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FOREWORD o

Theé Manpowor and LdUCdLlﬂﬂai Svstems Technical Area of the u.s. Army Re -
search InStitute for the Behavioral and Sccial Sc1ence5 (API) performs re-
sedrch and development that includes the application of educdtional technology

and simiulations to mititary traininug. Research on the use of Computer ~based

simulations for maintenance training is of special 1nterest because the de-
v;lopment and lmylementatlon of such simulaticns is seen 4s a means of reduc-
ing training time and costs. Corputer- -pased SLmulatlons can prov1de greater

' individualization of training tharn standard df;TOTChub and can reduce the
need for operational eglijrment durirng trainin

This réport summarizes threc on-going research efforts concerned w1th
computer-based simulations tor maintenance training. 1t is an edited version
of an unpublished pajer Lreqented at the Military O;evatlons Research Society
gymposium in December 1979,

The first effort, Gamc-Based LEarning, is being conducted by in-house
personnel. It is responsive tc the reguirem cntq of RDT&E Project 2976“717A79O
"Human Performance Effectiveness and ulﬂbldtlﬂ’\" as described in the ARI FY 80

Personnel Perf-rmancc and Training Frogram: Basic Eesearch and Exgloratory
Development.

) The second effort; Haman Performance in Fault DlaCnOSlS Tasks; Is being
conductea by the DHIVérSlt“ of Illinois a3 jart of the ARI Research Themes

Program. The research 1s responsive to the re. ulrewenﬁs of RDT&E Proﬁect
20161Y02B74F, "Basic Research 1in the Eehavio ~ral and Sccial Sciences."

System, ARI'S résources were aucmented by contract with Perceptronics, Inc.,
an organization selected as having unique cajabilitieés for research and de-

in order to accomplish the third effort, adaytive Computerized Training
nte

vélopment in this area: The research 1s resionii/e to the reuairements of
ELTSE rProject %“%63/H1A793; "Tralulng Simulaticn," as descrined in the ARI
FY 80 Persornnel Performance and Trainind Frodrar: adwanced Develorment.
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TEXINIIG: CURRENT ARI RESEARCH

STHULATIONS 170+ Ma

COMPUTLR-E

EXECUTIVE SUMMARY o

Requlrement :

Current Army maintenance truaining is largely eguirment specific.  The
student ie first tausiit the stei-Ly-ste] rrocedures necessary to locate the
malfunction in a speciiic item of i E; then spends time practicing, and
firally is tested on the eruiymﬁwi itselr Lercause the training content coOr.-
sists of ejulpment-s recific procedures rather than moere géeneral troubleshﬁot—
ing larniic,; there is lILLlu likelihood of tranzfor of the skills achIred to
othicr items of :quFNLW* that the studént will ericounteyr on the job. This
lack of tranater is reflected in the relatively high prnportion of functional
components submitted for repair (42% i1 one study). In iddition; this cur=
f student “ime, instructor time,
lent methods for providing trdin-
redu.ce costs and improve orn-the-

rent training approach makes inefficitiit use
and euauipment, thereby ln‘l’twig costs: EffT
ing in ggncralluable gla@hostic skilts could
Job sk1lls.

(‘:10

Frocedlures:

Th ree rucearch e‘fort% thdt use crimy ufPL—buHUJ simulations for mainte-
""" “ame-tased Learnlng lnvestigates the use
of comg ute*—pa:ed 9amge to teach dluﬂ: stic skills., Human Ferformance in
Fault Diagnosis Tdasks Idéié” ) of context-frée tasks to train indI-
viduals te maintain aCtUuI egul;ment. The Adaytive Computerized Training Sys-

tem ;i lies "areificial intelllgence" techni:ues to elec tronic troubleshooting

trairning;

FIndings:

uagest that each of the ap-
er certain conditions. Flay-
t aining in redéirg 1ogA_

§ E"i“aﬂC"S

(4

The findings to ddte, hhllt iriconIe G

proaches can_ improve maintenance jerformance er
ing a vq1”al game is an effective substitute for

circuit diagrams and prééilce solving cortext-fréé diagnostic tas
subsequent pérformance when dissnesing faults in eguipment-spel ifrc simula-

mirhcugh the Adaptive Comput erlﬂed Training Svstem has vet to receivs

rijorous axperimental evaluation, 1ts feasibility Has been demonstrated.

Urilization of Findings:

and_ tm evalu-

1 Cothnue to irm: rove the descr
RO

nditions that are Srése caining
and us will be

'ﬁél*nes for develenin:
ects of training w1th corntex ré 13} ! subseguent
tual eqguipment will be investi Y

Vil
O
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aAdartive computerized Training system will be evaludted

offectiveness of the 7
in dn on-going course of instruction at an Army school.
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TEAINIG:

This rejor -3 o- com;uteV—basea Jlmu—
4 vcted by the U.S. ARrmy

rid
1ep”es {(ARI). ARI is in-
or
s

;4"tbhqnui

II% l..u;\_ <

1\{"
L
]
(
~

malntenance tralnlnq

K
terested in the
L ome of the problems in

nrerance training is the increasing
1s ed lphénﬁ becoming more
£ jit. The second problem is that

available for military service is de-

nges Increase the desirability of mili-

clining. tuLeSS socia al or eccncmic
tary service or the ciwilian ediucati improves, future militdry

ntenante perscnnel will reguire a'ditlonal or imgroved training to reach

The first jroblem
c

raunber and com; iexs ot only

Gifficult to marnt ain;
the S\lit tevel of the

i

he same level of [lO.l”lc“ that current personnel achieve with existing
raining. Tiie third problem iz that the numbér of pedile available for mili-
service 1s uLCrcEQIUL ard wi1ll continue to do fe) untII the late 1990s

Ker, 1957) : #HIl other fdthrS btlng egual therefore; the skill levels of
enterind ;e*sonrel are ex;ccted to be eveh lower 1In the future. Army schools

must doal wrth these problems while facing increa sed operating costs and re-

yutions in personnel.

Q

Gocest that im roved malntenance performance
Cressel and Shields

formance in a brigade-

The limited data available
could produce 3 substantial improv 2t 1n readines
(1973) measured organ12ut1©““1—ic'ol Talntenance pe
size unit during a l-year pericd. They colla@cted dita on setected end items
of the M551 armored reuopnqlasance alrbur“e Assz@ult vehicle turned in for ex-

n

m
.

~

change at a direct suppCrt maintenance facility: Figure 1 shows, by month,
the total ncmber of submissions and false rEHOVﬁls {items submitted as defec-
tive that were, in fact, functicrning [ rog e?i 'y . overall, 42% of the total

items burmltteu were false remwvals; awd 52% of the rejair time at the direct
suriort level was spent determin: that false removals were opera ting cor-
rectly. This represents an average of 1.5 hours per item, oniy 5 hours less

than the tlmérrW“uired to repair a faulty item. Furthermore, 30% of eguipment
downtime wWwas due to these false removals. Thus, 4 conSLdP?abie amount of op-

ur_blonal and maintenance time is lost becduse working eguipment 1s removed

for repair:

Tuu caveats regarding these data srould be noted. First, they do not

represcnt a random sam; ling of ARrmy mJIrte“;ﬂ:c yerformance (alt hodah there
is nc reason to belleve that Tey are atypical). Séc ondc, the pérrormance
otlier than the quality of

observed undoubtedly reerccg a numper of facter
walntcnanye training per se, such as command pPressUres, misassignments, and

Thc dats do, hcwever, clearly estaplish the existence
Tnls rrobles ndT not o =nisue o the Army, OF

gven tu the mxlxtaff; but thére are no ccm;arable cfata avzilable from other

SUCtOrs .
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The Army carrentlv Lolloms primarily a hands-on and equ1pment specific

approaci to maintenance training. Thé studént is first taught the sequential

stén—b‘—SLur pfoceduv~s nocessary to locate & malfunction in a partlcular
item of equipment, then spends time practicing, and fInaiiy is tested on the

equipment itself This aryroach has several advantages. 1t ensures that the
student has mastered certain pIGIELUlbIté skills; such as the use of test
eguipment. It teaches the StJveﬁt the physical lavout of the equ;pment and

its relationship to functionat or schematic diagrams. rinally, the studerit
practices assembling and disassembling an actuul piece of equipment.

The*e are also some disadvantages to thls training approach, however.

FIVSt time constraints do not permit the student to reﬁéive training on all

of the equ1pment that 1s expected to be ericountered on the job: Because the

training content consists of eguipment-specis ‘ic procedures, rather than

troubleshooting logic, there is little likelihood of transfer of the Skllls

acguired to other items of eguiprent. second, a substantial amount of equip-

ment, wnich could otherwise be used oreratlonallv is reguired for training.

Third, instructors must sp:nd targe portions of their time inserting maifunc—

tions into equlpment rather than actually conducting training. Fourth; a

large amount of student time 1s spent assembling and dlsassembIIng the equ1p—

mert, thus reducing the number of different mazlfunctions that they can ex-

perience during training.,

-

Computer-based 51mulatlons provide a means to overcome these dlsadvan
tages. They can reduce the need for actual ejuirment for training and can
reduce the amount of instructor time devoted to "“faulting" eguipment, By

eliminating the rieed for time- consuming assembly and disassembly by the stu-

dent, they provide more oHporturlty for the student to experience a targer
set of equipmernt fauits. They can provide more efficient training by adapt-

ing to individual differences in performance. More Imkcrtant they have the
pouentxal to provide the student w1tn generalIZatie diagnostic skills that
can be agplled to a variety of items of gguipment. Finally, because comgputer

costs are rapidly décreasing they can be expeclted to be inexpensive, in com-
pariscn to the use of actual eguip ment, in the near future.

. The first research effort to be describiéd is called Game-Based Learning.

Its obgectlve is to determine the training effectiveriess of gumes and to de-

velop yrocedures for the design and use of games for tralrqu (Barer, 1981).

wiiile the scope of this research goes beyond the area of maintenance simula-

tion; the early work hHas used mdirntenarnce training tasks.

«

The second effort is Human Performance in Fault DlagnOGl% Tasks. One
objective of thlS research is to Investigate the use of "context- free" dIag—
nostic tasks to train individuals to maintain real eguipment. Tnig work is

being performed by Dr, William Rouse, of the University of TiiInOlS, under a
contract with ARI:

tive Computerized Trairning

The objective of the thlrc e*fort,rtxg &4

SQéiém (ACTS), is to evaluate the use of d?*l’lp*al intellisenc. technidies
for electronic troublesnootlng training: Most cf the work has been performed
by Dr. Amos Fréedy, of perceptronics, Inc., under contract to ARI.
3
G-
| oued
19
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GacdE-BASED LEARNING

Background

The recent increase in the use of instructional games within the educa-
tional, industrial,; and business communities can be attributed to the high
interest and motivation they appear to generate among users. Games also ap-

pear torp?§0idé a simulated environment within which information acquisition,
information processing, and decision-making ckills can be developed and main-
tained: Yet; even though the use of gaming technigues for instruction and

training has intrinsic appeal, there is very little systematic evidence that

instructional games actually teach what they are designed to teach. Further,
aids to assist instructional game developers in designing training—-effective

games do not exist because there is insufficient behavioral data on the criti-

cal learner and task variables in game-based learning.

The purpose of ARI research in game-based training is to conduct a sys-

tematic asseééﬁéﬁt of the training cffectiveness of games and to investigate

their full potential as training media: To date, one experiment has been con-
ducted (Simutis; Baker, Bersh;isrkidermah; 1979) and a second is in progress.

Both have used a similar approach: measuring the transfer of training from a

problem-solving game to simulated electronics maintenance tasks. The first
experiment measured transfer of training to the reading of logic circuit dia-

grams. All SubjectsireceiQéé some instructicn and practice on this task be-
fore they were tested: Three groups of subjects received additional paper-
and-pericil practice reading these diagrams, played a computerized logic game,

or played a computerized game of chance. The second experiment uses trouble-
shooting of a simulated computer circuit as the transfer task. While the

experimental groups are essentially the same as in the first experiment, an

additional control group has been added and exposure to computers has been

controlled by providing all training, practice, and testing by computer.

Experiment 1

- In Experiment 1, 42 enlisted personnel from Fort Belvoir, VA, were ran-
domly assigned to one of three experimental groups: Logic Control, Logic

Game; or Control Game. The éﬂperiméhtal design is shown in Figure 2. Edch
group participated in three l-hour training or practice sessions, followed by

a transfer task.

Students in the Logic Control group first received 1 hour of instruction
oh the interpretation and meaning of five fogical functions (AKD, OR; NAND;
NOR, and INVERSION) and other features of logic circuit diagrams: Following
this, they received 2 hours of practice reacing logic diagrams. Six levels
of complexity (A through F) of the -logic diagrams were used: Levels differed

in one or more of the following ways: the number of different logic func-

tions, the total number of logic elements, and the nomber of invergions.
Figure 3 shows a very simple logic diagram (Level A). It contains two differ-

ent logic functions (AND and OR), three logic elements, and no inversions. A
moderately complex diagram (Level C) is presented in Figure 4. It contains
ill of the logical functions, seven inversions, and 12 logical elements. The
' task w t Students gro-

students' task was to determine the outputs of each diagram

gressed through the diagrams 1n order of increasirg complexity. Only Subjects



S Session

Group I 11, 111 3
Logic Control logic symbol logic diagram logic diagram transfer
instruction practice practice test
Logic Game Masterming Iogic symbol logic diagram transfer
instruction practice test
Control Game Blackjack logic symbol logic diagram trans fer
instruction practice test

Figure 2: Experimental desian for Experiment 1:

o——>—>I"
B 1 AND -
o—| ~ —

Figure 3. A very simple logic diagram (Level a).
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ifi the L001c Control grour received i ractlce in all levels of diagrams. Sub-
jects in the othcr grcups practiced Ohly on Level A, B, and C diagrams. Each
diagram had the correct answoris) penciled on the back. Subjects received
feedback by checking their answers after Com'ietlnc the diagrams.

ot ® . - N

| 0 ' AND _ | NAND
N ] -
) [

!

NOR

AND !

Figure 4. A moderately complex logic diagram (Level CJ.

buring the transfer test the subjects were given 1 hour to solve 40 new
logic diagrams, 10 diagrams from each of the four highest leveis of complex-
ity. Subjects began with the least complés prokbclems. NO feedback regarding

the correctness of their responses was given.

Subjects in the Logic Game groufp spent the first hour of thelr training

plav1ng a computerized version of the game Mastermlnd presented on the Uni-

versity of Iilinois PLATO IV system. This game rezuired tne subjects tq de-
termine a hidden seguence of four dIgIts that had been sampled w1chout re-
glacement from the digits 1 through 8 and randomly a551gned to positions.

The first game trial was necessarlly a guess, and after each trial feedback

on the accuracy cf the guess was provided. The subjects were told (a) how

many digits in the guess were correctly identified and piaced in the correct

seguence position and (b) how many digits in the guess were correctly identi-
fied but had beer; placed in the wrong position. This information could be

used to sliminate wrong alternatives on subsesquent guesses. If the subject

had not discovered the correct solurion within eight trials, the solUtIon was

sHown and a new game begun. A different random sezuence of dlglts was

i
y—&\
(0.0)



generated for each subject for each game. Following the Mastermind session;
the Logic Game group received the lozic syrwol instruction, the togic diagram
practice,; and the transfer test. The only difference from the training re-
ceived by the Logic Control group was that the practice inctuded only the
three least complex levels of circuit diagrams.

The Control Game group sperit the first hour of training playing a com-
Suterized version of Blackjack,; also presented on the PLATO IV system. Sub-
jects played against the comjuter and were given an initial stake of $1,000:
If they lost their stake, they were provided with an additional $1,000: The
game rules were the traditional Flackjack rules. The logic symbol training
and practice provided to the Contrcl Game group were identical to the train-

irig and practice received by the Logic Game dgroup.

The transfer tasl was scored for both accuracy and performance. The ac-
curacy score 1is the proporticon of items attempted for which the subject gave
the correct answer. The performance score is the prorortion of total itefs

for which the Subject gave the correct answer.

complexity (C, D; E, and F) used oh the transfer task: The accuracy and per-
formance scores are similar excert at the highest level of complexity (Level F).
recall that the subjects in the Lodic Came and Control Game groups were not
exposed to diagrams as complex as those represented by Levels D; E, and F

prior to the transfer task. Fecall also that the tevel of complexity of the
diagrams was confounded with time; with the most compléx diagrams being en-
countered last. (The fact that some subjects were unable to comglete all of

the diagrams, then, ewplains the relatively large dirfferences pPetwsen the ac-

‘Table 1 surmarizes the c¢roup means at each of the four levels of diagram

tatle 1

Accuracy (A) and Performance (P) Scores

___ piaarar complexity —

Grou:. : C D B F G
Logic Control i B B
A .92 190 .90 .80 .86
P B9 .88 8% 73 .85
Logic Game 7 .
A ;61 .71 .82 (67 .70
B .56 .70 J7Y 165 .68
COnfrci Game o
A .65 62 68 .58 .60
P .63 (62 65 .39 160
7 )
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The pattern of s1gn1£1cawt results obtalnec indicates two general trends,

evident on the graoh of the per:ormance scores shown iIn Fxgure 5., First, the
Logic Control group was s serior to the Control Game group. The Logic Game
group was 1in the mIddle, slganlcantly worse than the Logic Control group in'

terms of accuracy scores; but not perFormaxce scores; and significantly bet-

ter than the control Game group in terms of performance scores, put not accu-
racy scores. The second trend is that the Logic Game group performed more

like the‘Control Game group on the diagrams of intermediate compiex1ty {Levels
C and D) and more like the Logic control group on diagrams of high complexity

(te\eis E and Fj.

1.0p=

O~
O 8
= )
< i % LOGIC CONTROL
=
23 7=
O e
(Wi LOGIC GAME
55
G By

“s CONTROL GAME

.§7
“[:~u44477;;;;i,,4444447"i —— T

c D E F

COMPLEXITY

Figure 5. Performance scores as 4 fanction of diagram cori lexity.

These results lndlcate trnat under certairn conditions limited practice

in reading logic circuit diaqraws, when consined with plavine a logic game

jike the one used here, is as effective as the same amount of tinie spent In

practicing reading a more extensive set of dlasréms. This is not true when

the limited praCtIce is combined witn playing a game of chance, s©O results

cannot be attrxbuted to any general transfer effects of game plAYIng per se.

Becaduse poth game groups had the same practice set of diagrams, vet signifi-

cantly different accuracy and uerformance scores at some dlaqram levcls,flt

also cannot be argued that limited practice was cusfirient for successful
performance on the transfer test.

The results alsc raised a number of uuecticns. The Loagic Game and Con-
trol Game groups weére eXPOseq to a computer. The Loglc LDntrﬁl group was not.

Was this a factor iIn the results? Wwhy did the Loglc Game group 4o relatively

better on the high-complexity diagrams (Levels E and ) thar on the diagrams
& a motivatiocnal
t~ the relatively

of lntermedxate complexity {Levels C_ and D) ? leitnls indi

letdown caused by transferring from a nighly challersing game

O oo

P
~



boring task of reading logic circuit diawrams? A second experiment was de-
signed to answer these guestions.

Experiment 2
Figureé 6 shows the design for Experiment 2; which is currently in pro-
gress. It incorporates three major changes from Experiment 1. First, it in-
cludes a "pure” Cbﬁtrolrgroué; This group will permit a determination of
whéther yame playing (either Blackjack or Mastermind) is better than no addi-
tional practice: Second, all training and testing is being done by computer,

eliminating the possibility that any effects could be caused by exposure to
computers: The computer-based coursewarée is described in Yeager and Simutis
(1979) ; Finatly, the transfer task has beern changed from reading logic dia-
grams ¥to troubleshooting simulated logic cireoits:

3 - Session )
Grouy I II ITI 1v
Logic Control logic diagram additional transfer
instruction & practice task
practice Lractice
Logic Game logic diagram Mastermind fault isolation transfer
instruction & ‘inétruCtiOn & rask
practice iractice
Control Game Togic diagram Blacriack fzult isolation  transfer
instruction & instruction & task
practice practice
control logic diagram  fau't isolation transfeér task
instruction & instruction &
practice practice

Figure 6. Experimental design for Exper iment 2:

Future Directions

The results of these experiments will provide data on_the effectiveness

of a logic-based game for training in electronics tasks. Future research is
planned to replicate the first fesults and to explore the effects of individ-

Uil differences on game-based training.
/:/C\_ f
HUMAN PERFORMANCE IN FAULT DIAGNOSIS TASKS

Thé research in "Human Performance in Fault Diagnosis Tasks” assumes that
somé skills dre common to all fault diagn2sis tasks. Clearly, eguipment-specific

<1

0
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skills are important; an electronic technician would not be expected to be

ablé to diagnose a faulty aircraft engine, nor would an aircraft mechanic be

cxpocted to be able to rer.air a radio, yet these tasks do Have common elements.

, Dr. William Rouse and his associates at the University of Illinois have
been evaluating the use of ncontént-free" fault diagnosis tasks for training

in diagrostic skills. Context-ires tisks do not represent any particular item
or type of equipment. The research strategy has been to examine the transfer

of training from one contéxt-free task to another; and from context-free tasks
to equipment-specific tasks. In aiditicn; the use of computer aiding is being
investigated. Computer aiding represents a synthesis of unassisted haman fault

diaghnosis and the use of automated test egquipment.

The Tashks

The term context-free task i§ best erplained by example. Figure 7 shows
a simple context-free task thHat will be referred to as Task 1. This display

is presented to the student on a compoter términal. The netWork corisists of

2 7 % 7 matrix of components, numbered 1 throuch 49. The arcs,ccnhecgggé the

components are selected at random and are different each time the stuodent di-

agrnoses a new networK. Each component is an AND gate. If all of the inputs
to that component are I, and if the component is good, the output of that
component will be 1. If any of these conditioris is not satisfied (that is,
if any input is 0; or if the component is faulty), the output will be O.

Jo
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Figure 7. A simple context-free task (from Rouse, Rouse, Hunt,
Johnson, &-Pelligrinoc, 19€0).
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The task of the student is to détérmine which Fomuonont has failed. Stu-

dents test arcs until tne failed component is found. The final outputs of the

network are shown on the right side of the display. The upper left corner

shows the actions taken by a student working on this problem. The student
first tested arc 22, 30 and obtained an output of 1. On the fourth test (arc

31, 38) a0 (faulty) sutput was foand: The neXt two tests ailowed the student
to determine that the faited Lomponenb was number 31. The student entered the
answer and was told that the response was correct.

when computer aiding 1s used with thlS tash, the SLudPnt is provlded with
an automated record-keeping system. An aiding alcorlthm uses the structure of

the network and the known outbuts to eliminate those Components that could not
be faulty. These components are "X'ed out" on the Cwmkuter display. As_the

student makes further tests, additionat CChy onents are eliminated. To illus-

trate how this could be done, note that, even before any tests are made, com-
porierits 45, 48, and 49 in Ficure 7 are krown to be good, because each of them

has a 1 output. Aay ééﬁbonents having an input to_those comporents must aiso

be good; because all of the inputs to components 45, 48, and 49 must be 1 to

get an output of 1. Thus, components 39, 40, 41, and 42 can also be eliminated.
additional components can bé eliminated by working packward through the circuit.

In Task 1, outputs are always fed forward to conronents of the same type.

Real systems have different typés of CONJOHEDLM, and often have feedback loops.

Task 2, presented in Figure 8, is a more complex context-free task incorporat-
ing two types of componernts and feedback looEJ. The rectangular components

are AND dates, ldenticai to the components o the Simple task. The six- sxded
componerits are OR gates. OR gates produce an output of 1 if any of their in-

puts is 1 and they have not failed. reedback loops are also present. For ex-

ample, compowéﬁi 7 sends its output backward througn the rietwork toc component 5.

The student's task is the same as in Task 1.

The complexity of both of these tasks is easily varied by changing the
number of components.

In order to assess the transfer of training from these context- -free tasks

to eyuipment-specific tasks, a system to simulate a variety of items of reat

egquipment was developed. This system is called *nbpq (Flamework for Aldlng

the Undersrandlno of Logical Troubleshooting) . FAULT has two components. The

first is a hard-copy schematic cf the eﬁulumcﬂt, Such as the Turboprop Power-
plant shown in Figure 9. The second component is an interactive display,

shown in Figure 10.

The student is lnltlaiiy given the qenerdl rroblem symptoms; for exampie,

the engirne turmns over put will! not start. The student can then make IanIrIes

apout the functions of the system comgonents; collect irifermation about the

funictions of those components by checking gauges, making contrnulty checks,

and removing components for beénch tests; and replaze components. Each actiorn

has a cost based on the time that the action would re: ulra -nd, for replace-

ments,; tne cost of the replacement item. stadents are lnstructed to répair
the svstem at the lowest possible cost.
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System: T'u’rsés?b: Symptom- Wili net high off

You hgve Six choices. .34 Toraue
1 Observatien L OXY 35 Turbine Inle! Termp Low
2 Informa‘ion iX 3& Fuel Flow Low
3 Reploce oport . RX 37 Tacnometer Low
4 Gauge recding GX 3E Ol Pressure Norma!
5 Bench test .. o.Bx 4 2@ Ol! Terriperc-ure Normci
& Comporison . . . CX,)Y,Z | ¢C Fue! Quennity ,
(X,Y.ond Z are peri numbers ) 4 Ammeter Normal
Y
Your crioice ... . - _
Actions Cosis | Letions  Costs | Peris Repicced Costs
4. 5 Norma! te 1 ! 14 Toch Generator | $ 199
26,30 Apriormei | §¢ ™ 1 |
12,20 Notoval |§  C !
14 15 Abrormal 18 27 !
|

Fidire 10. FAULT interactive disniay (from rRouse et al.; 1980).

The Research

Five experiments have been comuleted. Each examirned asyects of the
conteéxt~free tasks and their use for tralning. THe first experiment used
only the simple task (Task 1) Studewts solved groblems naving either 9; 25,

or 49 components in a transfer-of training design in which half of the stu-

dents first used computer aIdIng and then transferred to the unaided task.

The remaining studernits were first trained withcut computer aiding and then

transferred to the aided task. The results indicated that the number of tests

reuulred to reach a correct solution increasingly deviated from the optimal
solution as problem size increased. Computer daiding resiulted in a 1ower nam-
ber of tests to solution during the training trials, but not during the trans-
fer trials. Computér aiding during training therefore enhanced subsequent

unaided performance.

Iﬂ the second experiment the effects of reauxrxng the students to oper-

ate under time constraints were examined: The time available to complete

each problem was limited to either 30, 60, or 90 seconds. (It is relatively

easy to solve these problems consistently in 90 seconds, but very difficult

toido so in 30 seconds:) & clock was added to the display to give the stu-
dents continuous knowledge o1 the amount of time remaining. TdskK 1 was used:

Again,; half the students had computer aiding only durirng the first haif of the

experiment. The others had computer aiding only daring the second half. all

problems had 49 comporents. Students used more tests than were necessary to

solve the problems, and the effects of computer aiding did not transfer to the
unaided condition. The interpretation of these results 1s that forced-pdced

o
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students emp lo, less information, 1ncluding study of the computer aid, than
do self-paced students.

‘he firsc two experiments used engxneerlno students as subjects; Experi~

ment 3 used 4@ fourth-semester trainees from the University of Illinois Fed-

erdal Av1ation aAdministration (rAA) Ccrtlflcate Program in Aircraft Powerplant

Maintenance: The design was the sanme as the first e*periment, with the excep-

tion that transfer was examined in onl% the aided-unaided direction. The re-

sults were identical to tnose of Experlment 1: More tests; relative to the

optimal solution, were reuuxred as problem size 1ncreased computer aiding

improved performange during training; and computéer aiding enhanced subsequent

+

performance on the inaided task.
3

Tne fourth experiment examincd the effects of computer aldlng during

Task 1 performance on subseguent Task -2 perform .nce. Fortv-eight first-

semester aviation mechanic trainees served as subjects. In two respects,

Task 1 performmnee was slmllar to that found previously: Performance de-
cliried as problem size incredsed, and computer aiding during training im-

proved perfozmanee.i However, there was no transfer of training from the

aided to the unaided Task 1 dxsrlays. Such transfer had been shown by fourﬁh—

semester students 1in preriment 3. A possible 1nterpretatlon of this flndinq

is that the less- e\perXenced first-semester students may have been using the

computer aldlng only as a way to make the tzck easier, rather than trylng to
understand how the axdlng was hrlplnq them. Transfer of training was chown

petween Tasks 1 and 2 in terms of the amount of time taken to reach the cor-
rect <olution; but not in terms of tiie number of tests made: Initially, the

studernts who had received computer aiding in Task 1 performed worse on Task 2

than those who had received no Task 1 aiding, but eventually these differences
were reversed. The cause of this effect is not clear:

Experiment 5 examined the srudents apitity to transLer sklle devel-

. ,
oped on Tasks 1 and 5 to FAULT eguipmerit- -gpecific simulations. subjects

were fourth- semester trainees from the FnA certificate Program. 1In this ex~—

periment both Tasks 1 and 2 were used as training tasks and transfer to three

items of slmulated equipment wdas assessed Students trained with computer
aiding om the context-free tasks were able to solve the equipment- —specific
;roblems at a lower total cost than those students who had not received com-
puter aiding. These students gsed fewer high-cost rrocedures, such as bench

tests, and used the free information 3vailldble In gauge readings more
frequently.

In summary, these experiments acmonstrate that gos1t1ve trarSfer does
take place between the two levels of context-free tasks and, more 1mportant,
from the context- free tasks to the eguigment-sp 1r1c cimutations. This
transfer is most pronounced when ctudents can work cn the problem at their
own pace UbIng computer aiding: It also agpears that students have dlLfl’
culty gsing correct (1} outpocs efficiertlv. Comp grer aiding assists them

in raking use of this infermation.

Future Directiobs

Future research will continue to 1nvestiaate txe effacts of computer

~1cln,, atteﬁ%i to define problem comrlenity, and dev iop cognitive models
13
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of diagnostic pe The majur thrust of this research will be a con-
tinidation of the gsfer studies to determine the degree of transfer from
contuexXt-rree ta?k? and CJhllPrlL eciflc simulations to hands -on, actuat-
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Background

The urev1OUva discussed researcn is concerned with prov1d1ng non-

équipment-specific diagnostic training thrcugh the use of non- equipment—~
specific diaynostic Uasks, The folliowlng research 1s directed toward pro-

viding ron-e frment-sreciflc training using an eguipment-specific task:

Tiiic effort is called the Adaptive Computerized Training System (BETS) :

The ACTS alss adds a new comiofient to the training process--student and

sxpert performance are modeled and tiese. student and expert models are used

te provide instructional feedback to the studernt and to direct the tralnlng

prrocess. This reguires the 4se of artificial intelligence techniques.

Vnrt1*1c1al Iﬂtéiilaﬁth (AI) technicques are alcorlthms (rules) that
eriable computers to exnhibit "intelligent" behawior. Exarmples of intelligent

behavior are understanding written Eng llSh “la}lng chess, and tearning

(cnanvlng behavior as a result of euwerlance) The Al technigues can pro-

vide individualized instruction but de not require separate programing of
the instructional logic for each tesson: Extensive computer resources, how-
cVu.; are reguired to sup;ort the cf Al techniaues. In the past, this

-
julrement has prevented thie usea of such svstems outside a research

crcirconment.

- The primary ob]cctlxe of the A{TS researcn effort 1is to LﬁerVe the
lﬂGl‘luU&ll”ﬁtIh" of maintenance training through the use of shme basic AI

i

technigoes that can be implemcnted on small-scale lnexxensxve computer

Sy stems..

Descrigtion

(s}

e

—~r
o4

The student's tasi In ACTS trainling 1s to troublcshoot an electronic
cuit b" making various test measurements and rerlacing the maifunctlonlng

cir

part. The entire proééss is simulated by thé ACTE. Neither tﬁe actual cir-
cdit rner test eculpment is reguired. The rnedart ©f the system is an adaptive
compoter program that models the student's behavior, compares the model of

che stuoent to that of an expert, and groviée ‘eedback to the student to
mare his or her benavior more like that of the e “e*t

The ACTS is not bolng proposed as a cowxlwte t roubleshooting training

method. It will not train the student to use test eguipment or to aqsemble

or clsaSsembLe the eauxument. It is designed to train the student in de-

cisicn making durinc the troublesnhoot ing process.
NCTS consists of four major combonents: (a

y the task model, (b) the
mocel; (c) the stiudent model,; and (&) the 1nstructional medel.
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cask Model. The task model is a simulation of the circuit on which the
student 1is to be trained: The circuit currently peing used is a modular ver-
sion of the Heathklt IP-28 Power Supply. A simplified diagram of this cir-

cuit is shown in Figure 11. The power supply; when functioning properiy,

converts an aiternatlng current lnput (Shown ‘at the left) into a stable,

low—voltage, low-amperage outplit (shown at the right). The circuit consists

of 10 modules. Since the output o‘ the circult must be stable; even with,
garfations in the input, there are a number of corrective feedback loops 1in

the circult.

P R OY TS | 6 — OUTPUT
TRANS - RECT. &1 SERIES [ CURR. [T " :
FORMER TILTER REG. SENSE | : '
~ JcoM CURR. R
-~ SOURCE p i i
| I Tl’;l —{ CURR. ) ' H
r— T2 — —— LIMTTERF i 0
I N S e N . RS 1 L]
A.C. VOLT. TS b
INI‘UI l lMITER ':::}777
a R i N LOAD
L T ——A o=t
o - ] COMMON
™7 TP F TPOT— -
_L_,R . : = QUTPUT [
TTETER STAGE #—LTPA
] I ]
REFERENCE COMMON

Figure 11. Circuit diagram.

The second major Conponent of the ALTS is aigodel of an

This mode- urealcts the exyert's measuremeﬂt choices
gh on- ~-line observa-

ert Model.
expert troubleshooter.
while troubleshooting the circuit. It is developed thro

tion by the computer of the expert's troubleshootini behavior.

model that predicts the
It 1is develo' ed through on-line opservation
tiident solves trcubleshooting probiems on

student Model. The student model 1is 2 dscision

student's measurenent choices.
py the computer of benavior as the s

the ACTS.

Instructional Model. The 1nstrUc rional model comgdres the expert and
determines dlSCIé[BHCles between the two, pro"1des feedback,

for the student In ofder to reduce

student models;
and modifies the instrictional segquences

these olscrepanc1es

L

1 o e
ConmerCLal deSLGnatlons are provided only Zor prec ision of descrigtion.
heIr use does not const¢tute endorsement D/ the Dé“a!eﬂent of the Army Or
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ModeIing Behavior

The unigueness of the ACTS lies in the use of the student and expert

models. While the student and expert models serve different functions and

Use different data, their operation is identical. The original version of

the ACTS used an Expected Utility (EG) approach to create the student and

expert models. The currernt version uses a Multi-Attribute Utlllty (MAU)

approach. Both apprcaches “observe" human behavior and, through the use of

adaptive algorlthms, derive sets of numbers that permit reproductioh of that

behavior: 1In the EU model,; these numbers represent the Human's relative

preférence for the outcomes of the actions that can be taken during the di-

agnostic process. An action can be either a measurement or a module replace-

ment. The EU model, however, has two drawbacks: First, behavior is repre-
sented by a large set of numbers--at least two for every action that’ can be

taken. Second, the feedback that can be provided on the basis of this model

is limited to 1nd1rat1ng toorhigh a preference or too low a preference for

various actions. Thas, a new model for the ACTS was sought to reduce compu—

tations and increase feedbach precision.

in the MAU model; a much smaller set of numbers is used: Each repre- _

sents an "attribute," or_a general characteristic common to all actions. The

three attributes curréntly being used are Decrease in Uncertainty, Fault Iso-

lation; and Cost. Decrease in Unicertainty is the proportion of possible

faults that is expected to be etiminated by an action. Fault Isolation is

the proportlon of posslbie faulty modules that is expected to be eliminated

by an action. This differs from Decrease in Uncértairnty because most modules

can be faulty in several ways. Cost 1s the dollar cost of an action,; based

on the time rEuuxred to take the ac+‘on and the cost of reriacement parts.

The ase of the MAU model makes it possxble to pzovxde students with "higher

order” feedback based or. their relative préférences for action attributes.
For ehamﬂle, a student can be told that too tittle empnasis is being placed

on the cost of the sctions being considered.

De\eloglnqgﬁemsgiralning

Prepa*ation of the ACTS for tralnlng reguires five steps; or tasks. .

First; a matrix showing the relatiocrnships between the possible faults and the

resulting measurement outcomes must be grepared A sample is shown in Fig-

ure 12 An "L" indicates a lower tHan normal outcome,; an_ "H" indicates a
higher than normal outcome, and & biank indicates a nornal outcome.

‘The second task is to determine the probablllty of occurrence of each

possible fault. This can be done by gxamining maintenance records; consult-

ing experts, or simply assuming that all faults are squatly likely.

The third task 1s to determlne the ccst of each measurement and module

replacement. The:cost should include poth the tlme reguired to take.an ac-

tion and the cost of any replacement parts.

Fourth, the computer must be programed to Glela‘ the circuit diagram;

and the fault matrix; fault probabilities, and Zction costs must be entered.

17 ~
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The fifth and Flnal step

this is completed

the computer is ready to be¢in tralning the student.
amined from the viewpoint of

Training Seguences

the

student .

is to train the e*pert model.
having a human exjert solve 4 series of troubleshootlng problems on the ACTS.

During this step the expert medet 1earns the human expert's preferences.
the humah e\pert is no longer needed.

This consists of

When

The expert model on
Thls process will be ex-

After recelVlng 1ntroductory training ori the operation of the. c1rcu1t,
the student is presented with a display similar to that shown in Figure 13.

A 51mp11F1ed circuit dlagram is shown at the top of the display.
left SPCthﬂ contains a table used to present measurement results.

The lower
The mea-

surement points (OUTPut; Test Point 1, etc.) form the rows of this table:
Thp types of measurement taken (VOLtage, CURrent, and RESlstance) are shown
in the columns.
f ———— TP1 w3y ~TP6 [ OUTPUT \
TRANS- RECT. & 1 SERIES CURR. R
FORMER| __ | FILTER [cyrs REG. SENSE o
coM SOURCE ol
— o CURR. i
] | —d LIMITER I
TP2 — - P
A.C. VOLT. F——TPS i 4
INPUT LIMITER] AU
T - } LOAD
— — —=o-o
- - COMMON
TP7 ——— TPE—— TPO———
EF REC REE . OYTPUT [~
RFILTER REG. STAGE - TPA
— I S
REFERENCE COMMON
[VOL{CUR}RES}] TYPE “RETURN". TO CONTINUE:
outP | L | L
TP 1 o
TP 2 -
TP 3
TP 4
IP 5
TP 6
TP 7
TP 8
TP 9
TP A J
Figure 13. Student display at the start of a probleri (from Hopf-Weichel
et al., 1980).
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-
o

The results of thd measurements taken at the output of the circuit are
automatically prov1déd to the student at the start of a problem. The student
is theén asked to list the four best actions to take. Help from the expert
may also be requested at this time. tn the display. shown in Figure 14, the
student has selected four possible actions and has been shown the values of

the thiree attributes for each action: The first action being considered,

TPODCVR (a direct current meusurement at TP 9 with the circuit operating in

a voltage regulation State); is expected to ellmlnate 40% of the possible

fauits and 33% of the pogszble faulty modules. It will cost $4.00. The

fourth action considered, TRA (replace. the transformer), is expected cto elimi-

nate 28% of the pogSIbie faults and 19% of the possible. faulty modules by
eliminating the possibility that the transformer could be bad. This action
will cost $98.00. The student chooges to take the third actIon, TP4REPO (&
resistance measurement between TP4 and common with the power off), wkich is

the best action in terms of Decrease in Uncertainty and Fault Isolation. The

result of this action, a normal outcome, is shown in the table at the left of
the display.

P : — — — N
y - o \—4;”7 ) o o _ _
( —— TP wpy ] TP6 —  OuTPUT \

+ 8 +- SERIES CURR. ——————.

TRANS=- RECT. & 1 A=Al (
FORMER CQH FILTER [CuRn. _ SENSE .
SOURCE —— v
CURR:__ I
1 Trd — 1k ¢
— Tp2 - | LIMITER P
o ]
AC. TPS Pl
INPUT UL
B _ _____3LOAD
— ] — '
COMMON
; TP7 — TPB— TPI—"
’ —‘—Esmsc REF OUTPUT 1 ——
FILTER REGT — | STAGE TPA
—— ] - = |
REFERENCE COMMON
_ |VOL)CUR|RES] LISTED BELOW ARE THE FOUR CONSIDERED ACTIONS AND THEIR
—— ATTRIBUTE LEVELS.
outp | L | L : P
P 1 DECREASE IN  FAULT____ ,
;g g ACTION UNCERTAINTY  ISOLATION . COST
TP 4 N | t: TPI9DCVR +:40 +.33 +4.00
TP § 2. TPSDCCR +.40 +.33 +8.00
TP 6 3. TPA4REPO +.41 +:.43 +10.00
TP 7 4. TRA +.28 +.19 +98.00
TP 8 o el
TP 9 T0 SELECT AN ACTION, TYPE I1TS NAME, THEN PRESS "RETURN."™
C A TPAREPO ‘

Figure 14. Studant display after the student has selected an action
tfrom Hopf -Weichel et al., 1980).



O

ERIC

Aruitoxt provided by Eic:

1f the student reguests help, the expart provides a list of cthe four
This is followed by more detailed information about

best acticns to take.

those actions; as shown in Figure 15.

- o i——}. TRy ——Tee[———-] _ OUTAT____ )
TRANS- RECT_ & SERIES [—}—} CURR, T
FORMER| - | FILTER REG.. SENSE 1
TOM 2
el — : H
CURR, [
| _ TP4 CURR. _ (R
— Tp2 LIMITER P
ACs VOLT. jp———TPS o
INFUT 5, IMITER L
— - I A_______f OAD
B - - 7 COMMON
TP7 ———— TPB[—— TPO—— I —
“—REF REC REF. 7 ouTPUT -
FFILTER REG. i} sTAGE _-TPA
1 | —
REFERENCE COMMON
[VOL{CUR| RES| MERE ARE THE LAST TWO ACTIONS CONSIDERED BY THE EXPERT:
ouir| L] L . L ... FAULTS o
TP 1 _. ACTION. .  OUTCOME _PROB.  ELINM, cosT
™ 2 3) TPSDCCR L .. 67 3/7 8
TP 3 - N . .0 0/7
TP 4 N I H .32 .47
TP S 4) TPIDCCR L +.32 a7 i
TP 6 N +.67 377 .
TP 7 I :
TP s PRESS "RETURN" TO CONTINUE.
TP 9 H
TP AL

The studeént continues to take test measurements until the faulty module
has been identified, then replaces the faulty module. At the completion of
the problem, the student receives two types of feedback. First, the student's
cost to repair the circuit is compared with that of the expert (see Figure 16).
Second, as shown in Figure 17, feedback based on a comparison of the student
and expert models is provided. In this example, the student overemphasized
tncertainty Reduction and Fault Isolation, and tnderemphasized Cost. The stu-
dent would then béegin arother problem, with the process continuing until the
student and expert models were sufficiently similor.

v

Evaluation

The key guestion regarding the ACTS 1S wnetherx it is an _effective train-
ing system:. Since the MAU model has just been implemented; the only data
available to date have peen obtained using the EU model. Three major findings

wers obtained. First, the "learning” algorithms in the ACTS do learn to pre-
dict human performance. If performance is perfectly consistent, the predic-
tion of the learni Second, student performance

of the learning algoritnm will be perfect.
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10

YT T

A.C.
INPUT

OUTPUT

TR 3 TR
RECT. & —+—} SERIES
FILTER [oopn REG.
SOURCE
T P4

YOLT. _
LIMITE]

1
[}
§
‘

REF REC
FILTER

RCF .

— TP9

GUTPUT
STAGE :tTFA

REG.

e —

|

L T

T<!
1 o
o
[
N

|
|
|

[ N -4

-
-] b
b JL7- I TR NIV QP AL N

REFERENCE COMMON

{RES| CONGRATULATIONS ON REPATRING THE CIRCUIT:

|—| To DEBUG THE CIRCUIT WAS +120.

THE INSTRUCTOR'S TOTAL COST WOULD HAVE BEEN +120.

PRESS "RETURN" TO CONTINUE:

YOUR TOTAL COST

_ _/

Figure "16.

Cost-based feedback (from Hopf-Weichel et al., 1980) .
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'varylng mlxes of ACTS and actual- eq01pme1t tfalnlno. Once

lmproves with practice on the system; even when no feedback based on the stu-
dent model is provided. Third, simulation studies have shown that similar

sets of utilities produce similar troubleshooting strategies, while dissimi-
lar sets of utilities produce dissimilar troubleshooting strategies. This is

é xecessary prerequlslte for the use of dlfferences between two sets of util-

1 TP} — :37 1 TPC 1 OUTPUT )
+—1SERIES CURR. - -
T REG. SENSE 2
SOURCE rod
; 5 CURR, HE
L il LIMITER P
. [
. p——rrs b
1 1] - -
- “TLoxAD
o ) o COMMON
TP — TP - ~
RET REC REF. ouTRuT b
FiLTER REG. | STAGE TPA
T —F— 7
REFERENCE COMMON
VOL|CURjRES|  YOU APPEARED TO_OVEREMPHASIZE:
ik Sl Bt UNCERTAINTY REDUCTION & FAULT ISOLATION
outp f N | N
1| AND UNDEREMPHASIZE:
TP 2| W CoSsT
T 3| L B S
TP 4 N PRESS "RETURN“ TO CONTINUE.
TP §
TP 6
TP 7
N TP 8§
TP 9| N
T A .

(
.

Figure 17. Model-based feedback (from Hopf-Weichel et al.; 1980).

Future Directions

Future research on the ACTS Wlll lnltlally establish the training effec-

tiveness of the ACTS. Research will include the igve;thatlon of transfer of

ACTS tralnlng to actual equlpment, the efLeets of varying the problem presenta-

"""" 2 C and the effects of providing
this initial re-
fectiveness of the ACTS in an on-

search is complete, the cost and training ef
going course of instroction at an Army school will be determined.

SUMMARY

The Army's need for lmproved methocs of providing maintenance training

is expected to become more dcute during thergext two decades. At the same

time, advances in cofmputer technology are expected to result in low-cost
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the potential to provide 1mp?oved maintenanceé training, tittle guidance for
atilizing this potential eanctlwel, currently exists. The three research
efforts just described are attempts to develop that guidance. Each of the

efforts is concerned with developing wdys to train students to diagnose equxp—

ment mélfunctlons efficiently. Each uses computer technology to proVIde in-

computer systems that can pe used for training. Although such systems have

d1v1duallzed instruction, reallstlc gra;hlc displays, and sxmulatlon of main-

tenance tasks. Each uses a different training approach: games, context~free

sxmulgg;ons, and computerized experts. yltimately, this research should pro-
duce ways to provide studerts with general troublesnooting skills that can be
appiled to the variety of items of equipment that they will have to repair on

the job.
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