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ABSTRACT

A teamed effort from 1985 to the present invalving the user, procuring agency, and the centracter has resulted in a
90% improvement in GOFT utilization. Besides significantly improved utilization, issues have been addressed which have
resulted in documented user acceptance of the training device. The application presented in this paper is for *school-
house" training of USAF pilots at Luke AFB. The structured methodology uiilized by the user to achieve improved OFT
effectiveness included problem definition, a literature review, and a needs/requirement survey of more than 500 pilots.
The results of the user analysis led to changes in the training devices design, training philosophy, and training syllabus,
Also, the issues of concurrency and user validation were explored. The problem deiinition was initiated in 1985 by a
General Office Review. The user’s literature review, requirements analysis, and survey validated the initial problem defini-
tion. Off-the-shelf technology was selected for a limited-field-of-view visual system and a totally redesigned instructor
station. Also, task—specific training replaced the mission training approach. A three-tier training device syllabus was used
to assure that fundamental tasks were leamned prior to being practiced in the aircraft. The outcome of these efforis has
been enhanced OFT utilization through user-initiated and defined reqguirements. The teamed effort was instrumental in

addressing these issues in a timely manner.

INTRODUCTION

The road to user acceptance can be thought of as user
initiatives folded into operational vehicle characteristics in a
timely manner. An important key to. training device accep-
tance by the user is involvement as an active decision mak-
er in the device's development and evolution. Also funda-
mental to user acceptance is that the device maiches the
operational vehicle and the user perceives that the training
environment matches his need. Implementing factors such
as these require a procuring agency and contractor that are
responsive to:the user's initiatives, and an overall program
plan which supports timely implementation of changes.

This paper reports on a particular USAF F-16 training
site where the user was able to “bring it all together.” The
user championed planned-changes to a mature F-16 OFT.
These OFT updates included a limited-fleld-of-view
(LFOV) visual and a state-cf-the-art Instructor Operator
Station (I0S). These user requirements were teamed with
the procuring agency and the prime OFT contractor. This
teaming achieved a timely match between the user needs
and the cperational. capabilities of multiple updates to the
F-16 aircraft.

The training philesophy for the Tactical Air Gommand
(TAC) F-16C Replacement Training Units (RTU} was also
revised. This particular planned change is reflected i the
- current F-16C RTU syllabus.

These planned changes were Introduced by a 1985
General Office Review (GOR) which drove a user—deve-
- loped requirements analysis. The user followed accepted
Systems Engineering methodolagy for this analysis. The re-
guirements analysis developed into an RTU training model
which was iteratively and independently. vaiidated. The find-
Ings of the initlal GOR and user reguirements analysls, com-
pleted in 1985, are still being implemented today.

*CAE-Link work presentad in this paper was performed un-
der AFSC/ASD F-16 Trainer Flight Simulator Contract No.
F33657-82-01i38
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The status today at the Luke AFB RTU facility is a train-
Ing device mix which has proven user benefit and accep-
tance. Following accepted Systems Engineering methodol-
ogy has resulted in timely OFT upgrades that:include a
LFOV visual and state-of-the-art 10S. These upgradss
have been timed to coincide with major F-16 aircraft up-
dates that extend into the 1980's.

"BACKGROUND

In 1985 a GOR determined that the F-16 OFT required
action because the user determined the OFT was not pro-
viding effective tralning. The GOR directed that corrective
action be taken relative to the following four problem arsas:

¢ The OFT was not supporting required training tasks
{too few tasks could be trained)

-@ The I0S was believed to be hard to use

¢ The OFT was not current with the aircraft (aircraft soft-
ware updates to the OFT lagged the aircraft updates}

» |t was difffcult to frain in the OFT in a. manner that
matched the F-16's visual mission (the OFT did not
have a visual system)

The GOR directed that Detachment 1, 4444 Cperaftions
Squadron at Luke AFB serve as a focal point to deal with
these stated probiems. The Det 1 mission [s to develop con-
cepts of fraining and syllabi to support initial and transition
F-18 pilot ¥raining. The purpose of an OFT in a RTU is to
expose pilots to procedural and safety-offlight tasks in & -
dynamic real-time environment.

To focus the effort directed by the GOR, Det 1 com-
pleted an initial requirements study. The purpose of the Det
1 study was to determine the scope and magnitude of the
problem, and optimum OFT upgrddes. Through a priorf de-

_Cision making, the study sought to determine which mix of

OFT and off-the-shelf WST elements would provide the
most fraining tasks relative to cost. Also, the issues of an
upgraded 05 and concurrency were addressed by Det 1
with ASD and Link.

The methodology chosen by Det 1 closely followed the
guidance of chapters 5 and 8 {“System Definition and Mis-
sion Requirements Analysis”, and “Trade Studies”, respec-



tively) of the System Engineerin nagemen 2]
Following an accepted methodology later paid off for the
user when thelr requirements and needs were interpreted by
ASD and Link,

Using an a priorf technigue also had benefits in that the
Det 1 effort focused on an obvious OFT shortcoming: no
visual system. A literature review was conducted by Det 1.
A 1984 study by O’Neall®) noted that a visual system had
the potential to increase fighter pilot training value and result
in increased trainee acceptance of the OFT.

In 1981 Waag!®! stated that the potential value of visual
systems Is clear. A visual system allows training tasks to be
completed in the OFT that would normally need to be
learned in the air. The approach followed by Det 1 mafches
Waag's statément that “... an evaluation of the training ef-
fectiveness of a device Is one of the most important types of
information for the user.” Waag alse points out that this data
will lead to user acceptance.

The Iterature researched by Det 1 included numerous
scholarly articles on the benefit of visual systems. For ex-
ample, the previously mentioned Waag reviewed 26 papers
and studies. Simbarly, for an 108, Setty, Epps, and Meara

- presented guidelines-in 1984 for the development of user-
friendly Instructional systems.[*!

In 1887 White!8! emphasized the importanice of user in-
sight in I0S development. White's comments are relevant to
Det 1, the user, completing the inltial OF T capabilities analy-
sis. White states that user insight into the development will
avold technology deiivered which Is inconsistent with the
user's perceived needs. The user's involvement ensures

that the requirement, rather than the technology, drives the

design process.

- What is-surprising is most of the literature reporting on
user driven development has been completed by either the
technical or academic community. In contrast, the analysis
rasults and OFT changes presented in this paper wers user
deveioped. This fact makes this paper unique. The orlginal
training requirements and OFT capabilities analysis dis-
cussed here were completed by Det 1. Therefors, the
user's requirements drove the design process and the re-
sults are presented here. -

INITIAL DET 1 PROBLEM DEFINITION
The diréction from the GOR to Det 1 was to address
- perceived F-16 OFT problems that included:
¢ Concurrency
& Providing a user friendly design

& A syllabus that inciudes OFT tasks ihat matched the
F-16's visual mission

The F-16 OFT being evaluaied by the user was a high-
fidelity device consisting of:

e A pilot staticn that closely matehed the F-18C cockpit

¢ A CRT/keyboard instructor station
e A computer system with peripherals
The specific OFT selected was from the fourth produc-
tion lot and had been accepted from Link by the procuring
agency. o : :
An OFT/WST training requirements and effectiveness
analysis was completed by Det 1. Training eflectiveness

was defned as the ability to train without regard to cost. The
analysis focused cm:

e Current WST capabilities of the OFT (e.g., electronic
warfare device)

e Off-the-sghelf Imited- or full-view visual systems
Since the effectiveness analysis was based on subjec-

tive survey data, a non-parametric ranking scheme was ~

used for the results (see below}.

The results of the effectiveness analysis aﬁd rénking
scheme demonstrated that benefit could be derived from an
OFT and visual combinatlon. These results are also shown
below. . U

The LFOV and full visual systemé were further evaluated
for their training utility. Training utility also considers cost.

Det 1 determined that, relative to both uiility and effective-

ness, maximum benefit would be realized with a LFOV visu-
al.

LINK / DET 1 / ASD P3I-STUDY

Incidental to this analysis was a preplanned product im-
provernent (P3N study. Link, with Det 1 participation, com-
pleted the study. The study's stated purpose was to in-
crease the utility of the F~16 OFT. Tralning utility was de-
fined as the refationship between the skills learned or re-
tained, and the tralning investment or equipment cost.

A functional allocation specifieation tree (FAST) was
completed to identify product improvements other than the
OFT/WST combination analysis completed by Det 1. The
OFT features which the FAST identified as product improve-
ment candidates were further subjected to analysis that in-

cluded technical advantages and disadvantages, and po- -

tential cost savings.

Of the twelve cost saving suggestions, seven product
improvements were selected by "ASD for more detailed
study or were implemented by engineering change propos-
al. Included in these seven product improvements were a
“simpler 108 structure” and a fire-control-radar simulator
{(ECRS) replacement. The 105 was selected as an OFT up-
grade to address the GOR directive of a more user-friendly
design, and the FCRS replacement was selected for con-
CLHTENCY.

TRAINING EFFECTIVENESS RANKING SCHEME

(4

Ranking Technalogy
Tasks Eactor
Basic training Resulted from a
tasks were combination of “need”
selected via and “valua” via
sublective subjective suray.
survey. )
. Weéigh f
OFT
OFT &
Qoly EWTD
Training Squadren 39.8 46.5
Operational Squadron 30.3 40.3

354.

Capability
Dual combinaticns of OFT, EW,
DRLMS, limlted visual, and full
visual rated relative to the

- top 20 basic tasks.

OFT &
OFT & OFT & FULL
RLM: LEDQY VISUAL
42.7 75.8 83.2
33.7 71.9 78.0




LINK OFT/VISUAL SYSTEM STUDY

One result of the Link P3l study was an analysis {o deter-
mine the effectiveness of an OFT/Visual systern. The oul-
come of this analysis was.used by Det 1 as an independent
validity check of their OFT/LFOV visual data:

f Trainlng Effectiv with
Partia] Visyal
Operational
ETU Sauadron_
Lini’s Study |. . 84.7 83.1
Link's Study #  88.5 86.2
Det 1 Study 75.8 71.9
Mean —~-> 82.2 gt.2

Included In these Link study results, and two others,
were average scores for RTU and coperational units. The
mean score for the three studies showed that an 80% train-
ing elfectiveness could be realized with a LFOV visual sys-
tem.

While the percentages are close, the differences be-
tween the three studies can be attributed to three factors:

¢ The Link and Det 1 studies used somewhat different
ranking -criteria

& The Link studies included a broader task base

& The Link and Det 1 studies used different samples and
sample sizes to gather the subjective data

These OFT/AFQV effectiveness results were briefed to
the GOR by Det 1. Direction was given io Det 1 to confirm
these relatively small samples by surveying the-fighter pilot
eommunity. The purpose of the survey was o assure that

the users' needs would drive the design. A guestionnaire
was developed by Det 1 with the assistance of Human Re-
sources Lab (HRL) behavioral scientists at Willams AFB,
Arizona.

The questionnaire was mailed to over 500 tactical fighter
pilots, A response rate of better than 90% was realized. The
results validated the initial studies and showed that the pilots
believed that acceptance of the OFT would increase 300%
with the addition of an LFQV visual.

I0S REPLACEMENT/USER FRIENDLY DESIGN

An initlative by Link and ASD was then underiaken to
address the usabillty of the GOR directive. Generally, the
methodology followed was simitar to the visual study. Re-
sults of this effort are presented in a 1988 WTSC paper by
Dunnam and Hosler,M Key features of the resulling I0S
are:

* The instructor pilots’ heeds werg addressed through-
out the development

e A modular design with independent workstations was
chosen for flexibility

. & Repetitive fraining tasks versus mission rehearsal frain-
ing drove the overlay/underlay displays
& Standard colors were uliized and icons employed
wherever possible
® A touch screen replaced the keyboard

» Sofiware maintainability and reusability was ephanced
via the C language

CONCURRENCY

The Det 1 and the Link tfraining analysis established a
training requirements baseline. However, there was a need
for mechanisms to ensure the fidelity of the OFT matched

the aircraft. This concurrency directive by the GOR was |

dezait with via three main strategies as shown below.

F-16 OFT Concurrency Strategles

Strategy -

Ceonfiguration Update
Working Group

Design Data Review Group

Phased-development

Burpose

ASD chairs maetings
with Link, the aircraft
manufacturer and the
user, Flanned aircraft

-updates are reviewed. -

Mejor aircraft block
updates are presented
to Link by the aircraft
manufacturer.,

Multipls, phased OFT
contracts are tied to
the schedule for major
updates of the F-18
aircraft.

Benefit

A mauteally agreed
on plan developed
for applicable and
non-appicahle
aircraft updatos.

The OFT contractor
fLink} has a con—
tractual vehicie

to obtain timely
engineering data
to submit change
proposals.

The OFT aircraft 5
update schedule lags
slightly behind the
aireraft schedule.

Coniracts are awarded
for develcpment

phases (e.g.. a contracl
to PDR only). This
allows flexibility

a3 the aircraft

schedula andfor
capatilities change.

The multiple contracts
allow multiple OFT
design data freeze
dates,
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IMPLEMENTATION

Updates and major changes were made to the F-18C
OFT at Luke AFB. These changes were based on the Det 1
initiated, and Link supported, studies. The studies ad-
dressed the GOR direction for:

» Changes 1o the OFT so Its use would more closely re-
flect the aircraft's visual mission

« implementatlon of “user-friendly” changes to the OFT
(e.g., 108 replacement)

& The need for congurrency

» Considering changes to the training phitosophy and
ayllabus

LEQV Visual — Link instalied a site unique IMAGE IIT
LFOV visual systern, The Installation, database develop-
ment, and maintenance were covered by an unsolicited no-
cost change proposal. The purpose of the LFOV installation
was to validate the earlier Det 1 findings. Specifically, the
question was, “Will a LFOV visual add value and user ac-
ceptance to RTU and operationat training?”.

Besides the visual hardware and interface with the OFT,
Link developed a database which supported the previously
defined Luke training tasks. Similarly, database characteris-
tics were defined by Det 1 and validated/enhanced by Link,
when needed. The database characteristics were devel-
oped to support the specific Luke training environment.
They included weather, weapons scoring, color, and movy-
ing targsts.

The utility of the LFOV visual was subjectively evaluated
in a planned, three-phased. effort spread over seven
months. A group of 144 selected evaluators included transi-
tion and instructor pilots. The evaluation methodalogy fol-
lowed established techniques for developing and using
questionnaires. Post~sorfie Interviews were conducted by
HRL behavioral scientists.

Besides Link and Det 1, this teamed evaluation included
ASD, Headquarters TAC Training Research personnel, and
the Williams AFB HRL. The results of this effart were docu-
mented by Wiekhorst in 1987171 and are summarized as fol-
fows:

* Training transfer of skills to the aircraft was docu-
mented

& The training tasks identified by Det 1 could, in fact, be
completed with the LFOV visual .

s The user's perception of the benefit of the LFOV visual
was high

e Pilot acceptance of the LFOV visual was 85% or great-
er

- 0S Replacement — The original 105 was upgraded.
The singular tocus for this Link replacement effort was to
provide a user-filendly instructor station using state-of-
the-art technelogy and human engineering principles.

The new 105 was delivered to the 58th Tactical Training
Wing in May of 1987. The new design was then validated a}
the site through user interviews.

Concurrency — A firm GOR directive was concurrency,
The specific goal for Det 1 was to have the £-18 aircratt and
OFT block updates arrive at Luke simultaneously. This goai
has been met through strategies that include phased devel-
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opment, and OFT and aircraft configuration meetings. The
concurrency of the F-16 OFTs and first aircraft delivery
dates to Luke is shown in the following table:

E=16 Blogk Updatey
258~ 30+ 308+ ocu** 40+
OFT Dellvary Feb.’87 Jul."87  Nov.'s? Aug.’88 May'ss
First F-16 . Feb.'85 June'87 Nov.'87 Alg.' B8 June'89

Alrcraft Delivery*=*

* TF=16C Alrcraft
** F-1BA Alrcraft
*** Nominal Dates

These results show a progressive improvement in con-

cutrency. The Block 258 OFT followed the aircraft defivery
by two years. However, the Block 40 OFT has arrived at
Luke prior to the training need date.

Training Philpsophy — The tactical training philosophy

and syllabus concepts were reconsidered. As such, mis-
ston rehearsal training was curtailed and repetitive single-
task training was inserted.

Det 1 adopted an approach that replaced non-dynamic

training in the OFT with multi-task, dynamic simuiation.
Valuable OFT time ceniered on the practice of dynamic
tasks that would be completed in the aircraft. The OFT time
was preceded with logical, bullding-block tasks:

STUDENT OFT USEFLLNESS RANKINGS

Airgraft

Single Task/MNon-Cynamic
Lecture and Computar-Aided
Instructicn

The taining syllabus alse underwent additional

changes. For example, tasks which a partial visual could
not support were moved to other media or eliminated, The
overriding goal of the syllabus was to provide the student
pilot multiple oppartunities to practice training tasks in vary-
ing types of training devices. Each device has been de-
signed fo build on the other, The. building block approach
has provided a confidence factor which carries over into the
aireraft.

- DOCUMENTED USER ACCEPTANCE

User acceptance of the Luke training device building—-

block approach in particular, and the course of instruction in
general, is documented by the end-of-course student ori-
tigues. Included in the comprehensive end-of-course quas-
Monnaire is an assessment of the usefulness of the OFT.,
The results are generally 4 to 5 on a 5 point scale, and are

shown in the figure below,

DET 1 END-OF-COURSE CRITICAUE
RATENGS FOR F-15 OFT USEFULNESS

-

»

a

* TOTAL GF 10% RESPONDENTS FOR 1068

-

a4 5 8 7.8 92 1. 1 12 13 4 1 16
154868 DET 1 CLASSES

1 2

MUMBER OF STUDENTS INEACHCLASS
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FOLLOW-THROUGH

The Det 1 analysis and the subsequent validation has
established an RTU and operational training needs
“baseline.” These data are being used by Link to assure
that the OFT development required by aircraft changes cen-
ters on user requirements. Specific examples are:

Block 50 OFT

Twe engineering -change contracts are
planned. The Phase | contract is through Sys-
tem Requirement Review, This contracting
strategy allows OFT jflexibilly as the F-16
Block 50 aircraft design matures.

A beta site software load is planned for the
Phase il OFT contract. The capabilities of the
interim and final software deliveries ars de-
fined by the user's requirement. This ap-
praach aflows concurrency and will mest both
RTU and operational training requirements.

LFQV Visual
- Procurement

28 LFOV visuals have been competitively pro-
cured, Their database and visual characteris-
fics are based on the Det 1, Luke results.

WST Study

The Det 1 training baseline and similar Link
training data have been the starting point for
an F-~16 WST study. The follow-on to the WST
study will employ risk management for P3L.

- LESSONS LEARNED

The 28 LFOV visuals ars expected to be well received
by the user. This expectation is predicated on the user in-
volvement in validating the visual requirements at Luke AFB.

The I0S is being fielded on over 40 production units be-
sides the initlal Luke unit. Interview results at Luke and the
results of multiple site deliveries demonstrate that the 1I0S
meets both user and performance specification reguire-
ments.

Part of the initial Link/Det 1 planned product improve-
ment included the LFOV and 108, The LFOV was consid-
ered separately, and the 103 as part of 12 P3l items. The
resuits of these 12 P3| items are presented in the following
table.

Link / Dot 1 F3[

Bal Candidate Basult
Delate Canopy & Suppaort Systems Nat selectad.
Delete Mechano-Receptor Cualng Systemn  Not selectad.

. Simpler [0S Structure
Balete Oxygen System
. Delete Flre Suppression System

. Elminate the DTU
. Simiate the ACIV and Eliminate the
Stores Management Slimulatar

~m U\:PW!U:"

B. Replace Fire Control Radar

9. Eltninate [0S Aepeater Instruments
10, Altersiste EWTD

11, Elninzte One Mord-570

12. Relax Loglstics Raguirements

Cld 108 repiaced.

Not selected. ——
Flre supgression system
upgraded for Bleck 40 OFT.
Not selacted.

A trads study was campleted
In 1986, The approach is
being considarad for the
Block 50 CFT.

Aeplaced by the Radar
Display Generatar based on
a trade study.

Repeater instruments
retained on the 105,

Trade study and pmpasar
submitted. EWTD n

replaced,

Basad on trade study, the
computer system lg bein%
g?:grradad for the Block 4

Not selected.
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As noted in the table, not al P3l items were selected, for
various reasons., These reasons inciude:

Analysis showed that it was not cost effeciive to delete
or change some features

The long-~lead impact of retrefitting numerous produc—
fion units

Tying engineering chénges across multiple contracts
and production iots

Multiple contractors for the various subsystems which
support the OFT/WST

The ability of the contracting system to handle simulta-
neaus, multiple changes fo a “mature” device.

The overall P3| is viewed as a successful GOR initiative.
Major changes have been made to a “mature” device while
still meeting the concurrency requirement.

SUMMARY

Positive training thal is perceived as “fun” by pilots s a
difficult goal to achieve. Based on the Det 1 experience, the
keys to meeting this goal include a reguirements analysis
which is initiated and completed by the user. Transitioning
these requirements to the contractor and contracting
agency is facilitated when the user follows a rational, indus-
try-accepted System Engineering methodology. -

Another key to user acceptance is device concurrency.
The user needs established by Det 1 served to focus the
efforts of Link and ASD. The RTU and operational training
requirements stated by Det 1 were a clear priority for aircraft
tasks to be trained in the OFT. Simply put, the Det 1 needs
statement established:

& What was needed
® What was nice
& Vhat was not needed

Following these user-defined priorities, Link and ASD
have not only delivered significant OFT changes which are
concurrent with F-16 alroraft block updates, but are also
gasier to use and offer training in a manner that matches the
F-16 pilot’s visual mission.

1.
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