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Past experience with tests similar to these cntenon referenced JTPT has indicated that even though cniterion
referenced JTPT were recognized as being superior by many tramning people, paper and pencil tests were substituted
1. because “they were more easily and cheaply developed and admpistered. The JTPT developed required the test
subject to use actual equipment and they could only be.adnunistered to very small groups, in some cases, to only
one subject Graphic symbolic substitutes would probably, overcome these ,adnunistrative problems. But such
substitutes must have high empirical vahdity. Most previous attempts tq develop such tests resulted in fow validity .
This volume describes another attempt to develop a battery of gmphjc s_yor?bolic substitutes of improved validity.
. N @
A review of previous attempts resulted in a hypothesis that previous,attempts had weaknesses 1n realism that could
possibly be rectified The successful accomplishment of most maintenance tasks must follow a ihain hne procedure
Or strategy. But this main line usually 1s “cluttered” with distraction and subprocedures which interfere with the
accomplishment of the main line proecdur&or strategy. For example, when troubleshooting, thé techniciag must
- usually inferrupt his strategy several times to set up his test gquipment and to obtain check pomnt inforntation.
Unless he 15 well organized and very persistent in following his strgtcgy, he may’lose track of his strategy. Even if he
stay's on the main line, he' may gather faulty 1aformation from his test equipment which will prevent him from
finding the trouble. Based on this rationale, 1t was concluded that previously developed symbolic tests such as the
tab test did not provide such clutter. Tt was hypothesized that symbolic substitute (8sts could be developed that.
would retamn a large amount of realistic tas'. “clutter™ and that such tests would have higher empincal validity than
previously devél oped sy mbolic tests. { : )
“ 4
In_this effort, a battery of symbolic tests was developed including a companion symbolic test for each of the job
“ agtivities for which a cniterion referenced ITPT had previously been developed. Based,on two limited validations, all
, of the graphic symbolic tests, with the exception of the symbolic test for soldering, indicated sufficient promise to
-}, Justify further consideration-and refingment. All of these promising symbolic tests should be giyen more extensive ,
" “validations using larger numbers of experienced subjects. The validation of “any such symbolic test requires the
administration of a companion JTPT as a valjdlation cnterion. As a result, a validation js an expensive process in
terms qof ‘equipment and expernenced manpower. The troubleshooting symbolic tests_require, the_most extensive
re{mcmcnt. Several suggestions are ;made for improvinétheir empirical validity.
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An in-depth review of the litefatuge reported in AFHRL-TR.74-57(1) of this series of documen\\
strongly reiterated the fact that paper azgpencﬂ tests of job knowledge and eléctronic theory tests have
very poor criterion related or empirical validity with respect to the ability of electronic maintenance men,
for performing their job tasks. As a result, a battery of criterion referenced Job Task Performancg/Tests
(JTPT) was developed antl tried out and was reported in AFHRL-TR-74-57(11), Part 1. The battery included *

*fests for the various joB activities performed by electronic maintenande technjcians such as checkout,
align/adjust, remove/replace, soldering, use of general and-special test equipment and troubleshooting.
These tests require the test subject to perform such activities using the actual equipment found in the job
environment. Past experience with tests similar to these criterion referenced JTPT has indicated that even
though criterion referenced JTPT were recognized as being superior by many training people, paper and -
pencil tests were substituted becaiise they were more eastly and cheaply developed, and administered. The
JTPT developed required the’ test subject to use actual-equipment and they can only be administered to
very small groups, in some cases, to only one subject. If empirically valid symbolic substitute tests could be
developed, they would be much’ more economical to administer. As a result the reviews of previous
attempts concerniiig the development of graphic symbolic substitute tests such as the tab tests, it was
hypgthesized that previous attempts had weaknesses in realism that possibly could be rectified and thus
improve their empirical validity. . ) '
Approach i;hfl:lesultS : a> .

The successful accomplishment of most Maintenance task$ must follow a main line procedure or
strategy. But this main line usually is “cluttered” with distraction and subprocedures which interfere with
"the accomplishment of the mgain line procedure or strategy. For example, when troubleshooting, the
technician must usually interrupt his strategy several times to set up his test equipment, and obtain check
point information. Unless hé,is well organized and very persistent in following his strategy, he may lose
track of his strategy. Even if he stays on the main line, he may gather failty information from his test

. equipment wliich will prevént him from finding the trouble. Based qq this rationale, it was concluded that
- previously developed symbolic tests, such as the tab test, did not provide such clutter. It was hypothesizedw
that symbolic substitute tests could be developed that would retain a large amount of realistic tatk
“clutter” and that such tests would havé higher empirical validity than previously developed symbolic tésts.
In this effort, a battery of syml;z:li@! sts was developed including a companion symbolic test‘for each of |

the job activities for which a crt't‘ ion referenced JTPT had previously been developed. .

. . . . - M Ao
These symbolic substitute tests were validated in a limited! manner against coppanion c_{ltenon
referenced JTPT at Altus AFB, Oklahoma, using 14 novice technicians as test subjects/Novice techinicians

were utilized because previously. developed Flans for use of experienced technicians did not materialize. The
result of this first validation was that all of the symbolic tests indigated higher correlationssthan obtainsp

from the previously reported studies, with the exception of the symbolic tests for troubleshooting a
soldering. ’ ’

- vt

' 1

" With the limited remaining available” funds, it was décided to concentrate on improving

. troubleshooting symbolic tests. It was felt that most of the difficulty with the troubleshopging symbolic

! test? during the first validation were due to the.jnexperienced subjects and to the mannek in which test
equipment symbolization was presented. To present realistic “clutter” in the original troubleshootings

symbolic_tests, a pictorial representation of the test equipment had been prepared for each test point for

+ which information would be required. Two problems developed. First, the bank of picterials was placed in

a book and the Test Administrator was required to search this bank when a {est subject required a bit of

infofmation. This proved to bg an inmpossible task for the test administrator. Second, the number of -

pictorials in the bank was insufficient fo meet the'needs of the novice subjects used in the validation. To
overcome these problems, an attempt was made to consolidate the test point information into a matrix .
format with printed values for voltage and resistance measurements and small wavefonn drawings for
‘oscilloscope readouts. These modified symbolic tests were validated at Langley AFB, Virginia,.and Little
Rock AFB, Arkansa, using a tothil of t5 experienced technicians as test subjects. The resulting symbolic
tests indicated. a hs{?n empirical correlation to the critérion JTPT for the black box or chassis level of
* troubleshooting, a faff correlation for the stage level and an extremely low correlation for th piece/part
Fevel, A secondar) finding of this second validatidn was that the sample of experienced technicians.used for
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this vahda.tlon eould not trouble@hoot very wel} to the piece/part level. They identified only 33 pereent of
deféctive piece/parts.

E »

Q;nclusnons \\ . — '

i
- 1. Based on two limited validationstall of the symbolic tests witk the exceptlon of the one for
soldenng indicated sufficient promlse to justify further consideration and refinement. .

2 All of these promising symbolic tests should be glven more extensive’ validations using larger
numbers of experienced subjects. The validation of any such symbolic test requires the administration of a
companion JTPT as a validation criterion. .As a result, a validation is an expensive process in terms of
equipment and experienced manpower. Until sugh support car\be guaranteed no further work on symbolic
tests should be pursued. t .

« 3. A validation of troubleshootmg symbolic tests requires. special corisiderations. Before
administering the modified troubleshooting symbolic tests agalrglt should be ascertained that the test

. .subjects can use their test equipnient adequately. This prerequisit® may result in highep correlations at the |

4. The modi troubleshooting symbollc fests are a giant step remdved frOm the original
hypothesis concerning the requirement for realistic ‘ ‘clutter.” The action recommended in Qaragraph 3 may

" not be sufficient to raise the correlations of the piece/part symbolic test to an acceptable level."A system
for the random access projection of test equipment pictorials of the type includedin the ongmal version of
the troubleshooting symbolic tests should be developed. A matrix system, similar to that'jised for the

_stageiand piece/part le%:s of troubleshooting. -~ |

presentation of printed voltage and resistance mformatlon in the modified troubleshooting symbolic tests,’

could serve as the basis for a simplified indexing system. This could be accomplished by substituting
projector access nunibers for the printed voltage or resnstance numbers in each cell of the matrix.

5. The fact that the experienced subjects, used in this prolect could not_troubleshoot well to the
piece/part level is another bit of hard data that supports.qther’ znlallable hard data which indicate that a

widespread weakness exnsts in this area. I8 T
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This document represents a portion of the Exploratory Development program of the Advanced
Systems Division, of the Air Force Human Resources Laboratory, Wright-Patterson Air Force Base, Ohio. It
is a compilation and expansion of materials submitted by URS/Matrix Research Company, Falls Church,
Virginia 22042 under contracts F33615-70-C-1550 andF33615- 71 -C-1505, Dr. Edgar L. Shriver was the
principal investigator. :

This document is the third volume (AFHRL-TR-74-57(111)) of a four volume report to be published

@ concerning the evaluation of maintenance performance. The other docufents are entitled:

1. Evaluating Mgntenance Performance: An Analyszs AFHRL-TR-74- 57(1) in press.

2. Evaluating Maintenance Performance: The Development and Tryout of Cntenon Referenced Job
Task Performance Tests for Electronic Maintenance. AFHRL-TR-74-57(1I) Part [, in press. |

3. Evaluating Maintenance Performance:
Instructions for Criterion Referenced Job Task Ferformance Tests for Electronic Manﬂenance
AFHRL-TR-74-57(11) Part I1, in press. .4

4,. Evaluating Maintenance Performance: A Video Approach to Symbolic Testing of Electronic
Maintenance Tasks. AFHRL-TR-74-57(1Y), inpress.

The preparation of all these documents have been documented.under Task 171010, EValuatlng the
Performance of Air Force Operators and Technicians of Project l'f 0, Trainirig for Advanced Air Force
Systems. Work reported ip this document was accomplished under’work units 17101004, 17101005, and
17101006. Dr. John P. Foley was task scientist. Dr. John P. Foley and Mr. John K. Klesch of the Advanced
Systems Division shared the contract monitorship. Pr. Ross L. Morgan was S the project scientist.

The .authors wish to acknowledge the cooperation and assistance of many lnleIduals who
contributed to this effort. Mr. John F. Hayes and Mr. William R. Hufhand, of URS/Matrix Research
Company, expended a great deal of effort during the development and tryout of the Job Task Performance
Test (JTPT) system. At various stages dunng the planning, development, and tryout many Militazy Airlift
Command (MAC) people Were involved. Some of the MAG Headquarters personnel that should be
sinentioned include Col Donald H. Watt, Lt Col Shelby C0rpsman Lt Col ond B. McKeethen, Capt Gary
E. Clark, Capt Warren E. Spenser, and Capt Ro?rt A. Letz."At McGuire AFB, Col Gerald Auger, Lt Col
Edward Kaiatt, CMS Wilbur Easey. CMS James Townes, Mr. Wilton Wills, and Mr. David Bond. At Norton
AFB, Lt Col Leon Creed. At Altus AFB, Maj Louis P, Gerac and Capt Stephen R. Millers. Many Tactital Ai¥
Command people also were involved. A few of these include Maj C.R. Bowles and Capt R.A. Goyce of TAC
Headquaiters; Lt Col RJ. Mack of Langley AFB and Lt Col J.L. Jarnagin of Little Rock AFB. Several
people of the Advanced Systems Division, AFHRL, should be thanked — Dr, Donald L. Themas for his
work at Altus AFB?Mr. William Camm for his work at- Langley AFB and Little Rock AFB, and Mr. John J.
Klesclr for his contributions as well as his several extended trips to operatlonal sites. Dr. Ross L. Morgan
and Dr. Gordon A. Eckstrand provided many helpful suggestions. - ) ..

ﬁr ’, . R ﬁ .
. ‘ X

TR

Test Administrator’s Manual and Test , Sub/ect’§ .




b

[. lt&‘t rodgc;ion

R . : o . .

% *Background . S T LSRN IC IR PR
Discussion of the Nature of Maintenance-Tasks ’
Previous Symbolic Substitute Tests
Rationale for Symbolic Substitute Development

" 1L Detailed Dcscriptif)n of Symbolic.Tests

Introduction .
Symbolic Test Devel obmcnt

1. Symbolic Test Empirical Va]i(!atlon
Test Tryout Plans . . . . . . DA .
Dcsmptlon of Validation Altus AFB
Analysisof Results '
Review of Symbohc Test Rcsults by Catcgory

1V. Description of Revised Symhohc Trouble;\shootmg Tests
h a P d

Background
App roach

V. Vali_datién of Revised Troubleshooting Tests.
Ay

o

Test Vali datlon Procedures ... . ... '. e
Results

V1. Evaluative, Cdments
] Considcratio;s for Future Devel opin‘ent and lmplementation
Maintenance Quality Consideration
VII. Summary and Conclusions
ViIl. Recommendations

Refercnces -

Az Appcndlx A.PartL Symbollc Ttoubleshooting Test Matcna!s
Isolation to a Major Unit or Blaok Box l,evel

. Appendix B. Pa\rt 11. Symbolic Troubleshqotmg Test Materials
Isolation to Stage Level .

Appendix C. Part 111, Test Materials
Isolation to Piece/Part Levgl




@

LIST OF ILLUSTRATIONS

-

System checkout equnpment array
Soldeqng ariswer m:et ’
Soldermg mformatlon sheet
‘ \‘/"l‘VM‘Test Answer Sheet '
‘Voltm:’eter test display .g
. Oscilloscope display e TR . x .......... ..

Transistor tester fanel display

8 "I:\_/-Z tube tester display

9 Sngn;l generator panel display

2

10 Doppler generator usage display (,1) D

l 1 Doppl_er generator ﬁsage display )

12 Abdlo osclllator usage display




. " ! -
K .
A . LIST OF. TABLES K @
Table ° \ Pige
1 Example of 2x 2 Contingency Table for¢Statlstlc .................... 36
. 2 Indicating Validation Results and Type of Tramn}g!‘ur Each Activity Measured: ... . . .. 37
. - s
3 Checkout($=1.00) ... ... . D S e 33
» ” ‘
4 Peripheral Skills (Soideting) (#=0) " . . . . R, e e e e 37 .
5 Removal and Replacenfent (9=43) ....... o 38
6 General Test Equipment(¢=67) . ... ... .. e e 38
"‘7 Special Test Equipmént(¢= 33) . :‘. e e 38
8 Alignment and Adjustment (¢ = .58) ".' R e e e 38
9 Troubleshootmg(¢\33) SN \ B N SO O . 38
10 Indicating Valldatlon Results, X3 and ¢ Coefficient for Each Aetlvt(y Measured ........ ¥38
¢ .
n DescriptionofTestSubjccts e e e e 45
“12: Companson of Overall Troubleshootmg Test Results — TAC Valnd:ahon (= 68) Y
13 Numbe'r of Correet Solutions by ’l'est Type and Problem Tml\blesl\oot;ng Problems . .. ... 47
14 Results of Chassis (or Blat,k box)’lsolatlon (r =81) .. . e o ° 47
) 15 Results of Stage Iolation — TAC Validation R P 48
2 163 Result's of Piece Part Tsoldtion ZTAC Validation . .~' e e e e e e e e e 48
17 Overall Troubleshooting (¢ = 47) s . . . . . .. e e e e e e e e 49
18 Troubleshooting Chassis Leyel (Black.Box) (6=73) . .+ . ... .. e 49
19 Troubleshoqting Stage Level (¢'= 33) ......................... : 49
20 TroubleshootmgPlece Part Level (¢ 0N . ..... . et e . 49
21 lndlcatmg(‘ombmed Resnl'tsof Altus and TAC'rValldahons . _t.-. O A B
¥ ' .
5 . \ . .
) : i’:j;.
. ) b4 | .
T < ES
- A a’
- ‘. R -
/ ‘ . g
-~ n 7 ‘\




.
N
. -

EVALUATING MAINTENANCE PERFORMANCE:
THE DEVELQPMENT OF GRAPHIC SYMBOLIC SUBSTITUTES . |
FOR CRITERION REFERENCED JOB TASK PERFORMANCE TESTS  *
FOR ELECTRONIC MAIN'!‘ENANCE ',

\ N

.

Y

. ¢

1. INTRODUCTION

-

Background ‘1 -~ . " .

+. Volume | (AFHRL-TR-74-57(D)) of this se;fies of documents provides an analysis of the effectiveness
of current measurement practice concerning electronic mainténance tasks. One of the common findings of
the many studies considered in that analysis was that the empirical validity of the paper and pencil tests
with respect to performance is notable for the low cormelations found and fof the frequent use of dubious
criterion measures such as supervisory rating ofijob performance. Yet, test validity is frequently assumed
and advancement in grade is partially based-on these .dubious test results, Another conclusion of that
analysis was that little systematic, work,had been reported on attempts to define the scopeand to improve®
the effectiveness of criterion reférenced Job Task Performance Tests (JTPT). Among the recommendations

] .

made were that: . - . <

1." A" battery of JTPT fould be developed that would independently measureieach type of job
activity; namely, (1) chieckout; (2) reinove and replace;(3) use of test equipment; (4) usé’ef hand tools; (5)
;align, adjust, and calibrate;and (6) troubleshoot. L ~

2. An appropriate scoring scheme should be developed fo'i"ééﬁof these types of job activities.

/3. More experimental work should be accomplished aimed at developing and refining symbolic
electronic equipment troubleshooting tests. )

Under a previous contract with URS/Mktrix Research Company (F33615-69C-1232), the Air Force
Human Resources Laboratory (AFSC) s @ orted the development of the recommended JTPT. The
developmént and tryout of a battery of s\l JTPT is described in Volume 11 of this series of documents
(AFHRL-TR-74-57(ID)). As a result of the work reported in Volumes 4 and 1l and the insight gained from
this\work, cettain conclusions can be stated that effect the-development of symbolic substitute tests.

1. The clagification of job activities proposed for the development of criterion referenced JTPT is a
viable mgthod for swucturing the activities of the maintendnce technician.-JTPT can be developed foreach
activity apd each can be measufed in its own right. “

T .

2. The activities -are not mutually exclusive. They can be arranged in a four level hierachy of
dependencies as follows: * . . b ) :

- -~ -
i

(5) Check out, remove and feplace, and soldqring activities> -
) Use of;general ‘and special test ec{uipmeqt.

"(c) Align, adjust, and calibrate activities.

" (d) - Troubleshooting. ’ ‘

To illustrate, the troubleshooting activity may include all of the activities in the first three levels.
These dependencies have implication as to the order in whiéh tests should be administered. For example, it
should be ascertained that an individual can use his test equipment before he is permitted to take a*
troubleshooting test. . ’

<o 3 A'f f : conSidering product, process, and time as to their appropfiateness for scoring the results for '
¢ach aqtivi&’ easured, it decided that a test subject has noteached criterion until he has produced a

~ complete; satisfactogy produét. This is a £0, no-go criterion. : !

4. Considering the complexity and diversity of maintenance activities, it was decided that abilities '
required to perform maintenance cannot be realistically represented under the uinbrella of a single score. A
profile is recommended which displays precisely what maintenance activities an individual has
demonstrated that he can ar cannot perform. This givgs a much more meaningful picture of an individual’s
maintenance abilities. ' :

o

X
3




-
e

e
F] ."
R

»

Thg above wnsndcmtndns support ,the followmg statements: -

1. Synibolic substltute tesgs should be developed and tried out for each’ type of manntenauc&
_ activity. The experience gained from the in-depth study of the nature of maintenance tasks made daring the
deveiopment of the JTPT indicated the' requlrem@t for symbelic substitutes for all malnten.mce actlvntles

.+ 2. The effec tlveness of th\c, symbollc tcst for each typé of activity should be detcnmncd on its own
merits, dgamst, the cmenon referenced JTPT for the same activity, Unless it °can, be defhonstrated that a
symbalic suhstltute "test has a high empmcal relatlonshlp to 1ts criterion JTPT, it should not be used asa )
substitute. : AT LT . :

A."..

/3 Symbolic substltutes may be succcssfully devel‘ope’d for some mzuntcn.mee" ’twmes but not

necessarily for all T .. ] R . .:' : -

- ' -"‘,r

& . ' .
-4. The safe 1mpl|cat|ons for ordenngf) est. admmlstratlon that apply to JTP‘T apgly to sym’oohc {

tests. o .\ L B S UL Ny
' P L2 . ’/.v_'_;_,,,o«""' ".’ - N

Discussion of the Natureof Mamtenance Taks<. . o

v

In addition to the above consTraﬁnons concemxng_the development of empirically valid symbollc

tests for maintenance,pecial consideration must”be givén fo the nature of_ the maintenance tasks. The

_ maintenapce man’s job is comprised of many tamks, related primarily by the electrical and/or mechanical
organization of the equipment which he is responsnble for malntamlng The refationships established by the

< equnpment are of several types ) ) -

Cause-effect between components
s 2. PhySIcal proxiinity and accessxblllty e . ‘
3. Smnlan’hes of function, appearance and types of togls needed for mamtenaxtce-

‘. - ~ \\\

4 Descnpnons provided in equxpment documentatlon T e TN

|1 D

For'every, mamtenance task, there is a requlremcnt for the malntenance. man to organize his main line

"t of approach to accomplishing the task. In addition to this *main liné,” there are many auxt!mly\htes that

Lt

L

- contributé to the main liné. For example, the ifiain line could be to remove, service, and réplace a nidin
“drive shaft. The auxiliary lines would.be colleion of the proper tools, obtalmng the* proper solvents aifd *
lubricants for serv:ung, |dent|ﬁcatlon of the proper pages in documentation, locating the main drive shaft,
performmg actions ‘and makmg discrimination to gain access to the: shafts proper use of the tools to
disassemble shaft connections, obtaining the appropriate equipment for moving the shaft if necessary, and
obtaining appropriate -informafion to perform this task (ie.,, steps, following crossveferences in
documentation if necessary, finding cross-referenced documentatlpn, consideYing substitute lubricants if the
reconmmended ‘onies are unavailable, following disassembly instryctions, following lnstructlons on use of
special tools, lnterpretmg ambiguous mstructlons etc.). f- . .

’ These auxiliary lines each require many discriminations, responses, and use of sque~ information
stored in the maintenance, man’s memory. Every one of the discriminations involveg sorting through
melevant infofmation, or cues, to select the appropnate ones. Every. response involves the sclectioneof tli¢
appropriate one from amoné'many possible ones. In addition to these job-oriented activities, there are those
of the environment, huinan, physical, and‘orgamzatlonal Each of these introduces certain distractions; e
. talking with co-workers, answering their questions, being human, unlockmg combination locks, ﬁndmg

keys, answering calls, and attendn\g meetmgs or other organization functlons .

E
The picture Sbtained from this descnptl.on of the maintenance mans activities, is one of great
" distraction as a function of discriminations and responses that are essentially unrclatcd echpt by the needs
of the equipment for which he is responsible. -+ . . .

-/ Tﬁe example chosen is representative of all electrical and niechanical maintenancé activities, e‘(cept .
that troubleshooting probably represets an even greater burden. Troubleshooting requires even mote-from
stored xhemory, in a decisign-making sense, than procedural maintenance tasks. Thé distractions are sinyilar,
if not greater, but it is even harder ‘to remain organized- in troubleshooting tasks in the environment of
dtstractton It muste be emphasxzed that' most of the “distraction” frdm the ma'ln line of endeavor is

Aruitoxt provided by Eic:
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assortrent of discriminations and ‘activities which are
* hnd a - \ -

t
a ] . i k
Yecessary to accomplish the-task. Even the diécussions between people are often necessary in ‘the larger
picture of maintenance.’ They communicate information about location of components needed for .
maintenance, absence” of people who have keys or other necessary ingrediénts such as spare parts or special
tools, b -

LY >
3 1. i

Previous S}?mbb’lic Sinbstitutg Tests ey ; . .
Symbolic ‘Substitutes for performance tests have a long or a very short history, depending on the
definitlon of symbolic substitutes. In the decade of the fifties there/was a burst of 6research activity in
testing maintenance and especially troubleshooting ability. Gagne reviewed this.activity in his Annual
Review of Psychology article on “problem solving and thinking” in 1959. As Gagne said in this review, “To
summarize, troubleshooting of complex equipment typically tonsists of probleny’solving which is sequential
«in nature; thefe.is a sequence of hypotheses that must be tested.in order to narrow progfessively the atea in
which ‘the malfunction is, located.” Experimenters in this period were using a certain type of paper and
pencil substitute for troubleshpoting in their tesearch, They were using test materials which represented the
“problem solving” aspect of troubléshooting. This \pproach is based on an assumption that an abstract
logic, such as that described by Gagne in his review of “‘problem solving,” is the “key” o troubleshooting.
If this were true, there would be a relatively high correlation between sugh tests and troubleshooting on the -
real’equipment. ‘ :

"But attempts to develop ‘symbolic substitute tests which concentrated entirely pn the cognitive
aspects of “problem solving” did not produce high correlations. For example, thete were two studies of the
effectiveness of the tab test; ene by Crowder, Morrison, and Damaree (1954) and the: other by Evans and
Smith (1953). Both ifdicated very-low” correlations. Those studies, andysimilar studies discussed in
sAFHRL-TR-74-57(1), reflect the same pa?ﬁmgof low gorrelationt None of tﬂb;e tests included any of the *
“distractions” from the main line of “‘problem’solving” found in the real widtld of troubleshooting. In the.
job environment.an individugl must; f5r exarnple; setup and operate his test equipment to obtain test point
information, .as’ well as, obifain instructions and. Tiofrijation from his Technical Orders. Thesé are very

M

essential job skills: “But-thieir; performance. provide.serigus:idistractions” or ‘breaks ‘in the test subjects
“problem solvifig? thaught processes. I he: does not gpefzggjf_:g{zgst.gqqiprpem'prope°rly, he also introduces
false information Tnjo (hese thought progesses. In the symboliC. tesBsuch; a3 the tab test, he is given this -
information without the distraction of yging his test equipment.’As é?resg t such symbolic tests measure

v

n‘eithqg,‘.‘the ability to apply a troublesi®oting strategy in a realistic jobike settingFJior, the ability to S
perform the essential,’but distracting, support skills.~, TTeRa T

Rationale for 'Sy‘mbolié Substitute Development" A

An hypothesis underlying the symbolic substitute tests, then, is that the process of maintenance is” ~ ¥
essentially a “hodgepodge’ of activities. This picture of the maintenance process would have as the good- ~% ¢
maintenance man one who systematically organizes essentially independent and disconnected activities and )
perceptions into his péformance. This is not_an “idealized” picture of the maintenance man. Previous
tesearch has treated troubleshooting as a logical, probleni-solving situation. The present writers regard this y
as only one element in the actual troubleshooting process. Other elements include specific bits of practical -~
information, ways of finding specifics in, documentation, having certain skills with tools and test equipmept” 77
and so on. The good maintenance.man must bring together many small bits of information and combing .. .. -
them, with information obtained from: the.equipment, into an evolving plan for executing the maintey a;we L .
he is called.on to perform. The symbolic stibstitutes tests are. de"s’i'gne&tq@imu}a(e_ this situatioh, Thé 1%
subject’s job on the ‘test is to “thread his way” through-this “hodgepodge” imr the sanfe way hé)njl/st,’in the o5&

BT ve s e AT AR € e li‘:’

o
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real world.
. 7T

This makes the symbolic-substitute test a “hodgepodge” itse)f{:1¢ is not desigiied-to measuge any © | -

“pure” elements such as logic or knowledge of theory. It is designed to'sintujate the real world of efitesion- o ‘:J
réferenced petformance. This makes ,tests very. specific’ to the "petformance sinfujated. lt"f‘éi:ve'f 11 ey 9’/‘,{;"«"
generality for accuracy of prediction. The techniques for generating symbolic §ubsfitut§ffe§3§h§v&§”é{r:/afﬁé€{i~ }‘_}- . i3
«enerality, but not the tests generated by these techniques. Whether it gains predictive power or fiot, Jies N o Zf"f;“
* the correlation obtained between this type of test and criterion referenced performance, e e
. > 4 . d € -

This hypothesis underlyjng' the symbolic substitute test, that the maintenancé pracess’involves-an

unrelated except that they are required to accomplish
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S "f‘ the specrﬁc goals of the mamtenance task at hand dlff r érom the hypotheses uaéd for mmny other types, o
S of paper-and pen tests. A part of our hypotheszs is/ that the successful pe»]brmance of a maznter;qnce . .

’ . ' activity requires a:) organizing factor” from the performer, and afatlure’of ‘the per;fqrmer to correctly L
" organize the unrelated discriminations and actlorts wzllrz:esult in 1bu;.b.e]ng' iu;able to perform the reqqrreﬂ T

" maintenance actbvity, _ x ” JEPR : . e i

’

) A corollary ta\thr& is that the omzss:én of any 0[ these unmlated décnmmattons or responses wdl oL
. ¥ ‘reduce the correlano)z ‘of the .symbolic, rsubstttme 1ests wzth ,respect#‘-to meq;uzed crftenon related T
i perforrnance activity.. Wlth this premise oertam deducfjons can, y be made DI g . oL

’ JA
- First, if 4 test doeg not requne,the subject to engage ift all of th/ ey I;lted apﬁons it is not piacnng on ., .
~him some of the crucial requlrements of the' actual job; that;is, orgamzauon of thje. drsparate “preces " Fog., N
] mstance’.rf we consider two tests"contarning the same drscn;mnapqngrand activities but give oné test.  © . .-
" precemeal” and the other as a )vhol' ” the hfpothesrs is that the,pxef;emea} test will not be as accurate a
3 predlctdr of actual perfonnance as the Ywhole test.” The conclusxoﬁ?&denved from the prefises above. ) .
The piecerneal test would not require thé subject to “orgamze” hrsunrclat d discnmmatlpns and responses,.  © . . ..
while the whole test would. An exasiple ‘of “piecémeal” t;st ‘!ems ;\/(mld be mult}ple-chorce tests, and
true-falge tests on specific elements /o e/mam‘tenance -progess.,” ,'," e'v‘y R - v .

2

]

: ' Angther deduction from this p émise is that a test whrch abstracts from the actué] Joh. any the
N “logrc of troubleshooting wrthout mcludmg all the a%/ dxstractrons of obtaining. fieasurements,, . -

setting test mstrurﬁents,»-accesmg d0cumentatron etc., “will 0ot or;elaie as;well’ W’ ith.actual perfofmance as

.‘\

.
° 7 Xs o‘.v‘

W
/\
3%

sen

Avill a test whrch does include necessary di’stractrons of(’ungela‘te‘ddrscnnfﬁaf‘ ons and actmtles-’l‘hat is,the ;- . e
“hy od)esxs on’ wiich syrnbohc substxt)ftes is baged_s=tha¥. xdccess_nf‘ the & Mamtenance Job is largely-a, - ,',._'.4_ e
functron of the ability to engage in unrelated dmrmrnaﬁpn§a 3\ tutres',gnd at thie same, tlme to remam e
orgamzed in spite of, ﬂus,neoessary “no;se” ot “Clutter,”" ; “i F ”,;f:'a' v A = VT ?' 2
" This hypothesis is a’ basic one whxch rf;tnre would rep _t&i'iéw qn'd effectrve»approach to teﬁﬁngf
“which has not prev;ouély been exploged. ;Ihe ﬁrst criterion _tha 5.th}s?ba§ic hyp,othesqs 'niusbmeet for: .
. confirmation is that the symbolic, tee‘s Based off it v(ill conelafé)i{ell mﬁrjests of - agtuai performance.lf
: this. proves tg’ be ‘true, the next step is mvesugé ‘why this kind ef test i§: an’accum}epmdict r. Thiis,_ -
would be d)n’iby ‘making deductuhrs fr‘en}fhe basic hypqthesm (as abové) and &neratmg ‘ditferent types, of
tests that/represent these ‘altenfaiv(e pothe hese,. tests ould theh “be- correﬁﬁed\wrth actua',l
perfbnnance < From this, cert’aln potfeses. %:‘ill be .confi rme% and others: \vﬂl .not, repmsermng
T conﬁrm’ation or denml*of the’] basxc;ﬁ‘ thesrs {l’he\hypothesxs" might be modified o or stand_ in-its_original .
L 5 If cﬁnﬁrmed,i,rt will_ﬁtand-és a,‘ sic xntenon and guldehne for preparatron of ef(ectlve tests
R ’I‘he presenh‘ itegs hav(exhy oﬂésrz_e hat the context of unrelated, etail and the need to remalri
©a érgamzed,toward m& m&m’ime of am.r an resrhent to distraction, is the key to predictrve&gcg‘.;}acy
70 of paper and pencil' tests& {iwith, réspec{.t;o Setual gform ncé of. mamtenahce"[‘he symbolic_ subs'txtute Yests

.
AN ot

AR {rep sent, the first step m }h dr’recuon 6f~te$hng shypo esis. In theresu!tmg symbohc.tests descnhed
RN} bé w,“ihere dfe ver'al i(ases; ift> whnch the -iniplen en‘te‘d symbolic “substitute’ fests"do not conform .
A qﬁpletely with th baSlC.’ ypoihesz;a 'Iheytgrelar{e {gnen 6 of the.fact that all. types, of distrgetiont -y

£-app! hes to iesting that have been meationed, the,

| / / & nnoﬁbe symbohzed on p’apeiu But’ unlike’ the thet-
zmbo ic, substitute tésté saftempt fo"represent as much*s e’ “bits and eces™. as\possmle of the

;r? : . ;’" " Malme ange’ dxstraf:trve tuapr ) &»is in ditect dlstmet;on‘t ulaung onIy sbme smgle element; such
ST a8 ’“theory of; “loélc or pro( e Lvmg as’»’the Sther tests do> > o N : \~\ L
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_is'not' unusual to find a five-level fechniciinthis AFSC who has no experience on the AN/APN.147.
Likewise, individuals can be found whohae spent several years on nothing else but this one system.The
o point is that this series,of tests iy’ riot feant to be applicable to testing the total proficienty requirements of
-t the AFSC"328X4 techniciafi. One’ syfsfept in- this/afea "of résponsibility. was selected ag a vehigfe for‘the
L investigation of per&‘)r;i?nag"igé)t"es'til’xé_,te:cl}ﬂique_g: [ L
e This effort tp;dé)([é{lgp@yrﬂb@lfp%ub_s\t/iﬁ]t_e’g for the performafice tests proceeded without refining or

L F otherwise treating the original* criterion referenced JTET. The focushas been to examine and try out
cov 7% " techniqies for simylk_'ﬁi‘ig(me-ﬁe;}fowgézrg(iuiremeﬁt:s_;of:ﬂle tests. The JTPT are used as the criterion for

3

. measuririg how well’the symboli¢.tests feasure the sime ctiterion related factors. The measure of success of

. Teos - how well the simulation wasiécqomplisherf i§ the ge’gf'ee to;which any given individual performs‘the same on

. thie two-versiois of the tests; Thus; whether s?.é.ji'ndivid_uai is high or low in proficiency should be equally
defaonstrateéd on either the performance or symbolic versions of the tests if the symbolic substitute tests

~are felfable, valid predictors. - ./

o, The development of the-symbolic-substitute tests generally reflect the hypotheses and ground rules’
. . discussed.in Section I. As faentioned-eatlier, in the ‘dévelopment of the symbolic substitute tests there was-a

geyiéﬁonv/('for{l the basic hypothesis of.criterion reférenced JTPT. Of the discriminations and perceptions.

that wotild be required to bring an equipment back g flight-ready status, only a representative samplé was

. .- ‘taken for‘use ix}.j;f)e‘ symbofic substitute tests: A fumber of minor task requirements, such as checkingout

. test equipment and lgcatin ‘feplacement-Parts,’ have been eliminated for administrative efficiency of the

P \‘gigsﬂﬂogg'éﬁﬁcbgyp% includes-most_of the total task and is large enough that the total context is

7 - ,/?pr'a_sefma:ﬂﬁs{- <Createsfof the -subjéct the ‘impression that -this is a complete task. Certain other

o, ﬁ;discn'mina_t,fpns gnﬂf{espﬁgk/é had to be eliminated from the symbolic substitute tests due to difficulty in

o2y 'jﬁmy]atif;g?ge/rtam/elérpe_’t of the tasks with-paper and pencil. These are described in the context of the
e :;—;{es't,ih"wlijc}/h:tlﬁy,ére encéuntered. - " T N c .

£ P2 ;
e O . ‘
R _ -Symbolic”Test Dévelopment . - ' ~ -

NI P 7 :System Checkout. Systém checkout of the AN/APN-147 system requires that-the equipment be set

e ~-  “:z3pona berich- which has a special test hamess installed, that provides for signal ipput and-readout of the
U3 .44 associated displays: When a radar set is suspected of malfunctioning, it is removed from the aircraft and

o oo - . ibiayght into the $hop. where this checkout is performed. Further, this initial check serves to point to the -

w=x v - .general nature of ‘the malfunctiom, providing guidance as to the location of :the problem. In ‘the criterion
NG5 = JTPT the technician is provided with a radar set that has been misadjusted, toigive a faulty reading. He then

« »%, + .7 -must.sef up and run the chgekout according to Technical Order (TO) procedjgres and determine whether it
- is functioning properly. N s N A .
§n * Analyzing the elementts of this tatk showed that the main actions Tequired were to make the proper
. .connéctions betweeq the radar set compdggnts and the-test hamess, to set the coitrols on the radar and on
the.test hamess to the proper positions;-aM to- follow an established set of instructions for checking the

radar’stracking- capability. These actions were required befare the technician could establish (hat tg? set

-/ . wasinfactriot functioning propedy. -

T all of f'tﬁgse-actjéns. Unless he had performed them properly-and could describe the resultant symptoms, he
AR -h?jdf:lpt coprectly-performed the task. o o o : :
s PR RN . 7 Lo . L . . .
. ;’ e B To: simulate.this task via.symbolics, it was'necessary to ifsure that s:l;;/sy«ﬁfgolic task required all of
£ "',thb;act‘i;om,that;thé real ‘task did; apd not, for example, only the conclusieris or only the control §ettings.
+  F%  .w: Futther, the synibolic displays. would be non-responsive and yig[%mvaﬁaﬁle signal to the technician for
o .- <intérpretation. Therefore, it would be.necegsagyég test this portion of the task differently. The important
b '1 - pattof the hookup portion of the task is to cofinect the ¢orrect outlets of the radarand the test harness to
. ..+ -thé simulator "that-is. used, The symbolic -approach taken to this action was to present a display of the
c'~.;‘~§pribute‘quip§r,;ents -requiired, plus séveral irrelevant items and request the technician to draw lines between

e 4

-

- }'i:fjplocedﬁtés were similaly checked since:they consist of a sequgnce of control position settings.

; . N . .
J « . [ . . - . . - * oA
3 -

- . . In the FEPT, it is only necessary to grade his conclusion about the equipment once he has )performed B

ER A ~~".-'thé proper.outlets indjcating the:required hookup. The-control settings were tested by having the techniq,ig;nm: )
: 7. jndicate~on the. display :what the proper position would be for each relevant control. The checkout
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" The rafional for selécting this particular method of symboli@a]]y testing the technician’s ability to .
«" perform the Jdiscrimjnations -and- actions involved in the checkout. task lies in the analysis of the
cue-response-réquirements of the real ‘task. To perform the hookup portion of the task the technician,"{n

+ . the real world, is presented with the test harness, the radar set, and accessto a supply of assorted cab
é—conn_ections./ He must make discriminations regarding the proper connections, either from his knowledge
‘and past experience or from his documentation, secure the proper cables, and physically make the hookups.
The symbolic task, simulates the same stimulus field to which the subject. must make very similar
discriminations and, responses. He is presented with an aredy of equipmént (Figure 1); some rglevant, some
not. Erom this arfay-he rmust select’that which is required and by drawing lines, indicate the proper
connections that xﬁupt be made. Thésé connections.are indicated not just from one piece of equipment to
another but from the proper términals on each item of equipment. Next, the technician must indicate on

. pictori‘?l displays of each selected item.of equipment the proper control settings for-accomplishing the
“checkout. . v . .. : ol

<

SR ¥ .
L

The final part of the checkout procedure, interpretation of a dynamic display (the- groundspeed
mdkatbr' must “lock-on”sto:a preset input speed from the simulator within 20 seconds), cotld not_be -
simulateg realistically in the paper and pencil mediunt’ Consequently, this discrimination was not part of
the samiple of discriminations. that. the symbolic substitute test takes from the .total field required in
pérformance. Whether or not this necessary omission from the sample is important for prediction, will be
answered by the nature of the correfation between this symbolic test and actual performance.

ere are two system checkoys that are required by this system, one for the AN/APN-147 Radar and
the other fqr the AN/ASN-35 Co pputer Which provided the basic inputs to the radar system. The le
apprdach has been taken to both checkouts. ) ) :

) Sé'»!derigg. The' development of methods for evaluating an individual’s physical dexterity to performp +
task is jthe-most difficult challenge: for symbolic testing. It may be ‘that such tasks as soldering gre'not
amenable lo testing by symbolic substitution. But if this is the case, it is not a serious problem to test this-
small, but crucial, task by performance only. However, rather than prejudge the:outcome, a- symbolic
substitute test was prepared on this task, . . . :

The symbolic form of testing this skill must concentrate on knowledges and representations of

. Physical acts, as all paper ang pencil tests do. The symbolic tests that were developed-in this area deal with
the individual’s knowledge of how to proceed with the tasks. While this is a necessary condition, it isnot a

* sufficierit one. The subject still must.have the physical dexterity-to_ employ the tools properly. This
" problem is sufficiently pronounced in ‘this area that there is no assumption. possible, for example, that
succg,sful completion of the symbolic tests on soldering is a sufficient demonstration of the individual’s
ability to solder an electrical connection, The greater the physical skill required to perform the task, the less
valid e symbolic indicator of that skill. Soldering represents the most complex physical skill required of
the elesétmm'c Yechnician; and therefore, symbolic tests dealing with the measurement of this skill are thé
most limited. . - ot " : e

e other hand tools that the téctihician uses are primarily small screwdrivers;, wrenches, eic. These
are les§ demanding in terms of physical dexterity, and so the tests refating to tasks that require their use are
less limited by this ‘difficulty. The least’ demanding physical skills of the electronic technician are these !} ,

relating to setting equipment controls and making connections: These skills ¢an easily be assumed to,be part; L0

of the normal repertoire of behaviors found in the population that are selected for entry,into maintenance. *
specialties in the United States Armed FOIéOiC‘f,’gM‘-‘ ! : S 3

i%g;]’l’l{lﬁ, the. soldering task.was divided ifjto two tests, due to the numbér of related factors that f?‘
" influeice the joverall soldering task. The complete, soldering task requires"proper identification of
: compo!ienf ‘location, which miay ‘involve ‘schematic drawing interprétation, selection -of: the correct
. replacément component, proper removal of't the old component, preparation of the new one for installation,
" and Y, use of proper soldering techniques so that a good connegtion is made and adjacent components
‘are_not damaged in the process. While soldering was the main focus<of the »tégtjng’;iﬁlmﬁassbciated ’
: requirefnents'could not be ignored. Co : Yoo T T

T E :ﬁre' Jirst soldering JTPT déalt with just soldering, The technician was given'several componeritsand

-

~ 7 "Ttold whiere to install-them on & prinfed circuit board. He was then graded on how well he soldersthern in

‘.
)

z N .

; _p!'aceii ased upon” inspecfion ‘of the soldering job and comparison to @ photogtaphiic standard. In the .. .
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~ : T - ' !
symbolic substitute for this test the technician is shown a series of solder joints and must match*them with
the list of descriptors that describe each (Figure 2). The difference between ability to recognize a pr0per
solder joint and ability to execute one is fully appretiated. ) s

The second soldering JTPT included all of the ancillary components previously mentioned. The
technician was given a module with a number of components on it along with a schematic of the module.c
His instructions were to replace several components identified on the scherhatic. He then had to translate
from the schematic to the proper components’n the module, seléct the correct replacement parts from a
supply of aso:id parts, and properly install tie new component. In the - symbolic version of this test, he is

. provided the same instructions and schematic; however,.instead of the actual module he is given a series of
¢physical drawings (not schematics) of the module (Figure 3). He is o select the drawing which depicts the
proper execution of the instructions. The technician must translate from the schgmatic to the actual
module in the same manner as in the performance, test and must be aware of such factors as polarity and

coding to select the proper: drawmg. .Again, however, the actual gkill in executmg the soldering task is not .

represented. x

. Remove and Replace Tests. The other tasks of the electromc techmclan that requ1re use om‘nd
tools pnmaxily revolve around removal and replacement of modules withtrethe radar and computer systems.
The prime requirements of these tasks.are that- the technician be able to correctly locate the module he
must rethove and accomplish the removal and replacement without damage to the equipment. For
performance testig purposes, the technician was required to remove and replace a series of modules, and

“Was graded;upon proper selection, successful removal, and replacement. The latter was détermined by
whether the equipment functioned properly upon completion of the task. For the symbolic tests, detailed
photographs ‘of the modules were provided to the technitian. He was requiréd to select the proper
photographs based upon the/mddule that he was told to replace, and then mark the fasteners that woult#

have to be drsconnected in order to release or gain access to the subject,module N . ‘f :

<. General Test Eqmpment Usage Tests. Another general category of actmtres requued of the AFSC
328X4 technician is the use of standard electronic* test equipment. This equipment would be used in
viftually all types of electronic maintenance. Those “general items of test equipment required for u&wu})
the AN/APN-147 élystem are the PSM-6 Voltmeter, the 545-B Tektronic Oscilloscope, the 1890M Transistor
, Tester, and the TV-2 Tube Tester. Whilé"in practice any number of other types of similar equrpment may
be substituted for these specific items, those that are specified by the official mamtenance d0cumentatron
_were used as the standard for testrng purposes. . LA

'Voltmeter Symbolic Test Analyses of cue-responses presented by these items indicated that they
presented a fairly wide-range of requirements that had to be treated individually. These items of test

. equipment ranged both in mode :of application anﬁ complexity of usage so that no single symbolic testmg

strategy eould be applied to all. The voltmeter is the most widely used and the most simpje to opetate and
interpret. Typically the technician is given a vojtage value -that should be present at a given pomt‘m the
. system by his documentation. He then employs the voltnieter to determme whether that voltage isgn fact
.present at the specrfed point. Thus, he is comparmg actual values, with | given §nes In the JTPT, the
technician was given a series- of values that were supposed to be present at given points ogya voltage
simulator. He took readings at the specified points and indjcated whether each was within acoeptgble Timit§
of the specified values. !

For the symbolic version of this test, he was gvferp the same speclﬁed values (Frgure 4)Qand then

shown a voltieter display for each problem (Figure 5)./He had to interpret the display against the given
value and make the same determmatxon of whether orinot it was wrthm tolerance limits. An -alternative
strategy for this test was tried out, in which the technician Would take an unmarked display and indicate

the control settings and needle position necessary to give the specified values. While-this was more realistic _
*in terms of the setting of the controls, the drawing in of the needle position did not. correspond toany job

activity, Further, variations and inaccuracies introducéd by having the technician draw in the-needle
position made interpretation of the results difficult. The use of the pre-set dnsplay which the individual had ~
to interpret was felt to be sufficient exercise of- whether th& techmcran cou]d properh/ set the oontrols
lumself since there are only two involved on the voltmeter. i
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Oscilloscope Symbolic Test. The use of the oscilloscope follows the general pattern of the voltmeter
except that it is considerably more complex. Again, values are specified in the TO for signals that are
supposed to be present at given points. Thilkoscilloscope is employed to verify whether such signals do in
fact exist. There are, however, many more controls on the oscill oscope than on the voltmeter increasing the
number of discriminations and responses required to perform adequately. The osﬁilloscope also displays its
results as waveforms rather than meter readings, which means a more complex type of discrimination is
required. However, the same basic format is used as infthe voltmeter test, even though the number of
discriminations and responses is greater. A waveform is given to the technician along with the necessary

explanatory information. In the JTPT, the gechnician takes readings from specified points on a waveform

generator and compares the resuitfsa with the standard.

For the symbolic test, th# technician is given a pictorial display of an oscilloscope, as shown in
Figure 6.°He must interpret the display @i.c., the interaction of the control settings, waveform, and grid
notations) and determine whether the simulated output is in tolerance with the standard given in the
problem. The technician is given seven problems that exercise all of the features of the oscilloscope from
test probe calibration to dual trace. Because of the multitude of controls on the osclloscope, however, it is
not as likely that correct interpretation of the results on any particular one of these seven problems implies
ability to propedy set all of the controls, as is the case in the voltmeter test. Therefore, in addition to
results interpretatign, the subject must indicate’ the comect position of certain key controls for each
problem. This ‘insures that he has propg:;:sy(seat the scope for de termining the answer. The same technique is
used”in.both the performance and symbslic versions\of the tests. In the performasce version, the subject

‘must obtain an ctual waveform on the oscilloscofe, which requires setting the appropriate controls,

whereas, in the symbolic version the display is provided to him and he must indicate the appropriate
settings with a-pencil. : ’

.

“The specific techriique of having the subject mark the position of all of the cofitrols to be used for a
given function and draw in the resulting waveform on the oscilloscope was considered and rejected t;or
several reasons. g+

* First, the same objection as in the voltmeter test was encountered; that is, that drawing a waveform
on the scope face has no counterpart activity in the real world. Secofd, while indicating the position of a
given control with an arrow or mark would correspond rather well with actually setting it, there is a critical

. difference between the actual and syhtj‘bolic task on the oscilloscepe display. In actually using a scope, the
. ‘technician can employ trial and error on the controls to try to.achieve what he is after. This serves to

sefresh his memory and to provide a very useful form of feedtgack that helps him perform the task. As a
gross example, if the technician forgot to activate the POWER/ON switch in actualperformance, he would

‘not proceed far before realizing what was wrong. If he overlooked it in the symbolic test, however, he

would get'no such feedback. Thus, thi$ type of symbolic test would be over-démanding of the individual’s

knowledge of the oscilloscope. For this reason, an approach was taken that also offered the individual some

clues — not the same ones as in the actual job, but analogous ones — by naming a small subset of controls
and focusing his attention on the settings required for each of them. : .

Symbolic Fests for Transistor and Tube Testers. The othergtwo general test equipment items ‘are
similar to each other in function and both different from the voltmeter or oscilloscope. The purpose of the
transistor and tube testers is to determine if a suspected part is good or bad. The 1890M transistor tester is
designed to make incircuit checks of transistors. The JTPT are designed to determine whether the

technician can distinguish between good and bad transistors when using the device. When translated to the '

symbolic medium, the task becomes one of using the 1890M instruction booklet to set up .the device

according to the givén specifications of the transistor to be tésted. This is done by the technician léoking up -

the transistor value and accompanying device setting in?tmctions,nindicating them on an Answer Sheet

“display of the device (Figure 7), and drawing in the limits of acceptable values that would indicate a good

transistor. The TV-2 Tube Tester follows exactly the same format, providinﬁ a technician with a display of
the device (Figure- 8) and the accompanying instructions that he would have in the job environment,

% specifying a tube to be checked, and then requiring him to indicate the proper device control settings and

the acceptable range of readings for a good tube of that type. ) .

Special Test Equipment Usage Tests. In addition to the general type of .test equipment described
previoudy, the AFSC 328X4 technician must also be able_to employ_several specialized items "of test

equipment that are not common to many other electronic maintenance tasks. These are ghe AN/URM-25°
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Signal Generator, the TS-382 Audio Oscillator, and the CMA-346 Doppler Generator. These items of | -
equipment are specifically related to particular functions on the AN/APN-147 Radar and, consequently,
must be tested in that content. The demonstration of the subject’s capability to use these devices, then, is -
done in the context of specific ¥naintenarice tasks on the radar set. The difference between these tests and ,
those in othet catggories that also require the usé of this equipment is in what is graded. In these tests, the
individual’s ability to properly set up and employ the items of special test equipment is evaluated in a
manner similar to'the general equipment tests. In the adjustment and checkout tests, where these items are
used as part of the distractive aspects of a larget task, the evaluation is based upori accomplishment of that
larger task, not the distractive discriminations and responses that are auxiliary toit. e

= To demonstrate that he can properly employ this special test equipment, the technician is presented

a problem that requires its use. He then must indicate on ‘a suitable display, how this item of equipment-is
copnected to other units and the control settings“that would be made on the subject piece of test
~equipment for a specified check. Figures 9 through 13 show the displays for the special equipment tests
~ which the technician uses to ilndicate the control settings. - b .

Dependency Relatignships. The foregoing series of “tests — checkout, special and:, genera] test
equipment,-and soldering — represent discrete. elements of the larger tasks that are the primayy func;tiyn of
the electronic technician. These larger tasks are those of equipment repair and maintenancé: copiposed of
adjusting and troubleshooting the equipment. These -tasks are-also tested via the performansg ytests,
howeve?, the individual compenents of these tasks are not graded separately. Thus, while these JTPT will
indicate whether or nota technician is fully qualified on the maintenance of the AN/APN-147 systeiti; they-
will not yield diagnostic information about specific weaknesses without the subtests that deal ‘With 'tﬁg/}
individual elements. In this way, the tests of the total maintenance tasks are not graded'in sucki a maniéeas
to confound the evaluation process. Troubleshooting, for example, is not graded 9n~'t!1e;}tza§i§:jb(‘\ﬂe‘_§.
.particular procedures followed or some composite of the number of errors and assists the individual.mgdd~ _.
and received while solving the problem. It is simply a matter of whether or not the subject was' Te\xio'-’ -
satisfactorily repair the equipmient and bring it back to flight-ready condition, sy mbolically O acfua yfér:\ _
purposes of simple evaluation, the troubleshooting and adjustment tests would"be safficiént.-Pot-more ~
detalled analysis of performance strengths and .weaknesses, however, the other tests would. be requited. _
Also, the hypothesis underlying these tests is that all of this “auxilidry perfoffance’is impostant as. -
“distraction’ in creating the job context.” . LR 2 T
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Alighment Tests. The process of bringing various parameters of elecﬁ'onic{?qumlﬁ’!m/o;oﬂxr' 0T

perfommiance tolerances is variously referred to as alignment, adjustment, orglibration-Tn th griterion

two was simply a matier of how they were referred to in the TO. No sign i @}ej%eﬁly acce

definitions or distinctions have been developed or are in-existence to the knowledg€ of ‘the, /thfe’

strategies for testing these tasks 'were the same in the performancé tests and are necessarilygheagaic ini th NS
. symbolic versions of these tests. Therefore, the distinction will not be retained in subsequeht“dxs/ \“6?{ W

series of JTPT, there were both adjustment and alignment series of tests and gwj&k‘:’@mf@ém&'n the '/';,4";"—--*"
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‘ ‘the:te'rm atignment will be used to encompass all three terms. FR L L YRR A

. + In the performance version of the alignment tests (there are a total of 16 alignment aﬁd%d‘ﬁgt dent.
JTPT) a given parameter of the radar or cemputer system is placed out of alignment by a knowi, $tandard,
amount. The technician is then told to petform a certain adjustment procedure which would'gg’gur{'iﬁ:d\;e{ !’ )
set being brought. back into performance tolefances. If at the end of the test, the test Subjectican = '¢
demonstrate on the appropriate item of test equipment that the set is within spetified tolerances, heé passed, * t
the test. (The technician is told what adjustmept procedure to perform rather than having to decide Whét;to '

do in the interest of saving test administration time. If the adjust problems were treated as troublpéh@o:iu?gq o
problems (faulted parts), the technician would have to spend an unacceptable amount of testing time: *:,%

3

el

checking out a wide range of possible problems.) Thus, the troubleshooting and alignment aspects of thes, !
jobare kept separate in the tests. ;o . - T4

(" *
*, To test the technician’s ability to make the same alignn\ént in the symbolic version of the lest, it is
necessary to shift from the desirable objeciive criterion of “is the equipment back in adjustment” to amore
procedurally oriented criterion. This.is necessary gince there is no feedback from a “live” systeni to
determiné successful completion of the activity. The symbolic substitute test provides a display’ of a wide
rang€ of test equipment, from which the technician selects and indicates those that would be used and
draws lines to properly connect them for use as in the checkout tests(Figures 14 & 15). For each picce of .
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equipment used, he must indicate on a picture of that equipment what the proper control settings would be
as well as what indications he would get which would indicate that the set was operating correctly. Further,
he has to indicate the particular control (trimpot, etc.) on the set that would be used to roake the required
adjustment. There is still a lot of “distraction” in the test, ¥

Due to the need to keep the amount of symbpﬁc testing materials withi#n .manageable bounds for

‘these tests, it was necessary to limit the acceptable approache’s togmaking the test adjustment to those that

are sanctioned by the TO. In the JTPT, it was possible to permit the technician to use any procedures and
equipment that he chose. All that was graded was whether or not he successfully accomplished the required
adjustment. For symbolic_testing, there is no indication from the real equipment to show whether it is
flight-ready or not. Therefore, it is necessary to grade on the correctness of the procedures used. The
grading standdrds that are imposed are based upop the methqd specified by the TO for making each

_.adjustment. One of the prime characteristics of the symbolic approach is that it necessarily, limits the range

of choicé to that which has been provided. It did occur in administering the performance tests that

equipment required by the TO for a particular task was net available in many shops. Such discrepancies

between preséribed and actual procedures complicate symbolic testing. One adyantage of the symbolic

_ adjustment tests over the performance tests, however, is. that they-do provide a coriveniént “audit trail” of

an individual’s performance., Analysis of the detailed answer sheets can provide diagnostic information that
is not captured by the performance tests. ' ¢ R g

Troubleshooting Tests. The. troubleshooting process has been of continuing interest to researchers
for many years, and there have been many studies directed at describing, teaching, and improving the
processes involved. The purpose in this study was to simulate it rather than explain it. In observing the
actions of technicians when troubleshooting, it was. found that the information sought for any given
problem varied considerably. Some based their inforination requests on'a fally obvious interpretation of
the malfunction symptoms Observed. Others appeared to be operatinig largely on less obvious experience

factors and relating the symptoms to previously encountered difficulties, while still others followed eveni

less decipherable’ patterns. Testing such random pattems of troubleshooting, without penalizing the
individual for using the wrong “process” while solving the problem, was accomplished in the performance
vefsions of the trouble:&ooting tests. The technician was graded solely ori whether hie' was able to render a
set whiclr was inoperatle due to a known, planted fault, operable. When, trandating to the symbolic
medium’the initial problem was encountered as in the adjustment area; the non-responsiveness of the paper
simulations provided no feedback as to correct accomplishment of the task. While this could be handled in
the alignment area by specifying the process, this was not possible in the troubleshooting 'area due to the
lack- of an absolute “right way”’ of solving each problem. It was necessary to provide some semblance of the

high degiee of latitude allowed in the actual troubleshooting process if the tests were to be accurate .

o reflections of ghe job process. .

’ B
.

It was decided that the test had to provide a store of*infqrmation that the test subje qduld tap at
will, much as the actual equipment contains ail of the information the test subject needs to solve the

-problem if he can ask the right quegn;ons and correctly interpret the answers. Preliminary approaches were
. tried that gave the test subject information based upon a theoretical “branching” or-“action tree™ structure,

The difficulty was, as mentioned previouly, that few technicians used the same “tree.” What may make. -

sense to one, would be unenlightening to others. Further, there was the problem of gi

of information by having to confirm or deny thg accuracy of each step. - :
A m or oy

. . As this approach broke down, it gave way to the idea of simply providing the jq‘formation to the test
subject in a “cafeteria” style, letting him choose any information he desired and make his decisions and
conclusions on his own. This has a great deal of similarity to the actual froubleshooting process, but the

problenis in executing the idea appeared formidable. Trials im'.giving;“gbod-baﬂ” indications, or with -

providing printed vOltage read-outs.were not satisfactory in that these were not the type of displays the test
subject received from the equipment. It was finally decided to provide the display of the requested
information as the test subjegt would actually see it. If he wanted to know the signal ‘present at a given
point, he would be shown a picture of a voltmeter, .oscilloscope, or other appropriate”item © test
equipment with the requested inforation depicted on it in the same manner as if he actually took, the
reading. This provided éxtensive “distraction” with respect to the “main line”, of troubleshooting, but not
as much as in the real situation. ‘ < ’ ’

¢

ving away 3 good bit -
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“ The next problem in accomplishing this approach was to antjcipate all of the possible requests and to

.document what the actual readings would be in a set with the spécified fault present. While it was

physically impossiblg to document and provide to the test subject a complete set of parameter values for
every possible condition, a suffictent population of values (that would be requested by a test subject who
had sonie competence) was developed. In addition, a standard set of answers were generated to be given by
the test administrator to questions that dealt with values outside of the bounds of the problem at hand.
When the test subject got too far afield, he was told that the requested signal values were “in tolerance,”
rather than being shown the actual displays. While this serves to limit the wrong paths the test subject can .
follow more than t&e actual criterion JTPT, it did not, in practice, provide significantly more useful clues.

One anticipated problem was how to prevent the test subject from “playing the test” by simply
requesting an abundance of information until he got an indicated answer. This certainly was one of the
drawbacks of the “good-bad” type of indications previously considered. Beyond converting the feedback
information to actual displays that had to be interpreted by the test subject, the use of time penalties for

" each piece of information sought was considered. In this, if he asked for an item of inforniation that would

have taken him 15 minutes to acquire in the real world, he would be penalized 15 minutes on the symbolic
test. This would reduce the amount of random guessing that he might pursue. This was considered when the
bank of information was being provided to the test subject for his-own use. The scoring problems associated
with the administration of this system, however, were undesirable. Instead, it was decided that the test
administrator would serve as a filter for requests for information. The TA has the manual that contains all
of the system values for the problem under consideration. When the test.subject requests information, the
TA looks it up and shows him the requested display. The test subject observes it' and records what he
considered’ necessary and continues on from there. This prevents random perusal of ther displays and also
tends to encourage the test subject to ask more considered questions. The TA then responds to requests by
either showing a televant display on a piece of test equipment or gives a standard response if the requested
information is outside of the problem boundaries. In either case, the response of the TA is “value free.”” He *
is not to give any indication as to the relevance or irrelevance of the question. This display function should,
of course, be relegated to some neutral mechanical device. Development of such a device, however, was

- beyond the scope of the present study.

Summary Concerning Symbolic Tests Developed.; In a previous effort reported in AFHRL-TR-
74-57(11) of this series of documents, a battery of criterion feferenced JTPT was developed. These tests
were developed for the key activities of the maintenance jobs concerning electronic systems, Thg activities
for which such tests were developed include checkout, soldering, rer'nq;}{al and replacement of components, .

“use of general and special test equipment, alignment,“and troubleshoating. JTPT of-this type require actual

prime equipments and test equipments. for their administration and can be.administered to only a limited
number of subjects at any one time. These limitations make the administration of criterion referenged JTPT".

.expensive. In this'section, the development of a battery of symbolic substitutes for these JTPT is described.

The objective of these symbolic substitute tests was to overcome the expensive administrative cost of the

criterion referenced JTPT but to retain the empirical validity of the JTPT. Attempts were made to simulate,
as cl_bsely as possible, the actual tasks of the criterion referenced JTPT using paper and pencil simulation

“techniques. The symbolic tests developed require no actual equipment for théir administration and most of
them can be adniinistered to a group of subiects. In order to accomplish this administrative objective, at .

. least some of the ‘realism of the criterion referenced JTPT had to be sacrificed. The remainder of this

document is concerned with how much these compromises affected the empirical validity of the various
symbolic tests described. T . > .

«
—
AN

“ 1. SYMBOLIC TEST EMPIRICAL VALIDATION

-

Test Tryout Plans o : ' S N

During the development and tryout of the symbolic tests the maintenanice persomfel of several bases
of the Military Aidift Command (MAC) and the.Tactical Air'Command ('I‘Aﬁ.were involved. .

1. During the development of the initial éynnbolic tests, several contacts were made with the

maintenance personnel at McGuire AFB, NJ. The contacts were for the purpose of obtaining information as .

to how the various maintenance activities were performed in MAC. =t

o > . o [ -

. . T
. eq. - TR 3 . : “
e o e : ..
. . - MLk , ; : . . e
. . N kY

’

¥

3




<7

®

2

. 2. After the original symbolic?'substitutes were developed, they were given a “shakedown” by the
- contractor at Norton AFB, CA. The subjects were experienced personnel with the AFSC 328X4. This was a .
very limited tryout. The purpose of this “shakedown” was to determine the administrative feasibility of
each of the symbolic tests. At that time, no attempt was made to determine their empirical validity. It was
.found that all of the tests could be administered without too much difficulty with the exception of the’
! . troubleshooting tests. The presentation of pictorial test point information using a book media proved
difficult in the symbolic troubleshooting tests. All of the symbolic tests were modified to some extent as a’
result of this “shakedown.” : . '

3. The original plan for ascertaining the empirical validity called-for the participation of the MAC

* Maintenance Standardization Team. It was plinned to have team members administer the criterion

referenced JTPT and their matching symbolic tests to experienced electronic technicians. This was to be

" done during their official evaluation visits to MAC maintenance squadrons. As explained earier in Volume

© I, thes dization team did not make as many f,yisits to maintenance squadrons as originally planned.

And-during the visits that were made, there was insufficient time available for administering the criterion
- referenced JTPT without regard to the symbolic tsts, -

4. As far as the empirical validation of the symbolic substitute tests in MAC was concemned, it was
necessary to use fourteen novice subjects with limited training. This validation .was performed at Altus
AFB, OK. This section concerns the validation at Altus AFB.

5. Arrangements for experienced subjects were later made with TAC. The TAC validation took
place at Langley AFB, VA, agld at Little Rogk AFB, AR. This validation was concerned with
troubleshooting tests only. The modifications of the troubleshooting symbolic tests used for this validation
are presented in Section IV of this document: The TAC validation plan and the results are presented in -

, Section V. C T % oy .
Description of Validation 'Altus AFB 3 1

As stated above, the purpose of the validatio'(effort at Altus AFB was to determine the degree of
empirical validity of the symbolic tests for various electronic maintenance activities including checkout,
soldering, use of test equipment, alignment/adjustment, and troubleshooting. In the Altus effort, the
symbg]ieftem‘we%g:\pared against the JTPT as the criteria. In this comparison, a group of novice * -
i . technicians were testedon a series of problems with both the symbolic and performance forms of the tests.
These test subjects Yere part of another experimental project. They had just completed a special_training,%‘
course in the maintdnance’of the equipment for which the tests were designed. AS such,hey represented &% .
convenient population available-for testing. .- e s s

The 14 test subjects were all ‘novice personnel who had not been’ trained in any of the standard Air
Force electronics training courses. Instead, these personnel were selected directly from basic training and
given an experimental four-wéek training course in electronics mainterfance using newly developed Fully
¢ Proceduralized Job Performance Aids *(FPJPAs). These FPJPAs were ‘designed to guide maintenance |
e personnel through the otganizational maintenance activities associated with the AN/APN-147 and ° R
AN/ASN-35 system. (These FPJPAs’and the associated training had«been developed and administered ., |
i(ndepe)ndently by a separate contractor. Fora comp}ete report concerning this effort, see Mullen and Joyce
1974)). - ; 2 , i o

: > <t ; .
.  Once the test subjects had received their téaining, they entered the testing program‘. The primary
purpose of the testing program was to deterniine_ the predictive vatidity of the symbolic tests, and not to
evaluate the test subjects, the FPIPAs, or the trairiing.course. For this reason, the test design employed is ]
different than would typically bd* employed for evaluating'training or documentation programs. To gain .+ "-
maximum information on the symbolic tests-in the relatively limited time availahle for tésting, -the 48
symbolic tests were divided evenly (timewise) among halﬁ‘pff the subjects, and each subject took fiye or six
_ pairs of tests. However, no test subject took more than one pair of tests in"a given category.The testing.
¢ schedule was then repeated for the §ec9qd group of seven subjects. : PRV

+

i

=4

sting was conducted in'a specially designed trailer that. containell a compléte bench testing and ™ © ;
check but set up for the doppler radar and computer, plus all of the required items-of test equipment. -
Subjects were tested at the rate .})f two pér day and each subject took the.assigned test twice, once asa - --

- JTPT and once in'the symbolic format, The’ tesfing schedule Was;afraniged 3o that each subject took the

Y

Y "-\4’,

. .symbolic version of the test first in half the tesgt,s and the perfofmance version first for the other half, This |

o
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sequence was then reversed for the second group. Also, the two forms of any given test were not given
sequentially, but dispersed in time. Typically, a subject would take several symbolic tests, then several
different performance tests, then the performance version of the earlier symbolic tests and finally the
symbolic version of the first pen{ormanée tests. .

Except for the'case of the troubleshooting fests, there.was no single correct “answer’” that-could be
learned'in one or the other version of the test. The test subjects had to be able to “perform™ the tashs in
both versions, There was a possibility of practice or lédining occurring during the first test on a given
. problem and the counterbalanced administration schedule was used to equalize this possible effect. It was
necessary to give the same problems to an individual on both forms of the test (performance and symbolic)
in order to establish the “‘pairs™ on which to base the correlation, v ‘ Cs

Analysis of Results - : -

The analysis applied to the results obtained was designed to yield information regarding each discrete
category of test classifications. This was done because each test category represented a unique set of
materials and testing strategies. The purpose of this study was to find which tests showed promise so that
decisions regarding furthe_r investigation of symbolic substitute testing could be made: )

o~ As a measure of relative correlation between the two types of test given in each category, the phiJ
coefficient (¢) was used (Hays, Guilford & Fruchtez, 1973), computed from X? according to the formula:-

L] - i

S .
¢ N N
. ) AN N
) e : . : . :
inwhich x¥* = £ M)— ) “
. : fe

where f, = the number of similar results observed ) o
fe = the number of similar results expected . .

«  The data necessary for these cbmputations was derived by casting the results of testing into a seri®s of
contingency tables. The 2 x 2 contingency table applicable to each classification oftestsis shown in Tabl4 1:

" Table 1. Example of 2 x 2 Contingency

Table for ¢ Statistic .
’ ‘Matched Mismatched
) ‘ Results Recuits
Expected , n/2 , n/2
. . - Observed - X é i X .

., -

That is, if there was no relationship between the symbolic and performance test results, we would
expect that in half of the cases, the scores would be the, same on*both and in the other half they would
differ, based on chtance alone. The direction of difference is not of importance but the incidence of
differences'is important. The tests were designed with the-intent that if an individual faile a test item-under
one test condition, he should also fail it under the other. Similarly, if he passcs one form, he should pass the
other, . ! .o '

“ - Table 2 shows the results obtained in the tryout by category of test. The raw score given in the
“matched” row is the total number of paired administrations in which test subjects attained the same score

(“pass” or “fail”) on both the symbolic and performance version of the tests. The “*differ” row gives the . .
ma . ow gt

nymber of test pairs in which the scores achievedson. the twa tests were different. The reader is again
reminded that the subjects tested were not expericnced electronic maintenance personnel byt novices given

s
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a four-week training program on how to use test equxpment how to use hand tools, how to remove and
replace components, and hoy to use FPJPA to perform checkout, troublesheotmg and aljgn and ﬂ%djust
‘activities. It should be noted that these novices did not have FPJPA to guide” them op use o

test

. equipment; hand tools, and how to remove and replace components. They were supposed to-be-able to

BASEN

perform these activities as the result, only, of their training. In this respect, these subjects were similar to
rienced personnel who are usually expected to perform such activities as a result of their on-the- job”

rdining (OJT) and their experience. Column 5 of Table 2 indicates this difference in support of activities.- .

"‘JPA” indicates that the subject used a FPJPA to help him perform the activity. “JOT” indicates that he
was expected to perfonn the task completely on his own as a result of job oriented training exercises.

paragraphs. (A

Review of S)'mbohc Test Results by Category

Checkout Tests (¢ = 1.00). All test pairs of criterion referenced JTPT and symbolic tests taken in
this category of activities produced the sate scores. The checkout psocedure was not anticipated to present
any problems; however, two of the four. subjects wire not able to correctly accomplnsh the procedures on
either form of the test. The computer checkout routine used in the FRJPA was considerably longer than the
one normally used in the field, and a time,adjustment was made in the JTPT to, allow for this.

Table 2. lndmtmg Validation Results and Type of . R
. " » | Training for Each Activity Measured. ot
N Typs of
B : . N ‘ Training?
Activity N Results Regults . and Test
Tested . . Pairs Matched Differ Directions
‘Checkout . 4 4 . 0 JPA
Soldering 4 2 2 JoT* .
Remove and Replace 4 .. 10 <74 jor . -
General Test Equip 6 5. -1 JoT
Special Test Equip 6 4 ) jot
Alignment/Adjustment 19 15 4 JPA
Troubleshooting ‘ 9 3 6° JPA )

- ®All subjects rcccxvcd 4.weeks of J 6 Oriented Training on how to use test equipinent, on how
to soldet, on how to remove and replade comnponents and on how to use Job Performance Aids (JRA)

JPA indicates that tests on activity was pc.rformt.d with Job Perforinance Aids (JPA).
€JOT indicates that subject had no JPA for activity and was expected to pcrfo:m as aresult of

his Job Oriented Training (0JT).

~

.
Table 3. Checkout (3 =1.00)

.

previously defined statistics to these data, the comelat
rather small N for eich type of activity, no attempt has been made to estimate the statistical strength of
each relationship — rather they should be considered only as trends. It will be noted that with the
exception of the tests for soldering and troubleshooting, all the correlations are, positive., Comments
concerning the results obtained concerning the tests for each type of activity appear in the following

-
The contingency tables for each test categories are given in Tables 3 through 9."Appl—ying the

s (shown in Table 10) were obtained. Due to the

3

¢
3

i

Table 4. Peripheral Skills
(Soldering) (¢ = 0)

Reguits
« Matched

Results
Differsd

Resuits

Results.
Differed

Matched

Expected Frequency - 2
Observed Frequency ¢/ 4

YR

. 2 .
0

Expected Frequency 2" 2
Observed-Frequency 2 2

v v

e

'y 40 - \

L N
il

.



* Table 5. Removal and Replacement

(®=43)

* )

Table 6. General Test Equipment
T )

/ - . “Results Results T Results ° Resuits
IR _ Matched ~ - Differed . Matched ., Differed
e Bxpet:ited Frequency ' 7 . . 7 .Expécted Frequency 3 - 3
+ ... Observed Frequency 10 4 Observed Frequency 5 - o1
r - Cd : - s 2 PG . :
'q B . R - ") B 7R N ,
\ S N s 7, > T )
CooLt, ‘Specul Test Equxpment y o Table8 Alighment and Adjustment »
S «g @=33) , @®=58),
) Resuits " Results. . g Resuits . Resuits -
"y - DN Matched . Ditfered . . . + Matched Differed
. ExpEcted Frequency 3 3 Expected Frequency ' 95 93
~ Observed Frequency .4 A 2 Observed Frequency B > 4 4
.: " . . t . . Q’ . ) ‘ ’_“ .." . . . ‘ .""”??‘1
: S Table 9. Troubleshooting @ =33) . '~ « .
- . ot : d -\ B ‘ 9'.%
t- ’ o Resuits Resutts. |« '
~ EY . L . - WS © Matched Nﬂdnd % s . .
AR ] Bxpected Frequency 4.5 e .48 . |
L - Observed Freque..cy L3 -6 - ) ’
-: o . : %” .- » ‘,,o..‘;\ . % “oi, m ‘ N ;:éf, i N
. . . Eastiecy T .
. " Tible.10, Indicating Vatidation Result, x’ and¢ . GE v oo+ T
‘ T e p - o Coefficient for Each Aetmty Mensurede L
) 'deckout‘- ’ A'{‘ - { 4 Y 0¢ 400" i &1.00 )
*Soldering S5 4 2., 2% ‘0~ - 0
. Removeard Replace - 14 10 4 2.57 . 43 -
‘GenémI,Test Equip 6 LS B B .67 67 '
- Special Test Equip- - 6 ‘4 2 67 .33
- Alignment/Adjuistment 19 15° 4 631 . 58 .
. Troubleshooting =~ .9 3 ' 100 - ,-33+,

3
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gk General Test Equipment (¢ = .67). General test equipment tests de

s Before such tests can be accepted as adeqirate, each type of test: ‘must be give\na full scale validation, on its

e"“"“‘"

S correct connectlons were made rather than on the e

= Soldenng (¢ = 0). As was antlcrpated the soldering, tests results showed little conelanons between the
two test forms. The Physical r’eqrnrements are extremely essential to the detemunation of whether aman
can_ solder or.not and this was demonstrated in PT-2 (circuit board soldering) where both subjects gould
recognize a good solder joint, but only one gould produce such a joint. In PT-2 (conventional soldeting),
the subject who failed both test forms was unable to identify replacement parts (tesistors, capacitors, etc.).
In the case of the individual who performed the actual replacement correctly, when tested via symbolics,he
did not deal with polarity propery and selected the wrong answer. His comect performiance on.the
performance test may have been due to chance insofar as the matter of polarity was concerned. .

Removal and Replacement (¢ = .43). The results in this category were somewhat higher than
antrcrpated ‘It was generally expected that the vast drfference in feedback available in these tasks would
permit’ success in the JTPT that would not neoessanly be reflected in symbolic tests. Two pattems were
obsedved. One was that subjects genérally failed because they could not identify the described module.

Seire

When) this occurred, they were lylsuccessful, in both versions of the test since they were given no s

_ confirmation of their actions, right/or wrong, in the first admmistratron of the test. The second feature of
interest is that, of the four subjects who passed one test and'failed the other, all.failed the initial attempt
and passed the second; this was true ' whether taking the symbolic or JTPT first. This suggested that without
the leamning effect of the test-retest, tHe first trial results would be the same. Thus, the correlation appears
to have been reduced by learmng effect rather than test format difference. (ke symbolic substitute format .
appears hxghly promising in this areq in spxte of thé rmpe;:fect correlation obl ed,

with equipment that was
“generally used in a variety of tasks and'could be tested out of the speciﬂc equipment context. That'is; the
test subject does not have to. know anything about the AN/APN’147 Doppler \Radar to take these tests,
which is not the case for jtems in the special test equipment category. ' ) :

A satisfactory corvelation was, found -for $he tests in this category. mis-match
encountered, the subject was able to set up the controls of the TV-2 propery for éach problem (symbollc) %"

~

_ ~ ‘but was not able to correctly interpret results (pert'ormance) (It must be pointed out that this device and ~

the»1890M: Transistor Tester were: different models of: devices* ‘than_ the subjects h had been trained- on;

=x . therefore, they had to orient themselvee to these devrces based on what they learned of the others ) ltalso

shouldbe_noted that this was.an extremely Jimited “validation” of general test equipment: wﬁboﬁc tesis,

* zpwn _merits: This would require four. separate. validation efforts, one each for the PSM-6 Voltmeter, the
515 B{ektrbmc Oscilloscope, the 1890M'i‘rhnsistor Tester, and the TV-2 Tube Tester.

used in the-corttext of a particular equipment lignment o rocedure. ‘These results were less satisfactory« ‘

. thamanticipated; however, one of the mismatghes may have beer based upon the test subject’s attitude. ~§

rather than the test materials. His inattenﬁon detail in the JTPT caused the faiture, while his knowledge
of what to do allowed him to satisfactorily-co qng the svmbolic test. Ifhis results had matched the phL
\ ’coefﬁcient would have been .67 instead of 33. NEE L

)

areas were combined since the two a}eas use 'e me testing stritegy A moderately rtrong con'elation was
attained between the symbolic and performance t‘es( results in-thege greas, suggesting that.both test forms _
~ are measuring the same sets of skills. In reviewing .the‘ifQur ins‘tanees in whlch the: results differed between
thejtwo test forms, it was found that three tesfisu l&ectsagassed the symbolic test but.not.the petfoir .
version. This-may_have been partially ¢ dwto ,aco\ﬁgrg.strategy ‘Vskd for the » symbolic materlals"lt as L
. "found that applying the scoring erlterla for the: ‘nswe{ greet de‘mdnstratlng equipment interconnectlogu_<
(test equipment to radar, radar toitést hamess) wig r&*difﬁepl 1o ﬁﬁﬂsyoup of subjects than'it Y4 had, +}!
been for ¢onventionally trained personnel. ' ""dy’@to a4 igni «increaseﬂ:in the: number of {
extraneous connegtlong The subjects tended to ma‘-ﬂhﬁt‘pﬂg the ted eonnections,hut anumber of
.others as well, Fo § of s project, it was ded mgre%rﬂ\y’pn the basis of whether all of the .

ayindicat ‘3“ sibject ﬂound.ering Versus
R\ A TR .

gt e
-

o

‘?5' J »;\ 3
e e {eénee?‘fi

Sl?ec\ﬂ‘m Equrpment (= 33} Th peeial equi nt tests dealt with' equipment that’ had tobe N

%
+

incory ét“qpnnectiom Further work i§> 3
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S e lp thead)ustme)}t and ahgnment tests assoclated w:th the AN/APN-35 computer, it was found that
out Qofithe seventests, five of the associated procedures in the FPIFA used devices that were not included in

N 1 the syndbelic matetial Those for which symbo{ic tests had been developed were a track resolver drive tester

ﬁnd*g Em;mt bné'rd_tgster These other items arc generally considered Depot level equipment and are not _

]
,4, ‘_ ) *nprmally foundin Frq!dMatntenance shops.! The TO calls for the use of a VIVM and different procedurts,
.. ,t ich were the basis for the development of the symbolic materials. Therefore, no results were obtained in *
- r\‘\ ese ﬁve, areas. ./

Kl ‘S 7 Smce the FPIPAs did: ﬂot identify adjustment and alignment pidcedures as separate routines as is

. done in tHe TO, it was necessary to modify the testing strategy for alignments and adjustments. Normally, *
these fests required the subject himself to locate thé technical data required fo support performance. For
personnel using the FPIPA, howeveryit was necessary to provide the exact page and instruction reference
necessary to accomplish the specific task. Since the same procedures were used in both the symbalic and
performance tests administratidn, this change'did not affect test results. :

Troubleshootmg Tests (¢ =.33). - Results of performance testmg and symbolic testing in the area of
- troubleshooting showed a negative correlation. The specially: trained niovice personnel used as test subjects
\"had dtfﬁculttes wuh both types of troubleshooting tests — the criterion referenced JTPT as well as their
symbohc cmmtexparts As indicated earlier, these test subjects had been trained to perform troubleshooting
tasks with 'FPJPA which- provided step-by-step troubleshooting directions. The test difficulties experienced
by thése; subject§ were of, at least, four listed types; namely: (1) deficiencies in the FPYPA/provided, (2)
deﬁcnenc;nes in ‘the sequencing of the troubleshooting criterion referenced JTRT in relation to the sub-tests
in tl{e JTPT ba?tery, (3) maintenance -difficulties with AN/APN-147 - AN/APN-35 sysiem, and (4)
dlfﬁcbltles with the content and administration of the bank of test. equipnient pictorials provided by the
troubleshootmg symbolic tests. The problems in any of these areas were of sufficient magnitude to prevent
a high positive empirical relatlomhnp between the criterion referenced: JTI’I‘ for troubleshootlng and theit
symbohc substitutes,, - . s

" The FPIPA had not been adequately validated pn’or to the Altus efjbrt As a result, the step-by-step
gundance provided by these aids was not perfect. resulted in subjects having difficulty finding the
équipment troubles without regard to which type of test they werg taking. The tests were eva]uating both
%the FPJPA and the sub]ects’ abihty to use them In most cases, it was difficult to determine whwh had the |
greater deficiencies, - . P

The recommended sequence for administe g the various sub-teets of the cnterion referenced JTPT
battery which is desctibed in AFHRL-TR-74-57(1), had no'f"been developed-at the time of this Altus
" validation. The test subjects were given these troubleshooting criterion referenced JTPT before it had been™

determined that they could or conld uqt use their test equipments proficiently. Observations of the Altus .

subjects taking the troubleshooting JTPT indicated that many of them had difficulty setting up, ¢ their test
equipments-and obtaining accurate test point information after setting them up. An inaccurate Test point
reading would send the subject down a wrong branch in his FPJPA and as a result, he would’ not‘identnfy
the trouble. The FPIPA, used in the Altus effort, did not tell the subject how to use his test equipment His
training was supposed to provide this “know how.” The training program did provide instruction and some
practice in the use of test equipments, but evidently it was not enough. This would support the hypothesis
that technicians should be “over tramed” in‘the use of test equipments, if they are.to be-expected to use
o them“effectxvely in*job situations. This experience in administering these troubleshooting JTPT further
supports the ‘position that troubleshooting tests should. not be administered to a subject=until it is

determined that he can use his test equipment adequately and can perfonkz other necessary sub-tasks, such .

s checkout and alignment, in a proficient manner. i i

" Bven if expérienced subjects had been available for the Altus validation7the same iest: equipment C

problern would probably have occurred. As discussed in AFHRL-TR-74-57(11), other research efforts have
indicated that many experienced technicnans cannot'use; stheir test equipments well, 42 .

’The MAC field shops are authorized to perform these depot alignmcnts, and they, a!so, have the necessary specxal
teu equxpment Thc test developers were not aware of this capabihty s )
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Another aggravating problem for both' the test subjects and for the ddministrators.conceming the, -
criterion referenced JTPT was, the unreliability of the ANJAPN-147 and the. AN/ASN-35. Due to difficulties |
in obtaining some critical spare partsat $he time of the Altus effort, these equipments were.not in prime
operating condition: At times, an unwanted trouble would developin the equipment under test while a test

roubleshooting for the “planted” trouble. In some casés, this invalidated the administration of
aJTPT. ! : B » - . e e . .@’ "‘.‘5:‘/:‘
The symbolic ;ubstitwe tests for troubleshooting were difficult to admigister because of their boak

4

. display of test equipment pictorials. Thiis difficulty was experienced in their original “shake-down” at :

.

~ Norton AFB and continyed during the Altus validation. ’ . "

Another difficulty; concerning these symbolic tests for tr‘oubleshooting concerned the number of
pictorials dyallable. The criterion referenced JTPT make use of actual test equipments. When developing
these tests! the ,developer does not have to anticipate what use the test subject will make of his test
equipments. If the test subject desires some test point information whether he really needs it or not, he can

set up his test equipment and obtain the desired information (provided of course he can use his, test ",':.» /

equipment). But the developers of symBolic substitute. tests produced for glis effort were required tg';',’_;.
anticipate what test point informatjon the test subjects would request and o provide a test equipme, ot
pictorial display of the required information for each test point. The test devélopers had anticipated that
the test subjects would be experienced technicians having received conventional training _gh'd',ysinig'..;
conventional TO. The test developers therefore, provided the test equipment pictorials which:théy:felt -
would meet the needs of such personnel. The selection of these displays was based on a trggblt;_sf,lgb'ting‘w
strategy which the test developers believed would probably be used by expérienced persg‘m_'fvel;:‘{f LR

The test developers had not aﬁticipated the troubleshooting strategies used in thé”f!{l}_’d;'.;yh’en the
test subjects used in thwwltﬁs validation asked for many of the test equipment d;sglafs’ cq'lled for by the
‘FPJPAs, the displays were not avgilable. When a display was not available, the '.f;\ty.puld tell ghe subject
what the test point information was for the problem. This action did not provide‘tifg test subject with the

g

N

A

i
[

opportunity to misinterpret the test equipment display — thus decreasirig 08 realism of the symbajic tesf:

» This action made the symbolic tests more like the tab tests (Crowder et al., 1954). The result was that some .
¥ subjects tended to solve symbolic problems whert they were unable .to solve the same problem in JTPT. In
fact, this test effort was trying to improve on this possible shortcoming of the tab tests. Before this pictorial”
_type_of symbolic troubleshooting test-can be used successfully-with FPJPAs, the troubleshooting strategies
of the FPJPA,must be studied and the missing displays required by the FPJPA must be added to the bank

of test equipment pictorials. |, - ) }
To ascertain if the test equipment displays in these origiflal. troubleshooting . symbolic tests are.
adequate for experienced technicians would require a trybut making use of such personnel using standard

TO. This has never been accomplished *When arrangements were made for Tactial Air Command (TACO) , .

subjects for such a tryout, the troybleshooting symbolic tests were modified. Instead of attempting to .
overcome the administrative and content difficulties of presenting a test equipment pictotial for each test
point required by the test subject, the symbolic tests for troubleshooting were modified to eliminate this
important pjctorial feature. These modifications are deseribed in Section IV. Whether or not this was the

proper degision, will bf discussed in Section V. - ’ : ﬁi@‘ , e
. > . - e AR 1 g -
i ) IV. DESCRIPTION OF REVISED SYMBOLIC TROUBLESHOOTING TESTS B §
- . ? . ) . e “. Sy “;{_“‘:’:_\ i s
Background 4 * ) : "—:‘-; T

. . . .
What was actually required’instedd of or in addition to the limited validation:of the §yfmbolic tests at

Altus AFB was a full scale validation using a suffigient number of experienced electronic technicians as test .

3 subjects to evaluate the effectiveness of all the symbolic®substitute tests. At the time, the Air Force Human.,
Resources’ Laboratof} did not have such exploratory development money and MAC could not furriish’

-

available in‘/FY73, it was not sufficient for the required largt scale validaftbn even if sufficient experienced -

subjects could be found..It therefore was necessary to limit the scope of the follow-on effort. Sincé the .

symbolic ‘substitute tests for troubleshooting had presented the most problems at both Norton and Altus
" Air Forcé Bases, it was decided to.congentrate the limited available resourcés on that area. The objéctive
Wwas to reduce the TA requirements contained in the original design of the troubleshooting Tests while still - .
providing ajwide n;‘ar_lge of potential information about system paranieters to the test subject.” . ’ '
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5 '; The inrtial syinbolic troub’leshootmg‘lests were based on the follong prermses .
e E ;: 1. Maxrmurppictonal ﬁdehty with “five” troubleshootlng e . "). ’ '
S 2. Maximum simulation of “live” troubleshooting procedure , '
o, 3. Integrated.testing of component skills. : « I

%
-

13

" While these premises were (and are) highly defensible as gurdmg pnncrples for\symbolrc test . .
construction, their implementation presented several problems. For example, the first premise (pictorial  * V4
fidelity) meant that test point readouts are shown as drawings of meter needle position or scope waveforms;» :
This approach resulted in voluminous numbers of drawings of meter faces for all reasonable readout values.”.

The second premise (procedural simulatron) involved the test-subject “asking questrons”‘(e £, | What T
reading do I getat this point?”) in the symbolic test just as he would with the Vlive” equipment:?As the ) s
tests were developed, this meant a one-to-one ratio between test subjects and TA, because the TA would - |
have to show the test subject the appropnate drawings in answer to his questipns. g A M

The third premrse (mtegrated testrng) meant that-all component skills ‘i troubleshootrng (e 8. test

‘ "equipment control Settings, meter reading, strategy of attadk logical conditions from test readouts, use'of
dodumentation, etc:) were being addressed simultaneously. Moreover, each troubleshooting problem

incorporated analysis at the  System level, at the chassis level, ata stage, and within'a stage. Thus, whereas
success on a problem was éasy enough to interbret, failure to so°lve a problem could not be laid.directly pn a ‘
particular.skill component or ascribed {o a particular level of- troubleshootmg analysis. L7

- .,

Since all..parameters were documented in the form of meter:angd.other" equipment readouts tlus / .
presented a formrdable amount of paper. To orgagize this and expect a test subject to readily learn how to s ‘
sort-through it proved infeasible. Therefore, a “most likely” subse wasrteveloped This, however, geneiated. s
a need,for the.TA to be able to scana test subject’s request rapidly, and;to determine whether he hadthal. .~ ° ,
_ ‘parameter documented appropriately with a standard display, or whether it was outside the bou ds of the . T
-~ problem and should be answered with a standard reply, (eg., ““in-tolerance™): Iri addition, the TA-dgrved to ' .
réflect:the dynarmc effeets of the . sub]ect’s actiQns on” the equrpment“ If.a subject replaced a faulty . e
coniponent”and- then requested new- reudlngs or symptom information, the TA would present drfferent . .-
displays thanliad been showpy previously RS g )

This procedure for symbohcally testing troubieshooting is very realistic and provides a lugh degree of . e
overlap- with the mformation flow- 1hat actuhll)s‘tran_sprres“from the equipment and documentation to the O
technician inthé" ‘conrse of\a real-world -problem;, 'Pje nieed for equipment both. prime and test, is Y
eliminated: andiﬁe time- to‘solve trodbleshoqtmg ‘problems is: reduced, since the equipment-interface tasks o
are eliminated, However, e needJ'or an expe‘rt TA 'operatmg on a one-to-one basis, or at least on a very TR e
low subjectJo-TA Tatio, is mtroduced. 'I‘herefore-argapproach ‘was sought that would- retain as many of the . LA
desirable featur’es as possible whﬁeneducing thqco pliexrty and TA requirements of the symbolic t tests )

. L :)

To provxde ‘all of the test pomt andsymptbminformation via equipment readmgs posed the prospect o 2
of volumes of displays.to sup ort:each troubléshooting :problem, While the paper costs and development. - N

- - _costs were well within reason | encc-npared to the equipment replaced thereby), a 1po ssible unacceptable ~ s
ar

ke

. access projectors -would havé‘fo*be ‘added to, the.test administrator’s kit. As-an alternative to-num
, . displays it was de6ided to provrde the readings in a more compact format that would, provide better acce
. to.more informatron While this was:a giant step away from the goal of realistic information display, it was O
Aelt-to be worth:trying. in otder to'aclueve an ad stratrvely viable troubleshooting test. o S

cost was that imposed on:the test:sobject. He wouldhave to spend considerable time ning andusmg“the L L
necessary indexing systems to ihﬁ ‘miaterials as.well as ‘that required to actually rétrieve a: “pisce.of -
information. If this indexing system wwere too comple he Iearning and executing of the test mechanics ) -
icould become arather drfficult separate skill requrrement at could possibly contnbute to test failtrres. e 2 .o

“Orie so,lution fo the problem was suggested- earlier that of using a. rapid access pmiector, rather thana ~ = B
book for the prcsentahon\of:the testy point and symptom informaticn, This approach would, of course, call ) C 7
for.-a simpfé “indexing sysfem*for‘taping the infomiatio'r ‘bank. In addition, a sufficient number of'; pid
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troubleshootmg The apptoach retained the features of pre ntmg the data insucha
c . * way as to allow: \the 'tést gibject. £0- establislnhis own troubleshooting strategy; the ability to monitor-or- _. .. - X
- o _record his stmteg, arid.p iding no ANOTE S seli'-correction than would normally occ Admmistrativeiy, the

e ) approach was fo- p,eqmt.th administration totarge” groups of test subjects, with imum interface by the
s SN TA, yet provide theitata at a technician would normally requue while keepmg he volume of data to a

f’; L manageabre srie. ) ) )

EIN

’ To accomphsh this.and te provide a breakdown of the ability 1o trouhleshoot at the&various system

. levels, each of the originalitroubleshooting problems were djvided into three levels: (L)isolation to a faulty

. - anit, (2) isolation to a faulty-circuit, and ?3) isolatron to a faulty piece/part. The levels.oféach probiem are

o, coordinated in that.the faflty circuit, group, for exdmple, Level 2 is within_the.qt'aultyﬁ unit of Level 1 and

PPl .. likewise the faulty piece/part of Level 3 is within the faulty circuit group of Level 2. However, each level is
-~ designed to.bg ad nistered independently of the compamon levels, 'I'hlsiprovrdes mdegree of ﬂexibility in »
, .- -testing falxltx olation at particular system levels.
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. - ~ The'materials reguired for each problem part are grovrded to the test subject mcludrng the apphcable
X(,’ : equrpment TO “The -thaterials provrded are used to depict vanous equipment modes and conditions The
A%

re
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wn ‘._

A '/followmg:pafa’ phs: - T . ).'

o7 4.4; Ra,?fj— solation to aMa;or Unit (Black Box) Level In this part the fest subject is requir'é‘d‘to usethe ,
E »Jfﬁ troubleshooting procedure forﬁumt isolation. The’materials provided depict multrple equipm@nt set-ups

. for each st D in the- procedure. The test subject is-asked to select the correct equi;hnemet-up -and-then
T e observe the corrgsporiding visual indRations. He. must then decide whether.the indication -is normal or

> abnormal and proceed to the correspon ing step (seeﬁppendrx A); ’i‘he*approa%his structured in the sense- 4

LT that the fault isolation strategy:is -dictated by TO procedure. However, the problem allows the rest subject -

Lo 7 tomakea ‘mistake and to contifié yntl e corrects himself or isolates the wron’i—tfnit - ST ;;5
_{' . Part - IsoIatron to a CvcmMioup {Stage} Level. In thrs part the \:test subjeet is. again required to :

& ~"use the TO Howeyer, he estahhshes his-own troubleshootmg strategy. He is told what major- unitcontains
¥ the prob mand is also given a set,of data sheets which provide voltage. and wavéform data at key pointsin_-
> - . . the eqifpmeént. Based upon the@ven symptoms, -he selects pointsto meastire. The: data sheets provide the
AN AL voltaée or waveform at the selectef pomt ~The test e\hject thust then determingé whether this data is normal-
- ~or a normal'and | select his next pdint: accordingly (see,A,ppendix B). Thus, the test subject uses his TO as he
n . would m;an actual t.roubleshooting problem with the measurements being simulated by the data sheets. He
) continues'th“is process untilhe h; jsoiated as faras he ¢an: wrth-t}iednta_p_ovided which will be from ane to,,

three stages. In addition to- 1istink*the  suspect stages, the test ‘subject is also requued to log each point he .
- . .measured on the data sheet Again; ﬁre problem is structured in such:a manner:as to-allow the test subject
e T : to make some mistakes which he might make troubleshootmg ori7the actual equipment. . "5

o TN T

Part IIT —, Isoﬁrtion to Piece/Part Level-This part is identieal in approachiq:“
provided include all of the data provided in Part IT plus a piece/part dgfa*slgeetcoverhg those piecelparts ia
P ' the faulty circuit group (see Appendix C), The test subject continues to niake easurements as he. did: in
ST Part IT to isolate. to a-small circuit in which he can ‘now_ check individual: components.-He-selects: a
onOnent to.check and refers tothe piece/part data for its condition. In order to prevent’ merely scanning -
e He/pm idata sheet, all* of the piece/part values are ‘covered- througlrﬁpeciai Tprinting"pro“eiﬁf
) sorfiewhat similar to tab test. The testsublect must uncover. these values in order to determine their val e
providing an unchangeable record of  those oomponents he’ checked Once he* has ,locat the’ba

. component itis logged on his 4 answer sheet ‘., Coh .
R ' 5 ? .
-~ .y N - SO ‘_"‘ .5*’»\*,4
R . B V VALIDATION OF REV]SED!!‘ROUBL HOO‘IINGTESTS
LT 'i‘est Validation Procedm . iogtt 2 £
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The Tactical Air Command (TAC) agreed to pr(wide experienced subjects: and the‘?;recessary support
for the valrdation of these revrsed symbohe tests for troubleshooti cFor. th lidvgtiongathessymbj‘_olic
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i .;f lsolatron of the chassis or ‘black box"wlueh contamell"(he fault

troubleshooting tests"and their comoamon crlterlon referenced JTPT were admlmstered to several groups of

experienced technicians to ascertain the empirical relatiortship between the two types -of tests. The results
obtained from each symbollc substitute test was vahdated against the resulté obtained from its companion
JTPT. - .

- Fifteen snbjectsqvere tested at two 1nstallat10ns Eight subjects were available at Langley AFB, and
seven: were tested at Little Rock AFB. Considerable difficulty was encountered in finding the type of
sibject desr;ed fot thrs evaluation. It was necessary to have a pool of experienced technicians_since
1nexpenenced pemonnel ‘cannot troubleshoot sufficiently well to provide -useful data as to the tests’

fectiveness. Further, it was necessary that the technicians be experienced specifically on the AN/APN-147
ppler Radar. Due to the general manpower shortage that was being experienced-by th¢ Air Force at the
same time as the test tryout, many of the. personnel that were needed for testing were on extended TDY as
ameans of overcbming the effects67 the'manpower problems. A further restricting factor on the number of
subjects was the length of the time required for testing. Actual tropbleshooting problems require several
hours for an md;\:idual to’ solve and also require the use of an operational test bench in the shop The

."‘

symbolic tests.required almost the same amounf of tme,m\Mt for a man to take two probilems via both .
the JTPT and<sy ql{tests requifed 2"eomplete shift. Typically, men were made. available for testing at
the rate of oiié per shi The total time requlred to testthe 15 menwas approxrmately 100 hours.

Each test subject wis given two troubleshootrng problems -to solve In the JTPT test, a-faulted ’
component was placed into-the radar and the technician was mstmcted to ﬁn‘dthe problem. One problem
consrsted of two parts and the sécond one eonsrstecL of threanrts The. parfs were: o

v hd

lsolatlon of the stage or module in whlch the fault was located

3. ldentlﬁcatron of the prece/part that was faulty. i N ¢
Problems that -were. - .based on faulty tubes were,'.gr'aded as two-part problems, since 2 tube is
considered to be Putof a stage of an electronic circuit. THe test subjects were instructed to work in each

" level until they could identify the lccatlon ofthie problem at that level That is, in Part I they were told to
. identify the chassis in which they suspected the problem to be. _Fobeach subsequent ParL of the problem

Pl

they, were started at the carrect point, This was: ‘done to facilifate testing troubleshooting ability at each
" level. Previous efforts in which this was net done, resulted in much lost time as test subjects pursued faulty
assumptlons AN ;” : Cy ‘

The symbolic tests were éilmimstere . in the same fashion The test subject was mstrffcted to identify
“the location of the fault at a particular level; and stop: He was then started on the next part at the proper
. chassis o stage T{ze problems presented to-itie Test, subjects m the symbolic tests were the same ones that

'\\ el ,

. -

* s

. he received z‘a the performince test. This was not made knéwn to the technicians, -however, and none
showed any feco‘grﬂlla&thauhoy were working on the.s?ime problents‘in both tests. v

In admlnistering the tests at Langley AFB,,rt.was posuble to. counterbalance the test admimstratlon
so that half of the test subjects took the performarnce version of the problem first, whiile the other.half took
_the symbolic Version first. At Little Rock AFB, however, this was not possible since access toethe bench
'equrpment for the JTPT could not be programmed as readily as at Langley AFB. - - .

While’all‘fe?bsluects werte experienced in their primary AFSC, the range of experience on the

. \A*NZ'APN 147 was quite wide. Since the doppler radar is only one.of sevéral major electronic systems

_cdvered under AFSC 328X4, an individual can be quite experienced in:somé other systems of the AFSC

~ Wlthout havrng experience on the AN/APN 147. Table 11 shows the breakdown by test subject of the

e

FullToxt Provided

{:‘ ‘momhs of service and the months of experience on the, doppler system. Even this does not reflect the fact

hat some. people with “adequatE¥length -of experience may have been. doing only flightline maintenance,
_ which meuns.that they only replace black boxes in the aircraft and have hiot been involved in the, shop level
" of maintenancé? This “means: they havé Had their tofal expenence in solvrng only the first level of the
problems contained in these“-tests

-~ The two forms-of the. test were graded in the same manner. For each level the technician was glven a
plus G r,&lfeonec Yitentified the-‘suspect component, or 2 minus () if he did not. For the total

pfobl’éln he wa\s"gven a“ us only ;f he correctly completed each level of the, problem While a record was *
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kept of the parts he checked and the sequence in which he checked them asgvell as the test. equrpment that }
he used, this information was not used for scoring purposes. .

Due to the.time each subject was available for testing, the number of problems per test subject had'to
be restricted to two. Since considerable testing was conducted within each shop and there wis no control
possible over the nature and extent of contact.among test subject$, it was necessary to give different
problems to guard against compromise of the problem situations. Further, no feedback was given to the test
subjects as to whether their solutions were correct until all testing had been completed. Naturally, when a
performance test was correctly solved the technician had.a strong idea that he had correttly identified the
fault. There was also such inherent confirmation availabé for Part 3 of the symbohc tests: This part made it
important that the testing strategy not be ‘obvious to the test s,ub]ects

— -

Table 11. Description.of Test Subjects - .~~~

%
~ N Months of
L h . &.“5‘_‘.- AN/::;I;D;I47 .
. Subject . Rank Satvice- Experience ... —-
. 1 SSgt 36
2 Sgt .« 28 .~ e
~3 e SSgt 24
‘ 4 AlC -8
5. SSgt 66 .
- 6 AlC -10 _
7 AB o= s ‘
8 TSgt. . - 28
9 Ssgt L 36— o
i0 SSgt - ‘ 21
11 AlC ‘e 8
12 Sgt: " 24 o
13 AlC 6
14 SSgt LR -
15 - TSgt None

Since the objective was.to compare test forms, the fact that drfferent sub]ects were ta'lqng different
problems is considered to have minimal effect on the _comparison results. But the fact-that Problém 3 was
apparently more difficult than Problem 1 would be of concern for comparing the abilities of the sub]ects.
In that case, all subjects would have to have taken the same or demonstrably equivalent test problems In
this studys however, the symbohc test validity was being verified, so that each problem.pair is an
independeint set. The reasons fol A g different problems, as stated above, wefe consxdered therefore to '
outwergh the reasons for giving th problems to all subjects. 2 PR

Results . ) ‘ . ‘ . e

To determine t.he extent to which the symbohc tests produced the same results as  the cntenon JTPT,.
two types of statistical comparisons have been made between the nuniber of times the two testing formats
produced the same results. The first comparisons are made in terms of the tetachoric r statistic (r ) and the
second, in teyms of the plu coefficient statistic (¢). The ¢ statistic was used in presenting the results of the
Altus v Ms reported in Section IH of this document. In the Altus validation, all of the categories of

. symbofic substitute tests including’ checkout, spldering, remove/replace, use of test equipment, alignment - .
and troubleshooting were considered. The ¢ was used with, the Altus results because the num'Ber of .
* . compayisons for each category of tests Was, in most cases, very small,

The TAC valxdatwn, on the other hand, was concernéd only with the -troubleshooting category and -
the number of comparisons between the symbo?ic and‘cnteﬁon performance tests was greater. : The oot
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Statistic was chosen as the primary vehrcIe for presentmg the results because it is a somewhat more

sensititive statistic and_the table used for its- calculation (Table 12) provides a-much better basis for ~

discussing the results. This*table shows passed and failed as ‘well as matched and unmatched results. The ¢
presentation, however, has been included so tHat the "results of this follow-on TAC validation can be
compared with the Altus validation in terms of the same statistic. The comparison of the results of TAC

validation in terms of the two statistics'also is of some interest. . -

Tetachoric r Analyses. Table 12 indicates the number of problems in"which the results were-the same
“on both forms of the fests and the number in which the results were different. The numbers in this table
reflect the troubleshooting tests for all three levels of troubleshooting — chassis (black box), stage, and
piece/part.

oy

. Table 12. Comparison of Overall -
Troubleshobting Test Results - TAC .
- * Validation (t 68) .
Symbolic_ Test. oo

» . + - Total )

Performance + 1 5 16 . o
A o @ © o
. - Test - . 3 11 14 . ‘
' . o) @) ’ o
Total 14 16 30 ‘ R
» R *\L T i et L
\\ . ;ii\‘; » ) e !
. 3. A FAN .t {

W)"z ' -

These -data represent the 60 tests taken by the””ﬁ subjects, 30 performance and 30 symbolm
Comparmg the two tests taken by the subjects on the same problein results in 30 pairs-of, scores. In 11
cases, the technicians tested correctly solved the troubleshooting problem on both. In 11 other cases, the
technicians failed to solve the problem on-either test. For purposes of this study, the ability or mabrhty to
solve the problems was not of concern. The goal was to produce symbolic tests that would yield the same

- results, as performance tests. Thus, there were 22 pairs (a + d) out of 30, in which matched Tesults were

achieved orin 73 percent of the cases. A total of 16 performance tests (a + b) and 14 symbolic tests (a + c)
were solved correctly. There were 3 cases in which technicians solved the symbolic version of the tests but
not the performance, and 5 in which they solved thé performance version but not the symbolic.

2o An 1, value of .68 was obtained with a standard error (o,‘) of 288 so-that the r, value is 236 times
ep‘tzmdard error. For complete confidence in the correlatlon, I, should be 2.6 tr;nes o:,. Ideally, also, N
should be larger to satisfy. the conditions for use ofr, ‘however, this was not possible due to the limited

pool of subjects.

- Given these restrictions, the results still indicate a positive relationship between the parameters of
performance being measured by the criterion performance tests and those being measured by corresponding
symbolic tests. )

Tablé¥13 shows the number of correct problem solutions by test type and test problem This table
indicptes that while problem di Iiculty did in fact apparently vary (althoﬁgh the item difficulty versus
abil:& interaction cannot be separated) the pattern-of results was stable from problem to problem. As
discussed previously, the ¢ degree of agreement between results” of the two tests is the primary concern rather
than the relative dlfﬁculty of the individual problems. o L
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o TabIe 13 Number of ( Con'eet Solutions by Test'lypeand Problem R . o
.. Troubleshooting Problems - = . .
2. g
1 .2 ‘3. 4 v 8 s B A
. , : {n=4) (n=4) {(n=4) (n=4) (n=4) (n=4) " (n=3) (n=3)
S : Lot - . . ) -, v R ¢
I . Performance 4 3 i S 2.7 0 -2
. Symbolic 3 2 o2 -0 .32 1 PR .
. ‘Note, — n = number of subjecrs takmxeach problem, -~ ) . 7 ‘ . ’ ’ "j‘
oo ' g L T ‘ ‘ LR
CLowt / \. ’ =
P As a means ofassessing the mﬂuence of each part or level of the symbo!ic tests on the overall results,

the results of techmcran performance on each part is presented. For-the first level in the troubleshooting :
procedure, tocation of the faulty cchassis or black box (i.e., identification of the Receiver: Transmitter,
Frequency Tracker Antenna or mdrcator asthe location of the problem), the contingency ‘table of rgsulis is

given in 'I‘able 14. . p : " . ) .

’ ! f ' - ; .
g “l} . . TabIe 14 Results of Chassis (or thk‘box) Isolation . - e

a0 ( "81) )

SCE . . S T -SYmbolc Tests é{%
' e ¢ % - Yot W T

o o i ' Performance - + 4. 23 A N

e B g B (a) k) 27 :

AERE e ' > Tests - 2 - 3 o .

Sy . . (c) ) .. " o

ST L~ , .. Total 25 séww,,so e -

?

r‘_,

Tor et - S . - - - L3, -
L R . . “ i . Y ;:._“ - ""»;‘ 3 3 3“ .

)

- - . S N ; PO et .
. m/.r,

- Y o (The datain Tables 14,15, and 16 are ‘ot cumulative but mdependent ~‘I‘hat is, a person farlmgPart l
- .. still took Pagt IL Failing I and/or. I1, the technician still tock Part-IIT. In computing the total test scores:”
" nted in _Table 12, all reqmred parts had to be correct to get acorrect seore on the' total

G .‘ . » .-» N

=3

elad anr of 81 The symbolic test tesults matched tjxe critenon perfon'nance test results m 26
*orgfn 87 percent of the cases. However, gs can ‘be: ‘seen . from_ inspection of Table 12;
. considerably. more -technicians succéssfully performed. this<level - than _passed “the” complete,: test*
o : Twenty-seven olit of the 30 Times, subjects were able to pass the criterion JTPT: Much of the flight line. or
% . - organizational maiptenance work i s‘concemed”only witltfhis level in- troubleshooﬁng process — that of
I finding and feplacing the. defective cRassis"or- blackbox - (organizational ‘malntenance). -As. ,would be
vt _ expected, success in

7 solution-in ‘the Field “§] A
ST containmg the problem inot be used as an mdex?&ﬁa ? timqtely sdlve the problem., L ,i,,} »
- * Wt X ;»"%-s.\

-, The second level Of the: problem was to'loca st Withinsthe* chassis,’that contains: the,‘fault.mt i
. ) The contingeney table fof these results js in- !I‘able lS‘,;l‘he symbolic test- results ,malehed the ‘criterion’_. -5
perfarmance- test resulfs in 20 out of 30 gmes or.in 67 peréent,oi the cases resulilng 1n ar:of 46. (For (lds A
level of troybleshooting inig0; out of 30 attempts, the subjec;s were able~to rdentify the del‘eetlve stage thpt«» S

"-is,passthecnterionJ'I'PT’) s A S ) I e,
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Table 15. Results of Stage Isolation — TAC Validation

Symbolic Tests .

¢ + - Total
. . Performance + 14 6. 2
e @ ® -
Tests - 4 - 6 =10
© @
] Total 18 12 <30
. . 3

. 2 N . . . N
The third piece/part fault isolation, was contained in only half (30) of the troubleshooting problems,
which gives an N of 15 matched pairs rather than 30 as in the previous test portions, Table 16 shows the
results obtained. The r, value is .16. The symbolic test results matched the criterion test results in 8 out of
15 times or in 53 percent of the cases. (In only 5 out of 15 attempts were the subjects able to isolate the
defective piece/part; that is, pass the criterioni JTPT.) .

_ Table 16. Results of Piece
$<  Part Isolation — TAC Validation

»

. Symbotic Tests
" + - Total
. - Performance + 3 2« - 5 J
Tests — § 5 - 10 /
e " Total 8 7 15.

It is apparent;-then, that the third portion of the symbolic troubleshooting tests operated to reduce
the overall test correlation results. "was also the only part of the t&st in which more test subjects solved
the symbolic tést than the criterion JTPT, Refinemefit%fforts focusing on this portion of the symbolic tests

< are indicated, thereforersnd could‘posibly increase overall test correlation to a higher level.

. Companson of Results of Altus and TAC Validations (¢ Analyses). As'stated earliér, the Altus

. validation used novice subjects and was concerned with all the categories of symbolic and criterion JTET,
whereas the TAC validation used experienced subjects and was limited to the troubleshooting category of
the JTPT and their symbolics substitutes. The symbolic troubleshooting tests had been modified betwee}i
the Altus and TAC validations. Table 10 in Sectron 111 sumrparizes the results of the Altus validation i
terms of X* and ¢ statistics. The formulas and procedures for obtaining these statistics also are presented in
Section 1 and are not repeated here. The necessary contingency*tables for deterrmnmg the x* and ¢
statistics for the.TAC validation are presented in Tables Tables 17 through 20.

Table 21 repeats the informatron foupd in Table 10, Section HI concerning the Altus validatronf But; - e

it also inclides the X* and ¢ results for the TAC validation calculated from the data presented in Tables 17
through 20, It will be noted that there is a decided improvement in the correlation obtained in TAC for the
overall troubleshooting category ( .47) and the ¢ correlation’ previously obtained for the same category.at
- Altus (—.33). This improvement could be attributed to several variables, such as the d),fference in type of

criterion JTPT, as well as the original forms and_modified forms of the symbolies were developed for
personnel trained-to iise standard technical ordets. The TAC subjects were trainéd and experienced in the
use of such technical orders. The Altus subjects were ‘trained to perform troubleshooting using the _

suﬂ?ects a larger number of subjects and modification of the symbolic tests for Yroubleshootmg The -

‘The symbolic tests did not contain pictorial displays for“

step-by-step procedures provided in:their FPJPA.
: test information called for by the FPJPA. The TAC subjecis were _experienced in the.
ppler Radar System the AN/APN-147 and the AN/ASN-35:The Altus subjects were n
the limited training-described eaijef. There were only /-nifé pairs of te;
C. Consldenng % v, iables, it is"'im

tenance’ of
ces with

tried at Altus whereas 1ere were
le t6 ascertain )low much of the improvement canbe




attributed to the rhodification of the symbolics. But it definitely .can be concluded:that ;’_}'rnbolic

troubleshooting tests show promise and their development should be continued. L
A _ Table 17. Overall Troubleshooting . . Table 18. Troubleshooting Chassis
oo (¢= 47) l& Level (Black Box) (¢ = .73) .
! - L4
Results Results ’ Results Results
Matched Differed . . : Matched Differed
< . Expected Frequency 15 15 Expected Frequency 15 15
Observed Frequency 2 8 Observed Frequency 26 : 4
[ A . A .
Table 19. Troubleshooting Stage Tgble 2Q. Troubleshooting Piece
Level (¢ = .33) L : Part Level (¢ = .07)
Results Results.: . . Results . Results
- Matched ~ Differed Matched ! Differsd
Expected Frequency 15 15  Expected Frequency 75 15
Observed Frequency 20 10 Observéd Frequency 8 7
Table 21. Indichtipg’Combined Results of Altus and TAC Validations
. Test Area » | !‘::rs Nz.t‘cu;:i ) R&?f‘:‘r‘ x? 9. . "
L4 L4 - v
*  Novice Subjects (Altus) : . -
x Checkout . . . ‘4 . 4 ] 4.00 1.00 .
Remove & Replace. - 14 - (/ 10 4 . 287 .0 43 -

~ Soldering Tests ™ o , 4 3 _ 2 N B 0 .
General Test Equip’ ' 6 5 1. 267 67 -
Special Test Equip . . 6 .4 .2 - 67 . |33 -

" Alignment/Adjustment 1% 15 - 4 637 - .58a o,
Trolbleshooting =~ ‘ 9 3 . 6 .. 100 33 -
Experienced Subjects (TAG) R A
Ovgiall Troubleghooting™ 30- .22 8 653 . . A7 68 -
Chassis (Black box) I A S o~
Isolation : 30 26 R 1633 13 E: ) B
Stage Isolation 30 . 420 10 -.'333 .33 . 46

o Piece/Part Isolation 15.- U R 07 .. 07 16

; - g — — —TT ¢
*This negative correlation was probably due to a number of deficiencies such as (1) deficieficies in the Rully Peoc 7. -
. duralized Job Performance Aids provided thp subjects, (2) deficiencies in the sequencing of the troubleshooting JTPT 4
relation to the sub-tests in ghe JTPT battery, (3) maintenance difficulties with the AN/APN-147 — AN/JASN-35 system, and
(4) difficulties with the content and administration of test equipment pictocials provided in the original troubleshooting
- Symbolk tests, [ 4 . . 7 i
s . : o N

The 1, correlations for the TAC validation have.alsp been included in Table 21. They indicate the .
same pattesn of relationship between the syrbolic and performance tests. However, the r, figures are larger |,
than the ¢ figures®This'should be expected since the r, is'a more sensitive statistic. Both statistics indicate

ALY )
. < ¢

that symbolic tests:for the piece/part-level are in need-of further refinémeént.,

4 (SN - - . " . 2
Symbolic Test Clarity. Theré was a greaf;difference in thes3bility of the technicians to grasp the
testing concepts used in the symbolic troublesho&g_,ing tests. The ij‘?;ﬁty—nggv;éd the instructions withiile ~ |

. ‘ difficulty once the nature of the test was reviewed with them.. Additional’ explanation was provideditn - |
. several cases so that instructional misunderstanding:is not considered to havgif)een a factor in%}t?ndng tuy I,
= . . ” - > . a~ ,’,; B PN = *
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was 2 linear search of the system parameters given.

'_,_—»-
- general tést equipment Since all electronic technicians use general test equipment, the proper

L= - L ' %

results Several, however, were not able to conceptualize the fact that all of the information they needed
was present in the materials just as it would be in a faulty radar. They could not construct a search question
or select a reasonable. starting point for isolating the problem, In other words, these subjects did not
demonstrate that they had an effective troubleshooting strategy at their command All they could resort to'

1

This analytical approach is not always used in actual field performance where the system is available .
for immediate feedback. In some cases these subjects could solve the perfo version of the problem
based upon experience history or by replacmg mponents until the faull . located. The history
approach is sometimes very effective. However, as Ie realiability of replaceable components is improved in
any system, the history approach becomes less and less effective. Replacing components until a fault is
located is an extremely undesirable form of%oubleshoonng It loads the maintenance system with good
components that must be checked out. Tt generates unnecessary equipment handling, paperwork, and
benchwork. And experience has indicated that many, times these good components are discarded as faulty. -
As a }esult an extremely good case can be made for every maintenance technician being proficient in the
use of an effective analytrcal troubleshooting strategy, such a strategy is required by the symbolic tests.

VL Evuunmcomew/ . N

Considerations for Future Development and Implementation ‘ . -

The efforts reported in AFHRL-TR-74-57(I1), as well as in this volume-for the development and-
tryout of criterion referenced JTPT and accompanying symbolic’ substitutes have been plagued by the

- limited availability of experienced subjects. The criterion referenced JTPT described in Volume II are

worthy of administration in their present form, but further polish Would probably improve them. This can
only be accomplished by many more administrations of these JTPT under the guidance of experienced test

- developers. In spite of the limited, number and inexperience of the Altus subjects, the'symbolic substitutes

already developed for checkout, mmove/replace; and use of general and special test equipment have shown
a high degree of promise, but require more extensive ‘validations and refinements. The alignment and
troubleshooting symbolic tests have shown -promise but both categories require a great. deal more
mﬁnenﬁnt before they should be validated again. No further work is recommended on symbolic substitutes

. fof soldering. The exploratory work has identified major and minor pmblems of concem  for future worlc. I

“hds also provided a basis for planning of future work. . e

‘' The success of any future developments of refinements of either criterion referenced JTPT, or their
symbolic'substitutes, will depend on the availability of sufficient funds, expert test deyelopment personnel
and ‘qualified subjects. All of these have been in-short supply, Although all of the necessary development
and refinement work is"considered rmpmtan% ;-it-woutd e injossrble to accomphsh all of this work at the

same time consnde‘ring the available- ‘fesources. The recommendations made in Volume II, for an orderly .

development . and 1mplementatron program for JTPT, must also be considered for any future development
of symbolic substitute;,-Empirically valid symbolic substitute tests cannot be produced for any job activrty
until good, administiable criterion referenced JTPT are available. -

e. Volume IT mcmnrhendaaons suggest that JTPT refinement and implemeptation should statt with

implementation of this action should result in the greatest gain to the Air Force for the leasta amount of
effort and money. So logically, any future work in symbolic tests should start with this same area. AsJTPT

. are refined and becoime available for other maintenance activities, appropriate: Work on companion

symbolic tests can be pursued. The comments that follow are made for-the purpose-of helping concerned
and4nterested peopie or agencies:to structure future work on symbolic substitute tests concerning: (1) the
use of general test equipment, (2) other straightline tasks (checkout, removelreplace and w:e of speual test

" équipment), (3) troubleshoofing; and (4) alignment. T

R L ¢
Symbohc Tests.for General Test Equipment. In addition to the opgmtional considemwm for
choosing the use .of ‘geperal test equipment for initial follow-on work conceming symbolic te:ts, -such

equipment is a very fertile area for symbolic presentation for !mimng as weIl as testing. This is especially

true of the yoltohmmeter and the oscilloscope, Most of the difficult: activxiies concerning their use are
performed on their front panels. And panels can_be very easily represented by-pictures. Thg adjustments

require the manipulauon of switches and knobs behaviors which are’ ‘within the nonylxepertolre of i most
; e
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Americans. The difficult part is lcaming the proper sequence in _which'these' manipulations should be
performed. They all require the ability to read displays. All of these behaviors, with the exception of the
actual manipulations, can be simulated by pictares. In addition to the development of symbolic substitutes,

. _for JTPT, extensive use of symbolic representatives should be considered for practice exercises for, training

purposes: Their use may greatly reduce the requirement for actual equipment for both personnel testing
and training purposes. ' :

The Altus validation of symbolic tests for general test equipment was extremely limited. Only six test
equipment symbolic tests were administered and the results were lumped for analytical purposes. After
another refinement, the symbolic tests for each: test equipment should be validated in its own right using a
sufficient number of subjects for each validation. Such validations are necessary to ascertain the degree of .
empirical validity for each test: The validation exercise, if properly structured, will probably provide a great
many insights for the use of'symbolic techniques in the training process. o S .

. { .

Symbolic Tests for Qther Basic Straightline Tasks. Whatever is learned from the propdsed work on S,
general test equipment can probably be applied directly to symbolic tests for special test equipment. Much
of what is leamned can probably be applied to checkout and remove and replace activities. For. safety
reasons, checkout is an extremely_important activity conceming any system. We should have means to
deterriine how effectively these checkout tasks are performed. Both criterion referenced JTPT and
companion symbolic tests should be developed for several key equipments for an AFSC such as 328X4, and
should be validated on a large scale. s o o ,

P, -

Symbolic Tests for Troubleshooting. The original attempt to validate symbolic tests for
troubleshooting at Altus was unsuccessful. There were several reasons for this which have been discussed
ealier in Section II1. As explained earier for the TAC validation, the symbolic troubleshooting tests were
modified to remove the pictorial presentations of test equipment information, Volt and ohm information .
weére;furnished in printed form in tables and waveforms were given. But the subject was not required to °
obtaiﬁi.'anx of this information by interpeting a picture of the test equipment front panel display. This-
modification-made these troubleshooting symbolic tests very similar to the tab tests (Crowder et al., 1954).

. The TAC validation indicated that these modified symbolic tests for troubleshooting did have & high
degree of empirical validity for measuring a subject’s ability to identify faults at the chassig.or black box
level. But the symbolic tests did not do as well for fault isolation to the stage level (within a black box).
And at the piece/part level of fault i.dentiﬁcatiorf with, the modified tests, the vilidation indicated that the - .
symbolic tests had a very low empirical relationship with the criterion JTPT. The piece/part level is the,
most difficult and expensive level of maintenance in terms of spare parts consumption. These weaknesses
must be corrected before symbolic tests for troubleshooting can be considered successful.

/

In the opinion of the writers any future neﬁn“ement work concerning troubleshooting symbolic sub-
stitutes should reflect the following considerations: -

- 1. The original rationale for the development of symbolic tests was formed after a study of the °
_results of the tryout of tab tests for measuring ablity to troubleshooting (Crowder et al., 1954). The study

of the tab test data indicated two possible weaknesses. First, the Crowder tryout assumed that a subject
taking the criterion performance tests could set up his test equipment correctly and obstain correct test .
equipment readings. The readings were given to the subjett upon request. After a, review of the Crowder
study, the writers wére of thie considered opinion (based on Crowder’s and other research) that the subjects

. probably could not use their test equipment too well. As a result, even-though a subject could find the fault

correctly on the tab test, he was not able to find the same fault in his actual equipment because he could
not use his test equipment. ' > N .

Second, approved or desired troubleshooting is usually based on

. tab test (as well as most other paper and pencil tests of its.kind) also requires the use of such a strategy to

successfully identify the fault.-But in_the tab test, the subject was not faced with the problem of -
interrupting his strategy to obtain test-point informatign. He received it instantly in printed form and
proceeded with his strategy, whereas, the requirement 4ojset up and use test equipment to obtain test point
information during the griterion performance test’ factual -equipment) provided many distracting

interruptions or “clutter” in his strategy. N . !

. 2. A proposed solution to me”ﬁ*?‘gblem that a sﬁ'lgect miéht not be able to use.his test équlpr'neﬁt
was presented in Volume II. Each subject can be given a performance test on the use of his test equipment -
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before he receives his troubleshootmg tests. And, iIf the sub]ect cannot pass *his test equlpment test; he .

would not be permitted to take the: troubleshodting test. Bue to the lack of money, time pressures, and the
limited number of avallable sub]ects, this was not done during the TAC valldatlon . .

One hypothesis as to the cause .of some "of the different results for symbolic tests for the chassrs,
.+ stage, and piece/part levéls of troubleshootmg is - that some sub]ects were not able to use their test :
equlpments properly. The chassis level of troubleshooting requires little use of test equipment. The .
s criterion referenoed JTPT and their symbolic substitutes thus call for very simildr behaviors. The stage level '
*  of troublesho‘%g requires some very common uses of test equlpment ln this case, the criterion JTPT and
their symbohc sulétitutes are reasonably close. The sub]ect is requued to make limited use of test:
*  equipment in the criterion test, but.no use of test ‘equipment in the:symbolic test. The piece/part level of .
troubleshooting requires a_great use of test equipment. In this case; the criterion JTPT and the modified :
_symbolic tepts are far aparé"‘ in respect to the test equrpment behaviors required. The sub]ect is required to -
make greap \sse of test equipment in the criterion JTPT-but-ro use-of test equipment in the symbolic test.
This differgnce, of course, makes the symbolic test easigr than the criterion. It should be noted that 8 out
of the 15 subjects passed the symbolic test and only § passed the criterion (see Table 16).

The above hypot/reszs should be further explored in; ﬁuure work on symbolic tests A sufficient
, ‘number of subjects should be given'the test equipment JTPT, and those 'who pass the test equrpment tests. . .
should be assigned to one category; those who do not, to anbther category. Both categories should be given ) '
the criterion JTPT and the symbolic tests for troubleshootmg If the hypothesis is true, the correlations for
the stage and p1ece/part levels should be improved for thecategory of subjects who are able to use their test
equipment correctly. The correlations for the categosy ot‘subjects who cannot use therr test equr‘pments
could be evenlowerdhm ose obtained in the TAC' \mhdatron

- 3. The above- ‘hypothesis may account for part of the variance obtained between the criterion JTPT |

=« . and the sygrwbohc tests duj'mg the TAC validation. Bat it may not account for all of it}/if the distraction or

“clutter” factor'is of importance.-As discussed earlier, the: troubleﬂmotrng symbolic tests developed earlier

.+ . which were used in the' Altus validation contained displays of test equlpment front'panels The book i :

presentation of, this in tion to the test subject by the test administfator proved difficult. As stated - <

earifer, these were elnmni't[::‘a d whert the symbolic tests'weré modified for the TAC validation. As a result, no —_—

data concerning the effect of this type of “clutter’? for troubleshoot‘ing has been obtained. The modified.
symbolic tests did  require the sub]ect to search hwtechmcalsorder wluch is one type of realistic clutter

. In "Section II of flns dotument,. h\e suggestlon was made that a random access pgo]ector mxght
possrbly be used in plic séof the book of displays. The authors are of the opinion that this suggestion should’ oot
- still be fried. The dis f s:could easily be placed in a random access projector but the problem is the- .
. " requirement for a srmpe ‘indexing system. But the test point information formats developed for the .«
’ modified symbolic tests may provide the answer. . The test point information (such as150vor 80Q)found in ’
the cells of: these Torms, ould be replaced by the cgﬂ of it numbers to be punched on-the control panel of
themndom access proj

The use of such a ndom access pmjector orogram is stmneg suggested for any future exploratopf
work on symbolic substitutes for tmubIe.rhooting. Thes, ‘development should, also, include further work on 2.

. Just what displays are required. There is reason ‘to believe that there were not enough in the original effort
., It is certainly better to hdve too many available than too.few. . v

Itis hypothesrzed ?hat symbolic tests ti;at include this type of clutter will result in high con'elatzons ) T

between the criterion referenced JTPT and thé symbolic tests for the piece[part level of troubleshooting It -
is suggésted that subjec s used in the validation of .the test also be divided into two categories; namely, : D

those, who have previously passed the perfom:ﬁnce tests on the use of test equipment and those who have - o
not : ,x s -

. Symbolic Tests for Alrgnment Tasks. A!thcagh allgnment adjustment and calibratrng tasks areas . - SR
e important. as troubleshooting, it requires-less timé ‘o ‘measure such activity. with JTPT using actual - sl
equipment than it dogs .to measure troubleshooting activities. ‘In addition, what is learned” about "~ .. - ok
symbolizing “clutter” for troubleshooting"’may help in: the development of symbolic- tests for alignment. *> - --m7
. < activities. It-is thegefore suggested that further work on -symbolic tests for ahgnmenttasks be delayed until ! o "
s after the troubleshootmgsymbohc test problems are solved. o el et ST
'§ v . .5 '(734 '- R ) : ' ’ '. * 6‘ ‘
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¥ *\lmntenanoe Quglity Consideration

!

Although the pn?n“ary purpose of the TAC efforts wére to valrdate the effectiveness of symbolic
~ substitutes, a secondary finding on: quality . of troubteshooting is worthy of comment. It is very difficult to
find hard data concerning the true quality of maintenance jn the Air Force. Some studies concerning ability ™

S of technicians to use test equipment were reviewed in Voiume II. But all available data do indicate that the y
-ability of technicians to perform troubleshootrng could be greatly improved. The results of the TAC”
_ » validation certainly stipport this contention. Table 16 indicates that the experienced technicians used as ~ -
- ‘ subjects could isolate defective piece/parts only 5 out of 15 times, or only 33 percent of the time. 'Ia‘lysame O
subjects were able to Uentify faulty stages only 20 out of 30 times, or 67 percent of the time (Table lS) »
‘They could identify, black boxes in 27 out of 30 times, or 90 percent of the time (Table 14) S ,

* This performance for black box fault isolation is fairly good. However, black box 1solatnon,{s the
easiest level of fault identification. And, it is very degeptive because if there isa large enough supply of
_ black boxes, the planes still fly, and it appears to the pilots that maintenance is fairly good. This supports
" the contention made in Volume II that activities having the greatest visibility get the most at{entron And
shop maintenance does not have near the same visibility as flightline. ~ ,

®

But the “sleeper in this srtuahon is that once the black boxes are identified, 4hey are sent to the
field shop for repair. And the ability of the technicians to find the trouble in the black boxes would appear
to be very weak, resulting in very expensive repair for the Air Force. Findings suchi as these further su port‘
the contention that good criterion referenced JTPT should be available(for the purpose of gathering

re . extensive hard Bita concerning the ability of technicians to perform maint arrce/actrvrtres The known'
presence of such JTPT in the field and the possibility of technicians berng tested, would probably motrvate
- ) many techmcrans to learn to perform t therr key maintepance actrvrtres more efﬁcrently

.
: % s “

Vi, SUMMARYANDCONC;US[ONS e
In thls effort, graphic symbodlic substitutes were /déveloped for each type of electrohic marntenanoe/,
activity for which criterion referenced JTPT had already been developed. Fhe JTPT are _déscribed in”
, AFHRL-TR-74-57(11) Part L. The job activities mclude “(a checkout, (b) removelreplaoe ©) soldering (d)
- use of general and ‘special test equipment, (¢) ahg:ﬂﬂaﬁustf’calrbrate and (f) troubleshootmg ’,/

: The hardware utilized as a vehicle, for tljb development of all the/s; testwaas the Doppler Radar
. AN/APN-147' and its Computer: ANIASN-35 R

L 4

/

In e development of each of thie symbohc substrtu,tes*‘an a }empt was made to requrre “the test
subject to demonstrate as nearly as possible, the same behavrors as he wouldbmeqmmd to perform while _
takffig its companion JTPT. ) . - / . - )

~

The first drafts of these symbolic tests were glven a/lumted a‘dminlstratwe tryout in a ‘maintenance
squadron of the Military Ailift Command (MAC) at Norton AF/Bv ‘CA. The subjects were technicians who
had maintenance experience on the AN/APN-147 and the ANIASN-35 “This tryout indicated that all the
tests as developed were administratively feasible with the excéption of the troubleshpoting tests.

After this administrative tryout, all of the symb olic tests were refined based on the experience gained
during the tryout. A full scale controlled validation was planned to ascertain the empirical validity of each
type of symbolic substitute. Due to schedule changes arrd unavailabilrty of expenenoed subjects, such a
_ walidation'exercise was not possible in MAC. N -

A more limited validation- was substituted makrng use of available novrces wnth limxted training at
Altus AFB, OK. These subjects had been given a fouf;week training programon how to use fest equipment,
how to use. hand tools and;how to perform the mamtenance tasks on;the AN/APN:147 and AN/ASN-35
usingspecral step by step maintenance. instructrons cal]ed Fully Proceduralrzed Job Performance Aids.

L T, A Dunng this extremely limited validatron bath the- cntenon JTPT and their- tompanion symbolic
. - substitutes were agministered to the same novice subjects. The symbolic tests-for checkout, remove/replace,
EAL general and special test equnpment, and align/ adjust/calibrate showed promise. The troubleshooting tests as

- structured were still not admlmstratively feasible. The soldering symbolic tests, although admlnistratxvely
o feasrble showe,d no empirical relationship with the cnterion soldering tést.
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< .The chief administrative difficulty experienced with the symbo_lic troubleshooting tests used. at
Norton and Altus was.caused by the technique used to-realistically simulate the use of test equipment. An

sttempt was made to present all necéssary test point information as it would appear on the actual test - - -

. equipment. This required-one test equipment pictorial for each test'point called for by a subject taking the
symbolic test. A book of pictorials was developed. When the test subject indicated a requirement for test
point information, the TA would show him the appropriate picture in the book if it was available. The TA
functioned both as an index, to the data bank and as a searching device. This proved a difficult if not

. impossible task. .
The use of a random access- projector was suggest

ed in liew of the book, but there was insufficient

time and money remaining in the project. In addition, the effective use of a random access projector would
require the development of a simple but effectwe indexing system.

With the limited available funds, an attempt was made to Eodify the troubleshooting symbolic tests

by compressing test point information. Several forms were dev
a retreat from the realism of the original symbolic .

resistance values and simple wave form displays. This was
tests, making them somewhat similarsto the tab tests

oped for presenting printed voltage and

Arrangements were made to validate these modif ed troubleshooting symbolic- tests in the Tactical Air
Command gising experienced technicians. /Frfteen subjects were obtained by admrmstratmg the symbohc
tests and their criterion JTPT at Langley AFB, VA, and! Little Rock AFB, AR.

The results of this validation indicated an unprovement in the admmistrabihty of the tests. The
empirical relationship between the symbolic tests and the criterion JTPT at the “black box™ or chassis level
of troubleshooting was excellent, at’ stage level :the relationship was fair; but at the piece/part level the "
relationship was extremely low. This validation mdiwted that symbolic troubleshooting tests have promise, .

but more exploratory development is regurred

~.One hypothesis offered; for these results is that at the black box level of fault isolation little use is

made of- test equipment; as a result the- realism of the

.

symbolic tests is high. At the stage level of fault

isolation, a Jimited use of- test eqmpment made, and the realism of the symbolic test is fair. At the

piece/part level, extensive use of test equipment is made. As‘a result the printed presentation of test

Ny eqmpment information results in a farge deviatron from

Yy presentatlon of test equtpment information, therefore, is suggested.

T -, As stated eadier, one suggestion for presenting test

the job realism. A return to the original pictorial

*

point information in prctonal form was the use of

v 'tdndom access projector, provided a simple indexing system could be ; deggeloped. The forms developed for -

) /compacting test point information for the troubleshooting symbolit tests. used for the TAC validation .» ’
- .provide a possible solution to.the indexing problem. The substitution of access code numbers for the -

resistance and voltage values now found in the cells of these forms may provrde the simple indexing system

for obtammg the desired test equipment pictorials rapidly

¥

5, A second hypothesls is that the modifiéd tro"ubleshootmg symbohc ‘tests used in TAC may%e viable
tests, provided the test subject is requiired to demonstrate his ability to use his test equipment before he is.

perrmtted to take these troubleshooting tests. This procedure was not used in the TAC vahdation of the

modified troubleshooting symbolic tests. s
~ Although promising, the symbolic tests for align[a

djust/calibrate activities require more reﬁnement

One special area that has not beenexploréd‘adéquately is the tuning skill requtred in some alignment tasks.

The resuits from the soldering symbolic tests woul

d indicate that no further work should be done ofi”

these tests. An'JTPT on soldering is not too dnfﬁctﬂt&to admimster — so, very little would be gained even if '

an empirically: valid symbohc test could be developed.

o
&

A secondary ﬁndmg of the TAC validation was that the expenm{ed technicians used 3% subjects

*could not troubleshoot very well'to the piece/part level.

Only 33 percent of the defective piece parts were

identified. This findiffg supports other available hard data in the contentron that, in general electronic

teojmicians do-not troubleshoot very efﬁciently

Fe
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. » . ViL RECOMMENDAT!ONS

The future development, reﬁnement and jmplementation of symbolic tests are dependent on the
availability of criterion referenced JTPT Empirieully valid symbolic substitutes cannot be developed and
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validated wnthout JTPT, The validation process also is dependent on the availabiljty of a siifficient number
of trained and expenenced subjects. Unless sujficient money is provided. for test development and the™
avaxlabilzty of subjects, eisured, the development of symbofic substitute tests should not be attempted and
is not recommended. .

All of the pronnsmg symbolic substntute tests for stmghtlme tasks should be given a full scale
validation. But due to probable fund and subject limitations, the following priority is recommended: (1)
general test- eqmpment (2) checkout, (3) removefreplace, (4) special test equnpnient and (5) .
ahgn/adjustlcahb'mte .

The modified troubleshooting symbolic tests used in the TAC validation should be revahdatedusmg a
larger number of subjects, who have demonstmted their proficiency in the use of test equipment by
.guccesfully passing the test equipment JTPT. .

A randoni access projector presentatloh of pictorial test point mformatnon should be developed. An
indexing system is suggested, which makes use of the information forms developed for the modified tests
used in the TAC validation. Such an index would be obtained by substituting an access number (for the
random access device) in each cell of these forms for the printed test point informatien.now found in each
cell. When the test subject punches the access number, he will obtain a pictorial display of the appropriate
test equipment which he must interpret.

After such troubleshooting symbolic tests are developed, they should be validated and their empirical
validity compardd to the results obtained in the previous paragraphs. ’
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© . PART I.

SYMBOLIC TROUBLESHOOTING TEST

“- Isolaticvn to a‘Majo,x“Unit or Black BoxiLevel T
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.(1) Part IB Test Performance Sheet

T e eaRT B ,
- . ' ‘
T . TEST SUBJECT TEST INSTRUCTIONS

Part IB: Isolation to Unit. .
% . : T N\

2

INSTRUCTIONS: .
S . .

}
3

.

. a. E sure that you have the Radar Set AN/UPM-147(V) TM and the
P t?llowing information sheets'

S AT

(2) - Part IB Answer Sheets.

b. Enter your assigned identification number on the ‘Test Performance

%

Sheet.

may\use any and all parts of the ™ to answer the questions.

-‘gu

have completed all questions turn in Test Performance

low the {nstructions given on the Test Performance Sheet. You

EA



PART IB
TEST PERFORﬁKNCE'SHEE?

b
- Technician ID No. «

Read step 1 of the troubieshooting tabiﬁgw-Examine‘step 1 answer sheets

and record the number of the answer sheet which corresponds to indicated;.

switch settings. Note associated_digital counter indication and.proceed

e . .. , . ) {
, to step B #f indication is mormal and to step F if indication is abnormal.

B

st

1. Answer Sheet SN ' L

':-‘Qx Read step 2 ‘of the troubleshooting table. Examine'step'Z answer sheets

and record the number of the. answer sheet which corresponds to indicated«
. N 3* N
s&itcn settings. Note as%ociated digital counter indicat}gn and proceed
e el *’&
to step C if indication 1s normal and to step F if indicatioq is,abnormal.

- £

1; Answer Sheet .

« o

Read step 3 of the troubleshooting table. Examine stép 3 answer sheets:

« -

and record the, number of the answer sheet which corresponds to indicated
~ \ .‘ -
switch settings‘ Note positi n-of associated Drift-Angle pointer and
P24 ~ ,;.’ ﬂi

proceed to step D if indication is normal and to step H if indication is

«., -

Koud
.

abnormal.
' ’ et o i s
1. Answer Sheet”S;L__.

~ .

. « 4
1

”~ F N s
Read step 4 of the-troubleshooting,table. Examine ‘step - 4 answer sheets
o -
and record the number of the answer sheet which corresponas to indicated

3

EZY
switch.settings.l Note position of associated Drift-Angle pointer and

-

abnormal. "’ Wr'

A}

AnsweraSheetﬁ;a__;L’
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APPENDIX B

PART II. ,SYMBOLIC TROUBLESHOOTING TEST MATERIALS

. Isolation.to Stage Level

ERI!

Aruitoxt provided by Eic:




. ; PART I1
TEST SUBJECT TEST INSTRUCTIONS _ L
‘. . L R R
A Problem No. 1 .  \ oo

14

INSTRUCTIONS® : .

o

,a. Ensure that you have a TM and the following information sheets.

<

(1) Equipment Visual Indications *

. .- -
(2) Equipméht Test Point‘bat‘ Sheets" * : "
(3) Equipment Tube Pin Data , -
(4) Part II Technician Performance- Sheet ]
——._b. Enter your assigned identification and problem number on the Test ' é

Performance Sheet.

-
~ -

¢

c. A problem has been isolated to the Indicator unit. Your job is
y ' . -

: to isolate this problem to a stage or smdll group of stages. ‘ =
- ) : d. You will be simulating measurements on the -equipments as follows: ‘ , v
. %é (1) Use visual indications and TO to deciﬂe where you want to make ‘*&’:N;’
S % ,Ji ‘a measurement. Py . K o o f -
) (2) Log this point and teit equipment you would use on_the Test o
Performance Sheet . ﬁé - . ‘ ”
7 (3) Examine Equipment Test Point and Tube Fin Data Sheet for point
: . ; you have selected and obserxe &ZEZ given.' Determine~whether‘
A . : the reading given is ‘normal or abnormal dnd log on Test
. . " . <
Performance Sheet. . ‘ . - . Lo

. RN . N
4) With this new information repeat the process-until you feel
o .you can*isolate no’further with the information given. ' ‘ :‘ EN
(5) . Now log the'suspected stage or stages and the tubes you wish
¢ . en IR : :' ~-

to check next. o a A ﬁa.

L f -
(¥4 e

o (6) Turn in Test Performance.Sheet to Test Administrator.‘ . R '\'
,"..... - o S - o‘ ) ;4”,‘; N ,\z. 7 .. . 3 3 - ‘ i » ‘
.,7 - < : ) N ) ' ‘v:;.", R‘hﬂ -~ - ) . N

,
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: . s ) [ A . .- * . .x
: y ’ - - . B -
. : " ,PARTII - . - Y e e
) ) . B ;:, . P . ’ } )
TEST PERFORMANCE SHEET IR ’
° . . . o - . . . —— 3
) . . . .
‘ - Problem No.: . " Technician ID No.: '
R ———— . ‘} . —_—_. -
‘- e ‘ { T ) . . . l .
* . [ 7 Test Equipment. Is Reading Normal
' - Point Measured ' You Would Use or Abnormal -
‘ ' ) R , - L. '
v g . : L R - ! -~ J
L : { L .
. b . . . . .
., . i . ‘:52:‘ . 3 N
. . . b . .
. 1 : R S -
.- , 1 . 7 ‘ R «
= * . ) ol & . . .
LT .- ’ T — . . .
’ . t~ Lo ’ o . - C A e
. ST ~ Tt : R \ - X
. R . g - - . - - < . - . c v
o . . oo . a } - - . -
. ' . . \/ . — - :
R . - . . . - - . - . rd
- t- - . ;‘; i i st . M pe - £ (; - [ "~ﬁ_§
H : . . . ’ L. . . . - ] B ‘ M N . . ) . -
. - . . a L . .,
= M - . ry > . r
. . ... . N - - . £ . - 1 - &
R e - - ST - , ) .“ ) Jal
. " .. v . ~ - - - . v‘f - -‘ ,A,‘é‘
. . -Suspect Stdge;or Stages .
M " y [P - ' :
;‘HJ- . .. B - -:f, o . P :
o ) Y : i A ' .
i . Tubes you wish to check’ .
. " * . W - e R
S - cw CL A e N
P - L. . o & . .
S N co Y. S '
;1," . ! PR . R
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PART II
Problem No. ' ,
K 2 N .
. i <
« VISUAL INDICATIONS
DOPPLER TEST HARNESS METER SWITCH READINGS . ¢
Position : ' ' Reading:
> 115,400 CPS _ Normal °
+28V .~ Normal
+500V ) Normal ’
. . . Loy . s o
+130V Normal !
o
“425V. ‘ - Normal
- FREQUENCY TRACKER TEST PANEL METER 'SWITCH READINGS  .:
s Position s L Reading,‘ i .
XTAL A - v’ ©  -’. « . Normal
XTAL B i *  Normal
, - & 1. '
 IF A ) k . Normal -
4 o ‘ -4
IF B 0 . . Normal
" comp o +. Abnormal - -
- R '("2 L ) . ’ A “
A . DRIFT ANGLE/GROUNDSEEED INDICATOR -~ ' -
- ' L e :
Drift Angle Indicator " Groundspeed Counter . : *
Normal, but may be.slewed  Abnormal, but may be slewed
.- Memory Light . ‘ - ; -
" Remains on
. i . RN ,
3 68 o ’

R ki




¥ ot
N g
‘ % Lo
’ l/ !
. / ‘
. FREQUENCY TRACKER TUBE PIN READINGS °’
. / "r{' B
TUBE_PIN . A
| TWE 1 2 3 G 5 6 T 7~ 8 5110
o, uICV) |3.15VAC| 1.4VAC | 3.1VAC | 7.2VAC| -—- [120VDC | 2.65VAC| 4.3VDC | 3.15VAC {--=
I . .. . liu1.3vac} - .
(R) | 150 13 470K | 47K 0 15 | '100K ‘| 1.5K 150 -—=
6702(V) {102vDC | 3.0VAC | 21.1VDC | 3.15VAC|3.15VAC| 75vDC | 0.18VAC| 1.1VDC | 3.15VAC |-——-
2.3VAC , 2. 6VAC _| 1.8vAC °
. ® | 2.7k | . 475K | 5.2K 150 150 10K 430K 220 150 {-—
€703CV) |102VDC | 3.0VAC | 21.1VPC | 3.15VAC[3,15VAC| 75VDC | 0.16VAC| 1.1VDC | 3.15VAC j-——-
2.2VAC 2. 6VAC M " 1.7VAC R |
(®) | 4.7 475K | - 5.2K | 150 150 10K 430K 220 150 | —-
[v6704(V) |120VDC | 2.4VAC | *5.8VDC |3.15VAC|3.15VAC|120VDC 2.35VAC| 5.8VDC | 3.15VAC ——-
. 2.5VAC 2.5VAC | ™ Lt . :
® | 6 100K | 1.5K | 150 . | 150 6 100K- 1.5K 150
76705 (V) |L20VDC | 2.2VAC | 5.8(DC |3.15VAC|3.15VAC{120vDC | 2.35VAC| 5.8VDC | 3.15VAC {--—-
2.7VAC_|. - leovac fo L ik :
® | 6 100K |- 1.5k | 150 150 6 . 100K T 1.5K — 150  {—-
6706(V) | —— WVDC [I47veC | ~—=  f s 0.‘9-5.\7\60 -143v0C § .~ y—-
. . L RREY | MU PR A :
‘ @® | — 2.2K - | 0-10K 0 710 [330k Ui LMEGH 2.2K-{,, = -
V6707 (V) | ——- ~143VDC FI47VDC | =i 4757~ | =3 ©..} 0-95VAC -143VDC & —- -
g VSN LI A WA SN i
®) | - 22K [OSI0K | 0% of5 05 |330K5 . % 1MEGX 2.2K =
v . 8(V) | 94VDC | 1.6VAC |34.4VDC |3.15VAT.3: 13YACH 94VDC |, 1.6VAC,. 4.4VDC | 3.15VAC  ———
- 2.4VAC % DA g bISES L 12.4VAC- ) ! i !
®) | 10K 24 15K | 150- -.|'Es0:7 | 10K T { ¢ 24~ ih 1.5K 150 j-—
. §705Cv) [120vDC | <I.6VAC | 5.8VDC |3.15VAC [3.15VAC|120VDC ; 1.65VAG| 6.1VDC j 3.15VAC i ==
) 0.84VAC| % ‘ * . >o.84vac | e s !
. () | 15 26 | 3.3-4.3K] 150 150 | 15 V24 - |[6.3-3.3K] 150 —
6710(V) |120vDC .| .1.65VAC| S50VDC |3.15VAC |3.15VAC{120VDC | 1.65VAC ,so%qc;, 3.15VAC | -==
: 1.5VAC = s TsWac 1 ot
(R | O 57K |10.5K 150 y%_ | 150 0 -~ 5IK. 10.5$ 150

. % v

- ' : --. , | A\
NOTES: 1. To obtain the ac voltages feed a 3.0 ke, 0.18 rms to chaan1 A (pin 7-V6702)
. a\d a 3.0 ke, 0.16 volts mc signal to channel B'(pin 7-V6703) :
2.. All voltages measured with respect to ground |
3. All voltages measured with tubes in place and POWER ON.
4.7 All resistgnce measured in ohms with re®ect to ground and tubes removed. .
5., Resistance Dedsurements are made with pins 2 and 6 of P6701\shopted.tv ground. -

L4

pe .

o

‘ %# It may be necessary to reverse the ohmeter Ieads to obtain these readings.

. o ) . N 69 ‘71 E :
I ‘ N NN G, . £3 K
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\ FREQUENCY TRACKER TEST POINT READINGS
:' TEST READING ‘
' POINT VIV 0SCILLOSCOPE -
— — ‘
4 .Y A A N \
: N AR
TP67¢1 o [ [\ / |l A —_ AMPLITUDE: 5V/B1V
{ |1\ HEW TIME BASE: 5us/DIV -
»\ | O
\Y \Yj \Y V) V|
- Ay 234 Yy S
TP6702 | L i, Pl u AMPLITUDE: 2V/DIV
. [ IS K TIME BASE: p.1M5/DIV
2 I | T
Y S
: T SN S N L T vy,
P > \i‘ ‘l."':'r‘t‘ T-r.."" " *
‘1TP6703 . e 1 pptpet L diibien I AMPLITUDE: 2V/DIV
. s Qg 1 T K TIME BASE: 0.1MS/DIV
% lamdd ."“l\u . .
N
” L] h.']n
| i -x
TR6704 A R AMPLITUDE: 2V/DIV
- ol i TIME BASE: 0,1MS/DIV]
S s .
gl i
L
T SR,
'w—n-?--’:,___ » »q .
TP6705 pras he 2R myr,xmnr- /Iy |
- l‘f'l,' . ‘! ;“; N ;i": -‘:" ._..\‘r‘ ‘ Tk"‘ nl‘\s 0.1.‘;3_/:‘;‘“
{ l; an io'; tL.‘,’ ‘l :':{_,:(-‘ '“" r..}]
LT [ L] “‘\‘x .
T 70 *
N 72 \
N .

e
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APPENDIX C - -
. PART III. TEST MATERIALS
- Isolation to Piece/Part Level
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“A

- ) PART IIT

. .
v \ A
N

LN TE?T"SJK?QQELC}'-' TEST INSTRUCTIONS

¢ P

Part III: TIsolation to fhé-Piece/ParE. " . -

INSTRUCTIONS: . )

a. Ensure ‘that you have a T™ and the folloﬁing information sheets,

(1) Equipment Visual Indications o . S

- -

.-

(2) Equipment Test Point Data Sheets
. ~ R

(3) Equipment Tube Pin Data

(4) Part III Test Performance Sheet : -

(5) Piece/Part Data

b. Enter your aésigned identification and problem number on. the Test

Performance Sheet. . 4

c. Th~?roblem has been isolated to a faulty module. Your job* is to
. ' - . . e . . 2. -
isolate this problem to a faulty part. Piece/part data is”provided

on -the faulty module. . ' N

d. You will be simulating measuremé:;s on the equipments as follows: |,

(1) Use visual indications and TO to decide where or what papgiyou

-

wish to measure. Asgume all vacuum tubes are good.

(2) Log thfgggbint or part dnd the test equipment you would use on
N R ] *
the Test Performance Sheet. ~

3 Examine corresponding Data Sheets and observe data givén.@, .

Determine whether the reading,ééxgn is normal or abnormal and:-

log on Test Performance Sheet. - . i

. % C
4 Yﬁth this new information repeat the process until you have
[ . e .

™, -

isplated to the faulty part. -- )
/ y : . ‘ JEYOL

»* (5) -Now log the gsuspected part on the Test';v_Performancg' Sheet.,

A

(6) Turn in.Test Performance: Sheet to Test Administrator. N
. ‘il“"; ‘::;;i : *h

e T S |
504 3




Problem WNo.:

Point Measired

or Part Chécked

I
!

PART III

"'TEST PERFORMANCE SHEET'

Test Equipment
You Would Usew=

o

-

Technician ID No.:

Is Reading Normal
or Abnormal

\

i e e
. h o™ .
—
4
1
A}
/
3 LA
Eas-a \ﬁ
< && ~
y 2
t
e
R g < %
~ 3
I3 r e N » ¢
- \l ! [N A
3%;. ) . H
#.  Suspect Part
;:"' . )
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e * <
o -
2 .
B
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FREQUENCY TRAGKER
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Problem No.. 2.
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