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ABSTRACT

Historically, aircrew training devices were developed aiter the aircraft were well into production and after the require-
- ments for the training devices were well established. These requirements often reflected aircraft capabilities and failed to
take training considerations into account, Currently, alrcrew training systems demand the design and manufaciure of
training devices whils the aircraft they replicate are still in development. As a result, training tequirements that drive the
development of aircrew training devices as well as contribute to aireraft and training systems designs must be determined
before the. first production aircraft becomes cperational. The traditional Instructional Systems Development (ISD) ap-
proach, which assigns training objectives to existing training media or to the capabilities of existing training devices, does
not readily apply to the concurrent development of training devices with aireraft systems. This paper dascribes an ap-
proach used for the development of aircrew fraining devices concurrently with the development of an aircraft system. This
- forward-looking approach defines training requirements, which in turn drive the design of the aircrew iraining devicss.
These training requirements establish the training capabilities of the devices as well as the operational threat environ-
ments those devices fly info. Included are the process for the integration of fraining redquirerments into engineering design
specifications, the resolution of technical and cost factors, the established interfaces between the training analysts,
engineers and the users, and the traceabiiity and currency of the iraining device.

BACKGROUND'

For developers of training systems and, specifically, Air-
crew Training Devices, recent government contracts that
call for concurrent development of those devices with their
respective aircraft bring a mixed set of emotions. Such pro-
grams create challenges and demand technologies and in-
novatlons that keep the developer on the Isading edge of
both the training and aerospace industries. They also, how-
ever, create some unique obstacles for engineering and
training systems designers.

In the pasi. training systemn development was subse-
quent to aircraft production and firm establishment of design
specifications for simulators and other faining media.
These design specifications were often the product of per-
ceived requirements and lessons: learned from other pro-
grams. The question was, which existing program does this
new system mast closely resemble? Specifications were
then interpreted by contractor engineers and devices were
built. Resulting aircraft, simulators, and training media were
turned over to the user, who then built the curriculurn. Often
the curriculum would need to be designed around capabili-
ties or limitations of the fraining media and devices rather
than to the requirements of the training systems. Certainly
inere are successful programs that were born of this pro-

cess, but there are inherent problems that are compounded

by concurrent development.

Perhaps one of the greatest blows that can be dealt to
any product Is that of unfulfilled expectations. The mark of
an acceplance-ready device is, and will continue to be.
compliance with the specifications. However, when thqse
specifications do not reflect detailed device training require-
ments, it is entirely possible to comply with the specification
“yet stifl fail to provide the required training and instructional
capability. Inappropriate requirements also force poor de-
vice utilization within the curriculum, Not only may voids_ex-
ist in required Gapabilities, but some unnecessary tunction-
ality inappropriately written into the speciticqﬁon may later
be viewed as contractor "gold plating.” Additionally, many
training events that are optimally taught using advanced
training media are often overlooked.
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The classical Instructional System Development {ISD}
process covers much of the preliminary identification of de-
vice training requirements. ISD can analyze the mission,
build task lists and-objectives, analyze the student popula-
tlor and entry level skills, develop a syliabus, and even gen-
etate high-level device functional  descriptions. However,
traditional ISD media allocation meodels have been used o -
allocate training oblectives among existing training media.
In a concurrently developed training system, it is likely that
{raining devices wili be delivered before operational delivery
of the aircraft. Aircrews will inltially judgs the performance ot
the aircraft by how closely it resembles the simulator. Ob-
viously, there is-a lack of historical fraining data for the new
system and qualified crew members to provide their specific
expertise, . _

This severely limits the extent to which I1SD can deter-
mine training device design in a concurrent system, Addi-
tionally, frequent and often major changes are not uncom-

. mon in the development of a new weapon system. Along

with potential cost and schedule impagcts, continuous frain-
ing capability assessments must be made available to the
customer for use in their decision-making process. A sys-

- tem that relies upon front-end analysis as the total and final

training input is incapable of such continucus training re-
sponse. :

_The Operational and Training Analysis Group of Link
Flight Simulation Division was established to fill the void be-
twaen {raining requirements and devica dasign that has his-
torically existed throughout the training industry. In the past,
primary emphasis has been placed on the high-fidelity repli-
cation of the cockpit or other system to be simulated, with
lesser ragard given to its training capability. Simulators that
looked, felt, sounded, and performed just like the aircraft
were considered to be successes. The simulator, though, is
not just another line aircraft. and because operational air-

craft are not designed with the training of students In mind,

training devices must be designed with this approach.
There are many tasks that the crew will practice only In the
fraining device, and certainly others for which the device is
the preferred training medium. The training device, there-
fora, must be designed with instructional features and capa-
bilities not available in the aircraft. ’



Conversely, it is certainly possible o provide too much
capability in the design of a device. Functionality that is pro-
vided simply because it exists in the aircraft, regardless of
training requirements or instructional utilization, . merely
serves o increase complexity and drive up costs. The goal,
then, is to develop device specifications entirely based
upon and traceable to fraining and Instructional require-
menis. The Operational and Training Analysis Group
(OTAG) was essentially chartered with ensuring that the
training and instructional capabilities required by the user
were evident in the final design. This task, in most cases,
includes detailed definition of training reguirements and indi-
vidual simulation components based upon training ohjec-
tives, operator tasks, instructional requirements, and 5YS-
tem capability,

REQUIREMENTS DEVELOPMENT PRCCESS

In the development of a training system responsible for
training tasks, a critical, and previously missing, link exists
between functional requirements and training device design
specifications. Bridging this gap hetween functional require-
ments and engingering design is accomplished through a
serles of detailed analyses that define tralning requirements
and translate those requirements into engineeting specifica-
tlons that define device design and training capahillty (see
Figure 1). This process ensures that the specific and
derlved training requirements are embedded in the engi-
neering designs and that the final product mests the desired
training goals.

SIMULATION COMPONENTS ANALYSIS

The Simulation Components Analysis Is composed of
two criical inputs, the operational task list and the device
funclional description. The foundation of the Aircrew Train-
Ing Device (ATD) development process fies in the utilization
of an accurate, detailed operational task list or set of task
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lists. The operational task list identifies the specific duties to
be performed by each crewmember in the execution of his
mission. If not already considered in the front-end analysis,
a refinement to this task list must be made. This refinerment
must examine the entry level of the student to determine
which tasks are appropriate for training in each device.
Tasks must then be allocated to the individual devices for
which specifications are to be developed. This helps to pre-
vent building in capabillty that will never be used while en-

suring that training capability is provided for all operational ’

tasks,

The other critical input to the simulation components
analysis Is device functional descriptions. These descrip-
tions, a product of front-end analysis, Identify high—level re-
quirements of each hands-on device and its functional ca-
pability. This helps to determine which components require
further analysis, The functional requirements tell us, for.ex-
ample, that based upon the combination of training analysis
and media concept development, certain lasks o be
trained in the WST require a visual system. The simulation
components analysis identiffes procedural level tasks that
drive vigual system design characteristics. The detailed re-
quirements analysis then defines these characietistics In
terms of component functional specifications. Figure 1 illus-
trates the process for the development of engineering spec-
ifications from the functional requirerents derived from op-
erational task list data.

SYSTEM COMPONENTS ANALYSIS

Once the refined operational task lists and functional re-
quirements are established, a System Componenis Analy-
sis s conducted to determine component critical tasks. This
is accomplished through the use of a task/component cor-
refation matrix in which each task is analyzed to determine

- dependency on the aural, motion, visual, environmental, op-

erational, and instructional simulation components. This task
analysis asks: Which simulation components are required in
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Figure 1 Specification Development Process



order to effectively train each task? Some tasks require the
utilization of all simulation components, while others require
none. This analysis results in lists of tasks which are envi-

‘ronmental, visual, aural, and motion cue-critical. These

tasks lists, in turn, become: the bases for component ma-
trices upon which the Detailed Training Requirements Anal-
ysis Is conducted,

DETAILED REQUIREMENTS ANALYSIS

The detailed requirements analysis is a criticality-based
analysis used fo determine the training valua of specific
component atiributes. The training values are derived in
terms of frequency of use and criticality.

Criticality is determined, by a team of subject matter ex-
perts, on a scale of 1 {low criticality) to 5 (high criticality).
Bath average criticality values and frequency of each attrib-
ute are anaiyzed to determine the training value and exient
of their role in the component specification. The detailed
requirements analysls is conducted by a team of training
analysts, engineers, and subject matter experis with back-
grounds and experience pertinent to the program.

SPECIFICATION DEVELOPMENT

Once all components have been analyzed, component
functional requirements are developed. This step involves
the compilation of conclusions from the detailed require-
ments analysis. These functional requirements serve as
training Input to device design specifications and concur-
rency aspects of the system development.

An additional analysis, constituting ancther major input
to specification development, is required at this point. Fig-
ure 1 depicts this input as the element “Air Vehicle System
Requirements”. This set of requirements is. the product of
two distinct analysis efforts: malfunictions and air vehicle
equipment. These analyses are focused on a study of air
vehicle systems rather than a list of training requirements.
The malfunstions analysis is conducted to determine realis-
tic, relevant and meaningful malfunctions that complement
systems tralning and provide thorough resources for system
degrade and emergency procedure training. The air vehicle
equipment analysis is a study of relavant systems and their
functional requirements in each of the potential training de-
vices. The analysis includes a study of air vehicle panels,
controls, displays and switches; and identifies the functional
vs. non-functional requirements .of each for the individual
training devices The restilts of this analysis exist primarily in
the form of matrices and diagrams, which are then used in
the development of device design documents, device spec-
iflcations, and purchase descriptions.

INSTRUCTIONAL ANALYSIS

Ancther important aspect of training device design is the

development of instructional requirements, including In-
structor/Operator Stafion (108} design, instructionial fea-
tures, and brief/debrief capability. While the other compo-
nents studled analyze what capability Is required in order for
the student to leam, thé instructional analysis approaches
the issue from a different perspective, addressing the ques-
tfon: What capability is required in order for the instructor to
instruct or evaluate? Among other differences, the instruc-
tional analysis requires the creation of a series of inshruc-
fional matrices. These matrices are developed in much the
same manner already described; however, they are de-
signed to identify specifications that safisfy instructional re-
quirements. These requirements are derived from student
tasks.with the understanding that for each task required of

396.

the student, the instructor may have a responsibility to moni-
tor, control, record, role-play, setup, and evaluate the stu-
dent's performance and procedures. This analysis resulls in
a profile of instrustor tasking and activity levels that indicate _
required and desired instructional features as well as auto-
mated features désigned to alleviate potential instructor
overload. This analysls also serves as the basis for Instruec-
tor Station CRT page design and Brief/Debrief Station de-
sign.

RESULTS

The results of the analyses described In this section
form the baseline of device design specification. The meth-
odology used is intended to imbed iraining requirements

. and I1SD into-that design. The goal of the process is to en-

sure that the capabilities and characteristics of the training
devices are the direct result of the training objectives which
they are designed to fulfill..

-As mentioned earller, frequent chianges to the aircraft
mission, systems, procedures, controls, displays, elc., are
a fact of life in a concurrently developed training system.
The Training Requirernants Analysis is continuous and inter-
active. The process just described lends itself to easy im-

pact analysis of these inevitable changes. Mission and sys-
termn changes are analyzed across the existing set of ma-

frices. based on their impact on crew fasking., Major
changes to the way a system operates may require no
change to device design if it is imperceptible to the crew in
the cockpit. Conversely, seemingly small changes that
have little effect on system operations or overall mission
accomplishment could be the source of negative training.
Effective integration of new requirements and a constant
focus on the training “big picture” is only possible through
effective communication among all facets of the program.
Additionally, it is essential to have a vehicle by which irain-
Ing issues are discussed and understaod and, when neces-
sary, prompt decisions made.

TRAINING SYSTEMS WORKING GROUP
(TSWG)

Throughout the implementation of the integration and
high-level deslgn process, the need for a governing body is
answered in the form of the Training Systems Working
Group. The TSWG serves several purposes:

1) Serves as the decision-making body for require-
ments disposition.

2) Primary vehicle for the approval of:
a} Training requirements
b} Resuiting design specifications
¢} High-level engineering design
d) Instructional utilization
e} User acceptance
f) Syllabus integration o
A multidisciplined group, the TSWG is composed. of. ~

. members representing Training, Engineering, Program Of-

fice, Customer, User, Test, and any other individuals
deemed necessary. Meetings must be held on a regular ba-
sis throughout the development phase. The TSWG serves.
as a means to solidify communications between participat-
ing mernber groups and promote face-to-face discussions
on issues relevant fo the decision-making process.



TRAINING ANALYSIS AND SYSTEMS
ENGINEERING INTERFACE =~

it is relatively easy to understand that a thorough training
anaiysis is.a critical input 10 the production of ATD's thatare
responsive to training requirements. However, it is important
to recognize that a thorough training analysis, in and by it-
self, does not guarantee that the resulting simulaiors and
ATD's will provide responsivetraining. In arder to-guarantee
training responsiveness, training analysis must be not only
properly conducted, but also properly applied.

In other words, an effective training system is the result
of a properly conducted training analysis coupled with the
proper application of that fraining analysis by the systems
engineer. To ensure that the training analysis is propetly
applied, an interface between the training analysls and sys-
tems engineering process must be established. The specif-
I interface consist of two components:

1) Establishment of a continucus interaction batween

the training analysts and the systems engineers.

2) Establishment of a clear path for training analysls.

inputs into systems engineering docurmentation.

These two components are described in more detail be-
low.

Continuous Interaction —

The training analysls process has been designed to fa-
cilitate continuous interaction between the training ana-
lysts and the systems engineets. In order to facilitate this
interaction, the members of the training analysis_team
are engineers with {raining backgrounds and systems
englneers who are included throughout the fraining anal-
ysis process. Training analysis support from system en-

. gineering includes inputs into the development of analy-
ses matrices, integration of training reguirements into
Configuration Item Design Specification (CIDS) docu-
mentation, and application of fraining requirements into
the design and construction of the ATD's.

Training Analysis Inputs Into Systems Engingering Dacu-
meniation —

The mast important result of the interface process is the
appropriate documentation of those interfaces. The pri-
mary documents. for establishing the training require-
ments within the systems engineering process are the
CIDS. Consequently, the fraining analysis has been de-
signed such that the resulting training requirements are
in a form that can be readily entered into the CIDS
through the engineering Requirements Allocation Sheets
(RAS).
In addition to the interface decumentation, the outputs of
-1he fraining analyses become inputs throughout cther areas
of the engineering pracess and the logistics support pro-
cess. These inputs are listed below.

Training Analysis provides inputs for:
a. Conceptual Designs

b. Requirements Allocations (Visual, Motion, Radar,
etc.)

Human Engineering ((ICS Design;
Software Database Content
Hardware Design Criteria

- Facilities Design Criteria
SEMP

Configuration Plan

To~ 0o

397.

Trainer/Training Equipment Plan
- Safety Plan
Test Procedures Plan
Trade Studies
. Technical Publications {Logistics Support)
Entry Level Analyses (Logistics Support)

General Inputs to Systems Engineerlng.andﬁl_og'is-
tics Support

1) Definitions

2) Trade Studies

3) Test Plan

4) Evaluations

5) Functional Analysis

p. 103 Instructor Training/Mission Generation Opera-
tor Training

g. Integration and Test Training

IEN

TRAINING ANALYSIS AND CUSTOMER/USER
INTERFACES

The training analysis has been designed to provide a
systematically established basis_for making decistons. In
this role,the training analysis does not make the decisions
that lead to determining the device design requirements;
instead, it produces inputs that can. direct that declsion-
making process. As a result, the inpuis from the customer/
user in the decision process are perhaps the most important
aspect of the iraining analysis,

Customer/user interfaces are ensured by including cus-
tomer/user representatives and SME s throughout the train-
ing analysis process. These interfaces will happen by par-
ticipating in validation ‘meetings, Training Planning Team
{TPT) meetings, Technical Interchange Msetings (TIM's)
TSWG's, and scheduled reviews, Results of these mestings
are subsequently documented by meeting notes and/or
through the completion of validated analyses matrices. -

TRAINING ANALYSIS AND AIRCRAFT MANUFACTURER
- INTERFACES

The training analysis performed for the ATD is a subset
of a {otal training systern development systetn process. The
development process encompasses the construction of the
entire training system, including the curticulum, training de-
vices, and all training system support functions. As a subset
of the total construction cof the training system, compatibliity
is only insured by maintaining an intimate working knowl-
edge of the work being done by the aircraft manufacturer.
This knowiedge is maintained by:

1) Continupus interface with the aircraft manufacturer
through mestings, reviews, and validations of
fraining analysis outputs.

2) In-depth reviews of all aircraft documentation
through exchanges of data for task lists, mission.
analysis, training plans, facllities plans, and alt
other documents that impact development of the

total training system.

The process for ensuring that these interfaces and.data
exchanges are complete includes an on-site training analy-
sis representative at the aircraft manufacturer, published
updates of available training documentation, inclusion of
ATD training personne! at the Training Planning Team (TPT})
meetings, and scheduied reviews and scheduled valida-
tions of training analysis outputs. It is also important to note
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that this process allows for a “two-way street” for informa-
tion flow, inasmuch as the device manufacturer must also
have the opporiunity to influence the work of the aircraft
manufacturer.

CURRENCY AND REQUIREMENTS
TRACEABILITY

The dynamic combat environment of the future places
extraordinary requirements upon today's new weapon sys-
tems and their associated airerew training programs. Train-
ing device currency Is one of the most challenging elements
of any concurrent weapon systern acquisition. A significant
reduction in program cost can be achieved when the air-
crew training device (ATD) accurately reflects the configu-
ration of the air vehicle and its associated training require-
ments. Programs which rely upen new, emerging technolo-
gies pose unigue-hurdles to the goa! of current ¥gining de-
vices. This is particularly true if the air vehicle has extensive
use of operational fiight programs (OFP) whose scftware
designs optimize rapid upgrade capability. These rapidly
changing software features make the device's ability to
keep current very difficult. While many programs use the
critical design review (CDR) as a design freeze point, com-

- plete adherence to that principls often forces the device o

lag behind the air vehicle's capability, Post-CDR air vehicle
changes frequently cccur in order to increase the deliver-
able operational capabllity, As these capabilities. increase,
fraining requirements also expand, thus leaving the ATD be-
hind the aircraft upeon its delivery to the user (a phenomenon
all teo familiar).

The realities of concurrent programming show us that
complete weapons systems operational capabillity is rarely
achieved until well into the production cycle. Numerous air
vehicle configurations evolve throughout this cycle, each
attaining greater capability. Constraints such as develop-
mentat designs, test schedules, and changing requirements
are program realities. A phased ATD deployment approach
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overcomes the problems associated with rapidly changing
air vehicie configurations. It allows the ATD to ‘match air
vehicle performance and characteristics for a specific
phase of development. This optimizes the training effective-
ness of the device and minimizes the need for blogk up-
dates. Reducing excessive block update requirements and
their associated funding. challenges decreases program
tlsk. In order for the ATD to actively maintain its currency for
each phase. the development of a requiremnents trageability
tool is essential. This tool highlights those training device
elements requiring modification or redesign as a result of -
changes in the air vehicle's configuration, but on new or
evolving training requirements as well.

Alr vehicle configuration changes are generally due to’
either a change in requirements identified by the user or a
change in design identified by the manufacturer. Regardless
of the reasons behind a configuration change, it is essential
for the ATD 'o react effectively to them. Figure 2 depicts a
high-level view of the ATD portion of a traceability tool.

An effective traceability tool, of course, also encom-
passes all other aspecls of the training system, including

-courseware, CAl, etc. Two data sources are available for
-inferpretation of the impact of these changes upon the ATD.

The first source is the aircratt component parts listing pro-
vided by the aircraft manufacturer. This set of data is a com-
plete description of each air vehicle in terms of its individual
components (including CFP contlgurations), Each produc-

“tion air vehicle has its own unique compoenent parls fising. A

second data source is the weapon system’s operational
task list. For new aircraft, the task iisting is derived from
human factors workload studies, then further refined by
training developers using traditional ISD guidelines. When
the aircraft compenent list is “manied” to the weapon sys-
tem’s operational task lst, a requirements traceability listing
is estahlished which provides information essential fo the

ATD's training currency geal, )

. { REQUIREMENT CHANGES
PROCEDURAL GHANGES.

ATD UNIQUE
TRAINING TASKS

ATD OPERATIONAL
TRAINING CAPABILITY

Figure 2 Training Device Requirements Traceability Tool



This portion of the process requires substantial effort in
order to keep the amount of data manageable. For exam-
ple, suppose the training task is “retract landing gear.” We
do not need to concern ourselves with a particular lug nut on
the number-two tire which is identified by a part number.
Instead, emphasls should be placed upon the higher-level
landing gear assembly component whose redesign coold
impact retraction time and atfect tha training task. The key
here is fo ensure that components are identifled to such a
leve] that technical performance changes are not over-
looked. It s much better to assign components to all traiting
tasks rather than assign training tasks to all components.

- Some components may.not be appropriate for tracking, but

all training tasks must be monitored.

Taking this approach one step further, we deflne those
ATD components which are commoen to the air vehicle and
those which are unique to the ATD, After media analysis of
the weapon system's operational task list is complete, an
ATD unique task list is available. Aligning ATD training tasks
with-appropriate ATD components provides a highly effec-
tive tool for assessing the degree of currency which the ATD
has attained. This tool is the ATD requirements traceability
listing. The task/component correlation matrix, previously
developed during system component analysis, is very help-
ful during the development of this tool. Essentially, ore ma-
jor database Is required which Ildentifies ali signiticant com-
ponents in the ATD, their relationship to the air vehlcle
(whether it's actual, stimulated, or emulated), and their rela-
lionship to each of the ATD's required training tasks. it is
then capable of highlighting impacts due to changes in ei-
ther the air vehicle technical configuration or the weapan
system training requirements.

Under this approach, itis critical that ATD training capa-

bility milestones be set that are compatible with the availahil-
ity of existing air vehicle information. The training capability

. milestones should be when the production device is deliv-

ered. Any devices placed on site prior to this final capability
milestone are considered interim devices and are eligible
for upgrade under the production contract. These mile-
stones can be used as convenient points in the schedule
whers appropriate technical data changes-can be incorpo-
rated into the ATD design to support specific increases in
the air vehicle's operational capability. The milestones pro-
vide an excelient framework for using the traceability tool to
determine which changes should be incorporated into the
ATD design and which ones should be deferred untit the
next training capability milestone, This also ensures that
training requirements are validating the amount ot engineer-
ing design change inthe ATD. In many cases, the ATD may
be able 1o exceed the initlal capabilities of the air vehicle
and provide effective training for upcoming air vehicle en-
hancements, This tool covers a diverse spectrum of activ-
ity, from hardware component improvements in the ATD
cockpit to CRT page displaiy modifications at the instructor's
station. It now becomes possible to confirm that ATD X" is

399.

technically configured to air vehicle tail number “YYY”, It
also provides a means to confirm that the ATD -can train
specific tasks for a particular air vehicle's operational capa-
bility: Use of this tool minimizes ATD/air vehicle inconsisten-
cies and optimizes the training developer's ability to effec-
tively integrate the ATD into the complate aircrew training
system.

CONCLUSION

Ag the designs for weapons systems become increas-
ingly more complex, the training systems that support those
systems must also advance. The traditional scenario where
system designs and training device speciflcations precede
the development of the supporting training systems is no
longer acceptable. Prudent foresight, and appropriate pro-
cesses, in establishing raining systems is critical if the aver-
all training system is to be responsive to the operational mis-
sion. The result of this process Is a training system that is
more respansive, more cost-efficient, and more training-ef-
fective,
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