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PREFACE

This report is the eleventh in a series produced by the Elec-
tronics Personnel Research group, Technical Reports No. 9 through
12 are especially oriented to the domain of electronics trouble
shooting, and their titles are listed below!

2. L Methodol 1cal Stu of Electronicl Troublo 8ho a_gg
ﬁﬂ! ! tionale Tor

KTt T 00k e armat re Syabolls r-sr‘-am =%
le-Alternative 5 Tou o est.

A description of a now type of test format desigred
for measuring some aspects of trouble shooting skill,
and a discussion of the conception of troudble shoot~
ing on which it is based.

10. A Methodological S ? of Blectronics Trouble Shooting
"'E'IIIF“!!’ comparisons of the RASIS Tests,

erc sons of tne
& Jo le Fst. E i Reference !uts mmio-

tor

A report of the results of the administration of two
forms of the HASTS Tests, its progenitor job-sample
test, and a battery of achlevement and ability ori-
ented reference tests to a sample of BTs from shipe
undergoing repairs in the lLong Becch Naval Shipyard,

11, The AUTQMASTS: An Automatically-Recording Test of Elec-
tronics Trouble Bhoot

A detailed description of an automatically-recording
version of the IASTS Test. Mechanical and administra-
tive features of the tcgt are presented, The test
problems and proposed scoring procedures are discussed,
and a variety of applications are suggested,

12, An ;E.J_:geri mental Battery for Measurement of the Proficiency
ectronics 'fe”hniclans.

A report of the results of administering the AUTOMASTS
Tegt and a battery of nine printed electronics tests

to & large sample of electronics maintenance personnsl
from the Pacific Fleat,
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ABSTRACT

This report is one of a series concerned with the analysis and
measurement of electronics trouble shooting behavior, An automatical=-
ly recording testing device called the AUTOUASTS is described in de-
tail, Problems used in the device and procedures for administering
the test ars presented, Proposals for scoring the response records
are introduced along with suggestions for research applications of
the instrument, .
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THB AUTOIASTSt AN AUTOHATICALLY-RECORDING TEST
OF ELECTRONICS TROUBLE SHOOTING

I, INTRODUCTION

The development of modern electronic aystems has necessitated
the development of procedures for evaluating and analyzing the per-
formance of men engaged in repair of electronic equipment., This
report describes an experimental, automatically-recordhxg. prof i-
ciency test used to assess the capabilities of naval electronics
repairmen, OSince the testing device is new, it is describved in de-
tail, The electronice "troudbles,"™ or prodblems, used as subject mat-
ter during the initisl tryout of the testing machine are described,
and the procedure for administering the test is given, Mention
also is made of the poscsibilities for scoring the performance re-
cords, The results of the administration of this test along with
a battery of more convcntional tests will be presented in Technical

Report No. 12,

Historical Background
The AUTOIASTS Test has evolved through several stages, Its
immedinte predessor is the HMASTS Test., That test ond its devel-

1
opment are deacribed in Technical Report No. 9.  The AUTQUASTS

1.6. lethodological Study of Electronics Trcuble Sheoting Skill!
L. ?ﬂtionz*le for and Deserintion O of the lultiple-Alternative
Symbolic Groublo Shooting Teos.
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Teat is eusentially a refined and auvtomatically~recording form of the
MASTS Test and is, therefore, bdased upon the same conception of troubdble
shooting and test ratioasle,

In the summer of 1953 the MASTS Tent was individually administered
to a vample of 36 electronics technicians from the Pacific Fleet at the
Long Beach Naval Bhipyard, XNach man took the test along with trouble
shooting problems in actual electronic squipment, The results of that
study are reported elsowhere.a For the purpose of the present reportd
it is sufficient to say that the results ind{cated that troudble shooct-
ing scores on the HASTS Test were rather good predictors3 of trouble
shooting scores on actual electronic equipment, At the conclusion of
the field study it was dgcided to construct an automatically-recording
form of the test and to adapl to the antomatic model some of the same

problems that had bdeen tried out during the Long Beach testing,

g_h_e__ Advanteges 2_1; an Automat 10&1]¥-Record1££ Test.

Thers are a number ¢f advantages to an automatically-recording
test as compared with the same test administered on the prototype
equipment, i.e., the actual electronic gear. Host of these are obvi-

ous, but a few are worthy of mention., Ome of the main advantages is

—vésoae our Technical Report No. 10 entitled, "A Methodological
5% of Blectronics Trouble Shooting Skillt II,  Imtercomparisons
oF t%e TL3T Tost, a Job-Sample Nest, and Nen Reference Tests Admin-
Tstared :,_p_Tleet BT, Y

BRank ordar correlations dbstween the job sample total score and
the IASTS total score range from 0,60 (where the score is tha number
of prodlems solved) %o 0.77 {where the score i% the median time of
solution).



that the test msay be simultaneously sdministered to as many experi-
mental subjects as the number of testing machines available, The
implications of this mey not be striking to one who has not at-
tempted to obtain complete response records of the performance of

a nan while he is repairing a piece of equiment. but those who have
done 80 oan oonfirm the arduous nature of the task,

Under such circumstancas each observer has to be carefully
trained in the techniques of observing and recording as well as in
the technical subject matter of the job, Only one experimental sub-
Ject's performance may be observed and recorded at & time, In order
to test more than one man at 2 time on the actual equipment, each
experimental subject has 40 be provided with a set of electronic
gear, reforence materials, and test equipment. Ea:zh subject re-
quires the services of a trained observer, Because of these and
other practical regquircments, the number of cases studied in this
manner is usually so smell thet adequate statisticel treatment of
the response records is difficult,

When zutomatically-recording testing machines are employed,
one observer can supervise ssveral machines at one time and the
collection of data for a largs number of cases becomss economically
feasible, It is unnecessary for the administrator to participate in
the testing in any way cxcept to change the problem in the machines
and genecrally supervise the men taliing the test. A3 4 result, rel-
atively untrained and electronicslly ncive test administrators can
be uaed,

Another advantoge is that with an adequate automatic recording
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mechanisa there are few recording errors or misses such as may oocur m}t
when an observer has the responsibility for recording every step that
the sudbject makes in the course of his trouble shooting.
A further advantage is that the response records ars presented
in a standardised manner - the machines 8o not adopt idiosyncrasies
of style which consequently meake subsequent anelysis of the data dif-
ficult. Finally, there is an advantage of shorter adainistration time.
The use of the machines enable the men to work at & faster rate than
that possible on the operating equipments, so each man can attempt

more problems during a standard testing sessioa,

Il. DESCRIPTIQN OF THE AUTGHASTS MACHINE

The Outside of the Machine g
An exterior view of the AUTOIASTS testing mechine is shown in

Figure I, The mechine is contained in a plywood box (approximately

21" x 5% x 6%) with » metal 1id., The entire assembly is mounted so

that the plane of the 1id mekes an angle of 20 degrees with the table

top. This arrangemcnt anatles the man working with the equipment to

read the prodlem information as it is exposed, without assuming an

uncomfortable position. A crank handle (I - x)h extends from the

right side of the machine., A cast iron handwheel (I - F) 1s attached

to a vertical shaft which protrudes through the center of ths 1id,

The tapered iaformation slot (I - L) at the right of the handwhesl is

uThroughout this seciion of the rerort parenthesized notations
refer to the figure details. For example, (1 - K) indicatec that the “
crank handle is ladeled "X* in Figure 1, N

-
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labeled by means of a plastic strip of "action" labals (I - J)
ceanented to the 1id above the slot. The slide-pointer (I - M)

or "action selector” may be set in any one of the five labeled
positions, Red and green effect indicator lights (T - C) are
locatod at the upper left-hand corner of the 1id, These lights
are also identified by plastic labels (I - D) cemented to the
1id. The 1144 is continously hinged to the box, Slide fasteners
(I - G) located at the right and left edges of the 1id fasten the
144 fi;'mly when it is in the closed position, A stiffening hrace
(1 - B) supports the 1id near its center, The rubber-padded brack-
et (I - A) on the outside back of the box serves as a rest for the
11d when the box is open. A plastic knod (I - I) and pointer are
affixed to & rotating shaft which protrudes from the left side of
the machine and a scale (I - H), calibrated to time in minutes, is
fastened to the cide of ths box beneath the pointer tip,

An arrangement of shutters (III - D) is interposed between
the 1id of the machine and the problem information so that the ex-
perimental subject can obtain prodlen information dy following
specified procedures., ¥When these procedures are followed, a por-
tion of the shutter opens (III - F) and problem information can be
read through the aperturoe. The portion of the information slot to
the right of the shutter (III ~ G & H) is always open and allows

the subject to see the position of the probvlem information disk,

The !2}: the kKachine ia Used

General procedures for the administration of the AUTGASTS

test wiil be presented in Section IV of this report, but a dbrief

3=
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description of the tack of the experimental subject is given here
in order to facilitete the .further description of the machine,

Bach experimental subject is provided with an AUTOMASTS test-
ing machine, a set of pchematic diagram.5 and other reference
material, At the bdeoginning of a problem he is handed a symptom
card bearing the output characteristics of the electronic equip-
ment upon which the problem is based. TFor example, if the problems
are baged upon & radio receiver, the legend on the symptom card
night read "no sound at any station.,? This means that thes set can-
not receive on any fraquency. The task of the experimental subject
is to find and correct the difficulty. He does this by sampling a
large mmber of test equipment roadings obtained at various points
11'; the circuit or by determining the effects of substituting partl.s

In ite present form the machine permits him to determine the
results of applying four types of test equipment to the radio ree
1

celver circuit, These arel u signal generator, an AG volimeter,
a D0 voltmeter, and an olmmeter. JFour of the five plastic labels

above the tapered slot on the 1id correspond to these test equip=-

500})193 of these schematic diagrams appear in the Appendix,

6111 many ways the testing situation resembles the situation
which would exist if the person attempting to solve the prodlem
vere ¢n one side of a black curtain with the malfunctioning gear,

a set of test equipment, and o trained technician on the other, In
effect, the man attempting to solve the prodlem asks the unseen
technician to make certain checks a2t particular points in the cir-
cuit and to report the results,

71‘01' milse-forning circults an oscilloscope is substituted for -
the signal generator,

~G=
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Hole for center shaft

Hinge

Information slot .
Effect indicator light sockets
Delay system micro-switch
Delay system relay

Delay ¢imer

Qenter shaft

Shutter support plate

Problem~information disk

Problem~irformation disk indexing
hole and pin

Printing disk

Indexing disk

Fositioning bearing

Locking timer

Supply spool

Take-up spool

Paper tape (showing printed rscord
of trouble shooting sieps)

Printer holding bracket

- Printing unit

Paper advance knob
Muchanical linkage -
Shutter support post
SBhutter advance bar
Bhutter
8lide-pointer stud
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ments, The fifth iabel reads, "Replace or Adjust Oomponent.! When
the slide-pointer under the slot in the 114 is positioned to one of
the action labels (such as D,0, Volts) and the crank handle is
pulled, the shutter opens in the information slot and reveals the
irformation which would have been obtained if a DO Voltmeter had
been applied to the actual electronmic gear under the cilrcumstances
of the problem, When the slide-pointer is directed toward the
"Replace or Adjust Component" position (and the crank handle is
pulled) the subject receives the results of substituting a good
tubs, resistor, oapacitor, or lead for one already in the circuit,
The "Replace or Adjust Component” position may also be used to de-
termine the effects of adjusting components, such as a tuneable
condenser, which are suspected to be the cause of the trouble,

The rosults of the action of replacing or adjusting components
are given by a pair of effect indicator lights in the upper left-
hand corner of the 1id. If the component replaced is the cause of
tha faulty output of the equipment, & gr~en light labeled "gear
normal® will come on, If the componeat replaced is not the cause
of the symptoms, & red light labeled "no effect” will indicate that
the set is still not functioning properly.

The experimental subject may meke any of the four types of
reading at any of 120 points in the circuit, Similarly, he may re=
place any one of 120 components, All the possible test points and
all the replaceabls components are numbesred on the schamatic dla-
gram, To make a chesk at some particular point in the circuit,

the subjact rotates the center handwheel of the machine, in elther

=1ie



Key for Figure III

A, Stiffening hrece

B, Action labels

C, Center handwheel

D. Shutter

E., Traverse slot for slide-pointer stud
b )

. Scope reading test point 92 viewed
through open window in shutter

G. Component number
H, Test point number
I, Slide-pointer

J. Blide~pointer knod

)
Key for Figure IV
A sector of & problem~information disk for the radar circuit is
shown in this figure; the complete disk is about 18 inches in diametsr,
The information 1s arranged in & series of concentric rings, Starting
from the outside ring and working toward the center, the information
ringe are arranged in the following order:
Test point mumbers (89 tlrough 95 shown)
Component numbers (289 through 295 showa)
Y¥aveforms, ubitained on a test oscilloscope
DC volt readings
AC volt readings
Ohms readings
The innermost ring shown corresponds to the "Replace or Adjust
Component" position of the slide pointer, No entries appear in this
ring since the results of making replacements and adjustments are pre-
sented to the experimental subject by the effect indicator light sys-
tem, It will be noted thai the sector shown in Figure IV includes the
veading which is shown in Figure III, e

=14



FIGURE IV. PROBLEM INFORMATION
DISK DETAIL.
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direction, until the number which corresponds to the point on the
schematic comes into view in the space to the right of the shutter,
He sets the slide~pointer to indicate the type of check that he

24
vishes to make, and then he pulls the crank handle, "

The Center Assoembly

The center handwheel of the machine is lockel to the center
shaft; the center shaft rotates in a ball bearing plate which 1s
attached to the bottom of the box, When the subject turns the
handwheel, thu entire shaft rotaten, Three large disks, each approx-
imately 18" in diameter, are mcunted on the shaft and turn with it,
The indexin: disk (II - M) ic made of 1/8" stecl and is mounted
closest to the bottom of the box. One hundred and tventy wedge-
shaped notches are milled into its circumference on 3 degree cen-
ters, VWhen the crank handle is pulled a wedge-shaped dog fits in-
to & noteh so that the center cheft is locked at one position,

When the crank handle is returned to its normal position, the dog
i{s retracted and the center shaf't may be roteted again, By means
of spring tension, a small positionin~ bearing (II = ¥) 4is held in
contact with the edge of the indexing disk. This benring assists
in the gross positioning of the indexing disk and also masks
slight mechanical noises that night serve as cues to the solution
of the problen if mskinz were not employed.

The printing disk (II -~ L) is nounted on the center shaft par-

- - ——

PFigure I1I shows the wave form on the test oscilloscope when
it is connected bdetween tost point number 92 and ground,

-17-



allel to and about one inch above the indexing disk. The printing diek
is made from 3/8" aluminum plate. Rectangular slots are milled in the
edge of the disk on 3 degree centers to match the indexing notches in
the stesl indexing disk. Lead type slugs are cemented into the slots
in the printing disk and protrude slightly beyond the circumference;
the type slugs are arranged in consecutive order with numbers running
from 1 through 120,

A thin aluminum problem-information disk (II - J) 1s situsted 1%
inches above the printing disk, Information for each problem is ar-
ranged in concentric rings on a paper cemented to the aluminum disk
(see Figure IV)., New problems, i.e., troubles, are introduced into
the machine by substituting new problem-informaticn disks, A small
indexing hole (II = K) 4in the problem-information disk fits over an
indexing pin on the printing disk so the prodlem information is posi-
tively aligned with both the printing disk and the indexing disk,

When the experimental subject turns the handwheel, the entire c enter
assembly (center shaft, indexing disk, printing disk, and prodblem-
information disk) is rotated, The rotution of this assemdly brings
the proper test point numdber under the open portion of the information‘
slot in the 1id of the machine., This action also positions the print-
ing disk so that the number printed on the paper tape (Il - R) cor-
responds to the number of the test point in the slot,

A heavy metel plate (II - I) fits over the center shaft and rests
on the problem-information 4isk; this plate serves as a bearing surface

for the free edge of the shutter,

£

The cast metal handwheel is fitted to the center shaft with a

18-



retaining pin, Both hendwheel and pin are removadle so that the
box 1id may be opened to change thc problem~information disks and

to nervice the machine,

The Shutter Assembly

The position of the front panel slide-pointer is recorded on
the paper tape by alphabetical symbols, Thus, "A" indicates a

signal generator or oscilloscope reading, "B" indicates DC volts,

etc, These symbols are vrinted by tyre slugs mounted on the shug-

ter-advance bar (II - X). This bor slides on grooved studs which
are fostened te the bottom of the box, When the crank handle is
pulled, the shutter-advance bar is slipvod along its mounting
grooves by a systen of mechanical linkeges (I1I - V). The nxtent
of this movement is controlled by the indexing slots in the
shutter.9
Holes in the shutter slip ov:r pins on the top of the shute
ter~support posts (II - W) to rigidly position the shutter with
respect to the slide-pointer stud; sypring clips hold the shutter
on the pins. The shutter displays informetion on the problem-
information disk by menns of five stargered aperturcs vhich are
located so that exactly one item of information can e viewed

through the slot in the lid of the bvox at a time, Thus, if the

subject turns the wheel to test point 76 and sets the slide

w———

Those <lots ars shoun but not labeled in Figure II, They
consist of five verticel slots connected ot their tep by 2 hori-
zontal slot., The vorticnl slots differ in length so as to prop=
orly position the shuiter apertures and the shutter advance bdbar,

-19-



yointer to DC volts, only the DO volts reading will appear in the
window when the handle is pulled., Of course, the subject can take
any other type of reading at the same test point, by resetting the
tlide-pointer and pulling the crank handle, but each reading appears
separately and is printed separately.

The shutter-indexing slots are situated toward the lowsr end of
the shutter. When the 14d of the box is closed and the orank handle
is in the normal position, the slide-pointer stud (1l ~ Z) engages
the horizontal slot, When the crank handle is pulled, the slide-pointer
stud restricts the movement of the shutter in the following wayst
First, if the slide-pointer 1s not pointing directly at some one labeled
location in the inforwation slot, the shutter will not advance and
no information will be disclosed. Second, if the slide-pointer is
pointing directly at some one labeled location in the slot, the shut-
ter is free to move relative to the slide-pointer stud until the shut-
ter comes into contact with it, Whgn the shutter is stopped by the
stud, the appropriate aperture is properly positioned in the informa=
tion slot 80 the subject may read the desired problem information
from the disk, and the type of action taken is printed on the paper

tape by means of the type slugs on the shutter advance dar,

The Printing Unit

The printing unit consists of a rubber platen, a typewriter rid-
Yon drive system, and a paper advancing device, The unit is suspended
between a socket in the bdbottom of the box aud the printer-holding

bracket (II - S). When the crank handle is pulled, the printer is

-20-
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, pivoted, by cam and roller action, around the axis of its support-
ing post. This movement forces the platen firmly against both the
type that extends from the circumference of the printing disk and
the type that is mounted on the shutter advance bar., When the
crank handle is returned to normal position, the printer swings
clear of the type and the paper tape is advanced by a ratchst,
During this return stroke, the movement of the paper drives a fric-
tion wheel which advances the typewriter ribbon through a system
of bevel gears, When necessary, the ribbon drive gears are re-
versed by pressing the end of the ribbon-reversal shaft. Thus,
for each pull of the crank, a double entry is printed on the tape
such as "A 40," "D 76," or "E 36:" the paper advances one-half

10
inch, and the typewriter ribbon advances one-~quarter of an inch,

Effect Indicatigs Systen

A small plastic-covered bolt projects from the undarside of
each problem-information disk, This bolt makes contact with the
blade of 2 mercury switch which is mounted on the inside-~back of
the box, When the prodlem-information disk is positioned so the
number of the fi vlty component may be seen through the information
slot in the 1id of the box, the blade of the mercury switch is

\ depressed. If the ewitch blade is depressed and if the slide-

The printed letters refer to the type of reading and the
printed numbers refer to the test point numbers, The printed entry
"A 40" means that a signal was injected at test point 40: "D 76"
means that resistance to ground was read at test point 76; "B 36"
indicntes that the cathode follower tube in the radar circult was
replaced,
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pointer is in the "Replace or Adjust Oomponent™ position, the green "Gear
Normel" effect indicator light comes on 30 seconds after the crark handle
is pulled. If the blade of the mercury switch is not depressed, but the
slide-pointer is in the appropriate position, the red "No Effect" indice~-
tor light will come on at the end of the delay interval,

Thic 30-gecond interval is controlled by a timer through a system of
swvitches and a relay. The delay was introduced to minimize the likelihood
of chance success and t; serve as a deterrent to excessive parts replace-
ment, The timer used could be varied from O to 60 seconds, Tryouts
revealed that 8 30-second delay was sufficient to discourage aimless
replacing activity on the part of the subject, and still did not use up
an inordinate amount of the time allowed for the diagnosis of each prob-

lem,

Cut Off Tiuer

Another timer is located in the lover left-hand corner of the box,
This timsr serves two functions, It indicates the elapsed time for each
problem by means of a pointer and scale., It also activates an electrical
switch at the end of a specified interval. This switch operates a lock-
ingz relay vhich engages a projection on the cam so that the crank handle
can no longer be pulled. In this manner, the machine may be set to auto-
matically lock at the problem time limit or at the end of any prescrided
period of time from 0 to 60 minutes,

Consideration was given to several methods for marking the paper
tape with a time base, Provision was made to add a simple time indi-

cating device to the printing mechanism but the actual mechanism will
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not be addad until the advantages of having the time base have been

shown to warrant the additional expense,

Summasz 2£ the Descrigtion g£ ggg,Maﬁhine
To summarize the description of the AUTCMASTS testing machinet

It is essentially & box with a crank handle on the right side and
a handwheel . in the center of the lid, The experimentzl subject
may turn the handwheel to bring any one of 120 test point numbers
into view through a slot. A slide-pointer below the slot may be
set to one of several positions; each position indicates a certain
type of check that is made in the circuit. then the crank handle
is pulled o small window opens and reveals the information that
would be obtained by use of the indicated test equipment under the
circumstances of the problem., The slide~pointer and handwheel can
also be manipulated to determine the effects of replacing or tuning
certain parts in the circuits. ZEvery check or replacement that the
experimental subject makes 1s automatically recorded in coded form
on a paper tape., Accessory devices introduce delays into the re-
placement cycle, indicate elapsed time, and lock the crank handle

at the end of a prescribed period,

I1I. AUTQASTS TRCUBLE SHOOTIN'G PROUBLEMS

The Basic Electronic Zquipment

The problems employed in the present form of the AUTOUASTS
were selected from those pretested in the MASTS format. They were

oririnally developed by introducing malfunctions into functioning
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electronic squipments. Those equipments were a superheterodyne radio
receiver and u radar sweep generator assembled from & training kitl
manufactured by the Philco Corporation, Several different circuits
can be assembled from the availadle chassis, The selection of cire
cuits for this test development was governed by the desire to employ
circuits simple enough to permit relatively rapid subject orientation
and yet complex enough to require realistic trouble shooting behav-
ior. The fact that the circuits chosen were of & common sort and

yet not exactly the same as any gear the men would be expected to
have come in contact with reduced differential effects of specilal-

ization on certain gears and still permitted the operation of gen-

eral experiential factors,

The Bases of Problem Selection

Twelve problems (i,e,, trouble shooting tasks) were selected
from the orjginal 30 developed for MASTS use, The principal oriter-
ion for prodlem selection was the correlation between success on
the problem when given in the MASTS format and success in locating
and repairing troudbles a1 the actual equipmeﬂtl. Care was also
taken to choose problems which were representative of different
stages of the squipment, different types of faulty components, and
a variety of symptoms. The faults selected were typical of those

which normally occur in such equipment,

I”Thie kit consiste of many individual stage chassis, For
example, the radio power suprply is a separate stage, the R-F ampli-
fier is another stage, and so on, Each chassis has plugs for cou-
pling to other stages and for making ground and power connections,
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Description nf the Problems

Tho prodlem informntion presented on the problem-information
disks was obtained by taking rendings between euch of the numbered
tost points and ground with cach type of test equipment under the
circumstances of each problem,

Twelve AUTOUIASTS problems is the maximum fecasible number for a
helf dey of group testing., Althouch a longer test would have im-
portant psychometric advantages, it conld not be conducted within
realistic time limits.le

Four types of electronic circuit components provide the loci

for the AUTOIASTS problems. Table 1 shows the tubes, resistors,

Table 1

Types of Components Serving as Loci for Troubles in
Problems Selected for AUTOIASTS Administration

NMurber of Times Represented int
Type of Component® Radio Circuit - Radar Circuilt

Tube 1 g 1

Resistor 2 ; 3

Capacitor P ! 1

Lead 1 i 1
—_—

Bach trouble consicts of vre faulty corporent, &al=
though a casuulty may reflect throughout the circuit,

2

“However, the AUTOILSTS format permits the administration of
more problems per unit timec than the job sample test upon which it
i1s based, The waximum time limit for twelve problems in AUTOLASTS
form (less instructions) is 9-1/2 hours, The same problems in the
equirment requlrc a maximum timo limit of 7 hours,
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capacitors, and leads used in each circuit, No troudbles are Jocated
in the radio speaker or the cathode ray tube of the radar sweep genera=
tor circuit, Trancformer troubles are indistinguishable from troubles
located in the leads to the transformer, OSince defective leads are
more easily obtained than defective transformers, the faulty leads are
used,

Four types of defects were incorporated in the AUTCIIASTS problems,
A component could be open, shorted, detuned, or of the wrong value,
Table 2 shows tbe distribution of these defects in the two circuits,
All of the defective components selected for use produced & notice-

able effect upon the output of the protctype equipmenta.l3

Table 2

Nature of Defects Represented in Problems Selected
for AUTGMASTS Administration

, e

Number of Times Represented int
Nature of Defect RNadlo Circuit EEI:: Circult

Open component 3 3

Shorted componert 1 2

Detuned component 1l 0

Wrong value com- 1 1
ponent

3Normal output for the receiver was faithful reproduction a¢
the speaker of signals received within the commerical droadcast band,
Normal output fcr» the radar sweep circuit consisted of a number of
vertical pips equally spaced along the horizontal sweep of the moni-
tor scope,

-26-



While it is not possible to represent all of the stages in the
circuits with such a small number of problems, efforte were made t0
select probléme which were distributed throughout the equipment
(i.e;. not all in the same ntage), The locations of the defective
components employed are given in Tables 3 and U,

Table 3

Radio Receiver Stages in which Dofective
Oomponents wore Located

Numbor of Problems in which
Defective Component was in

Stage this Stoge
Audio voltage am~ 2
plifier
Detector 2
I.F amplifier 1
R-F converter 1
Table 4

Radar Sweep Generator Circuit Stages in which
Defective Components were Located

~ Number of Problems
in which Defoctive
Component was in

Staze this Stage
Single swing blocking oscile 1l
lator
Trigger blocking oscillator 1
One shot multividbrator 2
Sawtooth gencrator 1
Honitor oscilloscops 1




The defective components which produce the "troudles® for the
AUTOIASTS problems represent different types of electronic functions
within the normally operating equipment, JFor example, one of the two
defective radio capacitors acts as & by-pass ocapacitor while the other
is a tuneable element in a tank cirouit,

The symptoms for the malfunctions consist of the output charace
teristics of the equipments when the faulty part is inserted., These
symptons are depicted for the subject on a small card exposed at the
beginning of each probvlem, Three different symptoms are used for the
radio problems, They weret "no sound at any station" (indicating
that no sound was produced at the loudspeaker even though the equip-
ment was turned on and the tuning disl wes adjusted to the frequency
of a commerical broadcast station), "weak signal at all stations,"
and "very weak signal at all stations," TFive different radar symp-
toms were represented, The symptom card showed a diagram of the face
of the wmonitor scope, The aymptoms portrayed the base line without
vertical pips, with irregularly spaced pips, without a horisontal sweep,
and in one problem the entire pattern on the face of the scope was

off centered,

IV, ADMINISTRATION OF THR AUTOMASTS TEST

General
The AUTQUASTS is especially designed for group administration,
and the number of sudbjects that can be tested at one time is limited

principally by the number of machines and the amount of space avail-"
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able. The present administrative procedures have been applied in
the field to groups ol five sub acts at a time; probably no major
changes ia procedure would be necassary for administering the

AUTOIASTS tou large: &roups,

Situational Requirements

Bach subject is provided with an AUTOHASTS machine, & sche-
matic, and a reference manual for the equipment he is trouble shoot-
ing, For each man, & desk~height working surface of about 3 x 4
feet 1s required. It is desirable to provide individual desks or
tables so that each mun can work independently, MNost subjects like
to alternate between standing and sitting as they work; the
AUTOUASTS can be operated from either position, Ordinary clase-
room lighting is sufficient for AUTQASTS testing as the instru-
ment makes no special visual demands on the subject, Bach machine
mst te connected to an electrical outlet to provide current for

the cutoff timer and effect indicutor light systems,

Iime Requiremerts
The present AUTOASTS Test consists of twelve probvlems, six

with a ten-minute cutoff and six with a fifteen-minute cutoff, The
average group administration time is about three and one-half hours,
This time allows for slower subjects who take almost the full time

limit on every problem. Of course, if the group is composed of fast

trouble shooters the test con be administered in a shorter time,

Testing Procedures

Before the test problems are introduced each subject partici=-

~29w



pates in a training session to acquaint him with the testing procedures
and the circuits with which he is to work. The bulk of the instruce
tion is presented in the form of a tape-recorded lecturs, This pro-
cedure frees the examiner so that he can clarify and amplify parts of
the instructions, if necessary, Pauses during the tapee-recorded in-
structions permit the examiner to demonstrate features of the AUTOMASTS
machine. While the record is being played he observes each subject to

be sure that the instructions are being carried out properly.

Typical Testing Session
Radio orientation, In the typical testing session the radio re-

ceiver problems are given first. During the training period the recei-

ver is described carefully, and each subject notes the different stages

A
Nned

and signal paths on his own schematic. The numbering system for test
F2ints and components is made explicit, and the subjects are required

to show that they understand the staging and numbering system by finding
several stendardized check points,

Next, the subjects are shown how to set the machine for the dif-
ferent test points and how to adjust the slide-pointer to give the dif-
ferent types of readings. The features of the machine which prevent
the subject from taking more than one reading at & time are demonstrated.

At the conclusion of the imstruciions covering the use of the sig-
nal generator a five minute period is devoted to taking practice read-
ings on the set of normal receiver readings in the machine., During
this time, the subjects are encoureged to consult their equipment manu-

als and verify some of the normal voltage readings and parts specifica-
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tions that are given there, The five minute period has been found
to be adsyunte for the taking of practice readings on the present
equipment; lon‘er periods might be necessary if more complex equip=
ments wers adapted to the AUTONASTS format,

The effect indicutor light und delay systems are graphically
vrosented to the subjects by having them ¥replace!! a faulty come
»  nt while the normal informotion disk 4s in the machine, The
nornal disk has been equipped so that repliucing one of the parts
will give a "goar normal" indicotion; each subject is told to re-
plice this part and obeerve the green light, then to replace any
other part and observe the red or "no effect" light,

The instructions are very thorough, It teckes almost half an
hour to bring techniciane to the point where they are ready for
a practice troudble shooting problem, Fleld experience indicates
that the time spent on thorough instruction is well justified,

Radio practice problem. Aftrr the radio orientation pro-
cedures, each subject is given a rodio familiarization problem, He
is presented with a symptom c¢ard and told to trouble shoot the equip-
ment by taking readings and replacing parts, During the practice
problem, the examiner answers any questions that the subject may
have about the operation of the mechine or the general charac-
teristics of the electronics eruipment,

The practice problem is rather ensy and most sujects solve it
before the ten minute time limit, Unsuccessful subjects are given
the answer tc¢ the proactice problew before proceeding, and tiey have

an opuoriunity to tike a few rendings to "verify"™ the answer,
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Radio test problems, For each test prodlem, & new problem~informas
“tion disk 1: inserted in the machine, the paper tape is advanced several
inches, and the technician is given a nowiymptom card which describes
the gross output symptoms of the actual equipment., The subject works
alone during the trouble shooting vtuk.” ¥o questions or interruptions
are permitted during the test problems, If the technician questions
the validity of particular information that he gets from the machine,
he is told that the prodlem information has been checked and standard+
ized, and that he will have a later opportunity to discuse special |
points,

A total of six radio problems are administered with a time limit
of ten minutes per problem, All subjects take the same problems in
the same order, If a subject fails to solve & problem within the time
limit, the machine locks and he is informed of the correct answer be-
fore going on to the next prodlem,

Radar orientation, Vhen all subjects have finished the redio prob-
lems, the redar prodlea-information disk showing the readings obtained
vhen the radar equipment was functioning normally is placed in the
nch.:lno. A tape=recorded radar orientation lecture is played to the
group, The radar instructions are similar to the redio instructions
in that each subject is led through the schematic snd is required to
takeo standardized readings from the pachine., However, the radar oriqn-
tation is accomplished in only 15 minutes because the sudjecis are
already familiar with the opsrating features of the testing machine,

Radar practice problem, At the conclusion of the redar orien-

tation lecture each subject works a simple radar practice problem,
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This procedure permite the men to demonstrate that they have under-
stood the 1nstructioxis ond have achieved & degree of famjliarity
with the circuit, Almost all men solve the practice problem within
the 15 minute time limit, The examiner works with any subject
héving difficulty during the practice problem,

Radar test problems, The radar problems are administered 1ri

the same manner as the radio problems, A new problem-information
disk and symptom card is used for each problem. If a technician
does not solve a problem within the i5 minute cutof f time, he is

1k

given the correct answer before going on,

Performance records, The examiner enters the time required by

the subject to solve each problem on a standard form, At the end
of the complete AUTOMHASTS session, the printed tape is removed from-
the machine, The tape of trouble shooting resyonses and the AUTO-

MASTS time records constitute the basic data of the test,

V. FIANS FOR ANALYSIS OF DATA

The AUTOMASTS data constitute a real challenge to the data

15

analyst because there are so many possibilities for scoring “ the

mThore were two reasons for doing thist (1) to provide clo-
sure, and (2) to provide a bdetter understanding of the dynamic
features of the circuit, This latter was to reduce the advantages
whioh might aocrue to those who solved the initial prodlem over
those who did no%,

151n this report, the term "scoring" refers to the process of
abstracting certain quantifiable features from the behavioral
records,
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troudble shooting performsnce, The general plan adopted herse is to develop
as large a variety of scoring methods as possible and to apply them to
data collected in the field, An empirical study of the relationphip;
between the nrio\u score parameéters can then be expected to lead to

(1) a better understanding of the trouble shooting process, (2) bases

for combining different scores, and (3) improved predictive properties

of the AUTQHASTS test,

The discussion helow mentions the types of scoring procedures
which are now being applied to AUTQHASTS data, Many otf thess have bdeen
proposed or applied by other iniutiptorn, and the present collection
of scoring methods will undoubtedly be supplemented and modified as
the analysis proceeds.

Certain end products are conventionally derived from performance
test records, A testee is usually given credit for the number g; tasks
he successfully performs or the number of troubles he figlq under the
circumstances of the test. The principal difficulties in relying sole-
1y upon this score are! (1) practical factors necessitate a rolativoly_
ssall number of items and a consequently restricted range of scores and
(2) the end-product score ignores all the process information contained
in the response records, If each troudble shooting prodlem is regarded
as an item in a ““'16 the discrininating power of vach item may bi

T‘!ochnicul Report No. 9 discusses the rationmale for considering
each prodlem as & test item, or each prodlea as & test. The latter
offers many important advantages but adequate means for scoring the
Tecords Are not currently availadble. It is expscted that the present

investigation of scoring will de of value in the treatment of each
prodlem as a test,
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improved by taking the response records into account and giving pb.r-
tial credit for incomplete solutions which are ¥on the right track,”

In en electronic ¢ irouit stich pafiial credit can be earned by

aolating'] the trouble to the correct: stage, 18 mechnicisns can be
given still lddtti&ml eredit if they remain in the corracrt area
after they have isolated the trouble to the ares,

Reuponse records //alno provide scores on negative aspects of the
performance, l‘or‘ example, Glaurlg has suggosted that redundant
checks, or chocké lthat produce no new information, be negatively
weighted, Isolation Lo an incorrect stage or functionsl unit and
replacement of components that sre not faulty also seem to indicate -
wrong or inoffictent 1nterprot;t ions by the technician subject,
There I!'(; error checks vhicﬁ could not conceivably give information
about any troudble (voltage measurements at ground) or vhich repre-
ient faulty or inappropriate use of test equipment (injection of
signals intp power supply),

Not ail potential scoring purameters may be definitely assigned

IOnc poasidble criterion for isolation consists ot a minimn
consecutive number of steps in the nugt in quuuon.

“nm same form of analysis may be carried out using units
smaller than & stage. Present plans include an analysis of the re-
sponse records in terms of "functional units.® Nunctional units
are designated on the bases of a scuewhat arbitrary breukdown of
each stage into closely related elements. For example, the plate
circuit of the IF amplifier is a functional unit. The radio re-
ceiver has eight stages and forty-six functional units, while the
radar oircuit conuvists of ten stages and forty-two functional units,

19
Glaser, Robert B. A Proficiency Test Battery for Guided
Missile Technicians, Pittsburght American Institute for Nesearch,
. .
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positive or negative weights. Instead, pAny measures most properly
should de considered as scoring hypotheses, In some cases, predic-
tions of the positive or negative nature of the lcééél can be made
on the basis of previous ‘:'reul.rch?o vhile other scores are frankly
exploratory. As indicated above, the records are being scored along
these parameters in order to empirically determine the relationships
anong these and more gonventiona‘!‘: neasures, One ‘puch parameter 1is

T ln 1
time-to-solution, It may be argued that the best technicians (by def-

inition) are the ones who accomplish their repairs most speedily., On

* the otier hand, many experienced technicians urge caution and delibera~

tion in the approach to the prodlem., OComparison of time-to-solution
scores will reveal whether or not th§ speedy repairmen are generally
more successful than slow technicians under the circumstances of the
AUTOMASTS test, ,

The aumber of steps or actions accomplished by the technic mi d\u‘-
ing & problem is amensble to the same kind of analysis, It has been
proposed that & relatively small numder of steps is indicative of

2 However, a ﬁll number of steps may not de

economy or efficiency,
predictive of ot:hr measures of performance. These relationships must
be empirically investigated bdefore it is assumed that economy is co-
ordinate with success.

Various measures of the grror distance or degres of removal of

-] -
Saupe, Joseph L, Troudle Shooting Electronic ngent. Urdanai
Bureau of Mucational Research, Un!nrs?{v of 1llinois, » 127 P

A graser, gp. cit.
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~ In a mechanical troudle lht;oting situation, Fattu, Mech, and Kapos

o

o

2o
-

the rospoﬁus from the actual site of the troudle may"‘bel useful,

used the number 2£ functional units :mnﬁg gge_ response from 21_13

__troublo as i basis fc;;/o/rror distance scores. Thie same system can

be applied to electronic ocﬁziment. A similar error distance score
may be derived in a different manner. The rea.dingi for a given

problem can be classified ag}critica.l information readings (lead

_ directly to trouble), non-critical information readings (provide

useful ix;forma?ion but do not furnish positive localization), and
no 1n£omati§n readings., Xach response can then be weighted accord~
ing to membership in one of the three classes of readings and all
steps averaged into & weighted distance index,

The critical information readings are direct clues to the
faulty component. A score of the critical clue utilization can be
determined by cbunting the number of times that cfitical clues were
obtained but not utilized, (i,e., without the indicated sudsequent
ruponseﬁ being m.de). |
) Since all the checks made are identifiable from the response
record, it is possidle to score the technician in terms of hypoth-
eses tested (parts replaced) as a result of guesses, If a compon-
ent is replaced or adjusted without previous ch_ecks being made which

Ir
would supply clues relative to that part, then the replacement is

counted as a guess,

Fattu, N, A,, Mech, B,, and Kapos, B, BSome statistical re-
lationships between selected response dimensions and problem-solving
proficiency. Psychol, Monogr., 1954, 68, ¥o. 6 (Whole No. 377). ¥
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| A tabulation of the frequency pf Lypes g; checks or readings can
revea]: mtvid\;]. differences in test squipmant usage,
7 It may be useful to fractionate the response records on the basis
of the number of responses. For example, eplitting the perfomnce of
each man into quarters will allow frequency comparisons of entries
in different functional units for each quarter of ths performance,

Most of the scoring methods mentioned above have not involved
the sequential order of all of the steps taken in the trouble shooting
task. The extremely large number of possible orders imposes great prac-
tical difficulties é’n such analyses, and yet the order of the responses
is clearly one of the most important features of the performance., Ival-
uation of the technician's method or solution scheme depends on the
sequence of the steps,

A Present attempts to deal with the sequence of responses have been
along two lines, The first approach involves the behavioral defini-
tion of some p&rtiﬁ:\iiar trouble shooting a;rstexn.a3 The system requires
definite classes of responses to be made in a certain order. Response

records are then examined to determine .t_'._l.z_g de‘ree g£ adherence .1_'._0_ .t_gg

system, The result is a score which expresses hoﬁ nearly the techni=-
cian conforms to the system used as a standard. If this kind of anal-
ysis proves feasidle, 1t can answer such questions as "Do all techni~

~ians use the same trouble shooting method for a given problem or type

. of symptom,* "How many trouble shooting methods are discetnible from

AUTOMASTS data," or "Do successful technicians employ & method which

!"Ideal" systems have been proposed on logical grounds, and ore
dered checking sequences are often suggested by equipment manufacturers,

..35-.
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is dittei'gnt from that of un&;ec;csful technicians#? If the latter
question can be answer;d in the affimmative, then technicians could
. be graded on their degree of adherence to the successful method,
A second approsch to evalusting sequence consists of clase

sifying the total response pattern into several categories of types

of attack, Bete of categories have been applied by Cornell, Demrin,
and Saupo.au and by Szmpe.25 This method requires the judgments of
several experts in order to estimate the reliability of the classi~
fication,

About thirty different scores are now being applied to AUTO-
-JIASTS response records., Detailed descriptions of the various scores
and the relationships between them will be presented in iater re-

ports of this series,

V1. DISCUSSION

The results of the administration of tho AUTOIASTS will be pre-
sented in detail in Technical Report o, 12, The ultimate Qorth of
the AUTOHASTS must be jJudged in terms of ite results and their con-
tridbution to better understanding of the troudle shooting procees

and its measurement, However, at this point it ie appropriate to

:’;f} : :
EuZ}ornell. Francis G., Da.mrin, Dora E,, and Saupe. Joe L,
The AN/APO-24 Radar Mechanics' Proficiency Testi . the Tab
Yessi~ X Group Test muln.t Ferformance h:} Eavior or the Neasure-

uent of Proficiency 14 ost C Problem solving Yasks, Urbanal
Rresu of Bducat To“aT'ReSQarc Ty UNiversity ol Iﬁi ols, 1954, Uk p,

®saupe, op. cit.
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reexamine the objectives set for the test format (i.e., the ‘testing ma- i

chines and procedures) and to appraise the extent to which these objec- f

. tives_have bdeen achieved, The specific test content (i,e., the partic-

ular circuits, troubléu. scoring systems, and psychometric propertiel
of the prlg/;ant test) will be evaluated in the later reports.

At{‘th‘e outset it is important to point oﬂt that the present ma~
chines must be regarded as prototype ﬁodels. Competent engineers will
be abdble to devise far better pieces of hardware, Even the preseant in- S
vestigators see many opportunities for improvement of the existing
models. Despite this fact, the machines appear to have done the job
for which they were designed. They produce permanent, sequential rec-
ords of the steps techniciens take in diagnesing and correcting diffi.
culties in elecfron.‘cc equipment, They present the technician with an
"open-ended" and reealistic problem, i,e., they make a large number of
itenms of 1n£orn;ation available to him but require the technician to
supply his ovn";fi‘occééq?ea for sampling and interpreting the information,
They do not restric(;fljt;i:e I;fe‘havior of the men in such a way that one |
particular method of trouble shooting is favored o_yor another, Tl}e
nen’are free to trouble shoot in the manner to which they are ac-
customed, | |

Ths machines are portable and rugged. They make possible group
administration of this type of trou‘bie sl;goting problem. They ﬂlso ox-
pedite the trouble shooting procedures so that the esame prodlems which
r‘quirod. a 35-minute ocutoff time in the job sample format may be suc-
cessfully administered with a 15 or 10 minute cutoff time in the AUTO-

MASTS form., The test. may be administered By persons without special £
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training 1n oloctronics.

The machines may be used for a wide variety of problems in-
volving different circuits. 1In order to omploy nev"circuits or new
problems, only the reference \matoriarls and the paper portjon of the
problem-infomation disk need 'be changed, For this reason the Ama—
chines will be adapted for further research as indicated below,

Men who have taken AUTOHASTS problems report that they "feel"
they are trouble shooting. BSeveral h@ve suggested applications for

the teat. Many pointed out possibilities for the test as a train-

" ing device. Most of the men indicated that this form of test covered

a part of their jobs that was not covered by an extensive ﬁattery of
Job-oriented paper-and~pencil tests, o
Despite the fact that the AUTOIASTS seems to have lived up -
to expectations one should not lose sight of thefact that it is
still relatively untested and that an important part of the resgarch
yot to be done with respact to the AUTOMASTS is to determine its
limitations. In addition to this general methodological research,
future plans for the use of the AUTOlIASTS technique include the

g‘ollowins!

1. Developument of more ad'egua.te testing machines, In gen- N
eral this development will be carried out by groups especially

oriented toward hardwars development although “modifications of the
five pilot models will be mads as necessury to conduct elements of
the research mentioned below, It it felt that a completely self-
administering form of tha test (e.,z., with automatic prodlem=

changer) ‘can be and should be developed, If this transpires, and

wli]e z



if a sufficient number of these machines are produced, vast quantities

- of data will become available for study; This will be & very important

“contribution to the analysis of trouble shooting behavior. The paucity

f:f such information is one of the reasons that many of the problems in-
volved in the analysis and measurement of electronics trouble shooting
cannot be attacked at this time, When a 1&rgé number of response rece
ords are available numerous hypotheses regardipg the nature of trouble

shooting behavior may be subjected to test.

2, Development of a set of problems based on Navy equipment, A
second projected use of the AUTONASTé testing system is to develop a
sef of problems based on operational Navy equipment for use in the ma~
chines. Ad&if.ional plans are being made for the development of prob-
lems involving so-called Nfundamental circuits, When problems have
been developed on a number of different kinds of circuits and equip=-
ments it will be possible to investigate such important areas as the
tra.gsfer which occurs between trouble shooting one type of slectronic

equipment. and another,

3+ Evaluation of the AUTOIASTS as & training device, Plans are -

currently ’b'o:ing fomula’oﬁd for the conduct of training research with
the present AUTOMASTS. The objectives of this research would be twof-
fold! first, to defemma.; the usefulness of the AUTOIASTS Test as a
training device, and seco&x&; if the device proves to bs useful as a

trainer, to develop & training program which can be used aboard ship
and in training schools to supplement for troudble shooting the actual

squipments,



% Detorminrtion of fthe relepionship betwoen duty assifmment
and. trouble shooting M.‘ Present plons aleo include the possi~-
bility of employing the AUTQUASTS to determine the oxtent fo which
men have lost the ability to trouble shoot as a result of periods
spent away from trouble shooting assigmments, A similar p_roblém
%0 be investigated 1is the effects of protracted specinlized a2ssign-
ments (such as a tour of duty at 2 land~based transmitter station)
upon trouble shooting performance,

Be Goml.;oa_rison of %rouble shooting ;.gig‘thod.s. The response rec=—

ords produced by the AUTCIASTS provide a suitable basis for compara-
tive evaluation of vexious trouble shooting methods or systems,
Matched groups of experime;xh&l subjects may be trained to tronble
shoot according to specifiod procedures. At the conclusion o:f thev
training period the entire group can be tested on the AUTOIASTS in
order to evaluxte the efficacy of the different procedures, Under
appropriate conditions of exporimental control, this procedure will
alzo uncover interasctions between trsuble shooting methods and
problem types (if such intercctions exist),

6. Analysis gg_ tronble shooting grobleg_xg. Since the AUTO-

HASTS permits experimental control of the problem informntion fur
nished the technician it is possible to systemntically investigate
such factors as whuat mekes o problem hard or easy: or vhat role

extencivenecs of cues, circuit complexity, ond tyre of circult play

in the $trouble shooting process,
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APFENDIX

This appendix contains schematic diagrans of the
equipments currently heing used for +)JPOHASTS trouble
shooting problems, The diagrems showva here haye heen
drastically reduced in size from the schenatics actu~
ally used in AUTONASTS testing, On tobh schematics,
test point numbers are in boxes and component numbers
are cireled,

Tlie.se. schiemabics are specially dayted vorsions of
the original schematics publiéhed by the Philca Corpora-

tion in NAVSHIPS 900170 Electronics training Series,
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