AD=A0B9 189  APPLIED SCIENCE ASSOCIATES INC VALENCIA PA F/6 579
MAINTENANCE TRAINING SIMULATOR DESIGN AND ACGUISITION, (U)
AUG 80 R J HRITZ» 6 R PURIFOY 3615-7a-c-oox9
UNCLASSIFIED AFHRL-TR-80-23

(s 1.
A :

‘ I ,




AFHRL-TR-80-23

AIR FORCE 8

MAINTENANCE TRAINING SMULATOR DESIGN
AND ACQUISITION

By;

Rohn J. Hriz
George R. Purifoy, Jr.

Applied Science Associates, Inc.
Box 158
Valencia, Pennsylvania 16059

LOGBTICS AND TECHNIC AL TRAINING DIVISION
Logistics Research Branch
Lowry Air Force Base, Colorado 80230

AD A089149

August 1980

Final Report

Approved for public release: distribution unlimited.

<\ o
O@\,es,‘ &

8
(@

LABORATORY

H
U
M
A
N
R
E
S
0
U
R
C
E
S

AIR FORCE SYSTEMS COMMAND
BROOKS AIR FORCE BASE,TEXAS 78235




et : A Eaghs - IO T T B

NOTICE

When U.S. Government drawings. specifications, or other data are used for any purpose
other than a definitely related Government procurement operation, the Government
thereby incurs no responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated. furnished, or in any way supplied the said drawings.
specifications, or other data is not to be regarded by implication or otherwise. as in any
manner licensing the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use. or sell any patented invention that may in any way be
related thereto.

This report was submitted by Applied Science Associates, Inc., Box 158. Valencia.
Penusylvania 16059, under Contract F33015-78-C-0019. Project 2361. with Logistics and

“Technical Training Division. Logistics Research Branch, Air Force Human Resources

Laboratory (AFSC). Lowry Air Forece Base, Colorado 80230. Dr. Edgar A. Smith was the
Cantract Monitor for the Laboratory.

This report has been reviewed by the Office of Public Affairs (PA) and is releasable to the
\ational Technical Information Serviee (NTIS). At NTIS, it will be available to the
general public. including foreign nations.

This technical report has been reviewed and is approved for publication.

ROSS L. MORG AN, Teehnical Director

Logisties and Technical Training Division

RONALD W. TERRY. Colonel. USAF

Commander

SUBJECT TO EXPORT CONTROL LAWS

This document contains information for manafacturing or using munitions of war.
Faport of the information contained herein. or release 1o foreign nationals within the
U nited States. withow first obtaining an export license. is a vielation of the International
Traflic in Vrms Regulations. Such violation is subject 10 a penalty of up to 2 vears
imprisonment and a fine of $100.000 under 22 U.S.C. 2778,

e —




T B T

U ptiasstinu

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

‘ JREPORT DOCUMENTATION PAGE aErLEAD INSTRUCTIONS
” - JI_REPOR == 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

2w AF"/_IRW / 14D-Aops | 1H

{8, TITLE (and -~ 5. TYPE OF REPORT & PERIOD COVERED
AINTENANCE TRAINING SIMULATOR DESIGN y, 7 Final >
2N D AClesmﬁT\ = r ﬁPT S/

/’ - NUMBER

et e e P PR e e e —

7. AUTHOR(s) . ... .. (._;__QQNIBA.CI.DB..G..R,AN__T Nuw—

ROMHU G / vE A s F3: e
George R/Purlfo\ Jr/ _ \;'2){ 8 j )f/ ; :} 33015 78-(,&!“9

!
ly

AR A S
TN,
~——

R IR LA S

| X .\k
| S\,

=

e e

. PROGR A ELEMENT. PROJECT TASK
AREA & WORK UNIT NUMBER

3. PERFORMING ORGANIZATION NAME AND &  hw
Applied Science Associates, Inc.

Box 158 — o L T
Valencia. Pennsylvania 16059 ﬂ\ 236 41301 /7

! 11. CONTROLLING OFFICE NAME AND ADDRESS ~—7"112. REPORT DATE

i ] August 1980

HQ Air Force Human Resources Laboratory (AFSC) 5 NufBER P TRYTIT .
Brooks Air Force Base. Texas 78235

2240

14. MONITORING AGENCY NAME & ADDRESS(i! different from COH"O,".I‘ Office) 15. SECURITY CL ASS. (of this report)

| oglsn(‘s and Technical Training Dwnsnon ) A a C - U nclassified
Logistics Research Branch U3
glsll(s esearc ranc /
Air Force Human Resources Laboratory — ﬂ T8a. DECL ASSIFICATION/ DOWNGRABING
l.owry Air Force Base, Colorado 80230 SCHE

16. DISTRIBUTION STATEMENT (of thia Report)

\pproved for public releass ‘stribution unlimited.

17. DISTRIBUTION STATEMENT (+ the abstract entered in Block 20, il different from Report)

18. SUPPLEMENTARY NOTES 3

19. KEY WORDS (Continue on reverae aide i necessary and identify by block m.  ar) i

. e i 2
acquisition lat simulation 1
maintenance simuator simulator design {
maintenance training

model specifications

!
. . ‘
training !
training devices i

Tt

10 ABSTRACT (Continue ¢ reveras side If necesaary and identify by dlock number)

C 2 The project explored the problems of maintenance training simulation design and acquisition.J he report ‘
(a) describes the research aclivities that were performed: (b} describes the products and reports produced. 3+ )
well as the reactions of the intended audlences#.u,htse’products‘ and {c) presents a list P—rproble'ﬂ areas,

recommendations. and areas for future research. ¥ he report describes the procedures developed for designing
and documenting maintenance irainers: i.e.. the procedures for determining when to use a simulator. the i
procedures for determining the degree of ﬁdelily of the trainer components. and the procedures for seleﬂing !
and defining the instructional features of the maintenance trainer. In addition. the report describes the project-
generated ISD (Instructional System Development) Derived Training Equipment Design model

DD |:2:~"n 1473K U nelassified N

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

034110

T VN A




U nelassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entersd)

Vtem 20 (Continued)

specification and the Prime Development Specification for Maintenance Training Sim ulators. Both
are model or generic specifications. The 1SD-derived model specification is used to communia: to the System
Program Office (SPO) the results of the ISD analysis (with respect to training equipment requirements). The
Prime Development Model Specification is used by the SPO to construct a procurement specificaticn. which
contains both training-oriented and engineering requirements. The report also discusses nine problem areas:
e.g.. the increasing emphasis for an accelerated acquisition schedule, the lack of continual communications
hetween ISD analysts and SPO personnel. e reassignment of ISD analysts and the lack of documentation of
corporate knowledge. For each problem, recommendations/alternativesolutions are offered.

A

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Dota Entered)




OF CONTENTS

SECTION I. INTRODUCTION .

The General Problem . . . .
Project Objectives . « .« &
Background Information . .
Overview of Approach . . . «
Overview of Project Products .

.
.
.
.
.
.
3
.
L3
.
.
.

Organization of Final Report

SummaryofPrOblemAreaS ® o & & & o e 8 s o e e o * e

SECTION II.

APPROACH ® o e & & ° & & 5 & * e 6 o & o ¢ o

ISD Project Activities e o & & 8 o o o s e o o 0 s o o

Summary of Current ISD Process « s « o ¢ ¢ s o ¢ o o
Specify Ought—-To~Be ISD Outputs « ¢ o « o o o o s &
Comparison of Ought-To-Be Outputs to Actual Output

Review of Current Training Technologies v « « « .« &
Develop New Technologies « « o ¢« o o ¢ ¢ o o o « « o
ISD-Team Training e« o« ¢ o o o ¢ ¢ s o ¢ o ¢ o o o &
Modification in ISD-Materials . « « ¢ o ¢ o o« o o %

SPO Project Activities e o o o o o 0 s s e s e s s s e

Summary of Current SPO Procedures . « « o« o ¢ o o o
Specify Content of Model SPO Specification ¢« « ¢ « &
Review Content of Preliminary Model SPO Specification
Specify Content of SPO Haudbook/Appendix . . .
SPO Orientation Training « « & ¢ ¢ ¢ ¢ ¢ ¢ o« &
Modification to SPO Materials . ¢ « ¢ o o o &

SECTION III. REACTION TO PRODUCTS o o o o o o o« o o o o «

Introduction o o« o o o o ¢ ¢ 4 o 6 o 6 0 4 0 0 s 0 v e
Handbook of ISD Procedures for Design and Documentation
1SD-Derived Training Equipment Design « « ¢« ¢« o« ¢ ¢ « &
Prime Development Specification for

Maintenance Training Simulators « « ¢« ¢« o o o o ¢ o o
Summary of Reactions « o« ¢« ¢ ¢ ¢ ¢ ¢ o ¢« ¢ o ¢ ¢ o o o

25

34
36
38
53
54

55
56
58
58
60
60

62
63
64

65
65

e e g v mmmm iam s s




Table of Contents

SECTION IV. PROBLEMS, RECOMMENDATIONS,

Introduction . « ¢ o o« ¢ o o o o &
ISD Analysis Compression .« « « « &
Communication « « ¢ ¢ ¢« s o« o ¢ o« &«
ISD Staffing and Experience . + .« &
Current State-of-the—Art Exposure .
Engineering Change Proposal Analysis
One ISD l{andbcok s o o o o o o o @
Contractor-Provided Data Base (LSAs)
Instructional Features Scenarios .
SPO Specification Improvements . .

REFERENCES ¢ 4 ¢ ¢ o ¢ ¢ o o o o o o o

BI B!‘IOGRAPHY . . L] . - - - L d L] L] L . L]

(Continued)

AND, FUTURE RESEARCH

e o e 0
e o o o

* o o @

s % s o
.
.
L]
.
L

e & @ o ¢ & o o o o

APPENDIX A, FIDELITY DECISION PROCEDURES .+ o« o o ¢ o o &

APPENDIX B, INSTRUCTIONAL FEATURES .
APPENDIX C., MODEL ISD SPECIFICATION .

APPENDIX D. SPO SPECIFICATION . . .«

e & 8 o 8 & & & & @

¢ ® o o o & o s o o

APPENDIX E. EXAMPLE: INSTRUCTIONAL FEATUKE SCENARIO . .

Page
68
68
68
70
72
73
74
75
75
76
77
79
83

103

108

117

138

214




LIST OF FIGURES

Figure

1 Summary of Project Approach . .

LIST OF TABLES

Summary of Handbook Steps . . .




SECTION I

INTRODUCTION

This document is the final report of a project conducted under
Contract No. F33615-78-C-0019 with the Technical Training Division, Air
Force Human Resources Laboratory (AFSC), Lowry Air Force Base,
Colorado. This report has several purposes:

1. To describe the research activities that were conducted.
2. To describe the major products that were generated and
report the reaction to those products by their respective

audiences.

3. To present a list of problem areas, recommendations, and
areas for future research.

The General Problem

As weapons systems become more sophisticated so must the required
maintenance capabilities of the Air Force. However, while maintenance
capabilities must be increased, training budgets are shrinking. These
factors, and the large attrition rate of Air Force maintenance person-
nel, make an increase in the cost—effectiveness of maintenance training
essential. The use of simulators is assuming growing importance as one
thrust toward improvement. Simulation, long an established training
technique for system operators, (e.g., pilot training) has a number of
potential benefits when applied to teaching maintenance. These bene-
fits include reduced cost, increased training equipment reliability and
availability, student and instructor safety when practicing hazardous
maintenance activities, increased hands-on practice, malfunction inser-
tion and creation capabilities, and built-in instructional features
such as automatic student monitoring. However, the realization of
these advantages has, to date, been less than optimum. The reasons for
not achieving the desired and predicted advantages of maintenance simu-
lators are varied and complex. The current project was designed to
examine two areas contributing to the problem. The first area con-
cerned, the process used to design maintenance training equipment,
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commonly referred to as the Instructional Systems Development (I1SD)
process. The second area concerned the acquisition process; i.e., the
procedures followed by the System Program Office (SPO) to acquire
maintenance trainers.,

Typically, maintenance training is designed by an ISD analyst.
During the ISD analysis, the need for a maintenance trainer is investi-
gated. If a trainer is indicated, the requirements of the trainer are
established by the analysts. These requirements are then submitted to
the SPO. At the SPO, the training requirements are reviewed, validated
and engineering requirements are added. The SPO then distributes the
procurement specification to contractors and vendors for bids. Upon
award of the contract, the SPO a sumes responsibility for managing the
acquisition process, including the quality assurance testing of the
training device. The current project was designed to analyze these
procedures and generate materials for improving the design and acquisi-
tion processes, so that the advantages of maintenance trainers could be
better realized.

Project Objectives

Given the general problem (advantages of simulation not being
completely realized), the project was designed to meet four general
objectives:

1. To document existing ISD procedures for designing mainte-
nance training equipment, specifically maintenance
trainers.

2. To document existing SPO acquisition procedures.

3. To expand upon the existing ISD procedures for making
training equipment design decisions for establishing
training equipment design requirements and to provide a
mechanism for communicating the ISD-derived training
equipment design to SPO personnel.

4, To clarify existing SPO acquisition procedures and/or
develop new procedures, processes, and/or materials in
order to assist the SPO Acquisition Manager to more easily
specify malntenance training equipment requirements (both
training and engineering requirements) and to better manage
the acquisition process.
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A review of the four objectives reveals that two of the objectives
concern the ISD-side of the acquisition process (objectives 1 and 3),
while the remaining two objectives concern the activities of the SPO
Acquisition Manager. The first two objectives were included to assure
that any or new procedures would be compatible with the existing
procedures.

Background Information

The project and its four objectives were not conceived in a
vacuum. There was some speculation concerning why simulation had not
been more successfully employed in maintenance training. One of these
concerned the amount and type of information made available to the
contractor or vendor while he was designing and fabricating the
trainer. The problem is best explained by Pohlmann, Isley, and Caro
(1979).

"Simulator specification and other design and procurement
documents seldom address operational training concepts or
instructor roles. By contrast, information about the
aircraft to be simulated and its operational environment
is addressed in these documents and serves as a guide for
simulator design. Usually training objectives documents
provide further design guidance to assure that the
required skills and knowledges can be developed in it
planned simulator. But, there is no guidance to aid the
designer in assuring that the operation necessary for
efficient training in the planned simulator can be
conducted. While . . . features may be specified in the
design documents, the manner in which they are expected to
be employed by the users of the simulator simply is not
made known to the device designers.”

Thus, it was speculated that part of the problem was in the way pro-~
curement documents were written, i.e., there appeared to be an absence
of a convenient mechanism for providing instructional use information
to contractors or vendors. This situation was blamed for receiving
simulators which were often considered inefficient, had features which
were time consuming and awkward for the instructor to use, and
generally contained features which were inappropriate to the training
being conducted on the device. Thus, one of the problems to be
corrected concerned generating and communicating information to the
vendor concerning how the intended trainer was to be used by the
instructor in the training situation.




A second problem concerned the guidance available to the ISD ana-
lyst in making critical training equipment design decisions. The pri-
mary document used by the ISD analysts is AFP 50-58, Handbook for
Designers of Instructional Systems. This document provides little
guidance to the ISD analyst in making such critical design decisions as
when to use a simulator, what degree of fidelity needs to be used to
represent the component being simulated, and what instructional
features the intended device should have. That is, AFP 50-58 is of
little help to the ISD analyst when designing maintenance training
equipment and establishing maintenance training equipment requirements.
Since the development of AFP 50-58, researchers have been making some
advances in identifying the specific issues to consider when making
such critical training equipment design decisions. Thus, for this
effort, one of the areas that needed to be investigated concerned the
development of more effective design tools.

A secondary impact of a lack of decision-making tools upon the
trainer design process, is that it becomes difficult to trace the ori-
gin of any design feature. For example, if a trainer is fabricated and
it is later discovered to have ineffective or inefficient features,
then without decision-making tools which document how such decisions
were made, it would be difficult to trace where in the process the fea-
ture was determined. That is, sound decision-making tools which pro-
vide decision documentation not only facilitate the design of the main-
tenance trainers, but also make it easy to trace the design decision
made to determine why such design features were originally identified
as being useful. Thus, it was believed at the onset of the project
that ISD analysts could benefit from the development of procedures and
tools to design maintenance trainers and document trainer requirements.

These concerns made it clear that the project, under the four
specified objectives had to:

1. Develop a model or generic specification for maintenance
training equipment, which included a reasonable amount of
information concerning how the intended trainer and its
features were to be used by the instructor to bring about
the desired training.

Identify existing or develop new technologies which would
facilitate the design of maintenance trainers and permit
design decisions to be traced from the original decision-
making logic to the completed trainer.

At the beginning of the project there was no firm commitment con-
cerning the content and format of the model or generic specifications.




There was, however, a notion that perhaps two model or generic specifi- 5
cations would be needed. One specification which would be prepared by ‘
the ISD analyst to communicate the results of the ISD analysis (e.g., %
to specify training requirements and contain information concerning how
the intended trainer would be used by the instructor) and another which
would be prepared by the SPO. The SPO-prepared specification was :
envisioned as a translation of the 1SD-derived specification into a K
legal document binding the contractor or vendor. In addition, it was

anticipated that the SPO generic specification would contain not only _
engineering requirements but also training requirements. This notion d
about the need for two generic specifications proved to be warranted as
the project continued and, in fact, two model or generic specifications
were constructed.

Although the specific content and format of the model specifica-
tions was unclear at the project's inception, there was some general
notion concerning the process or procedure for designing maintenance
trainers. This notion consisted of a theoretical structure for deter-
mining training equipment characteristics. Because this notion or
theoretical structure influenced the initial direction of the project
it is discussed in this section of the report.

Taxonomic Approach

At first the project staff thought that a theoretical framework
for designing maintenance trainers was possible; i.e., there had been
some research reported in the literature which suggested a promising
approach. For completeness in documenting the project, it seems
reasonable to explain to the readers of this report, the conceptual
framework the project initially had in mind for designing maintenance
trainers. However, it should be made clear that this initial concep-
tual framework was not entirely retained in the products produced by
the project. As the project continued and the state-of-the-art was
documented and more clearly understood, it became more apparent that
the initial conceptual framework employing taxonomies was not entirely
workable.

This initial framework for designing maintenance trainers was
theoretically simple and straightforward. It consisted of a prescrip- !
tive model for deriving training equipment characteristics and require-
ments from task description and analysis data. All writers in the
literature seemed to agree that to arrive at a set of training require-
ments (as well as training equipment characteristics) task descriptions
had to be carefully analyzed. 1In addition, all authors seemed to agree
that the first step in the analysis process was to classify or cate-
gorize the behaviors involved in the performance of the task. This
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classification step was thought to be the critical step in the process
because there was a strong belief that each class of behavior was
invariant with respect to the principles of learning, training tech-
niques, and the like. That is, it was believed that if the type of
behavior was known, the procedures (techniques, methods, and materials)
of how that behavior was acquired by the trainee were also known. It
was believed by the project staff that if a task behavior could be
correctly classified then its classification would lead to a determina-
tion of when a simulator would be needed, what instructional features
would be required, and what level of physical and psychological fidel-
ity the device would have to have to be effective for training. This
belief was reinforced by the available literature. The project staff
was aware that others had developed similar taxonomic approaches to
select media and teaching methods. Thus, the project staff felt that
not only could media and method be determined from the behavioral class
but so too could the characteristics of simulators.

This initial framework implied a simple procedure for the design
of maintenance trainers. All the ISD analyst would have to do is:

1. Identify tasks.

2. Classify the behavior involved in the task performance.

3. Go to a learning or design guide for that class of behavior
and

a. Determine if practice is needed on a simulator.

b. Determine the level of fidelity required for the
behavior to be acquired.

Determine the instructional features that would be
required.

That 1is, each learning or design guide would provide information con-
cerning whether practice is required on a simulator and also would list
all the features the practice device needed to have to be an effective
training device. As the project continued a review of literature was
conducted to determine the feasibility of developing and applying this
simple theoretical framework. The results of the review of literature
are presented in a project working paper, Behavior Taxonomies and
Training Equipment Design: A Review of Literature and General Model
(April 1979). This review indicated that there would be some problems
in applying the framework:




1.

Almost all the existing approaches which related taxonomic
elements (behavior class) to learning principles, failed to
support the associations with empirical evidence. 1In addi-
tion, few of the approaches reviewed showed any useable
relationship between the taxonomic elements and functional
equipment characteristics; i.e., most of the approaches
offered a relationship between the behavioral class and
learning principles and/or equipment classes (e.g., a
familiarization trainer), but failed to take the process to
the next desired step and show a relationship between the
principles of learning and specific equipment characteris-
ticss The impression received by the project staff was
that the state~of-the—art was just not quite there yet and
empirical evidence could not be marshalled to show sound
relationships between the principles of learning and such
equipment characteristics as the fidelity level of stimulus
components. However, it was clear that with some effort
the principles of learning could be used by the project
staff to develop analytical procedures for selecting some
instructional features.

Most of the taxonomic structures reviewed were appropriate
for operator training (e.g., pilot training) but were not
appropriate to describe typical maintenance behaviors on
sophisticated weapons systems. For example, current
weapons systems use computers to aid maintenance task
performance. None of the approaches reviewed in the
literature dealt with computer-oriented types of behaviors
typically encountered by modern maintenance personnel.

Although highly publicized as a reasonable approach, the
mechanisms available for classifying a task behavior into a
single taxonomic element were found to be less than system—
atic and reliable. The most promising approach utilized a
standardized verb list; that is, each verb that could be
used to describe a task behavior is assigned to only one
taxonomic element (behavioral class). This approach
requires constructing a verb list along with precise defi-
nitions of each verb on the list and predetermining the
class of behavior the verb belongs to. Although verb lists
were available, a review of those lists revealed that most
of the verbs were suitable for describing operator behavior
but that few of the verbs were appropriate for describing
typical maintenance tasks; noticeably absent were those for
describing troubleshooting behavior and the use of
computers in performing maintenance tasks.




4. None of the procedures or approaches reviewed offered a
reasonable way to determine if a task behavior needed to be
practiced on some sort of trainer. All the procedures that
showed a relationship between a taxonomy or behavior clas-
sification scheme and training equipment types assumed that
the user started out with only those tasks where training
equipment of some sort was needed. As such, these proce-
dures would not provide guidance in determining whether or
not training equipment was required.

These problems as well as others dampened the project's enthusiasm
for applying the original taxonomic framework. It became quite obvious
in the progress of the project that such a simple theoretical framework
would not work until educational and psychological researcher estab-
lished more concrete associations between behavioral classes (taxono-
mies) and learning techniques. It was also clear that not enough was
known about particular learning strategies or techniques and their
association to equipment characteristics, such as levels of fidelity.
Both of these drawbacks required more resources to overcome than what
were available to the project. Indeed the research needed to overcome
these obstacles would only come as the state-of-the-art advanced and
such advances would only come slowly. In fact, the project itself gen-
erated some products which should be considered advancements in the
state~of-the-art and go a long way in eventually developing the theo-
retical framework described above.

Given this situation the project was resigned to use the informa-
tion that was available from the literature (in modified forms) to
generate training equipment design decision logic which could be
immediately employed by ISD analysts. The materials developed by the
project make use of a taxonomic structure, but not to the extent
originally anticipated. For example, a taxonomic structure is used to
assist the ISD analysts in determining some instructional features. In
addition, some of the materials and job aids which were developed have
their foundations in a taxonomy of behaviors (e.g., the procedures used
to identify tasks to be acquired and/or practiced on simulators were
directly derived from a taxonomic structure developed by the project).

Overview of Approach

Given the general problem and the specified project objectives, an
approach was designed. A summary of the approach appears in Figure 1.
A quick glance at Figure 1 reveals that the project activities were
divided into two major categories; those activities which impacted upon:
(1) the ISD side, and (2) the SPO side of the acquisition process. For
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clarity and convenience, Figure 1 also illustrates the reports (prod-
ucts) generated by each of the activities. The arrows connecting the
1SD side and SPO side (via the reports) illustrates the interface
between the SPO and ISD project activities; e.g., an interface arrow
appears between the ISD-derived model specification and the SPO generic
specification to show that the two specifications were designed to
compliment each other.

For summary purposes each major project activity is discussed

below.

ISD Project Activities

The ISD project activities consisted of the following:

1.

3.

‘40

Documentation of Current ISD Process. Through interviews
with ISD teams within the Air Force it was determined that
a formal ISD analysis was generally accomplished only for
new weapons systems. Further, the 3306th Test and Evalua-
tion Squadron (Edwards Air Force Base, California) was
identified as a successful organization in applying ISD
procedures for determining maintenance training equipment
characteristics. They developed an adaptation of the 15D
process described in AFP 50-58. Their ISD process was
taken by the project as the baseline Air Force ISD process;
i.e., it served as the process which would be supplemented
by any ISD techniques developed by the project. It should
be noted that the 3306th was eager to see improvements in
their own process.

Specification of Desired 1SD Outputs. To determine where
areas of improvement in the current ISD process were need-
ed, a statement of the desired ISD outputs was formulated.
This statment was eventually translated into the model
specification that is prepared by the 1ISD analysts. The
statement of the desired ISD outputs were formulated by
interviews with ISD analysts, SPO engineers, as well as by
the experience of the project staff.

Comparison of Desired ISD Outputs to Actual Qutputs. A
comparison between the desired ISD ocutput and the actual
output of the then current ISD process highlighted where
areas of improvement were necessary and could be realized.

Review of Current Training Technology. Given where areas
of improvement were needed to generate the desired ISD out-
puts, a review of the literature was conducted to identify
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if any existing technologies could be used. The review
concentrated on the taxonomic approach discussed above.

Develop Training Technology to Generate Desired ISD Out-
puts. The review of literature as discussed above,
indicated that new approaches had to be developed. Thus,
the project developed procedures and job aids to assist the
ISD analyst in making critical training equipment design
decisions. Efforts were concentrated on developing
procedures for:

a. Determining when practice was required on a trainer
of some sort.

Determining the degree of fidelity of the components
to be represented on the maintenance trainer.

Determining the nature and the type of instructional
features required on the maintenance trainer.

Documenting the results of the ISD analysis and
completing or preparing the ISD-derived model
specification.

These procedures were included in a Handbook developed
specifically for the ISD analysts. The Handbook should be
viewed as a supplement to the ISD procedures offered by the
3306th Test and Evaluation Squadron.

Conduct ISD~Team Training. Given the ISD Handbook and the
procedure for communicating the ISD-Derived Training Equip-
ment Design, the next step was to train ISD analysts. The
training served two purposes; first, it exposed the 3306th
Test and Evaluation Squadron to the procedures developed by
the project and, second, it provided an opportunity for the
3306th to offer suggestions for improving the products
generated by the project,

Modification of ISD Materials and Products. After the
training, the developed materials were modified and written
in final form.

It should be noted that the ISD project activities were conducted
simultaneously with the SPO project activities. Interface between the
two areas occurred in activities 1, 2, 5 and 7 listed above. Of par-
ticular concern was the coordination between the ISD-Derived Training
Equipment Design (model ISD-derived specification) and the model speci-
fication prepared by the SPO (Prime Development Specification for




Maintenance Training Simulator). This type of coordination was requir-
ed to assure that the two model specifications could be easily inte-
grated and to guarantee that they complimented each other.

SPO Project Activities

The SPO project activities consisted of the following:

1. Documentation of Current SPO Procedures. Through inter-
views with SPO personnel (including such support personnel
as the engineering staff), the SPO procedures for acquiring
maintenance trainers was documented. During the inter-
views, it became clear that the project could make its best
impact on the SPO contribution to the acquisition process
by developing a prime development model specification for
maintenance trainers. That is, the SPO group strongly felt
that help was needed in preparing the procurement specifi-
cation to assure that both training and engineering
requirements were adequately described to the vendor or
contractor.

Develop Model SPO Specification. SPO procedures primarily
consist of receiving the results of the ISD analysis and
preparing a specification which is eventually distributed
to contractors or vendors. After the award of the training
equipment contract, the SPO also has the responsibility to
manage the acquisition process (including testing of the
delivered device). The specification was typically pre-
pared by using the results of the ISD analysis (e.g.,
training objectives, training applications, determined
level of fidelity, type and kind of instructional features,
etc.) and by adding engineering requirements (e.g.,
requirements dealing with the maintainability and reliabil-
ity of the maintenance trainer). Preparation of the
trainer specification requires the engineer to review
appropriate Military Standards and Specifications. To
assist the engineer in the preparation of the specifica-
tion, a model specification was constructed by the pro ject.
This model contains both training-oriented requirements and
engineering requirements.

Review of Model SPO Specification. After a preliminary
draft of the model SPO specification was prepared, it was
reviewed by SPO engineers. Of primary concern during the
review was the completeness of the model SPO specification;
f.e., did it contain all required content areas and re-
quirements. Since it was to be a model specification, it
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had to be applicable to all types of situations and mainte-
nance trainers and, thus, had to contain all possible
requirements.

Specify Content of SPO Handbook. After the preparation of

the preliminary draft of the model SPO specification it was

decided that to assist the engineer in using the model SPO

specification, a Handbook was needed. A Handbook was

developed by the project and serves as a guide to the

engineer in determining what paragraphs or subparagraphs of E.
the model specification are appropriate and need to be

applied in any given situation. In addition, the Handbook

provides guidance in determining how to use:

a. The available Military Standards and Specifications
which specified parameter values for the engineering
requirements.

b. The ISD-Derived Training Equipment Design model
specification (this document served as a primary
source in the preparation of the model SPO
specification).

In addition, the Handbook also contains a section for each
requirement called Lessons Learned. This section of the
Handbook specifies what had been learned from previous
acquisitions of trainers; e.g.,

a. It contains suggestions for phrasing requirements
which had worked in the past as well as suggestions
for avoiding phrases which had not worked in the
past.

b. It contains a summary of corporate history or
experience in stating content requirements in
certain ways; i.e., it discusses how potential
contractors and vendors might interpret certain
phrases or requirements.

Conduct SPO Orientation Training. After the model SPO
specification was prepared, as well as its accompanying
Handbook, the next step was to provide SPO personnel with
orientation trairing. The training was designed to serve
two purposes. First, it provided the SPO engineers an
opportunity to see both the model SPO specification and the
accompanying Handbook. Second, it provided the project
staff with an opportunity to receive comments concerning
how these two documents could be improved.

/IH
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6. Modification of SPO Materials. After the orientation,
training modifications were made in the materials and they
were submitted in final form.

A review of the project activities reveals a common strategy for
attacking both the ISD and SPO sides of the maintenance training
equipment acquisition process. Both sides of the process started with
the complete documentation of the respective existing procedures. This
was followed by specifying the ought-to-be or desired outputs of both
sides. The next step in both sides of the project activities consisted
of a comparative analysis; i.e, comparing the desired outputs with the
current or existing outputs of both the ISD design process and the SPO
acquisition procedure. The comparative analysis revealed where areas
of improvements could be realized. After identification of the areas
of improvement, materials, job aids, and procedures were developed.
Following the development of the materials, project-developed training
occurred. This training concentrated on how the project—-developed
materials were to be used. After the training sessions, the products
were modified and submitted.

Overview of Project Products

The project activities briefly described above generated several.
products (reports). The primary or major products produced were:

1. Maintenance Training Simulator Design and Acquisition:
Summary of Current Procedures (AFHRL-TR-79-23, November
1979). This report summarized both the 3306th ISD process
and the SPO acquisition procedures. In addition, the
report presented a listing of the major problem areas
associated with both processes——the training equipment
design process and the acquisition process. This report
became the starting point for the rest of the the products
generated by the project; i.e., it represented the ISD and
SPO process from which improvements could be realized.

2. Maintenance Training Simulator Design and Acquisition:
Handbook of ISD Procedures for Design and Documentation
(in Air Force publication cycle at the time of this
writing). This Handbook presents job aids for assisting
ISD analysts in making critical training equipment design
decisions. Although procedures were developed for making
many design decisions, this Handbook concentrates on three
critical decisions:

14




a. A method for determining which skills and knowledge
had to be acquired using a trainer of some sort;
i.e., which required hands-on experience/practice
for the students to acquire them.

b. A procedure for making fidelity decisions; i.e., for
determining the level of fidelity that components on
the trainer should be represented by.

ce A procedure for selecting the essential instruc-
tional features. Typically, these instruct.onal
features involved computer-driven or controlled
features, such as, automatic scoring, provisions for
the presentation of augmented feedback messages,
provisions for updating parameter values, etc.

All decision-making procedures are offered in flow chart
formats. It should be pointed out that the job aids are
designed to provide guidance on the application of learning
principles in making training and training device design
decisions, rather than just being principle oriented.

It should also be mentioned that the ISD Handbook contains
procedures for considering how the training device would be
used by instructors and be incorporated into the total
training program.

All the job aids and design steps offered in the Handbook
are designed to provide or generate the information needed
to complete the ISD-Derived Training Equipment Design
(model specification). That is, every procedure in the ISD
Handbook can be associated with a paragraph or subparagraph
of the ISD model specification. The ISD Handbook not only
offers guidance. in designing maintenance trainers, but also
provides a method for documenting those design decisions
for both traceability and communication purposes.

It should be emphasized that the Handbook is designed to be
a supplement to the 3306th Procedural Handbook. It is not
designed as a substitute for the 3306th Procedural Hand-
book. It should be recalled that our mission was to build
upon existing procedures; i.e., to fill the gaps that
existed in the current 1SD process.

It should also be realized that the Handbook is designed to
contain procedures for documenting important design deci-
sions. That is, the Handbook is purposely designed to
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assure that the design decisions made can be traced. This
feature guaranteed that down the road improvements could be
made in the decision logic procedures.

3. Maintenance Training Simulator Design and Acquistion:
ISD-Derived Training Equipment Design (currently in the Air
Force publication cycle). This document contains para-
graphs and subparagraphs to be completed by the ISD anal-
ysts during and after the ISD analysis; i.e., it contains
blanks which must be completed by the ISD analysts. The
blanks make it possible to tailor the specification to a
specific application; i.e., the model 1SD-derived specifi-
cation was constructed to be applicable to all types of
maintenance trainers. The document is designed to be the
vehicle by which the results of the ISD analysis are
communicated to SPO personnel. This model ISD-specifica-
tion contains information categories related only to train-
ing issues; for example, specification of:

a. Training objectives (tasks to be acquired, malfunct-
ion isolation procedures to be practiced).

be Training applications (how the trainer is to be used
by the instructors),

c. Fidelity levels (the physical and functional
characteristics of the components or parts to be
represented on the trainer).

d. Instructional features (e.g., the description of the
automatic scoring and malfunction insertion
features).

Since the ISD-derived specification is a generic specifica-
tion, accompanying the model ISD-derived specification is a
set of instructions for applying the model in specific

. situations and for using the information generated by the
procedures specified in the ISD Handbook. That is, the
instructions accompanying the model ISD-derived specifica-
i tion discuss how the outputs of the procedures specified in
the ISD Handbook are used in the preparation of the
ISD-Derived Training Equipment Design. For example, the
procedures for determining the level of fidelity of the
components to be represented on the trainer result in a
description of the component (its size, shape, color,
texture, etc.). The instructions accompanying the model
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ISD—derived specification explain how this information is
to be recorded in the model ISD-derived specification, so
that such decisions can be traced as well as communicated
to the SPO personnel. The instructions also provide some
lessons learned on ways of stating the trainer require-
ments. These were lessons learned from previous ISD
efforts as well as past trainer specifications. In
addition, the instructions provide guidance on how the
blanks can be completed.

It should also be mentioned that the model ISD-derived
specfication was designed to be completed during and after
the ISD analysis. That is, the ISD-derived specification
was purposefully designed to provide a vehicle for communi-
cating the results of the ISD analysis, as they are known,
to the SPO personnel. In this way, the precise intention
of the ISD analyst can be discussed and clarified for the
SPO personnel.

Maintenance Training Simulator Design and Acquisition:

Prime Development Specification for Maintenance Training

Simulators (in Air Force publication cycle at this

writing). This document contains the generic SPO specifi-

cation and the accompanying SPO Handbook/Appendix. The SPO A
specification contains both engineering requirements and ]
training requirements. The training requirements are ' 3
derived from the ISD-derived model specification while the

engineering requirements are derived from existing Military

Standards and Specifications. The SPO Handbook was attach-

ed to the model SPO specification as an appendix, thus, the

SPO Handbook is often referred to in this report as a SPO
Handbook/Appendix.

Both the ISD-Derived Training Equipment Design and the
Prime Development Specification for Maintenance Training

Simulators have an unusual format. They are generic

specifications and, thus, can be tailored to the specifica-

tion of requirements for any type of maintenance trainer
used in any type of situation (e.g., resident training or
field training). Because they are generic, they contain
all possible paragraphs and subparagraphs which might be
included in a maintenance trainer specification. In addi-
tion, they contain blanks (the blanks allow the preparer to
tailor the paragraphs or subparagraphs to his needs). The
blanks usually appear where the specific requirements are
to specified. Because the specifications are generic,
instructions are needed to accompany the specification.
These instructions are:

17
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a. Help the preparer determine what paragraphs and
subparagraphs are appropriate in his situation.

b. Assist the preparer in completing the blanks
(stating the particular requirement or parameter
that establishes the requirement). In addition,
sources where the parameter is set by Military
¢ Standards are stated, as well as where in the ISD
t Handbook procedures are established for deriving the
‘ requirement. In the case of the SPO specification,
directions for using the ISD-derived specification
are offered.

Fem s e =T ST

¢c. Provide lessons learned from previous equipment
acquisitions. These lessons learned contain:

. Cautions in the way the requirement is stated.

. A description of what was done in the past and
what can be expected from vendors and contrac-
tors.

All the products were very well received by their intended audiences.
1 The reaction that the intended audiences had to the developed projects
is reported in Section III of this report. For completeness, those
reactions are summarized here:

1. The ISD analysts felt that the design procedures for making
critical design decisions, for tracing decisions, and for
communicating the results of the ISD analysis to SPO
personnel involved a lot of paperwork.

2. Both the ISD analysts and the SPO engineers felt that the f
concept of having two specifications would work, and that
the ISD-derived specification would guarantee that
training-related issues would not be misrepresented in the
final procurement specification.

3. Both the ISD-derived specification and the model SPO
" specification attended to:

a. The problem of taking advantage of corporate history
through the lessons learned section of each 3
specification.

b. The problem of specifying how the trainer will be
used.
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For summary purposes it should be pointed out that two products
were developed for the 1SD team (a procedure Handbook concerning design
decision logic and a model ISD specification for communicating the
results of the ISD analysis. In addition, one product was developed
for the SPO side of the acquisifjon process (a model SPO specification
and an accompanying Handbook/Appendix, which provides assistance in
completing the model SPO specification. It should also be mentioned
that these products were designed for both intermediate and organiza-
tion level maintenance trainers.

In addition to the major products listed above, the project gener-
ated other reports:

1. Behavior Taxonomies and Training Equipment Design: A
Literature Review and General Model (April 1979). This
report is a project working paper and presents a review of
the models available to design maintenance trainers.

2. Maintenance Training Simulators Design and Acquisition:
ISD Team Training Course Outline (December 1979). This
report presents the objectives and content of the ISD team
project training.

3. Maintenance Training Simulator Design and Acquisition: SPO
Orientation Training Outline (February 1980). This report
presents the objectives and content of the SPO orientation
project training.

Summary of Problem Areas

During the project, several problem areas concerning the design
and acquisition phases of maintenance trainers emerged. These problem
areas are briefly summarized here and discussed in detail in Section IV
of this report: )

1. ISD Analysis Compression. There has been considerable
pressure exerted to accelerate the acquisition cycle. Such
an accelerated schedule has resulted in a decrease in the
time available to conduct the ISD analysis. Several solu-
tions to this problem exist:

a. Increase manpower available to conduct the ISD
analysis.




b. Decrease or compression of the ISD analysis itself
(reduce the procedure involved). In fact, it has
been suggested that the "computerization” of the
procedures specified in the project-developed Hand-
book would help. The procedures in the Handbook are
in a flow chart format and can be easily programmed
for processing by a computer.

It has also been suggested that the preparation of
both specifications using a word processor (or simi-
lar device) would also help to compress the time
needed to perform the ISD analysis.

c. Schedule the delivery of the trainer to coincide
only with the training of apprentice 3 level
personnel (i.e., the trainer may not be needed
during the conversion training where 7 levels are
trained).

Increased Communications. Part of the problem associated
with training equipment design, has been the lack of
continual communication between ISD and SPO personnel.
Several solutions to this problem have been recommended:

a. The design and acquisition of maint.enance trainers
can be performed as a team effort. The team should
contain ISD personnel and SPO personnel (particu-
larly design engineers).

b. Meetings between the groups should be periodically
scheduled to increase the content and quality of the
communications. The project-generated ISD specifi-
cation can be used as a reference for such meet-
ings.

ISD Staffing and Experience. ISD personnel are trained
maintenance personnel; they receive very little formal
training in instructional, educational, and psychological
processes. They are typically assigned to only one project
where a maintenance trainer is developed, then they are
transferred, usually to a field position. During their
assignment to perform an ISD analysis, they gain a tremen-
dous amount of experience in training equipment design. It
is reasonable to suggest that once this experience is gain-
ed, it should not be lost to the Air Force because of mili-
tary transfers. Trained individuals should stay longer at
the 3306th,
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In addition to maximizing the ISD experience, ISD analysts
should be required to follow the design and acquisition of
a maintenance trainer all the way through to its use. That
is, analysts should: 4

a. Perform the ISD analysis and make training equipment
decisions.

b. Be involved in the procurement of that device; i.e.,
work closely with the contractor during the design
and fabrication stages (to assure that the trainer
is designed the way it was intended).

c. Participate in formative and summative evaluations
of the trainer (during its fabrication and its use
by the using command).

d. Use the trainer during the training program with the
instructor.

After such experiences the analysts should return to the
3306th and begin another ISD project. Such an approach
would result in better trainers being designed. The
experiences gained by this approach might permit the ISD
analyst to be involved in the different stages of two or
more ISD efforts at the same time.

Current State-of-the-Art Exposure. ISD analysts must keep
current concerning the capabilities of maintenance trainers
as well as how maintenance trainers can be used. They
should be in contact with vendors and contractors. In
addition, they should be given the opportunity to be ex-
posed to maintenance trainers developed by all branches of
the military; e.g., they should go to Hill AFB to see the
F-16 SAMTs, to Lowry to see the 6883, etc. Such an expo- §
sure would broaden the analyst's frame of reference as well 3
as facilitate the transfer of corporate knowledge.

Engineering Change Proposal Analysis. One of the content {
areas of the model ISD specification concerns the specifi-
cation of probable engineering changes in the operational
equipment which will affect the maintenance trainer. Com-—
pletion of this paragraph in the model specification would
be facilitated by studying past engineering change propos-
als to determine:

21




7.

a. Where changes are likely (what system, etc.).

b. The nature of these changes (location changes,
functional changes, etc.).

c. How the trainer could be designed to accommodate
expected changes.

One ISD Handbook. The project-developed 1ISD Handbook was
designed as a supplement to the 3306th Procedural Handbook.
Some of the students in the project-presented training
course expressed a desire to have both documents integrated
into a single Handbook.

Contractor-Provided Data Base, Currently there are no
standards governing the content and format of the data base
used by the analysts during the ISD analysis. It is
perhaps possible to reduce the amount of documentation
required of the project-developed ISD process by carefully
designing the content and format of this contractor-
provided data base.

Instructional Features Scenarios. Step 7 of the project-
developed procedures for designing and documenting training
equipment decisions concentrates on selecting instructional
features which are computer-based (or computer—driven and
controlled), such as automatic recording, scoring, and
reporting of student responses; presentation of augmented
feedback messages; the need for a storage device; the
automatic highlighting of performance cues, etc. Typical-
ly, these decisions are based upon an analysis of the:

a. Need to satisfy a particular educational principle,
b. Time the instructor has available to perform them.

Although the project-developed materials to select and
describe instructional features, ISD analysts and SPO
engineers suggested that pre-written instructional features
scenarios would be helpful. The suggested scenarios would
contain:

a. A complete operational definition of the instruc-
tional feature.

b. A description of the purpose and intent of the
instructional feature.
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c. A functional description of the instructional
feature, step-by-step procedures for initializing
the instructional feature, step-by-step procedures
for making the instructional feature operational,
step-by-step procedures for updating the instruc-
tional features and associated software.

d. A description of how the feature can be used with
other instructional features.,

e. A features diagram or functional flow chart.

Such scenaraios could be made part of the procurement
specification.

In addition to computer controlled instructional features,
other instructional features must also be considered, such
as the noise level of the trainer, its size for conducting
demonstrations, its ease of use to construct new student
practice exercises, etc. Some of these types of instruc-
tional features are currently discussed in Step 5 of the
project-developed ISD Handbook. It has been suggested that
these types of instructional features also be expanded and
incorporated in Step 5.

9. SPO Specification Enhancements. Although the project-
developed model SPO specification contains both engineering
and training performance requirements and was reviewed by
maintenance training equipment engineers, parts of the
specification require close review by specialists or
experts. For example, the maintainability paragraph and
its accompanying subparagraphs should be reviewed by main-
tainability engineers. In addition, the software/course-
ware paragraphs should be carefully reviewed by software
engineers. Furthermore, Air Training Command (ATC)
frequently stipulates some requirements which appear in the
procurement specification; thus, ATC should be given the
opportunity to carefully review the model SPO specification ;
and CDRL. 1

Organization of Final Report

The remainder of this final report is organized in the following
manner:

X
~—
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Section II:

Section III:

Section IV:

Approach. This section discusses in more detail
the project activities as well as the contents and
format of the major products. Emphasis 1s given
to how the products are to be used.

Findings and Reactions. This section discusses
how the products were received by their intended
audiences.

Problem areas and recommendations. This section
discusses some of the problems encountered during
the project, as well as recommendations for
solving those problems.
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SECTION II

APPROACH

Each of the major project activities 1is discussed in detail in
this section of the report. The purpose of this section of the report
is not only to describe the project activities, but to describe in
detail the products generated by the project. The descriptions of the
products emphasizes the objectives governing development of the prod-
ucts as well as a discussion of how the products should be used.

For ease of presentation, the project activities which impacted
upon the ISD and SPO contributions to the design and acquisition of
maintenance trainers are discussed separately. Although the SPO and
ISD sides of the design and acquisition processes are discussed sepa-
rately, it should be realized that the respective project activities
were conducted concurrently. The simultaneous conduct of the ISD and
SPO project activities assured that the proper interfaces between the
ISD and SPO contributions to the design and acquisition processes were
adequat:ly addressed.

ISD Project Activities

Summary of Current ISD Process

The first project activity was to review and summarize the current
ISD process. This occurred simultaneously with the review and summary
of the current SPO acquisition procedures. 1If the project was to
successfully build upon the existing design processes and acquisition
procedures, then these processes and procedures had to be well under-
stood and documented. The current ISD process is discussed first.

It was discovered early in the project that there was no such
animal as the Air Force ISD process. Many organizations within the Air
Force perform the ISD function; however, the procedures employed are
different. Interviews with ISD teams throughout the Air Force revealed
that there was little formal or "by-the-book"” ISD analysis accomplished
when analyzing training equipment requirements for existing maintenance




systems. However, the interviews revealed that formal ISD procedures
were employed for determining maintenance training requirments for new
weapons systems. The 3306th Test and Evaluation Squadron (T&ES),

T

Edwards Air Force Base, California had this as its principle function.
Interviews with the 3306th T&ES revealed that:

1. They had a core of highly experienced ISD analysts.

2. They had evolved over the years, an adaptation of the
general ISD model to derive training requirements and
training equipment characteristics for new weapons
systems.

3. They had well-documented their adaptation in an organiza-
tional publication (Procedural Handbook, 3306th Test and
Evaluation Squadron, June 1979).

4., They were generally successful within the Air Force in
meeting Air Training Command/Air Force System Command
(ATC/AFSC) requirements for new system maintenance
training.

5. They recognized the need to improve upon their ISD process
to design and document training and training equipment
requirements.

For these reasons their ISD process was adopted by the project as the
baseline Air Force ISD process.

Since their ISD process is well-documented in their own
publications, it will not be presented here. In addition, an interim
project technical report (Maintenance Training Simulator Design and
Acquisition: Summary of Current Procedures, AFHRL-TR-79-23, November

1979) summarizes their procedure in some detail.

In addition, that technical report also presents and discusses
some of the problems associated with applying the ISD process in a new
weapon systems environment. Because these problems greatly influenced
the direction of the project, they are briefly discussed here:

1. Because of the acquisition cycle, often operational equip-
ment is in a state of evolution at the time of the ISD
analysis. That is, frequently the ISD analysts do not have
a comprehensive data base available when design and docu-
menting training and training equipment requirements. This
problem greatly influenced the project. It meant that any
procedures developed by the project had to be sensitive to
the fact that the contractor-furnished data base was




4.

incomplete but expanding during the ISD process. This
meant that the project had to develop procedures which
would allow decisions to be made in an iterative manner,
subject to change as more information in the data base
became known. It also meant that the level of detail that
the ISD analyst could communicate to the SPO at any given
time was variable. That is, documentation procedures had
to be developed which were sensitive to the sometime incom-
plete but expanding data base. The documentation procedure
had to allow for possible changes also in the target popu-
lation, as well as in the system being simulated. For
example, it was not unusual for the target population to be
ill-defined during the initial ISD efforts. I1f the target
population description changed, then the documents should
allow for a change in training needs.

The contractor-furnished data base is not standardized.
Different contractors provide different types of data in
different formats. This meant that the ISD procedures to
be developed could not assume a standardized data base;
i.e., the procedures to be developed had to allow for
variability in type and kind of data that would be avail-
able to perform the 1ISD analysis.

There is no standardized mechanism available for communi-
cating the results of the ISD analysis. What typically
occurred was that the forms generated during the ISD
analysis (following the 3306th procedures) were submitted
to the SPO for review and validation. However, the forms
themselves do not necessarily communicate the whole train—
ing story. For example, there were no forms available for
communicating how the intended trainer would be used within
the entire training program or for describing the charac-
teristics of the target population, or for describing the
characteristics of the instructors who would use the in-
tended trainer. In addition, the form available for
communicating the characteristics of the intended trainer
was relatively open-ended. By being open-ended, the char-
acteristics of the trainer were often not communicated
unambiguously.

Although some materials are available for making critical
training equipment design decisions, these procedures are
incomplete and not systematic. For example, there were no
procedures available for systematically selecting and
describing the required instructional features. In addi-
tion, there were no procedures available to guide the ISD
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analysts in making fidelity level decisions. Furthermore,
the procedures that existed:

a. Were theory or principle oriented (little guidance
was available to apply these theories or principles
to specific situations).

b. Relied to a large extent on the personal preference
of the ISD analyst (e.g., the need for a simulator
as opposed to another media was often made based
upon personal preference and not necessarily on
logical considerations).

There is no mechanism in place to assure that the ISD
analyst employs state—of-the-art technologies in designing
training equipment. For example, few ISD analysts prior to
assignment at the 3306th had an opportunity to participate
in the design of a major trainer. Personnel responsible
for designing and documenting training are not exposed to
what is and what is not available. Because of this trainer
characteristics were often selected based upon the opera-
ting characteristics of the equipment. There was a
tendency to have the trainer precisely duplicate the actual
operating equipment without concern for building in
specific training capabilities. This was not necessarily
considered bad, but it significantly reduced the possi-
bility that maximum training usefulness could be derived
from the designed device.

Because of the limited time available for determining
training and trainer requirements in the acquisition cycle,
ISD analysts often designed the trainer without considering
the entire training program or regime. This is analogous
to selecting a media, then designing the training program
around the media (i.e., the trainer). The project staff
strongly felt that how the trainer was to be used within
the entire training program influenced the design of the
trainer; i,e., its use had to be considered before the
trainer was designed. It makes little sense to design the
trainer then determine how the trainer could be used to
achieve the training objectives. It was felt by the proj-
ect staff that when the determination of how the trainer
was to be used was postponed until the trainer was designed
that often the. trainer would be seen as ineffective,
inefficient, and awkward to use.
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At first glance the list of problems above appears to be a serious
indictment against the application of the ISD process; however, the
comments made in the interim technical report should be emphasized:

“e « o« in reviewing the specific problems with each of
these areas, it is important to maintain a realistic
perspective. The ISD concept is relatively new, uniquely
demanding, and not widely applied. Even so, its users,
particularly the 3306th T&ES, have amassed an impressive
record of effective training development and implementa-~
tion. This classification of existing problems needs to
be taken for what it 1s, an attempt to identify ways in
which an already successful process can be further
improved in the cost-effectiveness of its products.”
(Maintenance Training Simulator Design and Acquisition:
Summary of Current Procedures, Page 35.)

The problems areas listed above should be considered in light of the
project objectives. It was our mission to identify where, in the
existing ISD process, improvements could be made. It was not our man-
date to be critical, but only to identify how an already successful 1ISD
process could be improved so that the apparent advantages of simulators
could be more fully realized.

It should be made clear that not all the problems discussed above
were equally addressed by the project or equally solved by the project.
For example, little could be done about the nature and type of contrac-—
tor data bases being generated. The most that could be done in this
area was to build a system which allowed this data base to be variable.

Specify Ought-To-Be 1ISD OQutputs

Although documenting the problems associated with the ISD process
went a long way in identiTying what type and kind of improvements could
be made, that alone would not assure the identification of all problem
areas. To be more precise and accurate the project staff felt a state-
ment of the desired (or ought-to-be) outputs of the ISD process could
be drafted, then a comparison with actual outputs could be made. Such
a comparison could reveal additional areas of improvement.

To specify the desired ISD outputs, the project staff asked these
questions:

1. What information did the ISD analysis have to generate so
that an improvement procurement specification could be
constructed?

2. At what level of detail did this information have to be?
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To obtain answers to these types of questions the project staff
performed the following activities:

1.

2.

The results

1.

3.

Reviewed existing procurement specifications to determine
existing information categories which were training
oriented.

Interviewed SPO engineers (procurement specification
preparers) to determine:

a. What training information (requirements) they felt
they needed to write a "good"” procurement specifica-
tion?

b. What engineering requirments were needed in the pro-
curement specification and could such requirements
be determined from the training requirements?

Interviewed 3306th ISD analysts to determine what informa-
tion they felt needed to be communicated to the SPO
personnel.

of the reviews and interviews revealed several things:

The typical maintenance trainer procurement specification
contained a good deal of engineering information or
requirements (such as maintainability and reliability
requirements) which were not directly derivable from the
results of the ISD analysis. This situation confirmed the
project's notion that perhaps two model specifications
needed to be developed - one for the ISD analysts and one
for the engineering requirements. As it will be discovered
later in this report two model specifications were, in
fact, developed. The model SPO specification was designed
to incorporate the model ISD specification as well as
specify the possible engineering requirements.

The contention that information concerning how the intended
trainer was to be used by instructors within the entire
training regime was noticeably absent from most procurement
specifications.

ISD analysts and SPO engineers strongly felt that more com-
munication was needed between the two groups to clarify any
information which was communicated. Although this result
of the interviews did not help specify the desired ISD
outputs, it strongly suggested that both groups were eager
to increase the flow of communication and were willing to




work together to assist in formulating a statement of the
desired ISD outputs.

4. There was general agreement between the ISD team and SPO
engineers that currently:

Qe

Ca

Not enough information was being transmitted to
justify the need for a maintenance trainer (even
through it was recognized by both groups that often
the decision to have a maintenance trainer was made
by factors and influences outside the ISD analysis
structure).

Not enough information was being transmitted
concerning the level of fidelity the trainer should
have.

Not enough information was being transmitted
concerning the instructional features the trainer
should have.

Not enough attention was being paid to several
critical issues, such as the possibility of engi-
neering changes in the operational equipment. It
was felt that often the ISD team knew where possible
engineering changes might occur, but that these
potential changes were not systematically and
routinely communicated. The SPO engineers felt that
if the ISD team could communicate such possible
engineering changes in the operational equipment,
then things could be done in the procurement speci-
fication to assure that the vendor recognized the
potential changes and, as such, designed the trainer
to accommodate such changes.

One area which had been seriously neglected con-
cerned the ease with which the maintenance trainer,
once procured, could be updated. This particular
problem surfaced around the nature of malfunction
insertion and creation capabilities. There was the
feeling that vendors and contractors were designing
trainers which were extremely inflexible and this
problem had to be considered. For example, often
the Air force was locked into the vendor to make
malfunction isolation exercise updates. The 1ISD
team felt that as the operational equipment was in
operation longer, new malfunctions would surface.

i
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If the trainer was not designed so that such new
malfunctions could be easily created in the mainte-—
nance training equiment, then the training equipment
lost much of its training usefulness. On the SPO
side, engineers felt that it would be costly to be
locked into the vendor for such changes.

f. Not enough information was being transmitted
concerning software requirements for computer driven
maintenance trainers. Although there was agreement
concerning this information category, it was not
clear who should have responsibility for specifying
software requirements. The ISD team felt that they
did not have enough training and experience to make
such decisions or establish such requirements.
Furthermore, the SPO engineers felt that they too
did not have enough training nor obtained enough
information from the ISD analysts to construct
reasonable software requirements. In addition,
however, both groups felt that the problem
surrounding how software is updated needed to be
addressed.

g« Not enough information was being transmitted con-
cerning the characteristics of the intended target
population, the characteristics of the instructors
who would use the trainer and the environment in
which the trainer would be used. However, there was
agreement as to who should supply this information.

From the reviews and interviews, a statement of the desired ISD outputs
was drafted. This initial statement was drafted with only two purposes
in mind - to establish the information categories which needed to be
communicated as well as establish, within some reasonable bounds, the
detail level of that information. This preliminary statement of the
desired ISD outputs offered five major information categories.

l. Training Objectives: This section of the initial draft
permitted specification of:

a. The target population who would use the intended
maintenance trainer.

b. The tasks to be practiced and/or acquired using the
intended trainer.

c. The malfunctions to be presented by the trainer for
student isolation and/or correction.




d. The training objectives to be achieved or attained
by the trainer.

2. Training Application: This section of the initial draft
permitted the ISD analyst to describe how the intended
trainer would be used to achieve the specified training
objectives, practice or acquire the specified task perform-
ances, and present the specified malfunctions for isolation
and/or correction. More specifically this section enabled
the specification of:

a. The problem classes to be presented by the trainer.

b. The instructor activities required during given
student exercises.

c. The student activities required during given student
exercises.

d. The response of the trainer during given student
exercises.

Also this section provided an opportunity to specify the .
training environment surrounding the trainer; e.g.,

a. The number of instructors envisioned to operate the .
trainer. hi”

b. A brief description of the facility required to
house the trainer.

cs A brief statement of the utilization of the trainer
(number of operating hours per year).

d. The identification of support equipment and mate-
rials.

3. Simulation Characteristics: This section of the initial
draft provided an opportunity to specify:

a. The physical characteristics of the equipment being
simulated.

b. The functional characteristics of the equipment
being simulated.
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4. Instructional Features: This section of the initial draft
provided an opportunity to specify the computer-controlled
or based instructional features required on the trainer,
such as:

a. Cue enhancement features.
b. Augmented feedback features.
c. Automatic scoring and recording features.

5. Trainer Configuration: This section of the preliminary
draft provided the ISD analyst with an opportunity to
specify:

a. The overall configuration of the trainer (if the ISD
analyst had one in mind).

b. Relationships between the trainer and the facility
(if any were known).

c. Relationships between the components comprising the
trainer (if any were known).

This preliminary statement of the ISD desired outputs was intended

as the forerunner of the model ISD specification. The final version
of the model ISD-derived specification was Maintenance Training
Simulator Design and Acquisition: ISD-Derived Training Equipment
Design. This model ISD-derived specification is discussed as & final
product in more detail in another section of this report.

Comparison of Ought-To-Be Outputs to Actual Outputs

Given the initial statement of the ISD desired outputs (in a model
ISD specification format), the project staff commenced to compare this
with the actual or existing ISD outputs.

The results of the comparative analysis revealed the following:

l. Systematic procedures for selecting and describing such
instructional features as malfunction insertion, cue en-
hancement, augmented feedback, and automatic scoring and
recording capabilities needed to be forthcoming. The whole
area of instructional features was poorly addressed by the
3306th procedures.
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2.

6.

Improvements had to be made in the way physical and func-
tional characteristics of the items to be simulated were
determined and documented; i.e., there were no known avail-
able systematic procedures for determining levels of fidel-
ity.

Procedures for determining when a simulator was absolutely
necessary needed to be improved. In addition, a way to
document this decision was needed.

Procedures for considering the whole training program or
regime were needed before designing the maintenance train-
er. The desired ISD outputs assumed that considerable
thought be given to the entire training program before the
characteristics of the traithing equipment were documented.

Improvements in the way skills and knowledge statements
were written needed to be forthcoming. Frequently skills
and knowledge statements were only duplicates of the task
actions recorded on the task descriptions reported or pro-
vided by contractors. It seemed, to the project staff,
that skills and knowledge statements should reflect what
the student needs to know and do to display the action
rather than just reflect what is done.

A mechanism was needed to identify:
a. Software requirements.
b. Areas where updates were going to be needed or at

least identify where the trainers should be provided
some flexibility.

As can be seen, the comparative analysis revealed many areas for
improvements in the ISD process. The project, at this point, developed
a plan for attacking the problems.

First, efforts would be concentrated on three areas:

l.

Development of procedures for determining when a simulator
or trainer is required for the attainment of specified
learning objectives as well as a method for documenting
such a decision.

Development of procedures for determining the physical and
functional characteristics of the parts or components which
are to be simulated (i.e., determination of fidelity lev-
els) as well as a method for documenting such characteris-
tics.
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3. Development of procedures for selecting and describing
instructional features as well as a method for communica-
ting such decisions.

Next efforts would be devoted to:

1. Development of ISD procedures which would consider the
whole or entire training program.

2. Improving upon the method for identifying and recording
skills and knowledge.

And lastly, efforts would be concentrated on:

1. Deriving software requirements from the training equipment
characteristics. It was felt that the specification of
instructional features would help to determine most
software requirements. For example, the need to have

automatic scoring would, to some extent, indicate the
nature of the software requirements.

2, Deriving from all requirement areas where flexibility in
the trainer design would be useful.

Review of Current Training Technologies

The first step in the project plan was to review the existing
literature of training technology to determine what technologies would
or could be used. The approach was to look at procedures which would
facilitate the determination of training equipment characteristics from
task description and analysis data. It should be recalled that at the
onset of the project a theoretical framework was postulated. That
theoretical framework contended that from a taxonomy of behaviors,
equipment characteristics such as levels of fidelity could be deter-
mined. The review was primarily designed to determine if such a theo-

retical framework was possible. The literature reviewed consisted of
the models/techniques developed by:

1. R. B. Miller (1960).
2. Damanee (1961).
3. Willis and Peterson.

4, Folley and Chenzoff.
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5 E. E. Miller
6. Shattel (1972).
7. Pieper (1978).

Because the conclusions of the review were discussed in Section I of
this report, they will only be briefly presented here:

1. There was very little empirical evidence to support the
relationship between a taxonomic element and a learning
strategy or scenario.

2. There was no evidence to support a relationship between the
learning strategy generated from the taxonomic element and
training equipment characteristics, such as fidelity levels
and the selection of instructional features.

3. Most of the taxonomic structures reviewed were appropriate
for describing the behaviors of operators, but not for
describing maintenance behaviors.

4., All the procedures or methods reviewed assumed the tasks to
be practiced on the intended trainer were already identi-
fied and, as such, were of little value in determining
whether or not a trainer was required.

The review of literature was not encouraging. It indicated that more
educational and psychological research needed to be accomplished before
such a simple theoretical approach would work.

However, the review was not seen as a useless exercise. Although
the review indicated that there was in existence no single model or
approach which could be used, it did provide the project staff with an
abundance of information.

After the review of literature was conducted, the project staff
fei. confident that part of the review would be useful in developing a
set of criteria for when a trainer would be required. The learning
principles reviewed provided guidelines for when practice on some sort
of trainer was needed. For example, practice would be required if the
behavior required the student to make fine or precise adjustments.
Such guidelines would assist the project staff to develop a list of
questions one could ask themselves to determine if practice on a
trainer would be needed or at least appropriate. Thus, the review was
seen as providing the project staff with valuable information which
could be tapped as the project continued.
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Develop New Technologies

Given the review did not generate an already existing procedure or
ISD process to identify training equipment characteristics from task
analysis or task description data, the project set out to develop new
technologies (or at least develop technologies which were adaptations
of the existing learning principles). Before developing the needed
training tools, the project staff innumerated the criteria or condi-
tions which governed the development of these tools:

(s g
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1. The tools had to be as mechanical as possible, e.g., easily
described by flow charts.

2. The tools or procedures had to have their foundations in
the empirical research that already had been conducted and 1
reported in the literature.

3. The tools or procedures had to provide mechanisms for
applying the theoretical principles discovered during the
review of literature. That is, it was not enough for the 1
tools to list the appropriate learning principles, the
tools had to provide guidance on how these principles were
to be applied.

4. As much as was possible the procedures or tools to be
developed had to "fit" into the existing procedures devel-
oped and used by the 3306th. The project saw no need to
re-invent the wheel or duplicate the procedures that were
already developed. This did not mean that the existing
procedures could not be modified. In addition, the
procedures had to account for the variability of the data :
bases available to ISD analysts. i

5. The tools or procedures had to document all training i
equipment design decisions made. Documentation would be ]
needed to assure traceability in the decisions. Only §
through such traceability could improvements be made in the
design phases of the acquisition process.

Given these major guidelines, procedures were developed. The
procedures and/or tools developed by the project are reported in
Maintenance Training Simulator Design and Acquisition: Handbook of ISD
Procedures for Design and Documentation. This document is in two
volumes. Volume I presents and discusses the procedures, while Volume
II provides an example for how the tools are used. It should be
stressed again that the project-developed ISD Handbook is a supplement
to the 3306th Procedural Handbook; it is not meant to replace the
3306th Procedural Handbook.

.\ At -
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The ISD steps presented in Handbook of ISD Procedures for Design
and Documentation are reported in Table 1. Although each of the steps
are described in considerable detail in that document, a brief descrip-
tion of each step is provided here. The descriptions provided in this
final report should not be taken as complete or comprehensive. For the
details necessary to conduct each step, the reader 1s referred directly
to Handbook of ISD Procedures for Design and Documentation.

The first three steps are not substantially different than the
existing steps in the 3306th process. In the fourth step, skills and
knowledge are separated into two groups - those that require a mainte-
nance trainer of some sort and those that can be acquired using some
other type of media. This step is different from what occurs in the
existing 3306th process. The fifth step is also new. It is in this
step that consideration is given to how the maintenance trainer "fits"
into the entire training program. This step forces the ISD analysts to
sequence all the skills and knowledge that are to be contained in the
entire training program. This sequencing forces the ISD analyst to
consider how the intended trainer (as envisioned to this point in the
process) is to be used. In accomplishing the fifth step, skills and
knowledge originally classified in Step 4 may be reassigned; i.e.,
because of the sequence of skills and knowledge, skills and knowledge
originally classified as being acquired by other media may be assigned
to the trainer. After all the skills and knowledge to be acquired on
the trainer are identified and the use of the trainer is clearly under-
stood by the ISD analyst, fidelity level decisions are made. It should
be pointed out that fidelity level decisions are only made for those
skills and knowledge assigned to the trainer. After fidelity decisions
are made, instructional features are selected. The next step, Step 8,
requires the ISD analysis to prepare the model ISD-derived specifica-
tion. Steps 9 through 14 are generally the same as originally
described in the 3306th Procedural Handbook (June 1979).

For convenience, only Steps 1 through 8 will be discussed in this
final report, since the remaining steps are almost the same as the
steps described in the 3306th ISD process:

1. Identify System Maintenance Requirements. This step
requires the ISD analyst to identify all system maintenance
tasks to be performed on the new weapon system for which
training is to be developed. The typical source for this
identification is the Logistical Support Analysis (LSA)
data, which is usually provided by the contractor. The LSA
data is supplemented by speciality code data and course
standard data.

Tasks not described by the LSA data are recorded on a
project~developed FORM 1. At this point in the process the
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STEP1

STEP 2

STEP3

STEP4

STEPS

STEP6

STEP7

STEPS

STEPO

STEP 10

STEP 11

STEP 12

Table 1

Summary of Handbook Steps

tdentify System Maintenance Requirements

Identify Characteristics of the Target Population

Determine Training Requirements

Determine the Type of Technical Training Materials Required

Sequence Skills and Knowledge (Utilization Plan)

Identify Fidelity and Simulated Features

Select Instructional Features

Prepare 1SD Specification

Identify Method

Prepare Course Control Documents (CCD’S)

Prepare Instructional Materials and Tests

Validate Instruction

STEP 13/14  Conduct Training and Evaluate Training




i

3.

ISD analyst is requested to group tasks by procedure,
function, or equipment. This grouping facilitates both
Steps 5 and 6. -

Identify Characteristics of Target Population. This step

requires the ISD analyst to identify the AFSC or the
intended target population as well as the previous weapon
system experience of that group. In addition, if possible
the analyst is asked to project potential areas of negative
transfer (areas where students who have had previous
weapons system experience might find difficulty in perform-
ing tasks on the new system because of that previous
exposure). It should be made clear that the next step in
the ISD process cannot be conducted until the target
populatior is identified and described. Training require-—
ments cannot be identified in a vacuum; they are identified
in light of the characteristics of the target population.
If the target population changes, the procedures require
the remaining step in the ISD process to be performed
again.

Determine Training Requirements. To specify training

requirements, the ISD analyst must know the characteristics
of the target population (what skills and knowledge they
can already perform) and the skills and knowledge required
to maintain the operational system in question. The
difference between these two sets of skills and knowledge
constitute the content of the training program. Notice
that if the target population is inadequately described,
then the ISD analysis must be restarted from this step.

The first step in this procedure is to identify the
steps/activities of the tasks. These steps/activities are
recorded on a FORM 1, if there is no LSA data. Next the
steps/activities are analyzed to determine if they contain
a potential training requirement. To assist the analyst in
making this decision, a set of questions is asked (in a
flow chart format).

a, Is the step/activity new?

b. Does the step/activity have an unusual condition
associated with it (e.g., performed with limited
access)?




c. Does the step/activity have an unusual criteria
associated with it (e.g., performed in a short time
span)?

d. Does the step/activity have a potential negative
transfer problem?

e. Does the step/activity require a new support tool or
test equipment to be used?

A "Yes" answer to any of the questions means the step or
activity contains a potential training requirement. A "No"
answer to all the questions indicates the step/activity can
be already performed adequately by the target population
and need not be included in the training program.

For those steps/activities that contain a potential
training requirement, a process is performed to identify
the critical skills and knowledge. Briefly this procedure
consists of asking four critical questions:

a. What does a person need to know to perform the
step/activity? (e.g., recall jargon, locate
objects, name objects, describe objects, order
objects or events, recall principles or facts,
discriminate between similar objects or events,
classify objects, use rules, make decisions, etc.)

b. What skill is required to successfully complete the
step/activity? (e.g., coordination between limbs;
quick movements to stimuli or inputs; special
strengths or balance.)

c. Considering the task as a whole, is there any
additional knowledge not reflected in each
step/activity? (e.g., any special relationships
between the steps/activities, any overriding
principle or concept.)

d. Does the task as a whole, require any movement or
manipulation related to all the steps/activities?
(e.g., complete limited access, special conditions
of balance, etc.)

These questions represent an improvement over the process
currently used to identify skills and knowledge.
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Also to assist the 1SD analysis, a procedure was developed
to identify the skills and knowledge associated with
troubleshooting tasks (steps/activities). This procedure
consists of first determining the nature of the
troubleshooting:

L v

a. Is the troubleshooting process documented in the
T.0.?

e e,

b. Does the student need to know the logic of the
system (either hardware logic or software logic)?

Next the ISD analyst is directed to a set of questions
concerning the type of skills and knowledge associated with
troubleshooting behavior. Since these questions are
similar to the four questions listed above they will not be
presented here.

The procedures for identifying skills and knowledge
represented a new approach for the ISD analyst. The set of
procedures to identify skills and knowledge was designed
primarily to discourage the analyst from simply reporting
the step/activity as the training requirement.

After identifying the set of skills and knowledge, the
skills and knowledge are recorded on a project—developed
FORM 2. For documentation reasons, each skill and
knowledge is evaluated to determine if it is new to the
target population. New skills and knowledge represent the
population of training requirements.

Determine Type of Technical Training Materials. This step

requires the ISD analyst separate the population of skills
and knowledge into two groups — those which need to be
practiced on a trainer and those which can be acquired
using some other media (such as sound/slide, printed
materials, etc.).

To assist the analyst in making this critical decision, the
project staff developed a flow chart which asks the
following questions:

a, Is the skills or knowledge difficult to execute?
(e.g., are there many similar inputs to analyze; are
there many responses to choose from; is precision or
dexterity required?)
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b. Is there an unusual condition indicating the need
for practice? (e.g., coordination between team
members, information being received under noisy
conditions, little time between signal and required
response, pace set by circumstances and not
performer, performance in limited access required.)

c. Is there special criteria indicating the need for
practice? (e.g., time or error specifications that
cannot be met without practice.)

d. Are there hardware cues that affect performance?
(e.g., are there dynamic cues or unique hardware
cues which could not be learned without practice;
are there any feedback cues which are critical, such
as, visual, auditory or tactile cues; do slow but
continuous changes have to be noticed?)

e. Does the skills or knowledge involve the use of new
support tools or test equipment (exclude
handtools)?

f. Are the consequences of errors high? (e.g., will an
error result in possible injury to personnel or
damage to equipment - if "Yes" then the skill or
knowledge should be practiced on hardware.)

g. Is the skill or knowledge associated with an
emergency situation? 1Is the skill or knowledge
frequently required on the job? (Both situations
indicate practice is required.)

L7
Skills and knowledge leading to a "Yes" answer on any of
the questions listed above are classified as being acquired
on a trainer of some sort. This sort of decision logic was
not currently available in the 3306th procedures.

In addition to providing decision logic for determining
when practice on a trainer is needed, the project developed
a procedure for determining the media class of the remain-
ing skills and knowledge in the training requirement
population. This procedure leads to the following media
classes:

a. Audio/Visual.

b. Audio, only.
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¢, Moving Visual.

d. Still Visual.
e. Printed Material.
f. Computer assisted instruction.

The type of media in each class is also further defined in
the ISD Handbook.

Develop Utilization Plan. Step 5 is a critical step in the
ISD procedure presented in the project-developed ISD
Handbook. This step requires the analyst to sequence all
the skills and knowledge to be taught in the training
program (both those assigned to the trainer and those
assigned to other media). The purpose of this step is to
force the analyst to think about the trainer in light of
the entire training program. In addition, the sequencing
was designed to help the analyst determine precisely how
the trainer would be used as well as think about the
environment which will house the trainer. As a result of
performing this step, the analysts will:

a. Obtain a better idea about the trainer (before it is
designed).

b. Sequence skills and knowledge within tasks. i

c. Sequence tasks within groups (the groups formed
during Step 1).

ey

d. Sequence the groups of tasks.

e. Perhaps adjust the assignment of the medias made
during Step 4; e.g., reassign skills and knowledge
to be taught on other media to the trainer class.

f. Determine the number and type of trainers to be
designed.

g+ Determine the instructor demand (number of
instructors).

The seven information categories above are recorded on a
Utilization Plan Worksheet.
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Identify Fidelity and Simulated Features. At this point in

the project-developed ISD process, the analyst has:

a. Identified the skills and knowledge to be acquired
using the trainer.

b. Available a sequence of skills and knowledge.
c. "A feeling” for how the trainer is to be used.

Given this information, the ISD analyst is in a good
position to determine the fidelity levels of the components
to be simulated. It should be pointed out that in Step &
of the project-developed ISD process, a decision is made
concerning what skills and knowledge are to be acquired
using the trainer. Notice that this procedure did not lead
a decision concerning the type of trainer (e.g., a famil-
iarization trainer or a part task trainer). The existing
definitions of types of trainers were not standardized;
i.e., the same labels meant different things to different
people.

Therefore, it was decided to develop a procedure which
generated fidelity decisions on a component by component
basis rather than on a trainer by trainer basis. If a
decision could be made determining the fidelity level of
the components, then no label needed to be attached to the
entire trainer. The trainer would have the fidelity level
of the components contained on the trainer. In addition,
this approach allowed the trainer to have different fidel-
ity levels for different components.

Thus, the first step in determining the levels of fidelity
is to identify all the components or parts associated with
the skill or knowledge. Then for each component, a deci-
sion is made concerning the component's stimulus, response,
and feedback characteristics. To assist the analyst in
making these decisions the project staff developed a set of
flow charts -~ one flow chart for each class of character-
istics, stimulus, response, and feedback. For ease of
understanding, these flow charts are presented in Appendix
A of this report. Once a decision is made, it is recorded
on a Task Fidelity Worksheet. For each component three
fidelity decisions are required; one for the stimulus
properties of the component, one for the response proper-
ties of the component and one for the feedback properties
of the component. In addition to recording the fidelity




recorded.

entire task.

within a task.

record a description of the component.

level decision on the Task Fidelity Worksheet, the actual
property or characteristic to be simulated is also

Since different skills and knowledge within a task may
require the use of the same component, there may be several
fidelity level decisions for a given component.
fidelity decisions (one for each stimulus, response, and
feedback characteristic) are the same between skills and
knowledge there is no problem. If they are different, then
the differences must be reconciled. To reconcile the
differences, a flow chart was prepared by the project staff
for use by the ISD analysis. This flow chart is also
contained in Appendix A. This flow chart results in
determining the fidelity level of the component for the

There is also the possibility that a component may be used
for several tasks. Because of this situation, a component
may have different fidelity levels between tasks.
analyst feels one fidelity level should be recommended
for each component, then these differences must be

rectifieds To rectify these differences the same flow
chart can be used that was used to rectify differences

The final operation in determining the fidelity level is to
complete a FORM 3 (see Appendix A). FORM 3 allows the
analyst to record the component to be simulated as well as
The description of
the component must justify the recommended fidelity level
as well as describe the stimulus, response, and feedback
properties of the component to be simulated.

7. Select Instructional Features. This step like the previous
step is complicated to describe. For a comprehensive
discussion of how instructional features are selected,
reader is referred directly to Maintenance Simulator Design

and Acquisition: Handbook of ISD Procedures for Design and

Documentation.

It should be recalled that instructional features were
defined as those features which could be computer-con-
trolled. Step 7 refers only to these types of instruc-

tional features; instructional features such as the noise
level, the size of the trainer (which influences its
ability as a demonstration media), etc. are primarily

handled in Step 5.
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The project staff viewed the learning situation as
involving four aspects:

a. Presentation of stimuli.

b. Measuring student responses.

c. Feedback concerning the responses.
d. Selection of the next activity.

Given these four aspects of the learning environment, the
project staff reasoned that either the instructor could
control them or the trainer (through a processor) could
control them. When the trainer was assigned these
controlling responsibilities, then the trainer was said to
have computer or processor controlled instructional
features; i.e., features which would help the trainer
acquire certain skills and knowledge and would facilitate
the instructor in managing the instruction.

Given these four aspects of the learning environment, the
project staff initiated an effort to identify possible
areas of control within each aspect. This was primarily
accomplished by using the learning principles and
behavioral scenarios discovered during the review of
literature. The list that was generated is offered in
Appendix B, For each instructional feature a brief
definition is also presented.

To select the instructional features the trainer should
have, the ISD analyst starts out by completing an
Instructional Features Worksheet. The Instructional
Features Worksheet asks a set of questions:

a. Who senses the student responses?

b. Who records the student responses?

c. Who scores the student responses?

d. Who reports the student responses?

e. Who monitors the status of the system as the student
is engaged in a practical exercise?

f. Who controls the rate of stimulus presentation?
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g Who controls the ratio of signal-to-noise of
stimulus being presented?

h. Who provides augmented feedback messages to the
student?

i. Who controls the selection of the next activity?

To answer each question a flow chart is provided. The flow
charts result in one of two possible answers; either the
instructor controls or the trainer controls (via a
processor) the aspects mentioned under consideration. The
flow charts consider such issues as:

a. The availability of the instructor to control the
aspecte in question.

b. The difficulty which would be encountered by the
instructor if he were to control the aspects in
question. For example, if the response occurs
rapidly or is difficult to observe because of the
potential position of the student or the instructor,
then the flow chart assigns sensing the response to
the trainer.

c. The dependencies among the various aspects to be
controlled (e.g., the trainer cannot score responses
unless it also senses the responses).

For illustrative purposes an example flow chart is provided
in Appendix B. The example provided in Appendix B concerns
determining who senses the student responses.

After completing the Instructional Features Worksheet, the
analyst selects the precise instructional features that are
required. To assist the analyst in selecting these
instructional features, a flow chaxt is provided for each
feature. These flow charts, in general, require the
following sources of input:

a. The decisions made and recorded on the Instructional
Features Worksheet; e.g., who has control over
sensing student responses.

b. The learning or behavioral scenarios provided (an
example scenario is provided in Appendix B).
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c. The stage of learning the behavior in question is to
be acquired.

For illustration purposes an example flow chart is provided
in Appendix B.

e i

8. Prepare ISD Specification. Given the decision to have a
maintenance trainer (Step 4), some idea of how the intended
trainer will be used (Step 5), the fidelity levels of the
components to be simulated (Step 6), and a list and
description of the processor controlled instructional
features (Step 7), the ISD analyst is ready to prepare the
ISD model specification so that these decisions can be
communicated to SPO personnel., Although the preparation of
the ISD model specification is included as a step in the
project-generated ISD Handbook, the model ISD specification
and the instructions for completing it are bound in a
separate document (Maintenance Training Simulator Design
and Acquisition: ISD-Derived Training Equipment Design.
The model ISD specification contains the same information
categories as previously described in this report (see
Appendix C for the table of contents of the model ISD
specification).

In addition, the model specification was designed
considering the following:

a. To assure that all the required features and/or
characteristics of the trainer, as derived from the
ISD analysis, were included in the statement that
eventually went to the SPO, including a statement
describing how the trainer would be used.

b. To contain blanks to be completed by the ISD
analyst, such that only the information which would
be applicable to a specific application of the model
would be included in the communication; i.e., the
ISD analyst had freedom in selecting the specific
paragraphs and subparagraphs to include in the
communication to the SPO (depending upon the
specific training situation) and had an opportunity
to tailor specific trainer requirements.

c. To be applicable for specifying maintenance training
equipment requirements (including simulators) for
both the organizational and intermediate levels of
maintenance training.

o e 12 e -
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d. To allow the ISD analyst freedom in completing the
specification; i.e., there was no implied priority
in completing a specific application of the model in
the order in which the paragraphs and subparagraphs
appeared.

e. The level of detail required by the specification
was one judged ideal for purposes of assuring that
the intended training device was procured meeting
all the specified requirements. However, the model
specification was designed such that more general
levels of detail could be specified if resources did
not permit a complete analysis. This provision was
needed to accommodate the problem associated with an
incomplete but expanding data base.

This characteristic of the model ISD specification
also permits the specification to be used in novel
ways. For example, the ISD model specification can
be used as a pre-TRRRM document to increase
communication between the ISD analyst and the SPO
prior to the time the ISD team must submit the final
training equipment recommendations.

f. To allow training information as well as training
equipment requirements to be communicated; i.e., not
all the information included in the communication
specified training equipment requirements or
characteristics, some of the information provided by
the ISD analyst would be used only to provide
guidance to the SPO engineer and/or eventually the
vendor.

ge To communicate the need to have the trainer be
designed with flexibility in mind. That is, the
model ISD specification was written to emphasize the
need for flexibility, such as being able to create
new malfunction exercises, to alter criteria values
in scoring, etc.

The format of the model ISD-derived specification is unusual. The
specification is generic, meaning that it can be used to communicate
the requirements of many types and kinds of maintenance trainers (e.g.,
0O-Level and I-Level trainers). In addition, the specification contains
blanks (usually where a list of requirements is to be inserted). The
blanks permit the specification to be tailored to specific situations.




Those items which would be standard across all situations do not
contain blanks. This type of format allows many things to occur.

1. Paragraphs or subparagraphs can be deleted depending upon
the specific situation.

2. The specification can be completed during the ISD analysis
(i.e., the ISD analyst could complete those paragraphs and
subparagraphs for which he had information), those for
which he did not have information could be marked “To be
determined.” Thus, the specification evolves as the ISD
analysis progresses.

3. Because of item 2 above, the specification could be used to
communicate the results of the ISD analysis as they are
known; i.e., at any given moment the ISD-derived specifica-
tion could be used as a communication document - to commun-
icate requirements to SPO personnel.

4, The format facilitates completing the specification. If
word processing capabilities are available, the standard
paragraphs and subparagraphs can be entered and be made
ready for recall.

Because of the format of the specification, a set of instructions had
to be prepared for using the model ISD-derived specification. The
instructions provide guidance on the following:

l. Guidance on selecting the appropriate paragraphs and
subparagraphs to include in the specification so the
specification could be tallor-made. Each paragraph or
subparagraph has its own set of instructions.

2. Guidance on completing the blanks - typically, this
guidance involves inserting certain forms form the
I1SD-Handbook or it involves guidance on how specific
requirements can be derived and/or stated (phrased), often
suggested phrasing is provided.

3. If the training requirement being discussed is influenced
by Military Standards and regulations, those standards and
regulations are sited.

4, The instructions provide guidance by discussing some
lessons learned from previous training equipment acquisi-
tions. Typically, this discussion presents cautions or
justifications; e.g., the problems experienced in the past
by specifying that the contractor or vendor should
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determine the number of malfunctions the trainer is to
present.

For completeness, some pages from the set of instructions are provided
in Appendix C.

To give the reader a "feel” for what the model ISD specification looks
like some pages from the specification are provided in Appendix C.

ISD-Team Training

After the model ISD-derived training equipment design specifica-
tion and the ISD Handbook (which presented procedures for gemerating
the information to be inserted into the application of the model speci-
fication) were completed, both were field tested on an ISD training
group. The target audience selected was the 3306th T&ES. This
audience was selected for several reasons:

l. They were familiar with their own ISD process, which served
as the baseline for the project efforts; i.e., the project-
developed ISD Handbook was designed to be a supplement to
the materials presented in the 3306th Procedural Handbook
(June 1979).

2. The project staff had worked closely with the 3306th during
the life of the project. Members of the 3306th ISD team
were often consulted during the development of the flow
charts depicting how design decisions should be made.

3. The 3306th was extremely interested in the project. They
were eager to see improvements in their procedure and they
recognized the need to have improvements.

4. The 3306th represented the type of personnel (end-users)
who could benefit from the training and begin immediately
applying and using the decision-making flow charts and the
model ISD-Derived Training Equipment Design specification.

The training was designed to meet the following objectives:

1. To provide the trainee an opportunity to become familiar
with the procedures offered; i.e., to actually use them.

2, To provide the trainees an opportunity to suggest modifica-
tions in the project-generated ISD Handbook and in the
model ISD specification; i.e., to critique the materials.
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To prepare for the training, a training course outline was constructed.
The outline contained the terminal objectives of the training, a
description of the target population, lesson objectives, and lesson
content outlines. The training also contained 15 practical exercises.

A three day session was conducted at Edwards Air Force Base,
California. The participants consisted of 14 members of TES staff
including both experienced ISD analysts and individuals just recently
assigned to Edwards AFB.

Modification in ISD-Materials

The participants in the field test provided useful suggestions for
improving the project-developed ISD Handbook and the model ISD specifi-
cation.

As a result of the field test, some of the forms and flow charts
were modified. The modifications, however, were slight. After all
revisions were made, the final version of the project—-developed ISD
Handbook was submitted.

The modifications made in the model for documenting the ISD~-de-
rived training equipment design were also minor. The ISD analysts felt
that an introduction to the document would help put the model specifi-
cation into its proper perspective. The introduction: ’

1. Discusses the limitation of the model ISD specification;
i.e.,, describes how the completion of the paragraphs and
subparagraphs requested in the model are dependent upon the
quantity and quality of the task data and the time avail-
able to complete the ISD analysis as well as make training
equipment design recommendations.

2. Discusses how the model ISD specification can be used as a
pre—TRRRM document to stimulate or encourage more contact
and communication between the ISD team and SPO engineer
during the ISD analysis., That is, the model specification
is designed to be completed in sections or in parts which
allows the ISD analyst to supply partial information (which
can at a later date be updated). The partially completed
model specification can be forwarded to SPO to stimulate
further discussion.




SPO Project Activities

Summary of Current SPO Procedures

Interviews with SPO personnel revealed the following major steps
in the SPO process:

1. Validate the training equipment function and design
characteristics documented as a result of the ISD process.

2. Determine the feasibility of the validated equipment
requirements in terms of available monetary resource
estimates, delivery time requirements, and engineering

state—-of-the-art.

Present justification rationale to the SPO Program Director
for approval of need and allocations.

Prepare Statement of Work (SOW) and Request for Proposal
(RFP) documentation detailing the management approach
applicable to contractor activities,

Evaluate proposals based on technical approach, understand-
ing of requirments, innovations toward satisfying goals,

timely product delivery, experience, facilities, personnel
resources, and cost.

Reevaluate and finalize details of the procurement
specification to assure concurrence with every specific
requirement, emphasizing to the contractor that the
rigorous test, acceptance, and checkout procedures
contained in the specification will be strictly enforced.

Monitor, within contractually legal bounds, the develop-
mental and production process to assure equipment and time-
liness of equipment delivery.

Supervise and participate in the specified test, accept-
ance, and checkout activities. Coordinate using command
and expert engineering support to assure that the mainte-
nance training equipment meets requirements.

activities lead to the identification

A critical review of these
of three problem areas:

1. Variable Management Practice. Lack of consistent organiza-
tion among SPOs has resulted in varying degrees of program
support to maintain training equipment management and
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subsequently to variable training equipment quality. (This
problem area will be minimized by the implementation of
SIMSPO.)

2. Lack of Procedural Guidance. Two primary directives used
in the acquisition of maintenance training equipment are
MIL-T-81821 and MIL-T-23991E. These directives place
requirements for values and functional fidelity, which can
adversely affect the ultimate cost-effectiveness of mainte-
nance trainers. These directives also necessitate exten—
sive justification efforts 1if their specified requirements
are deviated from to achieve enhanced instructional value.

3. Late Acquisition. Late acquisition is due to several
related factors; e.g., late receipt and lack of complete-
ness of engineering and task data provided to the ISD team,
insufficient manpower available among engineering advisors
(whose time is being shared among several programs), and a
high turnover rate among SPO Acquisition Managers (due to
military transfers).

A summary of the current SPO procedures appears in AFHRL-TR-79-23,
Maintenance Training Simulator Design and Acquisition: Summary of
Current Procedures.

After the review of the SPO process and the identification of the
problem areas, the decision was made to concentrate the project efforts
on developing a generic or model SPO specification.

The emphasis on the development of a model or generic SPO
specification required close coordination with the development of the
nodel ISD specification. It was desired that the two specifications be
integrated in a reasonable fashion. It was anticipated that the model
ISD specification could be a legal attachment to the prepared SPO
specification.

Specify Content of Model SPO Specification

An initial draft was prepared which contained 7 major content
areas, reflecting both training related requirements and engineering
requirements:

1. Scope (items to be provided, data to be provided, and
services to be provided).

2. Applicable Documents (Military Standards, Specifications
and other publications).

3. Requirements (Operational System Definition, Trainer
Definition, Contractor-Furnished Equipment, Training
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Capability, Reliability, Maintainability, Physical
Characteristics, Environmental Conditions, Parts,
Workmanship, Safety, Logistics).

. 4, Quality Assurance (Responsiblity for Tests, Review and
Ly Inspection, Test Plan, and Warranties).

5. Preparation for Delivery (Air Transportability, Detailed
1 Preparation).

6. Notes.
7. Attachments.

The model SPO specification was designed with the following fea-
l tures in mind:

1. It was written in a Military Specification format. The
ma jor paragraph headings conformed to MIL-STD-490.

2. It was designed to maximize the degree of engineering
design latitude left to the trainer manufacturer without
3 jeopardizing training effectiveness.

3. 1t was designed to enable the incorporation of the model
‘ ISD specification (to avoid distortion and misinterpreta-
[ tion of the ISD-derived training requirements).

4. The model specification was written to incorporate appro-
priate Military Specifications and Standards in a general
sense, but to avoid the problems of over—-or-under designing
the engineering features of a training device on the basis
of standards or specifications written originally to
prescribe the characteristics of operational equipment.

5. The model specification was configured to be a performance
specification; i.e., the parameters to be inserted by the
SPO engineer dealt with performance characteristics.

6. The model SPO specification was designed to accommodate
trainers for both I- and O-level maintenance personnel.

7. The model SPO specification was designed in the same format
as the ISD~derived model specification; i.e.g, it shoula:

a. Be generic (appropriate for various types and kinds
of trainers).
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b. Include all possible paragraphs and subparagraphs
which any situation might require.

c. Provide blanks so that requirements can be
tailored.

8. The specification had to permit traceability; i.e., every
requirement to be specified in the specification had to be
traced to either a Military Standard or to one of the flow
charts for the ISD-Handbook.

Review Content of Preliminary Model SPO Specification

The preliminary draft of the model specification was then reviewed
by SPO engineers to assure that the content was an accurate representa-
tion of what was required in a procurement specification. Suggestions
were made for improving the draft of the model SPQ specification. The
suggestions primarily consisted of adding subparagraphs to the model,
which reflected a more precise nature of the performance characteris-
tics of the intended trainer; i.e., SPO engineers felt that a greater
level of detail was required in the model.

Modifications were made and a second preliminary draft of the
model specification was written (in an outline format). The outline
was then reviewed again by SPO engineers.

Specify Content of SPO Handbook/Appendix

After the content of the model SPO specification was established,
efforts began on developing a SPO Handbook/Appendix to accompany it. 3
The purpose of the Handbook/Appendix was to provide the SPO engineer
with a set of instructions on how to apply the model SPO specification
in a specific application; i.e., how to select the appropriate para-
graphs, how to complete the blanks, etc.

An outline of the Handbook/Appendix contained the same paragraph
and subparagraph headings as the model specification. For each para- 3
graph and subparagraph heading, the Handbook/Appendix contained a
l discussion of:

1. Rationale and Guidance. This is a discussion of why the
paragraph or subparagraph was contained in the model speci-
fication, 1t provided the engineer with a justification
for retaining or deleting the paragraph or subparagraph in
a specific application. !




2.

Often included in this section of the SPO Handbook/Appendix
was a discussion of the kind of information that should be
inserted in the blanks. For example, in the interface
paragraph, a discussion of the possible interfaces to
consider is presented (such as external and internal
interfaces).

Performance Parameters. This is a discussion of the
possible performance parameters that could be entered in
the blanks by the SPO engineer. It contains a laundry list
of possible performance characteristics found in Military
Standards and Specifications. Where a conflict existed in
Military Standards or Specifications, the conflict is
pointed out and both references are given. No attempt is
made to resolve the conflicts.

Often specific wording is suggested for specific
performance parameters. This occurs particularly where a
new performance parameter or value is suggested.

Also included in this section is a discussion of how the
I1SD-derived design document could be used to specify some
of the performance parameters.

Background and Sources. This contains a list of references
for specifying the performance value; i.e., a list of
references the engineer should read before attempting to
specify the requested performance value. Often the ori-
ginal source of the requirement is given.

Lessons Learned. This contains a discussion of what has
been learned either about a specific performance require-
ments or the way the specific requirement is stated. The
lessons learned category was included to provide an oppor-
tunity to communicate the Air Force history in acquiring
maintenance trainers. The lessons learned provide the
engineer an opportunity to take advantage of the mistakes
and/or good experiences made in the past acquisition
efforts. It is in this section of the Appendix/Handbook
that such issues as the following are discussed:

a. The need to design the trainer for updateability
(i.e., the need for the trainer to be kept current
with the operational equipment). The ability to
update both the hardware and software components of
the trainer are discussed.




The need to make provisions for describing how the
trainer will be used is reemphasized.

The specific ways that have been used in the past to
state and describe the malfunction insertion
capability are reviewed. A specific strategy for
identifying malfunctions is also provided.

SPO Orientation Training

The model SPO specification and its accompanying Handbook/Appen-—
dix were given an informal field trail. The goals of the trial were as
follows:

1. To provide the engineers and opportunity to again review
the model SPO specification and its accompanying
Handbook/Appendix.

To provide the engineer an opportunity to suggest
improvement in both the model specification and its
accompanying Handbook/Appendix.

To provide the engineers experience in using the 1SD-De-
rived Training Equipment Design document to prepare an
application of the model SPO specification.

All participants were from ASD/EN, Wright-Patterson Air Force Base,
Ohio.

Modification to SPO Materials

As a result of the field test, modifications were made in the
model SPO specificatior and its accompanying Handbook/Appendix.

The modifications in the model SPO specification were minor ~nd
consisted of making provisions for more blanks (l.e., spaces which
allow the engineer to tailor the model to a specific application). For
example, provisions were made to allow the engineer to specify either a
firm date or an event for the date of applicable document.

Also a paragraph and several associated subparagraphs were added
concerning software requirements. The ISD model specification does not
deal with establishing or setting software requirements (in general,
ISD analysts feel they are not qualified to make such decisions). As
such, the identification software requirements were left to the SPO
engineer,




The SPO Handbook/Appendix was also slightly modified. The
modification primarily consisted of expanding upon the lessons learned
category (i.e., more corporate Air Force history was documented) and
expanding upon the rationale and guidance category (so that more
guidance could be gained in determining the appropriateness of specific
paragraphs and subparagraphs).

In addition, the SPO Handbook/Appendix was modified to reflect the
software/courseware paragraph and subparagraph that were added. The
guidance given the Handbook/Appendix stressed the need for the soft-
ware/courseware to be modifiable and flexible; i.e., give the Air Force
the opportunity to create new malfunctions and insert other controlling
data or parameters.

The final version of the model SPO specification and Handbook/Ap-
pendix appears in a project document, Maintenance Training Simulator
Design and Acquisition - Prime Development Specification for Mainte-
nance Training Simulators “April 1980). For illustration purposes an

example of the specifics n and Handbook/Appendix appears in Appendix
D of this report.
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SECTION III

REACTION TO PRODUCTS
! Introduction

The project produced three documents which were designed for two
types of end-users:

1. Maintenance Training Simulator Design and Acquistion:
Handbook of ISD Procedures for Design and Documentation
(final version, March 1980). This product was designed for
ISD analysts. This Handbook provides a series of job aids
to assist the ISD analysts to determine if a simula-
tor/trainer should be used. 1In addition, it assists the
analyst in identifying and documenting the training design
requirements of the trainer.

2. Maintenance Training Simulator Design and Acquisition:
1SD-Derived Training Equipment Design (final version,
December 1980). This product was designed for ISD analysts
to be used in conjunction with the project-developed ISD
Handbook. This document is a model or generic specifica-
tion used by the ISD analyst to communicate the ISD-derived
training equipment requirements to the SPO personnel.

3. Maintenance Training Simulator Design and Acquisition: f

1 Prime Development Specification for Maintenance Simulators k-

(final version, April 1980). This is a model or generic

speicification used by the SPO engineer to develop a

£ procucement specification. This document also contains an 4
Appendix/Handbook which provides instructions for tailoring :

the generic specification for a specific application.

The reactions to each of these products is discussed in this section of
this final report.
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Handbook of ISD Procedures for Design and Documentation

The purpose of this document is to present the techniques
developed to make critical instructional design decisions. The
document was designed to supplement the 3306th Procedural Handbook.
The Handbook of ISD Procedures for Design and Documentation was well
received by the participants in the field test. Some of the comments
made by the participants were:

1. "... many new and significant aspects to the use of ISD for
training equipment determination were presented ... "

2. "Of particular interest ... were the sections on
media/fidelity determinations and instructional features
selection. I feel confident that many aspects of these
categories will be implemented and utilized by this
organization ... ."

3. "The procedures developed ... definitely go beyond those in
existence ... the end product would be much better than it
is now.” (The end product refers to the fabricated and
delivered maintenance trainer.)

4, T“Hopefully, many of these procedures will be incorporated
into our procedures in order to better identify training
and training equipment.”

5. "The program as developed ... is a reasonable program and I
feel is good for someone who has absolutely no preivous
experience in the ISD process.”

6. "The bottom line is that I believe the system is workable

7. "The flow diagrams used throughout the book are excellent.”

Although the above comments are not scientific evidence, the comments
do illustrate that the end—-users see some value to the procedures (new
technology) and are willing to try them. In fact, the 3306th has made
a commitment to try the new procedures on an existing project.

Not all the comments were favorable. Most of the unfavorable
comments centered around two issues - the amount of documentation
required by the new procedures and a fear of the new procedures being
mandated. For example, the documentation problem emerged in the
following comments:
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1. "... with due consideration for the realities of
'compressed' acquisition programs, efforts must continue
which will result in the reduction of required
documentation without sacrifice to the quality of the
product ... "

2. "... and if time was not a constraint and individuals did
not object to the voluminous amount of forms ... .”

3. "... the documentation ... is ... an excessive amount of
paper work for the type of training concept here at
Edwards. To develop the trainer using the method presented
requires additional manpower."”

o

4. "There are too many areas documented ... .

The fear of the procedures being mandated did not emerge in any written
comments made by the students, but represented a substantial concern
during the ISD team training course.

It is agreed that the ISD procedures developed by the project

require considerable documentation. However, this documentation was
built into the system to increase traceability.

ISD-Derived Training Equipment Design

The purpose of this document was to provide a vehicle for commun-
icating the results of the ISD analysis to the SPO engineers. In the
past, a formal document was not prepared. The ISD-Derived Training
Equipment Design (model specification) was designed to facilitate the
communication, so that the ISD~derived design would not be distorted
when SPO engineers prepared the procurement specification. 1In this
respect this document has two end-users; the ISD team who completes the
specification and the SPO engineer who uses the completed document to
prepare the specification that goes to vendors or contractors.

Perhaps the comments of one of the ISD analysts who participated
in the project ISD team training best summarizes the feelings about the
ISD model specification - "The specification ... is an article that has
been needed for a long time, it will be put to good use."” There were
no unfavorable comments concerning the model ISD specification by the
ISD analysts who attended the project training course.

The SPO engineers who will use the prepared ISD model specifica-
tions, reviewed the model specification but have not seen a prepared
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specification; i.e., one completed by an ISD analyst. They, however,
feel confident that the ISD analyst's input via the model ISD

] specification would greatly improve the quality of the procurement

: specification.

Prime Development Specification for
Maintenance Training Simulators

The purpose of this model SPO specification and accompanying
Handbook/Appendix is to provide guidance to the SPO engineer who
prepares the final procurement specification. This model SPO specifi-
cation contains both training requirments and engineering requirements
where the training requirements are derived directly from the prepared
ISD model specification.

The reaction of the participants in the SPO field test was posi-
tive toward the model SPO specification and its accompanying Hand-
book/Appendix. In fact, some of the engineers felt that parts of the
model specification could be used in the development of other prime
development specifications (e.g., the engineers suggested that the
design and construction section of the model specification would be
applicable to include in the Prime Development Specification for flight
simulators).

Summary of Reactions

It should be stressed that the reactions reported above are
initial reactions. As the materials are used by their respective
audiences for actual acquisition projects, more reactions would be
forthcoming. Some provision should be made for documenting these later
reactions and for modifying the existing materials according to those
reactions.

It should also be mentioned that the reactions reported above
should not be taken as scientific evidence of the utility and validity
of the project-developed materials. Such an evaluation could only be
achieved by having the users use the materials. The time constraints
inherent in the project prohibited such an evaluation. In additiom,
the reactions reported above should be moderated by the fact that both
intended audiences (ISD analysts and SPO engineers) were continually
involved in the project and participated in extensive review of the
materials as they were being developed. Thus, their reactions,
although not scientific, should carry some weight.,
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The reactions above were specific to each project-developed
product. However, it is worthwhile to note that the project as a whole
was well received by the participating groups. That is, one of the
side effects of the project concerned the increased communications
between SPO engineers and ISD analysts. Even if the products were not
well received by their respective audiences, the project in and of
itself had some real and tangible results. It is hoped that this level
of communication and degree of cooperative spirit will continue after
the project is over.

In summary, the following reactions were evident:

1. The project—-developed ISD procedures for designing and
documenting training equipment requirements were envisioned
as involving a lot of paperwork.

2. The concept of having two specifications, one to document
the ISD-derived training equipment requirements and one
suitable for distribution to contractors and vendors,
appeared to be reasonable and workable. Both SPO engineers
and 1ISD analysts felt that the two specifications would
guarantee that the ISD-derived requirement would not be
misinterpreted or distorted in the procurement specifica-
tion.

3. There was general agreement that the developed materials
(particularly the specifications) attended to the critical
issues; i.e.,

a. They were comprehensive and complete.

b. They made provisions for taking advantage of what
has been learned in previous acquisition projects
(particularly updateability of both software and
hardware).

c. They made provisions for including in the procure-
ment specification, a statement concerning how the
intended trainer is to be used in the classroom
situation (the training environment) by the instruc-
tor.

d. They covered the issues of - determining what tasks
should be acquired on a trainer, determining the
degree of fidelity of the components to be repre-
sented on the trainer, and determining the need for
processor controlled instructional features to help
the instructor manage the training.
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4, The 1SD analysts, in general, agreed that the project-de-
veloped materials represented an improvement over the
existing materials to identify and document training
equipment requirements.

5. Both SPO engineers and ISD analysts were favorable to the
format of the model or generic specifications. They felt
that the specifications provided flexibility (in completing
the blanks), but still would standardize the presentation
of requirements.

The first reaction summarized above needs further clarification.
Although there was the feeling that a lot of paperwork was required, it
was generally realized that the amount of documentation required was 1
needed in order to facilitate the tracing of the requirements; that is, 1
in general, documentation was seen as desirable. However, it was
suggested that the documentation efforts could be minimized by using a
micro processor (not only to process words, but also to process data).
It was realized that the ISD materials were already in a flow chart
format and, thus, could be easily programmed to be processed by a small
computer. Further, it was realized that all the outputs of flow charts ;
evenually appeared ir tiie ISD-derived specification; i.e., the flow
charts generated requirements which eventually appear in the specifi-
cation. For example, the flow charts require the analyst to document
occasions of potential negative transfer. Furthermore, the specifica-
tion provides a paragraph where the occasions of potential negative
transfer are specified or listed. It was realized by the groups
involved that a word processor would be able to store the occasions of
negative transfer as well as transfer these occasions directly into the
prepared specification. That is, a processor would not only be a
valuable aid in keeping track of data (ISD data), but would also be a
valuable aid in actually preparing the ISD-derived specification. 1ISD
data stored in the processor could be easily retrieved and inserted
into the blanks of the model specification (all electronically and
automatically).

This same reasoning can also be carried to the SPO side of the
acquisition process. It should be recalled that much of the SPO
specification is a direct transfer from the ISD-derived model specifi-
cation. That is, much of the information in the SPO specification
originates from the ISD-derived specification. If the ISD-derived
requirements are electronically handled, then it makes some sense to
suggest that preparation of the SPO specification also be electron-
ically handled. The ISD-derived requirements electronic specification
could be electronically transfered to the SPO specification.




SECTION 1V

PROBLEMS, RECOMMENDATIONS, AND FUTURE RESEARCH

Introduction

Throughout the project several problem areas continually emerged.
For example, interviews with ISD analysts always resulted in a discus-
sion concerning the time available to perform the ISD analysis; i.e.,
ISD analysts felt that the acquisition cycle frequently did not permit
sufficient time to conduct a complete and comprehensive analysis. In
fact, the 3306th Test and Evaluation Squadron has recently declined an
offer to participate in a program because they strongly felt that there
was not sufficient time to perform the ISD analysis and, thus, they
could not generate sound training equipment recommendations. Several
problems such as this were frequently mentioned. In addition, during
the project the staff recognized a few problem areas as well as
potential solutions. Thus, in this section of the report these problem
areas are addressed along with recommendations and areas for future
research. The problems discussed below are not presented in any
particular order.

ISD Analysis Compression

Because of accelerated acquisition cycles, ISD analysts are being
requested to shorten the time it takes to perform the ISD analysis and
to provide training equipment designs and requirements. In the past
it has been desirable to have the training equipment, the maintenance
trainer, available when the weapons system become operational. This
often requires that the ISD analysis be started while the operational
equipment is still in a state of evolution. By shortening the time
available to do the analysis, the problem is compounded.

Several solutions to this problem exist. The solutions will be
discussed below. These solutions are not presented in any particular
order of preference:

1. 1t is perhaps reasonable on the surface to suggest that
more manpower be made available to perform the ISD
analysis, Currently at the 3306th, typically one person is
assigned to one project or one system of the entire weapons
system. It {s intuitively appealing to believe that if
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more manpower were available the ISD analysis could be
completed in less time. However, it should be recognized
that the ISD analysis is dependent upon the availability of
the data base. Often the data is provided to the analyst
in a staggered fashion. That is, the analyst may receive a
lot of data in one month and no more data until two months
later. If this condition prevails, then additional man-
power may be of little help in performing the analysis on a
shortened or compressed schedule. The contribution of
additional manpower needs to be investigated.

An analysis of the situation reveals that 7 Level person-
nel, skilled technicians, are given conversion training to
maintain the operational system when it {s first delivered.
7 Level rersonnel, typically, have experience with a
similar weapons system and minimal training is required to
make them proficient on the operational system. In addi-
tion to 7 Levels, some 5 Level personnel, skilled mainte-
nance personnel, are also given conversion training. At
some point downstream 3 Levels, apprentice maintenance
personnel, are trained to maintain the system. Currently
the maintenance trainer is scheduled to be delivered and
operational when the weapons system becomes operational.
That is, the maintenance trainer is used during the
conversion training. It has been suggested that one way to
increase the time available to perform the ISD analysis is
to use actual equipment during the conversion training
rather than the maintenance trainer. Using actual equip-
ment during the conversion training would give the ISD
analyst more time to design the maintenance trainer. This
approach seems reasonable, given that:

a. It is assumed that 7 Levels can learn effectively on
actual equipment (this assumption seems warranted
since 7 Levels are typically familiar with a
similar weapons system).

b. Actual equipment is available during the conversion
training phase; i.e., that down equipment can be
used for training purposes.

cs 3 Levels would benefit the most from the maintenance
trainer; i.e., of the levels involved it seems
reasonable to suggest that the 3 Levels would need
the trainer more so than the others.

This approach to the problem would mean that the trainer
would not have to be delivered until 3 Levels are to be

L e s 1 s B




trained. This would give the ISD analysts additional time
to design the trainer. ISD analysts estimate that approxi-
mately a year could be gained in the design process. Given
this additional time, a fairly complete and comprehensive
ISD analysis could be performed. 1In addition, it is quite
conceivable that the conversion training itself would
provide additional information which could be used during
the maintenance trainer design phase., That is, the conver-
sion training and familiarity gained with the operational
equipment during this time might provide insights into how
the trainer could be more effectively designed and used.
Thus, the conversion training experience might make it
possible to design a more training-effective and cost-
effective trainer.

This solution should be investigated to determine its
feasibility. For example, information needs to be gathered
to determine if 7 Levels can be effectively trained with
actual equipment, if operational equipment can realis-
tically be used for training purposes and how much time can
be made available for performing the ISD analysis.

3. Another solution to the problem is to investigate the
possibility of shortening the ISD process. It may be
possible to develop a compressed 1SD process without
sacrificing the quality of the end product. For example,
the project-developed ISD process might be able to be
shortened by considering a higher level of detail in the
behavioral analysis than the skill and knowledge level. It
also seems possible to shorten the project-developed ISD
process by reducing the amount of documentation required
(via word or data processor).

In summary, three solutions to the problem of decreased time
available to perform the ISD analysis are increased manpower, increased
time through providing actual equipment during conversion training and
a decrease in the amount of analysis performed. These solutions should
not be considered mutually exclusive; i.e., there may be some advantage
gained in applying two or three of the solutions simultaneously, as a
package.

Communications

Interviews with both ISD analysts and SPO engineers always in-
cluded a discussion concerning the possibility for increased communi-
cation between the two groups. Although the project is seen as




increasing the amount of communication between ISD and SPO personnel
through the IS8D-Derived Training Equipment Design document, it has

often been suggested that teams be formed to design and acquire the
maintenance trainer, Further, it has been suggested that the team be
located at one institution and be composed of personnel from:

1. The 3306th T&ES (to provide the ISD analysis).
2. The SPO (to provide engineering assistance).

3. AFHRL/TT (to provide human factors and learning principle
guidance).

It is felt that such a team approach would result in a much better end
product; a much better maintenance trainer. SPO personnel could pro-
vide assistance in determining what is and is not feasible. AFHRL/TT
personnel could provide ISD analysts with theoretical information
concerning how people learn. It should be recalled that ISD analysts
are skilled maintenance personnel, who have typically been maintenance
instructors. To some degree they feel they need additional instruc-
tional and educational guidance. AFHRL/TT could provide such guidance
as well as provide guidance on the current state-of-the-art of simula-
tor design.

Although the team approach makes good sense, because it provides a
core of experts, there are some practical problems which need to be
addressed.

l. The team approach would require some personnel to be
co-located, if the team were to be stationed at one
location or facility.

2. SPO engineers are not typically assigned to one project;
i.e., their time is shared by several projects. By
assigning them to one team, this type of sharing might not
be possible.

3. A structure for the day-to-day communication would have to
be established.

4, Additional AFHRL/TT personnel would be needed; currently
AFHRL/TT 1is not set up to provide such a service.

As an alternative to the team approach (involving co-location), it
seems reasonable to suggest scheduled periodic meetings among the three
groups; e.g., SPO personnel and AFHRL/TT people should be involved in
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the pre-TRRRM meeting, as well as meetings which precede the pre-TRRRM
meeting. Perhaps through more frequent meetings, communications could
be increased. An increased meeting schedule, however, would require
that TDY monies be set aside solely for such meetings.

1SD Staffing and Experience

Prior to being assigned at the 3306th T&ES, few ISD analysts have
had the opportunity to participate in a large-scale maintenance trainer
development project. During their stay at the 3306th, the ISD analysts
are given some training and receive a tremendous amount of experience
in designing maintenance trainers., Typically, their experience is
acquired by working on one weapons system. After the maintenance
trainer is designed, as well as the maintenance training program, ISD
analysts are typically transferred to other assignments (a non-1SD
assignment) and a new group of JSD analysts are brought in. It seems
that a longer stay at the 3306th would benefit the Air Force. The
amount of experience gained in developing one maintenance trainer can
be transferred to the development of future trainers. 1t seems just as
an ISD analyst begins to feel comfortable with his job and has learned
from his experience, he is transferred to another assignment. Such a
transfer policy does not take full advantage of the experience the ISD
analyst gained. In addition, with such a transfer policy it is diffi-
cult to retain corporate knowledge. New analysts who come in cannot
easily benefit from others' experiences (and mistakes).

In addition to staying longer, some consideration should be given
to providing more structure to the ISD analyst's experience. Some
analysts feel that their job is over when training equipment recommen-—
dations are made and the training program supporting the maintenance
training equipment is designed. _It seems that more could be gained by
having the 1SD analyst follow the training equipment and the training
all the way through. That 1is, analysts should:

1. Be involved when the maintenance trainer is being
fabricated. In this way it can be assured that design
requirements are being met and the intended use of the
trainer is being considered by the vendor.

2, Participate in the quality assurance testing of the device
to assure that the device is designed according to the
results of the ISD analysis.

3. Participate in the training program which uses the device
to assure that instuctors are using the device the way it
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was intended to be used. During the ISD analysis, ISD .
analysts should be forced to assume the role of instructors ;
who will eventually use the device. By participating in i
the training program that uses the device, the analyst ¢
would get a feel for potential inadequacies in the design,

as well as the difficulties encountered in using some of

the features of the device. This experience would be -
invaluable when the analyst again becomes involved in the '
design of a maintenance trainer,

After being exposed to such experiences, the analyst should return to
the 3306th and be given an opportunity to participate in the design of
another maintenance trainer. It seems reasonable to assume that this
process would result in better trainers being designed, since initial
errors and mistakes can be corrected, or at least avoided, during this
design of the analyst's second maintenance trainer.

Current State-of-the—Art Exposure

In addition to broadening the ISD experience as suggested above,
provision should be made to expose the analyst to the current state-of-
the-art of maintenance trainer capabilities. Often analysts, when
assigned to the 3306th, have a limited amount of exposure to what can
be done with a maintenance trainer; what instructional features can be
provided and how trainers can be used. As a result, analysts tend to
design trainers according to their limited experiences and exposure,

Lt. Col. Stoughton, at the 3306th, has attempted to solve this
problem by instituting a program in which vendors could come to the
3306th to show their designs, features, and anticipated capabilities.
This program has met with little success. Vendors, surprisingly, have
not accepted invitations to participate in the program.

As an alternative, consideration should be given to sending
analysts to see other Air Force and military maintenance trainers.
Perhaps such exposure would broaden the analyst's frame of reference,
as well as highlight some of the problems that have been encountered in
using the developed trainers; i.e., corporate history could be trans-
ferred relatively easy. This approach, however, is more costly than
having vendors come to the analyst and, again, TDY money would have to
be allocated for this purpose.

To keep the analysts current, consideration should be given to
providing the analysts access to a laboratory (perhaps located at the
3306th T&ES). This laboratory could contain a generalized simulator,

73




perhaps driven by a mini- or micro-computer. This might assist the
analysts in designing better maintenance trainers. The analyst could
manipulate the computer to see if certain things could and could not be
done.

Access to such a set up might be an expensive proposition, but it
should be realized that the computing capabilites can be used for other
purposes; e.g., the processor used to drive the generalized maintenance
trainer could be used to help the ISD analysts document training
equipment design decisions (thus reducing the amount of time required
to do the documentation). In addition, the processor could be used to
manage the task description and task analysis data. Given these
additional uses for such a system, the cost may be more justified by
tremendous benefits.

Engineering Change Proposal Analysis

It should be recalled that the ISD-Derived Training Equipment
Design (model ISD specification) contains a paragraph concerning the
prediction of possible engineering changes in the operational equip-
ment. The purpose of this paragraph in the model specification is to
alert the vendor or contractor to areas that might change, where the
change impacts upon the maintenance trainer and maintenance training.
If the vendor is alerted to these areas, he could perhaps design
certain components in a modular fashion so that they could be easily
updated.

To assist the analyst in predicting changes, a study should be
conducted of the past engineering change proposals (ECPs). Such a
study should concentrate on:

1. Providing information concerning where most of the changes
in the operational system take place as well as the nature
of those changes (e.g., a change in location of displays
and controls vs. a functional change).

2. Determining if those changes impact upon maintenance
trainers (i.e., did those changes result in modifications
in the maintenance trainer and/or the training program).

3. Determining if changes involve trainer software modifica-
tions.
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In this way, changes can be classified according to some reasonable
scheme and the probability of the change can be estimated. Such infor-
mation would provide considerable guidance to the 1ISD analyst and SPO
engineer in developing a procurement specification.

Along with classifying the engineering changes, suggestions should
be given for accommodating those changes. For example, suggestions can
be given to the vendor concerning how modularization can be achieved,
how labels can be used instead of photoetching, how software can be
designed to accommodate functional changes (e.g., file structure
design, etc.). This aspect of the study would involve gathering infor-
mation from vendors concerning the state-of-the-art of such things as
durable mastics.

One ISD Handbook

The project~generated ISD Handbook is a supplement to the 3306th
Procedural Handbook (June 1979). During the training conducted under
this project, the ISD team participants suggested that both ISD Hand-
books be integrated into one comprehensive document. At some point in
time efforts should be directed toward this goal. However, it seems
reasonable to suggest that this be postponed until the ISD analysts
become more familiar with the projectgenerated procedures. During this
familiarization period, modification may be made and the procedure can
possibly be shortened (compression of the ISD analysis). But it does
seem advantageous, at some point in time, to develop only one
handbook.

Contractor-Provided Data Base (LSAs)

Currently the data base available during the ISD analysis is pro-
vided by the contractor. This data base is verified and modified by
the ISD analysts. Typically, the data base is provided through a
Logical Support Analysis (LSA). Unfortunately there are no standards
governing the nature and content of this data base.

It seems advisable to place some standards or requirements on the
content and nature of the data base. This can be accomplished by
carefully examining the project-generated ISD analysis material and
structuring the LSA format so that the required data is provided. For
example, from the project-generated material, it makes good sense for
the LSA to contain:
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1. Task title/task title description.
2. List of sequential task elements (steps/activities).

3. The hardware interface required of each task element
(step/activity).

4. The stimulus, responses, and feedback requirements
associated with each task element.

5. A list of the tools and support equipment required to
perform the task.

6. The skills and knowledge associated with each step/activ-
ity, as well as the task as a whole.

7. Basic task and element data; e.g.,

a. Performance criteria (time and accuracy).

b. Manhours and accumulative time.

c. Unusual conditions.
It is quite conceivable that the standardization of the data base might
reduce the amount of time it takes to perform the ISD analysis. In
addition, a standardized format might reduce the amount of documenta-
tion required; i.e., it is possible that the LSA form could be designed

such that critical training equipment designs could be recorded right
on the LSA form by the ISD analyst.

Instructional Features Scenarios

Although the project-develcped materials address the relatively
new area of instructional features, it seems reasonable that more can
he accomplished in this area. One possible improvement might be the
construction of instructional features scenarios. These scenarios
would fully describe the instructional feature and provide guidance
concerning how the instructional feature is to be (or can be) used by
the instvuctor or the Air Force. It is anticipated that the scenarios
<14 he only two or three pages in length and contain:

1. A complete definition of the instructional feature.

A section describing the purpose and intended use of the
instructional feature.
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a., Who 1s to use the feature.

b. What needs to be done before the feature is used
(preparation and planning).

c. How the feature is made operational.

d. How the feature can be used with other instructional
features.

3. A functional description; a step-by-step explanation of how
the instructional feature is made operational and/or
updated.

4. A description of the concurrent events; e.g., the status of
other instructional features controls, when the instruc-
tional feature in question is being employed.

5. A feature diagram, showing the logic behind the design of
the feature, as well as how the feature is to be used.

An example of an instructional features scenario is provided in
Appendix E. This example appeared in an article published by Pohlmann,
Isley, and Caro (1979). The example is for a DEMONSTRATION PREPARATION
instructional feature on a flight simulator.

If such instructional features scenarios were developed they could
be distributed to ISD analysts, who could use them when designing simu-
lators. If the ISD analysts found reasons for changing the scenario in
a specific situation such modifications could be made. It also seems
reasonable that such scenarios could be made a part of the procurement
specification, thus, providing more information to the equipment manu-
facturer concerning how the instructional feature is to operate and how
it is to be used by the instructor or the student. Such an approach
might help to guarantee that equipment manufacturer designs provide
features which are not awkward to use or inefficient.

SPO Specification Improvements

The project was originally designed to examine only those engi-
neering requirements which were impacted by training requirements
considerations. During the project it became evident that other engi-
neering requirements needed to be considered. For completeness those
other engineering requirements were addressed in the model SPO specifi-~
cation. To improve the model SPO specification, the following activ-
ities should be performed:
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1. More discussions or, interviews should be conducted with
specific System Program Offices, such as the F-16 program.
These discussions would make it possible to expand upon the
"lessons learned” section of the Handbook/Appendix attached
to the model SPO specification.

An expansion in the "lessons learned” section would empha-
size the communication of corporate history and knowledge,
so previous mistakes would not be duplicated. In addition,
the results of training-effectiveness and cost—effective-
ness evaluation studies of maintenance trainers should be
incorporated into the Handbook/Appendix. For example,
efforts are currently under way to begin an evaluation of
the F-16 SAMTS; the results of such evaluations should be
incorporated into the "lessons learned” section of the
Handbook/Appendix.

2. The model SPO specification should be carefully reviewed
by:

a. Maintainability experts.
b. Reliability experts.

c. Computer hardware experts. 4
d. Software development engineers.
e. ATC personnel.

Their comments and concerns should be incorporated into the
SPO Handbook/Appendix. It should be mentioned, however,
that all paragraphs and subparagraphs in the model SPO
specification were reviewed by maintenance trainer engi-
neers. The intent of the reviews specified above are only ;
to provide more detailed- input. :

P

3. The Handbook/Appendix should be designed in a sectional E
manner; i.e., each major paragraph should be independent so
so that updates can be easily made. For example, as ;
lessons learned are acquired they should be easily incor-
porated into the Handbook/Appendix.

4, MIL-STD-1379B should be carefully reviewed to expand the H ‘
Handbook/Appendix section concerning Data Item Descriptions { {
(DIDs) for maintenance trainers. Currently, a list of ;
potential DIDs 1is provided, but MIL-STD-1379B might make it
possible to expand the list,

5. A warranty paragraph or subparagraph should be added to the
model SPO specification.
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