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FOREWORD-

g

. ( *

he Computer-B ased Iristructional Systems Team of the Army Research In-

stitute for the Behavioral and Social Sciences (ARI) performs re-search and
development in areas of instructional technology that apply to military

training. A special research focus is the use of computer-based systems, ,

which can, provide highly individualized training and can therefore improve ,

training effectiveness as well as reduce training costs and time.

This report describes the results of the first year of a,3-year effort
to dei/elop and evaluate a new Adaptive Computerized Training Systeth (ACTS).
The ACTS combines the principles of Artificial Intelligence, decision theory,
and adaptive Computler-Assisted Ins ruction to provide improved maintenance-
training. In order to accomplish this research, ARI's resources were aug-
mented by contract with Perceptronics, Inc., an organizatioN selected as
having unique capabilities for research and de'elopthent in this area. .

The research effort is responsive to the retrements of RDT&E Project
2Q762722A764; Training and Education, as describe in the ARI FY 79 Person-

nel Performance and Training Program.
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ADAPTIY DECISION AIDING IN COMPUT R-ASSISTED INSTRUCTION: ADAPT6E
COMPUTERIZED TRAINING SYSTEM (ACTS) '

BRIEF

Require-Merit:

The Adaptive Computerized Training System (ACTS) is being developed to, J.
provide generali2able diagnostic sk.1-1,s to maintenance trainees.

. .

Current Army maintenance training is largely equipMent-specific. The

student first learns the step-by-step procedures for locating a malfuncti
in a specific item of equipment, then practices and is tested on the equip-
ment itself. Skill thus learned does not transfer readily to other equip-

AlSo,,equiiipmf that could be used operationally is requtiOd for
training, ir4tructors must spend time inserting malfunctions inftrequipment
instead of teaching, and students spend time assembling and disassembling
equipment that thould be spent experiencing a variety of faults.

ACTS Training:
. ,

.The ACTS, applies principles of artificial Intelligence, decision theory,
and adaptive computer-assisted instruction to Army maintenance training. The

student's task in'ACTS training is to troubleshoot an item of equipment by
making ,various test measurements and -replacing the malfunctioning -part. ACTS

simulates the electrbnicimalfunctionT with no actual equipmtnt required. It

also uses artificial intelligence techniques to develop mathematical models
of both the student and the expert performer. These models can serve as a

basis for evaluating student performance. Previous research has shown the

feasibility of the. ACTS approach. This effgrt.focused an improving ACTS soft-

ware and courseware, and on initiating evaluaiIop of the improved system.

The new software developed permits simultaneous use of the ACTS by mul-
tiple students, simultanequs use of differenl items of equipment, and simpli,
fied techniques .for modeling new items of equipment. ',Revised procedures for
modeling student and expert performance permit the prgtentatiOn to the stu-
dent of feedback which is based or) a comparison of student adtPexpert models.
A plan for the installation of the ACTat the U.S, Army Signal Center at
Fort Gordon, Ga., was _developed, which will permit the evaluation of the
ACTS in an operational training setting. Finally, a pilot experiment was
performed to de-bug ACTS courseware, software, and experimental procedures.

tV

Utilization:

ACTS research and, development will continue for an additional 2 years,
culminating in a cost and training effectiveness evaluation of the system
in an ongoing course of instruction at the U.S. Army Signal Center and Fort -

Gordon. If successful, it is expected that the system Will be implemented
in Army schools providing maintenance training.

vii



V

liABLE OF CONTENTS

Page

1. OVER IEW 1.1

1.1 bjectives'of Phase I _
: 1-1

ola proach a 1-2 -

-- 1.3, A complishments 1-3 '

, ,J
1. .1 Development 'of New Software 1-3

It 1.3 2 Multi-Attribu.te Utility°(MAU) Decision'Model 1 -4

--5----- 1.3. InstrUctional Text 14: 1-5

1.3.4\ ACTS Transfer to Military Training Equipment" 1-6

1.3.5 Experimental Study 1-6
:

.
i,.. v1.3.6 Directions for the'Future 1-7

, . 7 -\ t.
,

-2. THE ADAPTIVE COMPUTERIZED TRAINING SYSTEM 2-1

2.1 Overview \ , 2-1

2.2 f3ackground: `CAI and Decision Making 2-2

J

2.2.1 Individualized Instruction , 2-2

2.2.3 Adaptive rnstructiOn , 2-3

2.2.3 'Adaptive Decision Modeling '
2-4

2.2.4 Decision- Models in Maintenance Training ' 2-6
, ---1-__

2.3 ACTS System Descriptioh . 2-7

...\

2.3.1 Task Simulator
2.3.2 Student Decision Moel
2.3.3 Instructor.Decision M6del, .

2.3.4 Lnstructtonal Logic

2.4 :Hardware Configuration,
2.5 Instructional Approach

2.5:1 Training Procedure

. 2.5.2 Consideration and Help .

2.5.3 'Action Selection and Help

2.5.4 Evaluation (Feedback) Phase

.

2.6 Software .

--' .,

.-.

\\

2-7
2-9

2.-12

2-13

2-15
2-19

2-19
2-23
2-23

.2-25

24 -25

3. RESEARCH ISSUES 3 -1

3.1 Objectives 4 1-1

ix



I
TABLE OF CONTENTS (CONTINUED).-

p Page

3.2 Subjects
3-1

_3.3 Instructions.
3-2

3.4 Sdquencing
3-3

3.5. Results and Analysis
.

3-4 ..

3.5.1 General,,Results 3-44n.

3.5,2 Expert's Model
3.6

3.5.3 Number of Measurements -3-8
3.5.4 Help Option 3-8
3.5.5 Utility Difference 3-10
3.5.6 Time Per Probleth

3-16
3.5.7 Debriefing Questionnaire

s.

. 3-19

3,6 Discussion
3-21

3.6.1 Learning Effects '3-21
3.6.2 Sequencing Effects 3,22
3.6.3 Use of Handout

3-23
t. 3.6:4 Sliding Window

. 3-24. 4
. 3.6.5 New Printout

. 3-249,
.

4. REFERENCES
s 4-1

APPENDIX A -- STUDENT HJNDOUT

APPENDIX & -- SAMPLE INSTRUCTIONAL SEQUENCES

is



1.1

1.4 OVERVIEW

Objectives of. Phase I

This report destribes the results of the first year's eff rt of a three-

, year program to develop and evaluate a new Adaptive Computerized Training

System (ACTS). The overall effort*combines the princfblesof artificial

intelligence, decision theory, and adaptive computer-assis'ted instruction

so as to result in improved training techniques for use'with Army recruits

in/ the learning of eleCthonic maintenance troubleshooting procedures:

In particular, ACTS is, intended to focus on enhancing the acquisition 6f

decision-making skills which underlie successful electronic troubleshooting

perfefrolOnce.- An important aspect.of ACTS is the emphasis on reaTistic

simulation of maintenance problems during training so as to increase the

ToteTal for transfer of training to field situations, ACTS' design

'-incorporates an adaptive computer program: (.1) to track students' diag-

. nostic and decision value structures for Comparison to that of an expert,

(2) to develop daropriate individualized feedback, and (3) to structure-

subsequent learning experiences. /

Major objectives of Year 1 were:

(1) To develop new softAre which provides for simultaneous

use of ACTS by multiple students, which permits simultaneous

use of different circuits, which provides for interchangeable-

circuit modUles, and which is compatible with equipment and

computer systems ;available at the-Fort Gordon Army Signal

School.

, (
-

(2)
1

To develop new courseware which includes a more powerful

decision iodol and improved instructional text, and which

.3
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provides for utility driven performance feedback and

variable problem presentation modg.

(3) To develop a plan for ACTS transfer to a military training

environment,, namely the Army Signal School at Fort Gordon,
.

° Georgia.
%

-(4) To.conduct experimental.work in order to evaluate the

effectiveness'of the, new ACTS.

I

1.2' Approach

. , .

a 4
Computer-iassistedt struction continues to represent'apromising avenue

CIboth for research n the basic instructional processes. and for the develop-

ment and intelhtion of artificial intelligence ?echnigues t6 enhanq
.

individualized instructional'proCesses in a nUmber of areas, including

training of decision making and problem-solving capabilities. ACTS is a
. ,

.

particularly important,ekample of such training technology. Utilizing te., , A .

adaptiye, compter-based techniques, the ACTS permits individualized . 4 ;

training in an electronic maintenance environment. -The system has been

successfully impqemented in the laboratory-and subjected to limited

testing. -, A ,

. . .
.

A major portion of the fist year's effort,consisted of expanding the.

system to aecommodate mul iple tasks and multiple students, by develop-

ing multiple circuit' ility and improving the ACTS' software oegani-
.-..

zation, As a resul of previous experimental findings, tutilityimodels
st

of the originqi ACTS were'replaced by more efficient multi- attribute .

utility (MAU) models and the ACTS was supplemented with production rules.

In addition, theAexisfing software was modified and expanded to prdvide
...!

wellfor simultaneous use of multiple students and multiple circtopts, as,
.

..lk .

A .

alftftem

1-2
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. as for interc4ngeable circuit, moduleq. Evaluation of the ACTS is being-
,.

documented, and a preliminary\study was conyucted to evalute the 'train-
\

-

li

.. ing effectiveness,ot the ACTS.an the generalizability of the results

.. obtain softwith the ACTS. The soft are ins compatible with equipment in

---1 use at the,Fort Gordon. Army Sig4.,1 chooi.

1.3 Accomplishments

e--

(

40 The accomplishments of the first year tastes focus on four areas. The

' following is a sOmary of the work accomplished in each area.

1.3.1 .Development of New Software.

New ACTS Design. A new version of thefACTS has been designed, coded and

tested. The new ACTS contains the'follqwing main features,

Multiple Students. The new design.allows'two or more students to use

the system sfNultanegusly. The students Can,"ii,in on fully independent

instructional sequences, subject only to memory constraints. Addition-

ally,-an experimenter can communicate with the.ACTS during sy;teM execu-

tion via the'teletype I/O channel.'

Multiple Circuits. Each set 'Of circuit modules is circuit specifier

Thti is,-any circuit is fully represented by the circuit .simulatioh

model, together withthe instructional text module for that circuit.

'-JConsequently, any student using the_ACTa May interact with'it indepen-
,

dently,of whatever circuit has been modeled, subject only to secondary

storage limitations. New circuits can be modeled by creating a circuit

simulation model andillstru4ti,onal text module Specific to that circuit,

,using a fixed structure. A.4arated0cUment (Peceptronlcs' Report ,

PDCMDM- 1076 -79 -7, 3979) describes the necessary steps for modeling new

circuits-

4,

A.

,

s9
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' Parameterized Circuit Model. Each circuit ha a simulation model assoc-
..

ciated with it,''consIsting of an overlaylrwith a fixed structure. Creating

NV,

a new circuit model involves filling in he,soeCiftc parame.ter values ,, I-

V1
l r S % . .

such as.measurement outcomes and the nb er of faults for the new circuit.

This is done; by utilizing-an existing i cuit-modehaS a
guixiY

e. The
,..A

.

..'

process requires only that .the new circuii
!

be at a COmparable.level of
. .,

,,1 campleXity to those already Modeled. Sine all circuit models haite'-'

standardized structure. and pa'amelers, the development of-new,circuit' ,

, .

for the ACTS is relatively simple/ .

* I

Variable Mode Problem Presentation. ProbleMs are characteHzed in-terms

of their,diffictlty level'. Since it is assumed that the seCiuenciogr-of

problems may hae-an effect on performance, there are two modes in which

the probleMs are presented to the students. the first mode,' the

problems Are presented randoMly, regardless of their Difficulty level;

in the second mode; the presentation sequence'is fixed, beginning with

allproblems havin.g.simple-to-locate faults, continuing in a graduated

manner wit-problems ha ing intermediatei levels of difficulty, and end-
,

in g With .problems ing.faults.which are very difficult to locate:

de ),

1.3± Multi-Attribute Utilfty (MAU) De,cisidn Model. A muti:-attribute

. utility-(MAU) decision model, exhibiting efficient pecision-making'be-

hrnor far troubleshooting electronic circuits,.has been developed._ This

multi-attribute model is superior to earjier, model's. because,ii.Can,capture

circuit troubleshooting behavior indegndentof circ uit type, thus provid-
,

ing a More generalized behavioral representation than was the:Case in the..

earlier version of the ACTS. The attributes used in the present system

' include cost, and informatian gain measures. Cost is an estimate of the

time And materials. required to take irticuler measurement or replace a ,,

module,nnd varies depending on the action nvolved. Fault information ,

gain refers to the proportion of faults that are expected tObe eliminated
,,/

*

A'
1 le

. 7 1

e
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.

. .

by a pai-ticular mbasurement or module replaeement.' Fault informationgain
. .

..,
,

is_ao impartant.at&ibute', in'that some.measurements or r aCiMeilis are -.

mOre'efficient than others inrequcing theiet of all possible faults.

COmmercfal informatiOn
I

On indicates the degree-ta:Which the remaining
, Ah

4psible fau)ts will be 1,clustered"'within. commercial circuit components,
, .

. fgiVen a particular measurement. (Sinceit_is.dasitr tb troubleshoot" a'''
k

circuit when all reviming possible faults-are clbstertd in a couple of.
_,,..

circuit componentS rather than scattered throughout; a measurement which

VC

(
.

*

will perMit greater proporponai cit'euil modulg__isolation, is more

efficient than one not h-Ong, this papabiliiky.) The software 'it designed

'in- such a way thali new attributes can be added,,or
.

any of the existing-
.

attributes altered.,..lf
.

the need arises. .
, / :.

J
.f MI,

1.3.3' Instructional Text. To develop iriStructional,text,.the circuit'

,mojule.designer performs a convptional task analysis on.tfltCition-
. WA, %ilk

making troubleshobting skills required for a given'circuit. The result
.., _.. . .

- is,a sequence of skill-based objectives ERINQust.4etranslated into

teaching units., These Ais generally -consist of text material, an

optional question-answentsession, and a multiple-choice test, and.are

designed to improve the-circuit knowledge of tile student. The student

is guided thtsough these units until the required level of circuit know-
.,

ledge necessary to begirrtroobleshootim is obtained. '

..)

Instructional text is also embedded in the

form of'preliminary lecture material, fe

provided by means of a "Help" option.

t bles-o. ng

back messages, and

it.in the

aterial

Utility Driven Performance Feedback. During the terminal troubleshooting

instructioh, feedback-i-s"-der_ilted from-the-MAU-model-weights whilithe

student is being trained. Information concerning the degree ofaconver-

gence, prolamity to the.eXpertmodel, and relative weighting diffiNlties

1 - 5
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can be assessed fro the student and expert models
\

This information, .

.

in turn, is used t encourage consistency, to teach the student to mimic

the expert, and to adjust the.4significance with which diiplayed attribute
. .

-information is viewed.

1.3.4 ACTS Thnsjitr to Military Training Equipment. 'A plan for the

,installation of the ACTS on an operational Army computer-based training.

,system was developed, and,isdbcumented'in Perceptro64cs, PDIP1076-7§-6.

The document describes the plan for installation of the ACTS in the Com-
.

puteriied Training System at Fort Gordon,, Georgia. It includes a study'-

of the_current_configurationand operati an. of the Training 6ystem4 iden-

Zifies expected'problem areas, examines transfer alternatives, and pre-'

ents a complete program plan to accomplish die ACTS transfer. '.

In addition, a site visit tk) Fort Gordon,Was.made to determine the scope

of the existing training progltem and to perform a needs analysis, based

V°I

on t4e entry level.of the students and the instructional objectives of'

the U.S. Army.Signal School at Fort Gordon.

1.3.5° Experimental Study. A pilot experiment was perform0, which

dr served two major p the-first was to fine tune the ACTS and the

meth6dOlogy^for per g the large-scale study designed for the follow-
,

ing year and the second purpose was to obtain preliminary data to assess '

the training value of the ACTS.

As a.result of this study, several improvements were made to the software,
'4

including the design of 4 new print-out routine for obtaining performance

measures. Despite some inadequacies in the .system, the data obtained from

lle e students su est that the ACTS does indeed train the higher-

order decision-

Details of the

in Chapter,a,

4f

I e

4.

4' -

king skills necessary to troubleshoot electriinic circuits.

exper:imental method, and the results obtained, are described

.

1-6
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1.3.6 Directions-for the Future. While initial results are particularly

promising, the ACTS still remains to be tested in the fully -blown opera-

tional training environment. It is anticipated thatsuchi st'u'dy will

be undertaken in the near future, which will include, among other things', 3

an assesimebt of:''the transfer.ot skills which occurs with the trouble-
,
shooting of:real, rather than simulated,--equipment and the long-terare-

.

tention of skills. It is hoped that field studies will bear out our

conviction that ACTS can make a significant practical contribution to

the training of electronics maintenance personnel. It should not e 4

overlooked that t "basic ,approach.outlined above may,have implication

for improving th lity of human decision performance on related ts,

although the applicability of ACTS outside the electronics maintenance

- training area remains to be explorddl

ea

,,,,41
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APTIVE COMPUTERIZED TRAINING SYSTEM 6

2.1 . Overview'

The Adaptive Computerized Training, System (ACTS) focuses on improying and

sharpening higher-order cognitive skills in electronics troubleshooting.

-The application of decision models to training is reviewed prior to pre-

sentation of the features'of-thy ACTS.

Although maintenance tasks rely heavily,on a technidiarrs knowledge and

-tralltngre4ardirig the maintained-systems--s-ean--be-vjewed-prt

marily as decision tasks. If,the'technician'possesses sufficient know-

ledge of system'Oarts and functions,, he applies it by making a'serie's of

decisions about Which symptoms to look for,-whether to repair or replade

a malfunctiOning Pdrt,and soon. ACTS is used in electronics maintenance

training to address the quality of such decisions and the process of gen-
.

erating and choosing from among alternatives, rather than for the learning

of specific protedt411

, .

ACTS incorporates an adaptive computer program which learns he student's
a

di-FOTETcsand'deCisjon value%structure, compares tt to that of an ex-
,, 1.._ ..

pert, and adapts the'instructival sequence'so as to eliminate.discrepan-

cies. An expected utility (Eu) or a multi-attribute.utilty (MAU) model-

is the basts of the4udent and instructoor models which, together with

a task timidator, form the core of-ACTS. Earlier versions of the system

used an expected values model (Freedy and Crooks, 1975; Croold, Kuppin

1

and Freedy, 1971). The student model is dynamically'adj sted using a

trainable network technique of:Pattern ClassifiEation. he training con-,

.---tent--(inst-r-u-Wons) and problem presentation sequence are _generated with

heuristic.algo'rtthms. ACTS'is implemented on an Interdata Model 70 mini-

computer-and,uses itteractivi graphics terminals -for man/machine communica-

tipn.

fr

2-1.. . .16
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The preient-trainihg system focuses on electronic troubleshooting.

student's task i to trOubleshobta complex circuit py making various

test measurements, replIcim9 the malfunctioning part, and maktbd final .

' 'verification measurements. The model ol. the student evaluates the stu,

dent's selection of measurements and replacement of circuit modules.

Troubleshooting provides an excellent application for the ACTS methodology

because iris heavily dependent on judgment and probabililtic inference.

In addition, troubleshooting is of great practical importance in numerous

commercial and military systems, and it lends itself.to economical imple-

mentation for training purposes.

Work to date has prsduced an operational system which demonstrates the

feasibility of applying artificial intelligence techniques to cant ter-
/

' assisted instruction in a'minicomputer-based training system. Expe

mental evaluations of ACTS have demonstrated that the adaptive decision

model accurately learns' the utilities of anexpert technician-and that

students car effectively use the simulated troubleshodtfng task.

.4$

Additionally, instructions based on utilities can furth improve the

decision performande of students; however, feedback of optimum choices

immediately following the student's choice also seems necessary.

2.2 Background: CAI and Decision Making

2.2.1" Individualized Instruction. A central theme in the field of

-educational technology is the creation of methods which allow individua)s-

ized instruction. Training speciali%ts and educational theorists recog-

nize the importance of focusirig on the individual student...if significant

advanced in the efficiency and effectiveness of instruction are to be

made (Crawford and Ragsdale, 1969; Glaser, 1965). Bloom (1968) has

advbcated the concept of mastery learning, in which 'instruction s de-

2-2 t17
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1

signed and managed so that all, students reach a given level of achieve-

ment, albeit at different rates.-
k.

The principles rigy included u nder the rubric Of programmed instruction

(PI)4 which grew out of pioneering work by Pressey, Skinner, and others,

have facilitated the practital implementation of'masterY learning tech-

niques. Such p inciplesi also claimed as advantages of PI, include:

student-paced pr reision, imMediate knowledge-of-results, individualized

instructional sequencing, use of explicit perfbrmence objectives, diag-

nostic assessment, and te
.

division of instruction into small discrete steps.

Thes-e-Fp-r-tric-Tpleipasls for tnemutttpticity- of %programme-of '

books, teacning machines, and the early CAI systems seen'in the 1960's.

v

2:2.2 Adaptir Instructi c It has-been recoghized for more than a
.

decade that true individualized instructigA must inclmde some forM of
4

adaptation to the individual student1Smaillwood, 1962). However,mhile
m A

most researchers recognize the'need to adapt ihstruction to individual

differences, adaptation is usually made on the basis of response history.
*

That the great majority of adaptive programs are made adaptive by

the logit .ranching structure of the programs.

Centr:a1 to the problem of4 adaptive CAI,, is the utilizlation'of suitable

criteria for optiMizing learning effectiveness and the construction of

decision rules for eelecting.inftructional options. The development of

adequate decision rules is very difficult in conventional adaptive CAI
J.

systems because a,student's knowledge and..skill level appears to be

structured and fallible, when, viewed in'the context,of4CAI.

Sophtst,i6atcd optimization tcchniqucs'for-merning effect4ve
.

ness.have been used in several very elegant and highly adaptive CAI pro-
,-

grams (Atkinson, 1972; Smallwood, 1971). ,However, these techniques have

<4.

6'
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. only been used foi simple learning situations, which 'Usually involve lower-
.

order cognitive skillt such as memorizing lists of vocabulary words. This

is because the optimiz tion.methods (developed from control theory) require

a precisely,stated Tea ing model which predicts studdnt respone to al-
.

ternate instructional options. As skills become more complex, it is less

likely that simple mathematical :learning models can be found.

ti

,A promising approach to adaptive CAI is the application of-Artificial

IntelligenceJAI) techniques. AI techniques and theory, tradiiionally,

have been concerned with the intellectually demanding tasks of problem

suitable for applications where unstructured environments are involved
,

(Ni son, 1965; Slagle, 1971). Natural lariguage understanding and the

heuristic programming approach to pattern recognition have been used in

;AI systems which are based on information structure representations of

the subject matter (Carbonell, 1970; Hartley and Sleeman, 197;:Hoffman

and Blount, 1974; Brown,. Burton, and Bells, 1974). These syitems utilize

network analysis of .the sruttures to generate instructional sequences,

thus, the term_ "generative CAI."

Techniques of adaptive pattern clasfication can'also be used to provide
-A\ 4

4 individualized instruction. Given a model orthe students behavior, the

pattern classifier adaptively adjusts parameters of the model until the

' model'aceura4ly predicts the, student's performance. The model parameters

then provide the basis for, generating instructions and feedback., For the

present.dee.qion traininglsystem, the parameters of an'adaptiye decision

model are used, as the basis'for training the student in a ,decision task.

2.23___Adapitieliesisideling. Adaptive models of decision making

111016V

0

aetempl.to learn the decision process of the human operators by (1) succes-

sive observation of their actions, and (2) establishing an interim relat ion-
,

2-4 .1 1
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ship between the input data set and the output decisions '(She model).

LearnIng in this context refers to a 6ainipg process for adjusting

model parameters according to a criterion function. The object is to

improve-model.performancelas a function of experience or to match the

model characteristics to that of the operator.

There are two areas of research which attempt to establish useful adap-

tive decision models. The,first, derived from behavioral decision re-

).
search, is termed bootstrapping (Dawes, 1970; Goldberg, 1970). This

procedure uses a statistical regression process to fit, the parameters of

the decision model to_the_decision makerls previous,iudgments. Aiowevar,_

the bootstrapping technique is applied off-line to decisions which have

been observed earlier.

A second appNiach to adaptive decision modeling involves traina deci-
.

sion and classification networks. T 's technique is used as the basis

.11

4
of the ACTS since:it provides the ca ability to adjust Model paramettrs

on-line and to change model performance accordingly. Two types of models,

have been used in the ACTS, an Expected Utility Model (EU) and iMulti-

Attribute Utility Model (MAU). The technique centers around adjustMent

of the EU or MAU model decision Making. The decision network follows th

decisions of the decision maker and adjusts its parametetIS to make it be-

have like the operator.

/

'The dynamic value estimation technique, developed by Perceptronics in the

context ofa decision aiding task (Crooks, Kuppin and Freedy, 1977), is

based on the principI of a trainable multi-category pattern classifier.

The value estimator observesuale operator's choices among R possible

decisiOn o tions available to him viewing his decision makingLas a pro-

cess of classifying patterns of event probabilities. The value estimator

' then attempts to classify the event probability patterns by means ofan

at
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expected utility evaluation, or discriminant fonctiohs. These classi-

fications are comparedmith the operator's decisions and an-adaptive

error-correction training algorithm is used to adjust, pattern weights,

whi0Lcorrespond to utilities, whenever the classifications areincOrrect.,

Thus, the utilIty estimator "tracts" theoperator4s decision making and

"learns" his values.

2'.2:4 Decision Models in Maintenance Training. A maintenance techni-

cian makes a number of decisions while servicing the systems uncle his

responsibility. He must decide whether the system is-performing within

toierableliiitswhat_umptoma=of_trouble2Wc9niider._what information

to gather in troubleshooting, what test equipment to use, and so on.

For these-types of decisions, the technician must be trained to know .

the alternatives available to him, to estimate the odds on the outcomes

of thes; alternatives, and to assign a value to each alternative. For

example, in auto maintenance, the mechanic is trained to adjust the,dis-

tributor' with a 'feeler" guage Or a dwell tachometer.' He learns how.

accurately he is able to set the dwell angle with either instrument.

The decision to choose one instrument or the other.is influenced not

only by.the odds of setting the angle correctly,"but also by the tech-
.

nician's stakes.of values for each alternative. The feeler gauge may

be preferred if it is right next to the mechanic in his tool box.

Decision training in maintenance should thus focus the student's attention

on (1) .listing the alternat4ves that he must consider, (2) estimating the

odds of the various outcomes, and (3) evaluating the desirability of the

outcomes. The adaptive MAU decision model I/the ACTS provides a method.

fbr instructing the student in these activities. The student is not

tyrged to make a specific sequence.of decisions. Rather, the parameters

of theMAU-model are iffed as a standard reference to generate instructions.

about to evaluate the decision alternatives. In the ACTS, adaptive
-

21
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sequential deci ibn training is implemented within the context.of elec-

tronic circuit troubleshooting. The student's task is to find a circuit

,fault by making continued measurements until-the device is repaired.
4

However, the same principles can,be applied to many othetypes of

decisiori-making tasks.

The training given in the circuit fault diagnosis and repair task is

based on the assumption that the student has a good basic background

in electronics butthat his experience with troubleshooting is limited., .9

This might be the case with a student who has recently completed acirnced -

military electronic training but has not yet performed troubleshooting

tasks in his first permanent duty assignment. This'skill level can be

assessed either in terms of pr.evious training received or in terms of

performance on an entering test of electronics and troubleshooting know-

-ledge. It is assumed that the prerequisite .laws of electricity, circuit

component behavior, circuit sub-systems, circuit diagrams, use of test

equipment, and'the like, hhvealready been learned.

A

2.3 ACTS System Description

The ACTS is an interactive computer program that models and simulates the

four furictiopal units of training: -(1) the task being,trained, (2) -the

student, (3),the instructor, and (4) the instructional logic. The organ-

iption of these four units in AEI'S is illustrated in Figure 2-1.

2.3.1 Task Simulator. In ACTS, the student's decision task involves

troubleshooting an electronic devics. The ti-otibles'hootTh task centers

on amodel of an electronic circuit-in which faults canbe sikulated.

The circuits OrWiT13FITOIT.NT-FAOITTar version of the Heathkit IP-28

regulated power supply and the U.S.,Army A9000 power supply. The simu-

lated circuits have 10 and 11 funct)onal modules, respectively, Which 1

, 2 -7

-4
22

o



0

4

r-

'PERFORMANCE\

1

1

NWO atIENI MMI

INTERACTIVE
INSTRUCtIONA

INSTRUCTIONAL LOGIC
1

7 J

STUDENT
OECIVON
MODEL

FIGURE 2-1.. 1.

ACTS FUNCTIONAL ORGANIZATION

IP

to

INSTRUCTOR
DECISION
mop.

TASK

SIMULATOR

Olt

2-8
3

4



be replaced and.: and 23 measurements, respectiveV which can be'us-e7

to isolate faults: The operaftion of each power surly is simulated by

computer. program? using a table- driven simulation of the fault,sy5-

tem. The program simulates the results of checking-symptoms, taking

measurements, and replacing modules: .

it Training in the present system occurs/with certain restrictions on' tie

(1;",tent of circuit simulation. TtOiudent interacts with a terminal

v- which contains a display of the simulated circuit;, thus he' cannot make,

such troubleshooting observations as smelling faulty capacitors, looking

forburned-resistors;otouchi-ng-overheated-semitonducto-rs, In addi-

tion, the measurement results are presented in a semi-interpreted form

(high, normal, low), rather than as absolute readings, (e.g., 3.6.volts, jr

1.25mA), so that the student need not refer to a table(Of normal circuit

levels. Although these modifications involve an abstraction of the

troubleshooting task, it is assumed that they do not affect the critical

4

ecision ma ing aspects. of the troubleshooting task.

The circuit simulation was designed to meet several objectives. In

addition to providing an environment for observing troubleshooting

behavior, the simulator gives the results of the, student's choice of

alternatives by diAlaying the resulof measurements. Finally; the

ircuit.model is designed to simulate the essential characteristics. of

dedision-making under uncertainty.- Thus, the outcomes of the measure- ..

merits are probabilistic, reflecting the faCt that, in practice, fault

locations'are uncertain for the troubleshooter.

2..2 Student Decision Model. The student_ decision model is a mathe-

of the trainee and his ins'tructor. The student decisiOn model provides
1

a method of describing or defining the student's behavior. The ACTS

then uses the model to infer the current state of the student's knowledge.

A

2-9
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. The decision model not only describes the,initialstate'of the student's

' knowledge but it also tracks changes in the student's performance, adapt-

ing-themodel parameters to desert-the student's improvementsand

errors Frod this model of the student's behavior, the ACTS'gives in-
,.

structionS to 4mprOve the, student's decision making. .-

--w

A multi-attribute utility (MAU) decision model is used to reptes4nt the

student. The MAU model _is both a descriptive and normative, model of

decision making whi.ch assumes that a "rational" decision maker selects

the alternativewiththe greatest expected value: The multi-attribute

is an improvement over the-expe.cted-utiliV-0)-To el
fi

that was the basis of decision models. in the oriOnal.system. Th s

approach was selected'on the basis of earlier experimental work d ne

with the ACTS system. The MAU model has been applied torelated a as

in adaptive decision modeling and'infbrmation acquisition. tasks (St qh

Chen, and Freedy, 1977; Samet, Wel4nin,,and Davis, 1977) and was found

to be more effective than the EU apprqach used-in the originaj ACT'sys

9

tem.

The improved MAU model has several aantages over the-EU- model: Fewer

utilities are needed to model_a particular circuit troubleshooting,-

strategy; it converges faster, is mo5a general, and is easily transfer-

able across different cir cuits. It is also easier to establish a new

model for different circuits and thus, it is more compatible with l,the

operational training environment.

unique aspect of the multi-attributeludel is that are

assigned to general attributes of troubleshooting aqions,rather than

t6 specifiC outcomes only. According to the model, decision making

eir

hrce basic

factors: (1) Fault information gain, (2) commercial information gain,

and (3) cost. The expected value of an action is then the sum of these.

2-10
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factors weighted by 'specific,utili.ties. The attributes' and model are

presented below,: 1

-- Fault Information- Gain:

A- =-.1 Pij (r-Fij)/F

'Commercial Information Gain:

Ai 2
/ Pij (14-Mij)/M

Cost:

i3
Cr-

MAU:
)

KAU. =.1 U
.)( i

A
K

Where
,

4.

14

ci,

Pij = Probability that the j' th-outcome wiil Occur if ttYe-l'th

alternative is chosen. ,

a

, F' = Current number of possible faults. -
.

M = Current number of possible faulty modules.
.

.

c

Fij = _Number of possible.faults
.;

given current possiblp faults

and the j' outcome for action i. -

,Mij = Number of r ssiblt fault module; given current

faultS4d the'jqh oytcotne far action 1.
. .,

.
Ci = Cost of ,i ' th action.'

Ai
K-

= k' th attribute e for 'acti on di .

,U
K

= Utility for le/th attribute% .

4

MAU. = Expected. utility of actioni.'

=

(

4

Ovens the available alternatives, attribute levels and utilities, the

optimum choice is determined according to the maximum expected utility

.;*

2-11
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principle by calculating...the eXpected,utility for each possible alterna-
.

tive and then selecting that alternative with the greatest MAU.

ACTS uses the MAU model not, only as the description of the iituglent's

decision friaking.but also as the basis for estimating changif in hjs

knowledge as inferred from his decision behavior. -A technique Of arti-

ficial intelligence, known as. the learning network approach to pattern

classification, is4sed to estimate the tudent's'utilities in the EU

model" (Crooks, Kuppin and Freedy, 1977). The utility estimator observes

the student's choices among the possibie-decision alternatives, viewing

his decision,-making as a process of classifying patterns of event pro---

fbabilities. The utility estimator-then attempts to classify the event

probability patterns by means of A multi-attribute discriminant function.

These classifications are compared with the student's choices and an

adaptive errorCorrectiOn training, algorithm is used to adjust pattern

weights, which igrrespond tp utilities, wfleaever the classifications are

incorrect. Thqltility estimator operates concurrently in real'. time

as the student performs,ttroubleshooting operations; thus, the MAU model,

continuously,tracks the student's decision performance as it changes

during the course of training.

2.3.3 IristructoriDecision Model. The second decision mode/ in ACTS

is an MAU model of an expert decisiorimaker's performance. This model

is used (1). as a standard against whic the utilities of.thkstudent

model are compared, and (2) as a source help in directing-the student's

activities and in suggesting alternatives. Tl instructor model has'the

same mathematical f7 as the student model, except that the utilities

f' are preset and remain tspstant roughout a session. The utilities of

this model are adaptively esti ted prlor
(
to the training session by

tracking the Performance of an expert technician as he indicates simulated

faults or they are Set based on a priori expectations of expert trouble-

shooting behavior:

a

,2-12
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The ACTS 'includes an algorithm for calculating the coriaitional prob-

abilities of.action outcomes. Conditional probabilities are of the

form:

The probability of ottaining a particular measurement' out-

come, given the previous measurement outcome history, and

the .measurement.

These conditional probabilities are'obtained by the ACTS algorithm from

the a priori fault probabilities, PK, by the following formula:

P. = 2 PK . I. PK

Ke0ij . KeS

Where S is the current set of,f dlts, Oij is the subset of S for which

the outcome of action i is'the j'th outcome. ',,The a priori probabilities

are obtained from an expert technician during the development_of the task

-'s' struction and aiding informatiom for the student. The instructional

logic checks for convergence of the student's utilities, 'compares th

student's.4tilities with those of the expert, and'Compares the student'S

,
-expended cost with that of the expert fdr the same p'oblem. These three

,
condition checks are then used to select or modify the following messages:

fault model.

2.3.4 0-Instructional Logic. The fourth major functional unit of the

ACTS computer program: is the instructional logic- which selects the in-

Your choices indicate thaj you are inconsistent in your

troubleshooting strategy. Before making a choice, Consider

carefully the uncertainty reduction, fault isolation, and

'costs associated with each choice..



V

4

Congratulations. Your choice's show thatyou are consistent

in your strategy for troubleshooting. HoOever, there may

stilj be differences between your strategy and the expert's.

If so, the next page will describe these differences.

Mk
You appear to overemphasize: uncertainty-Teduction-and

underemphasize: cost.

4r

Congratulatiobs. Your perforthamce is identical to that of

' the expert. You are now a qualified troubleshooter on the

I,P2t circuit.

Congratulations on repairing the circuit. Your total cost

to debug the circuit was 190. The instructor's total cost

would have been 120. 'A

I

4

Prio4O5; troubleshooting session, the student is assumed to, have com-

pleted the preliminary lessons on the power supply involvtd. Corisequently,

instructions in the troubleshooting unit are not focused on the type of

measurements to make or the functions of specific components or sub -

"circuits. Rather, ACTS,instruCtion is directed toward training an in-

experienced technician to evaluate the utilities of the al,ternattve

measurements he can make and to selet those alternatives that are most

effective, given their relative Costs.

In addition.to the instructions that are displayed on the bas$s of the

student's decision performance, the ACT system also inckdes a HELP

option which the student can select as desired. The HELP option uses

the expert decision model to suggest which measurements to'make, their

tradeoffs, and their relatiue overall-values.-

rk.

a
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2.4 Hardware Configuration'

The hardware configuration, for the ACTS isshown 'in Figure 2-2. It con=

sists of4ourmajor iironents, namely an Interdata 70 minicomputerWilk_

a 64K memory, a Tektronix 4024 CRT for each subject, a console'communicd=

tion device, and an experimenter communication device, which may be either

r<., a CRT or a teletype.

The experimenter communication device is distinct from the, console com-

munication device because the structure of DOS does not allow theyeturn

of status for a' supervisor call (SVC) read proceed on the console device.

It is necessary to have this status return after a carriage return is

received-so that the ACTS. can be apprised of the completion of a command
p

input, independently, for anyof the subjects or for the experimenter.

ve,
The experimenter's communication device is used to enter control para-

,meters and to terminate student sessions. The experimenter has control

*of the system, both prior to the start of a teaching session and during

its performance. Prior to the start of a session, the experimenter may

enter certain system parameters to indicate specific optiobs which are

to be included in the current session. ,These parameters and associated

options are summarized in Table 2-1. Additionally, the experimenter may

terminate a student'at any point during the instructional program.

#
SOMe of. the experimenterss.opfions are self-explanatory; those that are

r

not are listed below:

1
Commercial designations are used only for precision of description.

Their use does not constitute endorsement by the Department of the
Arniy-ort-the-Army-Re,seittite-.---

2,15
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TABLE 2 -1

. EXPERIMENTERTSURPLIED SYSTEM OPTIONS.

2

p

PARAMETERS

1. Number of Students in Seision

II. (For Each Student)..

i. Restart?

restart, student's performance

file is loaded fi.om disk)

2. Student's Name

3. -Current'Date

. 4. Circuit to be Used

5. Starting Objective

6. Starting Mal Model Weights for

Student

7. Simulation

8. Simulated Subject_' Weights

(Objective 3 only)

9. Help Available?

10. ei-obleM Presentation. Sequence

During Troubleshoottng Objective

ti

(

OPTIONS

(1 or 2)-

(1-Yes, 0 -No)

Up to 20 characters

Up tO 20 characters

(1 or 2)

(2 or 3)

3 values

(1-gnome operator,

2-real student).

3 value*s to drive

gnome operator

(1-Yesr, 0-No)

0 - Random

1 - Fixed_

A



RESTART - If you wish to load the student's performance data from the

diik.agid continue from the point that the previous session left off,

,thepropir response here is "19 for "Yes." There is a single perform-

ance file available for storage on 'the disk; so, if you wish to pick

up a session where it was terminated, no other student sessions may be

run in-the interim, since that would change the contents Of the per-
! o

formance file.'

CIRCUIT TO BE USED- The IP28'circuit is obtained by typing "1." The

A9000 circuit is obtained by typing,_"2".

STARTING OBJECTIVE - The troubleshooting units fdr the IV28are coded as

unit "3." The single preliminary unit implemented for the IP28 is coded

as unit "2."

STARTING MAU MODEL WEIGHTS FOR STUDENT - Thd student utility model must

be given some Set of starting,weights. The weights are, respectively,'

for fault information gain, commercial information gain, andicost. Trpe

in 3 integer values, each' one followed by a carriage return.. 'A good

starting set.of weightslis:, 1,1,1. The weights are normalized prior to

MAU calculation.

SIMULATION = Currently no simulated subject has been implemented; con-,

sequently, the only legitimate response here is-tht "2" for "real . .

student."

ts 4

SIMULATED SUBJECT WEIGHTS - This option will not be presented since the

simulated subject will not be selected for the simulation parameter.

HELP AVAILABLE - When,a "1" for :',Yes" is input at this poi t,.all the

keys from the expert model will be made available.



PROBLEM PRESENTATION SEQUENCE - The types of problem_ sequencing currently

available are: random - problems are selected according to a uniformly

distributed psuedo-random number sequence, and fixed - problems are pre-

sented in the order IR theidifficulty level of the corresponding fault.

NOTE: In Table 2-1 the parameters 1,16, 7, 8 and 10 provide ,

information utiqzed in only the troubleshooting instructional

unit. This unit is associated with objeCtive XII in Table

However, the code for this unit used in.the current implementa-
.

I

"tion of ACTS is°3 as indicated in the prior discussion of start-
.

ing objective. The reason for this is that only one of the

preliminary units was implemented, namely the unit for objec-

tive II in Table 2-2, and a transition from this unit to the

'troubles.hooting unit must take place by counting up 1 from the

current unit.

If all students on the system during a session are terminated, the ses-
.

sion will terminate. Each student has exclusive access to his or her

own terminal: through which messages are sent or received.

Messages made available to the student are of two kinds: (1) strings of

English language text, and (2) circuit diagrams or modifications to cir-

cuit diagrams (e.g., the brightening 9f a module to indicate that its

replacement has been accomplished).

Instructional Approach

2,5.1 Training Procedure.' Training on the ACTS is provided through'a

system of Rhased instructional pre'sentations. A series of units on the

given power supply is presented to the student. The material begins with
ir

the most basic. information abut power supplies and terminates with the



A

troubleshooting unit, which consists of $ number. of circuit.fault pro-

blems. FS all%instruction prior to the troubleshooting unit, the

procedure is to present text material to the student, allow him to ask

questions and receive answers, and then give the'student a test. If

he passes the test he is advanced to-the-nextunit; otherwise, he repeats

thi current unit. When iMe student has completed all the2preliminary

unfts, he begins the troubleshooting phase of instruction. Table .2-2

pretents the instructional Objectives for both ,the preIiminarY and N.,

troubleshooting phases of instruction.

47e
Each troubleshooting prob

N
m conists, of a single circuit fault which

the student must locate and replace. On the display is shown a schema-

tic diagram of,an electronic circuit, plus printed messages which in-

dicate possible actions ltd give information. The student selec isr

responses and types them in.on a keyboard. The student can s ect from

among a number of activities to isolate the fault .in the displayed power

supply circuit: The student can choose to take a voltage or current

measurement, replace any circuit module, or request help. Following a

student's command to perform these activities, the ACTS program displays

the results of the simulated activity and then indicates the next alloW"-,,

able activities.

Inters'persed among the fault problems, the ACTS presents the instructions

which describe recommended(circuit measurements and the conditions during

which they should be chosen. After the'instructions have been displayed',

the fault'problems are resumed. However,-the student can request to see

these instructions at the appropriate time by selecting the appropriate

command onthe display screen. 4

'Appendix B presents samples of the instructional sequence which charac-

terize the preliminary and troubleshooting phases of instruction.

e.
2-20
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TABLE 2-2:

'INSTRUCTIONAL PHASES NTH OBJECTIVES (IP28)

I. Given a_descriptibn of a general power supply and the IP28, the

student will state that the IP28 is a regulated power supply as

opposed to an un-regulated pc3Wer supply and specify the distinction.

II. Given an IP28 module and the macro-assembly of which'it is a part,

the student will correctly specify its function within the given

macro- assembly.

III. Given any of the four operating conditio ns for the IP28, the stu-
n

dent will specify which circu4-modules are affected functionally

by'thii condition n what the effect is.

IV. Given any module in the IP285 and a failure mode for that module,

the student will correctly specify the functional consequences of

that failure mode for a specified operating condition.

V., Given any module in the IP28 And a fdi ltire mode for that module,

the student will correctly indicate the value of any voltage mea-

surement anywhere in the system as high, .low, normal, and unstable

based on the circuit operating condition.

.VI. Giveninitialcircuft*symptoms, the student shall report accurately

one of-the following:
03

(1) Circuit is functional and needs no adjustment.

(2) Circuit is malfunctioning.

2 -21
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TABLE 2-2 (CONTINUED)

VII. Given circuit symptoms with or without a history of pre-obtained

measurement results, the student shall accurately select the most

likely failure modes.

VIII. Given a set of possible failure modes, and a set of symptoms and

measurement outcomes, the student will select those measurements

most likely to test those failure modes within operationally defined ,

tolerances based on.the expert's MAU model.

IX. Given a set of measu ents and module replacement candidates and

a hisiory.of symptoms and measurement results, the student will

rank them according to expected information gain, topological

isolation potential, and cost.

X. , Given the attribute levels for a series of measurements or module

replaceMents the student will select a measurement or module

replaceMent to perform differing from the expert's top MAU by a

value less than some deviation tolerance.

XI. Given a symptom,and measurement result history and the knowledge

that one or more circuit modules has just been replaced, the stu-

,

dent will make appropriate measurements to verify the result of

the module replacements.

*XII. The student will troubleshoot a non-functional circuit having one

or two faults, replacing the failing modules in reverse order of

dependency when malfunctions are causally related. Attribute

:levels will be diS.plaYed for him.

2 -22
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2.5.2, Consideration and Help. When the circuit is displayed, a mal-'

function is signaled by displaying overtsyniptoms in a table of symptoms

and smeasurement o &tcomes. The student is then told that he will next be

expected tb input some action candidates for consideration. He may also

ask help at this point. Provided thatiche 'HELP! option is allowed,

a elp recluest will provide the student with the expert's considerations

as shown in Figure 2-3. After looking at these, the student may,request

help again--in which case certain tradeoff information for the expert's

considerations will be displayed. This information 'includes the Cost of

each action, all outcomes and their probabilities for each action, and

the.fraction of faults to be eliminated by,each outcome of each action.

The student next chooses his candidates for consideratift. These candi.7.

dates may be measurements and /or module replacements. The system then

displays for him the value of each attribut9fereach of his considera-

tions. At this paint help may again be requested if'the 'HELP' option

is set to aid the student in choosing an action from amongst the consid-,

. erations. The student may also choose immediately without, help.

2.5.3 Action Selection and Help. 'If help is requested, the tradeoffs

of the final considerations are then displayed. The message iSthe-same"--

as that used earlier to- 'display the tradeoffs for_the expert's consider-
,

ations% Help may then be requested again, in which Case,,ail expert

'ranking of the final considerations, is presented. The attribute levels

of the considerations are the re-displayed.

The student may then choose 'none of 'the abb4' in which case he will

be asked for new considerations or he may type a choice from the list

of considerations. If his'choice is a:measurement, its outcome is,dis-

.

played in the symptom/outcome table-. If his chalice is to replace a

module, the part of the display depicting the module is enhanced on the

2-23
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screen. If the chosen actiOn.did not repair the circuit, the cycle,

repeats with a request for new considerations. If the chosen_ action

correctly replaced_the.faulty modulex the overt malfutictioh lymptoms,

are corrected on the screen and thesyttem enters an evaluation phase. ,

.* -
( 2,.5.4 valuation (Feedback) Phase. When the evaluation phase begins,

the student firit congratula.ted on having repaired the.circuit and

given his total expenditure to compare with what it would haye cost the

--- expert, Lf his utility model has converged, indicating _that he is using

the displayed attribTrirritfon in a-:consistent manner;,he is told

that hd is now consistent; otherwise, he is told to weight the attribute

information more carefully. If his utilities differ significantly from

the expert's,lie.is'told which ones are high and Which ones are low;

otherwise, he is congratulated as an expert and instruction stops. _Pro-

vidingthat heillaihbt yet converged to the expert's utilities, the

system advancd'to the next,circuitfault problem.And again presents

mafunction symptoms.

qt.

2.6 Software

Two perceptronkil documents are available which describe the ACTS soft-

ware. The first, PFSS-1076-79-8, is'a description of the software speci-

ication forthe ACTS. The specifications are accurate foe the.configur-'

ation of the ACTS software.as of the timethe fitst experimental study

was conducted. As a result of the study, some changes-were made which

will be described in Chapter 3, but ;the changes do not furidamentally

alter the specifications as, described in PFSS-I076-79-8. This document

includes a description of the function as well as of the structure of

the software, including the various files needed,torun the system. Also,.

programs for instructionalbjectives'are described.

ti
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'The second document, PDCMDM-1076-79-7,.is a manual for developing

circuit modules for the ACTS. Generalized techniques and step oby step

procedures are included to aid circuit 'model developers in creating

instructional material, circuit-specific parameters, and software neces-

sary to fully utilize the ACTS. The manual ,descripes how-.a new circuity-

, module is createdand whatrinstructional material is needed to familiar-.
411b.

ize the student with the characteristics of the.specific electronic

circuit. The cilpit-sppcific parameters,peeded for implementing the

new module to software are explained, as well as the.steRs'necessary

for integratifig the new Module with the rest of the system software.

Procedures for creating circuit diagrams on the graphic display, 'repre-

senting circuit specifiepAameters_in data tables, and procedures' for

generating circuit specific production rules are described in deteil:

4

The manual emphasizes and describes the special cor a tiobs reqUired

for integratinPthe instructor's and the programmer' task9flahn develop-

ing new circuit modules and associated lessons.

4
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6.

. RESgARWISSUES---,

S.1 , Objectives

ATthgugh the major' objective of Year 1 was to'develop and implement the

softwkre for the new ACTS is described ih,thepreviousfection, an

important consideration was to rUna pilot study with actual

subjects. the.pilbt study was "needed to yield data concerning the su

jects and the 'training potential of the ACTS. The pilot data were als6

used to test the 'iystem so that appropliate modifications could be made

for the full-scale study designed for Yea 2.
ir

V .

Subjects

Three students from the ElectricaLEngineering Department at California

Mate University, Northridge, were recruited as subjects. The only re-
..

c'ruitlng requirements were ,that the sUbject5 have Junior or Senior

stanoing, or equivalent experien e, and that /they have a good working

kiiowledge of English. The purpo ese these,ireq4rements were, at

first, to minimize the need for extensive prOiminary training:so that

--the 'subjects' time couli be primarkly devoted to obtaining data on the

troubleshooting objAc tive, and secoqd; to vbid poSsible confounding eT2:1

fects due to difficulties it understanding the instructional text asso-

ciated gith the ACTS: ---../ -1

. - .
i.

.

N Some background information on the subjects Was obtained by means.of a
. -

preliminary questionnaire. The subjects wery between 19 and 3 years of

aye,- and they all had some experience in troubleshooting elecbstccir- -
. ,

cults .as well as in interacting4 with computer-based systems. -One fe-

malemale and two' male subjects signed up for the experiment, which required

.two sessions, each lasting between 4 and 5 hours. They were paid at the
. .

o

4 2
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'base 'rate bf $5.00 per hour and, as an incentive, were told that they

could earn additional.pay for good performance at a rate of up to

$4.00 an hour. Good Performance was determined after the data were

collected by comparing the three subjects: results with each other.

is

The subjects were paid by mail, following tils completion of their two
401.

sescions.

3.J Instructions

9

When the subjects arrived for their first session, they were told that

they were to participate in'a study designed to train effeptive troub-
9

leshooting of an electrontc circuit. They were seated at the console
4

and were given ahandout which contained an introduction, to the task and

to Concepts relevant to power supplies in general, and to the IP28 in

particular. In addition to this, introduction, a troubleshooting guide

was included in the handout in which measurement-outcomes were defined;

alsa a table of the probability of occurrence of podule faults was

given, as well as a table specifying the correspondence between faults

ana measurement outcomes An additional table listed the responses

recognized by the ACTS-rand their corresponding measurement or replacement

costs. The handout is reproduced in Appendix' A. The subjects in the

present study felt'that'the handouis.Were quite clear:and they reported
,

having no problems in understanding the concepts that were presented.

The subjects were ruA individually,.with the experiMeftr sitttng at a

table nearby. Aft havingTea the handouts, the subjects completed

the preliminary objective presen d on the CRT, as discussed in the pre-

vious chapter. Any question was a wered by waphrasing the written

instructions.

te:

F S.
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Sequencing

-

Lurrently; the sequente in wiyich problems are presented to the student

can be ill one 'of. two modes, randoth or fixed. The fixdO sequence is a

function of the level ofdffficulfy of the problems,''with easy problems

being riresented at the beginhing of the instructional sequence and

becoming increasingly more difficult as the sequence progresses. The

major criterion for determining the level of difficulty of a problem was

the logical coM*xity,requi'red for solving it. The minimum number of

measurements required for isolating a fault was not a criterion of dif-

ficulty. For example, the faults of problems #7 and #8 can'both be iso-

lated by understanding the relationships between the initial (given)

symptoms and the functioning of the modules, but it is rated as medium

in difficulty because .it assumes qihigh level- Of understanding of the

modular functioni and interactions within the circuit.

Level .of officul was defiiied as follows:

kl) .E4sy problems--simple fault isolation.
6

N ium problems - -fault isolation requires sequencing of

measuremots and understanding of modular functioning and

interactions within the circuit.

4

(3) DiffiCUTt problemSfault isolation is in a feedback-loop,

requiting multiple measurements and a high level of under-

stfiding of the'circuit action.

p
The proMem numbers, which were not shown to the subjects, reflect in-

creasing levels of difficulty, as defined above. TKOs, for the fixed

sequence, subjects were given problems #1 through #14 sequentialli-, for

re'

4
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the random sequence, the problems'were simply selected randomly. In the

present study, the random sequence was preprogrammed and was not random-.

}zed anew for ea6ubject; this was a temporary simplification that

will be changed for the Year-2 study.'

3.5 Results and Analysis

. e-

__During the troubleshootirg part of the study, the student were allowed

to ,refer to the tables in the handout.which provided information con-

cerning the types of measurements that are permissible and the charac-

teristic outcomes for any given fault.

The'stuoents'. responses were collected and printed out at the end of

each problem. In addition, the experimenter noted the number oftimes-

the stucent asked for help ana the amount of time needed t9 solve each

problem. Information concerning the attribute levels of the students'

considerations'vas also recorded by the experimenter.

During thg first session, two of the students were given the -Nixed

\presentation sequence, and one student the random presentlt,i)hK sequence.

Tnis order was reversed for the second session.

3.5.1- General Results. Table 3-1 summarizes the data on several per-
,

formance measures. The subjects' perforMances are reported individually

for Sessions 1 and 2. The presentation order of the problems can be in-
,

ferred from the problem number: consecutive piroblem numbers represer4

the fixed sequence, and non- consecutive problem numbers the random se-

. quence.

The first column of Table 3-1 identifies the subject, the session (i or'.

2) and the problem number. Columns 2 through 6 represent summarized id-

.3-4
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TABLE 3-1

- SUMMARY' OF SUBJECTS' PERFORMANCE

SUBJECT 'PROBLEM

# NUMBER

1 s
E

S

A

-

42

10
4

11

13

-

1

21

NUMBER OF

MEASUREMENT

D I FFERENCES1

+1

+2

0

0

0

-1
0

.NUMBER

HELPS

9

7

0

0

0

. 0
0

UTILITY
DIFFERENCES

.48
.17
. 17

.13
-,,...

,17 ---...--;
.15

. 15

COST

DIFFERENCES

. 0

+12

0

-2

+4

-10
0 '

TIME

(MI N )

45

45\

20

1.5

27

12

15

COMMENTS

CONVERGED

CONVERGED

2

4

S
E
s

41

E {
s

=2

S

1

2

3

10

4

11
13

'` +1

0

0

0

+1

.- 1

0

-I''
-

.

22

20

17

' 2

5

1

4

.47

.47

.47

. 47

. 17

.47

. 47

+70

-2
+4

0
+8

-8
98

120

45

45'

9

13

4

14

MAXIMUM

METIME

SYSTEM

WENT DOWN

S

E

S

41

-..---.

Si
S -

42

2l
3
4

5

6

7

10
4

11

13
10

..

+1

-1
0

+1

+3

0.-

0

0
+4

2

0
0

-

12

8

3

4

. 2

4

4
-4

3

2

1

1

0

'

.47

.47

. 36

. 36

.27

.27

.51

.47
,26
.26
.14
. 13

. .

.

+70

-6
+4

+8

+12

0

0

0
+30

0

-2
0

90

25

1.2

10

10

7

16

21
6

23

5

MAXIMUM

TIME

.

CONVERGED

'DIFFERENCES BETWEEN EXPERT AND STUDENTS

2
MEAN OF ABSOLUTE 4FALUE.S FOR 3 ATTRIBUTES

'ft;
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formation on each subject's performance. The last column is used for

comments. "Converged" means that the subject's utilities came to match

those of the expert within a certain tolerance limit. In the present

. study, convergence automatically stopped the session because the subject

,was assumed to have become an expert. Subject 1 converged in both ses-

sions and Subject 3 converged in the, second session. "Maximum time"

means that the session was ended becaUse the 5 hol]rs allotted to it.were
'

,.ed up. Thii happened for both Subjects 2.an0,..2 in the first session.

OurAy the second session with Subject 2, the system went down and.the

session was ended for that reason.

3.5.Z Expert's Model. Of the five performance measures reported,

three of them represent comparisbns betweeli the subject's performance

....and that of the expert. The expert's performance--namely, the sequence.

,of measurements and module replacements--was determined theoretically by
p

applying the expert's model to the attributes under consideration, name-

ly the reauction in uncertainty, the expected fault isola6on,,,And the

cost of the action. Initially, the utility levels fdr the expert were

set in such a way.that the attribute of cost was given a slightly higher

weiynt than the other two attributes, decrease in uncertainty and fault
4

isolation.. Given.these assigned attribute weights, the expert's model'

was simply applied to the system to determine the best action sequence

for each fault. This sequence is snqyin in Table 3-2 for each fault.

The number of the fault corresponds to the fault numbers identified with

the ACTS programs: they are only used for identification and were not

sown to the suajects. The sequences of measurements aryd. Module re-

.placements shown in Table .3-2 represent the, best expected performance in

the long run, allhoughthey may not be optimal for any, particular fault.

That is, in any particular case, it is possible for a'subject to isolate
4

a fault more cheaply than the expert, or by using fewer measurements,

3 -b
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FABLE 3-2

OPTIMAL DECISION SEQUENCES (EXPERT)

FAULT COST SEQUENCE

1 120 TP4REPO TP9DCVR TP3ACVR TP1ACVR TRA

2 '92 TP4REPO TP9DCVR TP3ACVR TP1ACIR REC

3 116 TP4REPO TP9DCVR TP3ACVR---TR4DCVR SOU

4 90 TP4REP.0 VOL

5 90 . TP4REPO LIM

6 58 TP5DCVR STA

7 50 SEN

8 130 SEN LIM

9 116 TP4REPO TP9DCVR TP3ACVR TP4DCVR SER

10 88 TP5DCVR 'VOL

11 58 TP5DCW STA .

12 88 -TP4REPO TP9DCVR TP8DCVR REG

13 88 TP4REPO TP9DeVR TP8DCVR REF

14 186 TP4REPO TP9DCVR TP8DCVR REF TRA

3-7
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TABLE 3-2 (CONTINUED)

EXPLANATION OFACTION CODES:

Any three letter sequence corresponds to'a module replacement. The full

meanings of each module replaCement abbreviation are given below:

TRA - Transformer

.REC - Rectifier

SOU - Current Sodrce

SER - Series Regulator

5EN - Current Sense

LIM - Current Limiter

VOL - Voltage Limiter

REF - Reference Rectifier and Filter

REG = Reference Regulator

STA - Output Stage

(See A-12, Figure 2)

The seven letter strings refer; to measurements. The first three

characters refer'to the major test point (See A-12, Figure 2). The

ri'fft two characters can be any of the following possibilities:

AC -.Alternating Current

DC %. Direct Current

RE - Resistance

The final two characters can be any of the followinge9bilities:

VR - Voltage Regulated

CR - Current' Regulated

PO = Tower Off

Thus, TP4R00 means a measurement with Major test 'point 4, resIstance

check, in power off mode.

3 -8
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but in the long run, based on the multi-attribute utility model, the

expert's model.optimizes all troubleshooting seqUences.

3.5.a Number of Measurements. As can be seen from Table 3-2, thd.op-
.,

timum number of measurements required to isolate a fault varies widely

across Rroblems. In some cases, a fault can be isolated ig) a single

measurement, while in others, as many as five measurements are needed

minimally. It would be meaningless, therefore, to list the number of

measurements made by each subject on_a given problem; rather, the per-

formance measure reflects the difference between the number of measure-

ments made by the subject ana optimum number suggested by the.

. expert's model.

0

The difference between the'subjecisand the expert's number of measure-

ments is shown in column 2 -of.Ta6le 3-1. Positive numbers mean that the

subject made more measurements than the expert, zero means that the

number of measurements was the same but not necessarily that the meas-

surements themselves were identical),. and negative numbers mean that the

Subjects found a solution requiring fewer measurements than the expert's

model. In this case, while the subject's solution may appear more4effi-

ciept, it does not imply that such a solution follows the rules of op=

timal decision making.

3.5.4 Help Option. -The help option provides the expert's considera-

tions for any'given action ,and ranks those considerations from best to

worst, based on the multi-attributeutility model. By continually using

the help option, tnerdfore; a subj6Ct could concei4aMY isolate a fault

and replace the correct module in the most efficient mann4r without

learning the decision-making procedures inherent in the ACTS. According

to the built-in criteria, a subject could then become an expert-at

troubleshooting electronic circuits simply by following the expert's

6
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considerations, unless the subject's utilities are differentially

trained as a functidn of using help. Thus, whenever help is'used, the

trdiningfof the subject's model is deactivated, implying that the

subjedt's performance does not reflect any learning.

AS discussed in the previous chapter, help could be obtained at several

points in the course of isolating a fault. For each problem solved, the

experimenter counted the number of times the help option was used by the.

subjects, and this_count isreported in column 3 of Table. 3-1.. The

number of Ome-belp was used varies a great deal ovel7sgbjects, but,it.

does seem to reflect some learning in that the amount of help used de-

creases'over trials for all subjects. This may be'a result of a de-

crease'in need for.help, butbit.maralso be a funCtion of the instruc-

tions: Although the subjects were urged to use the help option whenever

necessary, the instructions did specify that help should be used as lft7

tle as possible so that their performance would reflect the course of

learning the decision-making procedures of the ACTS.

The data also reflect a certain correspondence between the amount of

Help used'and the difficulty each subject experienced with the system.

Subject 1, who converged rapidly in both sessions, only used the help

option for the first-two problemfl while Subjects 2 a,nd 3 used it

throughout the first session. In all cases, the amount of help used

dur/ng the second. session was noticeably less than during the first ses-
,

'sum. An additional reason for-the decrease inItheiuse of help is that"

the handout provided the -subjects with sufficient information for them
4eT

to make reasOnable selections without the usArtiof -help. That is, the

tables gave them all the *ions necessary to effectively troubleshoot-
,.

the circuit.

^AA
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3.5.5, Utility Differences. Changes over time in the differences

between the subjects' utilities and those of ,the expert reflect the

adaptation of the subjects' behavior to correspond more clotely to that

of the expert. This comes about as result of the feedback provided at

the end of each problem which informs the subjects when they appear to

weigh one or another of the attributes too heavily or too little.

Chan Their behavior in response to this feedback causes their utili-

ties to radually match those of the expert, producing convergence of

the t o models.

The differences between the subjects' utilities and those of the expbrt

are shtwn in column 4.of Table 3-1 and in Figures 3-1 to 3-4. Column 4

of Table 3 -i and Figure 3-1 show the me of those differences, while

Figures 3-2 to 3-4 show the than in the utility differences for the

individual attributes. Since some of the utilities are negative, the

mean was calculated by taking the abiolute differences between subjects

ano experts.

TW'utility differences on individual attributes appear'almost erratic

from problem to problem, but wp6 the mean of the differences is used,

-the progression of the subjects' behavior is more apparent.

Alth6ugh all performance measures suggest that some learning is taking

place, utility cyferencei'probably reflect convergence of the two

models, and hence learning, better than any of the other performance

measures. This learning is readily reflected in Figure 3-1.

From both sets of data, the individual and the mean differences, it is

clear that Subject 1 became very rapidly familaar with the system, a

result wtiich is also reflected in the amount of-help used and the time

taken per proble A sigilar result was obtained for Subject 3: all

52
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performance measures improved over time, even during the first.session,

including his dectsion-making performance, even though he only converged

'during5he second session.

1

While convergence of the utilities appears to be reflected in similar

improvements on the other
_

measures, the obverse is not necessarily true.
.,.

Improvements can be observed on some measures without coresponding con-

vergence of-the utilities. For example, the amount of help used and the
. , .

time taken per problem aid improve over trials for Subject 2, but his A

I,

utilities-remained quite stable across all problems, sugges in

Lg
that

earnthis subject was, not learning to match the expert's model a fiat he

was not making effective decisions. -

The above seems to suggest that several pes,of learning take place

during an ACTS session, a consider on which will be further investi-

gated in Year 2.

Decreases in utility differences mean that'subjects are learning to

troubleshoot the circuit efficiently with respect to their decision-

'making behavior, and-are Correlated with the concept Of convergence.
.

For Subject 1, the mean difference drops below .20 on the second problem

already and remains there for all the other problems; thus, Subject 1

Converged to the expert's Model almost immedtately, matching her deci-,

sign b-ehavi-or to that of the expert.. It is'equally clear from Figure

3-1 that Subject 2 did not x$nverge: the mean differenc 'CI-opped once to

less than .2U, but then increased:again; Subject 2 ther fore, did not
,

learn the appropriate decision behavior. The curve-for Subject 3 ap-

pears to tend'towdrdi-convergence inthe first session, but then the

difference increases again on problem 7;-eltring the second session, on

the .other _hand, the mean _uti_l_i_ty_d:i-fferencedeCrea-se-s--steacft-ly----and--su

jest 3--did achieve convergence.

-0
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3.5.6 Time Per Problem. Ofthe tive hours allotted to each session,

approxiniately one hour was used up fOr the instruction and the prelim-

minary objective Even though there is a- real time block associated

with the Interdata 70, software considerations, mostly a lack of suffi-

cient computer memory, precluded the use-of it.' As mentioned, there-

fore, the experimenter clocked the amotint of time needed for each prob-

lem. This provides a perfectly adequate measure, given the range of

times needed to isolate a fault.....

Time per problem varied widely across subjects; but decreased dramati-

cally over problems for all subjects, the greatest decrease being ob-

served between the first and second problem. A decrease over the two

sessions.ls also clearly evident, as shown in column 6 of Table 3-1 and

in Table 3-3 which'sgiveS the mean time per problem in the two sessions

for each subject. The actual number of minutes spent on'each problem is~'

shown in.Fiyure 3-5 for each,subject. The two sessions are indicatecrby

a break in

solvel variea dcr

for each Subject.

ves for each subject. Since the number of problems'

ss subjects, the breaks do not occur, at the same place

Ftgure,3-5 clearly sh ws the sharp decrease in the amount of time needed

per problem, especially s er the first twq4problems for Subjects 1 and,

3. Subject 2 required so much time for each problem to Session,1 that -

he was only able to solve three problems in the allot time (approxi-

mately four hours). However, much saving can be servedat the begin-
,

hing of Session 2 (from 45 minutes to 10 minutes).

These aecreises 'in time and savings over the two sessions are primarily

ktributable to increases.in familiarity with the system, including the

consoles, the types of allowable measurements, and tfte responses tbbe

made. This is evident from the sharp drop observed after problem 1. "It

4.
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\ TABLE 3-3

..7.,

SUBJECT
NUMBER

SESSION
1

AVERAGE .TIME PER PROBLEM'

-NUMBER OF
. PROBLEMS SESSION

SOLVED -2

l 1

'..

!

.._

NUMBER OF
PROBLEMS
SOLVED_

1 27 min , 4 15 min 3

70 min 3 10 oin 4

23 min 7 14 min 5
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is not, attributable to the difficulty level of the problems, sine-a the

difficulty level for Subjects 2 and 3 increased over time, and was ran-

coin for Subject I. It is clear that for the Year 2 study, a few prob-

lems must be presented to all subjects to familiarize them with the

operation of the system if meaningful evaluations are to be 4:)btained

from the various experimental groups.

Humber of Problems Solved. Column 7 of Table 3-1 gives the number of

problems solved by each subject. As with the other measures, this

varied a great deal over subjects. Two factors contributed to this.

First, there was a time limitation as discussed earlier. Thus Subject

2, vitie-n mean time'for'Sess'ion I was 70 mutes pee-problem, wts only-
.

able*to solve three problems during that time in contrast to Subject 3

wno solved seven problems. Second, the parampterqf the program were

such that when a subjectJs utilities converged - the subject was de:-

clared an expert, and the program stopped. This is what happened in the

case of Subject 1 who learned very rapidly to make efficient andcon7

sistent.decisions, and thus become an expert within a few.trials.

Stopping the program when a subject becomes an expert may provide an- ef-

ficient way of, using the ACTS in-an actual training situation. For ex-

perimental aod evaluationpurposes, however,,it is necessary to have a

great deal of data that are comparable across subjects. For this rea-

son, tnis option will be changed in the Year 2 study. .Even i;:f subjects

uo'beeome experts, they will continue to solve problems until the number

of prq!lems specified in the experimental design have been run.,

$

Debriefing Questionnaire. The su jects were given a debriefing

questionnaire at the end.of the first session, as shown in Tab)e 3-4.

-a-11 -subj-ects felt-that-they-had-learned-ta-opttmne the

type's of measurements to make in order to isolate the fault as effi-



TABLE 3-4

_-DEBRIEFING QUESTIONNAIRE

I. Do:you feel you learned anything? If so, what?

If not, what would you have liked to learn?

2. Were you confused about anything ?' What?

3. Did you find the- "Help" option useful?

41. In general, did you agree with the.expert's-suggestions?

5. Would you have liked more help?

If yes, for what actions?

Inighat format?

0

6. Please make any comments or suggestions you feel may be appropriate.

We appreciate your contribution to and participation in,,this experi-

ment. Thank -you.

3-21
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ciently as'possible. However, all subjects also answered positively to

'Question ff2, asking if they were confused abodt anything. One subject

aid not understand what the expert's choices were based on, another sub-

ject felt that the "computer was inconsistent with its input," and the

third,subject wondered about the purpose of the modules and their rela-

tionship,,to each other. They all felt the "Help" option was useful and,

iri general, agreed with the expert's choices. Only one subject (Subject

a) did -not want help; the other two would have liked more help in under-

standing .the information provided by the expert, perhaps in the form of

an example in'the handout, and an explanation of how the expert's

choices were arrived at: These problems are tine result of the abbrevi-

ates use of preliminary objectives and will be easily remedied in the

future.

3./3 Discussion

Learning Effects. Overall, the results appear promising in

terms of the training potential of the ACTS. A gre it. deal of learning

ippears-to-nav-e- taken-place-on all performance_measures_and much of this

learning transferred from one session to the next, This is encouraging,

considering that the two sessions were separated by at leaSt one week

rall subjects.. Even Subject 2, whose utilities did not converge to

those of the expert, shows transfer of learning on the amount of. help

used ana the time taken per problem. Subjects and 3 exhibited learn.:

iny and transfer on all performance measures.

From the figUres, it iS,cle*ar that a great deal of the learning occurs

in the initial trials; and this is probably more likely to be related to

the processes of familiarization with. the equipment and the task, than

to tile_ a_cquistrao_n__of decision-making strategies -' However4_the figures_

also suggest that this familiarjzation proces does not take,more than

vW,



one or trials. In order to eliminate these effects in the Year 2

study therefore, the first session will begin with the presentation of

one or two randomly selected problems which will serve to familiarize

the student with the mechanics of using the ACTS,. the feedback format,

and the various ty'pes of help.

3.b.2 Sequencing Effects. The question of different effects attri-

butdble to the sequencing of. problems cannot be answered at this'timel

since the aifferences in the subjects' .abilities were so-large and so

few,subjects were available. Effects of sequencing will depend a great

seal on the accuracy with which problem difficulty can be identified.

From the results, it apears that some problms which-were identified as

somewnat difficu#1t, were in fAct easy for the subjects to solve. There

are at llpist two confounding-factors which impinge on the interpretation

of the prob,leM cifficulty. One will be discussed below under "Use of

Hanaout", tne other is concerned with the level of the studepts' abili-

ty: for college-level students, having some background in electronics,

problems laentified as being of mediurn difficulty may in fact be-as sim-

le as the easy problems,-since difficulty is related to the to "cal

O omplexky in the circuit, and college students have had/much practice

in dealing with logical complexity. This may not be true for high

school students WhO may have had less experience in dealing with logical

complexity.

In order to avoid this problem in the Year 2 study, a base rate for

problem difficulty will be established using performance on the random

sequence. A problem's level of difficulty, therefore, will be empiri-

Oally rather than logically determined. Although this violates the

stanaard practice of random assignment of subjeCts to groups, the-bene-

fits of this' approach outweigh the dangers of partially violating the

ranaom assignment directive.

3-23
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3.1).3 Use of HandoUt. The first, factor mentioned above, which would

prevent evaluating sequence effects, has to do with the use of the han-

clouts, and especially, the availability of Table 2 of this handout,

showing the match between module faults and measurement set. This table '

shows exactly what., types of measurements should be made,Aiven different
'

4,

types of initial outcomes, so that,a bright student can in faCt qse this

table exclusively, without ever using the Nelp opon. All the, students

in the pilot study dtscovered this quite rapidly.

The use of such a handout is acceptable as a training device, but there

are at least two considerations to keep in mind: The first is that the

ACTS only incorporates single faults and the characteristic measurements

obtained are fairly straight forward. In an actual tro,fehooting en-

vironment, however, there is ono guarantee that faulty circuit will

nave a singleifault; a breakdown could be the result of a combination of

faulty modules. OpvioUslY, in such a case, the measurements would ndt

be as straightforwarp as those listed in Table 2 of the handout. Meas-
.

urtIment outcomesin the ACTS aFe given as. high, 41ormal, low, or zero,

but in an actual' e'llCiromnent, the measurement.outcomes are numbers which

nave to be evaNated. For example, an outcome that is slightly- above'

normal could in fact be normal or high. This type of decision cannot be

trained by vne-cureent version of the ACTS, and its possible effect,in

evaluating trangfer to actual equipment will have to be kept in mind.

, The second consideration' in,ihe use of handouts concerns the types of

learning that can take place during an ACTS session. On the. one hand,

one may emphasize the cognitive aspects of training-to troubleshoot a

circuit. In'thiss case, it is advisable to use as many cognitive aids

such as handouts and charts) as possible and to emphasize background

knowledge. On-the-other-hand, the-ACTS can also be viewed as a-more

.mechinistic training.device where responses become differentially reir

4
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forced through a conditioning process. That is, it is quite conceivable

that the appropriate responsis, those which correctly utilize the attri-

bute information provided, Oil become trained simply as a result-of re-
:4.

peated trials with,fairly immediate feedback. In this case, the use of

cognitive aids would not be beneficial. Thus, whether handouts or other
.

aids are used in,conjunction with the ACTS must be determined in rela-

tion to the_cognitive abilities of the students using the ACTS%nd,to

the training objectives ,of-the school. ?-

For the Year 2 study, a combination of these two extremes has been selected.

The handout will be made available to the subjects during initilL....tfaining,

for approximately three problems, to give the subjects.an opportunity to

understand the relationship between measurements and module faults Fur-

ther training, however,'Will be done without, the handout.

3.6.4 Sliding Window. Aside from the improvement already discussed,

a change in the sliding window was made. The sliding window refers to

the number of problems over which the training weights are calculated.

The sliding window of size N consists of training information for the last

N choices selected by the student during decision cycles where help was

not invoked. Decision cycles involving help disallow any student model

training and thus are not involved in constructing-the window. Two

statistics are available from the window: (a) total number of times

training occurred out, of N, and (b) sum of the absolute values of all

adjustments to the model for these N decitsions.

In the pilot study, the sliding window parameter was 3, so that the utility

weights were calculated for problems 1-3, 2-4, and so forth. This tends

io produce very rapid convergence, with some probability of spurious

results. It was therefore decided to make'the sliding window dynamic,

e)
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which means that the parameter can be changed according to current needs.
/

For demonstration purposes, for example, when rapid convergence is detir-

able, the size yf the window can be made small, but during an experiment

or for training, the parameter can be accordingly increased.' I

33.5 New performance ,Report Printout. On the basis of the pi Tot
. . .

studies performed, the performance report has been completely revised,

priMarily to obtain more detail of the subjects'behavjor. The new report

is shown i/n Table 3-5. Table 3-6 explicates the report. For each action,
/

the-student's considerations, attribute levels and experes.choices will

be printed out; the actual action selected and its-Qutcome will be shown,
ak

as well / as ongoing changes in the student's utilities. This differs'from

the pi/lot study in that information is obtained after each action, rather

than just at the end-of .each problem. Overall, this report provides'a

performance record whidh traces every decision make by the ACTS student.
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TABU 3-5

PRINT-OUT REQUIREMENTS FOR
ACTS80 TROUBLESHOOTING OBJECTIVE

.1

I

STUDENT:,

CIRCUIT!

HELP AVAILABLE:

SLIDING WINDOW:
.st

AGE:

IAULT:

STUDENT INPUT SEQUENCE:

DATE:

FEEDBACK AVAILABLE:

/

STUDENT'S ATTRIBUTE

CONSIDERATIONS 1 LEVELS

ti

ACTION SELECTED:

ACTION OUTCOME:

SUBSEQUENT UTILITIES:

UTILITY DIFFERENCES j,,

TYPE OF HELP:

(PRINT AFTER EACH ACTION)

STUDENT WEIGHTS: ot,

STUDENT C ST:

EXP COST:

T. IN MINUTES:I
2

a.

EXPERT'S CHOICES

(WHEN "HELP" It USED)

ti

, UTILITY RATIOS:

SLIDING WINDOW PERFORMANCE:

CLOSENESS TO EXPERT:

CONVERGENCE:

A.

A "TIME" TO BE FILLED OUT? EXPERIMENTER 1...

2EXTRA SPACE FOR OTHER COMMENTS

If

9
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TABLE 3-6

REPORT CONTENT DEFINITION

The information content for each label in the ACTS80 Troubleshooti

Printout is described belpw: ,:

STUDENT 5tudent's name

AGE 1,10. 'Student's age

DATE

CIRCUIT

FAULT

HELp-AVAILABLE

Date of exper,iment

-4 - IR-28 *ger supply

2 - A9000 power:supply

Ftult no.dfor current problem

0 =,m1

FEEDBACK AVAILABLE '

.

SLIDING WINDOW

-STUDENT'S CON;IDERATIONS

:ATTRIBUTE LEVELS

EXPERT'S CHOICES. .

ACTION SELECTED

ACTION OUTCOME -

SUBSEQUENT'UT1LITIES.

UTILITY DIFFERENCES

UTILITY RATIOS "-
SLIDING WINDOW
'PERFORMANCE

CLOSENESS TO EXPERT

.e
-,cmwERGems

TYPE OF HELP

STUDENT WEIGHTS

STUDENT COST

PPVRT COST

a

<L;

I . yes

0 - no

I.- yes

.R

The no., of most recent Action choivs used to
check for consistency in student ode

The names of the actions that the student considered

The attribpte levels for "'student's considerations

The expert's -considerations -by,name

The name of theacflon, chosen by the student

the Outcome of the'action performed (e.g., "L"
for-low)

The student's mode values after the action,

The differences betweemthe,experts",and the
student's model valetas -

The ratios of the student's utilities

The amount of training, occurring over the most
recent n decisions

The cosine of.the angle between the expert's and
student's weiggt vectors

Yes :Small amount of trainfhgsf student's model
'over sliding window

Ho - Largbr amount of training of student's model
over,sltding window

- Expert's cOnilderaons requested
2, --E4ert's tradeoffs for expert's cons rations'
. requested , .

3 - Expert's tradeoffs fdr student's co iderationl
requested

4 ExPert's ranking of student's considerations
requested

Student's model weights .

ktudent:s cost fort current problem
'

-Expert's would-be cost for!curftnt problem

A

Sx 1



V.

A

. 4. REFERENCES 1.

Atkinson, R.C., 1972: Ingredient's for a'Theory of Instruction,

American Psychologist, 27(10)':921=931.,

Bloom, B.S., 1968, Learrfing for. Mastery, Evaluation Comment, (UCLA

Center for the 5tudy of Evaluation); 1(2).

Brown, J.S,, Burton, R.R. and Bell, A.G., March, 1974: SOPHIE: A Sop-
histicated Ipstructional,Environdent for Teaching Electronic Trouble-

shooting. Cambridge, MP4 Bolt Beranek and Newman, Inc., Technical
Repqrt BBN No. 2760.

. ,7

Carbonell, J.R., .1970, AI in CAL: An Artificial-Intelligence Approach
to Computer-Assisted Instruction, IEEf Trans-actions on Man-Machine t

Systems, MMS-110), 190-202.

Crawford, D.G. and Ragsdale; R.G., July, 1969, Iridfvidualized Quasi=
jristructional Systems for-the 701s, Working paper, Ontario Institute
for Studies in Education, University of Toronto.

CrookS, W.H., EKuppin, M.A. andFreedy, A., January, 1977,. Application

of Adaptive Decision Aiding Systems to Computer-Aslisted Instruction:
Adaptive Computerized Training System (ACTS), Woodland Hills, CA:
Perceptronics, Inc., Technical Report PATR-1028-77-1.

bawes, R.M., 1970, Graduate Admission: ,A Case Study, Oregon Research'
Institute, Technical Report 10 (1),

Freedy, 'A. and Crooks, W.-H., April 7=10-,-1975, Use of-an-Adaptive ,

-Deciijonteoderin Computer-Assisted Training of Electronic,Troubleghooting.
Proceedings of Vie Conference on New Concepts in Maintenance Training

Research; Orlando, Florida.

9

Glaser, R., 1965, Psychology and Instructional Technology, In R. Glaser
(ed..)Trainin4 Research in Educatik, New York: Wiley.

1970, 'Man vs. Model of Man: A Rationale Plus Some

videhOb for a Method of. Improving Upon Clinical Infereves, Psychological
'Bulletin, 73: 422-432. 4 e

=

Hirtaey,*J.R. and Sleeman, D.H., 43-,..,Towards More Intelligent Teaching* _

'Systems, International Journal of Man-Kchine Studies, 5, 215-236. .

ti

4-1

70
r



V

Koffman, ,E.B. and Blount, 1974;.A Modular System for'Generative'
CAI in Machine-Language,,Programming, IEEE Transactions op Systems, Man.
and Cybernetics, SMC-4(4); 335-3043.

Nilsson, N.J., 1965, Learning Machines, New Y6rk: McGraw Hill.

Slagle J.R., 1971,'Artificial Intelligence: The HeuristicProgramming
Approach, New York: McGraw Hill.

Smallwood, R:D., 1962, A Decision Structure for'Teaching Machines,
Cambridge, MA: MIT Press.,

Smallwood, R.D.,:1971, The Analysis .of E nomit Teaching Strategies for
a Simple Learning Model, J0of Math. Ps chol., 8:285-301. 0

Irt

0

4-2'

0-

4

1

Ite

A



APPENDIX A

STUDENT HANDOUT

Introduction

You are a subject in an experimental program designed to help develop

computer-assisted instruction for-teaching"electronic troubleshooting.

The system enables you to get actual .troubleshooting experience in a

simulated environment., You will -work with a computer terminal which has

a keyboard and a CRT display with raphics capability.- The goal of the

current experimental serin.is to -oval uite the teaching effectiyeness of

the system under vatirous experimental configurations.' Specifically,tWe!ie

interested in how much and how fast you learn as you work with the system.

On-ltine measures will be used to evaluate your learning progress and to

adjust fUrtSetinstruction to your Jearning needs. .

4

You will be working with the Adaptive' Computerized Training ,System (AtTS)

The ACTS is adaptive in that ft"letrns'the troubleshooting behavior of the

student. For this reason-it is important that you be as consistent as

pos'sible in your approach to troubleshooting. The more consistent you

are, the faster ACTS will be able to learn your particular values and

. give instructional feedback,which is responsive to your learning needs.

Included here -in is an introduction to power supplies, which you should

study in order to-learn the background, material required for your on-line

troubleshooting peactice. Following the introduction will be a trouble,-

shooting guide ,. which is to be .used for reference during troubleshqptinq.'

VP'
.
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INTRODUCTION 'TO POWER SUPPLIES

A pOwer supply is a:source 'of electrical energy. It supplies the energy

needed by various circuits and electrical aesc&cs to.function. These cir-

cuits and electrical devices, being users of electrical energy, are known

as loads. The purpose of a power supply is to proVide electrical energy

14 or power for use by a load.

A power supply may be either self-coptalined, such as a fiNtery(or may

transform one formoi..electrical energy into other, more useful forms.

In this discussion, we are concerned with the latter.

Electrical energy exists in many different forms and levels. Two primary

forms are alternating current, or A.C., and dirt current, or D.C. A.C.

is characterized .by a constantTyxchanging wave of electrical energy; where-

as D.C. is characterized by a constant, non-changing level of electrical

energy. The magnitude or level of an A.C. or. D.C. signal may be of any

numerical value, an example being a high level (100), or a low level (10)..

Oft n, the energy requirement 'of forni and magnitude of a load cannot be

met ty the available-source of power. -An example of this would 'ben a load

requiring a low level D.C. with an available source of power 'of high level

A.C: A power supply may be used,to convert the high level A.C. to the low

level D.C. required by the load. Such a power Supply would have an input

to which the, source of power would be applied, and an output through which

the converted D.C. would be supplied to the load. A power supply mayipe

used to match the requirement's of a load with the characteristics of AD

.availab14. power source.
x° `°,
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INTRODUCTION TO THE IP-28 POWER SUPPLY

The IP-28 power supply IS designee to perform specific operations under,

specific conditions. Understanding these operations and conditions will .

help in understanding the IP-28 power'supply.

The IP-28 converts a single A.,C. input into a single D.C. output. All ,

power used for operation of the IP-28 domes from the single A.C. input.

All power used by the load comes from the single D.C. output.

Certain characteristics of the IP-28's D.C. output are maintained, or
.

regulated, at a constant level. This regulation is achiev.ed in the IP-28

by monitoring the output characteristics, and acting
(
to correct any changes.

The output characteristic of voltage, or level of electrical energy, and

the output characteristic of current, or flow of electrical energy, are

both regulated in this way. Because of this, the output of the IP-28 is

said to be current and voltage regulated.

The level at which the output voltage and current is regulated'is adjustable.

Both voltage and current may be adjusted to regulate at high or low: The

value of the load dictates whether voltagt or current regulation is taking

place. Should the load drain excessivi current from the output at the

regulated voltage value, the current would be regulated. Otherwise, the

output Voltage would be regulated..

FUNCTIONAL BLOCKS

Within the IP-28, three major functional blocks, the power source,

the referenCe source, and the regulator (see Figure 1) operate and

interact to convert power from the A.C. input into an adjustable D.C, out-

put. Each functional block performs specific. operations, which we will now

consider.
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The D.C. power source Converts the A.X. input power to D.C. The D.C. out-

put of the D.C. power source consists of the common line and the connection

to the regulator.

4

The reference source provides an adjustable D.C. output. This adjustable.

D. . output is connected to the regulator,and an output line. The reference

so rce converts A.C. power carried by the\two lines connected to the D.C.

power source to the adjustable D.C. output!,

The outaut of the regulator is current or voltage regulated D.C. .and is

connected to tfw output of the IP-28. The regulator draws D.C. power from

the output of the D.C. pOwer source and passes to the output of the IP-28

the proper D.C. voltage or current level. The voltage level between the-

line from the reference source to the regulatO-and common, called the

feedback voltage, is used by the regulator to regulate the output voltage.

The feedback voltage level is the result of the difference between.the
lr

output voltage level and the reference source D.C. output voltage level.

Changes in the output voltage or the reference source output voltage will

cause the regulator to make an:opposite change jn the output voltage.

The regulated output voltage level can be changed by adjusting the rerence

source output voltage. The regulated output voltage level can be kept

constant if changes in load conditions do not-result in an excessive output

current level.

D:C. POWER SOURCE MODULES

Each of the functional blocks of the IP-28 can be divided into modulei-,

or small functional U4ts. The subject of this dis.cussion is the modular

makeup of the D.C. powel- source and how these modules operate and interact

to perform as. the D.C. power source fuftGtional block. .

ap,
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The D.C. power source, as a major' functional unit of the IP-28 power

supply, performs the task of converting the A.C. input power to D.C. The

D.C. output of the D.C. power source provides D.C. power to be used by

the regulator and to be passed to the output.

The functionof the D.C. power source is performed by .two modules: the

transformer and the rectifier and filter.

The transformer, drawing upon the A.C. input, produces an A.C. output

whose voltage and configuration is compatible with the rectifier and-

filter module. The output of the.transformer consists of three lines as

displayed in the diagram, Figure 1. The center line is the cannon line,

and the A.C. voltage between the common center line and the two outer

lines provides A.C. voltage to the, rectifier and filter.

The rectifier and filter convert the /1C. power from the transformer's

output to D.C.' Theouqut of-the rectifier and filter consists of two

lines, one connected directly to the regulator and another connected to

the regulator and the output common terminal. It is through these con-

nections that the D.C. power output of the rectifier and filter

delivered to the regulator.

REFERENCE SOURCE MODULES'

The reference source performs the task of providing an adjustable D.C.

voltage needed by the regulator for. voltage regulation. Modules contained

within the reference source work together to perform this task.

The reference supply is made up of the following,modules:
. -

A-6
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Transformer

Reference Rectifier and Filter (REF RECT & FILTER)

Reference RegulatorIREF REG)

Output Stage .

.

Refer to the diagram (Figure 1) and recognize their placement and inter-
,

.connections.
NO.

The reference source shares the transformer with the,D.C. power szfurce.

The output of the transformer connected to the reference rectifier and

filter is A.C. and is separate from the other transformer output. The

transformer performs for the reference supply the task of converting the

A.C. input voltage to an A.C. voltage needed by the reference rectifier

and filter.

The reference rectifier and filter converts the A.C. from the transformer

to D.C. The outputof the reference. rectifier and filter, consisting of

the line connected to the reference regulator and the reference common

'(REF COM) line, supplies D.C. to the reference'regulator.

The reference regulator draws upon the D.C. from Oe reference recti4ier .

and filter and produces a constant.D.C. voltage output needed by the out-

, put stage.

The lire connecting the reference regulator to the reference common line,

as it I also with the reference rectifier and'filter, ass a common input

and out ut line to that module.

The outObt stage uses the constant D.C. voltage from the reference regulator

to produce an D.C. voltage output. Within the output stage is

a means to adjust the D.C. voltage between the line connected from the

output stage to the output line, and the line connected to the regulator.

A- 7



In summary, the transformer converts the A.C. input voltage; the,reference

rectifier and filter Changes the converted A.C. to D:C.; the reference

regulator stabilizes the D.C.; and the output stage provides a means for

adjusting the,D.C. These actions perform the task required of the

reference source.

REGULATION MODULES

The regulator passes the proper amount of D.C. voltage or current from the

D.C. power source to the output. The'regulator has two modes of operation,

either voltage regulation or current regulation.

1. VOLTAGE REGULATION MODULES

The modules contained within the regulator Which perform voltagerequlation

are':

Current source,(CURR SOURCE)

Series regulator (SfRIES REG)

Voltage limiter (VOLT LIMITER)

Refer to the diagram, (Figure 1) and recognize their placement and inter-

connection.

4 4

The current source provides the proper flow of current to the series 'regu-

lator and to the, voltage limiter to insure their operation. The current

source draws current rom the D.C. power source and outputs a constant and

proper arfount of curr nt to the series regulator and voltage limiter.

The series regulator is placed between the'output and the D.C. power source

so that the power to the output can be controlled. The output voltage

level of the series egulator is controlledby; and proportional to, the

A-8
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voltage level between the line connected to the base of the series regula-

tor and cannon, called t6e control voltage or control signal.

The voltage limiter conducts different amounts of current from the current

source. The more current conducted by the.voltage limiter,-the lowerrthe

control- voltage.

The amount of current conducted by the voltage limiter is controlled by

the.feedback voltage level between the feedback signal, connection to the

voltage limiter and common. The higher the feedback voltage the higher

the current conducted by the voltage limiter and the lower the control

voltage.

CURRENT REGULATION MODULES-

The regulator performs both current and voltage regulation. In addition ,,
.

to the current source, the series regulator, and the voltage limiter, the

regulator contains the current sense and current limiter modules.

Current regulation or limiting is the result,. the current limiter,todute

-causing a dropin the control signall-voltage across -the current sense.

41111

This voltage drop across the current sense is directly proportional to the

output current. When the output airreiiris at a certain level, the voltage

drop across the current sense will be high enough to cause-the current

limiter to reduce th con tgnal. The output current level at which

this occurs, called t current limit level, can be changed by means of

an adjustment within the current,sense module., When the output current is

less khan the current limit level, the voltage drop across,the current

sense will rot cause the current limiter to reduce the control voltage.

00.
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Whbn the 'output current is below the'current limit level, the current

limiter has no effect on output voltage regulation as performed by the

current source, the series regulator, and the voltage limiter. If the

output current is greater than. the current limit level, the current limiter'

will lower the control signal voltage by conducting current from the

current source through the load to common. The resulting drop in the con-

trol signal voltage will tAkse the series regulator to lower the output

voltage. The decrea'se in output voltage will lower the output current

until' it is
,

at the current limit level.
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TROUBLESHOOTING GUIDE'.

II, 4 '

the,display will be A,s-Olown.in'.Figure 2. Each module i s abbreviated with

, the '--three:letters bighted on youi display 'and underlined in Figure 2

Whenyou-must refer totirmoliule (as when you replace a moduje it is
,

necessary: to -use the three letter abbreviratiOns. :the tables which follow

also uses tbese ab"bcawl ions'.- Notice. that "carious test points are reiii;e- -

sented on the dtag (e.g., T131.-, TP2.,' etc:). It is nece§sary to, use these

three character(( test point labels to 'take circuit measurements. ,:yhe table

yin thelower left porilon of*tie"iisplai. (see Ftgure 2) lists they

merits with three tolumns corresponding to the three types of measurements:

volt*, current aria resistance: The outcome of each meaStfrealekrit you take

c , is listed in the A'pprOprta place in the table.' Measurement resultS ate '

5

sy,

presented, in a semi - interpreted -form to-save you the trouble o consulting

a table of normal values. Thus all measurements have one of-the following

outcbmes. .

-I
-;c

.$ .
,Normal (N`or blank)

,,1 .,26,,,High (14)

--ebb' Low' (..)

'....Ze*ro (0)

.:.. A -,...,. ,

c ' .
c 7 t

. r

Table I liAs<each fatilt and its, probability of occurrence.- A good trouble-,
.

I shooter. takes .these prob-akilitles-into account while making
--

decisions. Table ).` uses the module abbre iations ment,ipned

well as the following'abbreviatons to,'re er. tb failures.

ST,

! Ps=

h

,

OPN =i °petit,

SHT = Stort

rl OUT .= tutpat
A

TRAN='TranStst6r

'R ResiAto'r .

1

Ij

trouble hooting
,Marl ter as

9. Tbr

Fr

'-
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C

INPUT

TRANS
FORMER

11

COM

TF2

TP

RECT
FILTER

1."

TP3

CURR .

SOURCE'

SERIES
RE G

TP4

VOLT,.

LIMITER

CURR
S ENS E

/CURR
LIMITER

TPS

OUTPUT

REF C
& F I LTER*

P8

VOL CUR RES

OUTP
Tp
TP , 2

3

TP 4
TP 5
TP
T P
TP 8

: 9
TP A

IGURE 2 ,

J SPLAY DIAGRAM.

RE F.. =

REG .

TP9

STAGE

REFERENCE COMMON

sr

COMMON -

TPA p 44k

.

1 I
1-

(LOAD

. _
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*

4

,

TABLE 1,

MODULE FAULT PROBABILITIES'

MODULE FAULTS -
PROBABILITY OF

OCCURRENCE-

,MODULE FAILURE

LIM OPN TRAN
.

.10

LIMB SHUT TRAN .09'

REC OPN OUT. .05

REG OPN RES , ..06 ,

-REF OPN DIODE .06

SEN - SHT RES .09

sER OPN RES .11

SOU 0 OUT .10

STA OPN RES .04 ..

-STA, SHT RES .05

TRA OPN OUT .03

TRA, :.0 REFOCr .92

VOL OPN TRAN .10

VOL_ SHT .09 _.

ge

.4

k

0



Ma.

Table 2 gives,the correspondence between faults and measurement outcomes.

The abbreviations used in this table were explained earlier. Thdwinfor-

mation presented in 2 represents a substantial amount of the infor-

Mation used by the ACTS' expert model to troubleshoot the'circult. You

,should find it useful when-consideting measurements.

Table 3 gives the list of recognized*tesponses and their corresponding

measurement cost or re lacement.cost. (When a module is replaced it is

brightened on the diip y as you. will see the first time you replac& a

module.)

"f

*IP
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MODUIE
FAU TS_

MODULE FA

TIM

TIM

C

G

RE!

SE N

STA
_

I A

IRA

VOL

VOL '

SOT

OP

OP

OPN

SOT

OPN

OPN

SUT

OPH

R

OPH

SOT

TABLE 2

I

LURE

CIRCUIT OPERATING CONDITION ,.. .. /
#

150WEITTIFF ----TdaGE--KG1I--LATIDN-
OUT-TP1 IP2-TPJ-TP-4 TrrYTK IPT-TP8 TPFWA-01IT

DC AC AC DC DC DC DC AC DC DC -DC

CURRtliT REGUIAT ION
IP-1-41Prin-IP4TIFSTP6-0-7-- I-1311TF-9-111-

DC AC AC DC DC DC DC AC DC DC DC

TYPIT2-TP-1 TP4 IPS TIVITT rpetp9 fur,.
,' .

RE RE RE RE RE RE 'RE* RE RE IRE-

I IRAN.__
IRAN

i OUT

.. H H H H
.. .

-1 ' i'
lel

L L L I. L I L L - ti

-4.

I. L L S L L L L L L L

RE S L L L . L L L L II L' L L
.,-

r

DIODE I. L L L L L L. L II I. L

RE S--
IRAN

ITT

ca

- -- H H II H f
L II L L L II L L

. -'-

----t -L- L L L L L L
_ ___ ..-. .

RES

RES

OUT

EF OUT

IRAN

II II L II L H
r'

H
0

11 II L
. , .

LLLLLLL L L L L i 'L L t - -

L L LLLLL L L H L L L L L# ,
41 '. .4,

H . '11 11 II c's L , I.

.._

BLANK SPACE 1S NORMAL; L LOW; H = HIC.11; 0 - ZERO. k ( 4111

MEASURIMENTS TP1 TO TP6 MADE IN REFERENCE TO COMMON. MEASUREMENTS TP7 TO TPA MADE IN REFERENCE TO REFERENCE COMMON

83
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O

r TABLE 3

LIST OF RECOGNIZED RESPONSES AND THEIR COST:

.

TP1ACVR $4 TP1ACCR $4 TP1REPO .$10 TRA $98

TP2AGVR. 14'
ri

.TP2AGCR $4 TP2REPO $10 , REC $20

TP3ACVR. $4' TP3DCCR $4 TP3REPO $10 SOU $90

TP4DCVR $B TP4DCCR $8 .TP4REPO $10 VOL $8Q

TP5DCVR $8 - TP5DCCR $8 TP5REPti $10 f LIII $80

TP6DCVR $4 TP6DCCR. $4 TP6REPO $10 STA $50

TP7ACVR $4 TP7ACCR $4 TP7REPO $10 SER $90

TP8DCVR $4 TP8DCCR $4 -TP8REPO $10. SEN $50

TP9DCOR $4 TP9DCCg. $4 TP9REPO $10 REG- $70

TPADCVR $8 TPADCCR $8- TPAREPO 116------ REF $70

th,

4

c 9,u.

4
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ATTRIBUTES

There are three attributes which should be used as criteria for selecting

an action:

. ,

. Decrease in uncertainty. This is the decimal fraction (i.e.,

a number between 0 and 1) representing the proportion of f flts
I

expected to be elUptinatid by the considered action.
.

. -

Expected faulty module isolation. This is the decima14raction

(i.e., a number 'between 0 and 1) representing the proportion o f

-faulty AnGdul-esexpected4to be eliminated by.the current action.

3. Cost This is the cost of the action.

A

-
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APPENDIX s

SAMPLE INSTRUCTIONAL SEQUENCES

2.7 PRELIMINARY LECTURE

lecturecovering the overall functional requirements of
,
the IP28 Power

Supply is displayed. Also displayed is a diagram relating input and out-

put connections.

A.C.
INPUT

IP28 POWER SUPPLY D.C. LOAD
,OUTPUT

INTRODUCTION TO THE 11'28 POWERSUPPLY0

THE.IP28 TOWER SUPPLY IS DESIGNED TO PERFORM SPECIFIC
OPERATIONS UNDER SPECIFIC CONDITIONS: AN UNDERSTANDING OF

'THESE OPERATIONS AND CONDITIONS WILL HELP YOU TO UNDERSTAND
THE IP28 POWER SUPPLY. THE IP28 CONVERTS A SINGLE A.0 INPUT
INTO A SINGLE D.C. OUTPUT. ALL POWER USED TO OPERATE THE IP28
COMES FROM THE SINGLE A.0 INPUT. AFTER THE IP28 POWER SUPPLY
CONVERTS THE A.0 INPUT INTO D.C., filE D.C. OUTPUT PROVIDES
ALL THE POWER REQUIRED BY THE LOAD.

THE 1P28 POWER SUPPLY CONVERTS A SINGLE A.C. INPUT INTO A
SINGLE D.C. OUTPUT REQUIRED BY THE LOAD.

PRESS RETURN TO CONTINUE

>

6
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.

Following underttanding of the material, the responds by pressing

the return 'key., and the lecture .units continu

JO%

Go

1

A.C.
INPUT

t

IP28 POWER SUPPLY D.C.
OUTPUT

... ,,

THE OUTPUT OF THE IP28 IS REGULATED. CERTAIN CHARAC*RISTIpS
OF THE D.C. OUTPUT ARE MAINTAINED, OR REGULATED, TO MAINTAIN A
CONSTANT MEC. THIS R GULATION IS ACHIEVED BY MONITORING THE

jrTnE CURRENT (FLOW OF ELEC RICAL ENERGY) ARE BOTH REGULATED.

%1OUTPUT CHARACTERISTICS, AND ACTING TO CORRECT CHANGE'S% OUTPUT
CHARACTERISTICS OF VOLTA (LE=VEL OF ELECTRICAL ENERGY) AND

' THUS, THE OUTPUT OF THE IP28 IS SAID TO BE CURRENT AND VOLTAGE
REGULATED.

_ . . ..

THE OUTPUT OF THE IP28 IS RL:liATEIT TO

4

MAINTAIN CONSTANT
VOLTAGE AND CURRENT LEVELS,

PRESS RETURN TO CONTINUE

LOAD

ti

3
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1. .e

A.C.
INPUT

IP28 POWER SUPPLY .

1

D.C. LOAD
OUTPUT

THE LEVELS AT WHICH bUTOUT VOLTAGE'AND CURRENT ARE REGULATED
CAN BE JQJUSTED. HIGH DR LOW LEVELS MAY-BE SELECTED TO'
REGULATE(BOTH THE VOLTAGE AND THE CURRENT. THE VALUE REQUIRED
BY THE LOAD DETERMINES WHETHER VOLTAGE OR CURRENT REGULATION
WILL OCCUR. SHOULD THE LOAD DRAW EXCESSIVE CURRENT FROM THE
OUTPUT, AT THE REGULATED-VOLTAGE VALUE, THE CURRENT WOULD BE
kEGULATED. OTHERWISE, THE,OUTRUT.VOLTAGE WOULD' BE REGULATED.

REGULATION OF OUTPUT VOLTAGE OR CURRENT ARE-ADJUSTABLE AND
DETERMINED BY LOAD REQUIREMENTS.'

PRESS kETURN TO CONTINUE

1
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A

\

I

At the 'end of several units, which comprise the entire instructional

objective,the student's understandinof thecOncepts discussed in the

lecture is eqluated. The student may select one of the several options

displayed. In this example, the lent requests_ additional information

on concept #2.

.

1

INPUT

1

POWER SUPPLY

YOU ';HOULD NOW UNDERSTAND THE FOLLOWING CONCEPT54
(11 IP28 INPUTS AND OU1PUTS.
(2) CHAReTER !SVCS OF VOLTAGE AND CURRENT.,
(31 VOLTAGE AND CURRENT CIRCUIT CONNECTIONS,
(41 IPZS REGULATION.
(5) rRRENT OR VOLTAGE REGUL4TION,

AT MIS POINT SEVERAL OPTIONS ARE AVAILABLE TO YOU,

I. YOp rFet YOU UNDERSTAND EACH or THE .CONCEPTS ABOVE,
_TYPE "RETURN" AND YOU WILL BE'GIVEN A SHORT TEST ON THIS
MATCRIAL.

2. IF YOU ARE. NOT SURE ABOUT A.CONCEPT PRESENTED IN THE
LECTURE. TYPE THE LETTER "H" FOLLOWED BY THE NUMBER OF THE
CONCEPT (E.G., CUARACTERISTICS or VOLTAGE AND CURRENT) AND
"RETURN" THIS.TNTRY WILL PROVIDE YOU rim,. INFORMATION ABOUT
THE CONCEPT YOU SELECT.

1

D.C. LOAD
OUTPUT

, 1

>

3. IF YOU WOULD LIKE TO REREAD THISLECTURE, TYPE "H" AND
"RETURN,"

FOLLOWING YOUR REVIEW OF THE LECTURE AND/OR,ADDITTONAL
mATFR1At. TYPE "PErURN" TO RECELVF THE TEST nN THE MATPIVAJ

t.

The student responds to the options by, typing "H24, fdllowed by "RETURN."

'

p
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w.

a.

< c
s displayge
ip=iayed , followed

A el
I.

r , P.

.1'
.

.

Additionral lecture material Covering *ceptnumber 2 i

First, a statement sUccintt ly stating the cont'ceP is di

bya.detailed example.,,

"-

.2. ELECTRICAL. ENERGY CAA BE EXPRESSED IN TERMS' OF VOLTAGE.' 4
AND CUMENT. VOLTAGE DESCRIBES THE MAGNITUDE OPELECTRIC4
ENERGY AND THE 'CURRENT, THE TLOW ELECTRICAL ENERGY.

-CI

DIFFERENCE BETNEEN VOLTAGE AND CURRENT IS ANALOGOUS TO
THE WATEAABEHIND A HYDRA - ELECTRICAL UAM AND TUE FLOW OF
RELEASED WATER THROUGH THE. TURBINES. IN THIS EXAMPLE,. THE-

WATER BEHJND THE DAM IS PIKENED TO VOLTAGE,MIE GREAVIeTHE,
WATER LEVEL GEHIND THE DAM THE GREATER ITS POTENTIAL FOR*
GENERATING ELECTRICAL POWER. THE AMOUNT -OF WXTEteFLOW0G,
THROUGH THE TURBINES IS LIKENED TO CURRENT. 'THUS THE. "

OMBINATION OF THE HEIGHT OF THE WATER (yOLTAGEYAND THE
AMOUNT FLOWING THROUGH THE TURBINES (CURRENTY PRODUCES.
ELECTRICAL POWER. o

6

PRESS CARRIAGE RETURN TO CONTINUE,

'

I

LOAD

P

4

O

.y
An

r.
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The student is again asked to evaluate his understanding.of the concepts.

The options are again the same. This time, the student requests to

receive the test material by typing "RETURN."

A.C.
INPUT

IP28 POWER SUPPLY D.C. ' LOAD
OUTPUT

1

YOU SHOULD NOW UNDERSTAND THE FOLLOWING CONCEPTS;.
IP28 INPUTS AND OUTPUTS.

(2) CHARACTERISTICS OF VOLTAGE AND CURRENT,
(3) VOLT6E.AND CURRENT CIRCUIT CONNECTIONS,
(4) IP28. REGULATION.
(S) CURRENT OR VOLTAGE REGULATION,

it.

AT THIS POINT SEVERAL OPTIONS ARE'AVAILABLE TO YOU

I. IF YOU FEEL-YOU UNDERSTAND EACH OF THE CONCEPTS ABOVE;
TYPE "RETURN" AND YOU WILL BE'tIVEN A SHORT TEST-ON THIS
MATERIAL.

2. IF YOU ARE NOT SURE ABOUT A CONCEPT PRESENTED IN THE
LECTURE, TYPE THE' LETTER "H" FOLLOWED BY THE NUMBER'OF-THE
CONCEPT (E.G., CHARACTERISTICS dF VOLTAGE AND CURRENT) AND
"RETURN" THIS ENTRY WILL PROVIDE-YOU MORE INFORMATION ABOUT
THE CONCEPT YOU-SELECT.

3. IF YOU WOULD LIKE TO REREAD 'THIS- LECTURE, TYPE "H" A441!'
"RETURN."

-A-

FOLLOWING YOUR REVIEW OF THE LECTURE AND/OR ADDITIONAL
MATFRIAL; TYPE "RETURN" TO RErFUF THE TFcT (IN TIIPJATEIZAT

4

9 7
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The first question is presented to the student..

4

'W,HICH OF THE FOLLOWING IS FALSE:
I

Ae THE 1P28 HAS A SINGLE A.C. INPUT-AND A SINGLE
OUTPUT,,,'

B. THE INPUT OF THE ROWER SUPPLY IS WHER( THE
EXTERNAL POWER SOURCE IS APPLIED.

C. THE TOTAL NUMBER OF unicOR CONNECTIONS GOING,
INTO AND OUT OF THE IP28 IS FOUR.

D. THE LOAD DRAWS A.C. POWER FROM THE OUTPUT.,

E. NONE OF THE ABOVE.4

PLEASE TYPE THE APPROPRIATE LETTERICEY, FOLLOWED BY A CARRIAGE
RETURN, TO GIVE YOUR ANSWER.

4 L

The student responds by typing theanswer on the keyboard, in this

' case, by pressing "0" followedby "RETURN."



4

I

The, answer the student selected was correct. The tested concepts are

restated.

.10

WHICH OF THE FOLLOWING IS FALSE:

A. THE IP28 HAS A SINGLE A.C. INPUT AND A SINGLE&
D.C. OUTPUT.

B. T E INPUT OF THE POWER SUPPLY IS WHERE THE.-
XTERNAL POWER SOURCE IS APPLIED. ,

C., E TOTAL *UMBER OF LINES OR CONNECTIONS GOING
INTO AND OUT OF THE IP28 IS FOUR:

D. THE LOAD DRAWS A.C. POWER FROM THE OUTPUT",

E. NONE OF THE ABOVE.
. E

I

PLEASE TIPE THE APPROPRIATE LETTER KEU/FOLLOWED BY A CARRIAGE
RETURN, TO GIVE YOUR ANSWER.
D.

CORRECT. THE LOAD .DRAWS D.C. POWF,P FROM THE OUTPUT, NOT A.C.

THEREFORE, THE FOLLOWING ARE TRUE ST 1ENTS:

THE IP28 HAS A' SINGLe7-A.0 INPUT AND SINGLE
D.C. OUTPUT.

t

B. THE. INPUT OF THE POWER SUPPLY IS WHERE THE
EXTERNAL POWER SOURCE IS APPLIED.

C. TILE TOTAL NUMBER OF LINES GOING INTO AND OUT FROM
THE II/28 IS FOUR. -

D. THE'LOAD DRAWS D.C. POWER FROM THE IP28 OUTPUT.

PRESS CARRIAGE RETURN TO CONTINUE. ,

/r

Followiri
/
recognition of the correct answer, the student' responds by

pres." g "RETURN," and the second question is preggied to the student.

9.



A

E.

,

#.

THE OUTPUT OF THE IP28 IS NOT;

A. VOLTAGE REGULATED.,

B. OCCURRENT REGULATED.

C. CONNECTED TO THE LOAfr.

D. FIXED OR NON- ADJUSTABLE.

E. MADE UP OF TWO LINES.

PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED BY A CARRIAGE
RETURN, TO GIVE YOUR ANSWER

A

1

1 ' 8-9 106
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The student responds by typiris the answer on the.keyboah. ,Assuming.

the student responds by\pretsing"C" folloWed by "RETURN, "he following

display will be presented.

' THE OUTPUT OF THE IP28 IS NOT:

A. 'VOLTAGE REGULATED.

B. CURRENT.REGULATED.

E. CONNECTED4 THE LOAD.

D. FIXED OR NON-ADJUSTABLE. Nt

E. 'MADE,UP OF TWO LINES. f

PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED BYIA CARRIAGE
RETURN, TO GIVE YOUR ANSWER.
C.

0

WRONG. THE IP28 SUPPLIES D.C. POWER THROUGH TIE D.C. OUTPUT TO
THE LOAD. THELOAD DRAMS POWER FROM1HE IP28'S D.C. OUTPUT.

* THEREFORE, IN ORDER FOR THE IP28 AND THE LOAD TO WORK AS
INTENDO, THE OUTPUTfOF THE IP28 IS CONNECTED TO THE LOAD.

PRESS CARRIAGt RETURN TO CONTINUE.

4

%.

1 101
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The answer selected by the student was incorrect. An explanation'is

provided explaining, why the answer was incorrect. After the student

responds by pressing "RETURN," the third question is presented to the

student.

WHICH OF THE FOLLOWING MUST ALWAYS CHANGE THE OUTPUT VOLTAGE
OF THE TP28:

. .

A LOWERING"THE VALUE OF THE LOAD, CAUSING LESS
POWER TO BE USED.

B. INCREASING THE,WALUE OF THE LOAD, CAUSING MORE
POWER TO, BE USED.

C. INCREASING WE\CURRENT REGULATION'VALUE.

D. LOWER MG THE CURRENT, REGULATION VALUE T4 ZERO
/ AND HENCE CAUSING CURRENT REGULATION.

E. INCREASING THE VOLTAGE REGULATION VALUE DURING.
CURRENT REGULAVION.

t

PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED BY A CARRIAGE
RETURN, TO GIVE YOUR ANSWER.

'102
B-11
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..

The student reiponds by pressing "D4ollowed by "RETURN." Since the
4

answer the student selected was correct, the correct concept is restated.

WHICH OF THE FOLLOWING MUST ALWAYS CHANGE THE OUTPUT VOLTAGE
OF THE' IP28':

A. LOWERING TUE VALUE OF THE LOAD, CAUSING LESS
POWER TO BE USED.

B. INCREASING THE VALUE OF THE LOAD, CAUSING MORE
POWER TO BE USED.:

C. INCREASING THE CURRENT REGULATION VALUE.

D. LOWERING THE CURRENT' REGULATION VALUE TO ZERO
IANDNENCE CAUSING CURRENT REGULATION..

E. INCREASING THE VOLTAGE REGULATION VALUE DURING.
CURRENT REGULATION.

PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED BY A. CARRIAGE
RETURN, TO GIVE YOUR ANSWER.
D.

coRupT. ANY ACTION CAUSING THE OUTPUT OF THE 11128 TO CHANGE
FROM A VOLTAGE REGULATION MODE TO A CURRENT REGULATION MODE
WILL CAUSE THE OUTPUT VOLTAGE TO CHANG1. SUCH ACTIONS MAY BE
INCREASING THE'POWER CONSUMPTION OF THE LOAD AND LOWERING THE
CURRENT REGULATION VALUE.

PRESS CARRIAGE RETURN TO CONTINUE.

103
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This lecture represents the format used'forIpreliminary units. Other .

preliminany, objectives maybe added as the need arises. - During these

lectures, the students are'taught and tested in an iterative fashion

until they are familiar with'.,the material and can be advanced to the

troubleshooting objective.

2/8 Troubleshooting Lecture and Presentation

For the troubleshooting objective, the introductory material is presented
_

in a similar format, namely in short, easily understood paragraphs, which

include an explanation of the trouble;Aboting task.
4

10
B-
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TROUBLESHOOTING INTRODUCTION

YOU WILL NOW HAVE AN OPPORTUNITY TO TRY YQUR HAND AT TROUB-
LESHOOTING THE IP-28 TOWER SUPPLY. THE CIRCUIT WILL BE DIS-
PLAYED FOR YOU ON THE SCREEN, A SINGLE FAULT WILL BE PRESENT
/SOMEWHERE IN THE CIRCUIT,10ND THE SYMPTOMS OF THE FAULT WILL
BE DISPLAYE1 BELOW THE CIRCUIT, YOUR JOB WILL BE TO MAKE AD-
DITIONAL TESTS UNTIL YOU tAN LOCATE THE FAULTY MODULE AND -RE-
PLACE IT.

PRE'SS."RETURN" TO CONTINUE.

,
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The explanation of 'the task continues over several frames.

TWO TYPES QFACTIONS ARE,POSSIBCE FOR DIAGNOSING THE FAULT;
1). MEASUREMENTS AND 2) _MODULE REPLACEMENTS; EACH OF THESE
ACTIONS WILL RESULTtIN DIFFERENT COSTS AND*DIFFERENT IN-
FORMATION CONCERNING THE FAULTS. THE OBJECTIVE WILL se TO EX-

. PEND THE LEAST COSTS TO DIAGNOSE AND FIX THE FAULT.

PRESS "RETURN" TO CONTINUE.

TO GO BACK TO'THE PREVIOUS PAGE,- PRESS "131! AND THEN "RETURN".

.4.
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SELECTION OF AN ACTION WILL 'INVOLVE, TWO STARS: *(1) DE-
TERMINATION OF FUR USEFUL ACTIONS THAT COULD BE MADE, AND
(2) SELECTION. 40 ONE OF THE FOUR ACTIONS. AFTER TAKING THE
ACTION, THE OUTCOME WILL BE SHOWN ON THE CIRCUIT. YOUiWILL
CpNTINUE TO LIST POSSIBLE ACTIONS AND MAKE CHOICES UNTIL THE
VAULT IS DIAGNOSED AND THE BAD MODULE REPLACED.

PRESS "RETURN" TO CONTINUE.

TO GO BACK TO THE PREVIOUS PAGE, PRESS "B" AND THEN "RETURN",

0.

A

4

1
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IT WAS MENTIONED, IN YOUR ARCIER ESSION THAT YOU SOOIOLD
CHOOSE ACTIONS ON THE BA, QF THREE FACTORS UNCERTAINTY,'
REDUCTION, FAULT ISOI AND CUT, THE FIRST OF THESE,
UNCERTAINTY REDUCTION, IS TOE NUMBER OF POSSIBLE FAULTS THAT
ARE EXPECTED TO BE ELIMU'ATED BY THIS MEASUREMENT, THE SECOND
FACTOR', FAULT'ISOLATION%, IS HOW MUCH THE ACTION "CLUSTERS" THE
REMAINING FAULTS INTO FEWER MODULES, THE' FINAL FACTOR, COST,
REPRESENTS TV TIME AND MATERIALS REQUIRED BY THE ACTION.
IA MODULE REPLACEMENT HAS A VIGH COST: A VOLTAGE, CURRENT,
OR RESISTANCE MEASUREMENT HA5 A LOW COST. _ .

PRESS "RETURN" TO CONTINUE, .

TO GO BACK TO THE PREVIOUS PAGE, PRESS "B" AND TtIEN "RETURN",
.
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TO AID YOU IN THE LEARNING'PROCESS, SEVERAL FORMS OF' FEEDBACK
ARE AVAILABLE TO YOU. IF YOU ARE UNSURE
AS TO WHAT ACTIONS TO CONSIDER, YOU CANHAVE THE SYSTEM DIS-
PLAY A SET OF POSSIBLE ACTIONS AND,-THE REASONS THEY ARE
GOOD., IF YOU ARE UNCERTAIN AS TO WHAT OUTCO MAY OCCUR,
YOU CAN REQUEST.611ISPLAY OPTHE POSSIBLE' OUTCOMES. YOUR
STRATEGY OF SEUTTTFIG MEASUREMENTS-WTEC-M-
RECTIVE FEEDBACK GIVEN.

PRESS "RETURN" TO BEGIN TROUBLESHOOTING.

. ,
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Foliclwing/theAtrndUoti,en,..to,,..the troubleshooting task, the system gene-
/

rates a modular diagram of a circuit and -a fault table. Shown here, is

the.Oiagrath of the 1P28 ,plbwer supply, which consists of 10 modules,

divided into three majbr functional blocks ,and
N
10 test points. CircuiI 'AP

measurements taken at these points can be of three types: voltage,

current, or resistance.- Explanations, of the modules, their functions,

and the types of measurements that can be madd are given to the students

in the* form of a handodt and troubleshooting gutde. Ourkg the coarse

.ofthe troubleshooting objective, this guide may be
\
referred to or not

,
..

at the student's discretion.
'1

-
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TRANS-
FORMER

A. C .

INPUT

OUTP
TP 1
TP 2
TP 3
TP 4
TF-5
TP 6
TP 7
tP 8
TP 9
TP A

TP1

191.1

V

RECT 6

FILTER

TF3

CURR.
SOURCE'

TP6
SERIES
R4G.

#

TP4

VOLT.
LIMITER

I-

CURR.
SENSE

1CURR.

OUTPUT

TP7
--"I REF REC
* RFILTER

TPE
REF. --A--
REG.

OUTPUT
STAGE

ITPS

._.1.TPA

VOL CUR RES

I

REFERENCE COMMON

TYPE "RETURN" TO CONTINUE,

COMMON



¢6_ r

'

Each,troubleshooting problemsonsists-of a simple fault, which-he .r.

student must locate and correct by replacing the faulty module. The"

initial output symptoms are-displayed in. the table..

4

A.C.
INPUT'

OUTP
TP 1

TP 2
TP 3
TP 4
TP 5
TP 6
TP 7
TP 8
TP 9
TP"A

TRANS' - RECT. 4
FORMER Fit:1'ER

ati. '''

TP2.1

TP7

vol. CUR RES

L I L

TP3

CURR.
SOURCE

L TP4

SERIES CURR.

119REG. SENSE

VOLT.
LIMITER

CURR.

TPS

OUTPUT

4 TP8 TP9
.ltEF R.F.C. REF. OUTPUT
8FILAR REG. STAGET 1

REFERENCE COMMON

TYPE "RETURN" TO CONTINUE,

111
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To begin troubleshooting,*the student is asked- to select appropriate' .

actions. s The student wy-seldet help, it desired, but has not chosen*

to do' so in the present example., -

4,

4

TP3 TP6 OUTPUT
------*

1

.

"TCOAD

1

4

7

.`

TRANS-
.kORMER

TPI
SERIES
REG.

GURR.
SENSE

t4

T 2

RECT. A

FILTER
CURR.
SOURCE.

t/4

A.C.
INPUT

TP7

VOLT.
LIMITER

TPS

TP8 TP9
COMMON

REq.
OUTPUT
STAGE

EF REC
FILTER

--""REF.
TPA

.41

WOULD BE USEFUL IN
FAULT.

1

WHICH
THE

/ REFERENCE COMMON'

'YOU MUST SELECT FOUR ACTIONS
INDETIFYING AND/OR REPAIRING

VOL

L

CUR RES

OUTP
TP I IF YOU ARE READY TO ENTER'YOUR FOUR POSSIBLE ACTIONS, THENTP 2 PRESS-"RETURN".
TP 3
JP 4 FOR HELP ABOUT POSSIBLE ACTIONS TO TAKE "H", THEN
TP PRESS "RETURN"..
TP 6
TP 7
TP 8
TP 9
TP A

°IT

CA

44
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When asked to select four measurements or replateMents,students may

refer to the list of available activs in the troubleshooting guide, or

they may type in4selections without Deference to the guide.. If chotces

Are made which are not legitimate actions (e.g., TP5ACVR, instead of

.TP5DCVR),,the choices are rejetted by ttle system, and new choices need

to be typed in. In the following example, the student types in accept-

able measureMents an 'replacements.

TRANS- RECT. 6
FORMER FILTER

COM

A,C.
INPUT

dUTP
TP 1

TP 2
TP 3
T 4

T 5.

T 6

T 7

TP 8
TP
TP A

, .

Tr2

TP7

CURR.
SOURCE

---T--'

SERIES
REG.

TP4

CURR.
SENSE

VOLT.
LIMITER

CORR.
LIMITER--

VOL

L

CUR

L

RES

RBF REC
5FILTER

TP8

REG.

TP9

TP5

OUTPUT
-.. --,..

1 1

OUTPUT
STAGE ^-TPA

I
ti

1

TCOAD

COMMON

RtP4Aiiiqp COMMON

TYPE FOUR MEASUREMENTS AND/OR REPLACEMENTS BELOW. SEPARATE
EACH CHOICE WITH A BLANK AND TYPE A CARRIAGE RETURN N YOU
ARE FINISHED,

CHOICES! TO9DCV11 TP5DCCR TP4REPO TRA

4
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ftaiurements continue to be taken in this fashion until the fadlthat

been isolated. If -the student is unsure what to do, "Help" is available

at several points of the troubleshooting phase. In the following

example, the student is again asked to select tour actions, but this

time, the student responds by requeWng help.

TRANS-
FORMER

TPI

COM

RECT. 4
FILTER

TP3

CURR.
SOURCE.

221
SERIES
REG.

1

CURR.
SENSE

CURR

OUTPUT

A.C.
11N PUT

TP7.

VOLT.
LIMITER

REF RR,
F.FILTER

TP8

4

TPS

I

TP9 I

REF. ''OUTPUT
REG. STAGE TPA

.---17----

VOL

OUTP
IP. 1

TP
FP 3
TP 4
TP S
TP 6
TP 7
-TP 8
.-TP 9
TrA

CUR

.1

RES

N

7E0AD

COMMON

REFERENCE COMMON

YOU MUST SELECT FOUR ACTIONS MIICH MOULD BE usErut. IN
INDETIEYING AND/OR REPAIRING THE nuLT.

IF YOU ARE READY TO ENTER YOUR muff POSSIBLE ACTIONS, THEN
PRESS "RETURN".

FOR HELP ABOUT POSSLILE ACTIONS TO TAKE "II ",' EN
PRESS "RETURN".

4
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Mtaiurements continue to be taken in this fashion until the fadithaj

been isolated. If-the student is unsure what to do, "Help" is available

at several points of the troubleshooting phase. In the following

example, the student is again asked o,select tour actions, but this

time, the student responds by reque*Ong help.

TRANS-
FORMER

TP1
RECT. 4
FILTER

TP3

CURR.
SOURCE'

SERIES
REG.

TP6

T.

re"

A,C.

OUTP
TP 1

0 TP
FP 3
TP 4

TP S
TP 6
TP 1

,.,TP 8

TP 9
TrA

dia

TP7'

..111
VOLT.
LIMITER

REF RFC
!',FILTER

TP8

VOL

I.

CUR

.L

RF.S

N

CURR.
SENSE

OUTPUT

CURR.

-TCOAD

COMMON

TP9
REF. OUTPUT
REG. STAGE TPA

REFERENCE. COMMON

YOU MUST SELECT FOUR ACTIONS rail H MOULD BE USEFUL IN
INDETIEYING AND/OR REPAIRING THE NuLT.

IF You ARE READY TO ENTER YOUR FOUR POSSIBLE ACT IONS, THEN
PRESS "RETURN".

FOR HELP ABOUT POSSIBLE ACTIONS TO TAKE "H",AEN
PRESS "RETURN".

4

\

4
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The instructor's considerations are displayed°in an effort to help the

student make selections.

TRANS-
FORMER

A.C.
INPUT ,

TPI

COM

T 2

TP3
RECT. 4
.FILTER

CURR.
SOURCE

SERIES
REG.

TP4

TP6

sib CURR.
SENSE

ICURR.
LIMITER-.

TPS
LIMITER

OUTP
TP 1
TP I
TP 3
TP
TP S
TP 6
TP 7
TP 8
TP 9

--TP A

TP7

VOL

L

CUR

L

RES

REP REC
WILIER

IILF. OUTPUT
REd. 'STAGE -r'TPA

REFERENCE COMMON

OUTPUT

COMMON

UNDER THESE CIRCUMSTANCES, THE INSTRUCTOR WOULD CONSIDER piE
FOLLOWING rouR ACTIONS:

TP9bCVR
TPADCVR
TPSUCCR'
TP9DCCR

4
TO CONTINUE PRESS "RETURN".

0.



Tie reasons for the ins uctor's choices are displayech-

A.C.
INPUT

TRANS-`
FORMCR

TPI

C914

TP7

RECT. 4
FILTER

TP3

TP8
UF R.0

fiFILTER
RAF
REG.

TI'S

MEM)TP9

COMMON

STAGE TPA

VOL

OUTP L
TP I

TP 2
TP 3
TP 4
TP
TP 6
TP 7
TP 8
TP 9
TP A

CUR

L

RES

N

TCOAD

REFERENCE COMMON

THE INSTRUCTOR CONSIDERS THESE ACTIONS BECAUSE. OF THE FOL-
wwiric REASONS:

ACT! N OUTCOME PROB. ELIM. COST
FAULTS

I) TP9pCVR L .32 '1 4/7 4
N .67 0 3/7

2) TPADCVR L +.32 4/7f
N .67 3/7

PRESS "RETURN" FOR IINAL TWO ACTIONS.,

B-27

118

416

A



.1

4,

1

r10

. .,

.

c

TM
TRANS- RgCT. 4
FORMER FILTER

COM

:Ill
A.C.
INPUT

it

OUTP
TP 1

TP i
TP 3
TP,4
TP S
TP 6
TP 7

YP 89

If A

TP3

CURR.
SOURCE

41------TP6
SERIES ----
REG.

VOLT.
LIMITER

CURR.
SENSE

CURR.

TPS

OUTPUT

I

T1

-'4"-11EF REC

WILIER
-- REF. OUTPUT4 19

REG. STAGE

VOL

I.

CUR

L

t

RES
_ .

N

t
REFERENCE COMMON

TPA

COMMON'

1 =
1

;

!LOAD

..

HERE ARE THE LAST TWO ACTIONS CONSIDERED BY THE EXPERT:
A

FAULTS
ACTION OUTCOME PROB. ELIM. COST

3) TPSDCCR L .67 3/7 8

N 0 0/7
U .32. 4/7

4) TP90CCR L .32 4/7 4

N .67 3/7

'PRESS "RETURN" TO CATINUE.
H .

.M.

b.
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Further help can be'Obtained at this point, which' would myide a list

of the four actions, ranked in termsof their multi-attribute utilities.

If help4 not selected, the program requests the student to list four

Considerations, which need not be the same as those of tbe'expert, and

then select one of them for implementation. After having Aaken;several

measurements, the student is again asked to'select fogr possible actions.

$

TRANS-
FORMER

TP1

COM

RECT. 4
FILTER

TP3

CURR.
SOURCE

OUTPUT
"'"

;

.

ti

A.C.
INPUT

OUTP
TP 't

TP 2
TP 3
TP 4
TP

4 TP 6
IP 2
TP
TP 9_
TP A

N,

T 2

TP7

VOliT..
LIMITER

LIMIT

TP5

EF REC
FILTER

TIY8

VOL

L

L

L

N

CUR

L i
RFS YPE' FOUR MEASUREMENTS AND/OR REPLACEMENTS.SELON. SEPARATE
--- EACH CHOICE 111TH ABLANK AND TYPE A CARRIAGE RETURN WHEN YOU

ARE FINISHED".

CHOICES: 31,911rVR TPSDCCR TP4REPO TRA

TP9
41EF. OUTPUT
REG. , STAGE' TPA

, REFERENCE COMMON

.COMMON

ILOAD

I
4

v
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The student 1-ta-sicedto select_an' action, using the listed attribute
, . . ., .

levels as ,a guide. The student selects replacement of the-faulty module,

. by typing "TRA" followed by "RETURN:"

)

4

b

4

A.C.
INPUT

OUTP
TP I'
TP 2
TI' 3

TP 4
TP
TP 6
TP 7
TP 8
TP 9
'TP A

TRANS-
FORMER

TI' I

C91.1

TPZ

TP7

RECT. 4
FILTER

TP3-

CURR.
SOURCE

SERIES CURR.
REG. SENSE1:21.

TP4

VOLT.
LIMITS

CURR.

TPS

OUTPUT

EF REC
FILTER

TP8 LE!
--`- REF. OUTPUT

RfiG, STAGE TPA

VOL

L

L

L

N

CUR

L

RES

N

COMMON

ft

REFERENCE COMMON

LISTED BELOWHARE THE FOUR CONSIDERED ACTIONS AND THEIR
ATTRIBUTE' LgVELS. _

DECREASE IN' FAULT
ACTION = UNCERTAINTY ISOLATION COST

1. TP9DCVR ,-
'.40 '0:33 -, +4.00

Z. TPSDCCR
3. MRCP() .

+Iv .33 , +8.00

4. TRA +.19 -498.00
. 1 +.43 +10.00Nc

TO SELECT AN ACTION, TYPE ITS NAME, THEN PRESS "RETURN."
TRA

. t
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The module is enhanced on, the dqklay to indicatethat it has een replaced.

If the- replaCed moduie correctly 'repairs ,the circuit, the output measure-
.

meets in the fauit table will be changed from low readings.to normal

readings, as indteated below. The student also will be given feedback

'to the effect 'that the circuit haS been repaired, and the student's cost

involved in troubleshooting the circuit will be.6mpared.to that of the
.

instructor.

A
1 N P.1177

OUTP
TP 1
TP 2
TP
TP 4-
TP
TP 6
TP 7
TP 8
TP 9
TP

Tra

TP7

<CT . 4
FILTEP

TP3

SOURCE

SERIES
REG.

TP6
CURR.
SENSE

OUTPUT

TP4

VOLT.
LIMITER

CURR.,

TPS '

F. F .4.11C

1. LTER

TPR.

--1--101rf

VOL.

N,
L

L

N.

CUR RES

TP9
OUTPUT
STAGE

REFERENCE COMMON

TPA

COMMON

4..TrOAD

CONGRATULATIONS ON REPAIRING THE CIRCUIT. YOUR TOTAL COST
TO DEBUG THE. CIRCUIT WAS +120.

THE INSTRUCTOR'S TOTAL COST WOULD -HAVE BEEN *120

PRESS` "RETURN" TO CONTINUE..

a-
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Comments are disp'ayed to the student stressing considerations to improve

performance.

TP1 TP3
RECT.' 6

F I LT .

OUTPUT__r___4
4

OUTP
TP 1
TP 2
TP 3
TP 4.
TP S
TV 6
TP
TP 8
TP 9
TV A

VOL

N

N

CUR

N

RF.S

N

TP9
OUTPUT
STAGE

,REFERENCE COMMON

I LOAD

. --

h)fl

YOUR CHOICES INDICATE THAT YOU AR INCONSISTENT IN YOUR
TROUBLESHOOTING STRATEGY. BEFORE AK I NG A CHOICE,, CONSIDER

511,4;114LT

THEANCERTAINTY REDUCT 10 ,'FAULT ISOLATION, AND .

'ASSOCIATED WITH ,EACH CHOICE.
..

'PRESS "RETURN" TO CONTINUE.

ti
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Display of comments to the student continues. The student wil,1-1 now begin

another troubleshooting problem.

REFERENCE COMMON

I

1 I

'TCOAD

bUTP

VOL

N

CUR

N

RES YOU APPEARED TO OVEREMPHASIZE:
UNCERTAINTY REDUCTION 4 FAULT ISOLATION

TP I AND UNDEREMPHASIZE;` '\

TP 2 N -COST
Ti' 3 L
TP V N PRESS "RETURN" 4T0 CONTINUE.
TP S

TP 6
TP 7

TP 8

TP 9 N
TP A

,

1

YR

g_33 124



At the conclusion of each problem, the student's performance data are

printed out one teletype and `a new problem is presente0tuntil the

session ends, ',tether as a result of completing a certain number,of

problems, or because the student has become'an expert troubleshooter.

An example of an actual print-out for theifirst two problems of a

session is shown in Table 2-3.

OP"

1

vik

NA

4
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FIGURE I-

ACTS 79 TROUBLESHOOTING OBJECTIVE

. PERFORMANCE REPORT (CURRENT FAULT).....
STUDENT:

. -
AGE: DATE:,

'CIRCUIT: 1 FAULT: 1111

HELP AVAILABLE: YES % FEEDBACK AVAILABLE: YES

-,, STUDENT-INPUTSEQUENCE: ACTION-OUTCOMES

TP5DCVR ' L

renREPO
N

TRUCVR L

TP1ACVR . L ,

. °TRA F

STUDENT WEIGHTS: +.45 / .+.88 +.07 .

EXPERT WEIGHTS: +.70 +.70 0

CONVERGENCE ACHIEVED: NO CLOSE TO EXPERT: NO

UTILITY RATIOS:' STUDENT: +5.76 +11.32

UTILITY DIFFERENCES,: +.25 -.18 -.08

SLIDING WINDOW:PERFORMANCE: ,,,

TRAINING5: 4/20 TOTAL ADJUSTMENT:

SIMU. SUBJ. DRIVING-WEIGHTS: +1.00 +1.00 +1.00

PROBLEM COST:+0,.1240E+03 .

TOTAL COST: +0.1240E+03
ACTS 79 TROUBLESHOOTING OBJECTIVE

PERFORMANCE REPORT {CURRENT FAULT)

STUDENT: AGE: DATE:

CIRCUIT: 1 : FAULT: 2

HELP AVAILABLE: YES FEEDBACK AVAILABLE: YES

STUDENT INPUT SEQUENCE:
g
, ACTION-OUTCOMES

. , TP9DCVR N

TP3ACVR L

TP1ACVR .

,
, N

STUDENT WEIGHTS: +.45 +.89 -.02

EXPERT4WEIGHTS:0 +.70 ,,, +.70 {)-

CONVERGENCE ,GRIEVED: NO CLOSE TO EXPERT: NO

UTILITY RATIOS: STUDENT: -19.22 -37.74

UTILITY DIFFERENCES:, +.25 -.18 , .+:01
0 OW PERFORMANCE:

TRAININGS: 1/20 TOTAL ADJUSTMENT:

SIMU. SUBJ. DRIVING WEIGHTS: +1.00 +1.00 +1.00

PROBLEM COST:-, +82.00 .

TOTAL COST: +82.00

..

5

B-35



41.

DISTRIBUTION

I US ARMY LINCAt SjPPORI ORUUP et.RSOWItL OIVISKIN

I H,2 )A ATTN: RmAr, cr

4 TA',/1ANCEN ATI : 1,AA(, -tu

I Hu. ICATA ATTN: ATCA1-)P-u 4r

e 110,)A ohSEARCH aND SIMILS OFC
I mf:1tANY UCCuRALIONfeL.ut.Vc.LURMFNI Div u PC-MSP-U4-14M R52C HOFFMAN tiLit, I

4 oA0.) is+RA ANU L)
I m4 TCATA TELHNILAt: LIsRART
I 114)A rHIEF. MU AN RESUpRLtS UtVELOPMENT my
I 1-10A aTIN: OAMI-TI ,

I USA AVViT(i'n-s*,..1Q4scumu ;%1TN:,URSAV-/)R

I OSA CUP'AuCOH AITN:-'10tht.,L-V.A-RH \----.7

1* I mLlOUtitOptO6 uS MARINE. p,liki AI 1N: LJI.k, HIMT

I HF,AvUUWERS. Us 4ARINr. -i.PI AI IN: Cum. mP128.
. 2 US' ARmrktUROPE ,)NJ ANE.NIO Hmy

-41t

1 1St INt-1%-stfv-i-SWIaAND'I- ulLtY AAF2NOPT-T
CHIEF, SURVEY sqAVC.H11-AITN: Apt-MSF-+ muFFMAN SLU(.. IT

I
IN1ELLI6tNLt -ANWISLLURITIY OHMANu ATTN: IAOPS-TNG

e P.4w tRA0DC TECHICAL LAHHAki
1 NAVAL TRAININ6 ruJIPMENT LE4 AI IN: TLLwvICAL LIdRARY

I mftIfAwY,UCCOPAilJNAL ut_VtLORMEN1 Ulv ATTN: UAPL-MSP-S. ,k41 852C. .4OF FMAN HLVU I

1 mILITAwY UCCOPAIIJNAL urVt.L0PMFNI UIV ATTN: DAPL-MSP-1), RR 852C, -OFFMAN 61.0(1 1

I mil 1TAPY OCCUPATIONAL utVLLOPm+Ni UIV ATTN: DAP(:-MSR=T. km 852C, 0-OPF N HI.110 1

1 Ali IN+ANToY U1vISION J
1 mQ)A .TANK FORL:-S MANAutmLNT 6+(.

-1 Hu )A ATTN: UAS,,--)IM

1240 USARCom RtsERVE LtN11-.R

1 F. HENIJAMIN HAwRISUN. IN 40210
1 U. fONCES,CuMm.,N,) Af Lu -*OLPulT LMI tF lifSIAFFISIDEL-LaUrSTICS

I riS ARMY AIR OFFINSt-
I ,)I4ECIRAD (H- AITN: AIZU-T
1 0141-CloRATE OF um,,Af ot-vt.LOPM+NIS ATTN, ATZA-I)

I HI.JAR(om mARINr CORPS L1A1SUN.ut-(.
1 Ot,,ANTAENT oF 1.1t ARMY Us-ARMy IN/LLLIW,Wa. SLCURITY COMMANU

HW)A rM1tF. RttltEu ACIP/171Es,SR
I MISSILE mAlt-NItL)RLADINESS LUMMANU ATTN: DRsMI-NTN

1 ANTAUS ATTN: UriLDm-JUS-Tu
1 USA F0:4CES COMM)AN

1 PM TRAoE /

I US MILITARY U1b1120 Ut- wASHIN6IUN UFC OF LUUAL oPPUpTUNITY
I NAVAL rIvIL1N, -,1:44NNLL LUMU SUUIHEN

2 AR1 LIAISON OFtiLt .

1 /TN ARIY TRAIN1,u U.Nitt4

I ARV( IRAININ(.1 soR70R1 CtN10-1 INUIvI0JAL THAININU LVAL0ATION

VI"' DCSOPS 1-4,11v1UUAL
1 HUDA. oCSUPS 0114c1014Aft
I VQ0A, OCSLOh. rovAl\ITENANLC. mANA;tALNI
I )16)m C5 STUUY,DFFICE
1 rl'aCtAx. ATTN: 11=L-EX-L HUMAN rAL1uRS
I SAr,RAmFNTU ALC/.1PC1-0-1
1 USAFAU0S/TAC ARY ADVIcuR
1 HITE R-uNIV SLMINA4 UN AkmrA FOP'CLS + sUc

-1 0AsA (.,OA) OEFuly FUN sLIENCE AND TECHNOLOGY
I oFC Of NAVAL RtstARCH
1 AFIIRL/IRI
I Al-RRViRL
I AI-4 1-0PCE HUMAN R-K)URCtS LAS. ATTN: Afr1kt/rS'I4

I HSiO AmRL/1-11i
A_NAvY.RFHSONWL 11 AND D LEN1ER ulkECTOR OF PROGRAMS
1 WAVY PF.RSONNEL W AND D CENTER' /
DPC OF NAVAL RtstAHCH Mt_HbONNI-L. AND IRAImINI0 Rf.SEARCH PRO6RAMS

C-1

127



5*

4

Ofc OF NAVAL HtstANCH ASSI. UTRECTUR fq:.1rs + TRAININU P5C4 PHUuS
I Uh NAVAL kEsEARCH PROJECT uhhICER. FNVIRUNMtNTAL PHYSJULUuY
t NA /AL AtRUSPA,CE'RruICAL NSLH LAN 'A114; (COOL LSI)

i NArAL Att4USt'Att m:uICAL hiScri LAu AIk6UNkit HAMAN NESFANCH
I 14ib41-40 oh rAVAL P:SuNiAtL. SCIFNI1hIC ADVISOR (PETIS-UK)
A NA AL'4tkOsPACr_ H,-TrICAL RSLI-1 LAu 'ALI/JSPAcE PSYCHOLOOsy DEPANIMIAT

TRAutIC sysloms AwALtSIS ACTIVITY ATTN: ATAA-TcA
/ Ht.40t,UAHltW). 1. N5i WAHL) PSY UlutireiNL RSCR HP

1 A5N.REsCAkcH TtCHNULUut LAr4 NTT OavOL-AS
117f. MUP1L1TY tuf1JmENT H ANU U LUMU UNUME-T4

1 NI ;HT v1s,i0N LA% ATTN: tittSt.L7NV-,SOU

OSt IkAININTo DUIH3
1 OsA AATtRLFL SYsfEmS ANALYils ACTIVITY 4ITN: UHA,SYrM

. 1 NAt'tC HUMAN LN,IINLEHlqo OHANLfi
1 HAITELft-CnLOMufS lAtSUHAIUHItS TALT1CAL TECHNiCAL Ott"
1 iJS4 AkrTIC fhS1 L=_N ATIN: AMSIL-PL-Ts
Us, Ak( 11C Its( cm!. Al ii STEAL-P1 -m1
OEFENSF LANOTIAUr I I.S t I t U l t turrtIUN LAN(,11A6L CEN

1 HO wHATR olv 0. kft0HUPSILNIATITY
1 OS. LUCINTIN1C -fA4TANE LAD LHILF 1N1tL1 1btNLL MATLH OEVLL SUPP OFF
05. +45(ri UtVEL SlANUMHUILA OP, U.K.

1:AFFOL/Fbk (CUB.)
*1 OSA NAT1LK at-St H:H ANu ULALOPMLN1 GOMM1140 CHIEF. tifHAV SLitNCES Ulv, FOUU SCI EAR
t I)Al),')- AM) t WAND L'1) H1LITANY ASST f-(N INU PENS TECHNOL

H4,)it /

I NAVAL Alk SYsTLA LoMMANU Ai TN: AIR-D.311

1 11 CUtrtc TCrl ICAL LIHNARY 1

I IISAANL LLUPAPY
I HU AN f,L5010-j(tS HSCM Urcu GmUMHPU) C.1414AP'r

I SEVILLE RESEARcH CuHpUNATIU4
I 051 THAUOL STIfm5 ANAL.Tbls ALfiV1Ty ATTIN: ATAA-SL (TECH LaSHARY)
I Ur4IFUkmEw SERvI,tS UNIT Uh THE HLALTH SCI UtPARTmENT OF PSYCIIATNY
I HUAAN 4F_SUTPCts KSt ui LIKE, totiMHWU,

1 HoAPNu vrESTERN LIHRANY
1 HATTLLit 14E1-'0141S iloRAf
INWA ,l) C(HPUtfAIIU1 1.1bHAHy U
I to-T)N1Nt,tH Llf-44AY AfTN; A1LF-PS-L tiLJU 131J
I CE/TLH'FUkt NAVAL AhALYSIs
I NAVAL HEALTH to.rt (tN LluxANY
1 NAVAL PtHSONNEL k ANU u CLN LIHKARY COOL
I AI-4 FUPtt.MUNAN f4=',OONCLS LA0 AI1N: APHI4L/U1

4201L

1 *J. FT. HUACHUC MIEN: TECH titF U1V .

L Os.VALAutMy of- 1LALTO .st..1t.'4CLS s1-1MSJN 1 INHAFTy -MOCUmFNTST
SC,IWL uh sYSit-S ANU LoUlbj1LS AFTN:,At-IT/LSCM
FI1IC Pl-fOLLSSINu AN0 14Lt_ttiLNCL FAL' ALurSITIONS LILINAPIAN

1 DEPANImENT oh INAININu ANALYSIt, ANU EVALUATION UP
I NATIONAL ckNitH la), HEALTH STATISTICS j
1 USIA TILT)! Of bhHA-v.IORAL Scl ANT, LtAoLNSHIP
I US NAVY CNET SoldOki fir_SLAHCM LUIKANY
1 OLO UUmINIoN ONIVEHSITY PtHtUOmANLE. ASSfSSMENT LAHOHATORY
I COmrIANO AAA) l'ENEHAL biAFF CuLLLUE ATTN: Lkek-AKY
1 USA' THANSPoRTATImi SCHUuL USA IHANSP TETH INFO ANU RSCH CEN
l'Nft-TOC PO6HAm 4ANIAUER hUR ripmAN PLHI-JHMANCE
I OSA AUINChN If-LNICAL ktbeAkirs,bRANCo 1 IRRARY

I PAT CL' ANIN6HUUst FUN MENTAL HFALTH IlhU PANKLAWN FILM;
I 1,1_ * I AAS CN FJ1- CUmmUNICATIUN kSC,4
I INITITHIt FOR UFENSE 14NALySES
sl OSA THA1NIN6 SUPPDHT CEAILR UFVIL SYSTEMS TNU + OLVIU S UIRECTORATE

Al-TELL TtCHNOLObr SEC (M)
PlifOUL,UNIV IJLfI OF PSYCHULOUTLAL SC1LNCtS

1 0h. MO.41L1Ty tuilDmENT ANU U LUMMANJ- ATTN: DRUmE-L(;
C-2

128

4



I OA US ARMy RE.114.114INU mutRtSFAHCI ..tvALUATION DIR
I MUAN 0tSUIRCE. 1AvAbt.Mt41 LtN, JAN UItuU
I oSFA UtP1 OF tl;t ANt tits St1
1 OS mILITANY ACAhtt1 LI6RARY
I ,s. Ikitt-LUTUNLF CtN ANu JLH AIIN: sCmuo0 LltstiAky

osk 1N1 tLLIbENLI- CtN ANO St1-1 00-'1 OF 01-0,:ONU SENSORS

I mA4INt LOmPS-INSIITUIE
I NAVAL SAFtTY L6wIEN /

I US COAsIbl,AHU i tvb CLN AIIN: FuUCATIjNAL SVCS 01-FICLo
luSAAVNc AND T. ROCKtk AIIN: AILU--tb
I US ARMy AVN ItZIU Lit-WARY AITN: 618PARIAN
1 OSA taw DEFtNbt SCHOOL ,AIIN: AIJA-01
I OSAAVN( Al TNT
I US MILTIARY ACA6t%41. UlAttIOH or INSIIT4TIONAL RJCH
1 SAAUS-LItikAf-Y- OCoMtNIS.
I F14. USA ARGEANTS MAJOR AL.AOLMY AITN: pARN1Nb RESOURCES CLNIt.14

A t. USA INFANTRY doARD ATIN: ATLm-1b-15-11
I USA INTtLLIbl-Nt CIN ANu SLR FOULAIIJNAI ADVISOR
I uS% OWINANa CL AM) $Cm ATTN: AIJL-ILM-C
I 0S4 A144014 (COOL A151:1-uT-1P

1 osA AR,A CE'TtP olHECTuHATL or cumHAF hrvLujimr.NTs
1 NAVAL sO5T(04ADutie SCH AIIN: ouULLY KNUx LIBRARY (CODE 1424)
I USA TRANSPORIAIION ,,CHOut UtP9IY ASS!. rOMMANUAOT LOUCA. TtCHNOLU.y'
OS1 SliovAL ANU Fie bOHODN MTV: AILH-tTi

1 US. QUARTtPwASIFR ATSm-UT-Im-
us% $111 sChuuL ATTN:°L1HRAHy

1 USA AR..0UP SCrigUi tvAL Ps.HANCm. uIRLCTJHAIF UT INSTRUCTION
I (.41IFF uF NAVAL loJCATION ANU /

I IsSISIbs, STAFF 4.4) F'ACULTY Utv ANU INo DIV
1 Hu AIC /XPTU J(JILMS DtViLOPMLN'T
I USA INsTIIITt F,,H hLIIARY ASSISIANCt -ATTN: _AISU-TU-TA
1. US ARMY ARMOR Stu)ut UIRLLTURAlt OF THAININb
I USA Alu tiEFINSL SCuOUL AITN: A14C-U14
1 US1 QUAItwmASILR scHoL OF TRAININu ULVELOPMENTS
I uS COAST WAR° ALAUF.mY AL IN: cAULT COUN4L014 WICK StIMAK)
I US) LHANSPORTAIlUks SLHOUL OIRFLIOH OF IPAININ6
I SA INFANTRY SLHODI LIbpAHY /

i OSA INFAN1PY St,WOL' A1IN:
1 US ARMy INFANTRY StouOL AIIN: AISM-CO
I OS% INFANIAY St-iUAL 'AIIN: A1SH-UOT
I US% INFANTRY AIIN: A1SH7LV
'i USA MI1 ITAPy POI. 1CF SCtsUUL/TRAININb CtN1FR A1TN: ATZN-PTS.

1 uSI mIl ITARY Rut 1Ct JChoUt/IAININU LENTI-o UIR. COMBAT avtLOPMENT
I (ISA mli IIAPY PUL!CL JLmouL/IRAININO LtNIFR U1R. TRAININO.DEVLOPMFNI
I OSA MI1 11A1-ey PULICI JCHuUL/TRAININU CENTER ATTN: AILN-ACL.
I US, INcIfILTI- OF AOMINIsIRATION AITN: RFSIOtNT (PAINING MANAOEMENT
NY LIRRARY

I US% F1LU AP1Ilitqy 5CmuuL MORRIS' 5,4c.IT I IbRARY
I uS1 iNslITOt Us. AomINISIHATION AtADtMl. LIBRARY
I USA wA' CUILEbt. AT T"): LItir.ARY

I IISA ENGINtFR StuO3L LltikARY Aqu Lt-ARNINI- RtSOURLEJ yFITER
I 1rS4 ARMOR SC OUL (USARMS) ATTN: LIBRARY
I US COAST GLOW ACADEMY LltWARY
1 USA TVANSPORIAIIUN SCHOOL, THANSPOHTAllOt SCmUUL, LIORARY
1 nRcANI/ATIONA-L -.1-ct..CTIVLNtSS T-A; CLN 5.)1 ATTN: LISRARIA

I
I US ARMy INTELLNCL CLNItH s sLMOOL ATTN: A1SI -iU
i US ARMy INTELLI.it\ILt CLAItigs stmOUL AITN: ATSI-RM-A
uS ARMy INIFLLIIAtE.CLNIth's_sLHOUL AFIN: ATS1-n7mSF-IM

1 US mAwrNt. CORPS EUOCATIuN CLNILR.
1 US% I*1i-Lu ARTILILRY sChoW. UIptOURAft or COURSt UEV s TkAININO
4 MRITISH'EMHASSY utFtNCL S1AFr
e CAIAUIAN JOINT siAFF

C-3



4

1 COLS (%.) LIHmAmY
1 Fk&.NCH MILITARY ATIACHE
1 AusTRIAN EMBASSY MILIIAHY ANL) Alk ATTACHE
3 CA4AUIIN OLFENtj LIA1SUA SIAFF ATTN: COuNSLLOR UEFFNCt N ANu 0
1 WUYAL KLIFif7LANI.S I-MI:SASSY MiLIIAHY ATTACHE.
i CA ,AOIAN FoRCLS SASE CURNrALL15 ATTN: PFHSONNEL SELECTION
( CA ,AUIAN F614(cS PiHSvNNLL.APHL MSCm uvir
1 AR if PFWSONNEL ASEANCm EsIAOLISHMENT

AH:Y PI-RSONNF.L HESrAkCm tslABLISMAENT A1-1%ClENTIFIC coOHJNAHON OFF4Ct-
II-tRARy OF CONuHESS EACM/ANGE ANU bIFT Div-

I OEFENSF lEcHNIL.L INFUHHOTION CtN ATIN:,0TIC-Te PO

LI,ARANN", OF CONuASS UN1T uOLUmt.WIS EXPEI IT1Nu Pkodt.CT
I F0fiUR, H ANN u mAuALINt. ATINI,YUHLULLN
1 US GUI./PHNMI-NT Pr< 1 V T I Nb OF t. Llt4i#041, UUCUMpNTS nEPARTmENT
1 iS hUVI-WNmENI PwINOINb NFL 1.16-4kAKY AVU STATUTORY, Lig oiv (SLL)
1 Tri,- Ak.t LtHWAkt

/ / A

C-4

130

GPO 111231111


