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' %\The Computer-b%sed IﬁStructiogaJ Systems Team of the Army Research In-
stitute for the Behavioral and Social Sciences {ARI) perfofms researgh and

" development in areas of instractional 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 @raihjng costs and time.

This report describes the results of the first year of a 3-year effort

to develop and evaluate a new Adaptive Computerized Training System (ACTS).

THe ACTS combines the principles of Artificial Intelligence, decision theory,
and adaptive Computler-Assisted Instruction to provide improved maintenance
training. ‘In order to accomplish this research, ARI's resources were aug-
mented by contract with Perceptronics, Inc., an organizatioh selected as
having unique capabilities for research and dexelopment in this area.

’

The research effort is ré%poﬁsive to the reﬁﬁ:rements of RDT&E Project ~

2Q762722A764, Training and Education, as describe
nel Performance and Training Program.
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ADAPTIVE DECISION AIDING IN COMPUTER-ASSISTED INSTRUCTION: ADAPTIVE
COMPUTERIZED TRAINING SYSTEM (ACTS) - S

-~ N, -/‘,, )
BRIEF . : . '
) RequiFement: | ) =
> * The Adaptive Computerized Training System (ACTS) is being developed to. _'.

provide generalizable diagnostic ski¥¥=s to maintenance trainees. ¢ :

] . _ ‘Current Army maintenance training is Targely equipment-specific. The
stutdent 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-
ment. KIso,,eqUTﬁmEpt'thaf could bé used operationally is requified for
training, ingtructors must spend time insertirig malfunctions int equipment
instead of teaching, and students spend time assembling and disassembling
equipment that Should be spent experiencing a variety of faults.

‘ ‘e .
_ACTS Training: * - S c . J -
. .The ACTS applies principles of artificial intelligénce, decision theory,

N " and adaptive computer-assisted instruction to Army matntenance training. The
student's task in-ACTS training is to troubleshoot an item of equipment by
making arious test measurements and -replacing the malfunctioning part. ACTS
simulates the electrbnic.malfunctions with no actual equipméent required. It
also uses artiftcial 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 effort focused an improving ACTS soft-

\ .ware and courseware, and on initiating evaluatiop of the ipproved system.

‘ The new software developed permits simultaneous use of the ACTS by mul- .

tiple students, simultanequs use of different items of equipment, and simpli»

_fied techpiques .for modeling new items of equipment.  Revised procedures for

modeling student and expert performance permit the pre@entat}gr to the stu-

. dent of feedback which is based on a comparison of student ar® expert models.

- A plan for the installation of the ACTS. at the U.S.. Army Signal Center at
Fort Qgrdon, Ga., was developed, which will permit the evaluation of the

o . ACTS in an operational training setting. Finally, a pilot experiment was

L4 ; perfoQTed to de-bug ACTS courseware, software, and experimental procedures.

. M N - ’ ".
Utilization: ,
ACTS research and, devalopment 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.
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1. OVERVIEW . : #

4

o . . .. .
1.1 Qbjectives of. Phase 1 - .

This report describes the résults of the first year's effort of a three-.
year program to develop and eva]uate a new Adaptive Computerxzed Tra1nqng
System (ACTS). The overall effort comb1nes the pr1nc1p}es of artificial .
_intelligence, decision theory, and adapt1ve computer-ass1sted 1nstruct1on
so as to result in 1mproved traintng techniques for use 'with Army recru1ts
in the learning of e]ectnon1c maintenance troubleshooting proceduress
In part1cu1ar ACTS 1s intended to focus on enhancing the acqu1s1t1on 6f
dec1s1on-mak1ng skills wh1ch underlie successful electronic troub]eshoot1ng
‘ perfdrmance An important aspect of ACTS 1s the emphasis on reaT1st1c
simulation of ma1ntenance pretiiems during tra1n1ng so as te increase the
‘potengial for transfer of training to field situations, ACTS' design
'1ncorporates an adaptive computer program: (1) to track-studentsI diag-,
nostic and decision value structurpes for compar1son to that of an expert
(2) to develop Appropr1ate fndividualized feedback and (3) to structure
" subsequent 1earn1ng experiences.

Major objectives of Year 1 were:
(1) To develop new.softw%re which prov%des for’simultaneous

use of ACTS by miltiple students, which permits simultaneous
use of difierent circuits, which provides for interchangeable
circuit modules, and which is compatible with equipment and
computer systemSﬁeva11ab1e at the Fort Gordon Army S1gna1

' ( School. , .

Y L

\(2), To develop new courseware wﬂ:ch includes a more powerful

) decision.model and improved instructional text, and which *

-
?

8
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*
&
N
~
i
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- \
proV1des for ut111ty dr1ven performance feedback and . e
) var1ab1e problem presentation modes
_ (3) To develop a plan for ACTS transfer to a military training ,
v " env1rbnment,.name1y the Army Signal School at Fort Gordon, ] ,y/’/
‘ Georgia. p . .~ ' )

M

"(4) To-conduct experiﬁenta]fworkﬁin order to evaluate the

_effectiveness of théinew ACTS. . : v
) * -~
1.2° Approach ~ . ‘ " P ) . -

Coﬁbuter«assisted" struction continues to represent a promising avenue , )
both for research dn the ba§1c 1nstruct1ona1 processes and for the develop- ,
ment and 1nteg?at1on of artificial intelligence lechn1ques to enhance ; . -s
individualized” instructional’ processes in a ndmber of areas, 1nc1ud1ng i .
tra1n1ng of dec1s1oq—mak1ng and prob1em solving capab111t1es ACTS is a
part1cu1ar1y important, examp]e of such tra1n1ng techno1ogy Ut111z1ng j " T
adaptive, computer-based techn1ques, the ACTS permits ?nd1v1dua11zed N
training in an electronic maintenance environment. - The system has been '
successfu11y impdemented in the 1aboratory-and subjected to Timited

testing. e i o :

-~ %

ing mu1t1pTe circuit
zation. As a resul of previous experimental findings, the ut111ty mode]s .

of the origing) ACTS were rep]aced by more efficiént multi-attribute . T Lo
-utility (MAU) models and ‘the ACTS _Was supp1emented~w1th product1on rules. -
In add1t1on, the sexisting software was modified and expanded to provide _ -
for s1mu1taneous use of mu1t1p1e students and mu1t1p1e circuits, as well

B . .
- & ’ ~ : "i




o

.using a fixed structure. A.sqﬁarate‘dOCument (Pe%ceptronjcs' Report

, @ . ' . . " ' . . -
as for 1nterch§ngeab1e c1rcu1t modu1es ‘Evaluation of the ACf//1s being-
documented and a pre11m1nary study was conducted to evaluate the train-
1ng effect1veness,of the ACTS an the generalizability of the resu]ts
0bta1ned with the ACTS. The soft are ig compatible with equ1pment 1n
use at thee Fort Gordon Army S1gﬁ;J ohoo] .

P

1.3 . Accomp]ﬁshments (
: . - ) . .

Nia

The accompiishments of the first year tasks focus on four areas. The

following is a sufmary of the work accomplished in each @rea. " ‘

& . P
§

1.3.1 .Development of New Software.

hd -

New ACTS Design. A new version of the}ACTS has been des1gned coded and

~

tested. The new ACTS contains the- fol]ow1ng main featuress Co

v

L]

Mu]tiple'Students. The new design.allows’ two or more studernts to use

the system siultanequsly. The students can ¥un on fully independent
1nstruct1ona1 sequences, subject only to memory constraints. Addition-.
a11/, an experimenter can commun1cate w1th the. ACTS during system execu-
tion via the teletype I/0 channel. o

] ‘ ) ' . . ‘ . g

Y .-

‘Multiple Circuits. Yach set 'of circuit modules is circuit specifier oy

That is, any cincuit is fully. represented by the circuit simulation
mode1 together w1th-the instructional text module for that carcu1t . >

* Lonsequently, any student using the ACTS may 1nteract with’ 1t 1ndepen-

dently ,of whatever c1rcu1t has been mode]ed subJect only to secondary
storage limitations. New c1rcu1ts can be e modeled by creating a c1rcu1t
simulation modet and_1nstruqttona1 text modu1e specific to that circuit, &

PDCMBM-1076-79-7, 1979) describes the necessary steps for modeling new
circuits: .- ‘ oo




H

g

lcomp]ex1ty to those a1ready MOde1ed Since all circuit mode]s haye " « P

»

L4

r . -
.

.. . [N ¢

Parametertzed Circuit Mode] Each circuijt has a_simu1ation model assoc-
c1ated with it, cons1st1ng of an overlay with a f1xed structure* Creating

a new c1rc01t model 1nvo1ves filling in the spec1f1c parameter va&ues, i

such as. measurement outcomes and the nJmter of faults for the new circuit,
This is done by utilizing an ex1st1ng cifeui t- modelfas a gu1de The
process requires on]y that the new c1rcu1% be at a comparab]e Tevel of

standardized structure. and parameters, thE development of newtc1rcu1t3\ a
~ ‘I. ’

for the ACTSlls re]at1v§1y S1mp1e., }
' - | o . - .

-2 NN { . .

Var1ab1e Mode Problem Presentat1on. Prob]ems are character1zed in-terms
of the1r d1f 1cu1ty level, S1nce it s assumed that the sequenc1ng;of
problems may )y have an effect on performance there are two modes in which
the prob]ems are presented to the students In the first mode,’ the )
problems are presented randomly, regard]ess of their difficulty 1eve1

in the second mode; the presentation sequence is fixed, beginning with
all* probtems having simple-to- 10cate faults, cont1nu1ng in a graduated

~ manner WIth-PYObTe:;Vanﬁng 1ntermed1at% levels of difficulty, and end- .

2

ing with problems ing faults which are very difficult to locate. -

. "‘.'a ~.: ’ , . . /)J . .
1.3.2° Mylti-Attribute Utility (MAU) Decision Model. A multi-attribute
utility- (MAU) decision modetl, exhibiting efficient dec1S1on mak1ng be-

hﬁor for +roubreshoot1ng electronic circuits,. has been deve]oped This

‘ mu]t1 -attribute model is superior to earlier, mode]s‘because 1t can capture

.

c1rcu1t troub]eshoot1ng-behav1or 1ndepéndent of C1rcu1t type, thus prov1d- _

1ng a more generalized behavioral representation than was the case in the .
earlier version of the ACTS. The attr1butes used 1n the present system ]
include c¢ost, and 1nformet1on gain measures “Cost is an estimate of the

:
-

" time and materials. required to take a- part1cu}ar measurement or rep1ace a .-

module, *and var1es depending on the act1on 1nvo1ved. Fau]t 1nﬁormat1on .

gain refers o the proportion of fau1ts that are expected to be e11m1nated
L . . S 7 . ~

. nugtnunﬁmm

. Wl

rl




e ‘4 . . . .
' 1.3.3 Instruct1ona1 Text. To develop 1nstruct1ona1 text the circuit’ .
» " .module .designer performs a convghtional task analysis on.tM®decigion-
. making troub]eshobtrng sk1lls requ1red for a givencircuit. The result ' -

. . : ’ . ; 4
- . L. . PRI
. %

>
>
Vi
LS

Sy ‘. *"f“f S S L

by a part1cuTar mkasurement or modu]e rep]aeementu Fau]t 1nformat;on gain .

" is_an 1mpdrtant attr1bute, in that some measurements or r acements are
more efficient than others in reduc1ng the{set of a11 poss1ble fau%ts.

" Commerci@l 1nformat1on ggin 1nd1cates the degree to,wh1ch the rema1n1ng

‘ .p6s51b1e fan}ts W111 be‘"clustered" wqth1n.commerc1a1 circuit components,

.7given a particular measurement (S1nce{1t is.éasier to troubleshoot’ a
circuit when all rema1n1ng poss1b1e faults "are clusterad 1n a couple of
circuit components rather than scattered throughout; a measurement wﬁ,ch

v will perm1t greater propor}ﬁona] cireuit module isolation, is more ) ]

eff1c1ent than ane not haV1ng this capabi]1&y ) The software 'i$ des1gned S

G such a way thas new attributes can be added,lor any of the-exzst1ng

attributes alteredy if ‘the need arises.

°

g

B N

"o is, a sequence of skill- based ob3ect1ves fﬁaf\must he translated into | ‘ :
teaching units.- These @fits Generally consist of text material, an -
opt1ona1 questlon answer‘sess1on and a mu1t1p1e-cho1ce test, and. are A
des1gned to Tmprove the circuit know]edge of the student. The student
is guided through these units until the required level of c1rcu1t know-

ledge necessary to begin- troubleshooting is obtained. e oL

S R . t

form of pre11m1nary 1ecture mater1a1
' provided by means of a "Help" opt1on.

>

feqdback messages, and ater1a1

Ut111ty Driven Performance Feedback. During the terminal troubleshooting
-____—tnstnuctlon,_feedback_4s.derlyed,from_the_MAU4model_weights while_the_______.____ 1
student is be1ng trained. |

Informat1on concerning the degree ofrconver- - »,_

gence, pro’7m1ty to the _eipert model, and relative weighting dnff1chlt1es

g

* . @




*-Tnformat1on is yiewed.

1s used t encourage cons1stency, to teach the student to mimic

in turn,

the expert and to adjust theas1gn1f1cance w1th which d1sp1ayed attr1bute

¢ | D
‘ - ~ ~N . % -

-~ ' '

1.3, 4~ ACTS Transfer to Military Training Equipment. A plan for the

,1nsta11at1on of the ACTS on an operational Army computer-based tra1n1ng
usystem was developed, and, is .documented in Perceptroéacs, PDIP-1076-79-6.

The docunent describes the plan for installation of the ACTS in the Com-
puter1zed Traiping System at Fort Gordon, Georgia. - It includes a study*

of thefcuccenisconisgutaigon,and:operatJonfof,theelralnlngWSystem, iden-

tifies expected orob]em areas, examines transfér alternativés, and pre-

sents a complete program plan to accomp11sn tne ACTS transfer. K

~ a .’

In add1t1on, a site visit to Fort Gordon was, made to determ1ne the scope

of the ex1st1ng tra1n1ng program and to perform a needs analysis, based
on the entry 1eve1 of the students and the instructional objectives of
the U.S. Army.Signal School at Fort Gordon.

1.3.5°
serged two major pyj

A pilot experimentkwas-performgd, which
the first was to fine tune the ACTS and the -
'ng the large-scale study designed for the follow-
1ng year and the segond purpose was to obtain pre11m1nary data to assess
‘the tra1n1ng value of the ACTS. Y . .

<

E}perimentaf Study.

, ~
As a.result of this study, several improvements were made to the software
. ] SEYE

including the design of a new print-out routine for obtaining performance
measures.

“

.
,

)
v w4

o

’

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

three-college students suggest that the ACTS Hoes indeed train the higher-

order decision;néking skills necessary to troubleshoot electrenic circuits.

Details of the experimenta1 method, and the results obtained, are described

+

in Chapter, 3, . AR '
V4
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1.3.6 Directions- for the thhre. While initial results are particularly
4pnom§sing, the ACTS still remains to be tested in the full-blown opera-
tional training environmént. It is anticipated that'sﬁch.é study will ‘
pe dndertaken in the near future which will include, among other things;, J
an assessment of:* the transfer.of gki]]s.which occurs with the trouble- -
“shogting of ‘real, rgther'thap'simu]ated,-équiphent and the long-term re-

1
'

~ & ' tention of skills. It is Hoped that field studies wiil bear out our
- '

. " . conviction that ACTS can make a significant practical contribution to

v - the training of electranics maintenance personnel. It should not be

overlooked that the_basic .approach_outlined above may_have implication
for improving theigsality of human decision performance on related

although the applicability of ACTS outside the q]ectroniés maintenance
training area remains to be explored, .

+
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g ZPj E APTIVE COMPUTERIZED TRAINING SYSTEM ¢ . /4’
3 4. -e .t . 'j . s.
l; o 2.1 . Qverview’ A : f"'s s
The Adaptiue Computerized Trafnihg System (ACTS) focuses on improving and '
sharpen1ng h1gher¢order cognitive skills in e]ectronics troubleshooting.
o~ . The’ applica@xon of decision modefs to tra1n1ng is reviewed pr1or to pre-,
sentation of the features of-the ACTS.
I“ “® '~ " ¢ /- ¢~ . ) . 1

vAlthough mazntenaﬁce tasksire}y heav11y on a techni¢ian"s knowledge and
ctratning regard1pg the mazntainedAsystems;~suehm5mﬂekeaﬂvee~¥4ewed=pr#&: ~p ==
K A marily as decision tasks If.the technician® possesses suff1c1ent knew-
ledge of system parts and functions,. he applies it by mak1ng a-series of
'dec1s1ons about wh1ch symptoms to look for, whether to Tepair or replace
a ma1funct10n1ng part, “and so on. ACTS is used in electronics maintenance
:tra1n1ng to address - the qua11ty of such dec1s1ons and the process of gen-
erating and choosing from among alternat1ves, rather than for the 1earn1ng
" of Spec1f1c‘procedura1‘sequences //

-

»

. ACTS 1ncorporates an adapt1ve computer program which Tearns the student 3
d1a§ﬁoszt‘and dec1saon value'structure, compares it to that of an ex-
pert, and adapts the 1nstruct1qna1 sequence ‘so as to eliminate. d1screpan- !
cies. An expected ut1]1ty (EU) or a multi-attribute. utility (MAU) model’
is thé basis of the s udent and instructor models uhich, together with’
a task simulator, form the core of ACTS. Earlier versions of the system

* used an expected values model (Freedy and Craoks, 1975; Crook$, Kuppin ~

and Freedy,-1971). Thé student model is dynamica11y'adj$sted using a

v " trainable network techniqueﬁqf:pattern classifitation.

LY

he tra1n1ng con-

* heuristic. a]gor1thms ACTS'is implemented on an Interdata Model 70 min1-
computer and uses 1hteract1vé graphics terminals for man/machine communica-
tion,

[y 3
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' The present tra1n1ng system focuses on eJectron1c troub]eshoot}ng “The

student's task #6 to troubleshobt a complex circuit by making ®arious : J
test measurements, replacirg the malfunctioning part, and mak¥ng final .~

¥ ver1f1cat1on “medsurements. The model of. the student eva1uates the stu-, - ~——

-

dent's selection of measurements and repTacement of c1rcu1t modules. «- //,.Y.
Troubleshoot1ng prov1des an excellént application for the ACTS methodo]ogy
because it"is heavily dépendent on judgment and probab111§t1c 1nference Cor

In addrt1on, troub]eshoot1ng is of great pract1ca1 importance .in numerous
commercial and m111tary systems, and it lends 1tse1f.to economical imple-

mentation for tra1n1ng purpeses. . ) ,
. .

-

«

Work to date has prqguced an operational system which demonstrates the L L~
feasibility of app1y1ng artificial intelligence techniques to cg syter-
ass1sted 1nstruct1on in a m1n1computer -based training system. Expery

-

mental evaluations of ACTS have demonstrated that the adaptive decision - .
mode 1 aCCurate1y Jearns the utilities of an expert technician -and that
students ca\ effectively use the simuTated troub]eshootfng task.

. s
- . , L 4 *

H

_ Additionally, 1nstruct1ons based on ut111t1es can furthef 1mprove the —

s

.1

decision performance of students; howeyer, feedback o( optimum choices
1mmed1ate1j 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 fiefd of
AeducatJonal technology is the creat1on of methods wh1ch a11ow 1nd1v1duaTs

A\

) ized instruction. Tra1n1ng spec1a11sts and educat1ona1 theor1sts recog-

nize the 1mportance of focus1ng on the individual student_if significant -

<

. advances in the efficiency and effectiveness of instruction are to be

[

made (Crawford and Ragsdale, 1969; Glaser, 1965). Bloom (1968) has ] ¥
advocated the concept of mastery learning, in which ‘instruction 45 de-

~

R

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

"

‘ M . ) ° &
The principles ngw included under thg rubric 6f programmed instruction
(PI)y which grew out of p1oneer1ng work by Pressey, Skinner, and others,

have facilitated the pract1%a] 1mp1ementat1on of mastery \earn1ng tech-

N . niques. Such p 1nc1p1es, also claimed as advantages of PI, include:
student-paced piggress1on, immediate knowledge-of-results, individualized
¥ instructional sequencing, use of explicit perfovmance abjectives, diag-

T ‘“*QTﬁe ’’ sg princIples formed the ﬁas1s for themuttipHicity of‘programmed'text
books, teacning Aachnnes, and the early CAI systems seen in the 1960's.

¥

v, .

@ o 2'2 2 Adaptive Instruﬁiﬁfnu It has-been recoghnzed for more than a
decade that true 1nd1v1dua11zed 1nstruct1qﬁ must znc]ude some form of o
adaptatwon to the individual student. Sma&]wood 1962) However while *
most researcbers recognzze the®need to adapt ihstruction to individual

7 d1fferen2es, adaptat1on is usua]]y made on the bas1s of response h1story
That isy the greatt majority of adapt1ve programs are made adaptive by
the logic oranch1ng structure of the programs.

Ve

\\ 1 .
Central to the problem ofe adapt1ve CAI 1s the ut111zat1on of su1tab1e
criteria for opt1m1z1ng ]earn1ng effectiveness and the construct:on of .
decision ru]es for 8e1ect1ng.1n§truct1ona1 options. The development of

- adequate decision rules is very difficult 1n convent1ona1 adaptive CAl
systems because a student's know]edge and sk111 level appears to be

gqf;ib ‘. structured and fallible, when viewed in’ the context. of'@AI

— ———-eeeh+s§+sated—ep%+m+eat+ea—teehn+que5—#orﬁma*4m+z+ng-ieara+ag—e££eet%ve-
ness -have been used 1n several very e]egant and highly adaptive CAI pro-
grams (Atk1nson, 1972, Sma]]wood 1971). ,However, these techniques have

ment, albeit at d1fferent rates.- : : - 5

nostic assessment, and the’dtbision of instruction into small discrete steps.

\’_,'

i
s




T s because\the opt1m1%§;1on_methods (deve]oped from control theory) require

- 1ﬁ&¥v¥ng~and<gea}-d%¢ected~dec1ston~mak4ng

. ——

only been used for simple 1earn1ng situations, which usua]]y 1nvo1ve lower-
order cogn1t1ve skills such as memor1zing lists of vocabu]ary words This ’ {
ing model which predicts studént response to al-
ternate instructional options.

a precise]y,stated'}eg
As skills become mdre cdmp]ex, it is less
likely that simple mathematical learning models can be found.

- "i -

»

A promising approach to adapt1ve CAI is the app11cat1on ofwArt1f1c1a1

Inte111gence«(AI techniques. Al techn1ques and theory, trad1t10nal1y, ' &
have been concerned with the 1nte11ectua11y demanding tasks of problem |
_These—techniques_-are uniquely o
suitable for app]iéatiéns where ynEt?uctured environments are involved

(R?%sson, 1965; Slagle, 1971). Natural language understanding and the

"heuristic programming approach to pattern recognition have been used in

GAI s%etems which are based on information structure representations of
1970; Hartley and Sleeman, 1973; Hoffman
1974; Brown, Burton, and Bell, 1974).
netwonk andlysis of the siructtures to generate instructional sequences,

the subject matter (Carbonell,
and Blount, These systems utilize

thus, the term "generative CAL."

.
-2

P
- \\4

Techniques of edaptive bettern c1as§?fication can’also be used to provide = ~
Given a model of the studentﬂs behavior.,, the
'pattern classifier adapt1ve1y adjusts parameters of the model until ‘the

model’ accurat’?y pred1cts the student's performance.

1nd1v1dua11zed instruction.

The model parameters \
then provide the basis for generat1ng instructions and feedback. For the .
present dec1{1on training §ystem. the parameters of an adapt1ve dec1s1on
model are used as the basis” for training the student in a.decision task.

. ' /

2.2.3 _Adaptive Deg]s on Modeling. Adapt1ve models of dec1s1on mak1ng

: affempt to Tearn the decision process of the human operators by (1) succes-

sive observation of their actions, and (2) estab11sh1ng an interim re]at1on-
. o '

- !




~

ab, "

ship between the input data set and the output dec1s1ons (the‘mode])

" Learning in this context refers to a fra1n1ng process for adJust1ng T
mode] parameters accord1ng to ‘a criterion funct1oh The object is to

1mprove ‘model’ performance as a function of exper1ence or to match the

mode] character1st1cs to that of the operator. . | ‘o
P : ¢ Ve
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; Go]dberg, 1970). %his
procedure uses a statistical regression process to fit, the parameters of

-

"

~the dec1sxon _model_to the decision maker's previous judgments. However,
the bootstrapp1ng technique is applied off-11ne to decisions which have .
been observed ear11er

A second app™ach to adaptive dec1s1on modeling invalves traina deci-

sion and classification networks. This technique is used as the basis

of the ACTS since dit provides the ca?lbi]ity to adjust model parame%ers ) .
on-1ine and to change model performance accordingly. Two types of mode]s:

have been used in the ACTS, an Expected Utility Model (EU) and a Multi- L
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 parameteﬁ% to make it be-

have like the operator. »

- i v N

~

The dynamic value estimation technique, developed by Perceptron1cs in the
context of a dec1s1onj§}d1ng task (Crooks, Kuppin and Freedy, 1977), is
based on the principleJof a trainable multi- -categery pattern,elass1f1er
The value estimator observesegihe operator's choices among R possible

decision options available to him, viewing his decision making as a pro-

- cess of classifying patterhs of. event probabilities. The value estimator

" then attempts to classify the event probability patterns by means of-an

%

2'5 ’ ‘ \ . ,‘ ,‘ .
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’ expected utility evaluatnon, or d1scr1m1nant functions. These classi-
f1cat1ons are compared with the operator s dec1s1ons and an- adaptive
error-correct1on training a1gor1thm is used to adjust pattern weights,
wh1ch_correspond to utilities, whenever the classifications are.incdrrect.,
Thus, the ut11£ty estimator "tracks" the 0perator‘s dec1s1on making and

"Jearns" his values.

£ oo, hd 4

‘ -
. 7.2.4 Decision Models in Maintenance Traiming. A maintendnce techni-

_ ‘ regponsibility 'He must decide whether the system is‘performing within
,ﬁaeu,w,_,_Weetolerableﬁlynlts*eﬂhatrsymptnmalg£=trguh]eeJnfsgn51der4.whatﬁlnformat1on
¢ to gather in troubleshooting, what test equipment to use, and so on.

\\\§° cian makes a number of decisions whilé servicing the systems undef his

For these types of dec1s1ons, the technician must be trained to know

.o of these alternatives, and to assign a vé]ue to each alternative. For
example, in auto maintenance, the mechanic is trained tg adjust theudis-
tr1butor with a "feeler“ guage or a dwell tachometer. He learns how

d accurate]y he is able to set the dwell angle with either 1nstrument.
The decision to choose one instrument or the other.is influenced not

.on1y by .the odds of setting the angle correctly, "but also by the tech-

’nictan's stakes .of values for each a1ternetive. The feeler gauge may

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

%

Decision trainindﬂin maintenance should thus focus the student's attention
b ' on (1) Jisting the alternatives that he must consider, (2) estimating the
L. . . pdds of the various outcomes, and (3) evaluating the desirability of the
‘ o outcomes. The adaptive MAU decisian model 1q/the ACTS prowides a method
for instructing the student in these activities. The student is not’” »
: traﬁzed to make a specific sequence.of decisions. Rather, the parameters

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

K : of the -MAU -model are u§ed as a standard reference to generate instructions.

about how to evaluate the deC]s1on a1ternat1ve§ In the ACTS, adaptive

.
. . N . « . L
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h - — sequential deciglon 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,
N . <

However, the same princip]eg can be applied to many other- types of

decisiog-making tasks. )

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

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

v in»e]ecfkonics but -that his experieace with troubleshooting is ligited.. ' . 9

) This might be the case with a student who has recently coﬁb]eteé a;yanggd

‘military electronics' training but has not yet performed troubleshooting
tasks in his first permanent duty assignment. This*skill level can be

assessed either in terms of}prévioug training received or in terms oﬁ -
performance on an entering test of e]eptronigs and troub]eghooting know- .
Jledge. It is assumed that the prerequisite Jaws of electricity, circuit
component behavior, circuit sub-sys%ems, circuit diagﬁams, use of test

" ¢« equipment, and 'the like, h&ve already been learned. "
‘ .' . ) v ! - .
2.3 - ACTS System Descriptign - - , - .

b -~

The ACTS is an interactive computer‘program that mode]s and simulates tﬁe
four furictiopal units of training: -(1) the task being. trained, (2) the~
student, (3).the'iqstructdr, and (4) the instructional logic. The organ-

L i;ation of these four units -in AETS is i1lustrated in Figure 2-1. T
| . . .

2.3.1 Task Simulator. In ACTS, the student's decision task involves
. troubleshooting an electronic device. The troybleshooting task centers R
on a-model of an electronic circuit in which faults can be simulated.

U fhe circuTts currently used are a moduTar version of the Heathkit 1P-28 ,
‘ " regulated power supply and the U.S. Army A9000 power supply. The simu= "

lated circuits have 10 and 11 functjonal modules, respectively, which cap

. - -
it M ° . -
| f
.
. .
. ‘.
’ L
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: be rep]aced and. 32 and 23 measurements, respect1ve\yﬂ Whﬂch can be’ useE% .
I'd
. to isolate fau]ts The operat1on of each power suPp]y is simulated by - . /
?hg computer_program, using a table-driven s1mu]at1on of the fault. sys-

v tem. The program s1mu1ates the resu]ts of check1ng symptoms, taking
measurements, and rep]ac1ng modu]es o

-
«,

1

¢ ) . -

- . ﬁ'T?ainéng in the present system o;;igs/with certain restrictions on’ the T
' e?tent of circuit s1mu1at1on. T tudent 1nteracts w1th a terminal ° - L) .
. which contains ‘a d1sp1ay of the simulated c1rcu1t thus he' cannot make

such troubleshooting observations as smelling faulty capacitors, tooking ~
s fer—burned—res*sters-epzteueh%ng~everheatedfsem;eenduetorsT In~add15 P —]
tion, the measurement results are presented in a semi-interpreted form '
(high, normal, Tow), rather than as absolute readings, (e.q., 3. 6vvolts, \ g, ’
.' 1.25mA), so that the student need not refer to a tab]e(ef norma1 circuit

- ( levels. Although thése modifications invelve an abstraction of the A
. troubleshooting task, it is assumed‘tnat they do not affect the critical | -
. décision T;xing asbects\q{ the troubleshooting task. . -
The c1rcu1t s1mu1at1on was designed to meet several objectives. In . t A
addition to prov1qgng an environment for observing troubleshooting .

behavipr, the simulator gives the results of the: student's choice of !
. ., alternatives by d1§51ay1ng the resu%és of measurements. Finally, the -

circuit.model is designed to simulate* the essential characteristics. of

decision-making under uncertainty.- Thus, the outcomes)of the measure-

- meﬁts are probabilistic, reflecting the fact that, in practice, fault
, Tocations-are uncertain for the troubleshooter. ’ | '
. . . . .
) 2°Q.2  Student Decision Model. The student. decision model is a mathe- .
< gm,_decg;s_x_on_mgdp‘l used in the ACTS to model the decision behain'or

of the trainee and his 1ns&ructor The studenf dec1sion mode provides
a method of desqr1b1ng or defining the student's behav1or. The ACTS
then uses the model to infer the current state of the student's knowledge.

¥
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- The dec1s1on node1 not on1y describes the dnitial state of the student s
’ know]edge but it also tracks changes in the student's performance, adapt- |
_ing the model parameters to descripe-the studeng s 1mprovements and
errors. From thIS model of the student s behavior, the ACTS gives in- o
' struct10ns to smprove the student's dec1s1on making. «-.", -

- -, “ . ) ~ : ’ —J ‘ . . .
A multi-attribute utility '(MAU) decision model is used to represént the - ; -
« student. The MAU-model -js both a descriptive and normatjve model of ’ ‘
decision mak1ng which assumes that a "rat1ona1" decision maker selects ’ .
. the a1ternat1ve with the greatest expected ya]ué The multi- attr1bute ' ‘ ‘
-——— - UTTTeLy model 15 ar improvemgnt over the expectéd—oﬁ Tty (EU) model —. ° ‘ -
' that was the basis of decisipn models. in the original- system. This o '

s approach was selected ‘on the basis of earlier experimgntal work d ne’ - : S,
with the ACTS system. The MAU mode] has been applied to related a as ¢;“ ‘

. in adaptive decision modeling and- 1nformatqon acqu1s1t1on tasks (St eb, - "
- Chen, and Freedy, 1977; Samet, we1tman,uand Davis, 1977) and was found , o

to be more effective than the EU appreach used in the original ACT"system. ' e

The improved MAU model has severa1 adygntages.over the'EU model: 'Fewer“

L « utilities are needed to model a part1cu1ar circuit troubleshoot1ng

. ¢ Strategy; it converges faster, is mo/g general, and is eas11y transfer-
able across different c1rcu1ts It is a1so easier to estab11sh a new

‘ model for different circuits and thus, it is more compat1b1e w1thtthe '

o operat1ona1 training environment. : . . A

© - 4

- M 3

unique aspect of the mu1ti-attribute1node; is that>utilities are
assigned to general attributes of troubleshooting actions, rather than
to specific outcomes only. ACQording‘to,the model, dec1s1on mak1ng .
. . ‘ & - "- ' H . ' * _T“'
t factors: (1) Fault informatfon gain, (2) commercial information gain, - '
and (3) cost. The expected value of an action is then the sum of these. '
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factors welgpted by specqf1c ut1T1t1es The attributés’ and model are '

presented be1ow - n _ , ¢ )
. . .. "
' T ) . : . o
I — Fault Information'Gain: o . S : N - wﬁ,". : ,
& ' ' N
e ] =7 P13 (F- Fij)/F e
i ' Commerc1a1 Informat1on Ga1n ' - T !
. zpm (M- M1J)/M S .
< Cost e ' ‘“ T -
Y ] [
= e ° .
O . ~'”*y*~§f3"—vk* e i i - e
MAY ¢ ‘ ) e
o .
PR , MAU1 - XK
Wh,e}e N p .
¢ h . ' - *
9?, ) N ,
Pij = Probab111ty that the J th outcome will occlr if the»ﬂ th
- * S alternativé is chosen. . O ' - |
< v > . . F = Current number of possible faults. -~ iy
’ M = Current number of poss1b1e faulty modules.. i
: Fij = Number of- poss1b1e faults “given current possible fau]ts .
P . _ . .and the j'th outcome for action i. - . ) IRl
' " Mij = Number of possible faulty moduleg given current‘poséib]e. L
. fau]ts apd the<1 th oytcome for act1on i.
- ,Ci = Cost of G'th action.” s A B3 -
A= k'th attribute for action<i. et ’
X . ‘Y = Utility for k'th attribute, - ‘ R B
T o e MAU, = Expected- utility of action-i." - o
[ C . ) . - ' .- .« -

Given the available alternatives, attribute levels and utilities, the
optimym choice is determined acconding to the maximum expected utility




. ‘4"_,: ] : ) ‘ - 1
pr1nc1p1e by ca]cu]at1ng\the eXpected ut111ty for each poss1b1e alterna-
tive and then selecting that a1ternat1ve with the greatest MAU

. a ,

ACTS uses the MAU model not‘on1y as the description of the itunent‘
decision aking -but also as the basis for estimating changgs in h1s
knowledge as 1nferred from his decision behavior. -A technique of arti-
f1c1a1 1nteTT1gence, known as. the 1earh1ng network approach to pattern
c]ass1f1cat1on, 1s<ﬁ§ed to est1mate the student's utilities in the EU

‘modeT (Crooks, Kuppin and Freedy, 1977). The utility estimator, observes
- the student's cho1ces among the possib¥g—dacision a1ternax1ves, viewing

his dec1s1on mak1ng as a process of cTass1ﬂy1ng patterns of event pro--

,babilities. The utility estimator-then attgmpts to classify the event
‘ probability patterns by means of a multi-attribute discriminant functior,

Thése c]ass1f1cat1ons are compared with the student's choices and an
adapt1ve error-correction training algorithm is used to adjust pattern
we1ghts, which gorrespond tp utilities, :heneyer the classifications are
incorrect. This t111ty est1mator operates concurrently in real time

as the student performs, troub]eshoot1ng operations; thus, the MAU mode]
cont1nuous1y tracks the student's dec1s1on performance as 1t changes

/

during the course of trairing. p

-

' 2 3 3. In%tauctoerecision Mode] The second decision modeT in ACTS

~

'activities and in sugéesting alternatives.

is an: MAU model of an expert dec1s1on maker's performance This model

is used (1)_as a standard against which the utilities of_theﬁstudent

model are compared, and (2) as a source help in directing the student's
: T instructbr model has 'the
same mathemat1ca1 erm as the student model, except that the ut1]1t1es
are preset and remain cqpstanzséhroughout a session. The ut111t1es of
this model are adapt1ve1y estivlated pr1or(to the training session by
tracking the performance of an expert technician as he indicates s1mu1ated
faults or they are set based on a priori expectat1ons of expert trouble-

shoot1ng behaV1or. s ——-

-
——
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“The ACTS dincludes an algorithm for caleulating the coffditional prob-
abilities of.action outcomes. Conditional probabilities are of the

s D ’ - €
e e s
-« . * hi
Y

¢

The probability of dﬁ%aiﬁing a Qerticu]ar measurement out-
come, given“the previous measurement outcome history, and L .
the measurement. - ) o MS—

These conditional probab111t1es are obtained by the ACTS a]gor1thm from  °
the a priori fault probabilities, PK, by the following formu]a .

p..= ) PK.J] PK
' 13 ¢e0ij . KeS

.
- YR

,'
b .

- _ Where S is the current set of:ﬁgdfis, 0ij 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 -

fault model. - - / ‘ o

¢ . ’ -

2.3.4 7 Instruct1ona] Log;c The fourth major functional unit of the
ACTS computer program s the 1nstruct1ona1 1pgic which selects the 1n-
struct1on and a1d1ng information. for the student. The instructional
Jog1c checks for convergence of the student's utilities, ‘compares th
student's wtilities with those of the expert, and ‘compares the student'
, 'expended cost with that of the expert fér the same prob]em These three
. condition ehecks are then useéd to select or modify the fo][owirg messages:

. ’ * -

" Your choices indicate that you are inconsistent in your
“y a ; - troubleshooting strategy. Before making a ehoice, consider
' .. carefully the uncertainty reduction, .fault isolation, and
-costs associated with each choice. . . ’ BE

-
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Congratulations. Your choices show that.-you are consistent

in your strategy for troubleshooting.

However, there may

stil) be differences between your strategy and the expert's. Py

If so, the next page wi]]ndesEribé these differences.

Yau appear to overemphasize:

L)

A ' \ "
uncertainty reductionand — ——

underemphasize: cost.
: e . , « .
Congratu]at1ons. Your performance is identical to that of

” the expert. You are now a quaTifTed troubleshooter on the

;P?B circuit.

?

Congratulations on repairing the circuit.

Your total cost

to debug the circuit was 190.

The instructor'sttota1 cost

» would have been 120. -

Prioy/€3—¥ﬁ§>troub]eshooting session, the student is assumed to, have com-
pleted fhe pre11m1nary lessons on the power supp]y involvéd. Consequently,
instructions in "the traubleshooting un1t 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 alternative
measurements he can make and to seledt those alternatives that are most
effective, given their relative costs. ) . ‘
In addition_ td the instructions that are d1sp1ayed on the basis of the
student's dec1s1on performance, the ACT system also 1nc‘gges a HELP
option which the student can select as desired. The HELP option uses
the expert decis;an model to suggest which measurements to’ make, the1r

-

tradeoffs, and their re1a£4xegnuera11«va1ues.« ‘

= " ‘ AY
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2.4 1

Hardware Configuration
: The hardware conf1gurat1oﬂ for the ACTS is-shown ‘in Figure 2-2. It con~
sists af dour major sggponents, namely an Interdata 70 m1n1compute§'§7th\\\\/
a 64K memory, a Tektronix 4024 CRT for each subject, a conisole’ communica-<
_L___gigg_geylgel_ang an exper1menter communication device, which may be either
~ a CRT or‘a tgfé¥§ﬁé. ’ ‘

The exberﬁmenter communication device is distinct from the console com-
muniéation device beéaase the structure of DOS does not allow the return
of status for a superv1sor call (SVC) read proceed on the console device.
It is necessary to have this status return after a carriage return is
received S0 that the ACTS can be apprised of the completion of a command
input, 1ndependent1y, for any_of the subjects or for the exper1menter

s .

The expejimeﬁfer's communication device is used to enter vontrol para-
meters and to terminate student sessions. The experimenter has control
‘of the‘system,rboth prior to the start of a teaching session and during
its performance. Prior to the start of a session, the experimenter may
enter certajn system barameters to vindicate specific optiohs which are
to be included in the current session. THese parameters and as§9ciated
options are summarized in Table 2-1. Additionally, the experimenter may
terminate a student'at,any point during the instructional program.

-

el

, . & . - X i
Some of. the experjmenter's.options are self-explanatory; those that are
+ not are Tisted below: -

o

1

P . *
1 Commercial designatioris are used only for precision of description.
Thetr use does not constitute endorsement by the Department of the
————————_a————————Anmy-onLthe—Anmy—Reseanch_Lnst;tute—f
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TABLE 2-1

. EXPERIMENTER;SUPPLIED SYSTEM OPTIONS

2 ~
. R 4
e
<«

I. Number of Students in Session

, PARAMETERS

IT. (For Each Student) ..

1. Restart? .

' ‘(If restart, student's performance
file is loaded from disk)
Student's Name . '

-Current‘Date ;o '
Circuit to be Used »

Stanting Objective

Starting MAU Model Weights for
StudenF

7. Simulaq%on

(=) TN & 1 B~ N O T A

L

8. Simulated SubJect we1ghts
. (Objective 3 onTy)

9. Help Available? _

10. Broblem Presentation Sequence ~
During Troubleshooting Objective ’

'

OPTIONS

(1 or g)

(1-Yes, 0-No)

,

Up to 20 characters
Up to 20 characters
(1 or 2)
(2or3) - -

3 values ' :

(] -gnome operator,

‘2-real student)

" 3 values to drive

gnome operator

- (1-Yes, 0-No)

—T"

- ot

0 - Random 5
1 - Fixed.
5
1\ L]
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A9000 circuit is obtained by typing_"2".

RESTART - If ydu wish to load the student's'performance data from the
+ disk.agd continue from the point that the previous session left off,
the -proper response here is "1" for "Yes." There is a single perf%rm-

" 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-

. formance file." ) S -t

-

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

@®

STARTING OBJECTIVE - The troub]eshoofing units fdr the IPZB.gre coded as

unit "3." The single preliminary unit imp]ementeq for the IP28 is coded

as unit "2."
&

-

" STARTING MAU MODEL WEIGHTS FOR STUDENT - Tﬁé student utility model must

be diven some Set of starting weights. The weights are, respectively,”
for fault information aain, comercial information gain, and/cost. Type
in 3 integer values, each’ one followed by a cayriage return. ‘A good

starting set.of weights/is:. 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~the "2" for "real
student." ‘ )

. e e— - ' _ b 4 P

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

simulated subject will not be selected for the simulations parameter.

-

-

.. HELP AVAILABLE - When,a "1" for yYes" is input at this point,.all the

~

keys from the expert model yi]] be made available.




s !

PROBLEM PRESENTATION SEQUENCE - The types of Problem sequencing currently
available are: random - problems are selected according to a uniformly
, distributed psuedo-random number sequencé, and fixed - problems are pre-
- . sented in the order of thefd1ff1cu1ty level of the correspond1ng fault.

.

NOTE: In Table 2-1 the parameters 1,6, 7, 8 and 10 prov1de .

L
. information ut1?{zed in only the troubleshooting instructional
\ unit. This unit is associated with obJect1ve XII in Table 2-2. i
. However, the code for th1s unit used in.the current 1mp]ementa-

tion of -ACTS is° 3 as 1nd1cated Jin the prior discussion of start- ~
" ing objective. The reason for this is that only one of the
— .preléminary units was imp]emented,unamely the unit for objec-
tive II in Table 2-2, and a transition from this unit to the
‘troub]eshoqt1ng un1t 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 exelusive agcess to h1s or her
own terminal, through which messages are sent or received.

Messages made available to the student are of two kinds: (}) strings of
English Tanguage text, and (2) circuit diagrams or modifications to cir-
cuit diagrams (e.g., the brightening ¢f a module to indicate that its

replacement has been accomplished).
: )

25 Instructional Approach \,/‘

2.5.1 Training Procedure.’ Traiﬁing on the ACTS is provided through'a

' , system of phased instructional presentations. A series of units on the
given power supply is presented to the student. The material begins with
the most basic. 1nformat1on abolit power supplies and terminates w1th the

2-19
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troub]eshoot1ng un1t which cons1sts of 3 number of circuit fault pro-
blems, Fof allinstruction prior to the troub]eshoot1ng unit, the
procedure is to present text material to the student, al]ow h1m to ask
questions and receive answers, and then give the® student a test If
he passés the test he is advanced to—the mext un1t, otherwise, he repeats
thé current unit. When 1”% student has comp]eted a]]~thefpre1iminary"
un1ts, he begins the troub]eshoot1ng phase of fastruction. Table 2 2
preéents the instructiondl ObJect1ves for both -the preYamlnarj and ‘\'
troub]eshoot1ng phases of 1nstn?ct1on '13 L
ﬂv~\\$e ‘ . .
Each troubleshooting prob%em cons1sts of a s1ng]e citcuit fault wh1cﬁ 3
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 apd give information. The student sel;g;s’ﬁ?gf—
responses and types~them.in.on a keyboard. The student can se&lect from ,

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

3

. supply circuit. The student can choose to take a voltage or current 3
measurement, rep]ace 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 aT]owl{
able attivities. '
Interspersed among the fault problems, the ACTS presents the instructions
,wh1ch descr1be recommended(p1rcu1t meaSurements and the conditions dur1ng
which they shou]d be chosen. After the’instructions have been d1sp1ayed
the fault’ prob]ems are resumed. However, "thé studenp can request to see
these instructions at the appropriate time by selecting the appropriate _
command on-the display screen. ¢+ ) L .

9

~

‘hppendix B presents samples of the instructional‘sequende nhich charac-
terize the preliminary and troubleshooting phases of instruction.

!

¢
' ”
[y .
’ ‘ . : ¢
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.
™



]

II.

I11.

IV.

+ ° . ;- .
" TABLE 2-2. y
INSTRUCTIONAL PHASES hﬂlﬂ,OBJECTIVES (IP28)

! Ty

Given a_descriptivn of a general powen supply and the 1P28, the
student will state that the IP28 is a regulated power supply as

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

A

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

the student will correctly specify its function wrthin the given
matro- assemb]y

&

»

Given any of the four operat1ng cond1t1ons for the IP28, the stu-
dent will spec1fy which circuig: moduTes are affected funct1ona11y
by th1s condition anfl what the effect is.

Given any module in the P28 S, and a fa11ure mode for that modu]e,
the student will correctly specify the functional consequences of
that failure mode for a spec1f1ed operating condition.

Given any module in the IP28 and—a—faTture*mode for that moduie,
the student will correct]y 1nd1cate the value of any vo]tage mea-
surement anywhere in the system as high, low, norma], and unstable
based on the circuit operating condition. 3

¢

a -

Given initial c1rcu1t symptoms, the student sha]] report accurate]y

Pad

-

one of -the following: ° .

Circuit is fuactional and needs no adjustment.
Circuit is malfunctioning.

(1)
(2)

-




- X1,

X1

3. e
.

TABLE 2-2 (CONTINUED) \
b1ven circuit symptoms with or without a history of pre-obta1ned
measGrement results, the student shall accurately select the most |
likely failure modes.

Given a set of poséib]e failure modes, and a.setAof 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. \

- -

Given a set of measmgents and module replacement candidates and

‘a history of symptoms and measurement results, the student will

rank. them accord1ng to expected information gain, topological
1so]at1on potent1a1, and cost.

“Given the attribute levels for a series of measurements or module
‘ rep1acements 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.
Given a symptom and measurement result history and the know]edge

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

the module replacements. S /

dent will make appropeiate measurements to veiifz/the result of

. N
The student will troub]eshoot a non- funct1ona1 circuit having one
or two fau]ts, rep]ac1ng the fa111ng modules in reverse order of

dependency when malfunctions are causally related. Attr1bute

Jevels will be diép]a&ed for him.




‘ranking of the final considerations is presented

of the considerations are thgﬂk:e:dlielayed

e

1 ’ .

n .
A< , )
O ‘

2.5.2- Consideration and Help. . When the circuit is displayed, a mal-"

function is signaled by displaying overt symptoms in a table of symptoms
and measurement o&;comes. The student is then teld that he wi]] next be -

expected to input some act1on candidates for consideration.
ask he1p at this po1nt Provided that the 'HELP. opt1on is allowed,

ahelp réquest will provide the student with the expert's considerations,, .
After looking at these, the student may .request

as shown in Figure 2-3.
help again--in which case certain tradeoff information for the expert's
cgnsiderétions will be displayed.
edch action, all outcomas and their probabilities for each action, and

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

b

The studeht ﬁext chooses his candidates for consideration.

.

dates may be measurements and/or module replacements. The system then
displays for h1m the value of each attr1butg,£er\each of his considera-

“tions. At th1s point 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 wiqhoutAhe]p.

o < -
2.5.3 Action Selection and Help.
of the final censiderations are then disp]ayed ‘

The message is the- same™

" as that used earlier to ~display the tradeoffs for_the expert’s cons1der-

ations’., He1p may then be requested aga1n, in which case~eah expert

.,.\ . h + t‘
The student may then choosé 'none of‘%he above' in which case he will
be asked for new cons1derat1ons or he may type a choice from the Tlist
of con51derat1ons. If his cho1ce is a .measurement, its outcome 1s'd1s-

played in the symptom/outcome tab]e. If h1s chdice is to replace a

' modu]eﬂ the part of the display dep1ct1ng the module is enhanced on the

He may also

This information ‘includes the cost of

These candif

-
‘If help is requested, the tradeof{iﬁ_

The attribute levels

S

L]

o~
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screen. If the chosen actlon did not repair the circuit, the cycle
_repeats with a request for new considerations. If the chosen actlon
corréctly rep]aced the. faulty module, the overt ma]function symptoms
are corrected on the screen and the syStem enters an evaluation phase. :

7 [N »" &
s - ~

<; 2.5.4 \Evaluat1on (Feedback) Phase. When ‘the evaluation phase begins, .
the studeht‘Ts first congratu1ated on having repaired the.¢ircuit and -
~ given his total expend1ture to compare with what it would have cost the '
-~ expert. Lf his utility mode} has converged, 1nd1cat1ng that he is using
the d1sp1ayed attr1hate_7h?3rmat1on in awcons1stent manner,,he is told
that he is now cpns1stent, otherw1se, he Tis told to we1ght the attribute ¢

jnformation more carefu]ly If his ut1]1t1es differ significantly from M

the expert' S5’ he.is told which ones are high and which ones are low; *
otherw1se, he is congratulated as an expert and instruction stops . Pro-
~viding that heﬂhas ‘not yet converged to the expert s ut1]1t1es, the - .
system advance?'to the next circuit - fau]t prob]em ‘and again presents
maAfunctlon symptoms -~ .

2.6 Software - ' T S .

. —_————
- * _ B
/_/’ \, . - .

)

' Two Perceptron?cs documents are ava1]ab]e which descr1be the ACTS soft-
ware. The first, PFSS-1076- 79—8, is a description of the software speci-

fication for: the ACTS. The specifications are accurate for sthe confxgur- ) v L

at1on of the ACTS software.as of the time the fifst exper1menta] study
- was conducted. As a result of the study, some changes-were made which
~will be described in Chapter 3, but’ the thanges d6 not fuﬁdamentaily
. a]ter'the spec1f1cat10ns as descr1bed in PFSS«1076-79-8. This dbcument
1nc1u&es a description of the function as well as of the structure of
the software, including the) various files needed .to run the system. Also,:
‘ ,,programs for 1nstruct10na] pbjectives‘are described. (

. 3 :
.,' ’ !' . 1 . : 'I ' .. '
; 1 . .
|
|
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] . *The second document, PDCNDM-1076 79-7,.1s a_ manua] for deve]op1ng new , .o
';*.d - - circuit modules for the ACTS Generahzed techmques and step by step . .
. procedures are included to aid circuit model deve]opers in creat1ng ) -
| instrictional material, circuit-specific parameters, and software neces- , s
sary to fully uti]iZe the ACTS. The manual describes how™a new circuite
,f ' . modu]e is created-and what instructional matérial is needed to fam111ar~
. ize the student with the characteristics of the. spec1f1c electronic S Rl

- 14
A

' ,‘l; c1rcu1t The c14;u1t-spec1f1c parameters/peeded for implementing the - -

<

. ’ new module in software are explained, as well as the steps’ necessary L ‘-

4

for 1ntegrat1ng the new module with the rest of the: system softWare. -
® Procedures for creating circuit diagrams on the graph1c display, repte-
- senting circuit spec1f1c parameters-1n data, tab]es, and procedures gﬁr
‘generating circuit specific production rules are descr1bed Tin det311 R

- S ¥
. , ..
* - ~ -

« ' Q "A‘/'

&

., The manual emphasizes and descr1bes the spec1a1 ¢6
for 1ntegrat1nd9%he instrictor's and the programmer’

tiohs required ..
‘tasks#when deveTop-

ing new circuit modules and associated lessons. | . T o o
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¢ . 3. RESEARCH ISSUES—

e * P .o M

. - - ‘
-

L d ®

R . . .
Although the major'obabctive of Year 1 was to'deve]op and implement the °
software for the new ACTS as _described ih, the prev1ous‘§ect1on, an

"equa]]y impartant. consideration was to run ‘a pilot study with actual

subJects. The pilot study was needed to y1e1d data concern1ng the su
Jects and the ‘training potential of the ACTS The pilot data were "also
used to test the 'system so that approprlate modifications cou]d be made
for the full-scale study des1ghed for Yeag 2" ‘ o
3.2°  Subjects N ..

- -~

Three students from the Electr1cal Eng1neer1ng Department at E/llfnnn
'6tate University, Northr1dge, were recruited as subjects. The only re-
cruiting requirements were that the subJects have Junior or Sen1or
stanaing, or equ1va1ent experienge, "and thatrthey have a good working
know]edge of Engliish. The purpodes . of these| requﬁrements were, at
first, to mifiimize the need for extensive pre11m1nary tra1n1ng so that |

-

.

-the subJects t1me could be primarily devoted to obta1n1ng data on the -

troubleshooting objgct1ve, and second, to avo1d possible confound1ng ef
fects due to d1ff1cult1es 1% understand1(g the instructional text asso-
c1¢ted\w1th the ACTS.’ =< 7 ‘

¥ [y 5 bt
-

N
. - - I

o l

. 5ome oackground ]nformat1on on the subJects,Was obta1ned‘by means.of a

pre11m1nary quest1onna1re. “Tne subJects were between 19 and 23 years of
age, and they all had some exper1ence in tjoubleshoot1ng electronic cir-
cuits, -as well as in Tnteract1ng‘w1th computer-based systems. -One fe-
male amd two male subJects signed up for the exper1ment 'whtch required
.lwo sessions, each 1ast1ng between 4 and 5 hours. They we;e paid at the

-

e



"base rate of $5,00 per hour and, as an incentive, were told that tney .

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

$4.00 an hour. Good performance was determxned after the data were
collected b§ competing the' three subjects' results with each other.

&
The subjects were paid by mail, followxng thg completxon of their two

sesgxons. S

o
?

360 " Instructions B T\\\\, o,

T

b -

When the subjects arrived for thein first sess1on they were told that
they were 10 part1C1pate 1n a “study designed to train effegtive troub-
1eshoot1ng of an e]ectronrc c1rcu1t. They were seated at the console
and were given a handout wh1ch contd1ned an introduction to the task and
to conhcepts relevant to power supplies in genera], and to the IP28 in
particular. In addition to this_introduct1on, a troub]eshoofing guide
was tncluded in the handout in which measurement .outcomes were defined;
also a_ table of the probab111ty of occurrence of module faults was’
glven, as well as a tab]e specifying the correspondence between faults -
and measurement outcomegh\ An additional table listed the responses )
recognized by the ACTS<and their correspond1ng measurement or replacement
costs. The handout is reproduced n Append1x A. The subjects in the
present study felt that the handouts.were quite clear, and they reported
having no prob]ems mn understand1ng the concepts that were presented.

L]
- ' ¢

The subyects were rufl individua11y,'w1th thé experimeﬂhpr s1tting at a
table nearby. Af%er having ‘reag the handouts, the subjects completed
the preliminary objective presented on the CRT, as discussed in the pre-
vious chapter. Any question was amgwered by paraphrasing the written
Instructions. D : T

L
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3.4 Sequencing

LR Y
y

¥

»

Lurrent}y; the sequence in whieh problems are presenteg to the student
can be 1n one 'of. two modes, random or fixed. The fixed sequence i$ a

. funct1on of the level of u1ff1culty of the problems, ‘with easy prob]ems

being presented at the beginning. of the instructional sequence and

~ becoming 1ncreas1ngly more difficult as the sequence progresses. The

major criterion for determ1ntng the level of difficulty of a problem was
the’ 1og1ca1 complex1tyorequ1red 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 probJems #7 and #8 Can both be iso-
lated by understanding the relationships between the initial (given)
symptoms and the funct1on1ng of the modu]es, but it is rated as medium
in diffaculty bucause it assumes a n1gh level bf understanding of the
modular funet1on1;é§and interactions W1th1n the circuit.

B2

Level.of q1ff1culﬁ§'was defifed as follows: -

3 ) . ~

4 Ay

(1) _Eé§y prob]ems--s1mp1e fault isolation.

LR -

\Z¢; wmwegium problems--fault isolation requires sequencing of
measurements and understanding of modu]ar funct1on1ng and
1nterdct1ons Within the circuit.

Y .
(3) DIfFfIcuTL problems--fault 1solation is in a feedback loop,
requiring multible measurements and a high level of under-
L st;hding of‘the'circuit action. '
] » . ~
The proﬁlem n&mbers, which were not shown to the subjects, reflect in-
creas1né levels of diff{culty, as defiined above. Thus, for the fixed

sequence, subjects were given problems #1 through #14 sequentia]lj; for,
< ‘ ioe 2" N

-~ P -
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the ;andom sequence, the problems ‘were simply se]ected randomly. In the

- present study, the random sequence was preprogrammed and was not random-
1zed anew for eacﬁ/subaect this was a temporary simplification that
Will be chanfed for the Year 2 study.

a
-

' 3.5 Results and Analysis =~ - . .
L - g% . ’ T s "

4

/\
- ~—During the troubleshoot1ng part of the study, the students were aI]owed
. to refer to the tables 1n the handout .which prov1ded information con-
cern1ng the types of measurements that are permissible and the charac-

ter1st1c outcomes, for any given fault.
» -

-

w

The stuaents'. responses were collected and printed out at the end of
each problem. In 4ddition, the experimenter noted the number of times”

the stuaent asked for he]p ana the amount of’ time needed tg soTve'each
' problem. Information concurn1ng the attribute levels of the students'

considerationswas also recorded by the experimenter.

During the first session, two of the students were given the ;/xed
presentat1on sequence, and one student the random present’t/p sequence.
v Tmis urder was reversed for the second session.

1

3.5.1‘ General Results. Table 3-1 summarizes the data on several per-
97 formance measures. The subjects'
for Sessions 1 and 2.

performances are reported individually
The presentat1on order of the probiems can be 1n-
ferred from the problem number: consecutive prob]em numbers represens

the fixed sequence, and noh -consecutive problem numbers the random se-
quence. :

LY

oThe first column of Table 3-1 identifies the subject, the session (i o}*,

2) and the problem number. Columns 2 through 6 represéht summarized ir-

- '\ws . -

\W -

Iy
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- TABLE 3-1

~ SUMMARY’ OF SUBJECTS' PERFORMANCE

1DIFFERENCES BETWEEN EXPERT AND STUDENTS
Z4EAN OF ABSOLUTE WALUES FOR 3 ATTRIBUTES

-

NUMBER OF )
SUBJECT PROBLEM | MEASUREMENT |.NUMBER | UTILITY | . coST  [TIMe
. #  NUMBER | DIFFERENCES! | HELPS | DIFFERENCES?|DIFFERENCES |(MIN) COMMENTS
1 s (10 +1 9 » 48 .0 45 ]
I *2 7 - 2 45" | coNVERGED
P B 0 0 17 0 20 .
13 0 0 13 -2 45
- r - N~ -,
s |1 0”7 0 27—+ 27
£ 12 -1 .0 15 -10 12 | CONVERGED
‘ 3 0 0 15 0o |15
2 | o
28 f1* +1 22 7 +70 120
s 12 0 =] 20 47 -2 45 [MAXIMUM
4 |3 0o - |1 47 R 45 | TIME
\
“s {10 * 0 ;2 47 0 s | -
E ol +1 5 - A7 +8 13 |SYSTEM
v |1 -1 1 47 -8 4 |WENT DOWN °
. 13 0 4 .47 98 -~ |14
3. (1 41 12 47 +70 %0
s |2 -1 8 47 -6 25 ,
e |3 0 .3 .36 +4 12 |MAXIMUM
S 1u +1 .4 .36 +8 % | TiME
a |5 +3 .2 27 e 12 10
6 0. 4 27 0 10
7 0 4 .51 0 7
o s
10 0 3 7 0 16 ,
ole 2 - .26 +30 21 | ONVERGED
s {1 2 1 .26 0 6
2 13 - 0 1 14 -2 23
10 0 0 13 0 5
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formation on each subject's performance. The last column is used for
comments. "Converged" means that the subject's ut111t1es came to match
those of the expert within g certain tolerance limit. In the present
. stuay, convergence automatically stopped the session because the subJecg;
~was assumed to have become an expert. Subject 1 cotverged in both ses-
sions and SubJect 3 converged in the, second session. "Maximum time"' :
means that the session was enoed because the 5 hours allotted to it. were
ed up. This happened for both Subjects 2 ang-é in the first session.
DurTng the second session with Subject 2, the system went down and the

sess10n was enQed for that reason.

~

.
i

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

three of them represent conparisons between the subject's performance
—-and that of the expert. The expert S performance--name]n the sequence
— . of measurements and module rep]acements--was determined theoret1ca]1y by
app1y1ng the expert's model to the dttributes under consideration, name-
ly the reauction in uncertainty, the expected fault 1so]at1on,,and the
" cost of the action. Initially, the uti]ity levels for the expert were
set 1n such a way-that the attribute of cost was given a slightly h1gher
welynt than the otner two attributes, decrease 1n uncertainty and fau]t
- 1so]at1on._ G1ven these assigned attribute we1ghts, the expert's model”
\\\v)' was simply applied to the system to determine the best action sequence
for each fault. This sequence 1S shown 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 ‘
. * shown to the subjects. The sequences of measurements and module re-
. .placements shown 1in Table 3-2 represent the best expected performance in
the long run, a]though they may not be optimal for any particular fault.
.. . TQ?t 1S, 1n any particular case, it is possible for a- subJect to isolate
a tuult more cheaply than the expert, or by using fewer measurements,

S




" TABLE 3-2
OPTIMAL DECISION SEQUENCES (EXPERT)

FAULT = COST  SEQUENCE

-

120 TP4REPO TPIDCVR TP3ACVR TPIACVR TRA

1
2 + 92 TPAREPO TPIDCVR TP3ACVR TPIACVR REC
3 ., 116  TP4REPO TPIDCVR TP3ACVR- TP4DCVR SOU
. 4 90 TP4RERO  VOL
5 90 . - TP4RERO LIM
6 58  TPSDCVR STA
Ty 50 _SEN
8 130 SEN LIM
. 9 116 TP4REPO TPIDCVR TP3ACVR TP4DCVR SER °
10 88 TPSDCVR "VOL
11 58°  TPSDCVR. STA .
12 88 - TP4REPO TPIDCVR TPSDCVR REG
- 13 88  TP4REPO TPODEVR TP8DCVR REF
14 186 TP4REPO TPODCVR TPSDCVR REF TRA
- ¥
' P 5 - '
. - 3.7 ,
- 48

. . *
N . -, -
- . L. o .
. 4 i B - .
£l - -




TABLE 3-2 (CONTINUED)
EXPLANKTiON OF -ACTION CODES:

[

Any three letter segquence corresponds to ‘a module replacement. The fu11
i meaangs of each module rep]acement abbreviation are given below:

'TRA - Transformer

‘REC - Rectifier —- .

SOU - Current Source ‘ .
SER - Series Regulator - —

SEN - Current Sense _ <

'ng - Current Limiter
VoL - Vo]tage Limiter N

REF - Reference Rectifier and Filter L : F
REG ~ Reference Regulator
STA - Output Stage .

(See -A-12, Figure 2) A - ,' ,

The seven letter strings refer to measurements. The first three
characters refer "to the major test point (See A-12, Figure 2). The
next two characters can be any of the following- possibilities:

/
AC - Alternating Current .
DC' = Direct Current s o -
- -RE - Resistance ; ’ N

M-

The final two characters cén be any of the following_possjbilities:

‘ -~
.=

AN

VR - Voltage Regutated
CR - Current Regulated
PO - Power Off .

Thus, TP4REPO means a mea5urement with maJor test point 4, resistance

check, in power off mode. )

N

~
<

e

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

expeirt's model. optimizes all troubleshooting seqﬁences.

]

3.5.0  Number of Measurements. As can be seen from Table 3-2, the op-

timum number of measurements requiréq to 1solate a fault varies widely
across problems. In some cases, a fgu]t'can be isolated ip a single
measurement, wnile in others, as many as five measurements are needed
m}nima11y. It would be meaningless, therefore, to Tist the number of
measurements made by each subjéct‘on_a given problem; rather, the per-
formance measure reflects thé difference between the number of measure-
ments made by the subject ana tnd opfimum number suggested by thé~_

-

expert's model. ‘ _ . A

Y / , . ' .
The difference between the 'subjects/c and the expert's number of measure-
meNts 1s shown in column 2 of Table 3-1. Positive numbers meap that the
subyect made more measureménts than the expert, zero means that the
number of measurgments ‘was the same {but not necessarily that the meas-
.urements tnemse]veg were 1dentical),. 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 so]utipn may appear more effi-

cient, 1t does not 1mply that such a solution follows the rules of opJ
tunal decision making. ' ' C

3.5.nA Help Option. ~The help optdon provides the expert's considera-
tions for any’ given action .and ranks those considerations. from best to
worst, based on the multi-attribute uti}ity model. By continually using
the help option, therefore; a sﬁbJéQt could conceivabTy isolate a fault
and replace the correct module 10 the most efficient mannér without
'1earn1ng the decision-making procedhres inherent in the ACTS. According
T0 the built-in criteria, a subject could then become an'expertﬂat
troubleshouting electronic circuits simply by following the expert's




A
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considerations, unless the subject's utilities are differentially

trainea as a function of-u§1ng help. Thus, whenever help is’ used, the |
trdining of the subgect's model is deactivated, 1mp1y1ng that the

subJect's performance does not reflect any learning. -

I ) . i -

s discussed in the previpus chapter, help could be obtained at several

points in the course of isolating a fault. For each problem so]véd the -
experimenter counted the number of times the help option was used by the .
subjects, and th1s count is-reported in column 3 of Table. 3-1.. The e S

number of tTme§“he1p was used varies a great deal ovg;ﬁggnaects, 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, but.it may also 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 1#t-
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 certa1n correspondence between the amount of h 't
help used* and the d1ff1cu1ty each subject experienced with the system.
Subyect 1, _who converged rapidly in both sessions, only used the he]p
option for the first<two prob]emsn while Subjects 2 and 3 used it

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

" durtng the second. sess10n was noticeably less than during the first ses-
"sion. An additional reason for the decrease 1nmtheiuse of help is-that’
the handout provided the subjects with sufficient information for them .

0 make reéasonable selections without the u§§”§¥’he]p. That is, the
tables gave them all the options necessary to effectively troubleshoot:
the circuit. “

*
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3.5.5.  Utility Differences. Changes over time in the differences
" between the subgects' ytilities and those of the expert reflect the

.+ adaptation of the subjects' behavior to correspond more clo$ely to that
of the expert. This comes about as 4 ré%u]t of the feedback provided at
the end of each problem which informs the subjects when they appear to
welgh one or another of the aﬁtributes 100 heavily or too little.

) Chan‘iheir behavior in response to this feedback causes their utili-
O T1es :2/§rgdually match those of the_expg}t, producing,convergence of
. the two models. " )

+ -

The dgifferences between thé subjects' utilities and those of the éxpért
are shéwn in column 4 .of Table 3-1 and 1n Figures 3-1 to 3-4. Column 4

- of Table 3-1 and‘F1gure 3-1 show the mega-of those differences, while
) Figures 2-2 to 3-4 show the changes‘Tﬁ’fsz utility differences for the

1nd1¢1dudl attributes. Since some of the utilities aré negative, the&§
mean was calculated by taking the absolute differences between subjects

> dha experts. * . N

. % -
P
*
L=

The ut1l1ey differences on 1ndividual attributes appear almost erratic
from problen to problem, but when the mean of the differences is used,

‘tne progression of the subjects' behavior is more apparent. - 0

.

kltndugh all performance measures suggest that some learning is taking
p]a?E, utility dﬁfferences‘probably reflect con;éngénce of the two )

.~ moaels, and hence learning, better £han any of the other performance

. measures. This learming is readily reflected in Figure 3-1. - ° ’

&

From both sets of data, the individual and the mean differences, it 1s
‘ cleqr that Subject 1 became very rapidly familiar with the System, a

result which is alsd reflected in the amount of help used and the time
« taken per problem\S A simi]ar result was obtained for Subject 3: all N U M

«

- - » - ‘.\."'
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performance measures 1mproved over t1me even dur1ng the first_session,
) including his dects1on mak1ng performance, even though he on]y converged
L durtgg’;he second sess1qy. : . oo "
' : ’ , } ..

While convérgence of the utilities appears to be reflected in similar .
1mprovements on the other measures, the obverse is not necessar11y true.
Improvements can be observed on some measures w1thout corespond1ng con- '
vergence of-the utilities. For examp]e the amourit of help used and the |
) time taken per problem aid 1mprove over trials for Subject 2, but his 4 ) ¥
. . ut111t1es remdinea quite stab]e across all problems, suggesting that’ )
- this SUbJeCt was not 1earn1ng to match the expert S mode1 agd\phat he -

was not mak1ng effective decisions.

[

- gated 1n Year 2. BN g . ) : - |
{ ’ ' : |
% < . 3 ’
Deécreases 1n utility differences mean that'subjects are learning to o
‘ troubleshoot the circuit efficiently with respect to their decision- ‘

makang behaw1or, and -are ccrre]ated with the concept of convergence.

- ' For Supject 1, the mean difference dr0ps below .20 on the second problem
. already and remains there for all the other problems; thus, Subyect 1 -
converged to the expert s model a1most 1mmedfate1y, match1ng her deci-,
s10n benavier to that of the expert. It 1s‘equally clear from Figure . .
3-1 that Subject 2 did not cofverge: the mean d1fferencE ‘dropped once to
less than .20, but then 1ncreased ‘again; Subject 2 theré&fore, did not
]earn the dppropriate decision behavior. The curve.for Subject 3 ap- ‘ -
pears to thd towards convergence in-the first session, ‘but then the ‘ i
d1fference ifcreases again on problem 7;-dtring the second session, on E

‘ the other_ hand,_the mean utility_ d1fferencefdecneasesgstead%lyJﬁand_sub- S

- JELt 3ad1d acthieve convergence. - “ Lo

N
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3.5.6  Time Per Problem. 'Uf!the tgve hours allotted to each sess1on,

sapproxwmately one hour was used up for the instruction and the pre11m-

minary objective«— Even tnough there is a real time clock 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 amoynt of time needed for each prob-

2e 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-1s also clearly etident, as shown in column 6 of Table 3-1 and
n Table 3-3 which gives the mean time per problem in the two sessions -~
for each subject. The actual number of minutes spent on each problem 1§

* shown 1n. Figure 3-5 for each,supject. The two sessions are indicatedﬁby

a break 1n ves for each subJect. S1nce the number of prob]ems'

for each 'subject.

3

#Tgurefa-s Clearly shqws the sharp decrease in the amount of t1me needed
per problem, espec1a1T;\UVer the first swg problems for SubJects 1 and

. Subgect 2 required so much time for each prob]em ip Session 1 that T

he was only.able to solve tnree problems in the a11o4;ﬂd/t1me (approx1-
mate]y four hours). However, much saving can be 65’erved ‘at the begin-
ning of Session 2 (from 45 minutes to 10 minutes).

. ) ' ‘.
These decredses in time and savings over the two sessions are pr1mar11y
g@tr1butable 10 1ncreases in familiarity with the Ssystem, 1nc1ud1ng the

consoles, the types of a11owab1e measurements, and the responses to be

made. This 1S evident Sfrom the sharp drop observed after problem 1. 'It




\_ TABLE 3-3

«d

- %, AVERAGE TIME PER PROBLEM* y
5 -NUMBER OF - NUMBER OF
SUBJECT SESSION PROBLEMS SESSJON PROBLEMS
NUMBER 1 SOLVED 2, SOLVED.
1 27 min . 4 15 min 3
\ 2 70 min 3 10 min g
3 23 min 7 . 14 min © 5
i X
- bl /. g s
.o ‘ .
.Q "o /
.
% 3-.181
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1s not attributable to the d1ff1cu1ty level of the problems, s1nce the |
d1ff1cu]ty Tevel for Subjects 2 and 3 increased over time, and was ran-
aom for Subjéct 1. It 1s clear that for the Year 2 study, a few prob-
lems must be presented to all subjects to fam111ar1ze them w1th the
operation of the system if meaningful eva]uat1ons are to be .obtained e
from the vardous experimental groups. -

<«

’

Number of Problems So'lved. 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 td this.
Firsi, there was a t1me”11m1tation as discussed earlier. Thus SubJect
2, WigSe mean time for Session 1 was 70 mif(tes peﬁ problem, was only-
able to solve three problems dur]ng that timey in contrast to Subject 3
wno solved seven prob]ems: Second, the parameters'of the program were
such tnat when & subgect's 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 and- con-
sistent decisions, and thus become an expert within a few trials.

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

ficient way of using the ACTS 1n-an actual training situation. For ex-

perimental and evaluation’purposes, however,.it is necessary to have a
greatl deal of data that are comparable across subjects. For this rea-
son, tn1s option-will be changed in the Year 2 study. .Even if subjects

40" beeome experts, they will continue to so]ve prob]ems unt11 the number

uf prqé]ems specified in the experimental des1gn have been run.

<

2.5.7 Debriefing Questionnaire. The subjects were §iven a debriefing
questionnaire at the end.of the first session, as shown in Tab}e 3-4.

#Aeeggﬁﬁfgggggginugenera47~el1—squeces~fe}t—that~they~had~1earned~to’0ptfmTQE’the""‘"~47-ﬁf'

types of measurements to make in order to isolate the fault as effi-

3.20 61 | ' \\
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" We appreciate yoar contribution taa and'pariicipation in,.this experi-
—————ment.— Thank you. y - -

. ) TABLE 3-4 J '

' - -DEBRIEFING QUESTIONNAIRE - . .
Do you feel you learned anything? ) If so, what? -
If not, what would you have liked to learn? .
Were you confused about an}thing?' What?

. A\
Did you find the "Help" option useful?
4. . In general, did you agree with the_expert's.suggestions?

Would you have 1iked more help? '
If yes, for what actions? ’ -

L g

Inmwhat format?

T e e e - e -

»

1

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

‘ )




‘yuestion 72, asking if they were coﬁfused about anything:

However, all subjects also answered-positively to
One sabject

clently as' possible.

a1d not'understand what the expert's choices were based on, another sub-
Ject felt that the “cd@puter was inconsistent with its input,” and the
third subject wondered about the purpose of the modules and their rela-
., tionship,to each Otper. They all felt the “He]p“ option was useful and,
m genera], agreed with the expepx s choices. OnLy one subject (Subject
) d1d4not want help; the other two would have l1ked more help in under-
standing .the information prov1ded by the expert, perhaps 1n the form of
an example 1n the handout, and an exp]anat1on of how the expert S

These prob]ems are the result of the abbrevi-
ated use of pre11m1nary objectives and will be easily remedied in the

choies were arr1ved at.

future. . 4 . . . .
3.6 "~ Discussijon

&
3.6.1 Learning Effects. Overall, the results appear promising in ~

terms of the training potestial of the ACTS. A greg: deal of learning
-appears to-have 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 sessjoﬁs were separated by at least one week
sfor- all subjects.. Even Subject 2, whose utilities did not converge to
those of the eXpert, Shows transfer of Tearning on the amount of help
used ana the time taken per prob]em. Subjects ‘T and 3 exhibited learn-
1ny and transfer on all performance measures. K
From the figires, it is,cleér that a great deal of the learning occurs
in the 1nitial irials; and this is probably more likely to be related to
the processes of familiarization with, the equipment and the task, than

11
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also suggest that this familiarization process d does not take more than
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one or two trials. In order to eliminate these effects in the Year 2
study therefore, the first sessiom will begin w{th 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 types of help.

2 . .- -,

b}
3.0.2 Sequencing Effects. The question of different effects attri-

butable to the sequencing of. problems cannot be answered at this' times

since the aifferences 1n the subjects' abilities were so-large and so

few subjects were available. Effects of sequencing will depend a great
aea] on the accuracy with which problem d1ff1cu1£y can be 1dent1fJed.
From the results, it apears that some prob%gms which ‘were identified as
) sonewnat difficylt, were 1n fict easy for the subjects to solve. There
are at 1$psp Lyo confound1ng,factors which impinge on the interpretation
of the problem aifficulty.

Hdndout", tne Other 1s concerned with the Tevel of the studepts' abili-

One will be discussed below under "Use of

“ty: for co]]ege level students, hav1ng some background in electronics,
problems 1aentified as being of medium difficulty may in fact be- as sim-
jhe as the easy problems, -since difficulty is related to the logigcal

omplexﬂiy 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 Tess experience in dealing with logical

complexity.

In order To avoid this problem tn the Year 2 study, a base rate for
problem difficulty will be established using performance on the random
Suquéﬁée. A problem's Tevel of difficulty, therefore, w111 be empiri-
.3511y rather than ]og1ca11y geterm1ned A]though this v1olates the
" stanaard practice of random assignment of subje¢ts to groups, the bene-
f1ts of bh1s approach outwe1gh the dangers of partza]Ty v1o1at1ng the

Al
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randon assignment directive. 2 -
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3.0.3 Use of Handout. The first factor mentioned above, which would “ .
prevent evaluating sequence effects, has to do with the use of the han-

aouts.,, and especially, the availability of Table 2 of this handout,

s e

.showing the match between module faults and measurement set. This table *
shows exactly what., types of measurements should be made, given different b
types of 1nitial outcomes, so that a br}th student can iq fact yse this

table exclusively, without ever using the help opgidh. A1l the students .
in the p1lot study d¥scovéred this quite rapidly. o (/l

-

. ) . {
¥
¥

' The use of such a handout 15 5cceptab1e as a traiping device, but there

e aré at least twd considerations to keep in m{nd:_ The first is that the
ACTS.On]y incorporates single fau1t§ and the characteristic measurements
obtained are fairly straight forward. In an actual tr03945§hooting en-
vironment, however, there is po guarantee that a fau1t§ circuit will -
have a S1ng1eafau1t aibreakdown could be the result of a combination of
faulty modules 0pv1ous1y, in such a case, the measurements would not
be as Stra1ghtforwarﬁ as those 1vsted in Tab]e 2 of the handout. Meas-
urement outccmes 1n the ACTS are given as. high, normal, low, or zero,

. but 1n en actual & v1ronment, the measurement outcomes are numbers which

- ., nave to be evaluated. For example, an outcome that is s1i§ht}}~550ve‘
normal could 1n fact be normal or high. This type of decision cannot be
tra1ned by the-current version of the ACTS, and its poss1b1e effect ih

. . evaiuat1ng transfer to actual equipment ‘will have to be kept in mind.

-

AY

-

. The second coﬁs1deratiod in the use of handouts coneerns the types of
xleqrn1ng that can take place during an ACTS session. On the one hand,
one may emphaghze the cognitive aspects of training to troubleshoot a

“¢ircuit. In'this case, it is advisabie to use as many cognitive aids
‘{such as handouts and charts) as possible and to emphasize background

, mechanistic training.device where responses become differentially re16:
*
. ‘ C . ) . . .
. . .
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forced, through a cond1t1on1ng process " That is, it is quite conceivable
that the appropriate responses, fhose wh1ch correctly utilize the attri-
bute information prov1ded 11 become trained simply as a result-of re-
‘-peated trials w1thAfa1r1y immediate feedback. In this case, the use of
cognitive aids would not be beneficial Thus, whether handouts or_ other
aids are used in conJunct1on with the ACTS must be determined in re]a—
. tion to the ,cogmtwe abilities of the students us1ng the ACTS &nd to
‘ the tra1n1ng obJect1ves -of -the school.

4 A
=

For the Year étztudy, a combination of these two extremes has been selected.
The handout will be made available to the subJects during 1n1ttal,t5a1n1ng,
for approx1mate1y three prob]ems, to give the subjects.an opportunity to
understand the relationship between measurements and module faults._ Fur-

* ther training, however”'w%11 be done without the handout. ‘

© 3.6.4 Sliding Window. Aside from the improvement already discussed,

.9

a change in the sliding window was made. The sliding windew refers to
the number oﬁ problems over which the training weights are calculated.

The s1iding window of size N cons1sts of training information for the last
N choices se]ected by the student during decision cycles where help was
not invoked. Decision cycles involving help disallow any student mode]
training and thus are not 1nvo1ved in <onstructing “the window. Two
statistics are available from the window: (a) total number of times
training eccurred out;of N, and (b) sum of the absolute values of all
adjustments to the model for these N deci'sions.

In the pilot study, the s1iding window parameter was 3, so that the utility -
weights were calculated for problems 1-3, 2-4, and so forth. This tends '
o produce véryxrapid convergence, with some probability of spurious '

» results. It was therefore decided to make the sliding window.dynamic,

B 5
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wh1ch means that the parameter can be changed accord1ng to current needs.
For demonstrat1on purposes, for example, when rapid convergence is desir- °
able, the size %f the window can be made small, but during an exper1ment
or for tra1n1;g the parameter can be accord1ngly increased. - /

»

3.6.5 New Rerformance Report Printout. On_ the basis of the p1Tot
studies perfonned the performance report has been c8mp1ete1y rev1sed
pr1mar11y to obtain more detail of the subJects behav1or. The new report
is shown vh Table 3-5. Table 3-6 exp11cates the report. For each action, ?
the‘studaét s considerations, attribute levels and expert s choices will
be pr1nted out; the actual action selected and its ggtcome will be shown,
as we]h as ongoing changes in the student's utilittes. This differs from
the pyﬂot study in that information {s obt;1ned after each action, rather
than just at the end-of each problem. 0vera11 this report provides‘a
perfprmance record which traces every dec1s1on make by the ACTS student.
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- . i TABLE 3-5

~©  PRINT-QUT REQUIREMENTS ;FOR' -

ACTS80 TROUBLESHOOTING OBJECTIVE

e . - -
. ’ £} . 3
. .

STUDENT:+
CIRCUIT!

' AGE:
FAULT:

= SLIDING WINDOW:

@
€ + STUDENT INPUT SEQUENCE:

’ * STUDENT'S

X . _ CONSIDERATIONS , LEVELS

RN

. .. ACTION SELECTED:
S ACTION OUTCOME:
SUBSEQUENT UTILITIES:
. UTILITY mrrsizsnczsg?;

TYPE OF HELP:

Lo (PRINT AFTER EACH ACTION)

STUDENT WEIGHTS:

?'vd_... -~
&

~

2 _
EXTRA SPACE FOR OTHER COMMENTS i

. _DATE:

_ ATTRIBUTE

i !TIME" TO BE FILLED OUT BY EXPERIMENTER ~

" B

&\

’ HELP AVAILABLE: FEEDBACK AVATLABLE:

'/ *

.
-

/ L]
3

" EXPERT'S CHOICES
(WHEN “HELP" IS USED)

. UTILITY RATIOS:
SEIDING WINDOW PERFORMANCE:
CLOSENESS TO EXPERT:
CONVERGENCE : -

’

. o
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o et T . REPORT CONTENT DEFINITION ) , o
- S - N . L. . ‘ . v
- T - < ~ ) ) : - t
. The information content for each label in the ACTSS0 Troubleshood;a"\ - . -
¢ . LA Printout is described belgw: .  : - .
T sTwmNt ) _ Student's name . . — Y
. - oA X \Student‘s age ) - .
: - DATE " Data of experjment T e - . , &
- © CIRCUIT " f - 1p-28 &mr supply i ,
S o ’ 2 - AS000 powar supply . E e .
‘ - FAULT ' - Fault no.afor current prob'lem ) oo A =
= I HELP-AVAILABLE ¢ 0 <m0 . ~ #. .
* : ~ . ) v ' < " \
- . : FEEDBACK AVAILABLE ' 0 - no ' o ot B
, ) . ¢ -, - 1.- yes 4 . o~ N
SL,IDING WINDOW - .The no., n% qf most recent act'lan choiges used to o o~ N
chec® for consistency in student hodel” - P *
) “STUDENT"S cou;menmous The names of the actions that the student considered . ,
."ATTRIBUTE LEVELS « The attribute levels for tiie ‘student's cons1deratfons . A “
EXPERT'S CHOICES.. . . The expert's considerations by- name . . L ..
- v ACTION SELECTED , ~ °  The name of the’ ac‘ion chosen by the student - Lo~ ' .
o, . ACTION OUTCOME -~ The outcome of the “action performed (. g., "L" \ L.
. > T % for-low) BN
« : , SUBSEQUENT UTILITIES The student's moded, values after the action, t '
PN -, " UTILITY OIFFERENCES - The diffarences between the, experts and the - A
. ’ ; ~8____ .~ student’s model valdes . , . )
’ e UTILITY RATI0S — , The ratios of the studant’ s utﬂities -
- SLIDING WINDOW - The amount of training occurring over the most e, Ko
K—\, "PERFORMANCE recent n decisions :
oo CLUSENESS TO EXPERT The cosine of.the dngle between the expart s and S .
0 . S S o ——— students wéight vectors - s - T - AU -4 .
i - . * CONVERGENCE - . Yes - $nall amount of trainfhg of student s model ) = Lo
. . * - . rover sliding window . S '
LT ) . ot fio = Larger amount of training of student's model <« S, L
B : ! : ' over s1fding window . ] . ~ N N
) TYPE OF HELP . 1. Expert’s consideratfons requested LT, " . .
, « N ] R . * e 2 - Expert's tradeoffs for expert's cons rat‘lan . . ' 3 » .
=L L - *. requested - . .
U ) e 3 - Expert's, tradeoffs for studant's confiderations . . o
- i 4 - s : requested e o - .. o ;-; . N
ey . * i 4 « Exgert's rank'lng of student s considerat'lons o 5 SR
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APPENDIX A
STUDENT HANDOUT

Introduction o ' T . .

R

- -

L

You are a subject in an experimental program designed to he1p deveiop
computer-assisted instruction foruteaching;e1ectronic troub]eshooting
The system enables you to get actual troub]eshoot1ng experience in a
simulated environment.. You wf]] work with a computer term1na1 which has

‘a keyboard and a CRT display w1th‘zraph1cg capability.- The goa] of the
v

current exper1menta1 series.is to -evaluate the teaching effectiyveness of

the system under varieus exper1menta1 confngurat1ons + Specifically, we'yge
interested in how much and how fast you learn as you work with the system. *
On-1line measures will be used to evaluate your 1earn1ng progress and to

adJUSt furthéf jnstruction to your- 3earn1ng needs. :

*

" You will be work1ng w1th the Adapt1ve Computer1zed Tra1n1ng System (ACTS).
. The ACTS is adapt1ve in that it 1earns the troub]eshoot1ng behavior of the _
) student. For~ th1s reason-it is 1mportant that you be as 'consistent as .

possible in your approach to troubleshooting. The more consistent you
are, the faster ACTS will be able to Tearn youi/iijt1CU]ar values and

: g1ve 1nstruct1ona1 feedback which is resporsive to/ your learning needs.

b -

Included here-in is an 1ntroduct1on to power supplies, which you should
study in order to -learn the background material required for your on-11ne .
troubleshooting practice. Following the introduction will ‘be a trouble-
shooting guide , which 1s to be ‘used for reference during troub1eshq9t1nq.‘
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-availablé power source.

INTRODUCTION TO POWER SUPPLIES
A power supp]y is a’ source. of electrical energy. It supplies the energy
needed by various c1rcu1ts and electrical 5ém\pes £« funct1on These cir- -
cuits and electrical devices, being users of electrical energy, are known
as lqads. fhe purpose of a power supply is to provide electrical energy
or power for use by a load.

»
b

3
d
.

A power supply may be either self-coptained, such as a baFtery Sor may
transform one form‘o?.e1ectrica1 energy into other, more uehful forms.

In this discussion, we are concerned with the latter.
: A . oo

' Electrical enerdy e%ists in many different forms and levels. Two primary

forms are alternating current, or A.C., and dirg€t current, or D. C A.C.

is characterized by a constantlychanging wave of e]ectr1ca1 energy, where-
as D.C. is character1zed by a constant, non- changxng 1eve] of electrical
energy. The magn1tude or 1qve1 of an A.C. or D.C. signal may be of any
numerical value, an éxaﬁp]e bqtng a high Tevel (160), or a low 1eve] (10).

L]
L)

Often, the energy pequirement'of form and magnitude of a load cannot be
metghy the available-source of power An ‘example of this wou]d be a load
requiring a Tow level D.C. with an available source of power ‘of high 1eve1
A.C. A power supp]y may be used to convert the high Tevel A.C. to the 1ow
level D.C. required by the load. Such a power Supply would have an 1nput

" to which the. source of power would be applied, and an outpuf through which

the converted D.C. would be supplied ta the load. A power supp]y mayybe
used ta match the requirements of a 1oad'with the characteristics of a

iv e
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‘ . INTRODUCTION TO THE IP-28 POWER SUPPLY

The IP-28 powe? supply is designed 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. A1l
power used for operat1on of the IP-28 comes from the s1ng]e A.C. input.
A1l power used by the load comes from the single D.C. output.

"

Certain characteristics of the IP-28's D.C. output are qaintained, or
regulated, at a constant level. This regulation is aéhie!ea 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 characterisfic of current, or flow of electrical energy, are
both regulated in this way. Because of this, the ogtpui 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 regu]atb at high or low. The
value of the load dictates whether vo]tage or current regulation is taking
place.” Should the load drain excess1v&_current from the output at the
regulated voltage value, the current would be regulated. Otherwise, the
output voltage would pe regulated. .

FUNCTIONAL BLOCKS
T~

Within the IP-28, three major Ffunctional blogks, the D. C. bower source,

the reference source, and the regu]ator (see Figure 1) operate and
1nteract'to convert power from ‘the A.C. input into an adjustable D.C. out-
put. Each functional b!ock performs specific.operations, which we will now
consider. ‘ . 5 '
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The D.G. péﬁer source ¢anverts the A.C. input power to D.C. The D.C. out-

put of the D. C. power sourcé consists of the common line and the connect1on

to the regulator. "
| o :

The,reference source provides an adjustable D.C. output. This adjustable.
D.%( output is connected to the regu]ator;end an output line. The reference
source converts A.C. power carried by thextwo lines cornected to the D.C.
power- source to thé adjustable D.C. output‘ v

The outRut of the regu%ator is current or voltage_regulated D.C. and is
connected to the output of the IP-28. The regulator draws D.C. power from
theioutput of the D.C. power soburce and passes to the output of the IP-28
the proper D.C. voltage or current level. The vcitage Tevel between the-
line from the reference source to the regulator and common, called the

feedback vo1ta§e, is used by the regulator to regulate the output voltage.

The feedbacké;o]tage level is the result of the difference begﬁeenfthe
output voltage level and the reference source_D.C. output voltage level.
Changes in the output vthage or the reference source output voitage will
cause the regulator to make an opposite change ¥n the output voltage.

The regulated output vpltage 1eve1 can be changed by adJustwng the reference
source output voltage. The regu]ated output voltage level can be kept
constant if changes in load conditions do not result 1n an excessive output
current level.

S D:C. POWER SOURCE MODULES ‘
Each of the functional b1ocks of the IP 28 can be d1v1ded into modules;
or small functional unjts. The subJect of th1s discussion is the_modular
makeup of the D.C. power source anq how these modules operate and interact
to perform as. the D.C. power source fumstional block.
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S

~‘ihe D.é. 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.

-

.

N . . -
-

The function-of the D.C. power source is performed by .two modules: the
transformer and the regtifier and filter.
The transformer, drawing upon the A.C. input, produces an A.C. output >

whose Jvoltage and configuration is compatible with the rectifier and-
filter module.
displayed in the diagram, Figuré 1.
and the A.C. voltage between the common center line and the two outer
lines provides A.C.

The output of the.transformer consists of three lines as
The cénter line is the common 1ine,

voltage to the.rect1f1er and filter.

t . . .
The rectifier and fiilter convert the A.C. power from the transformer's
output to D.C/ The' oathbut of the mectifier 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 is_...

.

delivered to the regulator. . o

- -

-

REFERENCE SOURCE MODULES"

L

'THé-referenEe source Bgrforms théitask of providing an adjustable D.C.

Modules contained
within the reference source work together to perform this task.

vdltage needed by the regulator for.voltage regulation.

-

P

‘The reference supply is made up of the following modules:




-

4 « ]

~Trans former » . . : \
Reference Rectifier and Fitter (REF RECT & FILTER) ‘,

Beference Regulator” (REF REG)

r—— ‘f)} N

* * Qutput Stage .

- ®
N

Refer to the diagram (Figure 1) and recognize their placement and inter-

«connections.

Ihe reference source shares the transformer with the D.C. power Source.
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 supp]y the task of converting the
A.C. 1nput voltage to an A.C. voltage needed by the reference rectifier
and filter. . '

-

The reference rectifier and filter cpnverts the A.C. from the transformer
to D.C. The output‘gf the reference_rectifier and f#iter, consisting of

“the lTine connected to the reference regulator and the reference common ;

{REF COM) 1ine, supplies D.C. to the reference regulator.

The reference regulator draws upon the D C. from the reference rect1(1er
and filter and produces a constant. D.C. vo]tage output needed by the out- ~
put stage.

The 1ine tonnecting the reference regulator to the reference common line,
as it 1§ also with the reference rectifier and filter, is a common input
and output line to that module.

The outﬁht_stage uses the constant D.C. voltage firom the reference regulator

"to produce an adjustable D.C. veltage output. Within the output stage is

a means to adgust the D.C. voltage between the line connected from the
uctput stage to the output line, and the line connected to the regu]ator

3 - . e F

-
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In summary, the transformer converts the A.C. 1nput vo]tage, the reference
rect1f1er and filter ¢hanges the converted A.C. to D: C ; the reference
regu]ator stabilizes the D.C. 3 and the output stage provides a means for
adjusting the D.C. These actions perform the task requ1red of the
reference source. . L ’; .

REGULATION MODULES : , .
The regulator passes the proper amount of D.C. voltage or current from the
D.C. power source to the output. The regu]ator has two modes of operat1on,
éither vo1tage regu]at1on or current regu]at1on

-

1. VOLTAGE REGULATION MODULES
The modﬁ]es contained within the regulator which perform voltage -requlation
are:

Current source” (CURR SOURCE) v
Series requlator (SERIES REG)

Vo1tage Timiter (VOLT LIMITER)
. ‘ 4

- U

Refer to the diagram, (Fxgure r) and recognize their p?acement and inter-
connection. ”

I
~

s

The current source prov1des the proper flow of current to the series Fegu-
lator and to the voltage limiter to insure their operation. The current

" source draws current from the D.C. power sourke and outputs a constant and
" proper afiount of current to the series regulator and voltage 1imit%r.

The ser1es regulator |is p]aced between the output and the D.C. power source
so that the power to |the output can be contro#kgf' The output voltage
Tevel of the series riegulator is controlled-byy and proport1ona1 to, the

s
;

H .
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voltage level between the line connected to the base of the series regula--
tor and common, called the contro] voltage or control s1gna1.

The voltage limiter conducts different amounts of current from the current
source. . The more current condugcted by the voltage limiter,.the Tower-the
control- voltage. ’

The amount of current conducted.by t&e voltage fimiter je 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 vo1tage 11m1ter and the Tower the contro]
voltage.

2. CURRENT REGULATION MODULES -

d%_,, -
The regu]ator performs both current and vo1tage regulation. In addi tion ~
to. the current source, the ser1es regulator, and the voltage limiter, the

regu]ator contains the current sense and current Tlimiter modules.

Current regulation or Timiting is the result.gg the current 1imiterjpodufe
-causing a drop-in the control signal-voltage across-the current sense.

This voltage drop across the current sense is directly proportional to the
output current. When the oytput cu%re\f'is at a certdin level, the voltage
drop across the current sense will be high enough to cause the current ‘
11m1ter to reducethe&:oE;rGT signal. The output current Tevel at which
this occurs, ca]]ed t urrent limit level, can be changed by means of
en"adjustment within the current sense module. When' the output current is
less lﬁan the current 1limit level, the'vo]tage drop across;the current
sense will mot cause the current limiter to reduce the control voltage.

i g




When the ‘output current is below the ‘current limit level, the current
— 1imifér'has no effegt on output voitage regulation as performed by the
current source, the series regulator, and the voltage limiter. If the
output current is greater than the current Timit level, the current limiter
will lower the control signal voltage by cpnducting current from the
current source through the load to common. The resulting drop in the con-
trol signal voltage will calise the series regulator to lower the output .
: ‘vo1tage The decrease in output voltage will lower the output current
until’ it 1s at the current limit level.

v : ’ .




e} 4 ;- ;«,\; -. adl . B " : ) : ,‘. vt - . h: =
N ‘ . . . h o~ ' ‘c\“,‘ - . ’ 3 'ij‘ . :
. AR C A e
A ‘ et TROUBLESHOOTI‘NG GUIDE - N
. ‘_1 ~ 50 e - AR . - o o ‘; ‘ ‘ }; -
. :y\f’ . The\d1sp1ay will be as \shown in F1gure 2+ " Each module 1s abbreviated with .- v
: o the three’ 1etters b51ghte-ned on your display and underh ned in Figure 27 T » 3
. ..’. Nhen you must refer to:maﬁule (as when you rep]ace a modu}e), it is
,_ necessary to -use the three letter abbrevratmns. The tables which follow - _ “,
Lo also us,e- these ab‘o&e?hons. Not1ce that various test poi nts are repyé-
‘ i‘* . sented on the djagw (e.9., P1, TP2 ‘etel). It is necessary to use these
; SRR . three character test po1nt 1abe1s to “take circuit measurements. The: table}; '
et *in the’ lower, Teft porsion of; d1sp1ay (see Fﬁgure 2) 11sts the meas%re-" o
N, - mefits with three xolumns correspondmg to the three types of measurements ’,,
\ev’\ , ' vo}ta.ge current anﬁ *resistance. The outcome of each measu“remént you take T
M o s ‘nsted Jn the appropr1 ate place in the table. Measurement results ate ’ .
- presentecj, m a sem 1nterpreted form to save you the’ trouble of con§u1t1ng ' C e
f L a table of normal’ va1ues Thus aH measurements have one. of -the following )
{‘- " outcomes. . . ’ﬂ,‘i‘ . - ' . o g{ ’
‘-*«ﬂ‘ L. R . - Cel - . B <
e e e JETOR Norma] {N"or btank) . : S
sl T T e T kigh () s TS |
RN i‘ L ( Ioo‘ Low' (L) g LT :
T = Zero @ . .- S y
NS L. s o . .o :
: S .. “ N ) 3 . Lo
3 Table 1 hsts each fault and 1tscprobabﬂ1ty of occurrenée.. A good trouble- -
‘ l shooter takes these grobabﬂwt’iesa nto account while mak1ng troub1es,hoot1ng_3
L decisions. Tab'te 1 uses the modu]e abbre?am ons meﬁt1 oned Sarlier as
. weH as the following” abbrev1at1ons to re’er to faﬂures. ‘
S e T L e o . '.‘ . : e,
S e e s .. OPN =;0pen~s" ~ ST e
s }: .. ., ' k,,.:_ g o .;‘ W SHT = ShOY‘t ‘ . - . d _ "y “ /
;! '-,, .;6‘ ‘ e : .".’ ﬁ; o , ~. OUT - = OUtplﬁ: w“ - - 2 - 3’
S PR " TRAN,_ = Trans1st6r e T
L ' . ©RES . . L

N N - A 2 —Res1,stor | . B -
' . T [ T - .,A’ . e -‘, . . L &:" \1 ': , ,




I

N

TP
TP
TP
TP

o re

VTP

-

™

) .
L
- -
« oot
»

4 7 v
I REFERENCE COMMON - I
R \ ' '
VOL|CURJRES}- - _ N N
4 ' =
OUT,II) .’_ < ] , . \\
™. 2 | R AP SN o ! -
P 3 '? . 7 { N . «
g. -0 ’ - - an ‘*'. .
» ~ \ ¥
sl P - ‘ : N
TP 94 | . . . *
‘A , N ", ' 4 '
“a - . o .-
[ et —
- R Gt W
KICURE'Z." e \ ‘ '
ISPLAY DTAGRAM, , ,
! 3 Qo .. ‘ ’ v » b -

\. ‘),’-’ - - lA —,@ /’
‘. : "‘ ' 3+ 7 - - A / - .
ﬁ ’ - . _:'n . hd . ’ ) 7?\ .
: 2 TP1 = TR3 TP6 oqmgp'
.~ JTRANS- [ gggr.%; | SERILS CURR. —h ~fFmmm = P
- FORMER| | "FILTEN [Tpw REG. SERSE
’ ' « | oM CURR. — ]
T SOURCE' = b ]
E ' S “CURR. _— Py
° ¥ [ TR4 n s i s
X ,'_-— "\” TPZ" ’ - . LI"‘I'IE.R : .%
Pt A . . ' .
AiC. |- £l RN VOLT. |~ TPS = Lo .
INPUT ‘ LIMITER, .. Lo,
s < T " JLOAD
| I S— . 2 - 'ﬁr--.-...-’—-i N
- - , o ' COMMON - g .
| TP — TP — TP9 - o
: | —HREF REC P REF. oUTPUT T Y
/. GFTILTER|  JREG. |- . | STAGE “TPA AR , .
' [ ] N

Fy4




bl
-
.
\\\R‘k
-
- .

- . )
MODULE FAULT PROBABILITIES®

~ TABLE 1,
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{ A o PROBABILITY OF
MODULE -FAULTS (OCCRRENCE
MODULE  FAILURE .

LIM OPN TRAN 1)

LIM, - SHUF TRAN 09 - |-
ggc’ OPN OUT. 05
REG OPN RES - -06 .

..REF - OPN DIODE .06
SEN SHT RES. .09
SER  * OPN RES 1
50U g ouT 10
STA OPN RES 04 - -

“STA SHT RES 05
TRA 0PN OUT .03’

TRA, 9 REFOUF .92
VoL OPN TRAN .10
VoL _ SHT * -~ .09 _
s
0‘ ) e
*‘
; ) AR
L, A
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Table 2 gives the corvespendence between faults and measurement outcomes.
The abbrev1at1ons used in this table were explained earlier. Theé®infor-
mat1on presented in 2 represents a substantial amount of the infor-
mation used by/the ACTS' expert model to troubleshoot the’circuit. You
should find it{useful when considering measurements.

‘ ! .
Table 3 gives the Tist of'recognized'%esponses and their correspendiﬁg
measurement cost or replacement cost. (When a module is replaced it is
br1ghtened on the display as you w111 see the first time you replact a

.
. - %

module. ) ' ‘ ‘ _ .
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" TABLE 3

Y.

LIS% OF RECOGNIZED RESPONSES AND THEIR COST:

TP1ACVR

TPZAGVR .
0 TP3ACWR
TP4DCVR

TP5BCVR
TP6DCVR
TP7ACVR

TP8DCVR

_TpoDCHR

TPADCVR 38

$4

34
$4"

$8
$8
$4
$4
$4
$4

Y

TP1ACCR

< TP2AGCR

TP3DCCR
TP4DCCR
TPSDCCR

* TP6DCCR.

TP7ACCR

TP8DCCR.
TPQDCQ§.

TPADCCR

$4

$4

$4

58\
$3
$4 -
$4
$4
$4
$8

TP1REPO
TP2REPO
TP3REPO
.TP4REPO
TPSREPS
TP6REPO
TP7REPO

" TPSREPO

TPIREPO

[

$10

$10
$10

$10

$10 ,
$10
$10
$10.
$10

"" 'TPAREPO $10

TRA

. REC

sou
VoL
LIM
STA
SER
SEN

$98

$70
$90
$80,
$30
$50
$90
$50

REG— $70
$70

“REF




| ATTRIBUTES o
. ,

There are three attributes which should be used as criteria for selecting

. an action: . ,

. [ 4 B 14
oy ‘Decreaﬁe in uncertainty. This is the decim&l fraction (i.e.,
a number between 0 and 1) represent1ng the proportion of fau]ts
expected to be e]ua1natéd by the cons1dered action.

!

2. _éfgggﬁedhfau1ty module iso]atfon. THis is the'decima1ufraction

(i.e., a number ‘between 0 and 1) representing the proportion‘of ) s
- —— . faulty medules-expected to be eliminated by.the current action.

3. Cost: This is the cost of the action.




, | APPENDIX B
- - SAMPLE INSTRUCTIONAL SEQUENCES

2.7 PRELIMINARY LECTURE
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% — A‘ lecture-covering the QveraH funetional requ1rements of the 1P 28 Power
Supp]y is displayed. A]so displayed is a diagram relating 1nput and out- -
put connections. _ ) . )
» . J
/ - L R '\ ] \ -
R N e
' - -
ALC. ) 1P28 POWER SUPPLY ongm < LOAD
INPUT : ;
| S, > > _____
7 . ? INTRODUCTION TO THE 1P28 POWER -SUPPLYg ‘ _ -

THE- IP28 ‘POWER 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.C INPUT :

INTO A SINGLE D.C. OUTPUT. ALL POWER USED TO OPERATE THE IP28

COME'S FROM THE SINGLE A.C INPUT. AFTER THE 1P28 POWER SUPPLY =

k\ CONVERTS THE A.C INPUT INTO D.C., FHE D.C. OUTPUT PROVIDES .
ALL THE POWER REQUIRED BY THE LOAD

Fad

THE 1P28 POWER SUPPLY CONVERTS A SINGLE A.C. INPUT INTO A
SINGLE D.C. OUTPUT REQUIRED BY THE LOAD. ~ .

PRESS RETURN TO CONTINUE




ERIC

Aruitoxt provided by Eic:

Ny

Foi]gwing undé%étanding of the material, the ifudent responds by pressing

the return key., and the Yecture ‘units continu .

N

[ i3
. Y ) '
O =
- ’ - X
—ﬁl——————‘>-—-————-
~====" y———— ‘ ' i
! : . .
. POWER SUPPLY D.C. LOAD
A.C. ) jp28 PONE OVTPUT )
INPUT .
! . -~-—!
l____;__> . ‘ _.___>
THE OUTPUT OF THE 1P28 IS REGULATED. CERTAIN CHARAC¥ERISTICS ,

OF THE D.C. OUTPUT ARE MAINTAINED, OR REGULATED, TO MAINTAIN A

CONSTANT LEVEL. THIS REGULATION IS ACHIEVED BY MONITQRING THE

OUTPUT CHARACTERISTICS, \AND ACTING TO CORRECT CHANGES&. OUTPUT °

CHARACTERISTICS OF VOLTA (LBVEL OF ELECTRICAL ENERGY) AND
.?7TﬂE CURRENT (FLOW OF ELECYRICAL ENERGY) ARE BOTH REGULATED.

THUS, THE OUTPUT OF THE IP28 IS SAID TO BE CURRENT AND VOLTAGE ~

REGULATED.

» - ¢ .

THE QUTPUT OF THE IP28 IS RgsuhATEU TO MAINTAIN CONSTANT
VOLTAGE AND CURRENT LEVELS, )

PRESS RETURN TO CONTINUE g .

-
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ERIC -
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e

N i
! = ' € . .
- /
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1
rd . o 3
’ L] N
' -
- ) v
}
v ° . *
y : > oy
POWER SUPPLY . D.C. LOAD
tp2s '0 OUTPUT .
]
e ) e e > ey
. e

P
-

‘

THE LEVELS AT WHICH DUTPUT VOLTAGE' AND CURRENT ARE REGULATED

CAN BE
REGULA

JUSTED.

BIGH OR LOW LEVELS MAY -BE SELECTED TO’

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
QUTPUT, AT THE REGULATED.VOLTAGE VALUE, THE CURRENT WOULD BE
REGULATED OTHERWISE, THE.OUTPUT. VOLTAGE WOULD BE REGULATED.

REGULATION OF OUTPUT VALTAGE OR CURRENT ARE"ADJUSTABLE AND
DETERMINED BY LOAD REQUIREMENTS.

PRESS RETURN TO CONTINUE t

v/ *
f .
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At the end of several units, wh1ch comprwse the entire instructional
obJect1ve ‘the student's understand1ng of the concepts discussed in thé

lecture is evaluated

d1sp1ayed

The student may select one of the several .options
In th1s examp]e the;rt&dent requests,add1t1ona1 lnformatxon

a

on concept #2. . _ :

o

AT NHS PO[NT SPVCRAL OPTIONS ARE AVATLABLE T,O YOU
1. TIF Yoy rrm YOU UNDERSTAND EACH OF THE eCON(,EI’T§ ABOVE,
TYPE "RETURN" »\NB YOu W‘LL BE GIVEN A SHORT TEST ON THIS

. -' i g s
Rk ’ U - = ==
i ; - . 3 !
5 f - N
e e {P78 POWER SUPPLY e LOAD
INPYT ’ '
[ >_(.’____!
plem o 2D e R
i ]
YOU SHOULD NOW UNDERSTAND THE FOLLOWING CONCEPTS; S *
) 1) [P28 INPUTS AND OUTPUTS. e
o (2) * CHARACTERISTICS OF VOLTAGE AND CURRENT, .
_ (31 VOLTAGE AND CURRENT CTRCUIT CONNECTIONS, ' : . .
~> (4] IP23 REGULATION, -- o -
(S)  CURRENT OR VOLTAGE REGULATION, ' S

] MATERIAL. ) .
~ "2, IF YOU AR NOT SWRE ABOUT A.CONCEPT PRESENTED IN THE -
* LECTURE. TYPE THE LETTER "H" FOLLOWED BY THE NUMBER OF THE

* CONCEPT (E.G., CHARACTERISTICS OF VOLTAGE AND CURRENT) AND
C"RETURN" THIS "ENTRY WILL PROVIDE YOU HDRF INFORMATION ABOUT -
THE GONCEPT YOU SELECT. \

3. TF YOU WOULD LIKE TO REREAD THIS- LECTURE, TYPE "H' AND
“RETURN ., " * ’

4 *
]

FOLLOWING YOUR RFVIEW OF THE LECTURE AND/OR, ADDITIONAL

A\

MATFRIAL, TYPE “RETURN' TO RECEIVE THE TEST ON THE MATERIAL

X
-~ . Y
.

e | -

Tne student responds to the opt1ors by typing "HZ"

&

.

Fo]]owed by "RETURN."
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) Add1t1ona1 lecture matema] covermg cencept numbey 2 is, d1splaye ; S as
First, a statement succmct‘iy statlng the concept is d1sp»1ayed foﬂowed - |
; by-a detailed examp]e. . R e p' 5 f"". A o l
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- A 1P28 POWER ‘SUIPPLY P E-TRE Lo o
INPUT . = ; ‘ "
bad
‘ e ——-/—>-----. ‘ :
¥ - . [) . .
f , 4 . 1y .
. . . /& ;| .
- . N ~ o . i t e * >
1 .2. ELECTRICAL ENERGY CAN BE EXPRESSED N TERMS; OF VOLTAGE - = ) R B
X AND CURKFNT. VOLTAGE DESCRIBES THE MAGNITUDE OF-ELECTRICAL - ... - -~ .} <« 7
P ENERGY AND THE "CURRENT, THE 'FLOW OF ELECTRICAL ENER'GY AR " .
- PR T X N . ¥
-DIFFERENCE BETNEEN VOLTAGE AND CURRENT Is ANALbrous o - .° . L .- k
. THE WATER.BEHIND A HYDRO-ELECTRICAL DAM AND THE FLOW OF A
_ RELEASED WATER THROUGH THE TURBINES. IN THIS EXAMPLE, THE- " .. ., 5
-" . WATER BEHIND THE DAM IS EIKENED TO VOLTAGE, .THE GREATLER THE - Lo .o
WATER LEVEL GEHIND THE DAM THE GREATER IFS POTENTJIAL FOR-" . - '~ .
. GENERATING ELECTRICAL POWER, THE AMQUNT- OF WATEK FLOWING, '~ - ) ,‘
, THROUGH THE TURBINES IS LIKENED TO CURRENT. ‘THUS THE, ~ .~ | ¢
, COMRINATION OF THE HEIGHT OF THE WATER (VOLTAGE) AND THE . : . .o
. AMOUNT FLOWING THRQUGH THE TURBINES (runmsm*) PRODUCES. 2%
ELECTRICAL POWER. . . TS S
A - . LY. ’ [ “,{, e’o
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Aruitoxt provided by Eic:

. N
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.

* .

The student is again asked to evaluate his understanding.of the concepts.

“a

The options are again the sgmeQ
receive the test material by typing "RETURN."

This tﬁme, the student rehuests to

[ , ‘
I
. ey ——————— —~ :
) ¢ I
A.C. ’ . 1P28 POWER SUPPLY Oging LOAD
INPUT - .. ) . ] '
__‘__9 S|
YOU SHOULD NOW UNDERSTAND THE FOLLOWING CONCEPTS:
(1) P28 INPUTS AND OUTPUTS, - ‘
. (2) CHARACTERISTICS OF VOLTAGE AND CURRENT. :
.+ (3) VOLTAGE -AND CURRENT CIRCUIT CONNECTIONS, . .
*  (4) 1P28° REGULATION,
(5) CURRENT OR VOLTAGE REGULATION, . .
AT THIS POINT SEVERAL OPTJONS ARE-AVAILABLE TO YOU, ’
1. IF YOU FEEL -YOU UNDERSTAND EACH OF THE CONCEPTS ABOVE; :
. TYPE "RETURN" AND YOU WILL BE GIVEN A SHORT TEST-ON THIS .
MATERIAL. d
- ‘ h I
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 OF VOLTAGE AND CURRENT) AND
“RETURN" TATS ENTRY WILL PROVIDE- YOU MORE INFORMATION ABOUT
THE CONCEPT YOt SELECT. -
3. IF YOU WOULD LIKE TO REREAD THIS- LECTURE, TYPE "H" ANDM C .,
“RETURN. " . : /\5\
o~ L d . ' j .

-

FOLLOWING YOUR REVIEW OF THE LECTURE AND/OR ADDITIONAL
MATFRIAL

TYPE “RETURN'" TO RECEIVE Tu{i TEST ON THF MATERIAL
’ L]

ks ¢ -
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The first question is presénted to the.siudentn

kg

8 , :
N
//’> "NHICH OF THE FOLLOWING IS FALSE )
\ i .t
\ A¥ THE 1P28 HAS A STNGLE A.C. INPUT"AND A SINGLE .
. D.C. OUTPUT,” - 3
B. THE INPUT OF THE ROWER SUPPLY IS WHERE THE
EXTERNAL POWER SOURCE IS APPLIED.
C. THE TOTAL NUMBER OF LTNES’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. , .

PLEASE TYPE THE APPROPRIATE LETTER'KEY, FOLLOWED BY A CARRIAGE )
- RETURN, TO GIVE YOUR ANSWER.

~
- 4 - ~

A

. -
.

The student responds by ty;}hg the .answer on the keyboard, 1n thws
* case, by pressing "D" fo]]owed by "RETURN " '
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The answer the student selected was correct. The tested concepts are
restated. . .
. . /. ,
Lo ¢ -
/”— WHICH OF JHE FOLLOWING IS FALSE:
A. THE IP28 HAS A SINGLE A.C. INPUT AND A SINGLE, -
D.C. OUTPUT. i
& .
. B. THE INPUT OF THE POWER SUPPLY IS WHERE THE -~ .
# XTERNAL POWER SOURCE IS APPLIED.
C.. THWE TOTAL #{MBER 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, R . .
PLEASE TYPE THE APPROPRIATE LETTER KE;//rOLLowsn BY A CARRIAGE
RETURN, TO GIVE YOUR ANSWER.

- ~D. / / -
CORRECT. THE LOAD DRAHS D.C. PO?;R/FROH THE OUTPUT, NOT A.€. .
THEREFORE, THE FOLLOWING ARE TRUE szg;yfinrs )

. . THE IP28 HAS A* SINGLE-A.C. INPUT AND SINGLE
: * D.C. OUTPUT.
1 3 - B
B. THE INPUT OF THE POWER SUPRLY IS WHERE THE .
EXTERNAL POWER SOURCE IS APPLIED. g '
C. THE TOTAL NUMBER OF LINES GOING INTO AND OUT FROM -
THE IP28 IS FOUR. -
. D. THELOAD DRAWS D.C. POWER FROM THE IP28 OUTPUT.
K\\~\_ PRESS CARRLAGE RETURN TO CONTINUE. . -‘ -
N N R .
/ 4 ', ”
: . . , - .

Fo110w1n reeogn1t1on of the correct answer, the studenf'responds Qy
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THE OUTPUT OF THE 1P28 IS NOT: PO \
A. VOLTAGE REGULATED.. ’ &
~
* B. CURRENT REGULATED. . - y
C. CONNECTED TO THE LOAD: -
' D. FIXED OR NON-ADJUSTABLE. N ’
B MADE UP OF TWO LINES. o
: PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED BY A CARRIAGE
RETURN, TO GIVE YOUR ANSHER. L
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The student responds by typing the answer on the«keyboaﬁd

‘ .
., Assuming.

- ‘the student responds by press1ng "C" followed by "RETURN," &he following

-

display will be presented @ ~. s
{ )
(//V * THE OUTPUT OF THE IP28 IS NOT:
At A. VOLTAGE REGULATED. R
" B. CURRENT.REGULATED.
' : b
C. CONNECTED T& THE LOAD.
D. FIXED OR NON-ADJUSTABLE. \J
E. " MADE ,UP OF TWO LINES.

PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED
RETURN, TO GIVE YOUR ANSHER
C.

é?\ﬁ CARRIAGE

WRONG.

THE 1P28 SUPPLIES D.C. POWER THROUGH THE D.C. OUTPUT T0

EZS

" THE LOAD.

THE® LOAD DRANS POWER FROMTHE IP28'S D.C. OUTPUT.

¥ THEREFORE, IN ORDER FOR THE 1P28 AND THE LOAD TO WORK AS
INTENDEn THE OUTPUT7OF THE IP28 IS CgNNECTED TO THE LOAD

PRESS CARRIAGE RETURN TO CONTINUE. N

.
A v 7 provided by Eric




_ The answer selected by the student was incorrect.

An explanation is

provided explaining why the answer was incorrect. After.ﬁhe student

responds by pressing "RETURN," %he’third question‘is preserited to the
student. '

L4

]

i —

f

WHICH OF THE FOLLOWIN(‘ MUST ALWAYS CHANGE THE OUTPUT VOLTAGE
OF THE 1P28:

AR}

;\ "LOWERING“THE VALUE OF THE LOAD CAUSING LESS
" POWER TO BE USED.

B. INCREASING THE WVALUE OF THE LOAD, CAU: \l(' MORE

POWER TO. BE USED.
C. INCREA'SING &E\CURRENT REGULATI&)N"VALUE. ’ ’ i
D. LONERmG THE CURRENT. REGULATION VI(LUE TO ZERO . , v

AND HEN(‘E CAUSING CURRENT RFGULATION

E. INCREASING THE VOLTAGE REGULATION VALUE DURING.
,  CURRENT REGULAY ION. ) .

. ‘ . ‘ .
PLEASE TYPE THE APPROPRIATE LETTER KEY, FOLLOWED BY A CARRTAGE -
RETURN, TO GIVE YOUR ANSWER.
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Aruitoxt provided by Eic:

1t e o A

The student responds by press1ng "D"1%011owed by "RETURN.'
answer thé student selected was correct, the correct concept is restated

-

Since the

.
. » -

v . . .
‘ Y - +
(/’f . WHICH OF THE FOLLOWINC MUST ALWAYS CHANGE THE OUTPUT VOLTAGE . ‘\\
OF THE 1p28:
A. LOWERING THE VALUE OF THE LOAD, CAUSING LESS - , ' - .
POWER TO BE USED. -
' B. INCREASING THE VALUE OF THE LOAD, CAUSING MORE '
POWER TO BE USED. - X
C. INCREASING THE CURRENT REGULATHON VALUE. oo

D. ,LOWERING THE CURRENT REGULATION VALUE TO ZERO
“ANDHENCE CAUSING CURRENT REGULATION. . L 1

E. INCREASING THE VOLTAGE REGULATION VALUE DURING.
CURRENT REGULATION.

PLEASE TYPE THE APPROPRIATE LETTER KEY FOLLOWED BY A CARRIAGE
. RETURN TO GIVE YOUR ANSWER. Y

CORREﬁT ANY ACTION CAUSING THE OUTPUT OF THE IP28 TO CHANGE

FROM A VOLTAGE REGULATION MODE TO A CURRENT REGULATION MODE . N
WILL CAUSE THE QUTPUT VOLTAGE TO CHANGE. SUCH ACTIONS MAY BE ’
INCREASING THE POWER CONSUMPTION OF THE LOAD AND LOWERING THE

CURRENT REGULATION VALUE.

PRESS CARRIAGE RETURN TO CONTINUE. . .
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' Thjs Tecture represents the format used'for‘pre]fminary units. Other .
preliminary objectives may be added as the need arises. -During these~

- 1ectures, the students are taught and tested in an 1terat1ve fash1on . .
"' until they are familiar with the materaa] and can be advanced to the
. troubleshooting objective. . : .

/- - L
‘243 e . ,

Troubleshopting Lecture and Presentation . ) n

) ’ . o
For the troubleshooting objective, the introductory materia1 is presented
Jin a s1m11aq'format namely in short eas11y understood paragraphs, which
include an explanation of the troub]eshoot1ng task

-

+
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f T
E TROUBLESHOOTING INTRODUCTION

-
s

YOU WILL NOW HAVE AN OPPORTUNITY TO TRY YQUR HAND AT TROUB-
LESHOOTING THE 1P-28 'POWER SUPPLY. THE CIRCUIT WILL BE DIS-
‘ PLAYED FOR YOU ON THE SCREEN, A SINGLE FAULT WILL BE PRESENT
. JSOMEWIIERE IN THE CIRCUIT,\AND THE SYMPTOMS OF THE FAULT WILL
/BE DISPLAYED BELOW THE CIRCUIT, YOUR JOB WILL BE TO MAKE AD-
« DITIONAL TESTS UNTIL YOU 'CAN LOCATE THE, FAULTY MODULE AND .RE-
PLACE IT. o : t

PRESS "RETURN" TO CONTINUE. . y -

’

\




=L The explanation of 'the task continues over several frames. .

’
.. 4

] ~~
. !

“- 3
’ ‘ P 3
- ri < M q .
- i . ) “
. B - TWO TYPES QF ,ACTIONS ARE .POSSIBLE FOR DIAGNOSING THE FAULT; ¥
. 1). MEﬁSUREMéﬂTS AND 2) .MODULE RERLACEMENTS., EACH OF THESE
’ , ACTIONS WILL RESULT.IN DIFFERENT COSTS AND' DIFFERENT IN- ’
! FORMATION CONCERNING THE FAULTS. THE OBJECTIVE WILL BE TO EX-
.y - PEND THE LEAST COSTS TO DIAGNOSE AND FIX THE FAULT. ‘
k2 . . -
PRESS "RETURN" TO CONTINUE. R
‘ TO GO BACK TO THE PREVIOUS PAQE; PRESS "B!' AND THEN "RETURN".
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SELECTION OF AN ACTION WILL ‘INVOLVE TWO STAGES: ‘(1) DE- \ v
TERMINATION OF FOUR USEFUL ACTIONS THAT COULD BE MADE, ANDs ; .
(2) SELECTION QF ONE OF THE FOUR ACTIONS. AFTER TAKING THE 4 \
ACTION, THE OUTCOME WILL BE SHOWN ON THE CIRCUIT. YOUILL ¢
CONTINUE TO LIST POSSIBLE ACTIONS AND MAKE CHOICES UNTIL THE |
AULT IS DIAGNOSED AND THE BAD MODULE REPLACED. * . A ‘
PRESS "RETURN" TO CONTINUE. - l
TO GO BACK TO TTIE' PREVIOUS PAGE, PRESS "B AND THEN "RETl_lRN", 1
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PR (//V IT WAS MENTIONED IN YOUR EARLIER JESSION THAT YOU SHOULD ! .
. . CHOOSE ACTIONS ON THE BA$¥S PF THREE FACTORS - UNCERTAINTY, -
- REDUCTION, FAULT ISOLATI 'AND COST, THE FIRST OF THESE, .
_ - UNCERTAINTY REDUCTION, IS THE NUMBER OF POSSIBLE FAULTS THAT .
K ARE EXPECTED TO BE ELIMINATED BY THIS MEASUREMENT. THE SECOND . - |
- . FACTORy FAULT 'ISOLATION, IS HOW MUCH THE ACTION "CLUSTERS" THE - - |
: REMAINING FAULTS INTO FEWER MODULES, THE' FINAL FACTOR, COST,
oy REPRESENTS THE TIME AND MATERIALS REQUIRED BY THE ACTION. "
‘A MODULE REPLACEMENT HAS A HIGH COST: A VOLTAGE, CURRENT, ,
OR RESTISTANCE MEASUREMENT HAS A LOW COST. .
’ - PRESS "RETURN" TO CON{fNUE‘ ‘ ) .,
/ * TO GO BACK TO THE PREVIOUS PAGE, PRESS “B'* AND THEN "RETURN'",
T’ . ' :
-~ o . - N
7 . ' - ‘
. . ,
(” B . ’ . ! .
- . * A} . Y ; .
- - - . ] . - M
: € - ‘ = ' -
. - o v \ \
. Fa -
- ) . i o P
/ \\\: - ‘ g_,//
A . . . ) ) .
- B ’ ’ ¢
13 . . s a
. .o — X
. R ./ ‘ . .
P v . " : ¢ ' -, R t ' >
- . !
- ' ) . ”
o A} ' ' #'\., -
f ~ . &
. X - _
L
» . ~ R » R k4 . . “
- R . * .l -
- ’ . ’ \ . -
N ° ¢ * - _" 1 3 - . .
. , . B-17 - . ’
Q . A ot Y ) N — M
EMC Tt e » - . Voo e e
- o ! " N - ~ . .
! : e “ < N ’ i *
N e, i — f . r , ¢




- . . ’ ' T V. ’
b T , Lot
. - F . » ) ' <"’ . - 4 9 .
i - - . T /, . Y -
4 - Vi x.
. . . = . - M N hd
.\ ¢ ‘ - ’ - . - ‘. . . .
- \ N ’ .
. . o . . o e y . .
4 ’. - ’ :’ - . ~ ] ° } -
s o - ~ . 0 , Y ) \
. / . . R . _’T . . - . - .
- .
’ P R ” B [ . ! : o . S u)-
) ! 3 { ’ . - . .
’ v . » . >
. K v v
Vg T \ Fd '
] / TO AID YOU IN T,HE LEARNING 'PROCESS SEVERAL FORMS OF FEEDBACK ’ / .
R . ARE AVAILABLE TO YOU. IF YOU ARE UNSURE N
. N AS TO WHAT ACTIONS TO CONSIDER, YOU CAN ‘HAVE ,THE SYSTEM DIS- T .t
- PLAY A SET OF POSSIBLE ACTIONS AND. THE REASONS WHY THEY ARE *
. GOOD.. IF YOU ARE UNCERTATN A§ TO WHA\T OUTCO MAY OCCUR,. -t
o YOU CAN REQUEST _A “DISPLAY OF THE P POSSIBLE' OUTCOMES. “YOUR
- 34 STRATEGY OF SELBETTING MEASUREMENTS WILL —BE ANALVZED AND COW-
RECTIVE FEEDBACK GIVEN . . »
. ‘PRESS "RETURN" TO BEGIN TROUBT.ESHOOTING v ”
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’ the -dtagram of the IP28 power suppiy, which consists of 10 modules,

Follawing the. ?ﬁtnnduﬁtwemmtoethe troubleshooting task\\the system gene-
rates a modular dTagram of a c1rcu1t and a fault table. Shown here, is
divided into three major functiohal blocks and 10 test points. Ctréﬁﬁt
measurements taken at these po1nts can be of three types voltage,
current, or res1stance. Exp]anat1ons of the modu]es, their functions,
and the types of measurements that can be madé are given to the students
in the form of a handout and troubleshooting guide. \ Dur%ﬁg the course

_of -the troubleshooting objective, this guide may be \referred to or not

at the student's discretion. - ) - '
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initial output symptoms are - d1sp1ayed in. the table.-

Each: troub1eshootmg problem cons1sts of a simple fault, whlch *thev//_

student must 1ocate and correct by rep1ac1ng the fault_y module. The®

- 4 , . ' - ¥
PEENEL N A f * - @ .
f | TP1 ™3 T TP6 : oUTPUT \\
‘| TRANS- - =] RECT. {—"| SERIES CURR. A '
FORMER F!man wurr. |- [REG. [j | | SENSE R <O
CoM SOURCE |+ Pl
IR IR N b el U b
s TP s- ] B I
A.C. 1 - Cvour. | TPS i '
INPUT | .. Lo LIMITER et
; N T 1LOAD
| P— ) ‘: ~ - - el e v o0 o = .
: : CORMON
TP7 —— TP8 ~ TP9 ) )
EF REC.—|REF. QUTPUT [
. FILTER| - {REG. STAGE TPA .
) . | __ I 1
- ) ’ REFERENCE COMMON :
. |VOL|CURJRES} TYPE “RETURN" TO CONTINUE. : '
. —1 . -2 . fy / -
outP| L | L | . -
TP 1 - .
TP 2 . -
1 TP 3 :
TP 4] - - . -
TP 5 - » * \ .
TP 6 ke . .
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To begin troublgsheofing,‘the student is asked. to setect appropriate\"
- “actions. +The student may “seléét help,’ if desired, but has not chosen®

™

to do so in the present example‘,,/ 'y N
L - * - *
[ _J ,
N, . ‘ ) o
» — L2 -
e ' .
’ ~ . . . ”» . .
[ ) J
_/ A . h \ .
2
TP1 © O TP3 TP6 [~ ouTPUT , '
) TRANS - RECT. 1 SERIES CURR. # oo . ¢
. EORMER FILTER Tourm REG. SENSE !
' 'l SOURCE. |, T A
7 ) 1py CURR ._ L—
=3 L4 . ]
— [ LIMITER i 5
. A.C. ‘ N A VOLT. TPS ‘ Pt .o
z INPUT 1LIMITE e ; .
& / . T - 1L0AD | .
’ COMMON 5 * - "] "% M
TP7 TP8 TP9 - . : )
“~REF REC [——|REF. OUTPUT [ N ”
: e RFILTER|  |REG. STAGE - TPA : - .
’ . | T~ T . .
T N ’ e . REFERENCE COMMON'
7 : ‘ -

: VOL| CUR|RES] *YOU MUST SELECT FOUR ACTIONS WHICH WOULD 8E USEFUL Iy . .
——{—f—|—-—~| INDETIFYING AND/OR REPAIRING THE FAULT. —
outp| L | L ¢ {

TP | IF YOU ARE, READY TO ENTER "YOUR FOUR POSSIBLE ; :
wl TP 2 PRESS “"RETURN" . - ACTIONS, THEN .
. TP 3 o ¢
TP 4 "FOR HELP ABOUT PPSSIBLE ACTIONS TO TAKE "H", THEN
TP 5|, PRESS "RETURN".® !
TP 6 . :
TP 7} :
TP 8| _ . . ]
TP 9 ’ N "‘-
_ LTPA . : )
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:J,‘ . When asked to select four measurements or rep]atexizents, students may, ,
e
, refer to the list of avaﬂab]e act1ans in the troub]eshootmg gu1de or -
) they may type 1n,se1ect1ons withoyt reference to the guide., If chorces .
L . 4re made which are not-legitimate actiors (e.g., TPSACVR, instead of
TPSDCVR)., ‘the choices are rejected by the system, and new choices need
) to be typed in. In the following examp]e the student types in accept-
’ . able measurements and\\eplacemeqts. .
. \
. ! 4 v = - \
/. 10 v S 186 QUTPYT
. e : TRANS- [ RECT. § 1 SERIES CURR. AR
- ’ FORMER FILTER [CoRR. REG. SENSE S
COMl ° + | |souRrce - o
: CURR.* i
— L TP4 LIMITER S -
% < TPZ : Vg \/——/
ALC. ) / VOLT. TS , i i _
. | 1npUT _ . LIMITER I . o
' N 1 L——-‘-. - . l A___;’___il'OAD _iﬁ‘
- e > Y, . : -, COMMON
- TP? TP8[— TP9 . b .
“—HEF REC [ REF. OUTPUT [T ;
" . *  KRFULTER REG. STAGE TPA
. G i . l . I . J = ' )
: . ¥ -~ REFERENGE TOMMON | . :
. [VOL|CURJRES] TYPE FOUR MEASUREMENTS AND/OR REPLACEMENTS BELOW. SEPARATE
. —t—|—-}—-|==| EACH CHOICE WITH A BLANK AND TYPE A CARRIAGE RETURN WHEN YOU
i gutP| L | L ARE FINTSHED, \ .
TP 1 : ‘ .
- T 2 CHOICES: TPQDCVfl TPSDCCR TPAREPO TRA . s
TP 3 o D .
TR 4 S . .
¢ TH 54 ' ~ v
. .TH 6 . .
y TR 7 v o
TP\8 .
: < ot ' . .
, ot ™ A . ‘ ,
. i s . R V4 \ ”
| (> \ : - NI NN ! - G /
7= £
k a .
9
' s v.
' [}
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Measurements continue to be taken in this ;°ashion until the fault—has
been isolated. If. the student is unsure what to do, "Help" is av;ﬂaMe
at several points of the troubleshooting phase. In the following

_ example, the student is again asked foj,se]ect four actions, but this

‘ _ time, the student responds by reques@%ﬁng help. ;

~

“
I

¥

f

B-25 e

r , TP6 ouTPUT
TRANS - . SERILS CURR. - "'""'i 4
FORMER FILTE . |REG. SENSE
c <|CURR, ——
SOURCE" ro
: : CuRe. Cod -
‘ Jp2 Rl S
ALC. VOLT. |———TPS Vo
JNPUT LIMITE - ot .
TLOAD ,
| — / - iaadedatadeld ’
’ - COMMON
TP? TP8 P9
tF REC [——]REF. OUTPUT [T -
N " 1LTER REG. STAGE TPA 3
| 4 1 ] . Ve
: . '+ REFERENCE COMMON °
' A 1
VOL|CUR|RES] YNU MUST SELECT FOUR ACTIONS WHICH WOULD RE USEFUL IN
v m—f—d— ]=-- | INDETITYING AND/OR RTPAIRING THE I'\ULT.
outp| L | L X -
™ 1 ! {F YOU ARE READY TO ENTFR YOUR FOUR POSSIBLE ACTIONS, THEN
TP 2 PRESS "RETURN", . .
P 3 . - ) :
™4 N | FOR HELP AROUT POSSIBLE ACTIONS TU TAKE “H", JHMEN
| TS PRFSS "RETURN". A 4 .
™6 -
™ 7 ! > : ,
TP 3 .
TP 9 .
T A - . "
K - / SN
- \\ . .,'"53 ,;'.4
" » o~ 4
- 1]
r (/ |
- [
‘ -
- ' il
>§ - o
1>
- - 4
14 & "\
’ e 7™ - * — ! ~ -
*
- . 3 -
‘d
. ¥
/ - ’
rO
\ ' ’ / \




ok

Measurements continue to be -taken in this 'f'ashion until the faulthas
been isolated. If. the student is unsure what to do, "Help" is av;ﬂame
at several points of the troub1g'shobting phase. In the following

. example, the student is again asked }fo',_se1ect four actions,\ but this

. time, the student responds by reques‘&;ing help. ,

“‘
F

~ i e
v TP1 T3 TP6 ouTPUT . \
TRANS- [~ —]RECT. & { SERIES CURR. —“"""-i
FORMER FILTER f-inr . [REG. SENSE
COM ¢ o ——
SOURCE b
: : . CuRe. P =
— q z vy : :
A.C. VOLT. |———TPS P
JINPUT LIMITE ° L
1LOAD
[ o— / - R Y ]
’ - COMMON
TP? TP8 P9 ;
—‘—tuzF REC [ REGF. ouTPUT A
* . " FILTER REG. STAGE L—JLTP/\
4 l - [ ;J * Ve
] * «  REFERENCE COMMON “l
VOLI CURIRES] YOU MUST SFLECT FOUR ACTIONS WHITH WOULD BE USEFUL IN
¢ = |— }— {= -1 INDETITYING AND/OR REPAIRING THE [AULT,
outp | L | L . -
TP 1 ! IF YOU ARE READY TO ENTFR YOUR TOUR POSSIBLL ACTIONS, THEN
TP 2 PRESS "RETURN", .
P 3 . . ’
TP 4 N} FOR HELP AROUT POSSIBLE ACTIONS TO TAKL “H", ‘FMEN
1l T PRESS "RETURN". P 4 .
v 1 TP 6 - ’
P 7 ! A N ‘ .
| .TP 38 .
STP 9
TP .A - . #
k - J N,
- N ) 'xﬁ o
. & 4
‘ C ,
- »
: -
- ) =™ )
T
P
. v
» o -, ‘
' e s « 4 — - |
. ‘ * J‘
- Y - i
L] . 0
I e ol
N * S T
1n
11¢ _
B-25 T :



- - N4
IR M . o
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» o
The instryctor's considerations are displayed “in an effort to help the
student make selections. .
- ) ) . . A
) . ) y
oS *
. o 1 ;
i 4 01 4 TPy - TR ——1],  OUTPUT \ ~
TRANS- RECT. nJ—j—,.— SERIES CURR, - R
, FORMER . FILTER [cuRR REG. P Isenst V|
) com bth . 1 —-
]__|SOURCE . m P
S y CURR. I
. T TP4 o
l"'_'—"; ’ TPZ P . &> LlHlTER : E
- - & ]
. A.C. voILT. fpee—ips b
. NPT LIMITE o .
. : -4 TL0AD
e R =
. * . ~ COMMON
™7 —1 TP3 ™Y
£F REC 1 REF. OUTPUT [ -
RFILIER REG. ‘STAGE = TPA
I 1 — ] .
. /L . REFERENCE COMMON .
. VOL{CURJRES] UNDER THESE ©IRCUMSTANCES, THE INSTRUCTOR WOULD CONSIDER THE .
——}— }— |- | FOLLOWING FOUR ACTIONS: /
ouUTP} L L ! . ;
\ TP I TPIDCVR . . .-
TP 2 TPADCVR g
. ™3 TPSDCCR'
™ ¢ «| v | TropccrR .- . ) &
TP 5 . o ‘ . .
. . P 6 TO CONTINUE PRFSS “RETURN". 2
™ 7 , . , .
™ 8
R X . .
‘TP A A ; .
£ ' =~ -
< v - . I
& . i . . Ji‘*.
. 7o
’ e
. . ! - %
{ ‘ B ¢
/ ‘ . '
L . _
- LA . 3.
had * : . -
. . : ‘ »
If ’ ’
" 2 &
* - t - 2 { -
E\’ . 'r;'
) ) 1
- - ' - ‘1 4 (. . .
™ v ’ “ . .
- . B-26
<
\)‘ } r'd 3
.. = D .
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The reasons for the ins uctor's choices are dis;.)]a_yed;~

v

)

T ™3 OUTPUT
TRANS 4 [~ ] RECT. & SERIES i i
FORME c FILTER oo REGC. e
oH SOURCE o
. ) | TPA Vo
— P2 g o
K.C. VOLT. ' TPS i !
INPUT LIMITE N
. ‘ * “Jloap
- - P P .
N gl - COMMON
TP? P8 P9
NEF REC ] REF OUTPYT.
: . FILTER |~ | REG. “TSTAGE “TPA
i 1 - .
. | REFERENCE COMMON
- ‘ .
. . |YOLJCURIRES}  THE INSTRUCTOR CONSINERS THESE ACTIONS BECAUSE OF THE FOL-
. ——foee {—-]==]  LONWING REASONS: ’ :
outfr ]| L !
TP 1 J ) FAULTS
TP 2 ACTION OUTCOME  PROB.  ELIM. COST
TP 3 T 1) TPOPCVR L +.32 % 4/17 4
L TP 4 N N «.67 < 3/7
- . TP S . -
N , TP 6 2) TPADCVR ° L +.32 4/7 g
. TP 7 N +.67 3/7
™ 8 /
;;: z PRESS "RETURN" FOR TINAL TWO ACTIONS.,
- ]
' N ; ' - ot .
- ) i ‘-s.
v - < '
. ! ) <
L3 [ -
r
* 'R
S ~rl
’ - ﬁ ﬂ:"ﬂ,w
’ ; .
- - - \
3 - 1 8 )
b B-27 G *
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Aruitoxt provided by Eic:




. -
v . N,
\ o ,
ra ’ -
pa— 1 (4 ' .
i . , < S
. { - ) 5 ) )
- ’ . [ ’ * .
S, - n hd .
- ) ’ F’ »
- « e o
. - - .
( 1 ™3 ™6 OUTPYT N\\ -
TRANS - RECT. & SGRIES CURR. ittt .
. FORMER FILTER [ooo REG. SENSE |
- ’ COM . . = - ——
, ; . = ¢ SOURCE bl
¥ = N [T -
[, (]
Tp2 : 5
-1. a.c. . VOLT. TS bl
INPUT LIMITE i_ .
/ " Tioap
* | — N
COMMON '
TR7 P8 Y -
“E-REF REC REF. OUTPUT .
s FILTER REG. STAGE |—TPA )
. N T 1 T
' "REFERENCE COMMON :
- ~
1 Y .
VOL|CUR}RES] MHERE ARE THE LAST TWO ACTIONS CONSIDERED BY THE EXPERT:
A ourr | L L . FAULTS
, ™t ACTION OUTCOME PROR,  ELIM, COST
™2 3) TPSDNCCR L. .67 3/7 8
] oTe 3 N o . 0/7 .
A N 1 +.32. 4/7 -
™'s 4) TPONCCR -« L +.32 477 3
™6 N .67 3/7
T 7 ’
T ' - PRESS "RETURN“ TO CONTINUE. .
9 H ) L i . y
TP A . v - /
J ‘ ‘ i
. . . -
» ; . .
H - .
. Y

.‘ﬁ - [ M !
, ,’ | 119
. ) e B-2¢& i )
o . ” - ) N '
« ERIC , o

P A i 7ox: Provided by ERIC
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t 3 ' s . —1
- - - . .
.A. ~ . J ) - -
- - } . - . e
_Further help can be'obtained at this point, which’would pxoyide a list =
. ¢ » M - » » » .. - v N
9 of the four actions, ranked in terms¢of their multi-attribute utilities.
‘ If help .js not selected, the program requests the student to list four
p onsxderat1ons which need not be the same as those of tHe" expert, and . .
~ then se1ect one of .them for 1mp1ementat1on. After hav1ng-taken several ‘ “
- measurements, the student is aca1n asked to’ seiect four possible actions. -
H . ; - ‘ . _ _
. y -
, S ( TP1 st —TP6 [~ " ouUTPUT w ) . \
TRANS- [—]RECT. § J——[—— SERIES CURR. e At S
. : FORMER FILTER [oom REG. SENSE . i . }
t COM] - - .Tv—.
. X SOURCE . g
cuep ! '
— 02 L B 1 LIMITER bl g .
A.C. » VOLT. . DS o
INPUT |LIMITE L .
T Tioap |- v
. ] e mom—- ' 1]
) . v COMMON
1 - ™7 ~ TP8 TP9 . ‘
> . . —‘—ter- REC ——{REF. —1 OUTPUT o
. . FILTER REG. . STAGE * {~TPA
- \ ' . ] 1 | ‘ *
‘. . REFERENCE COMMON .
~ > . v . : .. *
* J[YOL] CUR| RES YPE" FOUR MEASURCLMENTS AND/OR REPLACEMENTS.BELOW. SEPARATE
e Seal il it EACH CHOICE WITH ABMBLANK AND TYPE A CARRIAGE RETURN WHEN You
ouTP | L L ARE FINISHED,
‘ it - P
e I: i ] LHOI(;ES' "TPIPCVR TPSDCCR TPAREPO TRA v
L . -
TP 4 R , ’ .
™ S ] /
. 4 TP 6 . I
P 12
TP 8 M * v > P N - -
AR EIN 4 : ;J"\
) ™A \ .
NG Y,
A .
- L) \ , ! [
- .
»
S b
- » ’
_ / ,

- - L3 ]
— /‘ ~ \ ._ !
R 1
- . /
= ' * g - . /
. .o b . ¥ i ~ e nd _‘
S . 509 120
- \ .
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Aruitoxt provided by Eic:

RIC

i B < J . =~ - - <
- £
L] " X 4 %
/" ¢ .,z . .
. . . < .
V . 4 - ¥ E . -
o - —
The student Té“asked te »selecLan act1on us1ng the 11sted attmbute v -
1eve1s as 4a guade “The student se]ects rep]acement of the- faulty modu'le
. by typing "TRA" followed by "RETURN." . - T
', . s W - -
, . g : ;
’ ) 4 4 . - - ) @
- * - Pad * ’
. . - » F . - o "
. (. : ™I 1 TS, ™G ouTPUT ﬁ ' %
TRANS- [ RECT. & i SBRIES o . - )
. JFORMIR FILTEN oo RRG. .
. : com source | } P ; .. -
C T4 ) P o
~— lTpe| . HE .
A.C. VOLT. ! Pt
INPUT . LIMITE S
' Ftory
- ] . - 1 A e - . J ; «
' . . . COMMON % -
™7 — P9 -
EF REC REF. OUTPUT [
Sy 5 FILTER REG. STAGE TPA . - .
13 l ’i '
¢ " RREERENCE COMMON . R P B
[ ' »
. {VOL| CUR| RES| LJSTED HELOW ARE THE FOUR CONSIDERED ACTIONS AND THEIR -
———]—{—-1== | ATTRIBUTE LEVELS. . .
outpf L] L p : ] A
T 1| L y DECREASE IN®  FAULT i .
;r 2 ACTION UNCERTAINTY  ISOLATION COST '
"3l L i - .
. — TP 4 N 1. TPIDCVR e +.40 = 33 -, ° +4.00
s, 2. TPSDCCR .80 +.33 . 48,00 .
™ 6 3.  TP4RLCPO . .\1 +.43  c 410,00 ° s .
- ™ 7 4. TRI\ \ +.19 “+08.00 < |-
™ 8 ¢ .
™oly TO SELECT AN ACTION TYPE ITS NAME, THEN PRESS “RETURN."
TP AL - e .
» *
'k //L i j.
) ¢
W 7 (e} ‘e
= < ‘ L3 \"
[ E' . ,
v \ : %‘ﬁé B -
¥ ; ’
- ‘V ‘. -
( - k .
N ’ )
- . t) ¢ .
o —
. Adl ' / !
. ! ]
. y
R 12] J . ‘.
. ’ N [
\ - f
) ', B8-39 . C/
) - = Ve
\) ’ " H .
3




"’; C . . e ¥ > P ? . . N .
R ‘ . /" L / . . ! ] . ) e ‘.
A TN o 2
The modu]e is enhanced on_ the d{“b1ay to ﬁnd1cate that it has 553; rep]aced N
If the‘replaced moduie cqrrect]y repa1rs the, circuit, the output measure- ‘
ments in the fault tab1e w111 be changed from low readings. to normal‘ b
readdngs, as 1ndicated be1ow The student also will be given feedback : .
‘»
sto the effect‘that the c1rCU1t has been repa1red and the student s cost
1nvo1ved 1n troub]eshoot1ng the c1rcu1t will be. Compared to that of the
4 T o~
1nstructor. AN ' . o L - e "
~ - &~
' - L
' & -
) R - , r, -
} ? ‘T - \ .
w3 - TP6 [ OUTPUT A a
wECT. 64— SERIES CURR. # oo, L \ -$
FILTER | [an REG. SENSE o ’ ‘- .
I SOURCE i : ’ T :
. > - CURR. . . ‘ ,
) S L S— 17 Y R P ’ -
. i []
" [four. RS ¢ , b .
. LIMITER - g "'T" . - -
, - R LOAD @ t Ve )
. ) RIS COMMON B
T8 PO : ’
EF REC —{hnre OUTPUT {— . ’
ECiLTER] - '}REG. * - | STAGE “TPA
| I J o
REFERENCE éomon : v )\
Vol (;UR RES CON(SRATU! ATIONS ON REPAIRING THE CIRCUIT. YOUR ‘;OTAL COSY )
——f— {~—- || TO DEBUG THF CIRCUIT WAS +120, .
~outel . W .
;l; é L g o/ THE INSTRUCTOR'S TOTAL COST WOULD.HAVE BEEN +120. B
™ 311t PRESS "RETURN" TO ONTINUE ” ) \-‘.
™ & C‘ L - .
TP §° ‘N 2 A :
TP 6 , . ! .
TP 71 .
T 8 N -
- TP ofnN | - .
T A } ’ * N .
K - ‘ » - - e'/ *
R ") T - N ) ' . .
° ' r : R
’ : i ‘ ;> . Col
v o« { - 4 N -
" . g , e ’ -
\ | : ' ) - >, r + . < ,'
- ﬁ “ . a
0 t o L
N, o ’ /.
\\ ~ [ g * ~
° ’ \\ \ . , ° N .: i ’ ."/ . o
- \ N - ”/
N f 7 '— -~ * <
*»n - » .
| j . \ N 122 *
K 8-31 . L.
. “ \ ' . . o
N . i . - 7 . . i
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.- ' e ° . . .
) - 1] . ‘ . 4 '& - - ! &
» . , . I ' .
- Comments are displayed to the Etuden; stressing considerations to improve :
performance. ' - ’ L. -
. : a .
~ 2 . , v
; » - ~ AR
K — ™3 ™6 | ouTPUT \ v
~ . " RECT. § | I SERIES [1=] CURR. i
. . - Fi LT@! CURR REG. SENSE - 2
. - |solrce - - P
- CURR. :
e —_Trd4 LIMITER P
[}
A.C. o 'EOLT' rsS g“ !
INPUT - : IMITE S
. , . ' 5 s . TioaD
- 4 "y -t id
. . - COMMON
' —TP8 TP > . s
EF REC [*=1REF. QUTPUT [} ’
¢ FILTER REG. - STAGE TPA
N N | S | )
. : ’ REFERENCE COMMON
- ~ M . . e
VOL| CURI RES}  YOUR CHOICES INDICATE THAT YOU AR INCONSISTENT IN YOUR .
S oute | v | » |~ 74 TROUBLESHOOTING STRATEGY. BEFORE NAKING A CHOICE, CONSIDER -
. outP I N | N i FULLY THE_UNCERTAINTY REDUCTION, -PRULT ISOLATION, AND -
. ;l‘; ; L "ASSOCIATED WITH ,EACH CHOICE. -
. LI . PRESS “RETURN" TO GONTINUE.
’ - & TP § 1 - . “ . .
™ 6 .
. T TP 7 . '
. ™3 . i
. TP 9| N . /
. ™ A
Tl . - . v ~ x .
+! ' ~»
- a "o P - .
L : -
. . ‘ , . “
\ \ . § , .
-~ - > » R & .
. . ( > ] ‘
- - 3 - . . .
“ - L4 hd L] ¢
T - - L hd Py <
¢ N ~
. , . .
- - . 1 2 3 ‘ - ) ‘
' - a. 4 ) " .
e 3-32 (S -y
A Y ' b : “ « :
’ - " 3,
\‘1 ‘ . . - . L] 'r
'ERIC -. o : . C
= i : - . .o , - . W
,—',‘f%”\, ." . . i e 4 3 ~ - .
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Display of comments to the student continues.
another troubleshooting problem. .

*

.
’

The student widl now begin

~

L]
. ougruT

. Tes 14
RECT. at——'r——‘ ERLES i
A
FILTER oo REG. — A
- SOURCE ]
.. 7 P !
[}
H s
4 VOLT. Pl
LINITE L
- . : . Tioap —
. : —— ’ ‘ COMMON
™07 TP8 P9 ‘ —t .
EF REC [——]RCF. QUTPUT [ ~ )
: FILTER|  |REG. STAGE [—TPA :
| | | . :
. ] REFERENCE COMMON |
., YOU APPEARED TO OVEREMPHASIZE: !
UNCERTAINTY REDUCTION § FAULT [SOLATION
1 ‘ N
3 ™ 1 AND UNDEREMPHASIZE: - : B ¢
™ 2{ N . COST / ‘
T 3L . ; :
™ e N PRESS “RETURN" %TO CONTINUE. - -, .
™ S o j y
. ™ 6
| TP 7
T™ 8 . L
P 9N ¢ '
TP A ® « N
. /e
. » -
.-
; \‘4 ' “ -
~ 1.
s’ (\ -
f ’
. .
' L 4 f
. ! [ /
:. ' l —
_0
. ~ g N
s ’ y
- . !
‘ /\/~< o~ .
- /- _ ‘
S ’ *
- 8-33 124
. —
_ v . -
. Q . o~ R
?“‘EN{C 13 4
N . . g o i
F L 1

T FAnr e
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At the conclusion of each problem, the student's pErformance data are
printed out onya teletype and a new problem is presenteg until the
session ends,na\ether as a result of completing a certain number of
problems, or because the student has become' an expertotroubleshooter.
An example of an actual print-out for the; first two prob]e}ns of a
session is shown in Table 2-3. ! - . ) )

A\
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STUDENT: R
‘CIRCUIT: 1

-
’.

[

) . \,& ’. ( ‘ -
- FIGURE 1
ACTS 79 TROUBLEOHOOTING OBJECTIVE

°

PERFORMANGE REPORT (CURRENT FAULT)
. - AGE: .
FAULT: W]
HELP AVAILABLE: YES ° °,
STUDENT ~INPUT §EQUENCE
"~ TPSDCVR
. CYPAREPO . - :
TE3ACVR o
. TP1ACVR - : .
- TRA - ’
STUDENT WEIGHTS: +.45 /7
EXPERT WEIGHTS:- +.70
CONVERGENCE ACHIEVED: NO
UTILITY RATIOS:  STUDENT:
UTILITY DIFFERENCES:  +.25
SLIDING WINDOW-PERFORMANCE: -
* TRAININGS: 1/20 TOTAL ADSUSTMENT:
SIMU. SUBJ. DRIVING WEIGHTS: - ~ +1.00
PROBLEM COST:+0.1240E+03 . .

ACTION

++,88 +.07
+.70 0

+5.76 +11.32
-.18 -.08

TOTAL COST: +0. 1240E+03

-

4

. TP9DCVR

__TOTAL COST:

ACTS 79 TROUBLESHOOTING OBJECTIVE

PERFORMANCE REPORT {CURRENT FAULT)

AGE: DATE:
- 2 B

FEEDBACK AVAILABLE: YES

STUDENT: .
CIRCUIT: 1- .
HELP AVAILABLE: YES
STUDENT INPUT SEQUENCE:

FAULT:

TP3ACVR _ .
TPIACVR ™ . o
STUDENT WEIGHTS: +.45
EXPERT« WEIGHTS: ¢ +.70 .o
CONVERGENGE AGHIEVED NO '
UTILITY RATIOS: - 'STUDENT:
UTILITY DIFFERENCES:  +.25
0O  OW PERFORMANGE: = -
TRAININGS: 1720 TOTAL ADJUSTMENT:
SIMU. SUBJ. DRIVENG WEIGHTS: . +1.00
PROBLEM C0$T:~ +82.00 v
+82.00

~.02
+.70 Q

-19.22
-.18

-37.74

CLOSE TO EXPERT:

+1.00

CLOSE TO EXPERT:

+1.00

DATE: .

FEEDBACK AVAILABLE: YES
_OUTCOMES

nrrc=zr

NO

+1.00

2 . 'ACTION-OUTCOMES

N
L
N

NO

RPN

» -

+1.00

-~

o <
‘Wm

”

LY




P— s . :
. e - . )

. g -
DISTRIBUTION .+  ° T .
. . - . v
I US AHMy LINCPAL SJPPURI uHuuP PERSONNEL UIVISTON .
1 wioa  ATING Puac ¢ L .
1 TA5/TAGCEN ATl & uaAL=EU : '
-4 vge VCATA ATTN: -aTCal=sP=w 7 .
2 HdoA  wESEARCH ab) STUULES OFC o : .
1 M3 1TAQY UCCUPATEONAL, UL VeL UFME N VIV 0 PC=MSP=U,.RM RH2C HUFF4aN BL b |
4 QA0 (MKHA AND L) ” .
I nyg TCATA TECHNjLAL LIuRrary '
1. H)A rHIEFo\HU ‘AN RthURLtb UtvtLUPMLNT nly ; .
1 HaoA  ATING ‘DAME=TST . : - s ’
;. husa AVfAT](N~3;»L,~5»cunu AIIN.\URSAV-23H -
.71 uSa CurhuCoM ATTN: RMOLL=FASRH -
% | nk muuwltws US MAKRINE \,UR‘?IQ AVING (,Jur_ 14TMT
) l HF\UUUBRTtHb' Us waRrRINE CURP ALINS Cuile wPl=28’ : v .
. 2 US ARMY jtUROPE aw) stvtwln KMY ‘.
a L1510 INE Ay LRY-ohv s ROy AND'?#B wileY AlTwng AARSN=DRT=T ;.
£ CHIFFy SURVEY BuUANCHGAAITING RDAPE=MSF=>y nOFFMAN BLUG [T
(L E lN{tLL]htNLl-AwuggtLUKIﬁ! COMMAND - ATINS 1AOPS=TNG N .
2 Hu TRANUC TECH:IZAL Linkak . :
| NAJAL TRAINING r@WJIPMENT CER ' ATINS TECHy]CAL LIUBRARY
© ] Mt 1TARY, OCCUPATIJDNAL weveLOPMENT Ulv  ATTNS UAPC=MSP=5, &M B52Cs ~OFFMAN wLDUOL
1 MILITAWY OCCUPATLJINAL Ur VELUPMENT Ulv  ATTNS DAPCL=MSP-p, RM B5%2C, +0OFFMAN BLDG
_ 1 MIIITARY UCCUPATIONAL wEVELOPMENT DIV ATING UAPC=MSP=T, RM B52C, ~OFFMQN HLDUL
1 R1 4 INFANTRY DLIvISION -/ - : MQ\(\
ri) A CTANK FURCLES MANAthtNT LrC
~ 1 H@QA  ATING UADG=20H . , -
1230 USARCOM HiSTkVE CENTER ’/J : . ,
F 1. HEMJAMIN HARRISUNy IN 40210 ' w :
S . FONCES CUMM.ND  ApLUL --Utvulv CHIEF of - SIAkF<£QB_LQbf5TIC5 ~.. 8oL -
1S arMy alr UEFT NS . a o

1

1

1

i

{

i

| D1ECTHRATE OF TRAINING  ATTN: AlZG=T -
I DI+ ClnraATE OF CUMBRl UEVELOPMENLS  ATlng ATZA=D
| HWoaRCHM  MAKIN: ZURPS LLIALSUN UFL
i
1
|
l
1

{

}

{

-

PECARTAENT OF 1wk a®MY  UD ARMY 1N¥£LL1UFNCE ¢+ SECURITY COmMMAND
Hw A CcHIEF. RETI<RU ACTIVITLIES -BR

US1 MISSILF MalrRItL/ReaulNESS CUMMANY  ATING DRSMI=NTN
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