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FREFAGE

™1ie report is the ninth in a series published by the Elactron—
ice P..sonnol Research group. The first seven wers based on ship~
board observation of electronics personnel sboard ahips of the des—
troyer class, The eighth, ninth, and tenth reports. describs the -
results of coilateral research which was done concurrently with this
shipboard observation. Their sudbject matter will differ from that

of the first seven reports;. consequently their titles are.listed be-
low, with a brief. description of thair contents.

8. A Comparison of the Effects of I‘our ﬁis ley Conditions on
_ FTE Discriminatlon Leerning of Simulated Somer “Bcho—
sturns, ' i

A repcrt of the results of a lahoratery study of dis-.
crimination learning, employing stimulus patterns of
short duratica, presected ly mesans of aural, visual,
and combdined aural—vi’éua.l displays.

9. 4 ‘Methodological St or Ele(:tronios Iroubla Sheati
EEEIT I iona e for escri tian ‘of

mugl e Xiteraative Embolic Trouble soting T SBeat.

A description of a new type of test format designed

for measuring some: nspects of trouble shooting skill.
and a discuesion of the conception of troudble shooting
on which it is Lased.

16, A Me%hodolo ical S 1_@{_ o*‘ Electronica Troublie Shooti
Skilit ﬂ Infer 18one 0F the MASIS T ) E

esty, & JOO-

r .
E-a'z-ngle Qest. anE Een %&eremo Taate Idministered to 5‘;043"
Be

A report of the resulte of the administration of two .
forms of tha MARTS Mest. ita progenitor doh—wemmle
test, and a battery of achievement and a.'bility oriented
reference tosts to & sample of Efs from ships under-
going repairs in the long Beach Naval Bhipyard.
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This report is one of two concerning a new typs of test format
whioh was ‘8 produdt of a methodblogiocal siudy of slectronics. trouble
-hooting A conception of trouble ancoting is set forth ae it is re-
lated to problem sdlving in goneral, Bnd as it i3 eiemplified in elec-
tronics situations. The test formet is dsecribded in detall, and the
nertinent aspacts of its subject matter, relation to other trouble
mhooting ui%uatiom t.nd tutu. and nt-ernativs acoring pa.ramters are
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A NETHODOLOGIOAL émr.dfmmmomcs- TROUBLE SHOOTING SKILL!

L RATIONALE POR AND DESbRIPT;ON OF THE MULTIPLE-ALTERHA”IVE

SIKBGLIO !ROUBLE BHOOTING TEST

‘I, INTRODUCTION

Thiae repozj"é con‘taiﬁn & aelcliiﬁt;;n of the H'ultiple-‘l.lternat ive
Symbolic l‘rouhlo Shaoting Test and tho 'rationale underlying ite de~
velépmont. ‘ The test is & recult of & mthodo;ogictl study of the
pro'olom 1nhorent 4in the ﬁnaurenom ot troublu nhooting skill, Con~
venticml papar-and-poncil tosts may be. 111—-su,1ted to thias purpose.
Thay are mo;t useful for ‘measuring knowledge pruuna.bly related to
or iegossary for -performce. However, their formt ganerany ia
too hflexible .f;wz' eliciting adequate na.nples of a performance. A_Q_,on-.-
vantional Job-sample tests, on the other hand, avoka peri‘ormanca asmﬂ
suned to be rapresentative of that on the job by the usa of actual
equipmeny, But ths administrative inconvenisnzs and expense cf equip-
ment tests is & ssrious ;;smcti.cal disadvantags, 5o is the fact that
they are inherently difficult to scors.

Tho MASTE test wae developed as & new kind of test fo‘ma.t"répi‘e;
senting the complexities ¢f the troudble 'shoétiné situation with suf-

ficlent realism to evoke trouble shooting performance, while'ﬂésiehn-

ing some of the ad.ministrat :hre convenience of & paysr-and-psncil
o ftarmﬁ* It \miqnnly comhinos theae char_ te:intioa: W 2 :
1,. It forces the aubJ oct to detemine his own pm';h .
.o ries.o,%0-the wolution<of ‘& trouble shooting prodlem, T ¢
s - No standard list of &lta:nats,vu is preuentei :
: for hin to: follow, - et
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2. The discriminstion of "yes/no! or "in tolsrancefout
of tolerauce,” 48 not made for the subject with
respsct to- ths problem infermation, KHe hae to meke
theas discrimin&tiona for himself,

3. T"he problem information was empirically determined.
There are no theoretical values, which sc often
differ from readings obtained from the actual equip-
msnt,

4, An extremely large smount of information is available
for each trouble shooting problem. The subject has
te find cuss to sclution of a problem in a pool of

- approximately five hundred different readings.

x .. Be. 1t-1e possible to record a dstailed protocol of the
subject's behavior in the testt the sequence of his
. xegponses, the points in the circult at which he
. samples information, the number of times he refers to
‘4the schematic, and the time of vccurrence of these re~
spouses can be racorded on a standard form by means of
& coding system, These response recorde provide the
basls for studying differences in technique betwaan
auccesaful -and unsuccessful subjects, ' '

A later report wil; contain the resulta of adninistaring this test,

& job-sample teat, and a dattery of reference tests tec a sample of ETs

from ships undergoing repairs at the Long Beach Naval Shipyard.

II, THE BASIS OF THE MASTS TEST

This gsection contains & discussion of the Job analysis done pre~
Liminary to comstruction of the test. Out of this enalysis came the
coacsption of electronic trouble shooting from which the test format

Ha8 evolvod.»
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Observaxion u: E&a'pa}foiming corrective maintenahco ahoaxd dos—,*

troyers operaxing'ati th#—Pasiiic Goast. atndy of trouble }hooting in
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ths 3ai%rc‘it§‘lsbordtoéy. axd céniidoz:ation of reports from other
Anvestigators provided a background of experience rﬁﬂMGntal to de-
velopment of the-test,

The situation in which troudle ohooting occurc has two prominont
slements, an individual or mdividuals. sad & malfunctioning system.
It 1s tbe task of the individusl (s) %o fix the system. Attemptl to
find what 1e causing the malfunctiening are cauod ‘arouble shooting
behavior, which is viewed hero ag & spocific kina of pro‘bzem—eolving .
sctivity. o |

Certain. elements of the mtamt:lon bet\veen tho 1ndivid:m1 and.

the uystem are common requirements of successful troublo lhootingt

the individual must (1) hsve some knowlodge of how the lysten f\mo-

. e
a v A

22117, (&) obtain informaiisn aboul ihe current stave ﬁf '

the syst.em. (3) relate ths informtion ho gats to his concq:tion of
ths normul system, his past marience with malfunctions oi' thie or
einilar systems, and his theorstical kmowledgs of functional relar- .
tionships embodisd in the system, and (4) formulate ‘and Yest by- ‘
potheses ag to ths most protable causs( 8) af the ma.lfuncuon,

The characteristics of the system and ths cemplsxity of vhe
cavse(s) of the malfunstion are principal d.etemina.nt% o;f the dif-
ficuity of the trouble shooiing task., Hlectronic circuits possess
some characteristics psculiar to thex. Most of thsac stem frow %1;6
einple fact that the cloctron is i"uoible. hcept at a fou 1solatad

] spotn 1n thc circu:u; vhorq mtomtton curzod br zl.t 13 ‘mslated

7' =

L

L#" . T

The system may e an eiw:rénib‘.c:tmit}, an internal combustion
enging, & soclel institution, or & business procedure.
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into eenaory term by an output device, the stream of elaotrons ﬂov:lns
in the equipment. and the complex functional mto*aotion cf its paris,

are abstract conoepta. A vire with a potential of 10,000 volts looks {

A
-

juat like a wire with no voltage at a.ll. _
!l'his attribute of functioral invisibility places certain demands

on the trouble shooter in olootronioo.. !Eheu. while probably not m&ique.

Q—
'-.

are believed to have a proninent place in the constellation of su'btaoko

whioh camposs this troublo uhooting.' It roquires him to knew and to

: intarrelate two different representations of a circuit - a thooretical

conception ma.ds up of abstract conce::ts and based on a ochematio' and
its a.ctual phwsical transle.tion 1n the fora of the extremely complicated

arra.ngement of leads, tubes. oapa.c:ltors. resistors, etc.. cnmposi e aleo

c
tronic eqoipment.

'.Phe trou‘ble ohooter is raquired to shift 'back and forth fro:n one

rep esentation to the othar; he 15 guided by abatract concepts on the
symbolic level while uslng tools and test instruments at the physical
lovel. A4As a resuls, he ¢snds to 'ouila-. up for himself a functicnal vis-
valizatiocn of the cirmlt enbodiad in 8 partir'uia,r piscs of equipment
with which he has contact ~ & functional conceptionzlization which is

& product of the shifting from one representation ¢f the circuit to

Not the lsast of the many itroublesome Jiff e:emes between thesse
two reypresantationsare the facts that the igyoul of ciumponsubs in Lhe

squipment never corresponds %o the spaitial arrangement of their symbols
on the schematici and the differences between computed values at points

in a theoretical circuit and ths actual values at corresponding points {
in squipment based on that:circuit m&y bo considerable, owing to inter- i~

actions between component tolerances, slight line voltage fluctuations, ¢ &
8lightly weak oommn.s. and the offec’&s of teat instmaens; onoimuit :
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“the values-of circuit components,

the other while trouble shooting.

'§. Analvgis ;9_1_" the Trouble Shoot 1:_35 Task y}, Electronics

On the premise that troubtle shooting in elsctronics merely ie a
speciiic exampie of a general class of troudble shooting bdebavior, its
an&lyneis, can follow the frame of referehce e:tabliehﬁd by' the four
requirements which were listed for trouble shooting. .

1. Knowing 2_133 Normal Systenm, ‘The BT or other technician

* dbrifge to the trouble shooting situation an accunulation of knowledge

3

about elsctronic systems which he has picked up from various sourcu.

1

In additior, he 10 given a certain amount of information in the form

of schematies, nhotogra.phs. and other refersnce material a> ,mpanying
the equipment, such as tables of normal plate voltége readings and

e

2, Getting Information About the Present Stats gi ‘the

§I' stem, Thers are two general zategories of this irformationd cues
immediately available to the unaided senses and cues which?must be
transformed into sensory stimeii by an intermediate instrument, Ex-

amples of ths former are front panel indications, output symptoms,

It should be pointed out here that some ETs apparently are able

ad 4 -
to varform norractiva mointenancas zn a specific plecs of squismant

with which they have had long sexperience, on the basis of prchability
of recurrence of a particular symptom-cause relationship which has
occurred repeatedly in the egquipmont's past history. The extreme form
cf this is not regarded as troudble skooting, since it does not invoive
probism solving. The ET merely repeats & segusnce of operations which
bave in: the past. under similar circumstances, put the egquipment dack -

“on ‘the air. An example of this type of corrective naintenance was

noted on a destroyer, where a leak in the overhead alloved water to
drip into a transmitter at rather frequent intervals. Until the deck -
above was fixed, the Efs immediately replaced. the -ssme parts in the-

_transaittex every time it wes reported down. without e ‘no’chsring

%o check symptoms.

: !5_’



cold tubes, leaking cepacitor cans, smoking résietors. etc, Examples:

of the lattar are voltags readings. waveforms. ring time, etc, The de-

' such instruments is an important part of the trouble shooting task,

. To gst information about the present conditicn of tho sqnipment.

then, ths technician may perform & careful preliminary aearch for cues
immediately available to his eenlee. or he may resort to auxiliary de~

ST J

vices to sample information at various pointe in the circuit. Both of

4 L
DL R

theee procedures inyolvs three stepes (a) choice of the information-
”'sampling dsvioe or process, (b) gelection of pointe in ths circuit at .
(ﬁwhich to sample information, ard {c) corrvect use of the chosen informe~
‘.tion~samnling device or process. |

3. Belating Inrormation about the Present bondicion oi ihe

zst em 0 & Ooncopiion of Its Normal Oondition. The trouble shooter hasg

to do something with the information he gets by hig sempling procesges,
As he collects it, he necessarily attempts to classify it by comyuting
what the functional values at particular points theoretically shouléd
:oa.'or'oy comparing the readings he had taken with a iist of wvalues sup~
plisd in supplementary rsferenoo materisl, or by comparing them with
stendards based on his experience with the particular equipment. All
;o: these procesees are based oni (d) the discrimination of usual or un~

usual for each bis of information collected from the squipment by-a

e e

’ sampling prooess. e e ‘f }"f

: !;.-_ Ohecking Possible and Pro'ba‘ble Casises of the mmnetion. s

So far, tha processea dascribed are relatively straightforward appli-

cations of ohservational techniquoe to & malfunrtioning system."ﬁz;

R T R
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themselves. they might result in the wcmulation of & hrge aa.mpla
of pro'{alem information. However, unless this informetion were inte=
grated into m cause-effect frame of reference, it would be insuffice
= | jent for solving the trouble-shooting problem, |
Another level of the behavior begins some tima before or during
the applicetion of these techniques. and gaes on concurrently with
them. At some stage 1n the task, the troubls ah.ooter begi.ns to
formlate hypothesea as to ths poui'ble and prebable causes of thc
malfunction. The basis for this formulation may be ths reiation-
shipe he draws between the "‘“f?:,‘ﬁ?’,“.‘?‘ collects and hic functional .
-conceptuslization ¢f the eguipment,
To Ve an efficient or even a successful trouble sghooter, the
technician gn_;ét.&vei_ aither the extreme of
C } tion potentially available er of rébnilding an slectronic system
| component. by;-cqmpqnent. He rust achieve soms economical balance
hetweex‘x information sampling, and the risk that hie informed gussses
as to causes of patterns of unus;;al- information will bas wrong. GCen-
erally, he achieves.this balance by selecting the pcints at whick he
samples circuit information in such & way that Lo can eliminate por-

tions of the equipment as possible loci of the trouble each time he

4 '
. However, a trouble nhooter does not neceasarily have tv sample
information first, It is poasible for him to make random guesses
about the canse of a fallure irv & syetem end to be correct some times,.
Slontn The noTe conp‘ icated the system, the greater the number of possible
A f‘“—"l ..0ausas of failure, and the less is this guessing apt to be succeasful,
L\ . Conversely, the more a troubls shooter knows abou:t the present con-
P :44%ion of the system in relation to. its normel condition, the more ave
= e his informed guesses apt to be correct, provided he van ‘deduce camo-
o TR foﬁﬁ& ra;.atienahim for tjm d.:w:rspanc hs sha notu. Bt ies iy




L &oeg‘tgﬁ samp}ingz 3T§i§_§a;row1ng;ot thé.f;gld.pfugoss§b;e causes per-.
\.Eétg ghe technician to chgckﬂa smaller number of algernatiyg Eroyable
_, oeusas, one or more of which will be the real source(s) of the malfunc-
#on, | o
. This elimination of posaible and probsble causes is conceived of
.;, ; product of the firat three requirsmants discussed above. and this
fourth requirement. which includes theae steps! (e) integration of the
1nformatioﬁ as 1t is collected into a cause~effect frame of reference,

and (f) testing hypothsses as to probable causes of the trouh1ﬂe;

C.- Implicatione for Test Construétion

This discussion of trouble shooting is intended to suggest certain

conclusions about the nature of trouble shooting behavior which have

plied the anslysis represent: thé way &ll ETs trouble shoot, for at
lﬁast some. technicians -do ncd follow a system, and cannot verbalige the
~sstructuring principles cf their behavior in this situatica,

.The analysis does s8how, however, that the trouble Bhooting task is
‘composed of Leéterogeneous subtasks, each requiring certain actirities
. which are determinante’ 6f the succeas or fallure of the trouble sﬁooting

effort, - : g

ths pndblem or-himself He starts with a certain number of "givens"

- in the situation. ouxput aynptoms, front panel 1ndications. operator

reports, supplementﬁ'y reference mater*al’ and hia cwn experience._ *",'

' .tween this.start an& tho end of tna prcblem‘liec aolution route uhichﬂ

- he he determinen.i It may have nnmaroua hywayﬁ. or it may~proesea.hy *h‘ 2 e

)

-




shortest posaible -pelnth' from start to successful solution of the probd-

16m. The polnt to reiterste 1s that this path is a reult of the
‘interaction between the situation and the individual, No two t.ech-.-
=nician§ solva the pems problem in exactly the sams way ?ﬁege'é.ra
no £4xs2 alleys in tﬁe"mie‘f'tﬁéy traverse. X¥ach individual selects

his own test points in the circuitaﬁd i faced 'by';!;,_is own choice

?Pb'ints'; each of which is a resultant of some of his behavior up to

that tins, SR ‘

‘%hig conception rejects the view that the trouble ohooter'c suc-
Cebeive responses are rigidly determined by his proceding respoz\ul.
Analysis of detailed responle records has shown ‘that even the suc—
cessful troudbls shooter makes ‘bath 'ru.stful and unfruitful moves,

Ho may 1nau1ge 1n repetitive 'bchz:rior. mking t‘ﬁe éan“e nea.su.rement

< ...over-and over at a test‘poin%. Or. he znay ckip sbout in the cirocuit

with no apparent relationship among his responses. The iéoa that
_ the £ 1rst; résponse déterminés what the .secbné. r‘espoz'u.e will be, and
that one and two determine the nature of the tﬁird.-preaehts too rigid
a pict}u'e of the process, _ ‘ '

| It may be that thia 1{1;5 wonid texﬁ. to be more and more ap
plicable as the afficiency of tha trot..ble ahootors mcreased. but

a test which forcas a.11 su’biacf.s to chg tha aama __y;ggn___,i,g_ at

the same choice pointe would-«emi& an mportaiit source of variance,

A tachnictan's ffmitful responsan mova him cloger to a solution. and

in tha.t eense are succesaively dapqndentg hut thia relationslup uolde

only among cert&in :es;poneaa ci;tqn agpa.ra&ed by trial mgrro: ba—-

hav ior.




“cnrc?tional paper-and-pencil test formats are incdequate for pre-
senting realistic ¢rouble shooting oroblems.to 8 subject., They tend to
rigidly_ctruoture che.iechnician'a path from veginning to finish by sup-
plying & very limited ncmber of standard alternativec. choice points,
and samples of‘proolem information. and they give away'information by
listing elternatives and crucial cuea. _

The ideal format for a measure of trouble shooting behavior would
start the subject with a standard minimum of information about a problem
and then foroe each subject to structure his own presolution bshavior.

It would reqyire the subject to uae the procosaes which have been dis-

cussed izn the analyais of electronics trouble shooting, and which are

summarized herss

1. Knowing ths Normal System
2. Getting Information About the Present State of the 5 System

a, Choice of the informationpaampling device or
procass, :
b. Selection of points in the circuit at which to
©  sample infeormation. -
¢. Correct use of the chosen information-sampling
device or process,

3. BRelating the Information About the Present Conditicn of
the §yctem To & Oonception of lts Normal Wondition

4, The discrimination of usual or unususl for each
bit of information collected from the equipment
by a sampling process,

%. Checkinz Possidle and Probeble Cauvses gg the Malfunction

©. The integration of the information as it is col-
lscted into a cause~-effect frame of reference,

£, The testing of b&’Potheaes 88 to prob&ble canmaes.
7 of the troubic. A

This conoeption roqnired & new kind of teat format After a con-

' aiderable amount of preliminary anaiyais. the ctructure of the Nhltiplef

e ezt
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Alte mvi*v’a nyﬁocuc .Lroun.l.e Bhocting Test was developad. The re-
T na.inder of the paper will be de‘vﬁted to a description of its format

a.nd. a diocuseion of its charmteristiol.

. 111. DESCRIPTION OF THE MASTS TEST

.The iinpo,z'ta;ﬁt charscteristics of the MASTS Teet will be described
. in this ibction. The preunt plwnical forn of the test is regarded |
merely as one possibility for the embodiment of its principles. !he
exploded d.ramings 1n Figs. 1 and 2, amd the photographs (Plate 1)
acconpanying the text give the reader stmctura.l detans of the

rent form.

L. Tha Test l‘omat _ .
O .. | The general rsquirgmants 1issed 1n the preceding aectien imply .
“ . aither & Job-sample test or some a.rra.ngement which would rsplace
Yoth the electronic equipment and the test instruments in the‘ trouble
' ehooti.ng situation, while reproducing a sufficient mmber of tha
subtasks in it t;o evoke represartative trouble shooting behsvior, To
~accomplish *his. the tost should provide the subject with a pool of
information a.bout each problem which he can sample according to his
bwﬁ mlmation.a.l The test al-sa.ashould rossess face validity and .
?J.ntereat. 11; shou.ld make. the subject fesl that he is troubla shooting,
Th.e a.ppa.ratun vhich was buut is ghown in .'ﬂg. 1, The following
: ',discuasion refers to the numbered. parta of this drawing. -Thie e the

Q :Laboratoz-y mde;L af the test. : A. ;;rodtwtiom qodel could be reducga in

e

aize and weight and aome c,tb.er refinemnta could ‘ne 1ntroducod.




The masonite backboard (1) acts as & support in the current model.
It "is é.pp'roxim#tely 4 x 5 feet, Llong the bottom edge, grooved strip

{A) serves to hold the ends of the five ypansls in place,

The pool of problem information is typed on the sheet (2), There \ )
is a different sheet for esch problem.’ ‘For the saka of convenience in
typing‘_and_hand.lipg_,_ this sheet has been made in five atrips, each fit-
ting under one panel. The information is typéd on the stripa"in c:li*cles,
which were drawn by running & pencil around the holes in the super- -
imposed panels (3). i

!I‘he problem infoma.tion presented to tha subject is cf three
clasaea: -readings made at test points in the circ.uits which were
. chosen as contexts for the . rouble shocting problems, information which
would be obtained from manipuiating front panel cont'r’.nlé ani screwdriver
 adjustmente on- actual equipment, and the answers %o  the problema. These | (’)
three classes of information will be described more fully later.

The five panels (3} ars mesonite. Their bottom ends fit under the
strip (A) on (1). The top ends of the penels are clamped to (1} by air-
craft rigger's clamps {B). In these panels are drilled 3/4" holes. On
each of four panels there are five columns and 25 rows of thase héles.

Oﬁ the fifth panel, there are sever columns of holes, one column for
Yyary" information aad six for the "answer! hactioﬁ of the f'est. ‘Bach
hole in the panels is Wstoppered" with a cork (Fig. 2) S Y t'he- first
four ;_oanels. “gll the corke ina particular one of the five colwmsrper :
“panel are iaf'nﬁ’ed:‘a“ amm%m cb!.‘or; "'-5'.Eh'e; small’ -"s"’c'riﬁﬁ' (c) "éb"xiﬁé;inf‘:the o3
.-'-_7'1a.bale for the cohmna of cvrks. Evary strip has the same ﬁve la.“béis. e 5 St

one for- each of tha fiva col\mns on & panel. Theee hbels correspond
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to the five kinds of information available to the subject at each
test point in the circuit., Details of the etrips are shoyn in the
expanded view in Flg., 2. ZEach row of corks on the four similar
pansls is pumbered consecutively from 1 to 100, the numbers cor-
responding to possible test points in the circuit,

The corks in the large panel are labeled on tcp with the letter

and number identifying a component, including major lsads, in the

~circuit being used as the context'for & problem, The first.column

in this panel is for "Vary" information - that which would bde Ob=
toined,from varying front panel controls and screwdriver adjustments.
The other six columns in the panel are for the answers to the prob-

lems, These columns are labeled "Substitute New Component." For

_any particular problem, one of the corks in the answer section cor-

responda to the component in the circuilt which caused the malfunction.
Uhdef it is printed toe rhrase "Gear Normal," The spaces under the -
other corke in the section &re left blank,

To facilitate locating them, the corks in the answer section are
grouped in rows labeled witn the names of the stages in ths circult,
The strip (D) is fastened along the edge of the section and carries
these stage labels. It and the other labels (C) can be changed when
different circuits or different test instruments are repzesented

All of the corks can be removed and replaced readily They

eerve %o conosal problem information‘ the response of removing and

.replaoing a oork corresponds to using test 1nstruments. varying front

panol conu olo. making aorewuriver adjustmonxs. or sdbstituxing new _;

»oomponen S’iﬁ ‘the actnal equipment. Fumbers (h) and {5) are the
: _togla w;teh &nd re& waxmz.g liglxt; roepaotimly Thoy are tho

-



B. - The Sudject Matter of the Test

As a symbolic representation of a trouble shooting situation, the
MASTS Tost is based on actual equipment. Two circuits were chosen, both
availaole in the Philco Training Set (Plate 11), a superheterodyne radio
receiver and a redar sweep gensretor circuit. The Philco equipment i
relatively portable and embodies general principles which are found in
dore complicated electroaic syetens. Hovever; other circuits could be
used for the test. fThe accessibility and relative simplicity of the
Fhilco chassis facilitated the preliminary work which wae necessary to
establish the information pools for each problem, ard to study the char-
acteristics of trouble shooting problems, .
: One of the features of the test was to be its realism. The prod-
lem -information was an important consideratiorn, since it either could
be "faked" or 1t could be obtained by putting faulty components in the
equipment snd using test instruments at test points to get empirical
measures of the effects of the faults on the rest of the circuit, An
appraisal of possibilities indicated that estimating or computing the
values for the test points would be & .guestionable procedure. It might
have resulted in 1ists of theoretical values, but these would have had
important deviations from those a technician might obdbtain for himself
whan using test instruments. '

Therefore, the decisicn was mads to get the prodlem information by
empirical means, Correct eschematics of the two circuits were drawn.
Test points were selected to represent points in all the circuit estages

This is part of s ayatem which wes davissd

LY. adea -dd
L =] 99\5 \IU avyavu.u\-w DUH‘IU U‘

the affect the effort inwolved in removal and replacement of a compon-
ent in actual gear has on the technician's willingress to do so until
he feels it is.necessary. This task acts as a deterrent to excessive
removals. In the MASTS Test, tha subject is given a certain amount of
time to tolve each problem. To prevent him from doing so by merely
1ifting all the ‘corks in the answer section of the largs panel, he is
reqnirad to perform the following sequence of operations before he re-
moves a cork theret . push toggle switch (4) which turns on the red warn-
ing light and activates a timer (not shown in the drawing); wait thirty
seconds for the timer to turn the red light off; when it goes off he

can remove tke cork tut must repest the _saquance beforo another renoval
in th&t seettan. SR ] _ L
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at which a ﬁechnician might want to sample infofnieition. " There weres
ap‘froii:ﬁateiy g0 .euc'h test points in each circtiit..' ¥ext, the kinds
of rsadings to takeléere chosén. keeﬁing in mind the test ihstruments
ETs commonly use, For the radio réceivér these were DC volite, AC
volts, ohns, signal injection and taps. I‘or.the radar circuit ﬁhey
were waveforns, DO volte, AC volte, and ohms. Each of these kinds of
readings were madé at each test point~iﬁ the‘approfriatélcircuit.
which resulted in from 340 to 425 reé,di..ngs' per problem.

This procedure resulted in éinpiriceil information whioh was real-
istic,. containing as it did all the_. uiinor fluctuations due to the
charactefistics of the test instruments and the equipment.

Prior to this work, it was necessary to select the trouble shoot-
i.ng problems. The initial seles t;on was made to aamle each impor-
tant stage in each circuit, end each common type of failure of eack
type of component. As the readings were taken, some problems which .
had been chosen proved to be unsuitable. Some faulty cogponents made
tos little difference iu the operation of the equipment, Certain
problems had key sensory cues which could not be adequately repre-
sented symbolically. Interacting faults had to be omitied because of
the difficulties inherent in representaticn of their gyspioms and
cues. Thas final s3lectior includss twelwz r2iio receiver problems
and twelve radar problems. These were divided into two egqual groups,
to provide two sets of problems, either of which could ‘be used in

the MASTS Test, The two sets were, m&tched on the 'baﬁis of their

T 6 .

- &nothsr oxamn).e of the divergence between the theoretical con~

,ception of a circu.it and its phyeical tranalation.
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ale ctrozﬁ- ra.te ristics.

At present, then, tha __2_ Test has two more or less equivalent
i‘gx.-msmgo far as subject matter is concerned, In each: there are 8ix ro-
‘ce:.ﬁl_er p_;?blgm‘e and six ;.ada:'prﬁt;)lem,s.. ALl of the information for each
of these problems, except initial symptoms and supplementary refersnce
m'at_e:ial about the normal condition of the circuit, ie on the proﬁlem
aheets. This supplementa.ry reference material, consisting of a schematic
Awith the tsat point nunberl, inntructions to the subject, normal plate

voltageq, a.nd valuos of major componentn in the circuits, is in a sepa-

rate booklet.

gB. Problem -Information

- .- The procedures used for getting the probdlem information deserve
somé commsnt, since it was necessary to devise standard methods for
applying the test instruments, and to conmstruct scales for soms of the
ron~discrete readings,

: " The chief problem invélved was to é'ample adeh,uately the very large
amount of information that could be obtained from .th:a equipment. This
wag ‘accomplished by threeo stepst "(1) test points wers carsfully selscted
to provide a thorough coverage of the circuit; (2) test instrumenta wers
applied between & test point and common ground, never “betwsén two test
points; and (3) only common information aampline procedures which could
be represeited symbolically were used.

@ak'ing the AQ voltegs, DO voltage and résistanoe maa.au.rementﬁ was
& relatively simple operation. "rgrst_. v ths eqx:,iﬁmant was putin °norxﬁ5.1
operat_ing _'c_ondition end these meas;ue‘s vers ‘é_gkexi"‘gt all tegp’-;gcgi;n'cs‘" to
' ‘prayiae'a standard with which t_o‘gomp_aéa tpé.pxjébiqq;(_f;ég.ﬂzhgq. These

0



*

fnormal? readings were taken more than once, and at different times,
to correct for scale reading error and minor current fluctuations,
Then, each problem in turn was put:into the equipment, and measure-
nents were made. Wherever the fault had caused & change in values,
these were checked very carefully. They were codpared with the nor-
mal values and then were taken again to meke sure that the differ-
ences were due to the fault and not to measurement error,

The waveforme, the signal injections, and the information ob~
tained from tepping a point with a screwdriver were special problems,
The waveforms were teken ﬁith a high quality 5" laboratory type os-
¢illoscope. They were drawn on black paper in white wax pencil. lLater,
each drawing was carefully checked bty direct comparisen w th the os-
cilloscope waveform again., The sweep frequency and vbrtiﬁal gain set-
tings of the oscilloscope were recorded as part of the waveform infor-
nat ion,

The receiver outputs derived from the use of the signal generator
and from tapping on various test points in the radic receiver with a
screwdriver were auditory cues difficult to symbolizs. The informa-
tion obtained from tapping was included because technicians often use
a screwdriver or finger to tap key points, such as grids, in tue
audio section of a radio receiver., as a crude bhut affective meth
of signal tracing. The sigral generator was used in the way Els
generally use it: the signal was injected at a.test point and tha
audible effects were noted at the speaker of the radic, Since the
inten%ity of the sound in the speaker froduce& by botg tapping and

the ﬁse of theﬁsigﬁaL'generator_is;the important oue, a four-point
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scale wes devised.to describe the range ¢f intensities, HBach point on
the scele was labeled with & short descriptive phrase or wordt (1) ab-
sent, (2) week tone, (3) loud tone, (L) very loud tone., Tapping pro-

duces & popping noise, 80 the word "pop" was subastituitsd for tone to

C

@gsgr;he the intensity of thig noise,
. ib;q‘system has proven to Pe reasonably effective, although it can
be improved fqr suysgquenj uses of the HASTS Test, The signal genera~
tor, in particuler, needs a more accurate scale which will indicate
@hs output of the signal generator ggg the output .intensity.at the
~ redio recelyer speaker,
Information from varying front panel controls and screwdriver ad-
Jpstqegts represented another coding problem, The important cues from
‘thgse'opergtionS'generally come from observation of the output while
-thi control is being varied. Consequently, it was necessary to devise
some means of representing the variation.in output through the range of
ithe'gontrol variation, and also to irdicate the pcsition af the control
in the problem. For the radlo circuit, the coding system used to repre-
sent volume changes 1s shown in Fig. 3. Short verbal statements wers
used ?or the redar circuit,

Referring to Fig. 3. I shows the system used for variable resis-
tors, such as gein controls., Line 1 represents the range through which
the conﬁrql could be turned, from 1¢ft to right. Line 2 represents the
speakser volume at any particular point in this range, and the triangle
(3) represents §h§ :elafive position of the céntrol when the problem
:eading#_wsreutaken. |

I-4A, I—B._I«G are e;gmpies Qf how this system was usad, I-A shows

- @922
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F!G 3 CODING SYSTEM FOR INFORMATION FROM VAR!ABLE RESISTORS AND
CAPACITORS ;



that varying the control will. cguee no increase or decrease in volume,
I-B showse a moderate increase in volume when the contrnl is turned to
the right, and I-C.éhowa‘a. large increase, . _

Il shows the system used for .var.iable capacitors. Line 1 1ls the
range of verinbility; 2 shows the relative position of the control
- when the problem reé.dings were taken, and 3 shows the lbcation o:f the.
' signal pesk i_n relation tc the range:of ._the contrel and 1té position
in the problan, | '

Again; 1I-A and II-B 2re examples of how this system was used, E
1I-A shows a detuned tank; the.trmmarr is out of adjustment. . 11-B
shows & very small. signal peak at the control position, but. the
only peak in. its range of adjustment.

This coding system was used to répresent problem informaticn
only. It never showed the effects of varying the éontrol in a nore |

mal system, which is consistent with the rest of the prodlem informa-

tion,

11, Administration 2_1; the Test

The novelty of the test situation, and the relative complexity
of the behavior it was designed to measure, regquiree that the sub-
Joect clearly understend his role bvefore he starts. Instructions have
‘peen written for the subjects to read. They describe the test for-
ma$ briefly and ex_éla.in the basis~ of the pr.o‘blem ini‘ormat.ion.“ em=
 phasizing its empirical naturé:' In addit'ién.' the test administrator
'demonstratas the Mpurtant features of the test: the use o'? the
1nformation and answer aections. the corks. and the red wa.rning light.

'-'-'l'inally, a wam-up problem is givon the. su’bdect to ma.ka doubly sure .

s



he understends the test. Ourréntly, each prbblem nes & twenty minuts

‘tine 1imit,

-

At the beginning of thea prbﬁlem, the subject is given a card with
a list of symptoms, He 'is"giver'x & schematic, and can refer tS the book-
let of supplementary information; component values, a.nd. normal plate
vditégeé.' He can sample information at any point he chooses and can re-

move and replace as manyvcémponent's as he chooses, if he is willing to
[

spend thirty seconds of time for each component checked. In other words,

the ubject has to find his own path to solution of the problem. II he
is successful, he 1ocatés the cork corresponding to the faulty compon-
ent &and reads under it "Gear Normal," signifying that replacement of

this component with a new one corrects the melfunction and ends the

problem,

IV, SCORING PARAMETERS

A scoring system depends upon the definition of a criterion of suc~

cess and the relationship to that criterion of the behavioral referents

recorded during the test, which are assigned numerical values, This

fact means that there usually are several alternative ways to score

“

- -3

Thirty seconds may appear to be slight deterrent to random gues—
sing in the answer section. Actually, the required sequence of opera-
tions for turning the light on and off tends to break up the subject's
response pattern and force him t0 conceatrate on a manipulative activity,
The light interrupts the subject at a point where his subjective need
to finish the task is-greatest; just before he caa obtain knowledge of
results.  Under these circumstances, thirty seconds seems like five nmin-

utes. Nurthermore, there are-such a large number of ccmponents in the

ansvwer section that orly & small fraction could be checked in the twen-

ty minute time limit per problem, even if that.were all the subject did. _'
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any Yest. During the development of the HASIS Test, this has been
kgpt'in mind, and fhg hasic response records from which several scors
iné systens c&uld be.der;vgd are bging obtained 15‘1ts preliminary
tryoux. |

So far as scori;g 15 concerned. thére a?e two general ways of
treating problems in the test. as items or as subtests, In this sec~ .

tion, theso two sxuernative; will be discuseed, and the preliminary
scoring obJectives will be listed,

4, ZFroblems as ltems - . a ' .“

Fajilures 1n'electronio equipment are & hetbrogéneous;clasg of

problem situations, The distinguishing characteristics of this class

na;ej (a).the output of an electronic system deteriorates below tol-

erance limitss (b) this divergence is reflectad iﬁ.output s&ﬁptoﬁs N
which may be necessary but seldom are sufficient information to |
locate the cause; and (c) findineg the cause of the divergence usually.::
requires en examination of the inieracting functions in the system :
between input and output,

Hetercgeneity results from the differences among trouble shoot-..
ing problems with respect to number, variety, and discriminability ..
of output symptoms; number, variety &ind discriminability of cues to
bs found between input and output; ths specificity of the reiatiSn-“
ship between this informetion and probable causes; and the kinés of
events which are causes of tha tfbﬁble;'.Theae differences make eoi;
problens very difficult to solve, some easy. There are, of cbursé:'L

other facto*a which influence difficulty level. such as oomplexity of
the oircuit. ;



Tdeally, it should be possible to prediot the diffioulty level of
a problem from its discriminable electronic characteristics, and a test
emphasizing either speed sr power could be constructed, Howsver, at the ' =
tine the problsme for the MASTS Test wers selected, the knowledge neces-
sary for such predictione was iacking, The relationship between what
might be called the psychological characteristics of a problem and its
electronic characteristics was not known.'- Certain logical genéfaliza:—
tions are possible, dbut there obviously are so many determinante of
problem difficulty that this kind of generalizing bcgomon dange;'ggp un-
less chacked empiriqall.'g’. )

The selected préblems were pretested on a small sample of subjects
who had been E;I's, and the results were used aa a rough indicator of the

difficulty of each problem. It is expscted that data from the prelim-

-~
)

inary adninistration of the test at the Long Beach Haval Shipya.:d will
provide ﬁore information ab&ﬁt the relationship between these two cate-
gories of problem chafacteristica.

Whenn trouble lhootiné problemp are trsated as i*sms in a test, 'ee-v'
sentially what is scored is the end product of the subject's .perfomance.
He Qolves & problem ¢r he fails to solve it under the conditions speci-
fied by the test instructions. This fact can be ncted and he Gan ve

-

scored Right or W nether 0 and 1, or

o Wrong on that paryiculsar probiem.
some other weight is used, the eesential fact is that this procedurg'
emphaﬁizes results rather than technique. It conforme to a prectical _ _ i
cri?azjiot_; of a ;oqd trouble shooter as a'@.yho finde. j;;;q_.'.g;mo'éqg_ an . | 'D‘

‘equipment ma.lfunct ion,




_ ;B_. Probleme ae Su'bteeto

While a pra.oticel. working d.e:t‘inition of good trouble ehooting
emphasizes reeu.lte. obvioualy there must be velia'ble d.ifferencee
between the 'behe.vior of technicie.ne who oonlietently feil and those

who consietantly eucceed. We must aesumo the end is a product of the

means. In twenty minutee. a eub,ject'e behavior should revea.l some

velid 1nformetion ebout hie ekill in trouble shooting. The provlem

is to identify and eoore the olements in this behavior which diecrim-
ina.te among su‘bjecte with reepect to thie skill. Unfortunately.- moet
of the presumably critica.l eteps in problem eolving are not directly -
observal)le. Evaluation of them neceeearily is indirect. l‘urthemore.'

the nature of trou'ble shooting behavior, as it is conoeixred of here,

_precludea the uee of a checkliet type of procedure which agsunes

there ie one beet eequence of pre-eolution stepe. or one beet pre— -

solution path. _

Excluding the traditional evaluative techniquee which empley an
observer to watch and to make subjective Judgments about a perform-
ance, there appear to be two alternatives to scoring within-problems
variance. Either esach problem can be divided into suibgoals or some
method of evaluating the subject'e technigue can be found,

The first alternative eeeentially makes geveral items of each
problem. -I‘or em.mple, & eub.ject could be given credit for localizing
ths fe.ult to the corroct stage, and e.dd.itional credit for loca.lizing

it to a. epecifio compouent. ‘I?he eecond. alt ernative is beeed on the

| 'e.eeunption that thore ‘ate. good a.nd vad: t:ouble u!mtins techniqm- e

fSome preliminary analveee have indioeted the potent ie.lit iee for de—-

q;ment o:ﬁ & reaponse eval\mtion mt@. 3;: xgse o*‘ e;eehematic of'



the circuit in conjunction with the response recorde, it is possiblé to
rebdﬁétfucﬁuthé'aﬁbjectié path from beginning of the problem to its end,
Path plots of aéveral successful and unsuccessful subject's responsee on
the saﬁe'jroblém have indicated that the latter tend to repeat measure-
mmsﬁtq at the game point more frequently, may not definitely localize a
fault to a staée before working oxtenlively within a stage, and tend to
éet.into cul-de-pacs from which they cannot extricate themselves, These
“%rSAAQ, noted from a few records, will naed support from & more extensive
'zanalysis before they can be useful as scoring discriminanda.
L Another Preliminary analysis of the responae records has been along
the seme lines. While the subject's solution path is being plotted,
'judgmenta of fruitfulness and unfruitfulnass were appliou to each re—

sponse. The uotals were used for conp uwting the ratio batween the total

o

puzber of reaponses & aubject made and the number of responses yhich
were fruitful in mdving him closer to.the solution. This analysis sug-
~.gested.tha€ such a ratio cbﬁl& be a valid pre-golution measure of trouble
.ahooting geill, It emphasizes ths efficiency of the subject's technique,
'Unfortunately.'its computation ié somewhat laborious, and the judgments
by which the respouses ars categorized require more information for

their dvasis ;han presently 1s avallabls,

=N ..

hose and similary analysss of the responsa

rééofds can be dcne more extensively after the first administration of
the MASTS Test has been écmpleted.

S, Preliminagl corigg Objectives’ g b A Ry {j)
o During the. initial administrazzon of the test at Long‘Beach, the

. qulq&ging garfqmance x'e«::oztd.qw were obta.ined from sach sub.}ectg (a) time

N
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required to aoive each fréﬁiem. (v) nn::;her of problems solved within
the twenty minutes per problein limit, (c) complete responise records
of pre-solution behavior..s

Ths fewest possible restrictiions were to be imposed on the

subject's behavior, other than that inherent in the trouble shoot-

4ng situation. Theorstically, every prodlem selected could be

. solved by every subject if ha peraistedio‘ng eﬁoug"h. If nothing

rls8; hé might retuild the ¢ircuit a component at & time,
“ 7 "However, for practical edministrative reasons, it was noceg~
sary %o set a time 1imit on each problem. Twenty minutes was se-

lected because pretesting suggested that the distribution of solution

“times ‘is bimodal; either a subjeot solves a Droblem in a ‘relatively

straightforward fashion or he becomes confused and uses up a pro- -
portionately much larger amount of time testing ths wrong hypotheseo
or fumbling for cues which will put him on the wey %o & solution.
The twenty mimute limit was chosen to cut off the second mode of the
distribution, |

It is expected that the thrse categories of data will permit

use of simple and objective scoring procedures which trest prob-—

~ lems as items, and also will provide the foundation for deriving po~

tentially more discriminating scoring systems, based on problems as’

subtests,

~r

g - ¥
See the a.ppendix foz; & aamp}.e response. reco“d.
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; t'ee.t,fram whioh 11; var dgrivod.

B L e N et e e T

Y. OGMPARISON OF THE MAS?S TEST WITE A
o .m-smpm e

Proficiency measures should predict on-the-job performance or some O
aspect of it. Thure may be meny elements in the performance itself
~vwhich are ,gqp-@ilcrim;nat;ng._ 8o far as ranking the performers is con~
cernod.‘, At. any one .time. the on-the-.jo"tg situation may ‘n,ot be repre~ v
sentative _9f .the tgska a _tgchnici&n,ha.s to perform over a long period
of time, A.proificie;ncy measurs abstrocts what are believed to be
critical .elements from the on-the-job sitvation. Performance tests
simulate this éitqation or elements of ii, . Paper-aud-pencil tests
usually measure knowledge related to the performance, althouzh it often
is not & sufficient condition for the successful occurrence of t&t yor-
forma.nca. 7

Gonventional Job-sample pertormance taats and papur-a.nd-penci.l
tests may be placed at different levels on a dimension of akstraction
from the on-the-job situation. The MASTS Test was developed %o be 8t
& level of abstraction intermediate between these two conventional .
‘fomays. ldeally, it_ should possess much of the adminietrative conven~
ience and economy of the paper-and~pencil type of tast, and evoke g&r—
formance from the (,sub,je.cts com_pe.:e.ble to that elicited by a .conventional
Jo'b-sample part‘orma.nce tast.

-In this section, the MASTS Tast is compared with the Job-sampls
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tion II. It is conceived of as presenting the technicisn with & type
of complex problem to solve. On the job, he is frue 'tq use certain
methods and to proceed in certein ways, He is nct free to use some
other methods or to proceed in samé other wa.ys; These conditions

structure his behavior; they impose restrictions and limitations on

© it, fThe ﬁil"ééulting -ﬁorfbrmarée is a produci of the interaction of the

individiial‘?éith'thé'aiﬁuﬁfion. The major structuring conditions in
the on-th'e—iob trdﬁ‘t;le lhooting situation may be liated. asx (1) the

design chara.cteristicc ‘of the equipment; (2) the type of test inetru~

" Hents and supplementary information availa.‘ble; {3) the regulations

concerning corrective maintenance imposed on the ET; and (U) the at-

titudes of osthers in the situation toward the ET. Theae factora will

"1nf1uance the a.va.ilability and uaefulneaa of output uymptcms. the

information getting procedures the technicia.n uses a.nd the choice of
;ooints at which vo apply them, the degres to which he becomes ego-
involved in the task, the length of time he will work at it, etc.

The point being emphasized here is that bis performance is in-
fluencad by the total situation and that any profic.iancy measure must

inevitably leave out soms of the behavioral structur.ing conwitions

-in the on-the~job situation,

of the MASTS Test. It utilizes the same problems, test instruments,

instmctions. scoring "and response record system. The equipment used

| '1n the taat ia the ?hilco Iraining Set (I’late II) The design cha.r-

acterié"eics of this devica differ from fleot equipment in several :

:QBQBQ_‘&S._; Ehe ?hilca gear ha& 1ntercha.ngea.b1e cnassis which corre—

s B Y - =




epoxlei. to c;rm_}_t stages, The qqmpopenta in these cha_slsis. ggngrall&
a.?é -very.'ac.cevs.eﬁlel and easily 1;legti£;ed from ths. ;chmtic. ¥ith
) tho e:;cepti‘on 'of" la;'ge transft;rmers a.nd some potentiometers, all the _
. componenta are mounted. on remova’ble strips. This fsature tends to (n)
red.uce the effact of Mcessibility of components and difficulty of
) their ren;ova.l on trouble shooting behavior., It elso reduces the time
the technician othemia? lwould have to spsnd in circvit tracing and
in hunting for a partieularly obscurs component, |
| !nhe circuits in the Philco gear are contiderably simpler than
_moat of thon in fleet gear, !Ehis results %n & smaller total func-
tional orga.nization to work \;ith. There are no physical units larger
‘tha.n‘a. stage or & power supply.
| These d.#‘ferencu are b'e;ng pointed out to make 1t clear that .
the dqvempmém of the MASTS Test has been a methodologicel problem | O
up to now, It i; expected to resemble most closely this job~sample
test baseé. on Philco gear, not any specific trouble shooting situation
in the fleet. If the format of the test proves worthwhile, ite spe-
cifié subject matter can be extended to flest equij;ment where neces—
'sar'y. fE‘o;' the initial developmental work, the simpler, more availw
- able equipment was chosen in the intsreats,. of economy and portability.
However, it should be em;abasized that the Philco job~sample fest
;still reqﬁixfes the subject to perform the _essantial trouble shooting
' steps discussed iu Section II, and summarized here: (a) chocse in-
.‘ formation-getting davices ard proced.u.rsa. (v) aolect points in the
circuit. a.t which to sample informa.ticn. (o) use information-getting -

devicea a.nd p;o,usd:area_ cprrectly, (a) perform thg. discrimination of )
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fusual® or "umsual® for sach bit of information coilected, (e) inte-
1 ' 'grate the information into & cause~effect frame of reference, (f) elim-

inate posaible causse ani check probable causes of the malfunction.

B. Behavioral Structuring in the MASTS Test

The absence of equipment ard test instruments is the chief source
of differences between the general structuring conditions of this test,
and theose of the job-sample test disﬁuésed above. Adeguate representa~
tion of the problems and problem information required a coding system

and a étapdard procedure for obtaining the infermation to be coded.

This symbolic représentation of the problems had its own 1mp1ications
fﬁr cﬁanneling the subject's behavior: {a) it eliminated the variance
iphergnx in actual manipulation of test instruments; setting themn on

= . thé prbper acale, connecting them to the circuit correctly, and read-

g . 7 ing théir meteré correctly; {b) it somewhat restricted the kind and
amount of problem informction available to the subject (e.g., no read~-
ings between test points); (c) it made getting information much easier,
since 1ifting a cork is simpler than using test instryments; {(d) it
eliminated the problem cues ordinarily availeble to the unaided
senses; (e) it eliminated the necesssity %o relate a schematic to the
physicgl arrangemant of components in the equipmeﬂt; and (£) it elim;
inated the danger of electric shock tec the subject,

inasmuch as respons¢ reccrds have been taken during administra-
fipn of both the MASTS Test and the job-ssmple test, it will be pos-

(:} . sible fo study the effects af~ﬁhe different structuring cﬁnditions in .

ke “the two test.éitﬁatiohs~on subject péiformange'énd.on problem dif-
.'figulty. 'mhq response records ere expected fé'bg as important a “

B .'
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source of iuformation about these effects as will bs intercorrelations
of scores from the two tests. The results of theée compariaoﬁé will bYe

rregented in a subsequent reportQ

YI. APPENDIX
. SAMFLE RESPONSE RECGRD

The sample performance iecord reproduced below was recorded while

a gubjact solved a redio receiver problem in the MASTS Test. The
fault consisted of a shorted by-pass capacitor in the AVC lead, diode
detector stage. The subject was an ET ~ 2nd,

. The 1a£t side of the sample contains the respense record as it wae
t Originally written in ccle. The right side contains the translation of
the code. The column heading "Stap® refers to the order of the subject's
responses. '"Time" was recorded to the nearest minute. %location®
refers to ths test point of component involved im the subject's response.
The column headed "Action" contains the code numbers for the differant
" kinde of information e subject gets from the test., The word "Action®
. is used because the information is categorized by the information-

ssmpling devices and processes which produced it,



Rssponse Record

_Step  Time  Todation " Action Translation
1 0538 39 12 Injected signal at plate of tube
in first side of aud.io povwer an-
plifier, v
2 38 1 12 Injected eignal at plate of tube
in secopd side of the audio power
amplifier.,
3 38 13. - 32 - Injected signal at grid of tube in
- firet side of audio power amplifier,
Y 38 58 12 Injected signal at grid of tube in
: second side of audio power amplifier,
5 38 T4 .12 . Injeoted signal at plate of phase
- eplitter tube,
.6 39. 68 32 In,jected signal at. grid of phase
: of ! splitter tube, _
7 39 81, 12 - Injected signal at plate of audis
.. .. voltage amplifier tube,
3 39 85 12 Injected signal at grid of audio
| | veltage amplifier tube,
9 29 32 12 - Injected signal at plates.of diode
detector tube,
10 49 16 12 Injected signal at cathodes of
diode detector tube,
11 Ty} 18 15  Msasured DC volts at output of
diocs detecior,
12 i 32 il Measursd AC volts at plates of
' diode ds¥actor tube,
13 4o 32 15 - Heasured DC volts at plates of
_. - "-d.iode detector tube,
1 %0 72 h '!eleasured AC volts at plate of IF

: ar@lifier tube. _

e



Response Record (contimned)

Translation

C-23 | 68

Step _Time  Location _Action

15 o5k 72 15 Meuu.rod ¢ Toive at plate of .IF

' r S amplifier v:ﬂu_f::

16 3 52 p1 ! Measured AC volts at soreen grid
. S of. IF mlifior tube.

17 ‘16 13 , Monmred obms (DC resistance) av

cathodes of diode detector tube,

18 ’&1 18 13 Meagured ohms {20 resistance) at

' : coupling capacitor bestween diode
detector apd audio voltege ampli-
tfior.

A9 1!:1. 76 13 Measured ohms (DC resistance) on
the cther oids ¢f sams coupling
capacitor,

20 4s 15 Measured otms (DC resistance) at
AV0 lsad iaput, diode detector.

21 Removed by-pass capacitor (C - 23)

and replaced with a new compon-
ont. (This solved the problen,)

'Note,—The ordsr of the stagse, from input to cutput, ian thie

particular circuit isi

RF amplifier, RF converter, IF

amplifier, diode dstector amd AV3, sudio voltage ampli-

fiar,

nha" splitten,

end audio power amplifier.

TN E
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