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ABSTRACT

A team of training technologists has developed an acquisition structure to help the Navy Airborne
Weapons Training Program in managing the development of desk-top training systems by the private
sector. The goal of the structure is to meet the special requirements of the users: NAVAIR managers,
Navy trainers, and the fleet. Developing interactive training systems requires the application of three
engineering disciplines: software engineering, instructional design, and human factors engineering. Each
discipline has an associated set of military standards and Data Item Descriptions (DIDs), but these
usually have not been applied together in the acquisition of training systems. The cost involved in using
. three sets of standards and DIDs becomes prohibitive, especially for procuring desk-top computer-based
systems. The alignment of the three development processes is not specified by existing guidelines. This
- paper offers a way to specify the objectives of training and to ensure that they are met during the
software development process; it also suggests how to integrate human factors engineering up-front at
an affordable level that includes the recognition of cognitive and affective factors in the training process.
Ultimately, it specifies software documentation and development that should lead to generic programs
that can be maintained and supported by the procuring organization. The acquisition structure is
summarized in 2 matrix that aligns the review of documentation supporting each engineering procsss in
an integrated development cycle. The matrix is @ map of the planning, analysis, design, and development
phases that coordinates the data deliverables for training, human factors, and software development. Only
through the successful integration of the three disciplines—software engineering, instructional design, and
human factors engineering—can future training goals be reached.

*Research sponsored by the Pacific Missile Test Center under Interagency Agreement 1714-1714-A1 under
Martin Marietta Energy Systems, Inc., contract DE-AC035-840R21400 with the U.S, Department of Energy.

INTRODUCTION

Teamwork is essential to the development of training
programs. This theme has been the basis for the formation
of a training network by the Naval Air Systems Command’s
(NAVAIR’s) program for ordnance training, PMA205-11.
As part of the large network supporting that program, the
federally funded research center in Oak Ridge, Tennessee,
has formed a research team dedicated to inncvation in the
pursuit of specific problems and challenges that affect Naval
ordnance training. NAVAIR has' utilized the multi-
disciplinary resources -available at Oak Ridge and
encouraged - the formation of a team with varied back-
grounds and expertise. As. a research arm of the public
sector, the Oak Ridge team can apply high-risk modern
technology to provide prototype- applications and profes-
sional third-party reviews of private sector developments.
The result is an interdiseiplinary approach that coordinates
the expertise of software developers, instructional systems
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designers, and human factors engineers to develop new
methods for applying technology to interactive training
programs.!

The mission of the QOak Ridge team has been focused
on the development of interactive, microprocessor-based
training systems that could be implemented on “fleet-
available” computers.? As tasks assigned to fleet personnel
become more sophisticated, the difficulty of updating
trajning systems in response to partiai changes in the
operational system has increased. Smaller systems that can
be quickly and economically built to train for selected parts
of the complete task “system” are becoming recognized as
a solution to this problem in the military as well as in the
private sector. Teamwork provides the methodology to
integrate - the “systerns™ approach and the “part-task”
approach in a training concept that is responsive to user
needs.
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TWO USERS—THREE DISCIPLINES

In our work with interactive training systems
development, we found that a training system must always
be developed with two users in mind: the trainee and the
trajnerftraining manager. Our teamwork methodology seeks
to meet the requirements of both Navy users. For the fleet,
it dictates high quality and appropriate realism, even in
part-task “trainers that are designed to be -partial and
economical 2 For the training manager, it specifies modular-
ity and documentation-that enables adaptation of the system
to changes in the operational environment.

The eritical disciplines for the methodology used in the
development of part-task training systems are human factors
engineering, instructional design, and software engineering.®
Hardware engineering plays a lesser role because the
systems are intended to be developed using commercial off-
the-shelf hardware, @ica]ly constrained by fleet availability
and shipboard space.* Although training technology should
be the real focus of any instructional system development,
computer-based or not, we found that some vendors
approached the development of desk-top training systems
as a software problem. Human factors engineering, critical
both to the development of successful computer applications
and to the design of effective training, was usually ignored.
This could be attributed to a misconception that human
factors guidelines are only essential to operational systems.
The fact is that no single standard and accompanying
procurement deliverables exdst to support interactive trainer
development® Vendors have found it difficult to integrate
existing standards in software engineering, instructional
design, and human factors technology without guidance from
the government while remaining within agreed upon cost
estimates.

Integration of the three disciplines is necessary if the
requirements of both users are to be met. Trainges must
be able -to use and accept systems in order to learn,
requiring that human factors guidelines: be taken into
consideration carly on and throughout the building process.*
Training managers require cost-effective development,
attainable only through early review. of data that describe
the instructional intent and design. Training managers also
need a maintainable product that can be adapted to
‘evolving requirements, which necessitates modular software
and structured software documentation.

APPLICABILE STANDARDS

When more than one discipline i involved, the
conscientions application of all relevant Department of
Detense {DJoD)) standards can be prohibitively costly. It is
even more likely that the application of some standards will
be diluted in the development of part-task trainers, where
a relatively low cost is part of the justification. The
experience in part-task trainer development within NAVAIR.
has shown that such dilution is a false economy: The Qak
Ridge team has set out to identify: the critical guidelines
that must be used in order to meet the goals of nteractive
part-task trainers. Military Standard DOD-STD-2167A is
applicable and appropriate because it lends itself to the
development of modular software necessary for future life
cycle support. The extent of documentation of the design
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and development process described in the standard is
necessary to ensure that the modularity can be understood
by programmers who must upgrade the software. We
therefore believe that each of the Data Item Descriptions
{DIDs) listed in Table 1 is necessary. A. spetial
comsideration. must be given in the - procurement of
computer-based training systems to the use of authoring
systems and other automated development toels. The
government buyer must ensure that all development
resources, as well as source code, are delivered with the

. product. No proprietary software that is unavailable to the

government should be used in the development process.
The government must approve the use of proprietary
software after assessing the future cost for Iife cycle support
programming.
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" TABLE |
SOFTWARE ENGINEERING
DATA ITEM DESCRIPTION

(OID) LIST

DOCUMENT | DD

D1-MCCR-80030A
DI=~CMAN—BG008A
DI~CMAN-80534
DI-SMCCR-80012A
DI-MECR-80025A
DI-MCCR-800264
DI=MCCR—800294
DIZMCCR=800144
DI-MCCR-800154 -
DI-MECR—BDD17A
DI~MCCR—80013A
Di—MCCR-BODZ1A

SOFTWARE DEVELOPMENT PLAN
SYSTEMS/SECMENT SPECIFICATION
SYSTEMS/SEGMENT DESIGN DOCUMENT
SOFTWARE DESIGN DQCUMENT
SOFTWARE REQUIREMENTS SPECIFICATION
INTERFACE REQUIREMENTS SPECIFICATION
SOFTWARE PRODUCT SPECIFICATION
SOFTWARE TEST PLAN

SOFTWARE TEST DESCRIPTION

SOFTWARE TEST REPORT

VERSION DESCRIPTION DOCUMENTS
SOFTWARE PROGRAMMER'S MANUAL

At this time a single DoD standard for computer-based
instruciion does not exist. Yet, instructional technology is
the .driving force for any training development. The Cak
Ridge team reviewed the training standard, MIL-STD-
1379C, and found no description of deliverables that meets
the needs for interactive computer systems development.
The Instructional Systems Development (ISD) standard,
MIL.-T-29053B, does contain elements for interactive system
desipn. The objective of the ISD methodology is to provide
a systems approach to training, which by definition may not
be appropriate for a procurement that calls for isolated
development of a smail part of the training program. A set
of new DIDs specifying documentation for Interactive
Courseware (ICW} development has been written by the
Joint Service Action Group.® Table II lists selected DIDs
from both the ISD standard and the ICW work for the
development of part-task trainers.

Human factors engineering is a discipline that is often
ignored by the developers of low-cost training systems, but
it is a key ingredient in any system that secks to. gnide
human performance. Human factors guidelines are
especially helpful when coordinating computer-based
training development, because they can support the coding
of the user interface and also enhance the psychological
effectiveness of the instructional design. Military human
factors standards and guidelines are written for operational
systems and may constitute overkill when applied in entirety
toward the development of computer-based trainers. After
selecting MIL-H-46855B and MIL-STD-1472C, our human
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Fig. 1. LIFE GYCLE PHASES OF THREE ENGINEERING PROCESSES

ORNL WS 10721 ~

TABLE 1l
INSTRUCTIONAL TECHNOLOGY
DATA ITEM DESCRIPTION

(DID} LIST
DOCUMENT DID
TR;;:rggRGTDEVELO?MENT AND SUPPORT PLAN DI-H-257118
TASK LISTINGS REPORT DI-H-257138

OBJECTIVES HIERARCHIES REPORT

ICW FLOW DIAGRAMS

INTERACTIVE COURSEWARE . (ICW)
SCRIPT=STORYBOARDS

TRAINER FUNCTIONAL DESCRIPTION REPORT

STUDENT ORIENTATION MANUAL

Di-H-25715B
DI~ILSS—-30548

DI-ILS5-80546

DI-H-257188
DI-H-257308

factors -engineers limited the DIDs (Table III) that should
accompany interactive systems development. This stream-
lined list of DIDs ensures that all human factors data
delivered are relevant to the training product. -

PLANNING IN THE LIFE CYCLE

The Ozk Ridge team realized the need to establish a
framework that could coordinate the delivery and review of
the relevant data items produced in the development
process. We found that reference to specific phases of life
cycle development is common to all three sets of standards
and DIDs (Figure 1). The life cycle phases could be used
to coordinate and prevent overlap of engineering work
during the devclopment of interactive systems. Descriptions
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TABLE Il
HUMAN FAGCTORS ENGINEERING
DATA ITEM DESCRIPTION

(DID) LIST
DOCUMENT DID

HUMAN ENGINEERING PROGRAM PLAN Di-H-7051
CRITICAL TASK ANALYSIS REPORT Di-H-7055
HUMAN ENGINEERING SYSTEMS ANALYSIS DlmH-7054

REPORT
HUMAN ENGINEERING DESIGN APPROACH

DOCUMENT— OPERATOR DI-H-7058
HUMAN ENGINZERING DESIGN APPROACH Ol—H—7057

DUCUMENT~MAINTAINER
HUMAN ENGINEERING TEST PLAN DI-H-7053
HUMAN ENGINEERING TEST REPOGRT DI=H-7058
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of the life cycle contained in the three standards are not
identical; specific integration of activities and data
deliverables was necessary,

When integrating disciplines, an additional emphasis on
planning is needed in order to ¢liminate duplication and to
support coordination among the team members working on
the project. Because each of the disciplines has a planning
DID, we recommended creating a Phase 0 in the life cycle
of interactive training development. During this Planning
Phase, planning data is exchanged among the three sets of
experts - and formally reviewed with the client. This
establishes up front where a close integration of work effort
will be necessary.

The Analysis Phase (Phase I) includes all - critical
elements of the training program; the more time spent herg,”
the less time will be spent modifying design and coding.
Design -elements are coordinated in Phase IL The
Development Phase (Phase IH) includes iterative develop-
ment by the vendor and periodical review by the govern-
ment. The iterative development/review process is intended
to facilitate the introduction of new ideas and design
features that will strengthen the final product. The Test and
Evalvation Phase (Phase IV) is needed to provide an end
point to this iterative process, although formative tests and
evaluauon should also be a part of the Development
Phase.’

DATA DELIVERABLES

The DIDs listed in Tables I through III describe data
deliverables that support development and later life cycle
management. The software engineering DIDs reprcscnt the
minimum set required by DOD-STD-2167A, They should
be tailored according to the individual training applicatior.

Choosing DIDs for instructional technology was more
difficult. Fortunately, the Training Development and
Support Plan of MIL-T-29053B can be tajlored for part-task
trainter development.? Documentation of Task Listings and
Objectives Hierarchies is required for any training
development. The Objectives Hierarchies should be tailored
to include cognitive and affective objectives® in addition to
procedural objectives. Cognitive factors affect performance
and accuracy in today’s complex weapons systems. Affective
objectives should be documented in order to acknowledge
trainee emotional responses® The ISD Functional



Description of the trainer is also worth obtaining. The
Evaluation Plan called for in the Functional Description is
one way to establish a review process of the vendor’s
intended- method for formative evaluation of the system’s
training components. The Flow Diagrams and the Script-

‘Storyboards of the ICW series of DIDs are specialized and

appropriate  documents that support the formative
evaluation of the training’ and provide a means to integrate
training with software modules. The DID for a Student
Orientation Manual can be tailored to describe the Quick
Reference Guide, all that should be needed for operation
of a training system. Training is interrupted if the trainee
must -consult 2 manual while using the systern. A Quick
Reference Guide is essential for getting started, for
providing simple operating instructions, and for explaining
any printouts that might be available with the system.

Human factors DIDs should be limited and described in
the vendor’s contract as part of an integrated life cycle that
can be undérstood and costed with little effort. The buman
factors engineering effort focuses on the development or

improvement of the operator-hardware/software interface of -

the training system as well as on the content and delivery
of the instruction. The objectives are to optimize the
training effectiveness-and to ensure that the demands placed
upon the trainee are within the limits of the user’s skills and

-resources. Our research has indicated that in addition to
‘the Human Engineering Plan, both- the Critical Task

Analysis and the Human Engineering Systems Analysis
should be documented and reviewed by the government.
The Human Engineéring Design Appreach should also be
documented. Screen design should produce a consistent
interface for wsers and should be included as a data
deliverable. The Human Engineering Test Plan and a
resulting Report are essential for evaluating the product.

THE COGNITEIVE CONNECTION

Neither ISD nor human factors standards have DIDs
that are appropriate for obtaining information concerning
the cognitive content of users’ tasks. However, the demand
placed upon users of today’s military systems is generally
cognitive in nature.? Training systems do not need to focus

- on physical fidelity to be effective. It is the psychological

fidelity of the system that promotes training. Cognitive
psychology studies the knowledge processes by which
operators assimilate information: how and why skills
develop. ISD analyzes the behavioral objectives of the
operator tasks. Traditional instructional development falls

short in meeting today’s training needs because increasingly

complex technology places a greater demand on. the
cognitive workload of operators? ISD focuses on the
observable behaviors; - coguitive Esychology focuses on
unobservable skills and knowledge, -

The cognitive demands placed upon operators point to
the need for a combined strategy to analyze tasks. The 1SD
Task Listings must be taifored to include cognitive task
analysis that identifies the mental models and knowledge
structures of expert and novice cperators. Traditional task
analysis identifies those behaviors that are observable,
Cognitive Task analysis is an elaboration of the traditional
task analysis but with a new focus: the processing of
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information. It documents the changes in knowledge
structures and mental models during the progression from
novice to expert. The Human Factors Critical Task Analysis
Report should be tailored to continue the emphasis on
combined IS and human factors strategy in cognitive task
analysis.

COORDINATION OF DATA IN
TECHNICAL REVIEWS

The Review process is the key to keeping the DIDs
coordinated. Figure 2 shows the recommended DIDs
embedded in a matrix of engineering disciplines and
Technical Reviews. The Review names have been chosen
from the Software standard, but the intent is applicable
across disciplines. '

The System Requirements Review lets the buyer review
the development plans from the perspective of each of the
disciplines shown in Figure 2. This review also provides a

" lead-in for the draft system design by listing' software

segments and instructional tasks.

The System Design Review covers the System/Segment
Desigr Document, the Critical Analysis Report (based on
Task Listings), and the Human Engincering Systems
Amalysis. In the Software Specification Review, the Software
Design is presented along with the ICW Flow Diagrams and
Script-Storyboards.  Objective Hierarchies have been
developed based on the Critical Task Analysis and are alsc
presented. The Trainer Functional Description, including
plans for formative evaluation, is presented for govermment
input.

Comments on these documents are incorporated during
the Design Phase, which will produce. the Software and
Interface Requirements Specification and the Human
Engineering Design Approach for the Preliminary Design
Review. Formative Evaluation results are reported at this
point and also at the Critical Design Review. The Test Plan
for Human Engineering and Software will be presented at
the Critical Design Review,

The Software Product Specification, Test Descriptions,
Programmer’s Manual, and Student Orientation Manual will
be reviewed at the Functional Configuration Audit. These
documents will be finalized, and a Version Description
Document and the Source Code will be reviewed at the
Physical Configuration Audit. The plan for Summative
Evaluation of the training and the Heman Engineering Test
Report will be presented. The Test and Acceptance will be
backed up by the Sofiware Test Report and the Summative

‘Evaluation.

The review process we recommend is one that guides
the project manager through the development process in a
systematic and controlled mansner. It is not necessarily
restricted to new procurements but could be applied to
existing contracts where the vendor and the govermment
both want to produce the best possible product for the user

‘through the teaming of engineering disciplines and the

conrdination of data deliverables.
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Fig. 2. DATA DELIVERABLES IN A MATRIX OF

Data deliverables become especially important if the
product is going to be maintained and modified by the
government after delivery.

The integration of software modules with training design
data by cross-referencing techniques is essental for ensuring
product maintainability.

CONCLUSION

When the Oak Ridge team reviewed available ICW
DIDs we concluded that these documents did not cbviate
the need for the coordination and teaming of disciplines.
The use of ICW DIDs does emphasize the role of
instructional technology as the central discipline during
interactive training system development. It can also lead to
the development of a new type of instructional design
professional: one specializing in interactive systems,
However, in-depth expertise in human factors engineering
and software engincering will be needed to assist this ICW
specialist. Complex tasking will require- cognitive analysis
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and the use of motivational and mental model research
integrated with the ISD. process. Because of increased
requirements for adaptable systems, software engineers will
continue t0 be needed for their knowledge of new
developments that aid in the siructured approach to
programming. Attention must be paid to the training
development process to ensure fleet readiness and
preparedness. Only through the successful integration of
the three disciplines—software engineering, imstructional
systems design, and human factors technology—can future
training poals be reached.
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