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ABSTRACT

Experts appear to mester the grt of critical thinking in {roubleshooting. It's os if they have a mental model of the
system elched on lhe inside of their forehead. How can this mental model be transferred to the novice? Through i
carefully crofted multimedio courseware and free-play simulations, novices can match wits with the expert in o delivery
environment thal doesn'{ require either expensive experl systems softwore davelopment nor complex hardware —
simulators. Prelimingry training results from g 200~plus hour program suggest that interaclive muitimedio courseware
may produce resuits approaching both of those methods, with substantially ower development and delivery costs.
Smoll-group trycut results from 21 courses developed by Allen Communication for Air force mainfenance {echnicians
show a 25% aggregate increase in knowledge, and a striking 79% cgqregate leap in the ability {c successfully apply
expert iroubleshooting siralegies {o simulated problems. ) .

The menial models of experts, the sequence of iroubleshooting actions they perform, and their reasoning have been

coptured using cognitive task analysis methods and used as the bosis of courseware design. Experls’ mentol models

form the foundation of the lutorials thot comprise opproximately 707 of the courseware. Their performance on
complex troubleshooting probiems is the basis of the simuloted troubleshooling scenarios. Combining this detailed |
cognitive lask enalysis with high-impact motivational video, focused in-depth tutoricls that directly depict the menlal
models of experls, and exiensive free—piay simulgtiens, this F-15/F-16 Maintenonce Continuation Training Program
won the 1993 AMebraska iteractive Medz Awordfor the most significant ochievement in the Governmenl/Military
caleqory and on Inlermedio sz Bronze Medal,

The author wilt present on overview of the methods used to design and develop these simulalion~-focused multimedia

courses, including: knowledge engineering, design, programming, ond evoluation. Courseware samples will be
demonstroted and preliminary resulis reporled.
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INTRODUCTION

Air Combct Coemmand (ACC) has been using intergctive
videodisc coursewgre for several yecrs to provide
maintenance  continuotion  troining  (Thomas,
Although quite effective, this courseware has primarily
focused on systems knowledge and procedural training to
support weapons sysiems conversions such os to the -
16 Block 40 and F-15E, Consequently, the maintengrice
problems related to troubleshooting these complex, highly
inlegrated  systems have persisled. Furlher, this
courseware for conversion iraining has been based.
primarily on lhe design principles  of . behavioral
psychology {Hannafin and Rieber, 1990), with either weak
or nonexistent simulalion copabiliies.  Meanwhile, ACC

fias been a strong supporter of research programs that

evoluate technologies (such as "cognitive task analysis™
and “simulation-bosed intelligent tutors”) thal qddress
these persistent problems -- especicily the ongoing
Basic Job Skills (BJS) project conducted by Armstrong
Laboralories. This paper documenis the early results of
transitioning some of this research lo full scale
development in the F=15/F-16 Mgintenance Conlinuation
Training Program {(MCIP). It describes both lessors
learned from cognilive-based courseware design ond
indicates greas with high polenticl for further research.

According 1o the Proguclivily investment Funding (PIF)
package that supported the MCTP, appreximately one

guarter of the components remaoved from the f-15 ang

F-16 during flight line mainlengnce are  aclually
servicecble (F-15, 25% F-18, 27%) when bench-
checked.  While there ore maony- foctors “olher than
fraining (or the lack of it) that direclly contribule to
these slalistics (including management pressures for
“quick fixes"), poor troubleshooting skills are abvicusly ¢
part of {he problem. These chalienges are further
compounded by initiatives such as Rivet Workforce (which
{ripled the lechnicians responsibilities in some cases)
and two—level meintenonce (which provides no loca!
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1987).

"back-shop" support lo iest and verify the conditien of

the componenis removed during moinfenonce). These

troubleshooting weaknesses are expensive in lerms of
time, logistics funds, and Lheir potentiol impgct on
readiness.  The potentiol paybacks identified on  this
$4.2M courseware investmenl are §11M in the first year
and over $100M in sovings across the anticipoted life-
cycle of these wegpons systems. '

PROGRAM DEVELOPMENT GOALS AND REQUIREMENTS

The F-15/F-16 MCTP contract required the development
of 21 courses (10 for the F-15 ond 17 for the F-16),

each approximately 10 hours of average studenl contact

lime, which addressed ten separate maintenance
specialties. It represented a ground-breaking sythesis of

several isolated Ar Force ressorch ond development

projects.  These innovations, when compared {o other
inferactive courseware development efforts, fie in folr
primgry oreas: Knowledge Assessment Tools (KATs),

Cognitive Task Analysis, Simulation~Based Instruction,

and Aulorngied Analysis Package. - -

Knowledge Assessmenl Tools (KATs)

Drawing upon pravious Air Force resegrch in assessing |
the #mowiedpe ond st of lechnicions on the A-10
Stabilily Augmentation Systern ond ihe F-15 APG-63
Rodar  System, the MCTP  controct required the

development ond volidation of tests_prior to designing

the ossocioted course.  This approach formelizes and
implemenls the concepl of "fest before you train." il g
technicion does not need. the training on a given topic or

- system, the test resulfs allow the studenl to be "routed

oround” that porticular portion of the courseware. This

was done lo significanily improve the lraining efficiency =

and the students’ motivation since the students were {c
be trained only where needed.

Validating the KATs early in the development process {in



the analysis phase, prior o design} allows the pretesis
to be much smaller and more eificient. Rather thaon g
comprehensive test of ¢ll the content included in o given

course or module, only key questicns or problems thol

have been statistically validated lo discriminale between
novices and experts are posed {o the studenl. This
further reduces the omount of time the students are
tested and trained. Volidating the tests and anclyzing
the data prior {0 design eliminatad many potential lopics
from the {raining —- lopics whose dela did nol suppori
their inclusion since the content was commonly known -
- while other topics were either included or thelr
coverage expanded as g resull of this analysis. This
pracess ensured that the lraining focused on only the
most needed areas. Finally, much involugble data chout
common miscongeplions ond misunderstandings  was
gathered for inclusion in the laler. design of the
associaled courses,

Cognitive Task Analysis

Cegnitive task analysis is a sel of procedures to define
the differances between how novices and experts think
ohoul @ given system or problem.  As previously
mentioned, ACC slaff personnel hove been sirong
supporters of the Basic Job Skills (BJS) program which
researches the use of a cogmilive tosk analysis
methodology o design “inlelligent tulers” for teaching
complex troubleshooling performance. By focusing on
the experts’ thoughl processes ond presenting them in
the context of robust ftraining simuletions, prefimingry

indicators from the initial test of the BJS F-15 Avionies'

Manual Test Station Tultor revealed a significant polential
io condense the on-ihe—job troubleshooling experience
inte o short training course {Gott, 1989).

Though the MCTP contract did nol require ¢ specific
cognilive {ask onalysis methodology, it did require thot it
be performed in the onalysis phose, prior to design, and
that lhe resulls be used as lhe bosis of designing the
courseware  and, specifically, the  {roubleshooling
simulgtions. It clearly stoled that the goal was to teach
novices ¢ model the experts’ performance on
troubleshooting problems -~ ie. to teach them to think
like experts.

Simulation-Based Instruction
Acknowledging lhe importonce of simulations to teoch

complex iosks releled o comgplex systems, the MCTP
contract required approximalely 30% of lhe courseware
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Lo be simulglion-baosed.

Simulolions are generglly
regorded 0s necessary in order {o provide relevonce to
“real-world" tosks, yielding more wvolid gssessment of
knowledge ond skills while enhancing the transfer of
learning to the aclucl job environment. furlher, the

. MCTP required that these simulations be based on the

results of the cogritive tosk onalysis as. previously
discussed.

While this emphasis on simulations iricorporates same of
the reseorch findings from the BJS project, note that
this appreach differs significontly from thal used in the
actual design of the BJS tulors. The BUS tutors use only

simulations with “coaching” as an instructional strategy

~- gl learning takes piace in the context of o

- simulgtion, with "hints" or "help” available upon the

aliowed
approximately 70% of eoch course to be provided by
other instruclional sirotegies. primarily the more cammon -

student’'s request.  The MCTP  contract

{and less expensive} lutorigls.
Autemoled Analysis Package

inlended for use by senior monagers and slaff, the MCIP
contract  required  the deveiopment of qutomoled

- programs 5¢ {hei plonners and managers would have the

necessary data lo show both lhe training-effectiveness
and cosi-effectiveness of the program.  Specifically, it
required outomated programs thal correlated pretest to
post-test scores by course and module to show trgining
effecliveness of each course. It also required pretest
versus posi-~iest correfation by core mainlenance {osks
(from the Specialty Training Standard or Job Qualification
Standard) and by the work unit codes reporied in the

Core Automated Maintenance Syslem (CAMS) to show

cost-effectiveness. In a autshell, it required auiomated

programs to point loward maintenance trends on those

iroublesome _systems that. would "prove” the program
mel ils goals. Much of the dala reported here came
{rom those programs. -

METHODS USED T

The original limelines specified in the MCTP “contract

reflected an intense development cycle; given all the dola
requirements, analysis, and reviews.  The firsl four
courses were 10 Dbe delvered within 10 months of
contract oword and the remaining 17 on a 1Z2-monlh
development cycle. Al were to be delivered within 32
months.  As the. fisl four courses were under
developmenl, il became evident that these lime frames



were too stringent. Changes to the requirements were
negoticted. The development cycle was extended 1o 14
months for each course (gt no odditional cost io the
government), though overall program duration remained
fixed, The KAT devefopmeni and cognitive task onalysis
schedules were _merged to allow them {o occur
conCUrrently rather lhon sequerdiolly, as SpECIfled yet
still prior io courseware design.

Further, this efforl was ongoing during the
relignce of this project on Air Force personnel and
support, the impoct of this large—scale military operation
was all-pervasive.  Schedule changes and personnel
chonges were frequeni, os were limitations on reviewers,
sample students, ond access to equipment or systems.
The design and development methods used were under
constont refinement, change, ong full of "work-arounds."
The following discussion of the melthods_used is provided
0s a0 gerera] somewhat “ideal” process, that likely was
never fully incorporated on any one course. '

KATs and Cognitive Task Analysis

As discussed eorlier, the goal ¢f the KAT wes to develop
a diognoslic device thot was “belter, fasler, ond
cheoper” than o trodilionol pretest. I} must sample
leorner knowledge and skill in critical arecs, assess
currenl level of performance, and direct the learner ta.
ihe appropricie instruction.  The following development
process was used,

1. Screen and identify project subject matter
experts (i.e. SMEs). A critical parl of ony cognitive task
analysis or "knowledge engineering” effort is identifying
e right S#fs. Since their understanding of the subject

system is lo be caplured as lhe basis of the software.

system lo be developed, they must lruly be experls. A
voriely of methods was used lo identify SMEs, including:
1) surveys for screening subject-maller experls and
review their experience, 2} interviews with SMEs,
managers, _and  supervisors, end . 3) perhops  most
valugble, soliciting recommendations from their peers.
Though the peer recommendations were clmost invarigbly
more accurate ond were relied upon more. they were nol
used withoul corroboration by olher means. _

Queslions were posed to lhese members of lhe lorgel
gudience such gs "if you were foced with o very difficult
problem on system XXX lhat you have been unable io
solve, who would you choose to help you solve il {from
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acknowledged s
system to another system or io agnother parl of the

- enie
duration of Desert Shield and Desert Storm: Due to high ~

_ leu of

any base in the Air Force) and why?" Several interesting
points came o light in this process, including: 1) the
peer groups undersland ond ocknowledge experlise in
troubleshooting, 2) individual experlise {even for those
"experts") wvories widely from one

same system, and 3) there are very few, if ony, experis

“on entire systems -- their experlise is werr gbmow
soecii. Frequently the experts on one subsystem were ™ ~
_ne more than

overage performers on o related
subsysiem. ' - C

2 Jjevelopﬁ knoiivledqé sur\;eys usiﬁg initial
SMEs. Usually two SMEs identified by the chove process

were employed lo develop initial knowledge surveys used

to further screen_their peers. Nole thol this survey was
not nlended to fruly delermine expertise, only to place
the ndividuals in on indicl cotegory for further analysis..
Nole also Lhal the gueslions included in the survey were
frequenily ~ word  problems © thel  described &
troubleshocting scenario or very lechnical quesiions
about the specific functioning of a system or subsystem.
At the same time, these SMEs were osked io define
representalive  troubleshooting  problems  (including
problem set-ups aond  slep-by-slep solutions) for
possible inclusion in the course. A preliminary cognitive
tosk onalysis wos gerformed for these problems using
the PAR! method (described below).

3. Perform cogaitive iask onalysis of both
novices ond experts. Developed as part of the BJS
program, the PARI methodology is™ o sel of dato
collection  procedures, including structured interviews,
designed to copture ond document an expert’s oclions
and reasoning processes simultoneously (Hall et g,
1990).
onalyzed lo determine the Precursor” {i.e. pre-existing
congilion). their specific Aclion ond the reasons for it
the associoled Resulis of thal “action, aond thenr
Interpretotion of those resulls, hence the acronym PARL ~
A somewhal streamlined versicn of the PARI method was
used lo inlerview approximately four experts and four
novices from at least two different Air Force bases. The
chonges to the published PARI methodology were minor,
intended {0 supporl "moss production” and (in the
outhor's opinion] do nol substanlively chonge [he resulls.

Nole three minor, yet perhaps valuoble, changes lo the
PARI technigue, Firsi, the term "problem” was used in
“precursor” since H communicoles beiter to.
laymen ond since the troubleshcoling strateqy to be

Each step in the expert’s performance i5°



tought wos space-splitling {also known as splil-half or
half-split). This change in terminology kept both the
interviewers and inferviewees focused on the "problem
space” and how each slep did or did nol continue lo
reduce it. Nole that ecch of the courses presenis the
PARI technique direclly io the siudents, in the confext of
a “generic" Troubleshooling Technigues lesson, end again
in the context of a quided, system-specific simulation,
using this terminclogy of Problem-Action-Resuli~
Interpretoion.

PART  interviews are very dependent on  visual
representotions of o mental madel of the syslem. The
second change “was lo provide the “experis” wilh
drawings “of the mental models developed by the initial
SMEs, rather than having them draw their own for
Wlustrating their solutions. They could crilique or modify
them os ‘necessary. The goal was {o develop and
document o common, Awmcbments/ mentdl mode/
(Lesgold et of, 1988} thet could be incorporated direcily
in the courseware to illusirate the troubleshooling
pracess {o the learners, ond o simultaneously documeni
and depict how it is expanded, modified, or olherwise
manipulated os the troubleshooler delves deeper info the
problem.  While this lechnique generoled considerable
discussion between the SMEs. consensus could aimost
always be qained. = This resulled in o common, yel
robust, mental model of the syslem (though perhaps not
on oplimum nor universal one) that can be validated for
functionality and ilustrated vie compuler qraphics and
animgiion in the coursewore. [See Wilson and Rutherford
(1989) for o further discussion of mental models.]

Finglly, the interviewing of novices wes treoted almost as
crifically gs the inlerviewing of experls. The mistokes
and misunderslordings of novices were documenled as
clearly as possible since common mistakes and
misconceplions were fo be directly oddressed in lhe
courseware, The combination of cclions taken of each
point by both novices and experts weuld define the limits
of free-play lo be designed into the simulations,

4. Develop alpha version of KAT ond review il
with SMEs.  Based on the cognilive tosk onglysis
performed above, the knowledge survey wos exponded lo
include more “key tests or checks" and the interpreialion
of results, in oddition to ihe word problems ond
technical questions previously developed.  This is the
foundation of the KAT.  The KAT ilems were then
reviewed by the initial SMEs for accuracy prior to field
testing.
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5. Develop beta version of KAT ond wvalidate
with field SMEs ond novices,  After any necessary
revisions, the  bela
representolive members of the torget oudience ot two or
more Air Force boses. The somple size wos ideolly 207

members, with a fully representative range of experiencé

on this specific weopons system. More subjective dato
cbout. the subjects wos qothered  simultoneously,
including evotuations of their performance from  their
supervisor(s) ond a summary of their background and
experience, B

6. Analyze results ond select finol ilems.
Responses fo KAL ilems were analyzed, item by ilem, in
three differenl ways using a point-bisericl method to
determine item validily.” In fundamental ferms, ~this

validetion identified KAT questions thal discrimiriole ~
_between novices ond experls.

Subjects weré firsl
categorized for onalysis by a subjeclive evaluction
{based on experience, and supervisor and peer input) a5
experts, average performers, gnd nrovices. The central
calegory wos added {o accommodale those who are truly
not experts nor novices..
coteqorized by the skilb level frem lheir Air Force
Speciaity Code (AFSC), i.e. 3-, 5-, and 7-level. Each
item wos evoluated for significont differences between
the resulis for the subjective grouping and the subject’s

versions  were odminislered to

Then, the subjecis were

AFSC skill level. Finglly, each siudent’s overall KAT score

wos used to assign him/her to the subjective grouping
ond the items onolyzed to provide on internal referent.

Minor or. occasional _onomalies were expected ond

accepled. By definition, any test item with a positive
poinl biserial volue will discriminote.  However, only the
ilems wilh the highesl positive volues were included in
the courseware, since the higher the value the betlac the

item discrimingtes and the more confidence that can be
_placed in the resulls.
variglions ocross all 21 KATs, the vost majority of item

Though lhere were significant

validily scores were above 0.33. The KR20 reliabilify

index was colculoted for egch test to evaiuate its

relighiity. By its simplest definition, religbility is the
abifity of 1he test lo provide consistent results, all
external foclors being equal. A composile threshold
value of 0.80 was estoblished for the reliability of each
test, considered gs o whole. However, given lhe scmple

_sizes for KAI volidation efforls, this should slill be

censidered g rough estimate of religbility.

Given the administration of the KAT to iwo pools of
studenis of two beses and the fairly high validity and



refiobility crilerio used, there was confidence thot the KAT
would make consistent, accurate diagneses of knowledge.
The final step wos fo refine the objectives for “each
course module fo be developed, correlate the KAT iterns
lo the objectives, and ensure adequole numbers of valid
and refiable items were avcilable for content covercge.

In those isolated coses where odequate, volidated items.

were not ovoilable, additioncl items were generoted ond
validated in conjunction with smell group tryouts. )

Simulalion-Based Instruction

While the simulations are the "hearl" of the instruction,
they are only a part of lhe overall design. The KAT and
cognitive  {ask analysis  results are incorporaled
throughout each course, as is coreful citention to the
target oudience.

General Struclure and Design. Since the target
oudience for lhis fraining includes bolh apprenlice ond
journeyman maintenance technicians, and the Lraining is
performed on a lime-availoble bosis, modularily s
crilical.  Each course is designed so thal sludenls moay
enler quickly, occess their previous position in the
course, receive intensive insiruction, and then exil eosily.
Qverviews, introductions, and ngvigational lessons are
mandatory for first-time studenis and then available as
options. The courseware allows the student access lo
verious oplions such as Help, Take o Breok, Course
Status, Experl Tips, ond flight line  Logbooks. Advance
organizers and summaries orienl students {o the overall
conlent of the modules. Sludents con exil lhe course
quickly by selecting o Logoll oplion, which ploces o
"bookmark” allowing them lo reenler the course al the
point they left if. Bookmorking also aliows the studenls
to browse lhrough and repeol instruction they have
already seen.” Each course uses the same structure and
conventions, since one student may iake several courses
in the MCTP series. '

Motivational  ond  affective learning  strolegies  were
inlegroted lo make the inslruction appealing to lhe
studenls and encouroge knowledge iransfer. For
example, o theme song was commissioned 1o g
professional song=-wriler and mixed with high-impact
video (including considerable Desert Storm footage). It
builds and reinforces the intrinsic molivational theme of
When The World Hos Hs fres O M ond s
incorporated throughout each course.  On-comera role
models introduce, guide the student, and conclude each
module. Learning games similer to Comceniarofim) or
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~ enterlgin the studeni, helping {6 maintain motivalion.

= functions,

roulette wheels (where students con wager poinis agoinst
their ability to answer technical questions) are used for
review, practice, ond reinforcement. "Commercial
breaks" are interjected lhroughout to surprise and

_ The instruction in each course consisis of four modules
covaring: Subject System, Refoled Systems {and their
interfaces with the subject system), Diagnostic Tools and
Procedures, and Troubleshooling.  The troubleshooting
module is simulalion-bosed, os discussed earlier, white
the olher modules are largely tutorials, with linear
inlroductions ond gaming sliglegies for reviews and
proctice.  Test items from the KAT davelopmenl process -
ore included as separate prefests and progress checks
for each of the first three modules. Siudenis enler the
iroubleshooting mstruction and free-play simulations only
offer passing KATs ar completing the previous modules.
If the KAT delermines thal the students need instruction,
they are rouled to the appropriate module (which
contains lwo or more lessons), Each lesson instructs
the sludenl aboul ¢ syslem’s maoin  components,

warking  relotionships,  ond  common

‘troubleshooting  problems. These  "“chunks” of
information, over 30 per course, are cglled clusters.

Fach cluster further evalules lhe student’s knowfed@e

- ond abilty via g conversalion-fike Socratic dialoque

technique, and then, depending on the resulls, will route
the student to in-depih lutorials. This diglogue provides
a more discrele "diagnosis” once the KAT has indicoied
that o weckress exists, This design cliows the more
knowledgeable sludenls to progress very quickly through
lbe course. by correclly onswenng guestions.  Weaker
studenis receive lroining thal is individualized o address
their specific weaknesses. This ogproach hos ollowed
some students to complete o course in four hours or
‘less, while others speni the two days allocoted _for
tryouts and still were unable to complele the course.

In these lutorials, studenis receive extensive lraining
aboul the syslem which filis in their specific "knowledge
gaps.” The insiruclion in each lesson is accompiished
by using voice-over narralion or lexi, supporled by full-
coler graphics and video of proper mointenonce
procedures.  The mental model for the syslem is
inlroduced in- the ~ Subject System module and s
.exploined in the conlext of describing the system's
funclionality. it is reinforced in the Related Systems
module, where il depicis the inlerfoce(s) to the related
systems on the aircroft. In the Diognostics module, it s



used lo Mlustrate where cerloin tests cre performed, lest
equipment is used, etc. It is olso incorporaled in the
quided simulation of the Troubleshooting Module “os
feedbock io_ depict ond reinforce™ effective spacé-
splitting.

these simulations were cansciously designed and used lo
provide the most vaiue for the leost cost to the
.governmeni. While definitely effective, simulation-based
~iraining is  expensive -- intercclive courseware
simulgtions can often cost at least three times as much _
lo develop as simple” interactive tulerials.  Yel, the
* relative training effectiveness of simulations versus other
instructional slrategies is not clear (Fletcher, 1990). The
MCTP allempls to wuse a rore optimum mix of
simulalions with  other stroleges o incregse cosr=
. effechiveness, Instead of oll the conlent being presenied

Troubleshooling  Simulations. Each course
contains six to nine specific troubleshooting simulations.,
used throughaui the finol module. Simulalions ore used
cs the pretesl for the module, the specific lessons within
it (o generic Troubleshooting Techniques” simuialion. as
discussed ecrlier, plus o course-specific _guided
simulation), to provide practice in application, ond they
serve as the oprogqress check. These are fairly robust
and powerful free-play simulotions. The student can
perform between 60 ond cbout 150 octions (depending
on the course) on the system in guestion, in any
sequence at any time. These aclions are g5 voried oS

{utors” for maintencnce skills), simulations cre used_ here
almost exclusively for illustration, practice application,
and gssessment.  Tulorigls that are focused_on the

support troubleshooting are used as lhe primary -
presentation strategy. - -

in the context of simulations {os do most “intelligent —

corefully~analyzed knowledge ond cogritive bilities thaf” =

talking to the pilot, researching the maintenance history,
performing tests with diognoslic  equipmenl, making
visugl inspeclions, replocing ports, ond performing
operofiongl checks. Each simulgtion conlaing wel
1,000,000 possible paths, and seme significanlly more.

Al the while, performance indicalors irack ond disploy a

running evaluation of the studenl's performonce: Lach

slep is evolugted fo meel one of four crilerio: 1) critical

to successfully solving the problem, 2) a recsonable

slep, though usually reutrgl in volue toward solving the
prablem, 3] on unreasorable step, or cosily in ferms of

time or pacts, or 4) ¢ salely viololion, which resulis in

immedicte terminglion of Lhe simulalion.
number of steps iaken is disployed, os is the number of

critical sleps and unreosongble steps, the time expended

(in lerms of the aclual mainlenance time it would loke

{o perform the action), and the cost of parls used.

Students ore allowed t¢ lake three unreosoncble steps

before the simulotion is terminated {o provide feedback

ond o summery evaluglion.  The simuletion is also

terminated if one or more of the efficient time, tolal

steps, or cost limits {140% of optimum) is sxceeded. in

the summary, the student’s performance is direcily

compared and conlrasted with the axperi’s performance
in terms of qll these faclors. A step-by-step

comgarison of each action token ond the corresponding

resull is displayed. Sludenls  musi  successfully
troubleshoot ot least two randomly generated aircraft

system faulls before possing the course.

in addition to being insiructionally pewerful fo depict
couse and effect relotionships in- o~ Tomplex system,
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© “studenl.

constantly  os

fhe totdl

Further, the courseware uses direct instruction methods_
fo imporl the information in the most lime-egfficient
manner. Rather then legving the_students to (ormylate
their own mental model of the system, a common ane is
presented directly.  Rather than inferring the expert's
gpproach, their specific troubleshcoling sequence s
presented directly for step-by-slep comparisen with the” ~
Rother than implying the cost and/or value
associated with eoch step or action, they are disployed
running  lotols  in the performance
indicalors. and aqain in a detaied, step-by-slep
summary after egch simulation,

What s simulgted olso differs from most instructiongl
simulolions  (Alessi and Trollip, 1991).  Rather_lhon
building an extensive, reglistic simulolion of the system
under study, likely humen actions are modeled.  The
actions that novices and experts are likely lo toke are

incorporaled os fmils 1o the free-play choices. Thé

realism {or fidelity) wos olso focused on the oregs
perceived to hove the most instruclional volue. While fhe
resulls of o sludent’s octions ore cleorly depicted wilh
piclures {ond somelimes sound or explanalory iext) lo
support the student’s interpreiation, guile cften lhe
action choices are merely "menu  selection items.”
Similarly, these simulolion scenarios are used filly ond
thoroughly, A typical student will experience almost
gvery simuialicn scenario in each course, even thaugh
they are presented randomly (with exlinction, then
“reshuffled") lo prevent compremise. In comparison, a
typicol compuler-driven fiol-panel avionics trainer may
provide the copabilily to simulale over 1C0 problems, yel



the student will only experience about ten of these in a
typical course, due to the limitations on iraining time
and course length.

Also impacting cost-effectiveness over the life cycle of
iraining programs is the way the simulations {ond alf the
courseware) were developed with o commercial off-the-
shelf {COTS} authoring syslem. They were developed
entirely in the ¢uas/(im} Multimedia Authoring System,
as required by the MCTP contract. Consequently, these
simulations can  be updated ond maintained by
experienced Air Force subject-matter personnel, while
neither intelligent tutors nor flat-panel trainers can be.
Updotes can also be affordably done vig competitive
contract if necessary. The simulations are “driven” by a
small, yel very powerful “simulation engine” written in
the underlying Ckes/ (im) Authoring Languoge thal is
compiled for speed and used for all the courses. The
screens used io present specific oelions and resulis are
in lesson files, with no inherent branching or paths, while
off logic and scoring criferia are_contoined in o_delimiled
text file (i.e. table) that is crealed and updoted using @
spreadsheet. The "simulation engine" reads the action
taken, determines the appropriote resull bosed upon the
rules toble, and displays the correct result screen. This
modular opproach, separating logic from contenl, speeds
up initial development ond mokes the simulations much
easier to update and maintain, reducing life cycle costs
even more,

Automated Analysis Packoge

Al these mnovations may be mool without the final one
-- an outomaled analysis package that links learning
qoins back fo the maintenonce environmeni.  The
previous innovations were transitioned from reseorch ond
development {R&D) to large-scale implementation. This
lost one is stil on R&D effori -- to the uthor's
knowledge, nolhing like il has been attempied in either
the militery or industry.

Pretest and progress check scores for each guestion or
simulation scenario gre captured for each individugl in
each course.
{tm) compalible datcbase formal for consclidation and
further analysis by specialized programs. These
programs provide correlation of these scores by module”
and course io show lraining effectiveness doto, o
commen praclice.  More imporlanlly, they provide g
similar correlafion of test questions and scores to core
tosks and {o work unil codes,
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. Summaries

. {echnigues fo o "production fing.”

This dato is then looded lo o ofmse #

03 discussed earfier. _

are provided by student, an aircroft
maintenance unit, a fighter wing, an Air Force Specially
{AFS) or an _aqgregote of oll students who_have taken o
given course (regerdless of AFSC or umit of assignment).

. This same test item dala ¢on also be loaded 1o an A

Force-developed  iest-item  analysis pockage - for
evalyoling indwidual lesl ilems ond tests i lerms or_
d;fflcully reliobilily, volidity, elc

In eddition, critique data from o stondardized, Air Force-
provided 17-question oatornaled survey is gathered from
each studenl for onalysis. There is glse a vehicle for
unsolicited. feedback in. o "free—farm, ananymous mode.”
The results described below were gothered usmq these
standordized packoges.

RESULTS

The F-15/F-16 MCTP oppears lo have successfully
fransferred  research  ond  development  lools  and
All 21 courses have
been delivered ond occepted by the governmeni. The

_data avcilable at this point is from small group tryouts

of each course, since some of the courses have jusl
been delivered and several have yet to be fielded. More
meaningful dota should become qvailoble when each
course receives @ scheduled follow-up dalo exiraction
ond anoglysis. By lhe time this poper is published, hol
dala should stort becoming avadloble,

Limitgtions of Availeble Doia

Given the source, the sample size per course is. small.
Conclusions would be premature for any specific course..
Mote also that the skill distribution of studenis al small
group tryouts wos nol truly representative of the larget
audience. An equal representation of novices, overoge

- performers, and experls wos soughi for small group

tryouts.  Hawever, since experls could logicelly be
expected to score hlqhest on prelesis, yel make up the
smaliest percentoge of the larget population,
from o numerically represenlative sample should show
even higher gains in knowledge or skills. The dala has
nol been seporately analyzed by skilt level,

Ancther iimitation is the varying numbers of sfudents
who completed ¢ qiven module, especially the final cne,
Troubleshooting.  Much of this is due to the inability of
sludents to complele the course in two days  (the
maximum time cvailable). There were glso a few coses
of power interruplions and hardware or software failure

the dato .. . .



during tryouls which impacted mited porlions of student
doto.  These inconsistencies have been accommodoled
and cempensaied for in the analysis of resulls where
possible. For example, only those completing o progress
check are colculated in the pretest data.  Though the
available data is presmmnary by definition, coming from
small group iryouls, each course successfully mei the

{ryoul  crilerio specified by the Ar Force, When

-considered in o holistic foshion, some indicolions should
he effecliveness of the basic

be valid reloled. to
approach ond the coursewore design, due fo the
commonality ocross oll courses and the aggreqote
sample size of all trycuts.

Table 1. MCTP Knowledge Gains ~- Pretest vs. Progress Check Incregses (Data From Small Group Tryouls)

Subject Systems Module Reloted Syslems Module Diognostics Madule Tolal

Course Preiesl  Prog Ck  Difference Prelest ~ Pragq Ck  Difference  Prelesl Prog Ck  Dillerence Differente.
F-15/8 30 82 397 NA NA NA 5 44 43% 41%
F-16/3 53 88 35% 5 .. 9 43% 55 %0 329 .
F-15/2 42 84 47% 59 98 39% B9 @8 28% oo 6E
F-16/% 43 8 387 5. 92 3 58 B4 287 347
F~16/1 56 33 26% 58 5 3% 48 a8 43% _ 35
F-16/10 63 92 28% 59 92 33% 60 8 23% _28%
F-16/11 53 8 31z 83 86 237 81 90 o n¥r 287
F-16/7 65 91 5% 58 89 3i% 89 93 A .
F-15/5 72 82 10% 68 100 2% 70 100 . 0% 4%
F-15/10 68 H 23% 69 88 9% 62 a1 129% . 4%
F-16/4 B4 & 277 61 g1 20% 57 86 297 243
F-16/6 72 88 AL 56 88 3% 85 83 ~o8% 3%
F-13/1 5% 87 29% 62 96 34% 83 88 Y 4 |23%
F-16/8 72 88 16% 56 ife} 32% 65 8 20% 2%
F-15/9 63 ] 28% HA NA NA 74 91 V7% 23%
F-15/7 61 92 3% 70 &9 19% 76 93 7% g
F-15/4 74 g6 127 64 a3 20% - 96 90 34% 2%
F-16/2 62 83 23% 75 93 18% 68 86 18% 207
F-16/5 63 a8 25% 72 85 13% _ 68 8 . 20% 9%
F-15/6 7¢ 85 5% FA 82 9% 70 89 9% 147
F-18/3 74 84 16% 78 91 1% 93 90 -3 97
Mean 62 87 25% 64 90 26% 56 0 24% 9%
Medion 63 38 25% 62 83 % 65 90 25% LA

Training Effectiveness

Aggregate data regarding knowledge gains from a sample
of 183 students gt small group tryouls shows overall
knowledge gains (from the first three modules) average
25% (see Table 1). The daia from these three modules

reflect tesling of the background knowledge required for .

troubleshooling.  This omount of increose is not
unexpected and is of no particular significance, based on
the outhor’s experience, other than showing thet
considerable earning look place.

Note that the pretest scores by module average 62%,
64%, ond 66% respectively, else the incregse in
knowledge scores may have been higher. This can be
attributed primarily to two foctors. ~ First, the sludents
had o farly high eniry knowledge, since they have
clready graducied from formal technical training ond hed
flightline experience. ~ Secondly, all tesls ore “open-
book" with no lime [limits, so students had the
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opportunity {o research their answers. This ready access
to technical data is mdesdomgl since the studenis agre
reguved Lo use |he technical dola in aclual flightline
performance of all job losks.

The incregses in performance 0s measured by the

simulations used for pretests ond progress checks in the
Troubleshooling modules appear 1o be . quite sgqulconi_
__Only 14% of the studenis could solve the problems in

the prelest while 93% solved them in the pregress
checks, on incregse of 79% (see Table 2).
pretest scores oppeor especially significant given that lhe
students are supplied ond encouraged o use lechnical
dalg (whicH often Includes very specific foull-isolalion

- quides) during the emdrzcourse..

A general finding is lhci while students may know focls
ond fiqures® oboul o syslem, they stil do nol lruly
understand how it funclions —-- especiglly when ¢
component of the system has failed. While they may

The low



Table 2. MCIP Performance Gains on Troubleshooting Simulotions (Dale from Smali Group Tryouls)

Course

F-16/1
F-13/1
F-18/2
F-15/2
F-16/3
F-15/3
F-16/4
F-15/4
F-15/5
F-15/5
F-16/8"
F-15/6
F-16/7
F-15/7
F-16/8
F-15/8
F-16/9
t-15/9
£-16/10
F=15/10
F-16/11

Totals

Toble 3. F-16 Prelest to Progress Check Score Increases Correloted by Work Unit Code -~ Partial List

Course

16/3
16/2
18/2
16/4
16/4
16/4
16/7
16/8
16/2
16/3
16/3
16/3

Table 4. Pretest to Progress Check Score Increoses Correloted by Task {From STS or JQS) -~ Partial List

Course

16/2
16/2
16/5
18/1
15/2
15/3
16/4
16/3
15/2
15/5
16/4
16/3

Prelest
Altempts Possed A
7 1 147
9 1 P17
8 1 13%
7 ¢ 07
NA NA NA
8 1 13%
9 0 0%
8 Z 25%
10 2 0%
[ 4 36%
12 i 3%
i 0 0%
12 8 B77%.
7 ¢ 0%
t2 1 87
9 1 1A
i 2 25%
8 1 13%
8 ¢ 0%
10 ¢ 07
9 0 0%
183 26 14%

WUC Bescriplar

14BCO Integrated Servooclualor, Flaperan
134D Handle Assembly, Landing Gear, Pilol’s
14A00 Panel Assembly, Digital Flighl Contral
TR0 Cable, Tronsmit Orive

74CL0 Genergl Avionics Computer

74KAQ Multifunction Disploy

27GM0 Hydroufic System
75800 Exlernal Slores
14DA0 Leading Edqe Flops

14BAD  Inlegraled Servoactualor, Rudder
14B80 inlegrated Servaactuatar, Horizenlal Teil
14400 Panel Assembly, Digilal Flight Conlrols

Core Tosk

Troubleshoot Aircrali Wiring

Use Dole Transfer Termingl Switch

Rig Enging Power Conlrol Syslem

Use Jet Fue! Starfer {JFS) Analyzer

Perform Operational Checkoul an Manyal Flighl Controls
Use Porlghle Hydraulic Test Stand

Troubleshool RF Wiring

Trace Signal/Data Flow in OFLCS

Trace Wiring/Syslem/Interfoce an Manual flight Conlrols
Troubleshoot External Fuel Tonks System ™

Isolote Faully Anlennos

Use Hydraulic Test Stand - Support Equipment
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Pretest
(Average)

9%
8%
437
M7
28%
475
47%
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50%
0%
30%

. 42%

Prelesl

{Average)
39%
9%
40%
4%
5%
42%
48%
53%
7%
53%
N%
50%

Check

%

36%
100%
86%
86%
NA
Nz
100%
1007
100%
8%
100%
100%
867
867
92%
100%
B6%
100%

_300%

100%
100%

93%

Progress
Check Avq.

0%

100%

100%

1007

837

1007

94%

83%

100%
100%

100% . .

92%

Progress

Check Avq.

100%
100%
100%
30%
100%
95%
95%
100%
94%

100%

87%
95%

D

Difference

71%
8%
AT
a6k
NA
59%

- 10%
75%
80%
4%
827

100%
19%
86%
83%
897
617

100%

100%

100%

1008

79%

_ Difference

e
62%
5%
6%
557
33%
3%
3%

0%
50%
0%

ifference

B1%
BI17
50%
56% .
35%
53%
47%
477
477
47% .
467%
437

50% ©

o
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know how lc perform a given troubleshooting procedure,
they do not understond when ond why to perform il in
the context of actual problems -- they cannot
efficrently select which procedure lo use in specific
circumsiances. These findings are substentiated by the
high preiest scores on the previous modules (especiolly
the Diognostics meodule, which covers diognostic tesls
and lesi equipment), yel poor performance on the
Troubleshooting  pretess. Note that the modules
(including pretests ond progress checks) are presented
in sequence, so the students have o firm knowledge
foundation prior to toking the Troubleshooting prelest
simulations.  Yel, anly 14% of the students could poss
these problem~—solving pretests.

Cost Effectiveness

As discussed earlier, the small somple size from smell
group tryouls does nol supporl conclusive cnolysis of
date on o specific course. However, this preliminary
dato is quite encouraging. When anolyzed by Work Uni
Code {i.e. o mainlenance action relaled le a_specific
component, assembly, or subsyslem), twelve F-16
components show g troubleshooting knowledge increase
of 50% or more {see Table 3). Dozens show more than
o 30% increase. Similorly, nine F~16 {asks show ¢ 45%
or more incregse (see Table 4). . Should these
prefiminory indications beor out, sovings reloted to just
one F-16 maintenance lask (e.g. Isolole Faulty Antennc
for the APG-68 Rodar, with o 46% increase as in Toble

43 pr reductions in supplies of jusl one F-16 companent V

(e.g. General Avionics Computer, with o 55% increase as
in Table 3) could fegsibly pay for this enlie courseware

Table 5. Critique Results From Small-Group Tryouts (Air Force-provided questions, 5~-point Liker scole)

Question:
How welt did the course hold your atlention?

Haw eosy s it to exil gad relurn fo the course?
How cleor were the direclions far vsing the course moteriols?

How well did fhe course prepare you for lhe progress check?
How well did lhe progress chack lest whal you learned in {he course”
How clear wate the lest queslions?

0. How odequate (free from noise gnd mleruplions) 15 1he nteraclve coyrsewate workslaten?
11, How well did the course encourage use of oppropriote 1.0.s or olher lechnicol doto?
12, Haw eosy wos il lo gel o copy of the technical dato needed lo lake the course?

13. How availoble wos lhe course for use during your duly hours?
14, Hew well did the course hardware ond softwore operaie?
15. Haw beneficigl was the ceurse la you personally?

16. How helpful do you think il mighl he fo have this course ovailoble for your review of some fulure dole?

* From course 15/8, whose knowledge increose was the highest recorded (41%).

733

overall {see Toble 3)..

How well did the course prepore you for job lasks taught in the course?

How well is the course divided info "bile~sized” segmenis of iastruction?

How well did the pretest resulls allow you 1o bypass parls of the course you already knew ond did naol need"

development effort,
Subjective Feedback from Critiques

Anglysis of the cggregale dotg from ihe stondordlzed
automated, Air Force=provided critiques is quite positive’
li_gveroges 3.97 on o 3-paint
Likert scale {1 = low, 3 = average, 5 = high). There
wos g wide ronge in crlique inpul when anclyzed by
question and by course, as shown by the High ond Low
scores. When qli queslions were summarized by course,
the overcll evaluation of eqch course ranged from a low

of 3.36 for course F-15/8 lo 0 high of 4.43 for course

F-16/7, with o meen of 3.87 ond o megdion of 3.95.

The lowest evoluglion on 10 of 16 questions and the

lowest overall evaluglion came from course F-15/8 --

which had the highesl knowledge gains recordad.

Note the overall scores of 3-.76 on Question ! _Oﬂ(;3.94 '

on Question 7, yel overall scores of 4.11 on Queslion 15
and 4.19 on Question 19. Though lhe ctudenis appeared
to tnink thal the courses. did nol orepare lhem for
octual job performance as well as they could hove
(though 3.76 on o 5-poini scale is siill quile positive),
they felt thal they were relgtively better prepared for the
progress checks {3,94). Further, the courses were rated
both very bereficiol personally (4.11) and very voluable
for furlher review {4.19). Perhaps lhis disporily between
perceived volue and the lower score on preparation for
job performance-con be ofiribuied to o desire for more
practice on mere problems,

High Law Avg.
454 308 S
458 335 4.0t
1.30 37 388
4777 383 T 3
{57 342 413
433 3,004 379
4.62 325+ 394
.- .- 467 . S 1M
B 415 32w 3
4.35 308 383 .
4.54 27 386
. 467 32 48
4.60 e 384
4.70 325 4al
485 .40 407
48z 353 409
101 jer



CONCLUSIONS AND RECOMMENDATIONS

Methodology Issues. The MCTP effort volidates |

the widespread ulilily of the PARI process, especiclly for
less experienced interviewars, The outhor  can
recommend the PARl process without reservation for
those insiructional simulgtions where the learners'
actions gre the key inpul to the outcome -+~ os
opposed to o process simulation, for example. [See
Alessi and Troflip (1991) for on excellenl description of
the types and uses of instructional simulations. ]

The wvaolidalion of tests and the onalysis of results prior
to designing and developing the insiruction helped
significantly in focusing the training on the most needed
oreas. Further, it also provided considerable dato thot
was incorporated directly in the course design. While
most instructional design models call for developing the
tests prior to designing the instruction, none (lo the
author's knowledge) describe the benefils. of gctually
odministering it and anolyzing the results. This practice
should be considered for more widespread use, since il
does not take that much additional effort yel it vields
significantly valuable dota.

With performaonce improvements mare than three times
the size of the knowledge gains, the dotc would suggesl
thal the courses gre quite effective in leaching sludents
sow 10 gopiytheir knowledge to compiex troubleshooting
problems.  The datc would olso suggest thet while
essential for measuring troubleshooting skills, simulations
are nol the amy meons of leaching iroubleshooting.
When combined with corefully designed tutorials, o more
cost-effective mix of instructional strategies may be
possible. Finally, the dola would support the proposition
that mental models con effectiely be fouphl drecily
rather than through inference or self-discovery. More
research and evaiugtion of this issue _is definitely
worranied, given lhe development cosl of simulations as
compored lo tutorials. A loler enhoncement of this
simulation  developmenl  methodology  used for ¢
commerciai client (troubleshooling electrical problems on
diesel/electric locomotives} wos to add o “Ralionale”
section to lhe summaries presented after each
simulglion.  This section grouped the actucl steps
performed in o troubleshooling sequence info o higher
fevel of "key lests or checks," explaining the experis’
rationale for performing them. (Often, it requires several
distinct steps fo perform ore complele {est in order i
split the problem-spoce.) This enhancemenl appears o
reduce the amount of proctice needed for the novice to
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understand and slart modeling the experis’ performance,
yel this wes nol o controlled study so any conclusions
would be premature.

. The dota would clsc suggest that psychological (ie.
cognitive) fidelity is the key component of simulation

fidelity fer complex maintenance tosks rother than
physical or funclional device fidelity. Note that these
courses were developed on an 80286 microcompuler,

640 kB RAM, duol floppy drives {nc hord disk), CGA

graphics, and an interactive videodisc ployer.  Physical
reglism was limiled 1o visuals of gctual equipment, and
these were used primarily to depici the results (and not
the possible actions) os menlioned previously.  There

.was no frue physical fidelily. Functional device fidelity

was olso quite fimiled. Care wos taken lo depict
accurgte results for uny of ihe action choices provided.
However, these action choices were limited to the actions
performed by either rovices or experts during lhe
cognilive task onalysis = - fikely actions, rol all possible
actions, were simulated. This resulted in o e sumpier
semwahion mooe/ than exisls in_either compulér-driven
port-task {rginers or intelligent utors thot are used. to
present the same {or similer} content. This impacts the
design, development, delivery, and maintenance cosis of
lhe simulations.  While further research is “definitely
needed, this datc would suggest thel significant
incregses in the cost-effecliveness throughoul the life
cycle of mainlengnce troubleshooting simulations are

possible by using cognitive task anolysis techniques 0 CooE

build high psychological fidelity.

Reseorch lssues. The author would echo the
opinions of Lane and. Alluisi ihat discussions of fideliy
are confounded by the {erminology: “...unless we odd @
great many cdditional modifiers, the term fidelity is so
generel 9s lo be olmost megningless in  discussing
simulalions” {1992, p3), and further that paying lhe high
price ol high fidelily does not ensure iraining
effectiveness: "...all {he fidelity you con afford moy he
oo muctk (neir emphasis) for optimum troining (1992,
p10)." The outher would also contend thal Lhe issue of
fidelity is further compounded by the dillerence in
maintenonce versus operaior losks.  Abss pusdsted
rEseoreh seems 1o qoply lo apervior lraming, yel mony
seem o gpel W drecly. lo mamiemaace. Most
maintenance lasks do not seem to require lhe precise
psychomotor reaclions, the constoni monitoring of @
myried of visuol, guditory, or loclile cuss, the regl-time
event simulation, ner the potentiolly uniimiled emergency
conditions thal are common in operalar lasks,



The outhor would encourage more specific research on
instructioncl  simulations {0 address  the. following
questions:

1. "How much simulation is enough” to reach
\he mros/ cosi-effective myi of instructional slrolegies?
Under what conditions and for what audience? While
simulation aoppears essential for some things, it is
unguestionably the most expensive instructional sirategy
being widely used in interactive coursewore. When must
it be used ond whal alternative strolegies ore both
efficient ond cost-effective? ~ How much practice is
aptimum for cost-effecliveness, both in terms of actuol
tearning and to provide sufficient student confidence lo
facilitole transfer lo the job environment?

2. How much (ideflity {ond of whaol fype) is

needed for the .smes/ cosi-effechve cevelopment of

sumuiations?  For whol subject motier ond gudience?
Just as in “horgware simulofors,” the fidelity of
simulotions in interactive courseware is_ the  primory
determinan! of cosl. Agoin, how much is enough?

3. Whot are the quantifiable differences (i
ony) belween the requirements for goetions versus
maiatenonce sumeiplons? How do lhey impacl fideliy
requirements?  As discussed above, mointenance ond
operator lasks seem to differ substentially in some of
the key areas reloled to the fidelity of simuiolions. For
example, mainlenance lroubleshooling simuiglions seem
to have more in common with medical diagnostic
simulations thon with flight simulotions.

4. What are the guaniifiable differences (if
any) in fidelity requirements between meinienance s/
skills lrawmng ond odvanced lrovblestooling. roming:. &
least in the key oreas of physical, psychologicel, ond
device,/functiona! fidelity? It oppears thot high physical
fidelity and low functional fidelily is needed for initial
skils {rcining, while high psychological fidelily is
necessary for advanced training.  Builkding either
unneeded functional fidelity into initial skills troining
systems or physical fidelity into odvenced traming
systems significantly incregses bath complexity and cost.
How much is truly needed?

Manogemen! [ssues. In conclusion, the auihor
would  strongly recommend thel  the dalo  Trom
impiernentation of this courseware be promplly gathered,
analyzed, ond compored with CAMS maintenance dotg,
then widely disseminated. In addition to more insight
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operalions  ond_ mainfenance costs, ¢ much

- whether they are defeclive or nol. -
case when the MCTP was originally proposed ond funded.

into the inslructional design ond training effecliveness

“issues gbove, the cosl-effecliveness dalo could be of

significant  benefil  for  other polentiol  courseware
programs, as follows: -
1. Reductions in Maintenance Manhours or
Spare Parls. These iwc areas were originglly largeled os
the potential poyback for this iraining investment in the
PIF package (os discussed eoriier). 1o
investments in ‘intereclive courseware use reductions in

troining time, instructor salories, tigining facilities, or .

travel cosis as the polentiol offseis. Insteod, lhe MCTP
attemots to tie the return on training investment back to
lorger
potenlial return on investmenl (polentially more“lhan a
100:1 poyback rclio) ond on area direcily related lo
mission capabifity.  f successful, {his allempl could
provide both o significant, large-scale precadent and o
proven methodology in how lo do so -~ dllowing others
{0 use similor training invesiment strategies.

2. Reductions in Depot-Level Repairs. Aircraf}
wing commarders must now poy for depol-leve! repair
of ALL componenis processed by o mainlenonce depol,
This wos not lhe

Should the dolg confirm thol this troubleshooling training

decreases those depot repair costs (as it should, since il
should reduce lhe rnumber of components removed
erroneously), the local wing commander con have morg
budget flexibility and will fikely be o stronger proponent
of lraining.
earlier) will likely increase the cosl of depot-level repairs
(and the accompanying tronsportation costs) otherwise,
since lhere wili be no local "check" to prevent

_componeats being senf lo lhe depols unnecessarily.

One of the persistent challenges of training efferis has
been lo show g direcl relotionship of lraining resulis lo
either mission capability or locol management inilialives,
The results of traning and the accompanying impact on
performance have ofter been either intangidle or difficuit
to measure., The MCTP's gutormoled analysis programs
and the dota that they gemerate could demonstrate g
methodology for providing the local commander (and
higher levels of management) quonlifiable resolfs (in
hoth time ond money savings) in direcl relationship {o
Iheir emphasis on and support of lraining.

Bosed on the prefiminary results of this MCTP project
and the author's experience, the answers lo some of

“Two-level maintenance” [as described



these issues may nol be os obvious as they seem.
Meanwhile, those of us frequenlly tasked to "transition
research inlo reality" sure need fo know..and lo have
the dalo 1o supporl and justify our ‘program -
management octions or instructional design decisions.
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