
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