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FIDREWORD

The ManpOWer and Educational Systems Technical Area Of the U.S. Army Re-

search InStitUte for the behavioral and Social Sciences (API) performs re-

search and development that includes the application of educational technology_
and simulations to military training. Research On the use of computer-based

simulations for maintenance tiaining is of Special interest because the de-

velopment and implementation of such siinulaticns is seen as a means of reduc-

ing training time and costs, COMpUter-based simulations can proVide greater

individualization of traininy than Standard arlroaches and can reduce the

need for operational eqUipMent during training;

This report summarizes three on-going researcn efforts concerned_

com1,6ter-baSed simulations for maintenance traininy. It iS an -edited version

of an uhpbblished parer rresented at the Military Operations Research Society

Symposium in December 197.

The first effort, Game-Based LearninC, is being conducted by in-house

personnel; It is responsive to the re;_luirerents of RDT&E Project 2Q262717A790,

"Human Performance Effectiveness grid Simulation;;" as described in the ART FY 60

Personnel PerfrMance an? Training Pr;:igram: Basic Research and Eki:lbratory

Development.

The second effort; Human Performance in Fault DiaghbSis Tasks; is being

cOndUtted by the University of Illinois as part Of the ARI Research Themes

Program: The research is responsive to the reuirements of RDT&E Project

2c.161102B74F; "Basic Research in the 1-ehavioral and Social Sciences."

In order to accomrliSh the third effort; Adai-tive Computerized Training

System; ARI's resources were auYmonted by contract with_Perceptronics, Inc.;

an organization selected as havin unr!ue ca:abilitieS nor research and de-

veloement in this area The research is reSf_cnie to the requirements of

R;DT&E PrOject2(2263744A795i "Training SimulatiOn," as descrihe in the AEI

FY 80 Personnel Performance and Training PrograM: Advanced Development.
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Pecniirement :

Current Army maintenance trainif0 is largely e,nii:ent specific. The

student is first taudht the steiTL': -stel procedures necessary to locate the

malfunction ih a specific item of equipment, Bien spends time practicing; and

finally i tested on the equipmeht itself. Locause the training content con-
SiStS Of equipmeht-specific i-.1-ocedures rattier than in general troubleshoot-

iii g logic; there is little likelihood of tran.,for Of the SKills acquired to

ethos items of equiPment that the student will eneOU:Aer on the job; This

lack o: truer ssfer i reflected in the :elatiVely high proportion of functional
_

components submitted for relair (42 i-i one study); In addition, this cur-

rent training approach makes ineffic-_ent use of student time, instructor time

and equipment, thereby ihflatind costs; Efficient methods for providing train-

ing in generalitable diagnostic skills could reduse costs and irtrove Oh-the-

7,61, SkillS.

Procedures:

Three research effOrts that use c-)mi..utor-based simulations for mainte-

nance training are being conducted. lame-Fused Learning investigates the USO

of computer-based games to teach diagnostic skills. Human LerfOrtance in

Fault Diagnosis Tasks evaluates t:r.e use of context-free taSkS to train indi-

viduals to maintain actual equipment. The Adal-tivd COMIlUterizedTraining Sys

ten; ail lies "artificial intellidncc" techni:ueS to electronic troubleshooting

trainin,3.

Findings:

The finclingS to date, while incomplete, suggest that each ef the af7

proaches can improve maintenance_performance under certain Conditions. Play-

ihg a _Logical game is an effective substitute fof t:aining in readinglog

circiilt diagrams and practice solving context-free diaqnbStie tasks enhances

abaequE.ntperformance when di37nosidg faults ih euitMeht-specific simula-

tions; Although the Adaptive Computerized Training System has yet to receive

rigorous experimental evaluation, its feasibility has been demonstrated.

Utilization of Findirig8:

ReSearch will continue to im;:rove the descrid-ed tethniqUes and to evalu-

ate them Under conditions that are more repreSentatie Of the Army -raining

environment. Guidelines for devoloiand using dames fcr trainin,:: will be

develoued; The effects of training with cOnteXt-free tasks on the subseduent

maintenance of actual equipment will be ihestigated The cast and training



of festiveness of the Ada;vtive Comruterizea Training System will be evalbated

in an on-goin,-j cour6e of instruction at an Army school.
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CUF::: AFT

This rtort eribs three effort in the alea of comi.uter-based Situ-

1 ations for maintenance trait cUrrently Leing conducted by the 1:;'.S. Arty

Research Institute f(-.1.- the behavioral and Social Sciences (ARI). ARI IS in-

terested in the use of Comi.uter-based simalations for maintenance training_

because It provides a potential means ,-)7 overcoming some or the problems in

this area that tno Army currently faces.

The first Iroblem for efficient maintenance training is the inCreasing

number and corm lexity of Army systems. :(st Only is equipment becoming more

diffidUlt to maintain but there is more Of it. The second problem is that

toe skill level of the pool Of Mani_OWer available for military service is de-

I.:niess social or CCOOGn1O hances Increase the desirability Of mili-

tary service or the civiliah educational system improves, future military

maintenahte personnel will require additional or improved training to reach

the same level of prbficiehdy that current personnel achieve with existing

training. The third l_roblem is that the number Of people available for mili-

tary service is decreasing and will contintletb do so until the late 1990s

(Faker, 1960). All other fac.tors being equal; therefore; the skill levels Of

entering personnel are expected to c eVen lower in the future. Army schools

must deal with these problems While faCing increased operating costs And te-

du'2.tios in Personnel.

The limited data available suggest that imirhved Maintenance performance

could produce a substantial improvement in readiness. DreSsel and Shields

(17) measured OrganiCational-level
maintenanceperformance in a brigade-

size unit_auring a 1-year period. They collected data on selected end items

of the :4551 armored reconnaissance Airborne assault vehicle turned in for ex-

-change at a direct support maintenance facility. Figure 1 shows, by month,
_

the total number of submissions and false removals (items submitted as defec-

tivetive that were in fact, functioning properly) Overall, 42% of the total

items submitted were false reteVals; and 2,2% or the re air time at the direct

supiort level was spent determining that false removals were operating cor-

rectly. This represents an average of 1.5 hour or item, only .8 hours less

than the time reqUited to repJfir a faulty item. Furthermore, 30% of equipment

dswntiteWat due to these false removals. Thus, a considerable amount of op-

erational and maintenance time is lost betaUse working equipment is removed

for repair.

dTwc caveats regarding these data should be noted. First, they Sc not
. .

rebresent a random_sami.ling or Army maintenance perforMance (althoodh there

is no reason to believe that ':hey are atypical). SecOnd, the performance

observed undoubtedly reflects a number of factOrS other than the quality of

maintenance training per se, such as comMand pressures; misassignments, and

peronhel tUtbulence; The data do, hC.Wever, clearly establish the existence

cf a Maitenance problem. This prhblem may nor o.ni::,ue to the Army, or

OVen to the military but there are h6 cdmIarable :ata available from other

.,;ectors.

1



100

90

80-

70

60

50

40

30

20

TOTAL SUBMISSIONS =0
FALSE REMOVALS

10-

It

It

1 t

If t

I
1

1

I

1 1

1 1
1.

I

I

1

I I 1
I I I

JUN JUL AUG SEP OCT NOV DEC JAN FEB MFR APR MAY

Nuttier of items submitted for repair, by month (from Gressel
1979) ;

14



The Army currently follows primarily a handS-on and equipment-specific

approacn to maintenance training. The student is first taught the sequential
stetby-step procedures necessary to lbcate a malfunction in a particular

item of equipmenti then spends time practicing, and finally is tested on the

equipment itself. ThiS aprbach has several advantages. It ensures that the

student h.as mastered certain prerequisite skills, such as the use -of test

equipment. It teacheS the student the physical layout of the equipment and

its relationship to functional or schematic diagrams. Finally,'the student

practices assembling and disassembling an actual piece of equipment:

There are also some disadvantageS to this training approach; however.

First; time constraints do not permit the student to receive training on all

of the equipment that is expected tb be encountered on the job. Because the

training content consists of equipment - specific procedures, rather than

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

acquired to other items of eduipment. Second, a substantial amount of equip-

ment, which could otherwise be used operatiOnallyi is required for training:

Third, instructors must spend large portions of their time inserting malfunc-

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

large amount of student time is spent assembling and disassembling the equip-7

ment, thus reducing the number of different melfUnctions that they can ex-

perience duripg training.
_

Computer-based_simulatibhS prb\.-ide a means to overcome these disadvan-

tages. They can reddee the need for actual equipment for_training and can

reduce the amount of instructor time devoted to "faulting" equipment. By

eliminatihg the need for time-consuming assembly and disassembly by the stu-

dent, they provide more opportunitY for the student to experience a larger

set of equipment faults. They can provide more efficient training by adapt-

ing to individual differences in 1.erfortance. More imiortant, they have the

potential to provide the student With generalizable diagnostic skills that

can be applied to a variety Of items of equil:ment. Finally, because computer

costs are rapidly detteaSing they can be expected to be inexeensive, in Com-

parison to the use of actual equipment, in the near future.

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

Its objective is to determine the training effectiveness of games and to de-

velop procedures for the design and use of games for training (Baker, 1981).

While the scope of this research goes beyond the area of maintenance simUla-

tiOn the early work has used maintenance training tasks.

The second effbrt is Human Performance in Fault DiagnoSiS Tasks: One

objective of thiS research is to investigate the use of "content- free" diag-

noStie tasks to train individuals to maintain real equipment. ,This work is

being performed by Dr; William Rouse, of the Uniatsity of Illinoisi under a

contract with ART.

The objective of the third effort, theAdaptive Coml_uterized Training

System (ACTS); is to_evalUate the use of artificial intelliqenc, techniques

for electronic troUbleShboting training Most of the work has_been performed

by Dr. Amos Freedy; of Perceptronics Inc., under contract to ARI.



GA:1E-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. Gaines also ap-

pear to provide a simUlated environment within which information acquisition,

information processing, and decision-making skills can be developed and main-

tained. Yeti even thOUgh the use of gaming techniques 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 assessment of the training effectiveness of games and to investigate

their full potential as training media. To date, one experiment has been con-

ducted (Simutis, Baker, Bersh, & Alderman, 1919) and a second is in progresS.

Both have used a similar approach: measuring the transfer of training_frOM a

problem-solving game to simulated electrOnitS Maintenance tasks. The first

experiment_meatUred transfer of training to the reaing of logic circuit dia-

grams. All subjects received some instruction andpractice_on thiS task be-

fore they were tested. Three groups Of subjects received additiOhalpaper-

and-pencil 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, prattite; and testing by compUter

Experiment 1

In Experiment 1,
dOmly assigned to one
Game; or Control Game
group participated in

a transfer task.

42 enlisted personnel from FortBelvoir, VA, were ran-

Of three experimental groups: Logic Control; Logic

. The experimental deSigh is shown in Figure 2. Eath

three 1-hour training or practice sessions, f011OWed by

StudentS in the Logic Control group first received 1 hour of instruction

on the interpretation and meaning Of five logical functions (AND; OR; NAND;

NOR, and INVERSION) and other features of logic circuit diagrams. Following

this they received 2 hours of practice reading lOgit diagrams; Six levelS

of complexity (A_thrbUgh F) of the.logic diagrams were used Levels differed

in one or more of the following was the number Of different logic func-

tions, the total number of logic elementS, and the number of inversions:

Figure 3 SI/OW§ 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 It contains

all of the logical functions, seven inversions, and 12 logical elements. The

students' task was to determine the outputs or each diagram. Students pro-

gressed through the diagrams in order of increasing complexity. Only subjects

4
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Session

Group I II III IV

_

Logic Control

Logic Game

Control Came

logic symbol
instruction

logic diaaram logic diagram transfer

practice practice test

MaStermi-nd logic symbol logic diagram transfer

instruction practice test

Blackjack logic synbol lOtit diagram transfer

instruction practice test

Figure

0

1

Experimental design' for Experiment 1;

AND

OR

OR

Figure 3. A Very simple logic diagram (Level A



in the LOgic Controlgroui: received Fractitein all levels of diagrams. Sub-

jects in the other grcur.s pra.-_-ti.T.cd only on Level A, B; and C diagrams. Eath

diagram had the correct answer(s) perCi2ed on the back. Subjects received

feedback by checking their answers after comi.leting the diagraffid.

0

0

1

0 AND

o- i.- I

jj NAND
o

1

AND

NAND)

AND

NAND

NOR

Figure 4- A moderately complex logiC diagram (Level Ci.

During the transfet test the subjects were given 1 hour to solve 40 new

logic diagrams, 10 diagramsfrom.each of the four highest levels of complex-

ity. SubjectS began with the least complex probleMS: No feedback regarding

the correctness of their responses was giVen.

Subjects in the Logic Game group spent the first hour of theit training

playing a computerized version of the game Mastermind, presented on the Uni-

versity of Illinois PLATO IV SVStet This game required the subjects to de-
.

termine a hidden sequence of four'digits that had been sampled Without re-

placement from the digitS 1 through 8 and randomly assigned to positions.

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

on the accuracy Of the guess was provided. The subjects were told (a) 'low

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

sequence position and (b) how many digitS in the guess were correctlyidenti-

fied but had been placed in the wrong pOSition This information could be

used to eliminate wrong alternatives on subsequent guesses. If the subject

had not discovered the correct solution within eight trialt, the solution was

shown and a new game begun. A different random sequence of digits was



generated for each subject for each game. Following the Matermind session;

the Logic Game grotlp received the loaic symbelinstruction,the logic diagram

practice, and the transfer test. The only difference from the training re-

ceived by the Logic Control group was that the practice included only the

three least complex levels of circuit diaqra7tis.

The _Control Gate grouts spent the first hour of training playing a com-

puterized version of Eladk; also presented on the PLATO IV system. Sub-
_

given

Sub-

jects played against the computer and were an initial stake of $1,000;

If they lost their stake; they were proviaed with On additional$1;000; The

game rules were the traditional Plackjack riilds. The logic symbol training

and practice provided to the Control Game grOUp were identical to the train-

ing and practice received by the i3Ogie Game group.

The transfer tds1 was scored for both accuracy and performance. The ac-

curacy score is the proportion Of items atteuTted for which the subject gave

the correct answer. The performance score is the proportion of total items

for which the subject gave the correct answer.

_

Table 1 summarizes the croup means at each Of the fOUr levels of diagram

complexity (C, D; E; and F) used on the transfer task. The accuracy and per-

formancescores are similar except at the highest level of complexity (Level F).

Recall that the subjects in the Looic Gate and ContrOl Caine groups were not

exbosed to diagrams as complex as those represented by Levels D, E, and_F

prior to the transfer task. Petail also that the level of complexity of the

diagrams was confounded With time, with the most complex diagrams being en-

countered last. (The fact that some subjects were unable to complete all of

the diagrams, then, explains the relatively large ,ifr6rences between the ac-

curacy and performance scores found in Level F.)

aaLle 1

Accuracy (A) and Performance (F) Scores

Group

Diagram complexity

Logic Control
A .92 .90 .90 .60 .86

P .89 .88 .89 .74 .85

Logic Game
A
P

:61 .71 .82 .67 .70

56 .70 .79 :65 .68

Contrdl Game
A .65 .62 .66 .56 .60

.63 .62 .6b .49 .60

7



The pattern of Significant results obtained indicates two general trends;

evident on the graph of the perforMance scores Shown in Figure 5. FirSt; the

Logic Control group was superior to the Control Game group. The Logic Game

group was in the middle; significantly worse than the Logic Contrbl group in

terms of accuracy scores; but not performance scoresi and significantly Set-

ter than the Control Game group in terms of performance scores; but not accu-

racy scores; The second trend is that the Logic Game gtOup performed more

like the Control Game qtaiip_bil the diagrams of intermediate complexity (Levels

C and D) more like the Logic Control group on diagrams of high complexity

(Levels E and F).

Figure 5-

6

5 E.

- _____ ........ 4

LOGIC CONTROL

LOGIC GAME

%/ CONTROL GAME

COMPLEXITY

Performance scores as a function of di.arat corm lexit'.

these results indicate that under certain conditions limited practice

in reading logic circuit diagramsi when combined witn playing a lOgie game

like the one used here; is as effective as the same amount of time spent in

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

the limited practice is combined with playing a game of chance, so results

cannot be attributed to any_genetal transfer effectsof gaMe playing per se.

Sacad80 both game groups had the same practice set Of diagrams; yet signifi-

cantly different accuracy and performance scores at -Ottl diagram levels, it

also cannot be argued that limited Practice was sufficient for successful

performance on the transfer test.

The results also raised a number of questions: The Logic Game and Con-

trol Game groups were exposed to a computer The Logic Control group was not

clas this a factor in the results? Why did the Logic Game croup dorelatively

bettet on thehigh-complexity
diagramsjLe.:els E and F) than on the diagr4ms

of intermediate complexity (LeVelsCand D)? Did_thiS indicate a motivational

letdown caused by transfetting from a highly challer.ging game tc-, the relatively

0
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boring task of reading logic circuit diagrams? A second experiment was

signed to answer these questions.

Experiment 2

Figure 6 ShOWS the design for _Experiment 2; which is currently in proT-

greFs. It incorporates three major changes from Experiment 1. First, it in-

cludes a "sure" Control group This group, will permit a determination of

whether gate playing (either Blackjack or Mastermind) is better than no addi-

tiOhal practice: Sccond, 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 courseware is described in Yeager and Simutis

(1979)_; Finally, the transfer task haS been changed from reading logic dia-

grats*to troubleshooting simulated logic circuits;

Group

Session

Logic control

Logic Game

COntreil Game

Control

logic diagrm fruit iSylati additional transfer

instruction & instrUCtin & practice task

practice practice

lOgit diagram Mastermind fault isolation transfer

instruction & instruction & task

practice Tractice

logic diagram Blackjack fault isolation transfer
_

instruction & instruction & task

practice practice

lbgiC diagram fault iSolation
instruction & instruction &

practice practice

transfer task

_

Figure E. Experimental design for E:kp-etitheht

Future Directions

The results of these experiments will provide data Oh the effectiveness

of a logic-baSed gate for training in electronics tasks. Future research is

planned_tO replicate the first results and to eXilldre the effects of individ-

ual differences on game-based training.

PERFORMANCE IN FAULT DIAGNOSIS TASKS

Background

The research in "Human Performance in Fault Diagnosis Tasks" assumes that_

some skillS are common to all fault diagnosis taks; Clearly, equipment-specific

9



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

able to diagnose a faulty aircraft engine; nor would an aircraft mechanic be

expected to be able to repair a radio; yet these tasks do have common elements.

Dt. William Rouse and his associates at the University of Illinois haVe

been evaluating the use of " content -free" fault diagnosis tasks for training

in diagnostic skills. ConteXtfree tasks do not represent any particular item

or type of equipment. The research strategy has been to examine the transfer

of training from one content -free teak to another; and from context -free tasks

to equiPment-specific tasks. In addition; the use of computer aiding is being

investigated. Computet aiding represents a synthesis of unassisted human fault

diagnosis and the use of automated test equipment.

The Taak-a-

_
The term context-free task iS best explained by example. Figure _7 ahOW8

a simple context-free task that Will be referred to as Task 1. This display

is presented to the student On a computer terminal. The network consists of

a 7 x 7 matrix of_componenta, numbered I through 49. The arcs connecting the

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

agnoses a new network. Each component is an AND gate. If all of the inputs

to that component are 1; and if the comi,.Cinent is good,theoutput of that

component will be 1. If any of theae conditions is not satisfied (that is,

if any input is 0; or if the coml_bnent is faulty), the output will be 0.

zi;ze =
Z.1.30 = 1

T =
* 3I = 0

Z4 Z1 =
1 1-c 71 =

FAlcuRE sl

RIGHT'

Figure 7. A simrle tOnteXt-free task (from Rouse, Rouse, Hunt;

Johnson, SFelligtinO, 190).
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The task of the student is to determine which component has failed. Stu-

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

network are shown on tine 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 (art

31, 38) a 0 (faulty) output was found; The next two tests allowed the Student
to deter-Mine that the failed component was number 31. The student entered the

answer and was told that the response was correct.

When computer aiding is used with thiS task; the student is provided with

an automated record-keeping system. An aiding algorithm uses the structure of

the network and the known outputs to eliminate those components that could not

be faulty._ The components are "X'ed out"_onthe cure y.puter displa As the

student makeS further tests; additional ccmponents are eliminated. To illUS-

trate hOW this could be done; note that even before any tests are Made, com-

ponents 45; 48; and 49 in Figure 7 are known to be goad, becauSe each of them

has a 1 output; Any components having an input to those components must also

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 be eliminated by working backward through the circuit.

Ip Task 1, outputs are
Real systems haVe different
Task 2, presented ih Figure
ing two types of components
are AND gates; identical to

always fed forward to components of the_same /Type.
types of components and often have feedback loops

8; is a more complex con*.ext-free task intorporat-

and feedback loops. The rectangular components
the components o' the simple task. The six-sided

components are OR gates; OR gates produce an output of i if any of their in-

puts is 1 and they have not failed. Feedback ;bops are also present For ex-

ample; component 7 sends its output backward through the network to component 5.

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

The complexity of both of these tas;.:s is easily varied by the

number of components.

Ih Order to assess the transfer of training from these context -free tasks

to eqUipMent-specific tasksi a system to simulate avariety of items of real

equipment was developed. This system is called FAULT (Framework for Aiding

the Understanding of Logical Troubleshobting). FAULT has two components. The

first is a hard-copy schematit Of the equipment, such as the Turboprop Power-

plant shown in Figure 9. The second component is an interactive display,

shown in Figure 10.

The student is initially given the general problem symptoMS; fbt example;

the engine turns over but wil2 not start. The student can then make inquiries

about the functions of the system components; collect information about the

functions of those components by checking gauges, making continuity checks,

and removing components for behch tests; and replace components. Each action

has a cost based on the time that the action would re wire .-ndi for replace-

ments the cost of_the rePlateMent item: Students are instructed to repair

the system at the lowest possible cost

11
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System Turboaroc: Symplom Will not liOh.: off

You have six choices .

1 Observation OXY
2 .Informa on IX

3 Replace c pan' Pk'.

4 Gauce recaing . GX
5 Bench test _ .SX

6 Comparison : : .: CX;Y;z7

X,Y,ond 2 are port numbers )
i

34 Throve
35 TUrbme In181Terhp Low

36 Fuel Flow LOW

37 Tocnometer Low

3E Oil Pressure Normal

3° Oil Temaercure Normal

4C, Fuel Cucnt!ty

41 40-nnieter NorMOI

YOUr cnbiCe .

Actions Ccs:s. AttiOnt Co STS. PartS ;--eatced Casts

4 ; -5 Norma!

26i30 Aonarrnai
14;20 Not ovol

14 is Abnormal

$ 1

$ li' 1

$ C
$ i

I

1

14 Tacn Generator $ 199

FidUre 10. FAULT interactive cis:' ay (from Rouse et a 1980).

The Research

Five experimentshave been corleted. Each examined aspects of the
context-free tasks and their use for ttairiing. The rirst experiment used

only -the simple task (Task 1). Students solved problems having either 9; 25,
bt 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 students were first trained without computer aiding and then
transferred to the aided task. The results indicated that the number- of tests
required to reach a correct solution increasingly deViated ftbt the optimal
solution as problem size increased. Computer aiding resulted in a lower num-

ber of tests to solution_ during the training ttialS, ttit not during the trans-

fer trials. Computer aiding during training therefore enhanced subsequent

unaided performance.

In the second experiment the effects of requiring 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

to do so in 30 seconds.) A clock was added to the display to_give the stu-
dents continuous knowledge of the amount of time retaining. Task 1 was used

Again, half the students_ had computer aiding Only during the first half of the

experiment._ The others had computer aiding only during the second half. All

problems had 49 components. Students used more tests than were necessary to
solve the problets, and the effects of computer aiding did not transfer to the

unaided condition; The interpretation of these results is that forced-pate6
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students employ lessinformationi irtlUding study of the computer aid, than

do self -paced students

The first two experiments used engineering studentS at subject Experi-

Meht 3 used 40 fourth-temettet trainees from the UniVettity of Illinois Fedz

eral Aviation Administration (FAA) Certificate ProgtaM in Aircraft Powerplant

Maintenance; The design was the same as the first expetiment;with the excep-

tion that transfer was examined ihonic the aided-unaided direction. Thete-

sults were identical to those of Experiment 1: More tests; relative to the

optimal solution, were requited as rroblem size increased; computer aiding

improved performane during training; and coMutet aiding enhanced subsequent

performance on the unaided task.

The fOiltth experiment examind the effects of computer aiding during

Task 1 performance on subsequent Tatk:2 petformance. FOtty-eight first-

aviation mechanic trainees served as subjects. In two respects,

TaSk 1 performance was SiMilat to that found previOUSly: Performance de=

alined asprOblem size increased; and computer aiding during training im-

proved perfowmance._ HbWever; there was no transfer of training from the

aided to the unaided Tatk 1 disiAays. Such transfer had been shown by fourth-

semester students in Experiment 3. A possible interpretation of this finding

is that the_less-experienced
first=semesterustudents may have been using the

comPUter aiding only as a way toMake the task easier, rather than trying to

underStand how the aiding was helping them; Transfer Of training was shown

between Tatkt 1 and 2 in terms of the amount of time taken to reach the cor-

rect solution, but not in terms of the number oftetts made; Initially, the

students who had received computer aiding in TaSk 1 performed worseonTaSk 2

than those who had received no Task 1 aiding, bUt eventually these differences

were reversed. The cause of this effect is net clear;

Exneriment 5 examined tne stUdents' ability to trantfet skills devel-

opedoped on Taskt 1 and 2 to FAULT_eqUipMent7specific simulatiOht; Subjects

were fourth7semester trainees frOM the F-P. Certificate Program In this ex-

peritheht bOth Tasks 1 and 2 were used as training tasks And transfer to three

items of simulated equipment was assessed. Studehtt trained with computer

aiding on" the context-free tasks were able to_tblVe the equipment-specifit

prObleMs at a lower tOtal cost than those students who had not received com-

puter aiding. These students used fewer high -cost procedures, such as bench

tests, and used the free information available in gauge readings more

frequently.

In summari, these experiments demonstrate that poSitive transfer does

take place between the two levelt of context-free t6:f,.kt and; more important,

froM the context -free taskt to the equirment-specitit simulations. This
_

transfer is most pronounted when students can work tn the problem at their

-cit; pace using computer- aiding. It also at -ears that students have diffi-

CUlty using correct (1) outputs efficiently. Computer aiding assists them

in making use of this information.

Future Direct-ions

Future will continue to investigate the effects of Computer

i_ding; attempt to defihe problem complexity, and develop cognitive models
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of diagnOStie performance: The major tnrust of this research will be a con-

ti7iLlatiOn Of the transrer studies to determine the degree of transfer from

context-tree tusks anj equipment-specific simulations to hands-on; actual-

equipment troubl:Mooting.

:-M17::TEIZED TRAINING SYSTEM

background

The preViOUSiy discussed research is concerned with_providing non:-

equiphent7SpeCific diagnostic training tnrough the use of nonTequipment-
_ _

sleciric diagnostic tasks; The following researcn is directed toward pro-

viding non-equipment-specific training using an equipment- specific task.

This effort is called the Adaitive Comi_uterited Ttaining System (ACTS)

The ACTS also adds a tOr.iioh-eht to the training process--student and

expert performance are Modeled and thesestudent and expert models are used

to provide instructional feedback to the student and to direct the training

process. This requires the use of artificial intelligence techniqueS.

. _
Artificial Intelligence (Al) techniques are algorithms (rules) that

enable computers to exhibit "intelligent" behavibr. Examples of intelligent

behavior are understanding written Englith, playing chess; and learning

(changing behavior as a result of experience). The AI techniques can pro

vide individualized instruction but de not require separate programing of

the instructionallOgit fbt each lesson: Extensive computer resources, hOW-

ever, are required to Stip: sort the use of AI techniques. In the past, this

requirement haS prevented the use of such systems outside a research

environment.

The primary objective o the ACTS research etfdtt is to improve the

individualization of maintenance training through the use of same basic AI

techniques that can be imPlemented on small -scale inexpensive computer

systems;

TS escr4tlon

The student's task. in ACTS training is to troubleshoot an electronic

circuit by making various test measurements and replacing the malfunctioning

tart. The entire process is simulated by the ACTS. Neither the actual cir-

OUit nor test equipment is required._ The heart of the system is an adaptive

co- rater program that Models the student's behavior; compares the model of

the student to that of an expert, and provides feedback to the student to

make his or her behaVibr more like that of the expert.

The ACTS is not being proposed as a complete troubleshooting training

method. It Will not train the student to use test equipment or to assemble

or cisasseMble the equipment. It is designed to train the student in de-

cision making during the troubleshooting process.

The ACTS consists of_four tato/. components: (a) the task model, (b) the

exiert model, (c) the Student model; and (c) the instructional model.
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Task Model. The task model is a simulation of the circuit on which the

student is to be trained. The circuit currently being used is a modular ver-

sion of the Heathkit IP-2b Power Supply.' A simplified diagram of this cir-

cuit is shown in Figure 11. The power supply; when functibning properly;

converts an alternating current input (shown!at the left) into a stable;

lbW7Voltage; low-amperage output (shown at the right). The circuit consists

Of 10 modules. Since the OUtput of the circuit must be stable; even with

variations in the input, there are a number of corrective feedback loops in

the circuit.

A.C.
INPUT

TRANS-_
FORMER

TrIl
'RECT. 4
FILTER

COM

T 2

TP7

TP3

CURB;
SOURCE

SERIES
RLG.

TP4

TP6
CURR.
SENSF

VOLT;
LIMITER

CURR.
LIMITER

-TP5

REF REC
6FILTEll

TP8

Ficure 11. Circuit diagram.

RIiI

REG.

TN)
OUTPUF
STAGE

REFERENCE COMMON

TPA

OUTPUT

1

TLOADA- -I
COMMON

E-4iert Model. The second major component of the ACTS is a model of an

expert troubleshooter. This Model- predicts the exit'S measurement choices

While troubleshooting the Circuit; It is developed through on-line observa-

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

Student Model. The student model is a decision model that predicts the

student's measurement choices. It is developed through on-line ooservation

ty the computer of behavior as the student solves troubleshObting problems on

the ACTS.

Instructional Model. The instructional model cdti:Ares the expert and

student models; deterMineS discrepancies between the two;providesfeedback,

and modifies the instructional sequences for the student in Order to redUce

these discrepancieS.

1-Commercial deSiChatiOn8 are provided only fOr precision of descrintiOn.

Their use does not constitute
endorsement by the Department of the Army or

the Army Research Institute.



Modeling Behavior

The uniqueness of_the ACTS liet in the use of the student and expert

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

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

the ACTS used an_Ekpetted UtilityfEULapproach to create the student and

expert modelt. The current version uses a Multi-Attribute Utility (MAU)

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

adaptive algorithms; derive sets of numbers that permit reproduction of that

behavior. In the EU model; these numbers represent the human's relative

preference 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, heWeVer, has two drawbacks. First; behavior is rept-6-_
tented 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 indicating too high a preference or too low a prefetente for

various actions. Thus; a new model for the ACTS was sought to reduce compu-

tations and increase feedback precision.

In the MAU model; a much smaller set of numbers is used Each repre-

tents an "attribute;" or_a general characteristic common to all actions. The

three attributes currently being Uted are Decrease in Uncertainty, FAUlt Itb-

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

faults that it expected to be eliminated by an action. Fault Itolation is

the proportion Of possible faulty Modules that is expected to be eliminated

by ail action. This differs from Decrease in_Uncertainty because most modules

can be faulty in several ways. Cost is the d011ar cost of an action; based

On the time required to take the ac-'en and the cost of replacement parts.

The use of the MAU model makes it possible to provide students with "higher

order" feedback based on their relative preferences for action attributet.

For example; a student can be toles that too little emphasis is being placed

on the cost of the actions being considered.

Developing ACTS Training

Preparation of the ACTS for training requires five steps; or tasks._

First; a matrix shoWing the relationships between the possible faults and the

resulting measurement outcomes must be prepared. A sarncle is shown in Fig-

ure 12. An "L" indicatet a lower than normal outcome; an "H" indicates a

higher than normal outcome; and a blank indicates a normal outcome.

The second task is to determine the probability of occurrence of each

possible fault This can be done by examining maintenance records; consult=

ir.g experts; or simply assuming that all faults are equally likely.

_

The third task is to detertine the cost of each measurement and mOdUle

replacement. The.cost shOuld include both the time required to take:an ac-

tion and the cost of any replacement parts.

Fourth, the computer mast be programec to display the circuit diagram;

and the fault matrix; fault probabilities, and action costs must be entered.
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The fifth and final Step is to train the expert model. This consists of

having a human expert solve a series of troubleshooting problems on the ACTS.

During this step the export model learns the human expert's preferenceS. When

thiS is completed; the human expert is no Jonger needed. The expert model on

the computer is ready to begin training the student. This process will be ex-

amined from the viewpoint of the student.

Training Sequences

After receiving intrOdUttoty training on the operation of the circuit,

the student is presented with a display similar to that shown in Figure 13.

A simplified circuit diagram is shown at the top of the display. The lower

left section contains a table used to present measurement resUltS. Themea-
surement points (OUTPut. Test Point I. etc.) form the rows of this table.

The types of measurement taken (VOLtage, CUPrent, and PESistance) are shown

in the columns.

A.C.
INPUT

OUTP
TP 1
TP 2
IP 3
TP 4
TP S
TP 6
TP 7
IP 8
TP 9
TP A

TRANS-
FORMER

TP1

CON

TP2

RECT. d
FILTER

TP3

CURB.
SOURCE

TP6
SERIES
REG.

TP4

VOLT._
LIMITER

CURR-
SE SE

LIMITER--

TPS

OUTPUT

TP7 TP8 TP9
EF REC REF. OUTPUT
FILTER sTAGE ---TPA

VOL CUR RES

L L

1

REFERENCE COMMON

TYPE "RETURN". TO CONTINUE.

COMMON

1 :

:LOAD

Figure 13: Student display at the start of a pi-obleth (from Hopf-Weichel

et al., 1980).
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The results of thj measurements taken at the output of the circuit are

automatically provided to the student at the start of a problem. The student

is then asked to list the four beSt actions to take. _Help from the expert

may_alSb be requested at this time In the display thOWn in Figure 14, the

student has selected four possible actions and haS been shown the valbes of

the three attributes for each action; The first action being considered;

TP9DCVR (a direct current
measurement at TP 9 With the circuit operating in

a voltage regulation state); is expected to eliminate 40% of the possible

faults and 33% of the possible faulty modules. It will cost $4.00. The

fourth action considered; TRA (replacethe transformer),_isexpected to elimi-

nate 28% of the possible 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 chooses to take the third action; TP4REPO (a

resistance measurement betWeen TP4 and common with the power off); which 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.

INPUT

_ TPI
TRANSm_
FORMER

COM

_T 2

RECT. 4_
FILTER CURR_

SOURCE

SERIES

TP4

[VOLT.
LIMITER

TP7 TPR
REF REC 'REF;
8FILTER

TP9

TP6
CURR.
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77ILIMITER--

-TPS

OUTPUT

OUTPUT
STAGE

VOL CUR RES

OUTP L
TP
TP 2
TP 3
TP 4
IP S
TP 6
TP 7
TP 8
TP.9
TP A

L

REFERENCE COMMON

TPA

COMMON

:LOAD

LISTED BELOW ARE THE FOUR CONSIDERED ACTIONS AND THEIR

ATTRIBUTE LEVELS.

ACTION

1. TP9DCVR
2. TP5DCCR
3. TP4REPO
4. TRA

DECREASE IN FAULT_ -___

UNCERTAINTY ISOLATION

+.40
4..40

+.41
+.28

4.33
+ .33
+ .43
+ .19

COST

4.00.
.8.00
.10.00
+98.00

TO SELECT AN ACTION, TYPE ITS NAME; THEN PRESS 7ETURN."

TP4REPO

Figure 14. Student display after the student has selected an action

(from Hopf- Weichel et al., 1980).
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If the student requests help, the_expart provides a list --of the four

best actions to take. This is followed by more detailed information about

those actions, as shown in Fidre 15.

INPUT

TRANS-
FORMER

TP1

T 2

RECT_._41-

F1ETE

TP3 Tfb OUTPUT

CUM__
SOURCE

SERiiiillE"1111

REG. SENSE

CURR._
TPA LIMIT

VOLT.
'AMITE

TPS

TP7 TP8

1111:111:CM1111/:
FILTER REG.

TP9
OUTPUT
STAGE-- TPA

REFERENCE COMMON

COMMON

i
o

:

)LOAD

VOL

1.

CUR RES HERE ARE THE LAST TWO ACTIONS CONSIDERED BY THE EXPERT:

FAULTSOUTP L

TP
TP 2

ACTION_. OUTCOME _PROB.
3) TPSDCCR I. +.67

EL1M.
3/7

COST
9

TP N 0 0/7

TP 4 H .32 4/7

TP S Ij TP9DCCR 1. .32 4/7

TP 6 N +.67 3/7

TP 7
TP 3 PRESS "RETURN" TO CONTINUE.
TP 9 H
TP A

Figure 15. Student display during the Help sequence (from Hopf-

Weichel et al., 1980).

The student continues to take test measurements until the faulty module

has been_ identified; then replaces the fadlty module. At the completion of

the problem, the student receives two types of feedback. FirSt, the:Ftudent's

cost to repair the circuit is compared with that of the eXpert(seeFigure_16).

Second, as shown in Figure 17, feedback based on a comparison of thestudent

and expert models is provided. In thiS example, thestudentoveremphasized
Uncertainty Reduction and Fault ISOlatioh, and unceremphasized Cost. The stu-

dent would then begin_another problem; with the process continuing until the

student and expert mOdelS were sufficiently simiI2r.

Evaluation-

The key question regarding the ACTS it whether it is an_effective train-
_

train-

ing system. Since the MAU model has just implemented; the only data

available to date have been obtained using the EU model. Three major findings

were obtained. First, the_"leaihing" algorithms in the ACTS do learn to_pre-

dict human performance. If performance is perfectly consistent, thePredit-

tion of the learning algorithm will be perfect. Second, student performance
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A.C.
INPUT

CON

Tr2

TP7_

RECT. 4
FILTER

TP3_

ICURFL_
SOURCE

SERIES CURR.
REG, SENSE

TP4

LIMITER

I

CURR.
LIMITER

EF REC
&PALTER

TP8*----- TP9
6 REF. OUTPUT

REG. STAGE rTPA

ITPS

OUTPUT

!LOAD

J
REFERENCE COMON

COMMON

OL

N
L

CUR RES CONGRATULATIONS ON REPAIRING THE CIRCUIT: YOUR TOTAL COST
TO DEBUG THE CIRCUIT WAS .120.

THE INSTRUCTOR'S TOTAL COST WOULD HAVE BEEN 120.OUTP
TP
TP
TP 3 PRESS "RETURN" TO CONTINUE:
TP 4
TP S N
TP 6
TP 7
TP 3
TP 9 N
TP A

Figure -16. Cost-badd feedback (from Hopf-Weichel et al., 1980) .
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improves 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 diSsiMi7_
lar sets of utilities produce dissimilar troubleshooting strategies This is

a necessary prerequisite for the use of differences between two sets of util-

ities (student and expert) as a basis for instructional feedback.

0/0W:
...43A0811*

INPUT

TP1

CON

T 2

TP7

RECT._&_
FILTER

Tr3

CURR.
SOURCE

SERIES
REC,

TP4

CURR,
SENSE

VOLT. 4
UNITE

CURR.
LIMITER,-

TPS

OUTPUT

REF REC
&FILTER

TP8
ntr.
REG.

TP9
OUTPUT
STAGE

VOL CUR RES
---

OUTP N N

TP I
TP 2 N
TP 3 L
TP 4 N
TP
TP 6
TP 7
TP 8
TP 9 N

TP A

CO$440N

TPA

REFERENCE COMMON

YOU APPEARED_TO_OVEREMPHASI:E! ;

UNCERTAINTY REDUCTION & FAULT ISOLATION

AND UNDEREMPHASIZE:
COST

PRESS "RETURN- TO CONTINUE.

TEOAD

Figure 17. MO-del-be-80d feedback (from Hopf-Weichel et al., 1980).

Future Directions

Future research on the ACTS will initially establish the training effec-

tiveness of the ACTS. Researdh will include the investigation of transfer of

ACTS training to actual eqUipment, the effects of varying the problem presenta-

tion sequence on the bais of student performance, and the effects of providing

Varying mires Of ACTS and actual-equipment training. Once this initial re-

search is complete; the cost and training effectiveness of the ACTS in an on-

going course of instruction at an Army school will be determined.

SUMMARY

The Army's need for improved MethOdS Of providing maintenance training

is expected to become more acute during the next two decades. At the same

time, advance§ in computer technology are expected to result in low-cost
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computer systems that can be used for training. Although such systems haVe

the potential to provide improved maintenance training; little guidance for

utilizing thiS potential effectively currently exists; The three research

efforts jut, described are attempts to develop that guidance. Each Of the

efforts it concerned with developing ways to train students to diagnose equip-

ment_malfUnctions efficiently. Each U5OS computer technology to provide in-

dividualized instruction, realistic graphic displays, and simulation of main-

tenance tasks= Each uses a different training approach: games; context-free

simulations, and computerizes experts. Ultimately, thi8 research should pro-

duce ways to provide students with general troubleshooting skills that can be

applied to the variety of items of equipment that they will have to repair on

the job.
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