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‘the development/acquisition process and (2) the lack of a comprehensive
set of training analysis tools which are appropriate for the early phases
of design. The ETES will have four major components; a System Descrip-
tion Technology, training estimation aids and procedures, human perfor-
mance simulation models, and a users guide.

The System Description Te-bnnlogy (SDT) will be an automated tool
for describing actual and projecced system elements, including functional
requirements, design concepts, tasks, skills, training program elements
and their associated resources; for storing the above information; for
changing and updating this information; and for transmitting the infor-
mation among all of the participants in the acquisition process.

The training estimation aids and procedures will be specifically
designed for early training estimation. They will include procedures
(automated whenever possible) for (1) identifying comparable equipments,
(2) generating and modifying tasks, (3) generating and modifying courses,
(4) selecting and assigning tasks to training settings and methods, (5)
determining the number of personnel to be trained, (6) determining
training resources, and (7) developing training ccst measures.

The human performance - system performance simulation models will
be used to relate human task performance to system performance. The
simulation rodels will provide the capability for trading off training-
related system elements with other gystem elements.

The User's Guide will provide a detailed, step-by-step- handbook
describing the use of the other three tools to assess early training
requirements.

The first year of the study concentrated on the development of
the SDT, the most important component of ETES. The SDT will provide a
data base management tool which will be capable of describing most of the
major elements of an emerging system. As such, the SDT will provide an
important data base management capability that has wide ranging appli-
cability, far beyond training-crelated issues.

,This yearly report outlines specifications for the SDT development,
provides a description of the physical and operational features of
a prototype SDT concept, and describes the analytical procedures under-
lying the development of this concept.

[~

ii SECURITY CLASZIFICATION OF THIS PAGE(When Date Entered)




Research Note 81-22

EARLY TRAINING ESTIMATION SYSTEM:
' FINAL YEARLY REPORT NUMBER 1

Lawrence H. O'Brien, Gavin H. Livingston
1 DYNAMICS RESEARCH CORPORATION

::oc"\ | Acoession For
NT1IS GRA&I
DTIC T4AS
ARI FIELD UNIT AT FORT BLISS, TEXAS Unanneunced ;
Justificatiun -
By.
Distributicn/

Availability Codes

Avail and/or |
Dist Special

U.S. ARMY RESEARCH INSTITUTE FOR THE BEHAVIORAL AND SOCIAL SCIENCES
5001 Eisenhower Avenue, Alexandria, Virginis 22333

Office, Deputy Chief of Staf’ for Personnel
* Departmaent of the Army

August 1980

R

Army Project Number Manpower, Personnel

2Q162722A791 and Training

Auwandu:pduhrduuuduﬂhnhnunmuud

iii




TABLE OF CONTENTS

PREFACE
1. SUMMARY
1.1 Background
1.2 Current Problems Surrounding Early Training
Estimation
1.3 ETES Components
1.3.1 System Description Technology
1.3.2 Training Estimation Aids and Procedures
1.3.3 Human Simulation Models
1.3.4 User's Guide
1.4 ETES Study Tasks
1.5 Progress on Study Tasks
1.5.1 Task 1l: Review of Existing Procedures
1.5.2 Task 2: Develop SDT
1.5.3 Tasks 3, 4 and 5
2. SPECIFICATIONS FOR SDT

2.1

2.2

Overview of SDT Requirements

2.1.1 Role of SDT in the Acquisiticer
Process

2.1.2 A Basic Data Problem in Early
Training Estimation

Overview of SDT Functions

Functional Requirements
Design Concepts
Equipment-Task Interface
Behavioral Task Elements and
Features

Skills and Xnowledges
Training Program Elements

e o o o
NN N
o« o o o

[ S BN NN
owm o wN -

NN

Page

2-10

2-12
2-17
2-20

2-25
2-28
2-28

e




TABLE OF CONTENTS (continued)

Page
2.3 General Guidelines for Input/Output
Mechanisms 2-28
2.4 Sequence of SDT Applications Through the
Acquisition Process 2-35

2.4.1 Period 1: Initia) Functional

Requirement Analysis =26
2.4.2 Period 2: Initial Training

Estimation -- Contractor Design

Alternative Not Specified 2-38
2.4.3 Period 3: Training Estimation for
Identified Design Concepts 2-40
2.4.4 Period 4: Training Estimation for
Identified Tasks 2-41
2.4.5 Period S5: Training Development for
Selected System 2-42
2.5 Prast Efforts in Developing System-Specific
Data Bases 2-43
2.5.1 Logistics Support Analysis Record 2-43
2.5.2 Air Force Human Resource Lab
Unified Data Base 2-43
2.5.3 Consolidated Data Base of HARDMAN
Methodology 2~52
2.5.4 SAT Program for the B-~1 Bomber 2-54
2.5.5 Navy Enlisted Professional Development
Information Support System (NEPDISS) 2-56
2.5.6 Other Data Bases 2-57
3. SELECTION OF AN AUTOMATED TOOL FOR SI¥ DLSVELOPMENT 3-1
3.1 Overview of Automated Tocls 3-1
3.2 Review of Requirements Analysis Tools 3-2
3.3 Review of Data Base Management Systems 3-9

3.3.1 Overview of Data Base Management

Systems 3-10
3.3.2 Types of Data Base Munagemen=

Systems 3-13
3.4 The Application of DBMS Technology to .
the SDT 3-.9
i
i

vi




3.5

3.6

TABLE OF CONTENTS (continued)

Restructuring of the SDT into a Relational
Framework

3.5.1 Discussion of the SDT from an Entity-

Attribute-Relationship Perspective
Selection of a DBMS for the SDT
3.6.1 Determination of the SDT Require-

ments that Apply to the Selection
of a DBMS

3.6.2 Selection of DBMSs that Fulfill the
Requirements of the SDT

3.6.3 Comparison of the Selected DBMS
Alternatives

3.6.4 Review of the Applicable DBMSs

3.6.5 Alternatives for Developing and
Operating the SDT

3.6.6 Specific Recommendstion for

Developing the SDT

SDT DESCRIPTION

4.1

4.2

Overview of SDT Features and Relationship
to Other Sections
Users of SDT

4.2.1 Primary Users
4.2.2 Data Base Directors (DBDs)
4.2.3 SDT Management Group

Physical Description of SDT

4.3.1 Physical Description of Primary
User Hardware

2 DBDs Physical Equipment Description

3 SDT Management Group Physical
Equipment Description

4.13.
q.3.

vii

Page

3-21

o
]
—

!
NN

]
[ XV, )

o Jhbl.h b

(]
~1

4-7
4-10

4-10




.

TABLE OF CONTENTS (continued)

Page
4.4 Overview of SDT Processes 4-10
4.5 Modes of Operation for Primary Users and
Data Base Directors 4-12
4.5.1 Sign-On/System-Status Check 4-13
4.5.2 System Examination 4-14
4.5.3 Input Mode 4-14
4.5.4 Update/Modify Mode 4-15
4.5.5 Output Mode 4-16
4.6 Overview of SDT Operation 4-17
4.7 Example Interactions 4-17
4.8 1Initial Version of SDT 4-61
4.8.1 Characteristics of Initial SDT 4-61
4.8.2 Expected Users 4-61
4.8.3 Input Capabilities of SDT 4-61
4.8.4 Output Capabilities of SDT 4-62
4.8.5 System Elements Described in SDT 4-62
4.8.6 Other Characteristics of the
Initial SDT 4-63
REFERENCES R-1
Appendix A: Review of Army Documents and Procedures
Related to ETES A-1
Appendix B: Example Outputs for Functional
Requirements and Design Concepts B-1
Appendix C: Review of Pgychological Research Related
to Design c-1
Appendix D: Review of Research Related to Human Computer
Interactions D=1

. viif !




LIST OF FIGURES

1-1 System Definition as a Function of Time
1-2 System Development Process for SDT

1-3 Overview of SDT Physical Structure

1-4 Overview of SDT Input/Output Operation
1-5 ETES Study Tasks

2-1 Etes Components

2-2 SDT Application

2-3 Role of SDT During Acquisition Process

2-4 System Development

2-5 SDT

2-6 Functional Requirements

2-7 High Level Functional Rreakdown for Weapon
Systems

2-8 Design Concepts

2-9 Sequence for Identifying Design Alternatives

2-10 Equipment-Task Interface

2-11 Tasks

2-12 Skills and Knowledge

2-13 Training Program Elements

2~-14 Periods in the Application of SDT

3-1 An Architecture for a Database System
3-2 Relational DBMS Form

3-3 Network DBMS Form

3-4 Hierarchical DBMS Fornm

Overview of SDT Physical Characteristics

4-1
4-2 Overview of SDT Prccesses
4-3 Schematic Representation of SDT Frames

ix




i
i
g

- aoris

—
]
—

NN?;)NNN
OV b Wiv K+

SIS
[
[r o BN}

]
0

NN NN
]

=t e

[SE N @]

2-13

LIST OF TABLES

ETES Study Activities and Related Sections
of the Report

Oucputs Related to Functional Requirements
Outputs Related to Design Concepts

Levels of Design Concept Development
Outputs Related tc Equipment-Task Interface
Outputs Related to Task Information

Vutputs Related to Skills and Knowledge
(S&K)

Outputs Related to Training Program Elements
Past Efforts at Human Resource Data Base
Development

Overview of LSAR and Its Major Weaknesses
Limitations of the UDB

Data Elements Contained in CDB

SAT Data Elements and Limitations

NEPDISS Data Limitations

Requirements Methodologies and Results of
Preliminary Assessment

Implicit Entity and Attribute Classes for
Daveloping Weapon Systems

Types of Relationships Required by SOT
Implicit Relationships in SDT

Characteristics of Commercially-Available DBMS
Evaluation of Selected DBMS Alternatives for
the SDT

Primary Users of SDT

Page

1-18

2-14
2-19
2-21
2-24
2-27

2-30
2-32

2-44
2-45
2-50
2-53
2-55
2-58

3=-5
3-23
3-24
3-25
3-29

3-35

4=-4




PREFACE

This paper is the first yearly report for the Early Training
Estimation System (ETES) development project (Contract No.
MDA-903-80-C-0525). The report is divided into four
sectiona. Section 1 provides an overview of the report, the
ETES study ccmponents, study taske, and the major activities
that were conducted under these tasks during the €first year
of the study. The next three chapters describe the System
Description Technology, the most important component of
ETES. Section 2 presents a set of detailed specifications
for the information elements which must be described by the
SDT. Section 3 describes the results of an evaluation of
current automated tools whicn were considered for
application in the SDT. Section 4 presents a detailed
description of the physical and operational characteristics
of the SDT. ’

A number of J4ifferent analyses and reviews were conducted
during the first year of ths study in support of the SDT
davelopment. These analyses are described in a series of
appendices. Appendix A presents the results of a detailed
review of existing Army acquisition procedures and practices
and their implications for ETES. Appendix B describes some
examples of the types of information which are likely to be
output from the SDT. Appendix C presents the results of a
review of psychological research related to design and its
implications for the SDT. Appendix D reviews psychological
r.search related to human computer interaction, an area of
rescarch closely related to the automated SDT.

xi




The contract monitor for the study was Dr. Charles Jorgansen
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year efforts in ETES develcpment were Cecil Wakelin, Gavin
Livingstone, Ray Walsh, Peter Weddle, Cavid Herlihy, Laurel
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SECTION 1 - SUMMARY

This section summarizes the activities and analyses
conducted during the first year of the Early Training
Estimation System (ETES) development project. The section
is divided into five subsections. Subsection 1.1 reviews
the general trends which are placing heavier and heavier
demands on training development. Subsection 1.2 describes
the specific problems and deficiencies in existing Army
practices which led to the initiation of the ETES project.
Subsection 1.3 presents an overview of the four components
of ETES. Subsection 1.4 describes the major tasks in the
ETES development project. Subsection 1.5 presents a
detailed description of the progress achieved under each of
these tasks during the first year of the study.

1.1 BACKGROUND

The Early Training Estimation System will provide a
capability for systematically estimating training
requirements during the earliest phases of the acquisition
process (mission area analysis, concept exploration - Phase
I, and validation and demonstrution - Phase II). There are
two major reasons why such early estimates cf training
requirements are needed. First, by developing earlier and
more accurate estimates of training requirements, the
training planning process can begin earlier, and thus the
training products asscciated with a system, many of which
require a long lead time, are more likely to be available
when the system is fielded. Second, by developing estimates
of training requirements for the various alternatives which
ace likely to exist during the early pnases of the

1-1




acquisition vrocess, the training developer can provide the
informction needed to effectively influence design with
training-related considerations. The impo-tance of the
latter utilization of early training projections cannot be
overestimated. Most of the major design decisions related
to a new system are made during the early phases of the
acquisition process (see Figure 1-1). Thus, if training is
to influence design, it must impact these early design
decisions. And there is good reason for insuring that
training-related considerations do, in fact, impact
design. Studies have shown that, in most weapon systems,
operation and support costs comprise 50 to 80 percent of
total life cycle cost. Further, over 60 percent of these
operation and support costs are related to manpower,
including the cost of training. Because these costs are the
result of demands generated by the design characteristics of
a system, acquisition policies have been established in the
Federal Government to infure that support requirements are
accurately determined and evaluated 1in conjunctien with
system development (e.g., DoDD 5000.1, DODI 5000.2, and DODD
5000.39). ETES is specifically desigred to provide the Army
with the capability for meeting the training=-related
requirements in these new acquisition policies.

1.2 CURRENT PROBLEMS SURRQUNDING EARLY TRAINING ESTIMATION

Given the clear needs for early training estimation which
were outlined above, one might wonder why a systematic early
training estimation tool has not yet been developed. There
are two reasons for this current gap. First, the needs
described in Sectien 1.1 have only recently been
identified. Second, and most important, current procedures
and practices have three major deficiencies which limit, and
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in most cases prohibit, the development of early estimates

of training requirements. These deficiencies are:

(1)

(2)

Lack of a Systematic Flow of Information Between

Training Developers and QOther Participants in the

Acquisition Process - To develop estimates of

training requirements, training developers must
have information on actual or estimated system
functional requirements and design c¢oncepts as
soon as they are generated and, to maintain the
accuracy of these estimates, these same training
developers must be quickly informed of design
changes and updates. Unfortunately, under current
practices and procedures, training developers do
not receive information on system functional
requirements and design concepts in any systematic
format, nor is there any formal mechanism through
which they can obtain information on systam
updates.

Lack of Estimation Procedures/Aids Appropriate to

the Design Process - Even if training developers

were receiving accurate and timely information on
early system concepts, systematic estimates of
training resources could not be developed because
of the deficiencies in the current state of the
art in training estimation procedures and aids.
Current training technologies are geared to deal
with the type of detailed data and the types of
analytical questions which are relevant to later
phases of the acquisition process. These
technoclogies cannot deal with the special
requirenants of the early phases such as the




identification of comparable existing equipment,
the generation of tasks for systems whose hardware
has not yet been built, the rapid assignment of
tasks, and the rapid estimation of training

resources and costs.

(3) Lack of Simulation Models and Other Evaluative

Tachnologies which Incorporate Human

Performance. Currently, there is not an adequate

set of simulation models which can be used to
relate human task performance to overall system
performance. Without such models, it is difficult
to estimate some of the key interdisciplinary
tradeoffs (e.g., training versus hardware) which
must. be made during the early phases of the
acquisition process.

1.3 ETES COMPONENTS

To deal with the deficiencies described above and to develop
a comprehensive set of early training estimation tools, the
Army Research Institute (ARI) initjated a three-year effort
to develop an Early Training Estimation System (ETES). The
ETES will have four major components: a System Description
Technology (SDT), Training Estimation Aids and Procedures,
duman Performance Simulation Models, and a User's Guide.

1.3.1 System Description Technology (SDT)
The SDT will be an automated tool for describing actual and
projected system elements, including functional

requirements, design concepts, tasks, skills, training
program alements, and their associated resources; for

1-5
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storing the above information; for changing and updating
this information; and for transmitting the information among

all of the participants in the acquisition process.

The SDT is clearly the most important component of ETES and
will be given the greatest amount of attention and resources
during develcpment. In fact, the primary focus of the first
year of the study efforts has been on the development of

specifications for the SDT.

It should be notad that even though the SDT is being

develoved under the auspices of au early training estimation

project, the SDT will provide a data base management tool

which will be capable of describing most of the major

elements of a system (e.g., functional requirements, design,

tasks, skills, and training program elements). As such, the

SDT will provide an important data base management

capability that has wide ranging applicapnility beyond

training related issues.

To provide an effective communication vehicle for training
developers and other participants in the acquisition
process, the SDT will describe (a) training programs and
their associated resources, (b) the tasks which drive these
training programs, (c) the personnel who will ke regquired to
perform the tasks, (d) the system designs which generate the
task requirements, and (2) the functicnal requirements for
which the system desigins have been developed.

In order to provide a capability for early traininag
requirements estimation, the SOT will describe these system
elements during the earlies%t phases of the acquisition
process. To systematically generate data during the early

R




phases of the acquisition process, comparability analysis

procedures will be employed.

More specifically, during the early phases of the
acquisition process when only information on functional
requirements is available, a systematic comparability
analysis can be conducted to identify existing subsystems,
and historical data for these subsystems can be modified to
meet the differential requirements of the new system. By
utilizing design and task data from comparable existing
systems, systematic estimations of early training
requirements can be made when only functional information on
the projected system is available (see Figure 1-2). Later,
as actual design concepts are developed, the comparability
analyses can be used to develop estimates of tasks and
training program elements. Still later, when the actual
system tasks are available, only the training program
elements must be estimated.

The SDOT will thus be capable nut only of describing the
current state of the system during the eariiest phases of
the acquisiticn process, but also of (1) detailing projected
system elements and alternative system concepts, (2)
relating alternative system concepts to a common framework
so that meaningful comparisons can be made, and (3) refining
system information as more accurate and more detailed data
are developed.

1.3.1.1 SDT as a Data Base Management Tool
An extensive review oOf automated tools was conducted during

the first year of the ETES study to identify an extant
technique or approach which would provide the best vehicle

1-7
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for STD development. The results of this review indicated
that a Data Base Management System (DBMS) could best fill
the SDT requirements. The Data Base Management System
concept has a number of advantages over other automated
tools. First, DBMSs are specifically designed to deal with
the types of issues which are central to the major problem
facing the SDT - namely, the description, update, expansion
and retrieval of data on an emerging system and the
transmission of this information to a wide range of users.
Second, DBMSs have the capability to be fitted with
input/output mechanisms which are specifically geared for
use by uninitiated users. Third, DBMSs can incorporate
information on the implicit relationships and classes of
information which are applicable tO all weapon systems and
these stored relationships can be used to reduce the input
load on tha user. Fourth, DBMSs can maintain a consistent
internal data base while at the same time allowing different
users to have different "views" of the stored data and
different input and output requirements.

The centralized control provided by a DBMS can, in turn, (1)
reduce redundancy in stored data, (2) avoid inconsistency in
stored data, (3) allow for greater sharing of duta, (4)
permit standards to be enforced, (5) permit security
restrictions to be applied, (6) permit a greater capability
for checking and maintaining data, and (7) provide a
capability for “data independence”. Data independence is
achieved by maintaining an internal structure of the data
which is independent of the individual applications of the
data and individual user viewpoints. This data independence
may be contrasted with data dependent systems in which the
data are stored and accessed in a manner which is dictated
by the structure of the applications.

1-9
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1,3.1.2 Users of SDT

Some of the organizations which are 1likely to be users of
the SDT are the TRADOC system manager for a developing
system, training developments (for the related school)
combat developments, DARCOM Program Management staff for the
daveloping system, the TRADOC Systems Analysis Activity
(TRASANA), the DARCOM Materiel Readiness Support Activity
(MRSA), and individual contractors associated with the
System.

Each user will be connected to the SDT by at least oae

remote terminal. Some primary user organizations (e.g.,
training developments and the DARCOM Program Manager) are
iikely to have more than one terminal since they will have a
number of individuals with a need for SDT data base
information. It is expected that the users of the SDT w.ll
have little, if any, computer skills. Consequently, all of
their interactions with the SDT will be through a highly
transparent user interface which will  utilize nmnenu-
selection, form=filling, and question~and-answer computer
dialogue techniques to elicit input data and commands. This
type of transparent interface will mean that the users will
be required to learn only the commands associated with
calling up the SDT system. From that point on, they will be
led through the utilization of the SDT and will not have to
generate any more commands on their own. (They should, of
course, have read the SDT Users Manual to learn how the SDT
can, and should, be used.)

Nne of the user groups will also serve as the Data Base

Directors (DBDs). The DBDs will have the sare capability as
the pnrimary users for entering, storing, and accessinag SDT

l1-10




information. The Data Base Directors will also have two
additional responsibilities: (1) The DBDs will Dbe
responsible for overseeing the general development of a
system-specific SDT data base, and (2) The DBDs will lave
the capability, together with the SDT Management Group, for
batch input and for producing block diagrams to represent
various system relationships.

The SDT Management Group will be responsible for overseeing
the application of the SDT on an Army-wide basis including
the maintenance and update of the SDT data base programs
relating to data input and output, data storage and
retrieval and the DBMS external, conceptual, and internal
models; operation of the central processor to handle SDT
applications and direct its use among the various SDT users:
assistance to users and DBDs in wutilizing the SDT: and
provision of data to other Arnmy organizations for related
applications (e.g., total force requirements analysis).

1.3.1.3 Physical Description of SDT

Figure 1-3 provides a general descrinption of the SDT
physical characteristics. The Jdesign outlined in Figure 1-3
is intended to minimize requirements for the purchase of new
equipments by participating Army organizations.

1.3.1.4 Overview of SDT Processes

An overview of the general SDT processes is presented in
Figure l=-4. The SDT will have the capability of inputting
data in two different modes: batch input of SDT daza sheets
and acquisition data, and interactive input of SDT datca
sheets. Directions for the interactive inpus of data will

1-11
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be provided by the data base director programs. The SDT
input data will be translated into a form which matches an
internal conceptual model contained in the DBMS. Once it
has been translated, the data will be evaluated for
consistency against data already in the data base and, if
consist.ent, the data will be entered into the system-
specific daca base. However, this will be done only after
the Data Base Directors have determined that th2: user has
been cleared to enter that type of data intu the data base.
Once in the data ULase, the data are continuously updated,
modified, and expanded. Direction of these changes is
provided ty the data base directnr programs. Thase sanme
programs are used il. selecting and generating output data.
Five different formats for outputing the data will be
available: specialized SDT lists, standard SDT lists, block
diagrams, output formatted for input into> other ETES
procedures, and output fo. aatted to correspond to the format
requirements of specific~ acquisition documents.

Once the user enters the SDT, he will have option of
entering four possible modes of operation: (1) system
~xaminaticn - this mode is used to exanine data which is
currently in the data base; (2) input - this mode is used to
input daca: (3) update/modify - this mode is used to
eiiminate or modify data already in the data base: and (3)
output - this mode is used to obtain a hard copy ouuput of
elements in the data basae.

1.3.2 Training Estimation Aids and Procedures
Thesa aido and procedures can be divided into two genersl

groups: training data generation technijues and training
estimation technigues. The data generazion technigques are




procedures for ilentifying comparable equipments, generating
and modifying tasks, and generating and modifying courses.
The training estimation techniques include procedures for
selecting and assigning tasks to training settings and
methods, determining the number of personnel to be trained,
determiring training resources, and determining training

costs.

The ETES development study will focus on the development of
the data generation techniques. For the most part, training
estimation techniques will not be developed during the ETES
study. Instead, ETES will incorporate existing estimation
procedures and procedures currently being developed under
other ARI projects (e.g. HARDMAN, Training Developers
Decision Aid).

1.3.3 Human Simulation Models

These models will relate human task performance to overall
system performance. Input for the models will be provided
by the data contained in the SDT. By relating task
performance to system performance, the simulation mcdels
will provide the capability for trading off training-related
systems elements against other system elements.

ARI currently has an ongoing project (i.e. MOPADS) at ARI,
Fort Bliss, to develop advanced human simulation models.

liowever, these models are rather sophisticated and are more
relevant to the types of detailed human performance
questions generated during the later phases of the
acquisition process. Hence, the ETES will focus on (1) the
development of lass detailed simulation models which can be

1-15




meaningfully applied to the types of general questions which
are relevant during the early phases of the acquisition
process and (2) the incorporation of the MOPADS data
requirements into the SDT specifications. The latter effort
will insure that the SDT will be able to feed MOPADS
simulation models as appropriate during the acquisition

process.
1.3.4 User's Guide

The User's Guide will provide a detailed step-by-step
handbook desecribing how the other three ETES tools can and
should be used to assess early training requirements.

1.4 ETES STUDY TASKS

The ETES study is broken down into five basic tasks. Figure
1-5 displays an up-to-date description of these tasks. (The
terminology of the tasks has been changed slightly to
reflect insights developed during the first year of the
study.)

1.5 PROGRESS ON STUDY TASKS

Table 1-1 displays the activities accomplished under each
task and the sections of the report relating to chese
activities, More details are provided below.

1.5.1 Task 1l: Review of Existing Procedures

This task began with a review of existing DoD Army doctrine

and operating procedures related to early training
estimation and system description. The purpose of this

1-16




apingy
$,1930)
dojarag

G asel

siopowy $31NPeS0IG/SPIY -
uonenug vonewns3y ..Ewp. , ...w..o..m
sousuIOMag Suuesy dopasq e ABogoupe ot
vewny Apey  JE— —— ”oa.._n:oo 1dsoua)
dogeasq 10s szunn ® weisAg dogsaag Bunsix3 ssessy
v el £ yseg T el L se)

SHSVL AGNLS S313 G| ambiy

1-17




10S 01 NOILVIIIEdY
€ NOI103S HO3 ST001 QILVWOLNY 40 M3IIAIY

SNOILOVHILNI

Q X1ON3ddV YILNAWOD NVINNH NO HOMVIS3Y 40 MIIAIY
$S30044 NDIS3IA ONIUIINIONI O GILVIIY
9 XIGN3ddV HOHV3S3IY 1VIIDOTOHIASE 40 MIIAIY
sasva ©
¥'Z NOILO3S VivVQ 3DHNOSIY NVNNH HIHLIO J0 MIIAIY =
~
Z NOILD3S 'V XIGNIddV 30V4HILNI ONINIVHL/IUVMAUVH 40 SISATYNY
$530044
V XIGN3ddV NOILISINDIV NI SINVJIDILUVA 0 MIIAUILNI
NO114149530 $3¥NA320Yd
W31SAS OGNV NOILVWILSI ONINIVHL ATHVI 1N3IN4O13A30
O1 ONILVIIY SIUNAII0Hd ONILVYIJO ANV 143INOD MIIAIY
V XION3ddV ANIYLD00 AWHY/QOG ONILSIX3 40 M3IIAIY ‘L WSVL
1HOJ3Y 40 NOILD3S QILVIIY ALIAILLOV ASVL

140438 JHL 40 SNOILI3S G3LVI3H ANV S3IILIAILOV AAQNLS S313 L-L 318Vl

R R AR T TR S 4



8 XI1aN3ddV ‘0'F NOILD3S

0¥ NOILD3S

0’y NOILD3S

0't NOILD3S

8 XION3ddV ‘0Z NOILD3S

1H04d3Y¥ 40 NOILI3S Q3aLvI3Y

AGMUS 40
NOILYOJd ONINIVINIHY NI d313T14W00 38 OL

AOGN1S 40
NOILYOd DNINIVWNIY NI 03137400 38 OL

AQN1S 40
NOILYOd ONINIVINIY NI G31374W00 38 OL

SNOILVSY3IANOOD

HILNIWOI-NVINNH AN ONV ‘ISn
TVYNOILVHIIO ‘SWSINVHOIIN LNdLNO/LNINI
ONIGNTINI NOILYY3J0 10S 30 NOILVYIISIDISS

SIILSIYALIVHVIHO
AVIISAHd 10S 40 NOILYDIZ1D34S

S¥3ISN 1aS J0 NOILJIYISIA

108
Y04 ITDIHIA 40 NOILIIYISIA/NOILIITIS

SLN3INITI VIVG 10S 40 NOILVYIISID3dS

ALIAILDY

(ponuniuod) -4 ITEVL

3aQiN9
S.43SN 40T3A3Q
‘§ NSVL

STICON NOLLYTNNWIS
FIONYWHOIU3Id
NVINNH AT4VY3

dOT13A30 ¥ NSVL

$3HNAII0Ud
/SGIV NOILYWILSS
ONINIVHL JOT3A3Q *

ias 3znNueen e
€ NsSVL

10s 4073A30
T SVl

ASYL

1=19




review was to identify needs and problems associated with
current procedures and potential roles for ETES in
ameliorating these problems. This review was sunplemented
by a number of interviews with users in the field. The
results of the review and interviews were assessed and
integrated into a description of the current acquisition
process., The gaps in this process were associated with
early training estimation and system description and the
likely role of the SDT (see Appendix A).

In addition to the review of existing Army procedures, four
different benavioral/information science areas related to
the SDT were reviewed: human resource data, automated tools
which might serve as a possible vehicle for the SDT,
psychological research related to design, and research on
human-computer interactions (see Section 2.4, Section 3.0,

Appendix C, and Appendix D respectively).

Psychological research related to design was examined to
identify the individual cognitive processes relevant to
early system design and description. The review of human-
computer interacticn was conducted to identify guidelines
for construction of the SDT human-computer interface.

1.5.2 Task 2: Develop SDT

Utilizing the information developed in the previoius steps,
a detailed description of the data elements to be described
by the SDT was developed (see Section 2). A particular
class of automated tocls (data base management systems) was
then selected and specific tools within this class were
examined in detail (see Section 3). Finally, a detailed
description of the SDT wusers, physical characteritics,




input/output mechanisms, and operational characteristics was

developed (see Section 4).

1.5.3 Tasks 3, 4 and 5
|
|

These three tasks will be performed during the remaining

portion of the ETES study.
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SECTION 2 - SPECIFICATIONS FOR SDT

This section provides a detailed set of specifications for
the functions which must be performed by the SDT, and a
genera! set of requirements for the mechanisms which must be

utilized to perform these functions.

The specifications described in this section were developed
by examining (a) current Army procedures for system
development, requirements analysis (functional analysis),
task generation, and training development; (b) non-Army
research and work in these four areas; (c) previous attempts
to develop system-specific human resource data bases; and
(d) previous discussions of SDT requirements in Status
Report 1, Status Report 2, and Status Report 3.

The section is divided into five subsections. The first
subsection provides an overview of the functional
requirements which must be accomplished by the ETES. The
second subsection provides a detailed description of the
ETES functions and the types of output data associated with
each function. The third subsection outlines some general
requirements for SDT data input/ocutput mechanisms. The
fourth subsection provides a preliminary listing of the
sequence in which the SDT functions must be performed. The
fifth subsection briefly reviews past efforts which have
attempted to identify what should be in system-specific
human resource Zata bases.
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2.1 OVERVIEW OF SDT REQUIREMENTS

The SDT is one of four major components of the Early:
Training Estimation System (see Figure 2-1). The SDT is
clearly the most important component of ETES since it
provides all the basic system information required by the
other ETES components. (This importance is reflected in the
amount of resources and time devoted to SDT development.)

The basic goal of the SDT, as outlined on page three of the
ETES study RFP, is to:

+ =+ + provide the Army training and hardware
development community with an advanced technology for
early generation of improved systeni descriptions
suitable for input into emerging automated training and
hardware developmen- aids.

To effectively estimate early training resource
requirements, the SDT must describe (a) training programs
and their associated resources, (b) the tasks which drive
these training programs, (c) the scystem designs which
generate the task requirements, and (4) the functional
requirements for which the system designs have been
developed. An overview of the application of the SDT to
these four system elements and their role in system
development is Jdescribed in Figure 2-2.

In its initial application to a system, the SDT is used to
dascribe the system functional reguirements which are
generated during functional analysis. These requirements
specify the functions which must ba performed if the system
is to satisfy its designated need. The SDT can be applied
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in a functional analysis as soon as the need for a
particular system has heen specified. Formally, this occurs
at the approval of the requirements document at Milestone O,
the milestone which initiates the Concept Exploration phase
of the acquisition process. However, in actuality, the SOT
could probably be used to describe functional requirements
even prior to Milestone O if the need for a particular

system had been identified earlier.

Once the functional requirements for a system have been
developed and described <~ia the SDT, system designs can be
generated. These designs specify possible mechanisms for
performing the desired functions. These mechanisms include
equipment, personnel, and scoftware. Once developed, the

system design can also be described with the SDT.

Once the mechanisms for achieving the functions have been
identified in the design concepts, the human tasks which
must be performed to utilize the system designs can be
specified. These tasks, which are the key building blocks
of training development, must also be carefully documented
in the SDT. With the tasks identified and specified in the
SDT, training estimation aids and procedures can be used to
determine training program elements, estimate training
resources, and develop training products. The resulting
training program and its associated resources can then be
documented in the SDT.

2.1.1 Role of SDT in the Acquisition Process

The SDT, like the other components of ETES, is primarily
designed for application during the Concept Exploration
phase of the acquisition process, which runs from Milestone




O to Milestcne 1 (see Figure 2-3). However, the SDT may
also be used during mission area analysis if the need for a
particular system has been specified. (Again, it should be
noted that this is likely to occur between the time the
decision is made to develop a requirements documeint and its
final approval at Milestone O.) 1In addition, the SDT may be
used during the phases of the acquisition process which
follow Concept Exploration. The primary purposes of the SDT
applications (during the later phases would be to (1)
eatimate mor: detailed tasks and training resource
requirements, (2) determine the impact of subsequent design
changer on task and training requirements via the data base
management capabilities of the SDT, and (3) to develop
general estimates of task and training requirements for
systems which f2°1 behind schedule.

2.1.2 A Basic Data Problem in Early Training Estimation

To provide the necessary information for early training
estimation, the S£DT must describe functional requirements,
system designs, tasks, and training program elements during
the earliest phases of the acquisition process. However,
there is a basic data problem confronting the analyst who
attempts to develop such a description. During the earliest
phases of the acquisition process, only functional
requirements Or very general design concepts are available--
information on tasks which are the critical building blocks
of training is generally not available. Thus, if the SDT
were simply to describe the current state of the system
during the carliest phases of the Weapons System Acquisition
Process (WSAP), estimation of training resnurces wouid not
be possible since the data needed for training estimation do
not exist during this phase.
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° Solution to Data Problem

To circumvent the data problems described above, the
following procedure can be employed. During the earliest
phases of the acquisition process when only information on
functional requirements is available, a systematic
comparability analysis can be conducted to identify the
existing subsystems which must closely mee: the projected
requirements of the new system. Data on these comparable
systems can then be obtained and modified to meet the
differential requirements of the new subsystem. Thus, by
utilizing design and task data from comparable existing
systems, systematic estimations of early training
requirements can be made when only functional information on
the projected system is available (see Figure 2-4). Later,
as actual design concepts are developed, the comparability
analyses can be used to develop estimates of tasks and
training program elements. Still later, when the actual
system tasks are available, only the training program

elements must be estimated.
° Implications for SDT

The above discussion indicates that the SDT must not only be
capabie of describing the current state of the system during
the earliest phases of the acquisition process, it must also
be capable of (1) describing projected system elements and
alternative system concepts, (2) relating alternative system
concepts to a common framework so that meaningful
comparisons can be made, and (3) updating and refining
system information as more accurate and more detailed data
is developed.

2-8
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2.2 OVERVIEW OF SDT FUNCTIONS

To develop more detailed specifications for the SDT, a
functional analysis was performed on the SDT itself and the
results of this analysis were documented in a series of
hierarchical functional diagrams. Figure 2-5 provides an
overview of the system elements which must be described by
the SDT. The elements are comparable to the four system
elements described in previous sections (functional
requirements, design concept, tasks, and training program
elements). However, tasks are broken down into three
functions (equipment-task interface, behavioral task
elements and features, and skills and knowledges) because
more detailed descriptions are required in each of the task

areas.

Each function in the diagram is coded to indicate what its
developmental priority should be during the construction of
the SDT. Functions labeled "1" have the highest priority
and should be included in the earliest versions of the
SDT. Functions labeled "2" have the next highest priority
and functions labeled "3" have the lowest priority.

The major factors used in assigning developmental priorities
to the functions were (1) relevance to task generation--
functions related to information which was required for task
generu*ion were given a higher priority than functions which
were noc, (2) relevance to the Concept Exploration phase--
acquisition process functions which were more likely to be
utilized during the Concept Exploration phase were given
higher priority, (3) adequacy of present description
formats--functions which are not being described adequately
via present procedures were given high priority, (4)

2-10




1QS 10 UOISIA ST N PEPNPW 3q PINOYS = (E)
1QS JO UOISIA PUCSIS Us PPN 3q PINOYS = (Z)
1S JO UOHIsA 15|We U PIPNPW 8q PINOYS = (L)

Als013g JunudopsasQ

14as Sz 3HNOid

(€/2) {€/2) @n) €/zen) () (1)
sjuawajy sowpsmuy
weiboig sabpajmou sysey wseg 51d30u0) siuswssnbey
Bustuies pue s(ins aquseQg -ug’cw ig 1SU0I2Un 4§
aqinsaQ *qusEg sqiossq *qunsag qiotaQ
[21 122 [t [t [z m,
10S
{o't)

2-11

L




relevance to training developer input needs--information
that must be provided to the training developer tended to be
given a higher priority than information developed by the

training developer.
2.2.1 Functional Requirements

Figure 2-6 1lists the SDT functions which must Dbe
accomplished during functional requirements analysis. Table
2-1 1lists the outputs that must be produced for these
functions. Examples of each of these outputs are provided
in Appendix B. These examples should only be considered as
preliminary estimates of output formats. The ex2zt ~atput
format will depend on the mechanisms which are selected to
accomplish each functinon. The examples are only designed to
represent the "types of informatiion" which should be

provided as output.

The first three system elements related to functional
requirements (hierarcihical structure, activity flow, and
information flow) are concepts which are taken directly from
recent discussions of software requirements analysis and are
defined as follows:

° Hierarchical Structure - the hierarchical

arrangement of functions and their corresponding

subfunctions.

° Activity Flow - a representation of the sequence

in which system functions are performed during the
mission.
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Table 2-1 OUTPUTS RELATED TO FUNCTIONAL REQUIREMENTS

OUTPUT PRIORITY
. List Hierarchical Structure (1)
. List Activity Flow* (1)
. List Informetion Flow* (1)
. List Performance Goals by Function (1)
. List Terrain Impacts on Functions* (1)
. List Threat Impacts on Function* (1)
. List Mission Profile Impacts on Functions (1)

*Tentatively for operational functional requirements only. May also be used
with selected maintenance functions.
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[ Information Flow - the flow of inputs and outputs

(in informational terms) between system functions
and between system functions and the external
environment.

At the highest level, it is likely that the mission-related
functional requirements of each system can be broken down

into four major functional areas (see Figure 2-—7).1

The performance goals for each function are similar to the
types of goals described in requirements documents such as
the MENS. Whenever possible, tnese goals must be described
in quantifiable terms with minimum and maximum allowable
values specified. The performance goals are extremely
important since they will be the primary source for the
identification of system performance measures during
subsequent training analyses. These performance measures
will be utilized in the ETES simulation models which will

relate tasl performance to system performance.

The threat and the terrain (e.g., geography, climate)
information describe the external environment in which the
system must operate. The mission profile describes what the
likely goals of the system will be. The SDT will not
attempt to provide detailed descriptions of the threat
terrain and mission profile as there are likely to be
documents specifically devoted to accomplish this task
(e.g., terrain and threat information is contained in SCORES

1 Two other system functional requirements, “support the
system” and "acquire/dispose the system" are not directly
mission-related and tentatively are not considered for
inclusion in the SDT.
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documents). The SDT must simply summarize the important
variables in each of these three areas, the degree to which
the system can be expected to encounter specific environ-
ments or act under each mission profile (in quantifiable
terms), and the likely impact of these variables on specific

system functions (Appendix B).

It should be noted that the curreant specifications for the
SDT functional requirements do not irnclude descriptions of
the acquisition goals (e.g., schedule or cost goals).
(These goals had been included in earlier versions of the
SDT specifications.) The acquisition goals were purposely
excluded from the current SDT specifications because it was
determined that (1) acruisition goals could be described via
current tools and (2) detailed specification of these
elements is not necessary for task generation.

2.2.2 Design Concepts

Figure 2-8 lists the design concept elements which must be
described by the SDT and Table 2-2 1lists “he outputs
estimated to be required to accomplish these functions.
Examples of each of these outputs are provided in Appendix
B.

The generic equipment functions list the general type of
equipment (e.g., cab, engine, hull) which can be used to
satisfy a set of system functions but do not describe the
specific piece of equipment used to perform these functions
(e.q., M109 cab, GE engine). As the .lesigyn process
progresses, the approved design concept will proceed down
the generic equipment hierarchy. 1In fact, it ias possible to
identify several different levels of design concept
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Table 2-2

OUTPUT

. List Hierarchical Structure for Generic Equipment

. List Hierarchical Structure for Design Alternatives

. List “iternative Design Concepts by Generic
Equipment

. List Information Flow for Design Alternative

OUTPUTS RELATED TO DESIGN CONCEPTS

2-19
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(1)
(1)
(1)
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development. These levels are described in Table 2-3 and
the senuence in which the design concepts at each of these
levels is developed is listed in Figure 2-9. A large scale
system which is closely following the principles outlined in
OMB Circular Al09 will go through each of the levels listed
in Table 2-3.2

A smaller system, a system involving a product improvement,
or a system not following the principles outlined in Al09,
can begin the design process at a lower level in the design
process.

2.2.3 Equipment-Task Interface

Figure 2-10 1lists the equipment-task interface elements
which must be described by the SDT and Table 2-4 lists the
outputs estimated to be required to accomplish these
functions.

Detailed specification of the task performance data (1.3.2)
has not been provided because the exact nature of the
simulation models which will utilize this performance data
has yet to be specified. It was possible to estimate the
general types of maintenance performance data that will be
required for the maintenance simulation model. These
estimations are based upon DRC's current work in maintenance
network modeling. It is expected that the maintenance
performance simulation model will be based upon these
networks.

2 OMB Circular A-109 indicates that initial system should
be described in purely functional terms.
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Table 2-3 LLEVELS OF DESIGN CONCEPT DEVELOPMENT

LEVEL | - ALTERNATIVE PLATFORMS
Eg, Self-propelled howitzer vs. multipie launch rocket system.

Separate generic equipment structures arc required for each candidate platform
with commonnlities identified.

LEVEL Il - ALTERNATIVE GENERIC SUBSYSTEMS

Eg. System A uses fire control computer to perform function, System B does

not (function performed manually).

Different nencric equipment structures are required at the subsvtem level with

commonalities identified.

LEVEL Il - ALTERNATIVE SUBSYSTEMS

Eg., System A uses GE engine, System B uses Chrys'zr engine.

Same generic equipmen? structures at subsystem level, but ditferent design

alternatives associated with these generic subsystems

LEVEL A - ALTERNATIVE GENERIC COMPONENTS
Eg. System A uses GE engire with new built-in-test equipment, System B

does nol.

Different generic equipment structures &t the component level.

LEVEL IIB - ALTERNATIVE COMPONENTS

Eg., System A uses GE engine with existing carburator, Svstem B uses GE

engine with new carburator.

Same generic equipment structures at the component level, but different design

alternatives are associated with generic component.

2-21




T-0T0-188

SIAILYNHILIV NOISIA ONIA4ILNIGI HO4 IONINDIS  6C IHNOIL

SW31sAsans
JAILVNYHIALTY
103713S
/AJILN3QI

SLN3INOdJWOD
JAILVNYHILTV
4937138
/A411N3AI

SLN3INOJIWOO
JIY3INIO
JAILVNY31TV
1037138
/AJ11IN3OI

SW3L1SASENS
JiY3IN3O
JAILVNHILTV
1337138

/Ad1AN3QI

SIAILVNH3LTV
WHO41Vvid
133713S
/Ad1LN3QI

2-22




@) (14] e

(14) (t4) (4] " (11} " ({1} "
wen jeng) 1
Ll ] Avgrgrenig 2ruanheg L ) Sompn § ey oy oo g ey oy
WO N o _.“‘p iy o) Ayympray Preow wniQy sepe sooiyy EPPwe penryy 8oy vy 2 veurse peaeny
IR e . o) E I N ] aMwnaeegy (Rt ] awamigng ey ey sos) rosmwy m———niy
i wpriaQ apriag npieq wy "y ™y oy
5Tz e [rree 1ZE1 ieddl Eiti _ kit

-t‘.-iwf-!_,i _ - L L mes ot L — _..S.__._,... _ ‘“-..:..

| 1 I

[la}

L2 1) " "
vieq) ey we
RIS TS aro i ey v
, ....q.n.x“ SI00weiong sagd Popuss brds 3 S S ) sy
g0 STHE)weryy o s130dhny e )iy 2 v nspwoyy
g apsneq o miagy Lac gt 1] ~prviagy
e X414 1“.—.11 1 [tala) i o
o
1
RS Ao e e e e _ e e e e e o e o~
T
Ky vl
oy venne Segyy
L]
op rreaqy
b . BES
[ 2741}
Ll ]
ey
semerierh 3
- .
(4]
IDVAHIING JISYLE INNANDT O4-Z IHNDEHS
i e —

é




Table 2«4 OUTPUTS RELATED TO EQUIPMENT-TASK INTERFACE

OUTPUTS

N List corrective maintenance tasks by equipment and
function for each design ALT

. List preventive maintenance tasks by equipment and
functon for each design ALT

. List operator tasks by equipment and function for each
design ALT

. List impact of equipment modes on tasks

. List reliability data and usage data by equipment for

each design ALT

. * List maintenance task sequence, probability, and duration
by equpment for each design ALT.

. * List impacts of preventative maintenance tasks on
corrective maintenance tasks by equipment for each
design ALT

. * List operational performance data by equipment for each
design ALT.

PRIORITY

(1)

(1)

(1)

(1)
(2)

(2)

(3)

*It is possible to group this information under the behavioral task analysis arca.
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2.2.4 Behavionral Task Elements and Features

Figure 2-11 lists the task information elements which must
be described by the SDT and Table 2-5 lists the outputs

estimated to be required to accomplish these functions.

It is possible, and in fact likely, that the task activity
flow and task information flow data will be required as
input into the task performance simulation models. If this
information 1is required as 1input into these performance
simulator models, it can be included in the SDT function
related to the task performance (function 1.3.2) and need
not be repeated under 1.4.

The task characteristic data will contain quantitative
information on the variables which will be utilized in
algorithms designed to {a) determine the tasks to be
trained, (b) assign tasks to training settings, (c) assign
tasks (or their associated learning objectives) to methods
and media. These algorithms will be developed during the
construction of the ETES estimation aids and procedures. The
exact nature of the task characteristics cannot be specified
until further work has been done on the training estimation

aids/procedures.

The task information included in SDT function 1.4.1 (task
components) and 1.4.3 (task features) is designed to contain
ail of the relevant task elements contained in the
behavioral task description worksheets which are currently
applied in the Army, such as LSAR Data Sheet D specified in
MIL-STD-13888-1, the Job and Task Analysis Worksheet in the
Army's Job and Task Analysis Har-lbook (TRADOC PAM 351-4),
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Table 2-5. OUTPUTS RELATET TO TASK INFORMATION

OUTPUTS PRIORITY
. List tasks by MOS/ASI, by skill level, or duty position (1)
. For each task,list conditions; standards; initiating and (2)

terminating cues, number of people performing; amount
of supervision; test equipment; tools, task type, task
clements; task characteristic ratings and training setting
assignments

. List task activity flow (2)

. List tasks by task type (1




and the DoD guidelines for contractor supplied task analyses
(MIL-STD-1379A and DI-H-2025).

2.2.5 Skills and Knowledges

Figure 2-12 1lists the skill and knowledge information
elements which must be described by the SDT and Table 2-6
lists the output estimated to be required to accomplish

these functions.

The skills and knowledges characteristic information will be
used to categorize the skills and knowledges and/or quantify
their characteristics. These characteristics can be used in
the algorithms which assign methods and media. Again, as
with the task characteristics, ¢‘he exact nature of the
8kills and knowledge characteristics cannot be specified
until more work on the development of these algorithms has

been accomplished.

2.2.6 Training Program Elements

Figure 2-13 lists the training program elements which must
be described by the SDT and Table 2-7 1lists the outputs
estimated to be required to accomplish these functions.

2.3 GENERAL GUIDELINES FOR INPUT/OUTPUT MECHANISMS

This section describes some general gquidelines for the

development of the SDT input/output mechanisms.
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Table 2-6 OUTPUTS RELATED TO SKILLS AND KNOWLEDGE (S+K)

CJTPUTS PRIORITY
. List S+K hierarchical structure for each design alternative (3)
. List S+K by tasks, MOS/ASI, skill level, and duty position (3

for each design ALT.
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Table 2-7

OUTPUTS

For each learning objective, list learning objective,
its place in learning hierarchy, related tasks, skill and
knowledges, and learning objective type

List performance measures, related tasks and LO's and
performance measure type

List courses and their course sequence no., course no.
course title, and course length by MOS for each design
alternative

For each course module within a course, list module
title, hours, method, student - instructor ratios, related
tasks, skills and knowledges, LO's, PMS, and media

List ARTEP tasks and manuals and tiidir related indiviaual
tasks

List media, media type, related tasks, i~arning objectives
and training setting
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OUTPUTS RELATED TO TRAINING PROGRAM ELEMENTS

PRIORITY

(2)

(2)

(2)

(2)

(3)

(2)
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At a general level the SDT should ultimately meet all of the

following guidelines:3

1. The SDT must minimize input data requirements.
The SDT must not require users to repeatedly input
the same information and must be able to utilize
information in existing documents and data banks

whenever it is possible to do so.

2. The SDT must interface with existing acquisiton
procedures and documentation requirements.
Whenever possible, the SDT must utilize input data
required by other Army acquisition procedures
and/or provide output which can be utilized in
these procedures with as little modification as

possible.

3. The SDT must be "user-friendly." The SDT must not
require extensive training to use or apply, and
must be usable by a wide range of users. The
input mechanism should be as “"transparent” as
possible so that user responses can be elicited by
the SDT and user's are not required to commit
large amounts of SDT-related information to
memory. in line with this, the SDT must not
require the user to learn complicated computer

languages.

3 It may not be possible to stay within all of the
guidelines with the initial versions of the SDT. However,
the final version of the SDT should mect all of the
guidelines listed in this section.
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The SDT must be capable of supporting multiple
users. SDT ‘nust be capable of being accessed by
multiple users in several different 1locations.
The SDT data base must be "secure" so that users
can only modify that portion of the data bhase for
which they are directly responsible.

The SDT must be capable of maintaining data bases
for several design alternatives. The SDT must be
capable of describing design, task, and training
program data for several alternative concepts and
be capable of relating these alternative data
elements to a common framework so that meaningful
comparisons can be developed.

The SDT must deal with frequent design changes.
The SDT must have the capability of quickly
providing users with information on the design,
task, and training program elements associated

with a particular design change.

The SDT must be able -0 deal with the evolutionary
and expanding features of developing systems. The
SDT must be capable of incorporating increasingly
detailed system information with minimum user
input requirements.

The SDT must be flexible enough to handle a
variety of different types of input. Thus, it
must have the capability of handling both batch
and interactive inputs.
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9. The SDT must also be flexible enough to provide a
variety of different types of outputs including
lists, Dblock diagrams, and formatted outputs
appropriate for use in other ETES procedures and

other acquisition processes.

10. To keep implementation costs to a minimum, the SDT
should, to the maximum extent possible, be
compatible with equipment (e.q., computer
terminals) which is currently being used by the
Army organizations who will employ the SDT.

11. To facilitate both software development and system
flexibility, the SDT must be capable of
maintaining a central data bhase structure which is
"independent” of the specific user applications
programs which access it.

2.4 SEQUENCE OF SDT APPLICATIONS THROUGHOUT THE ACQUISITION
PROCESS

This section outlines, at a general level, how the SDT might
be applied during the system dJdevelopment process. This
ocutline describes the general sequence and types of SDT
applications which are appronriate for different stages of
system development. This section does not attempt to
provide detailed description of the SDT utitization. Thus,
it does not describe the specific organizations which will
utilize the SDT or the documents and processes which will
feed into or utilize the SDT. Identification of the exac:
users of the SDT must be made by the Army--however, likely
potential users, at a general level, are listel in the
description of the final SDT in Section 4.
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The differing applications of the SDT throughout the
acquisition process are grouped into a series of discrete
periods (see Figure 2-14),. Descriptions of these periods

are provided in the subsections which follow.?

2.4.1 Period 1: 1Initial Functional Requirement Analysis

This period encompasses the time between the decision to
meet an identified need with a hardware system (rather than
with an organizational or operational change or more
advanced technology development) and the time when initial
functional requirements are specified. Ideaily, the end
item of this period is a functional requirements description
that will allow system designers to develop design concepts
down to the subsystem level. The functional requirements
developed during this period will provide the foundation for
the remaining phases of the acquisition process. Thus, they
must be developed very carefully. The SDT can be used to
describe the functional requirements which are developed
during this phase including system functions, threat,
environmental impacts on functions, mission profile and
desired performance goals. No estimates of training
resources are made during this period since such estimates
cannot be made until the functional requirements have been
specified.

° Major SDT Applications - Description of functional

requirements and provision of input data into

4 These period descriptions are geared for major system
acquisitions. A slightly different series of SDT
applications would be required for minor systems or for
product improvement changes.

2-36




| ]
' [}
]
| N t
> ONINIVH1 S4013A30 HOLIVHINOD T ONINIVHL S31VGAN YOLIVHINGD f
N “
SHSVL SALVANY HOLIVUINCD, “ SASV1 $ILVON HOLIVHINGD -
NDISIA SAIVAIN HOLIVHINOD - NOISIO SILVGH HOLIVHINOD
| I
]
I
(1as) (1as) | (1as) uas 11as)
SASVL g NOIS3a ) ONINIVHS SHSV1 NDISI0 !
S3ivadn - SILvadn — $ILvadn SILVOHN $3ivaen -
ANWHY ANYY — AWHY ANHY ANYY
I
[
« L) | 1 1 | SN 105 40 NOILYIIV4dY
| IHL NI SQOIH3d
(1as) (10$) |
SHSw1 ! PLZ  3HNDN
MO1IVHLINGO _} savwnsa
> HLIM 108 > ONINIVHL )
savol SILVA4N ]
AWHY AWHY 1) Mﬂﬁ?»
0. NOD
! HiM ) aS
¥ QaoOid3d I pavor amuv S @gold3d ]
St O e OO UOUPRSE NS
: )
: I
“ — 1
A3Q SHOLDYHINOD
$ASVL 4013A30 58O <+ $1432N0D NDIS3T 4013A30 < } = »wn.u.c «_,‘IJ
SHO1IVMINGD | LY NON 3, !
I SINMKILIO
1 | awuy | N
NOISIG J1VAdN SHOLDVYHINOD — —
| I
| “
tLas) I _
NOIS30 I
"INOD | i
satvadn | -
AWHY — —
! |
y | |
| i
(1as) t1as) 1108) | i
S31VWILIS3 SIAVUYWILST SNOISIa — 1108} {10%) 1108) -
ONINIVHL . NSY1 o HOLIVHINGD 4 2 ONINIVHL - SNSVYL ¢ NO1S30 ..‘L
S3Lvadn = $3I1VQdN o= HLMm tas | v SIAVWILS] = SI1vieILsS3 S3I1VAILS) -
AWNHY ANHY SAvO1T AWYY — ANNY AUy ANYY —
i _ “
|
€ aoiy3d “ Z aoly3d |} 4omu3d

D e GED D D GV TED G D G G ——— G S GED GED GEn D UR SEp D GED T SEp S GAD GAD GED GAD AN b GAD GAD GAD IV M GIN GEN D D GAD GED GED GRS SED GEP Ve GEf G ———

4 ssrs - . e . AT




7

L sl Y ' s bl

requirements documents and other initial
acquisition documents requiring information on

functional requirements.

2.4.2 Period 2: Initial Training Estimation--Contractor

Design Alternatives Not Specified

This period covers the time between the specification of the
initial functional requirements and the time  when
contractors have completed their initial design concepts.
Thus, during this period information on ccntractor design
concepts is not available. During this period, the ingtial
functional requirements can be examined and the comparable
existing systems which <come closest to meeting these
functional requirements can be identified. Design, task,
and training information on these systems can then be
collected and modified to reflect the projected system
requirements. Tre outputs of these design, task, and
training program analyses can be described in the SDT.>
This information can then be used to estimate training
resource requirements. This initial estimate can be then
compared with the predecessor system to indicate how the
projected system fits within the footprint of its
predecessor. If a specific platform (e.g., howitzer, rocket
launcher) has not been selected, initial training estimates
should also be developed for each platform type and compared
with cne another during this period.

5 It is possible to input contractor's data into this
estimation process in a step-by-step manner rather than wait
until the contractor studies are complete. However, such an
approach runs counter to the current practice.
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It should be noted that the current practice is not to
develop any systematic estimates of training recsource
requirements during this period but to wait wuntil the
contractors have completed their initial studies and then
have experts make undocumented estimations of the general
training resource requirements. This approach overlooks the
fact that (1) critical design questions are being asked
during this period and these questions require training
input data and (2) the early training planniprg process

requires a solid foundation on which to work at this point.

System elements should not be described at a low level of
detail at this point in the acquisition. This means that
(a) system design data (1.2) should only be specified down
to the equipment level and only described in generic terms
(e.g., fire control computer), (b) task data (l1.4) should
only be specified down to the task level and only specified
for those systems related to new design changes (versus the
equipment on the comparable existing system from which it is
derived), (c) training for subsystems not related to new
technologies are not changed unless deficiencies in the
current training program are identified, (d) only general
skill and knowledges (1.4) must be specified, (e) learning
objectives (i.6.2) and performance (1.6.3) and ARTEP
information (1.6.5) need not be specified, and (f) only
general training media (1.6.6) requirements must be
identified since the major emphasis is on identifying

expensive media (e.g., training devices).

® Major SDT Applications - Documentation and
development of initial design, task, skill, and

training estimates; provision of input into

training planning and acquisition documents;




{
%
%
i

provision of input into system tradeoff analyses;
provision of input into evaluation of generail
training alternatives; and provision of input into

contractor studies for concept investigation.

2.4.2 Period 3: Training Estimation for Identified Design

Concepts

This period covers the time between the completion of the
contractors' initial design concept studies and the
development of initial task data for finals which have been

built to represent these design concepts.

The application of the SDT during this period is similar to
the application of the SDT during Period 2 with three major
exceptions. First, design concepts no longer have to be
estimated but can be taken directly from the contractor
reports. Second, and most important, design, task, and
skill data can be taken to a lower level of derail and thus
more detailed estimates of training program elements and
training resources can be developed. The level of detail to
which one can go may vary from subsystem to subsvstem,. In
general, it is possible to go to lower levels of detail with
systems with smaller technological change than with systems
associated with larger technology changes. Third, with the
formal identification of design concepts, great2r emphasis
can be given to the examination of training alternatives
(that 1is, of alternative ways of training for the same
tasks). This examination of training alternatives will take
place during Cost and Training Effectiveness Analyses
(CTEA).
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e Major SDT Application = Documentation of

alternative designs; documentation and development
of task, skill, and training estimates; provision
of input into training planning, training analysis
and acquisition documents; provision of input into
system tradeoff analyses and evaluation of
alternative designs; provision of input into
evaluation of training alternatives; provision of
input data into and/or the receipt of output data
from ongoing contractor concept development
studies; and evaluation of impacts of design
changes within each design alternative on tasks,

skills, and training.
2.4.4 Period 4: Training Estimation for identified Tasks

This period encompasses the time between the initial
development of tasks by the contractors for the alternative

design concepts and the development of training program
elements.

.The application of the SDT during this period is similar to

the preceeding periocd with three major exceptions. First,
task data no longer must be estimated but can be directly
obtaineu from contractor input data. Second, design, task,
and skill data can be taken to a lower level of detail
permitting more detailed estimates of training program
elements and resources. Third, more specific training

alternatives can be examined.

° Major SDT Applications - Documentation of

alternative designs and their associated tasks;

documentation and development of training program
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data; provision of input into the development of
criteria for evaluating contractor supplied task
data; provision of input into training planning
and acquisition documents; provision of input into
system tradeoff analyses and evaluation of
alternative designs; provision of data for the
evaluation of detailed +training alternatives;
provision of data to, and/or the receipt of output
data from ongoing contractor concept development
studies; and evaluation of the impacts of design
changes within each design alternative on tasks,

skills, and training.

2.4.5 Period 5: Training Development for Selected System

This period encompasses the time between the 1initial
development of training data for the selected system and the
completion of c.he development of the training program for

that system.

The period differs from the previous period in three major
ways. First, as the period progresses, training program
data need no longer be estimated--actual training program
data can be utilized. Second, task, skill, and training
data must be carried down to the lowest level needed for
training development. The SDT data elements need not be
described at these lowest levels; however, all gereral SDT
data elements should be completed. Third, unlike Period 2-4
where the major focus of the SDT was on the provision of
information for training estimation, during Period 5 the
major focus of the SDT is on data base management--that is,
keeping track of minor design or task changes and their
impacts on other system elements.
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° Major SDT Applications - Documentation of system

design, tasks, skills, and training program
elements; provision of criteria for evaluating
input into the development of contractor training
program elements; evaluation of the impacts of
changes of one system element on other system
elements; provision of input into training
planning and acquisition documents; input into the
evaluation of system tradeoff analyses; and
provision of input into the evaluation of detailed

training alternatives.
2.5 PAST EFFORTS IN DEVELOPING SYSTEM-SPECIFIC DATA BASES

One of the major sources of information which was utilized
in constructing the SDT specifications described in the
previous subsections were past efforts in developing system-
specific human resource data bases. Table 2-8 lists the
major past efforts at developing human resource data bases.

These efforts are reviewed in the subsections which follow.
2.5.1 Logistics Support Analysis Record

One major effort which is closely related to the objectives
and goals of the SDT is the Logistics Support Analysis
Record (LSAR). The role of the LSAR in the acquisition
process is discussed in Appendix A. MIL-STD-1388 states
that the goal of the LSAR is to be the "single source of
validated, integrated design-related logistic data pertinent
to the acquisition program."

Table 2-9 lists the system elements that are described by
the LSAR and the major weakiiesses of the current LSAR in

2-43




Table 2-8
PAST EFFORTS AT HUMAN RESOURCE DATA BASE DEVELOPMENT*

(1) Logistics Support Analysis Record (LSAR)

(2) Unified Data Base of Air Force Human Resource Lab

(3) Consolidated Data Base (CDB) of Navy/Army HARDMAN Projecis
(4) Structured Approach to Training (SAT) Program for the Bl-Bomber

(5) Navy Enlisted Professional Information Support System (NEPDISS)

*Efforts are listed in terms of their decreasing relevance to the ETES SDT.
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Table 2-Y
OVERVIEW OF L.SAR AND ITS MAJOR WEAKNESSES

System Elements Described by LSAR

« Equipment (work breakdown structure, work unit code, nomenclature,
reliability, maintainability, failure symptoms, failure effect and criticality,
maintenance concept)

o Tasks (task code, frequency, clapsed time, skill specialty, man hours,
requirements for training equipment, support equipment, tools, task elements,
aggregate maintenance man-hour requirements)

o Support and Test Equipment (physical characteristics, associated equipment,
associated tasks, associated training, special skill requirements)

« Facilities (associated equipment and tasks, general requirements, ‘cad
times, type of construction, utilities, facility unit cost)

» Skills (associated task and equipments, specialty codes, aptitude, rank/rate,
special physical and mental requirements, educational requirements,
additional training requirements)

o Supply Support (part no. and nomenclature, physical description. associated
equipment, allowance quantity, distribution)

Major Weaknesses of LSAR

e Does not describe system functional requirements

o Does not provide adequate description of operator tasks

o Does not describe task characteristics or performance information

o Does not describe collective tasks

« Does not adequately deseribe skills

¢ Does not adequately deseribe training program eclements

o Does not provide mechanism for describing estimated or prcjecied elemients
e Is not applied in early phases

e« Does not have data base management capability

o« Cannot generate tasks or other input data

*Many of these limitations arc apparently being dealt within the present LSAR
improvement programs.
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respect to the goals and objectives of the SDT. As Table Zz-
9 indicates, the LSAR has several weaknesses which limit its
use as a comprehensive system description technology for

human resource assessment.

First, there are several important system elements ({(e.g.,
system functional requirements, collective tasks) which the
LSAR does not describe. Failure to describe the system
functional requirements is particularly distressing, since
these functional reguirements provide the foundation on
which all other system elements depend. Lack of a
systematic description of functional requirements makes it
extremely difficult for training developers and others who
are tasked with relating their particular system elements to
overall mission performance and its associated functions.
For instance, it makes it extremely difficult to relate
human tasks to mission performance. Given 1its lack of a
capability for describing system functional requirements or
projected system elements, it is not surprising that the
LSAR is currently not applied during the concept exploration
phase of the acquisition process and seldom, 1if ever,
applied during the validation and demonstration phase.
Hence, 1its value as a data base to support early human

resource assessment is very minimal indeed.

Second, there are a number of other systems elements which
are described by the LSAR but are not described adequately
or in enough  detail (e.q., operator tasks, task
characteristics, training program elements skills). The
emphasis of the LSAR on maintenance assessment and
maintenance tasks 1i8 quite obvious. This emphasis makes it
extremely difficult to develop or maintain adequate
descriptions of operator tasks. For ali types of tas¥ks, the




ILSAR does not fully describe the task characteristics and
performance information that is needed by training and/or
human factors specialists to adequately assess their
components of the system. The training portion of the LSAR
places an emphasis on training equipment and devices and
ignores other important aspects of the training program

(e.g., learning objectives).

Third, at a more conceptual level, the LSAR does not provide
an adequate capability for describing estimated or projected
system elements. Such estimates are necessary during the

early phases of the acquisition process.

Fourth, the LSAR was not conceived as an automated data base
management system for system description -- that is, as an
automatic system for describing, updating, and expanding
system concepts and communicating this inform2tion to system
users. It should be noted that the Army, through the DARCOM
Materiel Readiness Support Activity, has been a leader in
"automating the LSAR". However, this automation apparently
refers only to the use of computerized algorithms for
aggregating certain LSAR elements or for presenting printed
outputs of reports. It is not designed to be an interactive
system. More important, the automated LSAR does not provide
for the automated description of system concepts, updates,
changes and expansions through a comprehensive data base
management system. This is due to the fact that the LSAR
Joes not have a systematic internal structure linking the

various system elements to one another.
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2.5.2 Air Force Human Resources Lab Unified Data Base

The Air Force Human Resource Lab (AFHRL) has initiated a
program to develop a Unified Data Base (UDB). The goals of
the UDB are very similar to the SDT (see Thomas, Newhouse
and Hankins, 1980; Thomas and Hankins, 1980). Ultimately,
the UDB is designed to provide "a centrally located data
base of human resource-related information for utilization
in the weapon system acquisition process to 1influence
hardware concepts and design". The UDB is to be supported
by a Data Generating Technology Data Base (DGTB) which is
intended "to generate generic data to fill in the needs of
users where the data systems, and likewise the UDB, would
leave voids." Thus, the DGTB is somewhat similar to the

ETES training estimation aids and procedures.

To date, past efforts on UDB development have focussed on
(1) an assessment of existing historical data bases which
would feed the UDB, particularly the projected portions of
the UDB, (2) a description of the weapon system design
process with respect to the potential use of the UDB, (3) an
assessment of user needs in terms of adequacy of current
technology and dataﬁ, and (4) the development of a plan for
UDB/DGTB development.

At the present time, a description of the actual Jdata

elements to be included in the UDB is not available (this 1is

6 In the examination of the utilization of human resource
data in tradeoffs, it is interesting to note that lack of
information and lack of appropriate analytical tools were
seen as two of the major types of limitations on the use of
human resource assessment.
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to be developed in future phases of the study). However, by
examining the types of historical data bases which are pro-
jected to be used by the UDB, it is possible to make some
estimates of what it will contain and to assess some of its
potential "limitations." These "limitations" point out the
differences between the UDB and the ETES SDT. These dif-
ferences are actually quite significant despite the simil-
arity in the goals of these two systems (see Table 2-10).

The first limitation of the UDB 1is 1its emphasis on
maintenance tasks and personnel. The UDB, like the Air
Force Coordinated Human Resources Technology, emphasizes
maintenance behavior and the use of historical data bases
related to maintenance. There is little relevant discussion
of the procedures and mechanisms for developing or

descriking operator tasks or training requirements.

This emphasis on maintenance tasks is closely related to a
second "limitation" of the UDB; namely, its emphasis on
aircraft systems and on Air Force data bases. In the Air
Force, the role of enlisted operators is much less
significant than it is in the Army or Navy. Hence, it is
not surprising that the UDB has focused on the maintenance

of aircraft systems.

Third, there are numbers of other system elements which the
UDB would appear, at least at the present time, not to
describe. These elements include functional requirements,
collective or team tasks, task characteristics, and
performance data suitable for training and human factors
analytical activities, and training program clements. (This
failure to describe certain elements would not be critical

if the UDB had the proper data base management structure to
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Table 2-10
LIMITATIONS OF THE UDB

Focusses almost exciusively on maintenance tasks
Emphasizes aircraft systems

Does not appear to adequately describe functional requirements,
collective or team tasks, task characteristic or performance data,
and training program elements

Is not based upon comprehensive data base menagement system or
structure

Is geared for use by sophisticated users

Cannot generate tasks and other input data
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handle additional system elements. Unfortunately, it

appears that it does not have this capability).

Fourth, and perhaps mosc. important, the UDB again does not
appear to be based upon a data base structure--that is, a
structure wnich represents the Lapricic iclalicnshigs among
the various system elements. Such a data base management
structure would provide a mechanism for describing the bhasic
structure of a developing system which was independent of
the various user viewpoints of the data. This data
independence would increase the capability for relating
various descriptions of the system to one another, for
updating and refining the data, and for adding new elements
to the data base in a systematic modular fashion with
minimum destruction of existing programming--thus providing

t1e basis for a true data base management capability.

Fifth, the UDB appears to be geared for use by technical
personnel who have sophisticated analytjcal and/or computer
programming experience--unlike the SDT which is geared for
use by personnel with 1little background 1in computers.
Because of this difference in emphasis, it is not surprising
that the UDB does not specify or deal with the human factors
of man-computer interactions as wili the SDT, which will be
specifically geared for utilization by uninitiated users and
will attempt to employ the latest guidelines on human-
computer interfaces {see Appendix D). Because of its lack
of consideration of hurin factors issues, the UDB does not
attempt to provide procedures for assisting the user in

generating tasks or other input data elements.
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2.5.3 Consolidated Data Base (CDB) of HARDMAN Methodology

The Navy has a program, called the HARDMAN program (hardware
versus manpower procurement), to develop a meihodology to
systematic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>