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Technical Report: TAEG REPORT NO. 40

DESIGN OF TRAINING SYSTEMS
COMPUTERIZATION OF THE EDUCATIONAL TECHNQLOGY ASSESSMENT MODEL (ETAM)
VOLUMES 1 AND 2

ABSTRACT

This two volume final report summarizes the analysis, design and development
activities associated with the Educational Technology Assessment Model (ETAM).
It contains relevant background information and results of prior studies lead-
ing to the finalized ETAM procedures and computerized routines. A comparison of
the manual versus the automated approach is included. Data base structures and
the ETAM program flow are described and related to each other. The appendix
includes the results of a study on the indexing of innovations and the assign-
ment of taxonomic descriptors to courses, job/tasks, and instructional vehicles.
The appendix also includes program documentation on the ETAM Range-of-Effect,
bibliographic references, and additional information supporting the ETAM design.
The detailed ETAM procedures supporting this report are included in TAEG Report
No. 12-3, Phase II-A Report. TAEG Report No. 32, The Development of Scaling
Procedures, supports the computerized approach taken in scaling variables.

Other important background and reference information can also be found in a
report written by Drs. R. B. Miller and A. F. Smode titled "Major Innovations

in Training Technology."

Phases I, II, II-A, IIl and IV were accomplished by the IBM Federal Systems
Division with the Training Analysis and Evaluation Group, Orlando, Florida,
providing technical guidance and support. The overall DOTS objective is to
provide Naval Education and Training Command (NAVEDTRACOM) management with
additional tools in the form of computerized mathematical models to assist

in predicting the quantitative impact of training resource decisions. The
planning process will be enhanced by providing decision makers with the
capability to economically and rapidly consider a wider range of alternatives.

Phase I was a study and definition effort resulting in a complete functional
description of the NAVEDTRACOM; a strategic definition of the social, political,
economic and technological environments pertinent to the naval education and
training system in the 1980's; a list of existing and potential models amenable
to computerization and to improving the decision-making process.

Phase Il was devoted to the selection and development of three mathematical
models from the Phase I 1ist of candidates. The three were the System Capabili-
ties/Requirements and Resources (SCRR), the Individualized Training Simulation
System ?ITSS), and the Training Process Flow (TPF) models.

Phase III centered on evaluating the selected models at the Fleet Training
Center, Norfolk, VA. An important recommendation from the Test and Evaluation
conducted during Phase III was that DOTS should investigate model applications
at higher command levels.

Phase IV responded to the recommendations of Phase III by (1) operating and
testing at TRAPAC, San Diego, CA, the models developed in Phase II, and (2)

developing a new Training Requirements Analysis Model (TRAM) and field testing
it at CNTECHTRA, Memphis, Tenn.

The major effort supporting Phase I1-B was the ETAM procedural development
during Phase II-A. In addition to the procedural development, computer
applications were described, scenarios using the ETAM procedures were pre-
pared, and ETAM validity and logical structure were confirmed.

Reproduetion of this publication in
whole or in pert is permitted for any
purposs of the United States Government.
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FOREWORD

The Design of Training Systems (DOTS) project objectives are in conso-
nance with the requirements of Advanced Development Objective ZPNO7
(formerly ADO 43-03X), Education and Training Development. ZPNO7 in-
cludes a number of projects concerned with demonstrating and evaluating
the technical, operational and financial feasibility of applying advanced
technological applications to improving the training process.

The Bureau of Naval Personnel initiated the original ADO in 1966 to make
naval training more responsive to the changing times. As one project
under this effort, DOTS was designed to improve the process of managing
training resources through application of the techniques of system analysis
and system simulation as accomplished through mathematical modeling. The
end objective is a family of computerized mathematical models enabling
training management to more rapidly predict the impact of changes in train-
ing resource availability or requirements.

The majority of education and training was reorganized in 1971 under one
command, Chief of Naval Education and Training ?CNET). Because of this
change, DOTS responsibility was transferred to CNET in March of 1972;

more specifically, to the Training Analysis and Evaluation Group (TAEG),
Orlando, Florida. The new CNET organization greatly increased the potential
benefits to be gained from the increased application of new management tech-
niques and, therefore, from the DOTS' R&D effort. DOTS began in February

of 1973, with the majority of tasking being contracted to the International
Business Machines Corporation, Federal Systems Division, Cape Kennedy
Facility, located at Cape Canaveral, Florida.

The Training Analysis and Evaluation Group, Dr. A. Smode, Director, project
team members Messrs. M. Middléton and W. Lindahl, compiemented the con-
tracted effort by providing direction and guidance and in establishing
organizational interfaces.

The model was developed by Mr. L. R. Duffy, Dr. R. B. Miller, and Mr. J. D.

Staley. Mr. R. E. Hallman and Mr. L. R. Duffy provided management for the
project.

i1
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APPENDIX A

STUDY OF DESCRIPTOR AND INDEXING TECHNIQUES
FOR ETAM RANGE OF EFFECT ANALYSIS

INTRODUCTION

A major topic in the Educational Technology Assessment Model (ETAM) is a body of
knowledge and a set of procedures for determining the range of courses, job-
tasks, and instructional vehicles in the Navy that can be affected by a proposed
innovation. This range establishes the multipliers of benefits, liabilities and
costs that are potential in the innovation, and therefore central to decisions
about adoption or rejection.

The initial phase of ETAM specified a taxonomic structure within and between

major classes of training entities--courses of instruction, job-tasks, instruc-
tional vehicles. Elements in the classification system were each identified and
clearly defined. Taken all together, the terms in this classification system

were intended to structure the essential functions in training technology. The
terms, as sets of functional descriptors, were to be used for the practical

indexing of entities such as courses, job-tasks and instructional vehicles in

the Navy's inventory. The same set of terms (and their defining concepts) would
also be used in "describing" the innovation, or rather in "indexing" the innovation.

The descriptor set used in indexing the innovation could then be applied to the
data base inventories of Navy training courses (for example) in making a first
pass at selecting those courses that were relevant to the innovation--perhaps
50 out of over 4,000 courses, or 200 out of over 4,000 courses.

This study reports the moving of this background effort towards implementation.

A procedure is described for indexing an innovation so as to create the content
of a search query to be applied by automatic search on a computerized data base.
Techniques are described for indexing data base entities such as training courses,
job=tasks and instructional vehicles. The same descriptor set is used that is
applied to the innovation. Data about each of the entities are contained in

Navy listings with, usually, brief descriptions.

Because the application of subject matter descriptors to innovations and to data
base entities with the intent of using one to search on the other requires a
good deal of human judgment, the strategies for indexing searches and indexing
data base entities are discussed. "Indexing" means the selection of a group of
descriptors to apply to the data base entity or to the search specification.
Also, a rationale for the search procedures specified for ETAM and for the
indexing procedure applied to data base entities is offered. Simplicity for the
user is a prime consideration.

The final judgment of relevance or irrelevance of an entity to an innovation is

not based on automatic matching of descriptors in the search specification and
data base entities. Rather, it is a series of operations in which the human

A-1
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assessor of the value of the innovation examines progressively more contextual
information about each candidate entity. The candidate entities are those that
survive each next step in winnowing out those that are clearly irrelevant.

Under some specified search conditions, the ETAM level of search is bypassed for
direct access to the applicable Navy data base. The identification of entities
relevant to the proposed innovation enables specific judgments of magnitude of
henetit, i1iability and cost factors to be taken into account for each entity.
There are specific references that can be objectively cited for assessing over-
all benefits, liabilities and costs. Thus, the validity of the ensuing decision
to accept or reject or modify the innovation is given strength; and, if the
innovation is adopted, the targets for its application have already been speci-
fically, rather than vaguely, identified.

Recommendations are included that, before widespread adoption, the search and
indexing procedures should be tried out and, where necessary, fine-tuned within
the defined objectives and theoretical models underlying the present taxonomic
structure of ETAM.

PROCEDURES FOR INDEXING THE INNOVATION

It is assumed that the indexer of the innovation or of the data base entities
(training courses, instructional vehicles, job-tasks) has training and expertise
in the index content and definitions, and has acquired some proficiency in
search strategies such as are discussed later in this appendix.

INDEXING THE INNOVATION. The following procedures assume that the indexer is
familiar with the definitions of taxonomic terms in the ETAM Phase II-A Final
Report, specifically with the procedures described in Task 5 for Determining

Range-of-Effect.

The source data which the assessor converts into an indexed description of the
innovation may consist of various prose descriptions of the innovation and its
intended uses and applications. The assessor may, through his general background
in training and training operations in the Navy, amplify or modify this description
in his thinking. i

The assessor will know that the hits revealed by the indexed search will be only
candidates for further examination in determining relevance. The further exami-
nation will be made by the assessor looking at the titles of the entities and
further contextual descriptions of them.

His indexing policy will tend, therefore, to be generous and lean toward inclusion
rather than exclusion of possibilities.

1. Determine Type of Innovation

Follow the procedures described in the ETAM Phase II-A Final Report,
Task 5, in determining the type of innovation--primarily applicable

to training courses, job-tasks, or to instructional vehicles. This

step may be merely a starting point. It is possible that the course
of inquiry may lead to all three classes of entities being explored

for potential benefits, liabilities, costs and other effects.

A-2
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Determine Use of ETAM Or Other Data Base

If the innovation applies with certainty only to concretely named
entities, bypass ETAM search and go directly to the applicable Navy
data base such as CANTRAC on courses, Naval Directory of Training
Devices or Occupational Standards on job-tasks. Use of the name

of the entity, for example radar ASQ-7, as the key for identifying
the relevant training courses or job-tasks or instructional equip-
ment. This is the fastest and most efficient search method--using
the most specific and uniquely identifying characteristics of the
object search in the search query.

Assume, however, that a subject matter search rather tahn a named
entity search is indicated by the characteristics of the innovation.
Proceed to Step 3.

Describing the Innovation for Search Query

For reasons already stated, the description of the search query may
be somewhat broader in scope than would be made by a "tight" charac-
terization of the innovation for purposes other than determining
potential range-of-effect.

Select the applicable format type--training courses, job-tasks, or
instructional vehicles. (See Figures A-1, A-2 and A-3.) It is
advisable to prepare the descriptor selection with a paper format.
Put a check mark or circle around a numbered item to indicate selec-
tion of a descriptor. If the descriptor is to indicate a NOT charac-
teristic for excluding known non-relevant entities, put a large nega-
tive sign in front of the numbered item.

Scan the entire set of descriptors on the format before making selections.
The following rules govern the manner in which query descriptors should
be formulated.

0 Only an item with a numerical prefix code can be selected. "Cate-
gories" of descriptions are underlined (or in capital letters) and
merely title a meaningful group or subset of the description.

0 Query descriptors between categories form a logical AND relationship.
A1l must be present in the index descriptor for the entity if selec-
tion is to take place. However, if the indexed entity in the ETAM
data base does not have an indexed entry under a given category, but
the search query does have a selected descriptor under that category,
the search operation will ignore that category in selecting or re-
jecting that entity in the data base. (See examples la, 1b and ic
in Figure A-4).

0 Query descriptors within a category form a logical OR relationship.
Any one that exists in the search query that is present in the
index descriptor for an entity will cause the entity to be selected.
(See examples 6a and 6b in Figure A-4.) This assumes, of course,
that an AND relationship does not exist due to a query descriptor
in another category. (See example 5e in Figure A-4.)

A-3
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ETAM TRAINING COURSE DESCRIPTORS

Reference knowledge Task functions dominant in training
(01) System purposes (60) Goal projection
(02) Organizational roles (61) Scan-detect
(03) Contexts of operation (62) Identify
(04) Organizational rules (63) Interpret
(05) Other (64) Procedure following
(65) Decide
Enabling knowledge (66) Construct, plan
(10) Operational goal criteria (67) Track
(11) Nomenclature, identif., location (68) Motor performance
12) Procedural descriptions (69) Interpersonal interaction
13) Job relevant facts, rules (70) Recall task-cycle information
(14) Other (71) Recall enabling information
(72) Adapt improvisationally/impromptu
Task formats (73) Other
(20) Procedure formats
(21) Decision formats Stage of learning
(22) Construction formats (80) Orientation, familiarization
(23) Other (81) Task nomenclature, identifications,
locations, facts, rules
Gross job categories (82) Task formats at conceptual level
(30) Operations (83) Procedures at verbal level only
(31) Maintenance (84) Task components with guidance
(32) Service and administration (85) Entire job-task procedurally at
(33) Command  barely acceptable mastery
(34) Other (86) Highly proficient in work context
(87) Unusual task conditions
Objective task variables as manifest
in the training (88) Performance at key man level
(89) Refresher learning

Equipment and objects used:
(40) Real (41) Simulated

Environments in which task is
(43) Real (44) Simulated

(42) Symbolic

trained:

(45) Symbolic

Tools/instruments used in training:

(46) Real (47) Simulated

j

Criteria of task performance:
(51) Real (52) Simulated

Reference/enablin
(49) Applied (50

FIGURE A-1.

(48) Symbolic

information in doing task:
Not Applied

(53) Symbolic

FORMAT OF DESCRIPTORS FOR

INDEXING AN INNOVATION OR DATA BASE ENTITIES:

TRAINING COURSES

A-4
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ETAM JOB-TASK DESCRIPTORS
ADMINISTRATIVE

Routine paperwork

+01) Forms filling

(02) Document file-management
(03) Decide-encode

(04) Screen-filter distribute
(05) Other

Non-routine paperwork

(17) Construct messages-reports

(12) Analyze-interpret-evaluate

(13) Construct recommendation-proposal
(14) Construct-plan

(15) Other

0ffice equipment operation
(21) Typewriter

(22) Telephone, etc.

523 Reproducer

24) Computer terminal
(25) Teletype

(26) Other

INTERPERSONAL

Inform-instruct-manage

(31) Brief-debrief

(32) Instruct-train

(33) Assign-monitor-coordinate
(34) Evaluate

(35) Advise-inform-negotiate
(36) Other

TECHNICAL

Procedures

(47) Sequential

(42) Strategic-adaptive

(43) Interpersonal-team member
(44) Other

Type of procedure (main emphasis)

(51) Scan-detect:
transduced signals, radar)

(52) Scan-detect: natural events, things

(53) Identify: symbolic (including trans-
duced signals)

(54) Identify: natural events, things

FIGURE A-2.

TECHNICAL (Cont'd)

(55) Interpret: symbolic
(56) Interpret: natural
(57) Perceptual-motor
(58) Cognitive operations
(59) Manual

(60) Communicate

With or without equipment

(61) With equipment or applied to
equipment (paper is “equipment')
(62) Without equipment

Decide

(77) Diagnose-analyze

(72) Select-choose
(73) Under stress or load
(74) Other

Construct-repair-plan

(81) Manual construct or repair
(82) Cognitive construct-plan

Track-aim-steer

symbolic (including maps,

591) Applicable
92) Time stress
(93) Information-load stress

FORMAT OF DESCRIPTORS FOR INDEXING

AN INNOVATION OR DATA BASE ENTITIES:

JOB-TASKS
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INSTRUCTIONAL VEHICLES: DESCRIPTOR LIST

Vehicle type

(01) TIastructor

(02) otatic graphics

(03) Animated graphics

(04) Audio

(05) Phvsical models, demonstration

(06) Procedural trainers: symbolic

(07) Procedural trainers: physical but not
functional

(08) Procedural trainers: functional

(09) Task and system simulators

(10) Real equipment, itself

Class of training objective

(11) Reference knowledge

(12) Knowledge-task specific/enabling
(13) Task-skill formats

(14) Skill training

Vehicle properties

(21) Visual

(22) Auditory

(23) Kinesthetic/vestibular
(24) Tactile

Type of content displayed

(31) Text-verbal

(32) Diagrammatic

(33) Abstracted pictorial representation
(34) Pictorial representations

(35) Physical representations

(36) Other

Type of presentation sequence

(41) Library of frames or items

(42) Presentation sequence not applicable
(43) Fixed sequential frames or items
(44) Random selection of frame sequences
(45) Dynamic change of content within frame

Selection source for sequencing

(51) Internal program
(52) Instructor
(53) Student choice

54) Student performance
55) Combinations of the above

FIGURE A-3.

Type of external control operated
by student

(61) Not applicable directly

(62) Artificial or symbolic response

(63) Representational response by
symbolic selection

(64) Reperesentational response by
dummy control activation

(65) Task-manipulative response,
non-dynamic in time and force

(66) Task-manipulative, dynamic and

interactive

Feedback presentation logic

(71) Not applicable

(72) Selects next stimulus item or

(73) Gives evaluation of preceding

(74) Selects and presents guidance
information

Response evaluation logic

(81) Not internal--depends on instruc-
tor or student evaluation

(82) Evaluation limited to student's
immediate response

(83) Evaluation extended to a set of
student responses

(84) Tolerance 1imits on acceptable
.student responses: FIXED

(85) Tolerance limits on acceptable

student responses: VARIABLE

FORMAT OF DESCRIPTORS FOR INDEXING AN

INNOVATION OR DATA BASE ENTITIES:
INSTRUCTIONAL VEHICLES
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INNOVATION SAMPLE ENTITY
EXAMPLE NO. QUERY DESCRIPTOR  INDEX DESCRIPTOR*

la 03 21 03 21 30

b 03 22 30

c 03 30

2a 03 03 21 30

b 21 22 30

3a 21 03 21 30

b 21 22 30
4a 03 -21 03 21 30

b 03 22 30
5a 03 -21 22 03 21 30

b 03 22 30

c 03 21T 22 30
d 03 30

- 02 21 22
6a 21 22 03 21 30

b 03 22 30

SELECTED

YES
NO
YES

YES
YEp™™

YES .
YES

NO
YES

NO
YES
YES
YES
NO

YES
YES

* Descriptors underlined are primary basis for selection/non-selection.
**No 01-05 index descriptors - therefore entry is selected.

FIGURE A-4. EXAMPLES OF ENTITY SELECTION BASED UPON
INNOVATION DESCRIPTORS (TRAINING COURSE

DESCRIPTORS)
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A query descriptor will select any entity which does not have
any index descriptor in that category, provided any AND rela-
tionship is satisfied. (See example 2b in Figure A-4.)

Select one or more descriptors within a category. It is not
necessary to select a descriptor in every category--a search
query could conceivably consist of only one descriptor in one
category. If a descriptor within a category is selected, it
should best fit the innovation. If the assessor is uncertain
about which descriptors best fit the innovation and the intent of
this stage in search, he may select several descriptors within
one category and thereby play it safe. Descriptors selected
within the category are logically CR'd to each other. This means
that (with respect to this category) the entity will be selected
as a hit if either one or the other descriptor (or both) match
the index descriptors in the data base entity. This OR rela-
tionship is automatically created when the assessor selects more
than one descriptor within a single category. He may select as
many descriptors within a category as he chooses. The OR rela-
tionship among index terms serves to expand the range of entities
in a data bases that will be selected.

The assessor may be aware that if some index descriptor appears
in a data base entity, that entity is thereby irrelevant to the
search objective. He then enters the number of the descriptor
along with a NOT function that is applied to it. This means that
if an entity in the data base contains that descriptor in its
index, the entity will be rejected no matter how well it matches
other search descriptors. Notice that it makes sense to use a
NOT descriptor only if no positive descriptors are selected
within the same category that contains the NOT descriptor.
However, it should be recognized that what may be logically
equivalent in the formulation of search arguments may not be
psychologically equivalent. In any event, if the assessor inad-
vertently includes a NOT descriptor in a category which also
contains positive valued descriptors, the search logic ignores
the NOT item as a redundant and irrelevant specification. (See
example 5¢ in Figure A-4.)

The descriptor OTHER: Ordinarily in constructing a search
specification this descriptor is ignored. But on some occasions,
none of the descriptors in a category fits, but the searcher
feels strongly that there ought to be a descriptor in this cate-
gory for the innovation. He may ask for OTHER and be prepared to
scan through the miscellany of entities that the indexers of the
data base have labeled with this descriptor because they too
could not find the right descriptor for it. It is likely to be a
long chance. The descriptor OTHER may be used along with other
descriptors in the categcry in order to be sure that all the
possibilities have been examined.
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0 The search specification is readied for entry. The assessor
may request--or automatically be presented with--a display
or printout of the entire search specification. This display
is identical in appearance to the format for selecting descrip-
tors, except that only the selected descriptors--under their
category names--are presented. Any NOT descriptors are so identi-
fied in the display with a preceding minus sign. The specific
search operation is also identified (in human readable symbols)
with the innovation's project file number and a search entry code
identification. These data and the particular search specification
will be retained for retrieval. It should also be carried along
with any output listings that result from the data base search.

The Search Specification Is Entered

The assessor interactively selects a function that enters the speci-
fication into data base search.

Preliminary Search QOutput: Count of Hits

Because the search specification may produce a very large list of hits
that would be time-consuming to display, the system begins by present-
ing an overall count of items that match the search specification. The
assessor may recognize at once that something is wrong with his search
specification. He may then review and revise it, and resubmit it for
search. :

Inspection of a Sample of Hits

The assessor may request display of a sample of the listing. Perhaps
the first twenty-five items are displayed to him. The content of
listings in the ETAM data base are limited to the title of the entity
and the Navy data base code identification of the entity. In the
case of a training course, the CIN/CDP codes and title of the course
are presented. In job-tasks, the rating, rate, job-task code number
and title according to the Navy's Occupational Standards directory is
given. In instructional vehicles, the Directory of Naval Training
Devices code identification, Federal Stock Number, and name of the
device are presented.

Revision of Search Specification

The 1isting of the previous search results to the assessor may be
sufficient for him to revise his search specification. This is likely
to make it more constraining. He may resubmit the search.

Rejection of Unwanted Entities

In many cases, the brief listing of an entity may provide sufficient
context information to enable the assessor to reject the entity from
further consideration. An interactive program will be provided to
assist the user in the editing of the results of a search. This

manual editing will allow deletion or addition of entities as required.
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9. Saving the Results of a Search ‘

When the user has made his selection of wanted entities in the results
of a search, the results will be automatically saved as a component of
the project data base. The results are subject to further perusal or
editing as required.

10. Combining the Results of Successive Searches

For the purpose of procedural simplicity, the user is not given the
opportunity to formulate complex Boolean search arguments. A compli-
cated pattern of AND and OR relationships requires the formulation of
a number of individually simpler search specifications. The user may
use the interactive search results editing program to combine search
outcomes as required.

11. Getting Further Context from Navy Data Bases

Ordinarily the information gleaned from entity titles is not likely to
be sufficient for final decisions of relevance to the innovation.
(Ordinarily it requires less information to make the decision of
"jrrelevance" than the decision of "relevance." The decision alter-
natives here are "relevant," "irrelevant," and "undecided.") The

coding format in ETAM of Navy data base entities may be equivalent to
that in the respective Navy data base. If so, a machine readable out-
put from ETAM may serve as direct input to the Navy data base. If .
not, some manual translations may be required for accessing the computer
files. The paper equivalent of the same files may be accessed by the
code designators. The latter makes for more nuisance and time in

paper shuffling, but is not impossible.

In the final stages of decision about relevance, the assessor will be
scanning candidate course descriptions at the level of CANTRAC summaries
or more detailed course outlines and schedules, NOTAP (Naval Occupational
Task Analysis Program) job-task descriptions lying behind the job-task
titles in the Occupational Standards directory, or the descriptions in
the Naval Training Devices listings. In the case of instructional
vehicles, the TECEP* directory can give still greater assistance in
focusing on equipment and media types of relevance to the inquiry.

The fact that the listing of relevant entities will be coded consistent
to Navy data base codes for the same entities will enable access to
cost, usage and other data essential for the processing of costs and
benefits in later ETAM tasks.

*Braby, Richard Ed. D.; Henry, James M.; Parrish, William F.; and Swope, William M.
Ph.D; 1975. A Technique for Choosing Cost-Effective Delivery Systems, TAEG Report
No. 16, Training Analysis and Evaluation Group, Orlando, FL.
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12. Entering Results Into the Project Data Base

Search results, edited as required, are saved as a specific file of

the project data base for that innovation. The source search arguments
that were used as a basis of the search are also preserved as separate
files of the same project data base. The contents of either the

search arguments or the search results could be applied to other
innovations that are equivalent or overlapping in objectives.

COMMENT. This description has not included a variety of user convenience functions
at the terminal. These deal with such factors as user ID, file ID, correction

of unintended entries, tutorial services dealing both with the procedure itself
and with reference to the meanings of each of the descriptors in the descriptor
sets. These are important considerations, but outside the present scope of

effort to implement. .

PROCEDURES FOR INDEXING INSTRUCTIONAL VEHICLES, TRAINING COURSES AND JOB-TASKS

Indexing the subject matter in a data base is a discipline. It requires a
working conceptual knowledge of the taxonomic nomenclature, but no nomenclature
of subject matter is free of substantial ambiguity. The ETAM indexing nomen-
clature is no exception.

In ETAM, the objects to be indexed have two orders of ambiguity. Although the
intent of ETAM is to index, say, a given instructional vehicle, the indexer must
use as his reference not his direct knowledge about that vehicle, but a summary
description of the vehicle. The same applies to training courses and to job-
tasks. The indexer must be able to interpret the often cryptic and always
incomplete descriptions of the objects being referenced. His task, thus, is
more difficult than the librarian kind of indexer of documents who can work with
the document content at its face value. Assigning a descriptor to an object is
therefore an act of interpretive judgment. - The judgment centers on the tradeoff
between what is likely to be gained for retrieval objectives by adding, or by
not adding, a given index term to the title or name of the object.

The ultimate validity of an indexed data base can be tested not by truth but by
practicality. Assume the following conditions: A sample of users--in this

case, of ETAM assessors--is given unrestricted time in which to search exhaustive-
ly through all of the data base content of course titles, course descriptions

and other references. The objective of the searches is to match, say, training
courses relevant to the knowledge of the specific training innovation. This
process results, presumably, in a number of hits on "relevant" objects. Now let
equivalent searchers use the subject matter index and the indexed data base for
equivalent searches. To the extent that results in hits from the second procedure
match those obtained by the first procedure, the index and indexing operations
(taken together as they must be) are valid or effective.

A comparison of the time effort and other costs associated with each of the two
procedures would be measures of relative efficiency. In the practical world of
cost-to-benefit ratios, even substantial reductions from a measure of Utopian
validity can be offset by large cost reductions. In the design of search procedures,
there tends to be a tradeoff between the average effort spent in putting the

needle into the haystack and the average effort that will be spent in finding

it, or the cost of not finding it at all.
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This argument is intended to motivate the would-be indexer who correctly realizes
that the notion of "perfect indexing" is meaningless. In technical jargon,
subject matter indexing is in the class of operations that are "heuristic."

INDEXING OBJECTIVES

Policy 1. The primary objective of indexing the data base is to
help the ETAM analyst determine the range-of-effect of a proposed
innovation or change to existing (or projected) Navy practices or
facilities for training.

The indexer should strive continuously to bear in mind his goal object--to give
the ETAM user a practical tool for determining the range-of-effect of a_ proposed
innovation in training technology (whatever its ngtureg. The indexer is creating
a job aid. The indexed content is not an end in itself.

A different user and different purposes would certainly generate a different
indexing content and structure, and different indexing policies.

Policy 2. In assigning descriptors, err on the side of including
the irrelevant rather than excluding the relevant.

This policy is based on the importance of getting the fullest reasonable range
of applicability of the innovation or change on which the data base query is
based. Rejects at this search level will not again be candidates for inquiry.
The indexer must also remember that his index will generate only a preliminary
pass at selecting candidates, and that final decisions to accept or reject
objects yielded by the automatic search will be made by the ETAM assessor while
examining the full context of course titles, course descriptions and so on.

Obviously this advice must be followed temperately. It applies where the indexer
has reason to be ambivalent about including or excluding a given descriptor

while indexing an object. He will have to take into account the entire context
of the description of the object plus his interpretation of what lies behind the
description presented to him. The significance of the descriptor to that context
should also weight his decision to accept or reject. If the descriptor, or an
approximation of the descriptor, seems to have a central importance to the
context (of the course, of the vehicle, of the job-task or job) then he should
weight in favor of inclusion and let the assessor later decide on relevance.

But if the descriptor seems to apply to a relatively unimportant factor in that
particular training, or job or vehicle, there is little practical loss if when

he is uncertain he rejects using the descriptor. By so doing, he increases
search efficiency for the ultimate user.

Indexing Procedure. The following steps include the preparation by the indexer
for indexing the ETAM data base content. It is assumed that the indexer will
become a skilled specialist in performing this function as contrasted with a
host of persons performing this function only occasionally.

1. Acquire a clear picture of the task objectives of the users
of the indexed materials.

A continuing awareness of the purpose to be served by the

iqdexed content should help the indexer to do what is suffi-
cient and necessary for the ETAM user. The indexer's strategies
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and decisions can remain clearer and more relevant if purpose
is restricted to specific needs. The indexing of content for
retrieval is a reciprocal operation to querying and searching.
[deally, the indexer acquires some experience in simulated
search problems and thus becomes sensitized to the searcher's
difficulties.

Learn the nomenclature and concepts of the indexes.

The meaning of each index term is given in the ETAM reference
material. In many cases, these meanings are somewhat specific
to the ETAM context. For example, the term "decision format"
cannot be sensibly used without the specific ETAM definition.
The user who queries the data base will use the same reference
material for selecting index terms in his queries. It is
therefore essential that the person who indexes the data base
objects, and the person who indexes queries to that data base,
share in a single reference that defines the index terminology.
Notice that most index terms are clustered into categories or
groups. These groupings have a contextual purpose for both the
indexer and the searcher. After a number of hours that combine
study and application practice, the indexer will begin to find
that the appropriate index terms will often emerge almost
automatically when he looks at the reference content that
describes the object to be indexed. This automaticity has
value in efficient classification; it has a liability in that
the indexer may become stereotyped in assigning descriptors
when he should be exercising contextual judgment.

Learn the search rules and strategies that will be applied
to the indexed materials.

The indexing of the data base content is a critical step in
determining a range-of-effect. But it is only the first in
a series of steps taken by the assessor in seeking to match
the description of an innovation with entities identified in
the data base and ultimately with real entities--jobs, courses
and instructional vehicles. The indexed search operations
could result in a collection of "probable" relevant items
and the rejection of "improbably" relevant items. The final
decision of relevance occurs when the assessor examines the
contextual descriptions of the items that have been screened
as probably relevant.

The indexer should be intimately familiar with these operations
and strategies, and the kinds of judgment the assessor will have
to make as he proceeds. The indexer can stipulate that the
assessor uses the same definitions and meanings of index terms
that he uses and which are contained in the shared glossary
reference.
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By being aware of the judgmental operations of the assessor

and query-maker, the indexer can realistically control criteria
for precision in indexing. This awareness can be crucial to
the indexer's speed and comfort in assigning descriptor nomen-
clature to object descriptions. He should, of course, have a
realistic knowledge of what happens when a data base search is
screened by descriptors in various logical relations--AND, OR
and NOT, according to ETAM query construction rules. (See
preceding material in this appendix for those rules.)

Practice assigning descriptors to several scores of entities
in each entity class.

The results of this practice are thrown away. The intent is two-
fold. One is to master the classificatory format so that the
indexer can think with it more or less spontaneously. After

a first pass at indexing several dozen entity descriptions (at
whatever the level of description is to be used), perform a
second and independent pass on the same sample of materials

in a day or two--after some degree of forgetting of the first
pass. Then compare the results of the first and second passes
for reliability. There will be variations, and this would be
expected even among highly skilled indexers. But the novice
indexer should attempt to think through and account for the
differences between his first and his second indexing of the
same item. It is not necessary to think of one or the other

as being "wrong" when two or more passes on the same material

do not match precisely. This thinking through of the variations
can lead to a relatively consistent decision policy in assigning
descriptors.

Index on the basis of entity context as well as specific elements
of description.

Assume one is indexing a course title and description. Before
assigning any descriptor terms, one should read all of the
information that is going to be used (or is available) for the
indexing of the course as an entity. One should get the entire
context in mind. This enables judgment in selecting index

terms that will be useful in a practical way. For example, an
operator's course on radar equipment mentions that "routine
maintenance operations and diagnosis" is an item of study. The
entire course is limited to 10 days. It is a pretty safe bet

that the "maintenance diagnostics" will be limited to a few
external, procedural tests in order to determine whether the set

is operationally usable or not. Almost certainly there will not
be circuit and module levels of troubleshooting taught and learned,
nor complex inferential strategies applied by the operator. There-
for, the expressions "maintenance" and "diagnosis" in this context
would probably not warrant applying to this course, or course
segment, nor the descriptors "maintenance" and "decide" (the

latter including the meaning of "diagnose") for that course,

at least on the basis described here.
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The indexer will, of necessity, have to make a number of infer-
ences of this kind. Sometimes his guesses will be wrong. But
if he has a general background knowledge of the subject matter
(training courses in this example) and uses the contextual
information presented to him, his batting average must be better
than if he relies only on words and phrases taken out of context.

The descriptor "Other" appears in some categories. This is an
escape hatch and should be used with reluctance. On occasion,
however, a category may connote concepts that are important
for identifying something important about the entity to be
indexed, but none of the descriptors in the category make even
an approximate fit.

Use the term "Other" in the expectation that a searcher will
sometime have a reciprocal difficulty in finding the right
descriptor--or several descriptors--and specify "Other." The
"Other" file will be a miscellany of items that the searcher
will have to look through in terms of their contexts in the
hope of finding a hit.

If several indexers agree that the "Other" term is being used
too frequently in a given category, the definitions of the
other descriptors should be restudied. If this is still un-
satisfactory, the definitions of the descriptors may have

to be somewhat modified. If this is still unsatisfactory,
another descriptor may have to be added to the category.

But changes to the present index, especially after any wide-
spread adoption, should be made with great reluctance. That
is because changes will invalidate to some degree the existing
indexes of data base entities. A test of motivation to change
is willingness to reindex existing entries. This is less

a threat if an index term is added to the present list. But
as index terms are added, the human difficulties in using

the index, either for search or for entities, escalate.

Use descriptors to identify key factors in the entity.

Apply a descriptor to an entity (course, job or vehicle) only
if the descriptor identifies something important in a practical
sense. Some examples will clarify.

Although there can be exceptions to the following principle,

it is generally a good one to follow--a factor, feature or
element which is less than 5% of the cost, or time or function
of the total entity does not justify identification by a descrip-
tor. Thus, a fifteen minute discussion on "system purposes"

in a two-week course for operator or maintenance personnel

would not justify that the index to these courses include

the descr1ptor "system purposes." But, if a half day or a full
day in the two-week course were spent on this topic, it would
Justify the inclusion of the descriptor.
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The 5% principle does not apply if the reference is highly
important. The solo pilot may spend less than 5% of total
mission time on navigation, but it is a key function to mission
effectiveness. This would therefore be an appropriate activity
to account for in a job-task characterization--in our indexing
system, navigation would be indexed as "interpret" and "cogni-
tive operations."

The data for making these quantitative and qualitative judgments
rarely appear in the entity descriptions upon which the indexer
generally depends. In consequence, the indexer should have
general knowledge and practical acquaintance with the subject
matter he is indexing.

Assume that the indexer has general knowledge background of the
subject matter being referenced by the description from which
he is making the index; assume also that the indexer has thor-
ough familiarity with the meanings of all of the descriptor
terms; finally assume that he has had a few dozen hours of
experience in applying the descriptor set to these entity
descriptions. It should take him between two and five minutes,
with a median value of less than three minutes, to index
whatever entity is being indexed--the job-task, the course of
instruction, or the instructional vehicle. Some entities--
such as homogeneous units of instruction--could be indexed far
more rapidly--less than a minute. Entities in each of these
kinds of materials tend to group themselves so that the indexer
learns to recognize what pattern of descriptors applies to
members of the subsets. Additional time is required when a
standard pattern is not the case.

If the indexer labors for many minutes on a large proportion of
individual entities or items, agonizing over the choice of a
descriptor, something is wrong. He has not been properly ori-
ented to the task--he may be unduly compulsive about resolving
ambiguities, or his information background for the task may be
inadequate. On the other hand, if the indexing always proceeds
as rapidly as his hand can check off descriptors, he may not be
giving enough critical examination and thought to the subject
matter. Properly done, indexing is hard mental work. It requires
holding a context of information in mind and exercising degrees
of judgment not only in what descriptors to select, but also
which ones to exclude.

Use a standardized format for indexing.

One indexer of samples of job-tasks, courses and instructional
vehicles used copies of the format shown in Figures A-1, A-2

and A-3. A special heading was added that specified Navy data
base identification code, title of the entity and, as a special
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