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stays on the main line,. he may gather faulty information from his test equipment which will prevent him from
finding the trouble. Based on this rationale, it was concluded that previously developed symbolic tests such as the
tab test did not provide such clutter. It was hypothesized that symbolic substitute tests could be .developed that
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In this effort, a battery of symbOlic tests was developed including a companion symbolic test for each of the job
activities for which a criterion referenced ITPT had previously been developed. Based,on two limited validations, all
of the graphic syinbolic tests, with the, exception of the symbolic test for soldering, indicated sufficient promise to

'justify further consideration.and refinement. All of these promising symbolic tests should be given 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. The troubleshooting symbolic teses.require.themost extensive
refinement. Several suggestions are made for improving their empiricalvalidity.
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SUMMARY

Problem b , A

An in-depth review of the liteiatum reported in ARIRL-TR74.57(1) of this series of documents
strongly reiterated the fact that paper anrsencil tests of job knowledge and electronic 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 PerformancVrests
(JTPT) was developed ant tried out and was repprted in AFHRL-TR.74-57(11), Part I. The battery included
jests for the various jot!) activities performe,d by electronic maintenance technicians such as checkout,
align/adjust, remove/replace, soldering, use of general and.special test equipnient 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 becabse they were more easily and cheaply developed, and administered. The
TPT developed required the* test subject to use actual-equipment and they can only be administered to

very small groups, in some cages, 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 concerning the development of graphic symbolic substitute tests such as the tab tests, it was
hypothesized that previous attempts had weaknesses in realism that possibly could be rectified and thus
improve their empirical validity.

,
Approach and,Rpsults e ' . -.

-,118:The successful accomplishment of most maintenance taskt 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 main 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. .Unleig he,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 faulty information from his test
equipment which will prevent him from finding the trouble. Based %I this rationale, it was concluded that
previously developed symbolic tests, such as the tab test, did not provide such clutter. It was hypothesized.,
that symbolic substitute tests could be developed that would retain a large amount of realistic tAk
"clutter" and that such tests would lir/ higher empirical validity than previously developed symbolic tests.
In this effort, a battery of symbp4itsts was developed including a companion symbolic test for each of
the job activities for which a criOion referenced1TPT had previously been developed. .

. 1 , 4These symbolic substitute tests were validated in a limited' manner against coppanion criterion
referenced JTPT at Altus AFB, Oklahoma, using 14 novice technicians as test subjectsfNovice technicians
were utilized because previously.developed plans for use of experienced technicians did not materialize. The
result of this first validation was that all of the symbolic tests indicated higher correlations.than obtained
front the previously reported studies, with the exception of the symbolic tests for troubleshooting and

$ soldering. ,
- .With the limited remaining available' funds, it was decided to concentrate on improving.

troubleshOoting symbolic tests. it was felt that post of the difficulty with the troublesho ling symbolic
s test during the first validation were due to the:tnexperienced subjects" and to the manne in which test

equipment symbolization was presented. To present realistic "clutter" in the original troubleshooting,
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 pictorials was placed,in
a book and the Test Administrafor was required to search this bank when a test subject required a bit of
infolmation. This proved to bp an Impossible task for the test administrator. Second, the number of .'-

pictorials in the bank was insufficient to meet the 'needs of the novice subjects used in ibe validation. To 0
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 waveform drawings for
oscilloscope readouts. These modified symbolic tests were ,validated at Langley AFB, Virginianand Little
Rock AFB, Arkan , using a tort] of 15'experienced technicians as test subjects: The resulting symbolic
tests indicated, a hi empirical correlation td the criterion JTPT for the black box or chassis level of
troubleshooting, a f rr correlation for the stage level and an extremely low correlation for thiPiece/part
Wye!. A second finding of this second validatidn was,that the sample of experienced technicians.used for

1 1
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this validation could not troublelhoot very well to the piece/part level. They identified only 33 yercent df
defe-ctive,piece/parts.

Qiinchisions
AS

1. Based on two limited validationsirtall pf the symbolic tests with the exception of the one for
soldering indicated sufficient promise to justify further consideration and refinement.

12. All of these promising symbolic tests should be given 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 such support cari\e guaranteed, np further work on symbolic
tests should be pursued.

3'. A validation of troubleshooting symbolic tests requires. special corfsiderations. Before
administering the modified troubleshooting symbolic wits againe it should be ascertained that the test

subjects can use their test equipment adequately. This prerequisitt may result in highycorrelations at the
.stageand piece/part leveis of troubleshooting. J ,

4. The modi* troubleshooting symbolic tests are a giant step removed from the original
hypothesis concerningihe requirement for realistic "cliitter.".The action recommended in paragraph 3 may
not be sufficient to raise the correlations of the piece/part symbolic test to an acceptable leverA system
for the random access projectiOn of test equipment pictorials of the type includedin the original version of
the troubleshooting symbolic tests should be developed. A matrix system, similar to that 4ised for the
presentation of printed voltage and resistance information in the modified troubleshooting symbolic tests;
could serve as the basis for a simplified inclextng system. This could be accomplished by substituting
projector access nunibers for the printed voltage or resistance numbers in each Cell of the matrix.

5. The fact that the experienced subjects, used in this project, could not.troubleshopt well to the
piece/part level is another bit of hard data that supports.gtheavailable hard data which indicate that a
widespread weakness exists in, this area. i"-
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PREFACE

This document represent a portion of the Exploratory Development program of the Advanced
Systems Division, of the,Air Force Human Resources Laboratory, Wright-Patterson Ail 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 ancL.F33615-71-C-1505, Dr. Edgar L. Shrivel- was the
principal investigator.

This document is the third volume (AFHRL-TR-74-57(1II)) of a four-volume report to be published
concerning the evaluation of maintenance performance. The other docufnents are entitled:

1. Evaluating Maintenance Performance: An Analysis. AFHRL-TR-74-57(I), in press.

2. Evaluating Maintenance Performance: The Development and Tryout of Criterion Referenced Jpb
Task Performance Tests for Electronic Maintenance. AFHRL-TR-74-57(II) Part I, in press.

3. Evaluating Maintenance Performance: Test Administrator's Manual and Test, Subject'i
Instructions for Criterion Referenced Job Task performance Teqts for Electronic Maintenance.
AFHRL-TR-74-57(11) Part II, in press.

,t

4,,.-Evaluating Maintenance PerformanCe: A Video Approach to Symbolic Testing of Electronic
Maintenance Tasks. AFFIRL-TR-74-57(IV), in press. '

The preparation of all these documents have been documenteCunder Task 171010, Evaluating the
Performance of Air Force Operatois and Technicians of Project 1110, Trainirfg for Advanced Air Force
Systems. Work reported 19 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 Advancbd
Systems Division shared the contract monitorship. pr. Ross L. Morgan was the project scientist.

The .authbrs wish to acknowledge the cooperation and assistance of many individuals who
contributed to this effort. Mr. John F. Hayes and Mr. William R. Hufitand, of URS/Matrix Research
Company, expended a great deal of effort during the development and tryout of the Job Task Perfonhance
Test (JTPT) system. At various stages during the planning, development, and tryout many Military Airlift
Command (MAC) people were involved. Some of the MAC Headquarters personnel that should be
mentioned include Col Donald H. Watt, Lt Col Shelby Corpsman, It Col Lloyd B. McKeethen, Capt Gary
E. Clark, Capt Warren E. Spenser, and Capt Robvt A. Letz.'At McGuire AFB, Col Gerald Auger, L't
Edward Kaiatt, CMS Wilbur Easey, CMS James Townes, Mr. Wilton Wills, and Mr. David Bond. At Norton
AFB, It Col Leon Creed. At Altus AFB, Maj Louis P. Gerac and Capt Stephen R. Millers. Many Tactital
Command people also were involved. A few of these include Maj C.R. Bowles and Capt R.A. Goyce of TAC
Headquarters; It Col R.J. Mack of Langley AFB and It Col J.L. Jarnagin of Little Rock AFB. Several
people of the Advanced Systems Division, AFHRL, should be thanked Dr. Donald L. Thomas, for his
work at Altus AFB,' Mr. 1011liam Camm for his work at:Langley AFB and Little Rock AFB, and Mr. John J.
Kies& for his contributions as well as his several extended trips to operational sites. Dr. Ross L. Morgan
and Dr. Gordon A. Eckstrand provided many helpful strggestions. ,
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EVALUATING MAINTENANCE PERFORMANCE: -

THE DEVELOPMENT OF GRAPHIC SYMBOLIC SUBSTITUTES
FOR CRITERION REFERENCED JOB TASK PERFORMANCE TESTS'

FOR ELECTRONIC MAINTENANCE

INTRODUCTION

Background

Vbltune I (A HRL-14k-4-57(0) of this series of documents provides an analysis of the effectiveness
of current measurement practice concerning electronic maintenance 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 correlations found and for the frequent use of dubious
criterion measures such as supervisory rating ofjob performance. Yet, test validity is frequently assumed
and advancement in grade is partially basedon these ,dubious test result, Another conclusion of that
analysis was that little iystematicjwork.had been reported on attempts to define the scope and to improve°

the afectiveness of criterion referenced Job task Performance Tests (JTPT). Among'the recommendations
made were that: . -

1.' A' battery of JTPT ould be developed that would independently measueach type of job
activity; namely, (1) checkout; (2) remove and replace; (3) use of test equipment; (4) usi1of hand tools; (5)
/align, adjust, and calibrate; and (6) troubleshoot.

2. An appropriate scoring scheme should be developed forte of 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/:,,iitrix Research Company (F33615-69C-1232), the Air Force
Human Resources Laboratory (AFSC) s rted the development of the recommended JTPT. The
development and tryout of a battery of s tPT is described in Volume II of this series of documents
(ARIRLTR-74-57(10). As a result of the work reported in Volumes I and II and the insight gained from
this work, certain conclusions can be stated that effect the!development of symbolic substitute tests.

1. The clirification of job activities proposed for the development of criterion referenced JTPT is a
viable method for structuring the activities of the maintenance technician.JTPT can be developed for'each
activity and each can be measured in its own right.

.
2. The activities -,are not mutually exclusive. They can be arranged in a four level hierachy of

dependencies as follows: f .

(a) Check out, remove and replace, and soldering activities!

(b) Use ocgeneral'and special test equipment.

(c) Align, adjust, and calibrate activities.

(d),Trouhleshooting. .
.

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

rz _

* Aftcr considering Eroduct, process, and time as to their appropriateness for scoring the results for
each activitiXeasured, it As decided that a test subject has not-reached criterion until he has produced a
complete; satisfactojy product. This is a go, no-go criterion. A

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

.
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The above considerations support ,the following statements... .. :. ., ..., ...s

7 v 1.:
,, t-ri. /

1. Syntbolic substitute tests- should Ise developed and tried out for each type of snaintenatice,s ' '-i. ri.,,
activity. The experience gained 'from the in-depth study of the'nature of maintenance tasks made daring the .', ,..'.r,,;
development of the 4TPT indicated the' requiremwt for symboliC substitutes- or all maintenance activities. . p'',.:`,, .

2. The effectiveness of i0s, symbolic test for each type of activity should be determined on its own
m erits. against tie criterion referenced -JTPt for the same attivity, Unless Wean, be densonstrated tliat
symboliQ substitute 'test ha's a highetispirical relationship to. its criterion JTPT, it should not be used as a
substitute.

./ 3. Symbolic
necessarily for all

o A. The sake
tests.

substitutes may be successfully developed for some maintenahceraCtivities, but not-
.. .

implications Or orderin&:19.st.admitistiation. that apply to JTPr app syly to mbolic
4 . I

9:
- ""

Discussion of the Nature4 Maintenance Tasks .

In addition to the above consrdiAions concening_the development of empirically valid symbolic
tests for main tennce,'special consideraiion mitirbe given fo` the nature of the maintenance -tasks. the
maintenance man's job is comprised of many taisIct, relatel primarily by the electrical and/or :mechanical
organization of the equipment which he is responsible for Maintaining. The relationships established by the
equiptrient are of several types:

1.. Cause-effect between components.

2. Physical proxiinity and accessibility. . * .

3. Similarities of function, appearance, and types of tools needed for maintenano-:.-

4, Descriptions provided in equipment documentation. . .
Foreiery, maintenance task, there is a requirement for the maintenance,man to organize hisuain1ine

of approach to accomplishing the task. In addition to this "main lid," there are many auxiliar-ilinesthat
cornribute to the main line. For example, the itain line could be to remove, service, and replace a niain
drivesshaft. The 'auxiliary lines would, be collection of the proper tools, obtaining the. proper solvents aild
lubricants 'for servicing, identification of theproper pages in documentation, lOcating the main-drive shaft,
porfomiing actions 'and making discrimination to gain access to the: shafts, proper use of the tools to
disassemblesbaft connections, obtaining the appropriate equipment for moving the shaft if necessary, and
obtaining appropriate _information to perform this task (i.e., steps, following cross-references: in
documentation if necessary, finding cross-referenced documentatiOn, consid&ring substitute lubriCants if the
recomended ones are unavailable, following disassembly instructions, following instructions, on use of

, special tools, interpreting ambiguous instructions, etc.).

These auxiliary lines each require many discriminations, responses, and use of.'soMeinformation
stored in the maintenance, man's memory. Every one of the discriminations involve; sorting through..
irrelevant infatuation, or cues, to select the appropriate ones. Every response involves theselectiotrof the
appropriate-one fro' amonknsany possible ones: In addition to these job - oriented' activities, there are those
of the environment, human, physical, ancrorganizational. Each of these introduces certain distractions; .
talking with coworkers, answering their questions, being human, unlocking combinationloCks, finding
keys, answering calls, and attending meetings or other organization functioni.

, ,.., -

The picture obtained from this description of the maintenance man's activities, is one of great
distraction as a function of discriminatiOns and responses that are essentially unrelated except by the,needs
of the for which he is responsible.

The example chosen is representative of all electrical. and Mechanical maintenance activities; except
that troubleshooting probably represents an even greater burden. Troubleshooting requires evbn pipe-from
Stored Memory; in a decisionmaking sense,,than procedural maintenance tasks. The distractions are similar,
if not greater, but ir is even harder 'to remain organized' in troubleshooting tasks in the environment of
distraction. It must be emphasized that' most of the "distraction" frdm the main line of en,deavor is

410.
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Necessary to accomplish the,task. Even the discussions 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 ingredients such as spare parts or special

teol
1.

; i.,

- '' Previous SYMbiilic SUbstitute Tests, -

SymboliCtubstitutes for performance tests have a long or a very short history,
,

depending on the

definition of symbolic substitUtes. in the decade of the fifties there;'was a burst of research activity in
testing maintenance and especially 'troubleshooting ability. Gagne reviewed this.actiovity in his Annual

Review of Psychology article on "problem solving grid thinking" in 1939. As Gagne said in this review, "To

% . summarize, troubleshooting of complex equipment typiCally'Consists of problem'solving which is sequential

tin nature; thete.is a sequence of hypotheses that must be testeikin order to narrow progiessivelY the area in

which 'the malfunction is, located." Experimenters in this period were using a certain type of paper and
pencil substitute for troubleshooting in their 'research. They, were using test materials which represented the
"problem solving" aspect of troubleshooting. This Ipproach is based on an assumption that an abstract
logic, such as that described by Gagne in his revieviol "problem solving," is the "key" to troubleshooting.
If this were true, there would be a relatively high correlation between such 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, there were two studies of the
effectiveness of the tab test; one by Crowder, Morrison, and Damaree (1954) and the:other by Evans and
Smith (1953). Both iitdicated very low;Correlations. Those studies, and similar studies discussed in

4, AFHRL-TR-74-57(I), reflect the same pattertkof low correlatiOitNone of ti*se tests included any of the
"distractions" from the main line of..;:probleiri`,solving" found in thereat world of troubleshooting. In the.
job envitonment.an individualinust;fy,exirtiple;.v.,up and operate his test equipment to obtain test point
information, _as well ast obiairi_iiistuotions add TiiTotiikation from his Technical Orders. These are very
essential job skills-.4ut-Ttheir,,perforniance provide-seti:dUdistractions" or breaks 'in the test subjects
"problem solvifiC#IiAight procesiesAf jtec.loes not operateliktest_c_quipment.properly, he also introduces
false informatibiliadthele thouglit Froke,sseil In the symboliC 1;13;144 41e tab test, he is given this
information without the distraction of IN his test equipment. 'Ai a/resu suCVsyrubolic tests measure
neither..the ability to apply a troublesnoting, strategy in a 'realistic jokike setteqiior: the ability to
perform the essential,-but distracting, support skilli.--. "--;---zi:

. ': ',fi-:,.- :_-.:

Rationale for Symbolic Substitute Development ( ,,,
P.' ...

. ,,
,iAn hypothesis -anderlyink the symbolic subititute tests, then, is that the process of maintenance s %:---

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 apd
perceptions into his Pthformance. This is not an "idealized" picture .of the maintenance man. Previous
research has treated troubleshooting as a logical, problem - solving situation. The present writers regard this
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 equipmeii-
and, so on. The §ood maintenance man must bring together many small bits of information and combine`- .

/
them with information obtainedftom the-equipment, into an evolving plan for executing the maintepdnok-
he is called on to Perform. The symbolic stIbititutes tests are deiigned-tosimulate:this situatidk. The ../7:4'

subject's job on the-test is to "thread his way" throigh -this "hodgepodge" in the sante way 1104st:in the ,-(..,,,,';: - -

.
real world. . .:, /,././.- .7,;-",;/- _.,-/

.. ,
:,.....: - ,. ,,-- /. / - -J, " -r ,.-

itself
I 71

ThiS makes the symbolic substitute test a, "hodgepodge" itseA,..4 is not desiglifd-td-rneisule any '
"'pure" elements such as logic or knowl-edge Of theory. It is designed to-sinitgate the real worfa of7cliteircay --
referenced pelformance. This makes ,,tests very specific' to the peffonnance sialisAtel. It,11;i_vf,f ilf:".,:1,.
generality for accuracy of prediction. The techniques for generating symbolic iubstitutaeitehaVeeiCeffairt±--V;;;A
*generality, but not the tests generated by these techniques. Whether it gains predictive pow-if-or dot, in' ..c -ft"'0'!:

.
assortment of discriminations andactivities-which are unrelated except that they are required to accomplish

--:.....!.. t-li...4
' the correlation obtained between this type of test and criterion referenced performance.

,
. ,-

This hypothesis underlying the symbolic substitute test, that the maintenance process involves-an

I
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, the specific goals of the maintenance task at hand,. diffcIrom the hypothesep utd fGT maiy other 1ype
of paperand penc tests. A part of ourhypothésis istthaT th,,e suècessfu1peJonna,ce ofa mainejqnce . .

activity ,'èquires ajj7organizing factor" from the performer, lan. afailureio4the ejfnnertp orrectLy
organize the unre!ateç discriminations and actzor.zs w1I esu1t in 1u being i,yible to perform the req qzrea

r maintenance actwzty , '
A torollary tothis is that the omission of any ot these unre!a?e,iI dbcrtm;natzovs or responses will

reduce the correlatnin of the symbolic 'substitte tests w(th resirectf to megur.ed triterion related
perfor)nance activity Wth this premise certain deducfons can,be ma4-

First, if a test doenot rqquire,the subject to engage in all of t1uIted tIons, t is not placing on
'- him some of the crucial requtremerts of the actual job, that,is, orgamztioi çf tije disparate "pieces " Fo

instance; if we cqnstder tw tests containmn the same discrinina4inran activities but give one test
"piecemeal" and the othex asà "hoFe," the hpothesis is tha(thèpee1n eajtest will not be aaccurate a
predictor of actual perfo'rmai{ce 'as the whole test " The conc1usodenved from the premises above
The piecemeal test would not require t3é sibject to "organize'hi.uirelated dlscrlminatt9ns and reIponses
while the whole test would. An exajnpIe 'f "pieçãmeal" t $tern'Oul4 be inultjple.choJc'tests,ànd
true false tests on specific elementspf th'mainenance process. ' . ' .-

Another deduction from this e'mise is that a tes"t which abstracts from the actual job. QnI'y the
"1ozc" of troubleshooting witho,ut rncluding all the rdcesay dzstracions of obtatnm. rteasurements,
setting test instruv(ients,accessing documentation, nt1orre1ae as well with actual perfotmance as

a test which does include nec'essary an&activities_That ts,tlie
hypotl,esis on'wJich symbolic' ubstitytes is bas( istha) atccess th ,n1aintnance job Is largely a
function of the bility1to engage in unrelated disrimina( na tivitiesndt The same tim to remain
organized, inspite of ihisnecessary "noise" ot.'clutter" - -/ j -4g. - - -

This hypothesis is I basic one which, iftrüe, would repr ntnewaneffective.apir'oach to testing _,- ,-
'which has not prevoily been explped Fhe first criterioiijha4tuijsiillc i5'ppthes niust meet fbi( /
confirmation is that the symbolIc tsts based oit i will correlatkell withJcs.tof açtt4 performance If -,
this, proves t' 1* true, the next st'p 1s t investig'te 'Why this kind of test is ancturaepredictr Tlus -
would be deby making deductins fr'ij ie basic hpgthesis (as abov) and4eneratlndzffereftf Fpes
tests that'repmnt these ultenatrc )otless The'se, tsts would the'n be-correraLea with actuil
performa'nce.' Fom This, certlji be confirme and others will not, representing -_
confhm'auon or deivat'of th/baiizyj)othesis hè'hypotle might be modiiied. or stand in its original -,.
fip/lf infirmed,11it wiLtaM4 a4stc crite'hon and guideline for preparation of e((ectsve tests -''i.,,., -r ,-.''---'. ''- - \ - --- -' ,1'he presen 4pites the conIext of unrelated etail and th need to reni- -' /ogantzçl.toward thè mlirnne of and iesthent to distraction, th&key to prdIctveaccu;acy
Of paper nd penclt' tests rspe &tuapform'nce. qf mamtenc'The symbolic subs1ituttests

/ (reprsnt the first ep iii Je decti f,tisingtlIs hypotlsi In tlresulting syzbolic.tests described
j bbwhere ate 4evetal çases iwlucli,the iniplèin"ted mbolic substitut( tests do not conform

clpletely with th basid'Jiypohesis Tyre- the.façt that all typçs of distrctiot '-( f' qarinof be symbolized onaet tit'unuike the other apaçhes to testing"That haye been mentioned, the/ 'ynibic substituth t4st tmpt I&'reresent as miic tlje "bits and"pLece"aspossible of thei 'Maintehance distraitive 'tuapc 11hsiis rn direct distinctjon t ulairng only sbine single element, such
as "theory" or "logic" àthef tests do'. "\.

I' ' * \ " \
I 1' t41LDEscñwnON Q?8YMBO1ICS1

" N

T-: i-;
1'he rit on refeninced )'tPr ilt have ben developed to dte in-this overall p:ogjamepresent at dr Secti?fl'LIT the orgn$zathilthainte13ance tasks associated wi'U ladar system, the Doppler Radar

H -At'4/APN-J4 nd itsCort4e th N/AM5. This system is oi'f thi ziainenance,tesJ)Qnsibilities of
fhe .4r foicej Speciality Coç4FSC) '28ç4, Avionic Itierti an Radr.Navigation Stm Specialist,

' b1d re a ge number Ithersstemsrfor which this AFSCh,alsosponsib1e A tç icn in this

':'.-?j.. Pj. : - " "!S; Y \.- -S' -
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is not unusual to fmd a five level- teclitiliWircahis*FSC who has no experience on the /APN147.

likewise, individuals can'be found whO;hafe spent s_everal years on nothing else but this one system. The

point is that this seriesg tests ianotpeiiit.tObe,appliCable to testing the total proficienty_ requirements of

the AFSO 328X4 technic:AIL One'ksiitent this:area-Of responsibility_ was selected a vehicle for the

investigation of perfniinatieefesting,tichifiquest.

This effort to develop,synibotic'substilites,idi the performance tests Proceeded without refining or

otherwise treating the original ciiterion,referenced the7fOcus':has been to examine and try out

techniques for iirtnilitilig-the-peforniariCe'.rOuireinentSiOfthe tests. The JTPT are used asthe criterion for

measuring how weliAtie symbolic Jests rheasirre thesiMe criteriiitrelatedfactors. The measure of success of

how wellaesinvilifion wataccomplishedli the degfeetOwhich any given individual performs same on

th- two -versiont of the estk,l'hus,/,?.Vhether 'individual is high or low in proficiency should be equally

de onstrated on eitherilie, performance ores mbolic Versions of the tests if the symbolic substitute tests

are ieliable;'valid predictort. q
,

The development of the-sy,mbofic-subititUte tests generally reflect the hypotheses and ground rules

discussed. in Section I. As Mentionedcailier, in the 'deielopinent of the symbolic substitute tests there wasa

deviation-fiop the basic hypothesis of Criterion referenced JTPT. Of the discriminations and perceptiOns.

that would be required to bring .an equipment bickioffight-ready status, only a representative sample Was

_ -taken foruse in d symtioficiObititute tests: -A ininther of minor task requirethents, such as checking

equipment- -fypIa6iment-iarts,:haye-'.beentliminateci.for administrative efficiency of the

,2,4testilloOetiOac0Ample includes nxist. of the total task and is Inge enough,that the total context is

f t,w This -creitet--foi the 'subject the 'bniitessiod that -this is a complete task. Certain other
-aneresr(Orite4,had to be eliminated frOm the symbolic substitute tests due to difficulty' in

-...i.-Slinulathiticepan)-eliments of the tasks withpaperand pencil. These are described in the context ofthe

effco'uriter-id. - =

. , . ., ..

.Symb611c:Tefit_INvelopment . , ,=.

._.-,

_,,--'' , ...,-..:Systeciithecketit. 'System checkout 'of the AN/APN-147 system requires that-the equipment lie set

,-..31p-on a benCli-whiah has a special test harness installed, that provides for signal input andreadout of the

k. '.- ,associated. cfispiya When a radar set is suspected of malfunctioning, it is removed from the aircraft and

.. ow *might- Into the this checkout is performed. Further, this ,initial check serves -to point to the

general- nature of'the malfunction; providing guidance as to the Iocationof.he problep. In 'the criterion
_-_--,-..7717litice technician is,PrOvided withi radar set that hat been inisadjustedttrgive a faulty reading. He then

-1-..--, .'.'' must se(up and run the checkout *Cording to Technical Order (TO) proCe res and determine whether it

: !,.--. is funetighing properly. s'
-.

,

l .11 , Analyzing the elements of this task showed that the main actions required Were to make the proper

-; . , conne.Ctions betweep the ,radar set com nts and the harness, to set the controb on the radar and on

-' the.fest harness to the proper positipas,-. to follow an established set of instructions for checking the

., radar's--,tracking- capability. These actions were required before the technician could establish that the set

was infect not functioning properly. -
, , . 1

: . ,

_ , In, the JT.PT, itis only necessary to grade his conchision about the equipment once hehas performed

all of lipse-actjOns. Unless he had performed them properly-and could'describe the resultant symptoms, he

ctrectlyperfoimed the task.
f/4,'sitnulateithit:taslc:viasymbolics, it wasnecessary to insure that the olic task required all of

the,.actiOns.that,the real: task didi arid not,' for example, only the conclu s or only the control lettings.

Farther; the synibolic displays, would be nonresponsive and yield no,Variable signal to the technician for
.'ilifiAlitetation. Therefore, it Would be. necess aiy, to test this portal of the task differently. The important
patt.of .the hookup portion of the task is to connect the correct outlets of the radarand the test harness to
She simulator ;bat- iatised.The symbolic -approach taken to this action was to present a display of the

--;-,-;':VariOut'equipinents,reqiiired, plus -several irrelevant.' and request die technician to draw lines between

indicatinge proper, outlets ,:,requued hookup. The, control settings were tested by having the technician

indleate,oi the. display .what the proper position would be for each relevant control. The checkout
proceiltires were shnilady'checked since:they consist-of a seqiipnce of control position settings.

s,
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4/ . The rational for selecting this particular method of symbolically testing the technician's ability to ,
.4.1' . perform theidiscriminati;ns -awl, actions involved in the' checkout_ task lies in the analysis of theA

, cue-reSponse4equirements of the reallask. To perform the hookup portion of the task the technician,)n
. . the real world"-; is ;presented with the test Jiarness, the radar set, and accesslo a supply of assorted cable

1 'e-connections.' 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 arrty of equipment (Figure 1); some relevant, some
not. From this ariay.he must selecethat which is required and by drawing lines, indicalik the properi. connections that Must be made. These connections:are indicated not just from one piece of equipment to
another but from the proper terminals on each item of equipnient. Next, the technician must indicate on
pictorial displays of each selected ittm,of equipment the proper control settings fOratcompiishing the

-vheckciut. ei . ..
The final part of the checkout procedure, interpretation of a dynamic display (the- groundipeed

indicator' must "lock-on" to ,a pre-set input speed from the simulator within 20 seconds), could not be
simulate4l realistically in the paper and pencil .medium' Consequently, this discrimination was not pet of
the sample of discriminatiOns, that the symbolic substitute test takes from the total field required iii
performance. Whether or not this necessary omission from the sample is important for prediction, will be
answeredliy the nature of the carte lion between this symbolic test and actual performance.

There are two system checkos that are required by this system, one for the AN/APN-147 Radar and
the otler fqr the AN/ASN-35 Co uter which provided the basic inputs to the radar system. The
appcia h has been taken to both checkouts.

:

SfOldering. The develoriment ofmethods for evaluating an individual's physical dexterity to perform $

,

task isTthemoit difficult challengt for symbolic testing. It may be that such tasks as soldering gre'not, y.

amenage to testing by symbolic substitution. But if this is the case, it is not a serious problem to test this
small, hut crucial, task by performance only. However, rather than prejudge the:outcome, as symbolic
substitut test was prepared on this task. ,

It

The symbolic form of testing this skill Must concentrate on knowledges and representations of
physical acts, as all paper and penal 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 is nota
sufficient one. The subject still must .have the physical dexterity .to_ employ the tools properly. This
problen) is sufficiently pronounced in this area that there is no assumption, possible, for example, that
successful completion of the symbolic tests on soldering is a sufficient demonstration of the individual's
abflitiqo solder an electrical connection. The greater the physical skill reciiiired to perform the task, the less
valid Ile symbolic indicator of that skill. Soldering represents the Most complex physical skill required of
the electronic technician; and therefore"; symbolic tests dealing with the measurement of this skillare the
most l3 ted, , -'

-,z.....2 .
' . ' .

;

,...--- --the other hand tools that the technician uses are pricianly small screwdrivers, wrenches, etc. These ,.,i,-,-,,, ;..,are 1 demanding in terms of physical dexterity and so the tests relating to tasks that require theiruse are
less limited by this 'difficulty. The least' demanding phksiCal skills of the electronic technician are thoie iif -.17.-. . - `,relatm to setting equipment controls and making connections: These skills can easily be assumedAkbe pars -.:of the normal repertoire of behaviors found in the population that are selected for entryinto maintenance,spe

'cial

'es in the United States Armed Forces. ,... . .
.

:-..

, of-,ITPT, the. soldering task.was divided into two testi, due to the nunibetof related factors that .
, influence the oVerall soldering task: The Complete. soldering task reguiret',,proper identification of

ccrm nt 'location, which may Involve 'schematic drawing interpretation selection -Of- the correct
replacOnctit cOmponent, proper removal ofithe old component, preparation of the new one for installation,
and firkallY, use of proper soldering techniques so that a good connection is made and adjacent cOmitonents .are not damaged, in the process. While soldering was the main focus-col the testinit;:thisOasseciated

,.. ,reciuirehaenticould not be ignored. , .,, .
i

,
. , .,. .

:zi iT6 Pm soldering JTPT dealt with just soldering. The technician was givet:several componerittand:
--tqld w 1ere to install,them on a printed circuit board. He was then graded on how well he-solders'iliem in

".,-place ased urion'InspoCfion 'of the soldering job and comparison to "a photographic standard. In the :.. . 7.

. r.,, ..' '' . --", ; s ..:... , ,
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CIRCUIT BOARD SOLDEING ANSWER SHEET - . PT '1

Acceptpble
Minimum
Solder

6

Preferred
Solder

Unacceptable
Insufficient

'Solder

Unacceptable
Excessive
Solder

.

EAcceptable
Maximum

. Solder
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symbolic substitute for this test the ,technician is shown a series of solder joints and must maiclthem with
the list of descriptors that describe each (Figure 2). The difference between ability to recognize a proper'
solder joint and ability to execute one is fully appreciated. , %

The second soldering JTPT included all of the ancillary components previously mentioned. The

't
technician was given a module with a number of components on it along with a schem'atic of the module,
His instructions were to replace several components identified on the scherhatic. He then had to translate

1" from the schematic to the proper componenIslin the module, select the correct replacement parts from a
supply of assorykd parts, and properly install de new component. In the symbolic version of this test, he is
provided the same instructions and schematic; hoiveverinstead of the actual modtde he is given a series of

'physical drawings (not schematics) of the module (Figure 3). He is to.select the drawing which depicts the
proper execution of the ihstructions. The technician must translate from the schematic to the actual
module in the same manner 'as in the performance, and must be aware of such factors as polarity and
coding to select the proper. drawing..Again, however, the actual .skill in executing the soldering -task is not
represented. i

. ,

. Remove and Replace Tests. The other tasks of the electronic technician that require use othind '
tools primarily revolve around removal and replacement of modules wavrthe radar and computer systems.
The prime requirements of these tasks:are that- the technician be able to correctly locate the module he
must rerhove and accomplish the removal and replacement without damage to the equipment. For
performance testittg purposes, the technician-was required fq remove and replace a series of modules, and

-<gas graded upon proper selection, successful removal, and replacement. The latter was determined,by
whether the equipment functioned properly upon completiori of the task. FOr.the symbolic tests, detailed
photographs 'of the modules were providtd to the technician. He was required to select the proper
photographs based upon thimOdule that he was torsi to replace, and then mark the fasteners that wouk

_ .
have to be disconnected in order to release or gain access to the subjectmodule. , -%, , .

General Test Equipment Usage Tests. Another, general category of activities required of the AF K.
321X4 technician is the use of standard electronicteit 'equipment. This equipment would be used in
virtually all types of-electronic maintenance. Those general items of test equipment required for ugs, 4
the ANJAP14-147 sYstem are the PSM-6 Voltmeter, the 545-B Tektronic Oscilloscope, the 1890M Transistor
Tester, and the 'T,V1-2 Tube Tester. While in practice any number of other types of similar equipment may
be substituted for these specific items, those that are specified by the official maintenance documentation ,

were used as the standard for testing purposes. . fit
.

°
.. ,.. .

Voltmeter Symbolic Test. Analyses of cueresponses 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 arty complexity of usage so that no single symbolic testing
strategy could be applied to all. The voltmeter is the most widely used and the most simple to operate and
interpret. Typically the technician is given a voltage value 'that should be,present at a given poinin the
system by his documentation. He then employs the voltmeter to determine.whethcr that voltage is 'n fact'
.present at the specified point. Thus, he is coMparing actual values with given dnes. In the JIM', the
technician was giiren a series of values that %%like supposed to be present at given points ow a voltage
simulator. He took readings at the specified points and indjcated whether each was within accept"lile limitt
of the specified values.

1
. i

,

Foi the symbolic version of this test, he was iiVen- the same specified values (figure 4)tand then
shown a voltmeter display for each problem (Figure 5).ilie had to interpret the display against the given
value and make the same determination of whether ounot it was within tolerance limits: An alternative
strategy for this test was tried out, in which the technician would take in unmarked display and indicate
the control settings and needle position necessary tOgive the specifiedalues. While-this was more realistic
in terms of the setting of the controls, the drawing in of the needle position did not. correspond to any job
activity. Further, variations and inaccuracies introduced by having the ,technician draw in the-needle
position made interpretation of the results difficult. The use of the pre-set display which the individual had
to interpret was felt to be sufficient exercise of whether ttl,ot technician ,doiild properly. set the controls
hirfi sinceself, sin there are only two involied on the voltmetir. . / -..

.

ti
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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
s, supposed to be present at given points. Tlitoscilloscope is employed to verify whether such signals do in

fact exist. There are, however, many more controls on the oscilloscope than on the voltmeter increasing the

- number of discriminations and responses required to perform adequately. Theosililloscope 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 ins the voltmeter test, even though the number of
disdriminations and responses is greater. A waveform is given to the technician along with the necessary
exi3lanatory information. In the JTPT, the ,technician takes readings from specified points on a waveforn
generator and compares the results,with the standard.

For the symbolic test, thi technician is given a pictorial display of an oscilloscope, as shown in
Figure 6. He must interpret the display (i.e., the interaction of the control settings, waveform, and grid

*" notations) and determine whether the simulated output is in tolerance with the standard given in Ole
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 oscilloscope, however, it is
not as likely that correct interpretation of the results on any particular one of these seven problems implies
ability to properly set all of the controls, as is the case in the voltmeter test. Therefore, in addition to
results interpretation, the subject must indicate' the correct position of certain key controls for each
problem. This' insures that he has properlyset the is pe for determining the answer. The same technique is

a usedin both the .performance and symbolic versions of the tests. In the performance version, the subject
'mult obtain an Actual waveform on the oscillosco , which requires setting the appropriate controls,
whereas, in the symbolic version the display is pro ided to him and he must indicate the appropriate

settings with a pencil.

The specific technique of having the subject mark the position of all of the controls to be used for a
given function and draW in the resulting waveform on the oscilloscope was considered and rejected for

several reasons.

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. Second, while. indidating 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 symbolic task on the oscilloscope display. In actually using a scope, the

technician can employ trial and error on the controls to tly t&achieve what he is after. This serves to
.4:eftesh jiis memory and to provide a very useful form of feedback that helps him' perform the task. As a
gross example, if the technician forgot to activate the POWEIVON switch in actual,perforMance, 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, this type of symbolic test would be over-deinanding 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 Tests for Transkor and Tube Testers. The other two 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 deyice
according to the given specifications of the transistor to be kelsted. This is done by the technician Itioking up

the transistor value and accompanying device setting initructions,,indicating 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, providing a technician with a display of
the device (Figure 8) and, the accompanying instructions that he would have in the job environment,

IOW 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
previously, 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 aredhe AN/URM:25
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Signal Generator, the T,S-382 Audio Oscillator, and the CMA-16 Doppler Generator. These items of t

equipment are specifically related to particular functions on the N/APN-147 Radar and,' consequently,

must be tested in that context. The demonstration of the subjects capability to use these devices, then, is - f
done in the context of specific'Maintenarice tasks on the radar set. The difference between thesetests and
those in othet. categories that also require the use of this equipment is lit 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 larger task, the evaluation is based uporiaccomplishment of that

larger task, not the distractive discriminations and responses that are auxiliary to it.

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

a problem that requires it,s use. He then must indicate on'a suitable display, how this item of equipment-is
- connected to other units and the control settings`that would be made on the subject piece of test'
-equipment for a specified c eck. Figures 9 through 13 show the displays for the special equipment tests

which the technician uses to ndicate the control settings. 1
4

\'
Dependency Relatignships. The foregoing. series of -tests checkout, special arid-, general test

equipment-and soldering represent discrete. elements of the larger tasks that are the primary function of
the electronic technician. These larger tasks are those of equipment repair and maintenance' corripis4d of r

adjusting and troubleshooting the equipment. These .tasks are' also tested via the performance \tests
howevet, the individual components of these tasks are not graded separately. Thus, while these JTPT will
indicate whether or not a technician is fully qualified on the maintenance of the AN/APN-147 syster0-...:
will not yield diagnostic information about specific weaknesses without the subtests that 4earitit- Ilk
individual elements. In this way, the tests of the total maintenance tasks are not graded'insuchata.niWak -
to confound the ,evaluation process. Troubleshooting, for example, is not graded on- the;-Aieiii-0\111e.l.

,
particular procedurei followed, or some composite of the number of errors and assists theindivitl .Te444.

and received while solving the'problem. It is simply a matter of whether or not the stilllect was le \%o

satisfactorily repair the equipMent and bring it back to flight-ready condition, symbolicalliZiediu ri.__

purposes of simple evaluation, the troubleshooting -and adjustment tests ,woulcr be iiittietent..::Fofiiore ' -
.-----detailed analysis of performance strengths and .weaknesses, however, the other tests Tifqii14e-1,:equOid.

Also, the hypothesis underlying these tests is that all' of thii "auxiliary' perf-cifmtlei::_ls' important as
`distraction' in creating the job context." -4-f,,<A:::..,,...::...,...-- ''. --%.-''.-ir,------'2(..-,.'.1......--- ' ',..,

Aligfiment Tests: The process of bringing various parameters of electrMItiltifneritl-to;correct-
performance tolerances, is variously referred to as alignment, adjustment,, ors 4libiatidli;-:'. frifirf Oterion
series of JTPT, there were both adjustment and aligninent series of tests and tfrOl(sfititirirs.,,bits4een the -,-,,,-;--,
two was simply a matter of how they were referred to in the TO. NO sigritkilu IL;tjeliell'-"ally .9c.e,r0.3V,--- `:.

strategies for testing these talcs were the same in the performance tests and are necessary '"... e1611set"-.Ata
definitions or distinCtions have been developed or are In-existence to the knowledeRflhe -.- .- -?`..,-.----

symbolic versions of these tees. Therefore, the distinction will not be retained in subsequentdigok and i , .;,...,,,.

The ,term alignment will be used to encompass all three terms.
, . *.S:Va ...,; I., 4:1=ii.4,.:.

'' --''...(iVii -- , \-ti Sri-

Ili the performance version of the alignment tests (there are a total of 16 alignment akifea jnst nt. f S.,,.'
JTPT) a given parameter of the radar or computer system is placed out of alignment by a kno*t.t;itind d, 1 :--i% '

amount. The technician is then told to perform a certain adjustment proceduie which woulcIA'Auff-littlle ''-, 1.:
set being brought. back into performance tolerances. If at the end of the test', the test Illije-ct:icak ..,.4
demonstrate on the appropriate item Of test equipment that the set is within specified toleranceekliel)aiseit t 1.
the test. (The technician is told what adjustment procedure to perform rather than having todecide Wli#ito '-, '''''t `4.c:
do in the interest of saving test administration time. If the adjust problems were treated as troublpititiiOtuig.!;,, .,,4 41
problems (faulted parts), the-technician would have to spend an unacceptable amount of testing finfek -1,- .:1-it...77

checking out a wide range of possible problems.) Thus, the troubleshdoting and alignment aspects of thee.. NI

job are,kept separate in the tests. -
i. .

.

', To test the technician's ability to make the same alignment in the symbolic version ofjhe.test, it is ,--.

necessary to shift from the desirable objective criterion of "is the equipment back in adjUstment" to iiore :
procedurally oriented ,criterion. This . is necessary since there is no feedback from a "live" system'io '',..1:!:
determine suecessful completion of the activity. The symbolic substitute test provides's disPlay'of a wide "--:::: -,,'`H

range of test equipment, from which the technician selects and indicates those that would be used and '=; 1-.:
draws lines to properly connect them for use as in the checkout iests:(Figuies 14 4 15). Fox each piece 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 heused to make the required
adjustment. There is still a lot of "distraction" in the test,

Due to the need to keep the amount of symbolic testing Materials within manageable bounds for

,these tests, it was necessary to limit the acceptable approaches topaking 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 indicationl-rom 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 standirds that are imposed are based upop the method specified by the TO for making each
adjustment One of the prime characteristics of the symbolic approach is that it necessarilxiimits the range
of choice 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 not available in many shops. Such discrepancies
between, preseribed and actual procedures complicate symbolic testing. One adyantagi of the symbolic
adjustment tests over the performance tests, however, is. that they-doprovide a convenient "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.

'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 information requests cn a fitis, obvious interpretation of
the malfunction symptoms Observed. Others appeared to be operating largely oh less obvious experience

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

less decipherable patterns. Testing such random patterns of troublehooting, without penalizing the
individual for using the wrong "process" while solving the problem, was accomplished in the performance
versions of the troubleshooting tests. The technician was graded solely on whether he-was able to render a

set which was inoperable due to a known, planted (Ault, operable. Wheiv translating to the symbolic
mediuirefie 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 degree of latitude allowed in the actual troubleshooting process if the tests were to be accurate
reflections of4he job process.

It was decided that the test had to provide a stole of nformation that the test subjeo could tap at
will, much as the actual equipment contains all of the information the test subject nee, s to solve the

-problem if he can ask the right questions 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 ,previously, that few technicians used the same "tree." What may 'make

sense to one, would be Unenlightening to others. Further, there,was thg prOblern olgOing away a good bit
of information by having to confirm or deny the accuracy of each step.

; ,
11*.

. , As this approach broke down, it gave way to the idea of simply providing' the information to the test

ssubje'ct 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 fiOubleshooting process, but the
probleins in executing the idea appeared formidable. Trials viitk giving.'"iood-baa" 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 subject 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 of, test
equipment with the re nested inforthation depicted on it in the same manner as if he -actually took, the
reading. This provided extensive "distraction" with respect to the "main line" of troubleshooting, but not

as much as in 'the real' situation.

.33 26



4

1
ot,

The next problem in accomplishing this approach was to anticipate all of the possible requests and to
, document what the actual, readings would be in a set with the specified fault present. While it was
physically impossible to document and provide to the test subject a complete set of parameter values for
every possible condition, a sufficient population of values (that would be requested by a test subject who
had sortie 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 hind.
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 the 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 NI-
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 Wet displays and also
tends to encourage the test subject to ask more considered questions. TheTA then responds to requests by
either showing a relevant display on a piece of test equipment or gives a standard response if the requested
information is outside of the problem bounclarlei. 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/Developmeni of such a device, however, was

. beyond the scope of the present study.

Summary Concerning Symbolic Tests Developed.; In, a previous effort reported in /WHIM-TR-
. 74-57(11) of this series of documents, a battery of criterionieferenced JTPT was developed. These tests

were developed for the key activities of the maintenance jobs concerning electronic systems. The activities
for which such tests were developed include checkout, soldering, removal and replacement of components, .

use of general and special test equipment, alignment, and troubleshooting. 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 referenced 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 closely 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 their adniinistration and most of
them can be administered to a group of subjects. In order to accompli 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.

III. SYMBOLIC TEST EMPIRICAL VALIDATION

Test Tryout Plans

During the development and tryout of the symbolic tests the maintenance personnel of several bases
of the Military Airlift Command (MAC) and the.Tactical Air*Command crAti were involved.

1. During the development of the initial symbolic tests, several contacts were made with the
maintenance personnel at McGuire AFB, NJ. The contacts were for the purpose of obtaining information as

r to how the various maintenance activities were performed in MAC. :ot
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2. After the original symbolicsubstitutes 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 planned to have team members administer the criterion
referenced JTPT and their matching symbolic tests to experienced electronic technicians. This was tobe

done dii.ring their official evaluation visits to MAC maintenance squadrons. As explained earlier in Volume
II the standardization team did not make as many visits 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 tests,

4. As far as the empirical validation of the symbolic substitute tests in MAC was concerned, 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 TitC. The TAC validation took
pia& at Langley AFB, VA, and at little Rock AFB, AR. This validation was concerned with
troubleshooting tests only. The niodifications of the troubleshooting symbolic tests used for this validation
are presented in Section IV of this document: The TACalidation plan and the results are presented in
Section V. 4

Description of Validation 'Altus AFB 44A

As stated above, the purpose of the validationeffort at Altus AFB was to 'determine the degree of
empirical validity of' the symbolic tests for various electronic maintenance activities including checkOtit,

soldering, use of test equipment, alignment/adjustment, and troubleshooting. In the Altus effort, the

symb compared against the JTPT as the criteria. In this comparison, a group of novice

technicians were teste n a series of problems with both the symbOlic and performance forms of the tests.

These test subjects tere part of another experimental project. They had just completed a special. training,
course in the maint nanceior the equipment for which the "tests were designed. AS such,Ithey represented avio

convenient population available-for testing. 7, 0
The 14 test subjects were all'novice personnil who hid not been trained in any of the standlr.d. Air

Force electronics 'training courses. Instead, these personnelwere selected directly from basic training acid

given an experimental four-week training course in electronics maintenance using' newly dei:eloped Fully
Proceduralized Job PerfOrmance Aids IFPIPAs). These FPJPAs were 'designed to guide maintenance

personnel through the otganizational maintenance activities associated with the AN/APN-147tand
AN/ASN-35 system. (These FPJPAs'and the associated training hadi.been developed'and administered
independently by a separate, contractor. For a complete report concerning this effort,.see Mullen and Joyce

(1974)). f
Orice the test subjects had received their training, they entered the testing. program. The primary

purpose of the testing program was to determine. the predictive validity of the symbolic tests, and not to
evaluate the test subjects, the FPJPAs, or the training- course. For this reason, -the test design employedis
different than would typically bt' employed for evaluating' training or documentation programs. To gain
maximum information on the symbolic tests-in the relatively limited time available for testing, the 48
symbolic tests were divided evenly (timewise) among half if the subjects, and each subject took fir or six
pairs of tests. However, no test subject took more than one pair of tests in'a given category.,The testing.

4 schedule was then repeated for the Second group of seven subjebts.

sting was conducted in'a speCially designed' trailer thalcontainewa eoritplite bench testing ano

check tut set up for the doppler radai and cpinputer, plus all of the required items-of test equipment.
Subjects were tested at the rate .pf two pdr day and each subject took thcasSIgned -test twice; once as a
JTPT and once in 'the symbolic format; The' testing schedule Waiirrangedso that each subject took the

.symbolic version of the test first ih half the tests and the perfpimance version first for the other half. This



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 symtrolic tests and finally the
symbolic version of the first pet(ormane tests.

Except for the'case of the troubleshooting tests, there was no single correct "answer" thatcould be
learned'in one or the other version of the test. The test subjects had to be able to "perform" the tasks in
both versions,. There was a possibility of practice or larning 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.

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 further investigation of symbolic substitute testing could be made:

' As a measure of relative correlation between the two types of1test given in each category, the phi,,
coefficient (() was used (Hays, Guilford & Fruchtez, 1973), comput d from X2 according to the formula:

itt IN
hi which X2 = E (fo fe)'

fe

where fe = the number of similar results observed

fe = the number of similar results expected

The data necessary for these computations was derived by calling the results of testing into a sen s of
contingency tables. The 2 x 2 contingency table applicable to each classification oftestsis shown in Tabl I:

Example of 2 x 2 Contingency
Table for Statistic

Matched Mismatched
_Results Results

Expected ni2 n/2
Observed x n-x

That is, if there was no relationship between the syinbolic and performance test results, we would
expect that in half of the cases, the scores would be the, same onboth and in the other half they would
differ, based on chance alone. The direction of difference is not of importance but the incidence of
differences' is impcirtant. The tests were designed with the intent that if an individual fails a test Rehr under
one test condition, he should also fail it under the other. Similarly, if he passes one fiirm, he should pass the
other.

Table 2 shows the results obtained in the" tryout by category of test. The raw score givpn 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 thetests. The 'differ" row gives the
4mber of test pairs in which the scores achievedron- the two tests were different. The reader is again
reminded that the subjects tested 'were not experienced electronic maintenance personnel but novices given
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a four-week training program on how, to use test equipment, how to use hand tools, how to remove tnd
replace components, and how to use FPJPA to perform checkout, troubleshooting and align and adjust

'activities. It should be noted that these novices did not have FPJPA to guide them op use of test
. equipment; hand tools, and how to remove and replace components. They were supposed to-be.able to

perform these activities as the result, only,. Of their training. In this respect, these subjects were similar to
emerienced personnel who are usually expected to perform such activities as .a result of their on-the-job'
(Mang (OJT) and their experience. Column 5 of Table 2 indicates this difference in support of activities.-

".IPA" indicates that the subject used a FPJPA to help him perform the activity. "JOT" indicates that he
was expected to perform the task completely on his own as a result of jOb oriented training exercises.

Table 2. Indicating Validation Results and Type of
Training for Each Activity Measured.

.

Activity
Tested

N
Pairs

Results
Matched

1
Results
Differ

TYPe of
Traininga
and Test
Directions

'Checkout 4 4' 0 JVAb.
Soldering 4 2 2 JOT`
Remove and Replace 14 10 4 JOT
General Test Equip 6 5 .1 JOT

e Special Test Equip 6 4 2 JOT
Alignment/Adjustment i9 15 4 JPA
Troubleshooting ' 9 ,3 6 JPA

. aAll subjects received 4-weeks ofJg Oriented Training on how to use test equipment, on how
to solder, on how to remove and repla e components and on how to use job Performance Aids OVA).

bJPA indicates that tests on activity was performed with Job Perforknance Aids UPA).

`JOT indicates that subject had no JPA for activity and was expected to perform as a result of
his Job Oriented Training (OJT).

The contingency tables for each test categories ate given in Tables 3 through 9/Applying the
previously defined statistics to these data, the correlat' s (shown in Table 10) were obtained. Due to the
rather small N for each type of activity, no attemp has been made tp 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 folloiving
paragraphs.

Review of Symbolic Test Results by Category ,

Checkout Tests (4) = 1.00). All test pairs of criterion referenced JTPT and symbolic tests taken in
this category of activities produced the sable 'scores. The chedkout procedure was not anticipated to present
any problems; however, two of the four subjects mire, not able to correctly accomplish the procedures on
either form of the test.. The computer checkout routine used in the FPJPA was considerably longer than the
one normally used in the field, and a time,adjustment was made in the JTPT to allow for this.

As

Table 3. Checkout =-Loo

Results Results
Matched Differed

Table 4. Peripheral Skills .

(Soldering) (0 =

offtssot
Results. , Results
Matched Differed

Expected Frequency 2 2 Expected Frequency 2 2
Observed Frequency k".. 4 0 Observed-FreqUency 2 2

31
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Table S. Removal and Replacement
(f= .43)

1

Table 6. General Test Equipment
. . :-..67)

'Results Results Results Results

111' Matched Differed Maphed Differed ,

ExpeCted Frequency
- Observed Frequency

7 . 7 . Expected Frequency 3 3
Ohservej Frequency 5 1

1

Table 7.Special Test Equipment
=433)

, Exptcted Frequency 3
Observed Frequency 4

I
, Table 8. Alignment and Adjustment

=-.S8).

Results Results.. Results . Reslaits -
Matched Differed Matched Differed

3 Expected Frequency 9.5 21
2 Observed Frequency 15 4

Table 9. Troubleshooting (q 33)
,

Results
Matched Differed

POI

Expected 4.5 "- 4.5. 4
Observed Frequency 3 : - 6

Table10_ Indicating Validation Resulti;X2 and
Coefficient for Each Activity/Measured,*

Activity ..N Results Results Z^ -11

Tested' 'Pairs ,Matched Differ 4 X

'''''' 449ift .. .

4
-

Checkout-. 4
Soldering-- 4
Remosivalid ReplaCe 14
Gears& Test Equip 6
Special test Equip 6

T
lignment/Adjiistnient 19
roubleshpoting: .9

0 q 4.00' , iDO
2 . 2 0

10 4 237- `A3
5 1 ?. 4 2.67 .67
4 ,,'2 .67 33

15 4 637 , -38
3 6 1.00 -,.7.33 ,. .

..
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Soldering (0= 0). As was anticipated, the soldering ests results showed little correlations between the
twO test forms. The Physical requirements are extremely' essential to the determination of whether a man
can, solder or. not and this was demonstrated in PT-2 (circuit board soldering).wliMboth subjects Could
recognize a good solder joint, but only one could produce such a joint. In PT-2 (conventional soldering),
the subject who failed both test forms was unable to identify replacement parts (resistors, capacitors, etc).
In the case of the individual who performed the actual replacement correctly, when tested via symbolics, he'
did not deal with polarity propedy and selected the wrong answer. His correct performance on. the
performance test may have been die to chance insofar as the matter of polarity was concerned.

Removal and Replacement (0, = .43). The results in this category were somewhat higher than
anticipatedAt was generally expected that the vast difference in feedback available in these .tasks would
permit' success in the JTPT that would not necessarili be reflected in symbolic tests. Two patterns Were
obseked. One was that subjects generally failed bemuse they could not identify the described module.
When) this occurred, they were tuitiuccessfui in both versions of the test since they were given no
confirmation of their actions, right/or wrong, in the rust administration 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 learning effect of the test - retest, fife rust trial results would be the same. Thus, the correlation appears
to have been reduced by learning effeCt rather than test format difference. e symbolic substitute format
appears highly promising in this area in spite of the imperfect correlation obt ed

- -

General Test Equipment (0 = .67). General test equipment tests de with equipment that was
generally used in a variety of tasks and could be tested out of the specific equi ment context. ThatiZthe
test subject does not have to know anything about the AN/APh1:147. Doppler dar to take these tests,
which is not the case for items in the special test category.

A satisfactory correlation wai found -for ihe tests in thii category. e4Mis,,xnatch
encountered, the subject was able to set up the controls of the TV-2 propedy for each problem (symbolic)

-but .was not able to correctly, interpretresults(performince).11t must be pointed out that this device and **,
the- 4890M; Transistor Tester were different models of devices:than, the subjects hid been trained on;
therefore, theyjiad to orient themselves -to-thesedeviies based on what theilearnedOf the ether-04 also

. should-be_ noted that this was.an extremely limited "validation" of general test equipment-sytiribelic,tests,.
Before.stich tests can be accepted as adequate; each type of test-must bkgiven a-full scalevalidatia.pn its

_merits: This would require four_ separatevalidation efforts, one each for the PRA-6. Voltmeter, the-
545-4Telcirenic Oscilloscope, the 1890K,Traniistor Tester,,and the TV-2 Tube Tester.

Special Test' Equipinent (0 = .33).2the, pecial equi nt tests dealt withiqUipMent,that had to be
used in, the-context. of a particular equipme igunent o rocedure. 'These results were less seilifactory-
theinanticipated;owever, one of the miss kes may haft been based upon die .test subject's attitude
rather than the test materials. Isis inatteniiim *tail in-the JTPT caused the failure, while his knowledge
of what to do allOwed him to satisfactorailcoitiolite the synillolic test. If his results hadmatched, the phi,
coefficient would have been .67 instead of 1j.. k

Aliipteent and Adjultmentlesta (0 ;:
'A

he =results of the testsin the alignment snd,adjustment.;
areas were aainbined sine the two areas use tape, stritegy:.4 moderately stringeOirelatiOn was
attained between the symbolic and perform e.lesCris4101-#1ese areas,-suggesting ihat.bothitest forms
are measuring .the same sets of skills In revie irritf Aur hula/Nets *which the differed
.thenjtwo test forms, it was' found that three test-suttlectsgassed,thksymbolic test but-natithoperft,
version, This-inayhave been partially- don, to :Adk Istrategy ,'4.114 -for thesymbolic.inaterialv,

'found that applying the Scoring criteria= the lisete4eet irelpd:psysting .equipment .httercermec
-.(test equipment to radar, radar toefeitharness nhriNdiffiani ,toktliii-gronkof ,subjects.linefilia

been for conventionally trained personnel.° 'olio a'x 'creitefzikthei-, number ni
extraneous Conne tions. The subjects tended to mal).ittitioli,the*died'Connectiens;buta number :of -
others as well. FolVol pnmpses of s project, it was d
correct connections were made,- rather than on the e
required to determine how much "noise" of this natu
incidehtal errors which would not particularly degrade pe

tenthe basis of whether all 0(00
konne c }further WOrkit-*

floundering ,verstins*-

Ft
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41 ihe'adjutttnont-and_aligiunent jests associated with the AN/APN-35 computer, it was found that
; .... .

"out ,o_fithe ieveatests, five orthe associated procedures in the FPJPA used devices that were not included in
. t theisrtiboric ell/tidal, Those for which symbolic tests had been developed were a track resolver drive tester

. .a., ikirvit haidiester. These other items are generally considered Depot level equipment and are not
F f;Inpripaily found iniRd;iviaintenance shops.' The TO calls for the use of a VTVM and different procedurbs,
......li ef W h Were Ale bask for the development of the symbolic materials. Therefore, no results were obtained intu

-0 gie fhWareas. LI
. .,

,iince the; FPJPAs did -not identify adjustment and alignment pibcedures as separate routine as is
_ done In die TO, it was necessary to modify the testing strategy for alignments and adjustments. Normally,
these required the subject himself to locate the technical data required to support performance. For
personnerusing the FPJPA, however:fit 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 symbolic and
performance.tests administratidn, this change did not affect test results'.

Troubleshooting Tests ($ = .33). Results of performance testing and symbolic testing in the area of
troubleshooting shoed a negative correlation. The specially trained riovice .personnel used as test subjects

% had difficulties:with both types of troubleshooting tests the criterion referenced JTPT as well as their
symbolic 05untertiarts. As indicated earlier, these test subjects had been trained to perform troubleshooting
_tasks i.ritif'FPIPA:which provided step-by-step troubleshooting directions. The test difficulti9 experienced
by thes011,bject.i Were of, at least, four listed types; ,namely: (1) deficiencies in the FPJPA/provided, (2)
deficienfies,in ',the- sequencing of the troubleshooting criterion referenced JTUin relation to the sub-tests
in the, JTPT battery; (3) maintenance -difficulties with AN/APN-147 AN/APN-35 sySlem, and (4)
diffiClilties with the content and administration of the bank of test equipreent ircihriali provided by the
troubleshooting symbolic tests. The problems in any of these areas were of sufficient magnitude to prevent
a high positive empirical relationship between the criterion referencedJTPT for troubleshooting and their
symbolic substitutes,, -

. .,
_ . . r ,,,,i- 1 o

- The FPJPA hhad not been adequately validated piior to the Alfas effiirt. As a result,the stepby-step .

guidance provided by these aids was not perfect. This resulted in subjects having difficulty finding the
aqtiiiiment troubles without regard to which type of test they weir taking. The tests were evaluating both

, the FPJPA and the subjects' ability to use them. In most cases, it was difficult to determine which had the
'greater deficiencies; ,,

. .. r.
.

The recommended sequence for administering the various sub-tests of the criterion referenced JTPT'
battery which is described in AFHRL-TR74-5700, had _nOrbeen developertat 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 could wit use their test equipments profidently. Observations of the Altus .

subjects taking the troubleshooting JT17 indicated that many of them had difficulty setting upheii 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, h,e would notideetify
the trouble. The FPJPA, used in the Altus effort, did not tell the subject how to use his test equiienOnt. His
training was supposed to provide this "know how.'.' The training program,did provide instruction and some
practice in the use of tat equipments but evidently it was not enough. This would support the hypothesis
that technicians should be "over trained" inthe use of test equipmenti, if they are to heexpected to use
thern4effeCtively irrjhb situations. This experience in administering these troublshooting JTPT fiather
supports the position that troubleshooting tests 'Mould not be administered to a subjectlintil it is
determined that he can use his test equipment adequately and can perforkother necessary sub-tasks, such .

ys checkout and alignment, in a proficient manner. . .: 4','4,,,...% .
. ., .

_

Even if experienced subjects hart been available *(or the Altus validation7the same test- equipment
problem would probably.have occurred. As discussed in AFHRL-TR-74-5701),.other research efforts have
indicated that many experienced technicians cannotnsatheir test equipments well. tr,

.

iThe MAC field shops are authorized to perform these depot alignments; and they; alp, have the necessary special
test equipment. The test developers were not aytare ofIthis capability.

- .
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Another aggravating problem for both the test subjicts and for the a'Iministrators concerning the,
criterion referenced JTPT was, the unrelialailityv of the ANIAPN-147 and The ANIASN-35. Due to difficulties
in obtaining some Critical spare parts?at 'the time of the Altus effort, these equipments were .not in prime

' i operating condition: At times, an unwanted trouble would develop in the equipment under test while a test
subject was troubleshooting for the "planted" trouble. In some cases, this invalidated the administration of
a JTPT.

a
. I" .

.
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. The symbolic substitute tests for troubleshooting were difficult to admia lister because of their book
. display of test equipment Pictorials. This difficulty was experienced in Their original "shake- dOwn!' at

Norton AFB and continued during the Altus validation. .dt
Another difficulty, concerning these symbolic tests for troubleshooting concerned the number of

pictorials tkvailable. 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 :1..7'
equipment). Bist the deyelopers of symbolic substitute, tests produced for this effort were required to'` . '',,'

anticipate what test point information the test subjects would request and 'to provide a test equipmeir2y.
pictorial display of the required information for each test point. The test developers had anticipated_that
the test subjects would be experienced, technicians having rec,eived conventional training aliii,usiiti.;:;:a ,
conventional TO. The test developers therefore, provided the test equipment pictorials yvhichAiirifelf, ..-;-
would meet the needs of such personnel. The selection of these displays was baied on a troublesf4thig
strategy which the test developers believed would probably be used by experienced Personliek---,-. i

The test developers had not anticipated the troubleshooting strategies used in thektititWen the
c

'test subjects used in the .AltUs validation askedfor many of the test equipment displairs'caNed for,,by the... . ., -.
'FPJPAs, the displays were not available. When a display was not available_,Jhe 74. iy0.Puld tell the subject
what the test point information was for the problem. This action did not.Providialitc test subject with the
opportunity to misinterpret the test equipment display thus decreasing.the realism of the synibolic teL \s,

, This action made the symbolic tests more like the tab tests (Crowder et al., 194). The result was that some
subjects tended to solve 'symbolic problems wheit 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 tronblesliboting strategies
of the FPJPAoriust be studied and the missing displays required by the FPJPA must be added to the bank
of test equipment pictorials.

.
To

la ascertain if the test equipment displays in these original. troubleshooting . symbolic tests are.
adequate for experienced technicians would require a trybut making use of such personnel using standirda
TO. This has never been accomblisheeWhen arrangements were made for Tactical Air Command (TAC)
subjects for such a tryout, the troubleshooting symbolic tests were modified. Instead ofaattempting to .

overcome the administrative and content difficulties of presenting a test equipment picional for each test
point required by the test subject, the symbolic tests for troubleshooting were modified to eliminate t-his-

: important pictorial feature. These modifications are described in Section IV. Whether or not this was the
proper decision, will be discussed in Section V. -' Ak

1 . ,

1

IV. DESCRIPTION OF REVISED SYMBOLIC TROUBLESHOOTING *TS
i' , .

% :.-

Background :-4* .e 1- ,

What ,was actually required ' instead of or in addition to the limited validaticuyof thp symbolic tests at
Altus AFB was a full scale validation ding a sufficient number of experienced electronic 'technicians as test .

subjects to eValuate t e effectiveness of, all the symboliesubstitute tests. At the dine, the Air Force,Human,.-:
Resources' Laborato did not have such exploratory development money and MAC could not4uritik

-" suffiCient experience subjects for the testing time required. When a small amount o6mo,i)ey did beconie,
available inPY73, it was not sufficient for the required largb scale validatbri even if sufficient experienCed
subjects could be found.,It therefore was necessary to limit the scope of the follow-on effort. inc§e 'the,
symbolic substitiite tests for troubleshooting had presented the most problems at both Norton and Altus
Air Force Bases, it was decided to,concentrate the limited available resources on that area. The objective
Was to reduce the TA requirements contained iti the original design of the troubleshooting rests while stillti 1 providing aide range of potential information aboid syitem paranieters to the test, bject. .ri.

. -
,..

1

1-Ilit - 44:
. ,E...1 ---- \

: .14.



The initial syAibolic troubleshocitinglests Were based on the folloiking preinisea:

-1. Maximuniwpictorial fidelity with "live" troubleshooting::
--

2. Maximum simulation of "live" troubleshooting procedure....

1. Integratedlesting of component skills.

While these premises were (and are) highly defensible as guiding ,principles for.symbolic test ,

construction, their implementation presented several problems. For example, the first premise (pictorial
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 simulation) involved thelesl-sitbject "asking questionele.g., ':What
reading do I gettat this point?") in the symbolic test just as he would with the live". 4quipnients the
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 appropriate drawings in answer to his questions.

* The third premise (integrated testing) meant that-all component skills in troubleshooting(e.g., test
equipment control Settings, meter reading, strategy of atta4k, logical conditions from test readouts, use'Of
dodumentatiOn;- etc.) were being addressed simultaneously. Moreovei, each troubleshhoting problem
incorporated analysis at the. system level, at the chassis level, at -a stage, and withine stage, Thus, whereas'
success one probleni was easy enough to intettret, failure to solie a problem could not be laid.directlypn a
particular skill c6mpcihent or ascribed to a particular level' ofirou6leshooting analysis.

, ,..

Since all4Parameters. were documented in the form of meterand.otherequipment readouts; this
presented a formidable amount of paper. To organize this and expect a tessubject to readily, learn how to
sort through it proved infeasible. Therefore, a.''most likely", subset wassteeloperl. This, however, generated.
a need for the,TA to be able to scan,a test subject's reqUest rabidly,_anctto determine whether he had that

:parameter documented appropriately with a standard display, or whether-it was outside the hpukda ofthe
= ",-PrTitirent and should be answered with a' standard replk*.g.,',"in,thleraiii.f.');Irladlition, the TA.i.oved to

reflect the dynamic-effeets of the.-siihjett!r-actiOns 'on-the equiprrienti:Ifa subject replaced a faulty
coniponent'And- then requested new .readings or syniptow inforniation,-lhe,-TA would present different
displays thinhadheen-ShoWn'fireAoiislY.-

syndsolieellit testingitroubieshooting very realistic,andproyides a high degree of
overlap.3vitkilie -informatiou 11oii-th4 actuail,itrampirsifrom, the -equipment and stocumentation to the
technician in;:theTcohrae :real-world -,pro for equiOment, both_ prime and test, -is
eliminatect:ancitAe- tiineio'soi*trAnbleslioVinglprObterns-irreducedsince the equipment tasks
are eliminated -tfiet-neeRoi an expeliaMiperating on a one-to-one basis, ,or at least on a very
low subjec,t4o3A: ratio, IS introduact-Thereforer4(approkelt-was sought that would-retain as many of the
desirable featufeszaspossibleAilfTeducing thaciiinprejtity and TA requirements-of the symbolic tests..

, :
To provide all of thelest-pOilitanclaymptOihmfOrraation via equipment- readings posed the prospect

of volumes of displays.toAipporteach troubleihontingproblem, While the paper costs and developihent.
costs were well _wit* reasonfOontonipared to the equipment replaced thereby), a possible unacceptable --
cost was that imposed on.-tht,testkubject.-He winildhave to,spend considerable time learning angstusinipthe
necessary indexing systerd,toftlitimatenals as-.well as 'that required to actually retrieve eliieek.of
information. -If this indexing systeni)Were too complete learning and executing of the test mechanics
,could become anther diffiCultaseptiate skill requirement at could possibly contribute to test failikr42,

,

One solution to the priablent-Was suggested-earlier; that of using a. rapid access projector; rather thin a
book for the,pressentaticirofitheleatpoint andeyniptom informatiOn. This approach would, of course, call
for-a simpWindaxing siitem-krforIaphig the information bank. In addition, a sufficient number .of pid

-,, access projectors -would .hairtailie added ;to, the..test administrator's kit. As en alternatlye to-num
displays it was de6ided to provide..tlie readings_in a more compact format that would,,,proiide better aCce
-to,more information. While this was-a giant-step away from the goal of realistic infcirmatiokdisplay, it was ,
felt -to be wortktryingiri order to-achieve an adllli stratively yiable troubleshooting test., ' . : -,.. ,,-2---

. ..,.
''.
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Approach
,

The redes of the symbolic:frOubleshooting tests was aimectat retilnings ghdegree of Sindiarii,t-..--,
with aetual--egUipm troubleshooting. The 'approach retained die features of pre nting the data in such a
way as to all liWAlie 't. t bject- to.lestabliskhis own stroubleshopting strategy; e ability, to monitor-or- - ... -
record his strite0iiirtp. `ding.nolnareielf-correction thadwouhtnonnally occ . Administratively; the
approach was to- pegniK.th admitstration tolarge-groups of test subjects, with _mum interface by the
TA, yet provide flipdata at a' technician Would normally require while keeping e 'volume of data to a
manageable:ilia. - 1

TO accomplish this; d to provide a breakdown, of the ability-to troUl?leshoot it :t*various system
levels, each of the original, oubleshootin$ problems were divided into three levels:- (l- )-isolation to a faulty

--- unit, (2) isolation to a fa ycircuft, and (3) isolation to a faulty piece/part The levels4erich problem are
coordinated in that. the f ty circuit, group, for ,example, Leve1,2 Is within..theiaulti unit of Level I and

-1ilciwise the faulty-piece/ art of Levet.3 is within the faulty circuit group of Level 2. However, each level is
designed tolicadminist ed independently Of,the companion levels. This provides a-degreeof flexibility in

- . _ .testing faultliOlation at0 articidar system levels. 1 :-
,.... . .,.,-

The materials r d' for each problem part arerovided to the test subject including applicable
equipment TO. The ate-dals provided are used to dePict various equipment modes and conditions. The

jest subject is requ d to use this information, the TO, and his own knowledge-of the equipment _and
---:-=-/fictronietto...!so e the fault. A :detailed discussion of the design of each prOblem. part isPowide.din the
Y followink-prra phs; . . 1:...).

--:- -:::--
_-.. ,' -

.,...-----PciAl- sokiion to a Major Unft (Black Box)Level. In this part the test subject is requi0to use-the
-44 trouble ting procedure for unit isolation. Thematerials provided depict multiple equipment set -ups

- ,fdieach st p in the procedure. The lest subject isasked to select the correct equinent'set:bp-and- then,
., .. S. ,, observe. the corresponding visual iodkations. He, must then dec.idewhetherthe indication is normal" or

abnormal and proceed' tp.the cOrrespOntding step (ice-Appendix A).:11te-approalitii structured in the Sense-
s, ,

that the fault isolation strategy: is- dictited by TO procedure.. However, the..proble,m-allOWs the test subject_`- to make i-mistake and to continue mitt hae.correets himself or isolates the Wrofilithit::

Part Isolation to a eurntedio-iip_atagelLevelOn 'this.patt the.stest subject is.igain required to
use the TO.,Howeyer, he establishes his-own troubleshooting strategy. He is,told what majounircontains
the problem; a,n` ills' also given a setiOlf data sheets whiCh provide_voltage..4d waveform data at key points,in
the eqiiiimint. Based upon thgcgven symptOms,-hes,selecis points to IriCaStire.'The,,,data sheets providethe
vOltage or Waveform at the serectas,Pohlt:The test subject Must then determine whether ;this data is normal-

;or ,al5normal-andselect his next pctintaccoidinglit (see-Appendix B). Thus, the test subject uses his TO as he
would, inian actual tzonblesh;Othii problem with the ineaSureimntsleingshmilatedhy the data sheets: Ile
continuesihis process unidIe **gated as far as he can-witiktbadatafplovided which will be Ons, one tow
three staffs. In addition:to. listintihe, 'suspect stages; the test -subject is also required. to log each point he
measured on the data sheet. Aglin;Weproblem is structured-hi sueka manner:as to alloW the test subject.
to make some Mistakes which he might make troubleshooting-olithe adnialeqUiPment:',

Part Ill - ,Isolation to PkeelPart Level --This part is identical, in .aPproaelk_OsirtilI. T14 plater_
_provided include all -of the data provided in Part II plus a piece/PartMaAllecteovfitng,ifiiise piece/parts hit
the faulty circuit, group (see Appenaix C.). The test stibject- continues to Mike7Measurements
Part ir to isolate. to a small cheitit io which he can inow. check .individuk tomponents.-Heseleetr
comenent t_ilicheck and refers to the piece/part data for its condition.Inprdet preventrrierely scanning

pjece/paitIdati sheet, all of the piece/part values Jire.'coyered-Ahrough a, speCial-,ptintinirtzpr
so e at, siMili)r. to talk test:- The test;subjectinust uncover, these values:in order,lo,detettninetheir
prOviding an unchangeable record of those comPonents he checked. Once,,hchaelocated.fth.

,-

,. ,
. ' - ir."VALIDAtION'OF iiiErsEpiv4.44009#40,,..
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iot-Vatid!ttio-Proreduret f- ''''
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The Tactical Air Command (07,c) agieed,tiv prbvide`experiericed subjectfand thenecestary support: ..;

for the validation of these revised-symbolic tests for troulleshootingo!,gtia,,y,altdationv.theappholic-,

4

componentit is logged on his answer she,et.
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troubleshooting testsiid their companion criterion -referenced JTPT were administered to several groups of
experienced technicians to ascertain the empirical relationthip between the two types of tests. The results
obtained from each symbolic substitute test was validated against the results obtailied from its companion
JTPT. .- .- :-

Fifteen sui)jectsz"Were tested at two installations. Eight subjects were available at Langley AFB, and
seven, were toled'ittittle Rock AFB. Considerable difficulty was encountered in finding the type of

1 subject destrect--fik.this evaluation. It was necessary to have a pool of experienced technicians. since
, inexperienced personnel. -.cannot troubleshoot sufficiently well to provide -useful data as to the tests'

9,Ifectiveness. Further, it was necessary that the technicians be experienced specifically on the AN/APN-147
'Doppler Radar. Due to blip general manpower shortage that was being experienced-by they Air Force at the
same time as the test tryout, many of thepersonnel that were needed for testing were on extended TDY as
a means of overcbming the effectr.ottfii--manpoWei problems. A fiirther restricting factor on the number of
subjects was the length of the time required for testing. Actual troibleshooting problems require several
hours for an indi 'dual to solve and also require the use of an operational test behch in the shop. The
symbolic testq.re fired almost the same amount of time,solhat for a man to take two problems via both
the JTPT andtsyin qic. tests requirid "a"Oinplete shift. Typically, men were made-available for testing at -
the rate of miepershtt-Thelotal time required to test the 15 men was approkimaiely 100 hours.

Each test subject ryas given two -troubleshooting problems -to solve..1h the JTPT test, a -faulted '

component yfas placed into-the radar and the teChnicianlvis instructed to tuff the problem. One problem
Consisted of two parts and the secorid'one consisted: of three-ilia:The-parts Were: 1,

..--- _.
._;., 1. Isolation of the chassis or black boxi'whieli.e.oritaine-, fault .

2. Isolation of the stage otifiedideln which the fault was located.

- - 3. Identification of the pieee/part that was faulty.

.i.,
;

...-- .,. .: . :Y.
Probleiiii that -were,-_,biie'd on faulty tubes were. 'Aded as two -part problem's; since 'a tube is

considered to be 4)Kit-of a stage of an electronic circuit.
were

'e test subjects were instructed to work in each
.... .

level-until they could identify the location oftlie problem at that level. That is, in Part 1 they were told to
. identify the chassis in which they suspected the problem 'to be...ForAach subsequent Pvt of the problem

they were started- at the correct point. This was--Alie to facilitate testing troubleshooting ability at each
level., Previous efforts in which this was not biiiiejesulted in much lost time as test subjects pursued faulty

, ,
aisurnptions....' , ,...-----,.., .:-,

, 4 f

The symbolic tests were andoistere in the same fashion. The test subject was instructed to identify
--the location of the fault at a particular len -and stop: He was then started on the next part at the proper

chassis or stage.,The problems presented to-filie -kit subjects in the.symbdlie tests were the same ones that
. he received m the performance test. This was not ma'e knOwn to the technicians, however, and none

showed any iierigilltiekthat,thoy were working on the.ame problems-in both tests.
-:,4:- t. ;

In administering the tests at Langley AFICit.was_Possible to counterbalance the test administration '
so that half of the -test subjects took the performande version of the problem first, while the othethalf took
the symbolic veision first. At Little Rock AFB, however,this was not poisible since access toithe.bench

....-...-_Iguipment for the JTPT could not be programmed as readily as at Langley AFB. -
-,

- ,,

While'ilf41t=4.0jects
\
Were experienced in their primary AFSC, the range of experience on the

-. ---*IitA.PN-147 was quite-wide. -Since the. doppler radar is only one .of several major electronic systems
cbvered under AFSC 328X4, an individual can be quite experienced inloini other systeint of the. AFSC

-.:-
.--.,' Without having experience on the AN/APN-147. Table 11 shows the breakdown by test subject of the

----.,_,:''','.1-_-7-ifiisiths of- ervice and months of experience on the,doppler system. Even this d_ oes not reflect the factexperience
. -

:-'-`-.- ,thaeiaoIne., people with adequatelength -of experience may have, been.doing only flightline maintenance,
which means..that they only replace black hoxel in the aircraft and have hot been involved in the shop level
of maintenance: :Thi.i:m9,,ns-,they heie-fascHhelr total experience ,,in solving only the first level of the
problems contained in these-legs..

-The two/9111)&4)11hp. test were graded in the same manner. For each level, the technician was given a
ples"(+):lt-clre-c- ified theispspect component, or a minus () if ,he did not. Fbr the total
prohreImIeWargfeen a usiinlyiehe correctly completed eaelklevel of the problem. While a record was

- -;



kept of the parts he checked and the sequence in which he checked them, aswell as the testequipment that
he used, this information was not used for scoring purposes.

Due to the.time each subjeetzwas 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 was no control
possible over the nature and extent OC-COntact .among test subject.Ot 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 comedy identified the
fault. There was also such inherent confirmation available for Part 3 of the symbolic tests: This part made it
important that the testing strategy not be obvious to the test subjects.

Table 11. Description of Test Subjects

Subject Raid(

, we..

Months
Service-

Months of
AN/APN-I 47

Radar
Experience =

1

2
-- 3

SSgt
Sgt
SSgt

78
44

1.1-6-z.:1'

36
28 - --

**" . . . 24
4 A 1 e 19 -, -8
5 . SSgt 66 66
6 Ale 21 . .. 10
7 AB 22 V: -.
8 TSgt .. - 209 .." -28
9 SSgt 47 a 36

i0 SSgt _ .
69 21

1 1 Ale ' :,-. 23 . 8
12 Sgt' 43 24 _.......

13 Ale 20 :..6
14 SSgt 85
15 TSgt 220 None,

Since the objective was to compare test forms, the fact thaldifferent subjects were ta1c1ng different
4 problems is considered to have minimal effect on the comparison results. But the factthat Problem4' was

apparently more difficult than Problem 1 would be of concern ror comparing the abilities of the subjects.
In that case, all subjects would have to have taken the same or demonstrably equivalent test problems. In
this study? howeyer, the symbolic ,test validity was being verified, so that each problem _pair is an
independent set. The reasons f g different problems, as stated above, were considered, therefore, to
outweigh the reasons for giving al problems to all subjects.

Results

To determine the extent to which the symbolic tests produced the same results as the criterion JTPT,
two types of statistical comparisons have been made between the number of times the two testing formats
produced the same results. The first comparisons are made in temis oT the tetachoric r statistic (re) and the
second, in to s of the phi coefficient statistic (0). The 0 statistic was used in presenting the results of the
Altus v ions repOrted in Section III of this document. In the Altus validation, all of the categories of
symb c substitute tests including.checkout, soldering, remove/replace, use of test equipments alignment
and troubleshooting were considered. The 0 was used with; the Altus results becabse the number of
comparisons for each category of tests Was, in most cases, very/ small.

The TAC validation, on the other hand, was concerned only with the -troubleshooting category and -
the number of comparisons between the syinbolic antrcriterion perfonnance tests ,wat greater. 'The rt

.
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statistic was chosen as the primary vehicle for presenting the results because it ft a somewhat more
sensititive statistic and the table used for its- calculation (Table 12) provides a much better basis for
discussing the results. Tliisiable shows passed and failed as well as matched and unmatched results. The 0
presentation, however, has been inclnded 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 term of the two statisticralso is of some interest.

Tetachoric r Analyses. Table 12 indicates the number of problems in the results viere:the same
on both formA, of the tests 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.

.

Table 12 Comparison of Overall
Troubleshobting Test Results TAC

Validation (rt = .68)

Performance + 5' 16

(a) (6)
Test 3 1,1 14

(c) (d)
Total 14 16 30

than the relatiVe difficulty of the individual problems. ........
.....

Symbolic, Test.

+ Total

These data represent the 60 tests taken, by the45 subjects, 30 performance and 30 symbolics.
Comparing the two tests taken by the subjects on the same problein results in 30 pairs-ocscores. Iii 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 inability to
solve the problems was not of concern. The goal was to,produce symbolic tests that would yield the sane
results, as performance tests. Thus, there were 22 pairs (a + d) out of 30, in which matched results were
achieved or in 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 versionof the tests but
not the performance, and 5 in which they solved the performance version but' not the symbolic.

. An rt value of .68 was obtained' with a standard error (or;) of ..288 sohat the rt value is 236 times
thg.:ettandard error. For complete confidence in1the correlation, rt should be 2.6 times crit. Ideally, also, N
should be larger to satisfy the conditions for use of rehOwever, this was not possible due to the limited

Tool 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.

Table43 shows the number of correct problem solutions by test type and test, problem. This table
indicptes that while problem difficulty did in fact apparently vary (althoug the item difficulty versus
ability interaction cannot be separated) the pattern-of results was stable from problem to problem. As
discussed previously, the of agreement between resulted' the two tests Is the primary concern rather

ri
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Table. 3. lsiumber of correct Solutions by Test Type and Problem
Tihibleshooting Problems : of

1 2 '3. 1 4 e S
(n=4) (n=4) (n=4) (n=4) (n=4) (n=4)

7
(1=3) (n=3)

. .

. Perforinance 4 3 1 IS" ' ' 4 2 0 2
Symbolic 3 2

-i
2- , . 0 . 3 . ' 2 1 1 -

'Note. n = number of subjicts taking each problem.

. . .

As a means of,assessing the influence of each part or level of the symbolic tests on the overall results,
the results of technician performance on each part is presented. For. the fast level in the troubleshooting
procedure, location of the faulty chassis or black box (i.e., identification of the Receiver, Transmitter,
Frequency Tracker Antenna or indicator as the location of the problem), the contingency`ontingency table of results is
given in Table 14. ;

a

Table Ai. Results of Chassis `(or Blackhox) Isolation
(r = .81)

.SYnibola Tats
Total

Performance .+ 24 . 3
(a) (b) -'27

' Tests 1 2 '
(c).' (4)

Total .25 , -

(The data in Tables 14,-15, and 16.are not cumulative b.nt _independent:That-is; a-person failing 'Patti
still, took P Failing I and/or II,. the technician still- tixik Part 411: In computing the total test scoree-

. previously p nted in Table 12, all required parts had to-be correct to pt a:correct' score on -the total
*Problem.), . ,

This yiel an rt.'..o,C.81. The symbolic testresults matched,the criteriottiterformanCe test results in 2f
out 'of 30 ti' or,fn.,87 percent of the cases. However', '4 can-be seen front. inspection, of Table- 113,
.considetably: ore -technicjans successfully, performed. this than passed- 14e.. comPlete,,test;:
Twenty-se,ven o t of The suhjects were ableto,pasethe Criterion,)T11-;: Much of the flight.line,Cr
organizational, tenance Work ie!concernecrunli with, his, level in-troubleshOotint prodeier7ihat of
finding and tePlac g defective- drirssis or blackbox: (organizational maintenance). A:4:1010d-,
expected, success in ating the faulty chassis is a.neeessapj to( ,h4-Tsttfilelekt condition

the Field. op (intermediate maintenance): Similarly, ones .0.11ity-toftucatelhe,,c
containing the problem ot be,used as an index f ability Ornately; sUive,the- problem.-

The second levet of theroblem was Iodate theft ,
The contingency table fe these results is Ins -Table 1.5- pe,,symbolic test -rosults-atchod: the :tiiteric#,
perfopnancaIest results 20,0ht of 3,0,1iimes or: in O7 per4414;of-theietes resitiliiigfiva.4;.of,46.1FOrj,
level of troobliihootingiriptfout,of 30 attempts, the subjects,were ,bleto illentify,she clereoiiyestag
is, pass the CriterionITPT:r t '

: .
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Table 15. Results of Stage Isolation TAC Validation

Symbolic "Mb
Total

Performance + 14 6 20
(a) (b)

Tests 4 6 AO
(c) (d)

Total 18 12 30

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 rt value is .16. The symbolic tesf 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 criterion JTPT.)

44'

Table 16. Results of Piece
fV.;' Part kolation TAC Validation

Symbolic Tests

Total

-, Performance + 3 2 4 5 ,

Tests ,- --, 5 5 10

Total .4 8 7 15:

It is apparent-then, that the third portion of the symbolic troubleshooting tests operated to reduce
the overall test correlatkin results. 114was also the only part of the test in which more test subjects solved
the symbolic test than the criterion JTPT. RefmemetttVforts focusing on this portion of the syinholic tests
are indicated, therefore:Ind coulcrpossibly increase overall test correlation to a higher level. ,

Comparison of Results of Altus and TAC Validations AS Analyses). Arstated-earlier, the Altus
validation used novice subjects and was concerned with all the categories of symbblic and criterion JTPT,
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 betweekg
the Altus and TAC validations. Table 10 in Section III summarizes the results of the Altus validation IA'
terms of X' and 0 statistics. The formulas and procedures for obtaining these statistics also are presented in
Section III and, are not 'repeated here. The necessary contingencttables for determining the X2 and 0
statistics for dielAC validation are presented in Tables Tables 17 through 20. 4..

Table 21 repeats the information'fouid in Table i.0, Section III concerning the Alitdvalidation(Buti
it also incltides the X2 and 0 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 4) correlition previously obtained for the same categoryat
Altits (:33). This improvement could be attributed to several variables,.such as the difference in type of

- subsets, a larger number of subjects and modification of the symbolic tests for - troubleshooting: The
cri don JTPT, as well as the original forms and. Modified forms of the timbolies, were developed for
pers nnel trainedto Use standard teclmkal orders. The TAC subjects were trained' and experienced in the ;
use o f such technical orders. The Altus subjects were 'trained to perform troubleshooting using the ,,,,,

step .y.step procedures provided in ,their FPJPA.lbe-symbolic tests did not contain pictorial displays forM
all test information called for by the FPJPA. The TAC subjects were experienced in the: tenancaOf

-: - the ppkr Radar Systernb the,..41/APN-147 and theAVA814-351the Altus subjects were n ces with
the H ted training-dekribed *earl . There were only;rilite. pairs of tests tried at Altus whereas ,ere were
30 in C. Considering cables, it ieim li.ta ascertain jibw much of the improvement can be

...,--:-.:7.i.s:,i''''
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attributed to the thodification of the symbolics. Mit it definitely. .can be concluded-that symbolic
troubleshooting tests show promise and their development should be continued.

Table 17. Overall Troubleshooting . Table 18. Troubleshooting Chassis
(0 = .47) -t Level (Black Box) (0 = .73)

Results Results Results Results
Matched Differed Matched Differed

Expected Frequency
Observed Frequency

15 15 Expected Frequency 15 15

22 8 Observed Frequency 26 4

Table 19. Troubleshooting Stage
Level (0 = .33)- .

. Expected Frequency
Observed Frequency

.

Tqble 2Q. Troubleshooting Piece
Part Level (4) = .07)

Results Results: Results . Results
Matched !Differed Matched Differed

15 15 ' Expected Frequency 7.5 7.5
20 10 Obierved Frequency 8 7

Table 21. ,Indiciifi COmbined Results of. Altus and TAC Validations

1.

4

. Test Area PtaIrs
N Results

Matched,
Results
Differ X2 rt

Novice Subjects (Altus)
,Checkout
Remove & Replace_
Soldering Tests '''
General Test Equip' '

Special Test Equip
Alignnient/Adjustmeni
TroLbleshooting

Experienced Subjects (TAC)
Oviall Troubleshoothi
Chassis (Black box)
Isolation
Stage Isolation
Piece/Part Isolation

4
14
4
6
6

19
9

30

30
30
15.

V
.

,

,,

.420'
4

10
2
5,
4

15
3

22

26

8

0
4
2
1.
2
4
6

8

4

10'
7

4.00
2.57

0
2.67

.67
6,37
1.00

6.53

1633
- 3.33

.07

". A

,

1.00
43

0
.67
33
.58

47

.73
33
.07

;

-

.68

.81

.46

.16
. , M1

.0 ) '''
aThis negative correlation wasyrobably due to a number of 'deficiencies suclias (1) deficiencies in the Fully Pro -

-
dur-alized Job Performance Aids provided tbpsubjects:(2)deficiencies in the sequencing of the troubleshooting JTPT
relation to the subtests in the JTPT battery, (3) maintenance difficulties with the ANIAPN -147 AN/AS145 system, and
(4) difficulties' with the content and administration of test equipment pictorials provided in the original troubleshooting
symbolic tests. r ., .

. .

The rt 'correlations for the TAC validation have, alsp been induded. in Table 21. They indicate the ..

same puttern of relationship betweenthe synlbolic and performance tests. However, the rt figures are larger i
than the 40 figureisrlirshould be expected since the rtis'amoiesensitive statistic. Both statistics indicate
that symbolic tesii for the piece/partlevel are in need-of further reffikeinent.0

k-,:.,, i,
Symbolic Test Clarity. There was a greatolifference in thes,ability e technicians to grasp' tOT4 ti }e t ii

testing concepts used in the symbolic troubleshoating tests. The mirdtity-follOwed the instructions *043,
difficulty once the nature of the test Tas_revieifed with them. AdditionatVplpatioit was providedan
several cases so that instructional misunderstandintis not consideredTo hav'elmen a factor influencing test

-,...



results. Several, however, were not able to conceptualize the fact that all of the information they deeded
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
was a linear search of the system parameteri given.

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 performitoversion of the problem

very
based upon experience history or by replacing cpmponents until the fa historyuf *. located: The histo
approach is sometimes ve effective. However, as the realiability of replaceable components is improved in
any system, the history approach becomes ss and less effective. Replacing components until a fault is
located is an extremely undesirable form of ubleshooting. It loads the maintenance system with good
components that must be checked out. 'It enerates unnecessary equipment handling, paperwork, and
benchworic. And experience has indicated that many, times these' good components are discarded as faulty.
As a kesult, an extremely good case can be made for every maintenance technician being proficient in the
use o an effective analytical, troubleshooting strategy', such a strategy is required by the symbolic tests.

VL EVALUATIVE.cpill ,;

Considerations for Future Develoriment and Implementation

The efforts reported in APHRLTR:74-57(11), 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 JTPTcdescribed in Volume II are
worthy of administration in their present form, but further polish ould probably improve them. This can
only be accomplished by many more administrations of.theseJTPT under the guidance of experienced test
developers. In spite of the limited,number and inexperience of the Altus subjects, thelymbolic substitutes
already developed for checkorit, remove /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
refinettfint before they should be validated again. No further work is recommended on symbolic substitutes

fdlsoldering The exploratory work has identified major and minor problems of concern, for future work. It
also provided a basis for planning of future work.

. ,
The success of any future developments or refinements of either criterion referenced JTPT, or their

symbolic%substitutes, will depend on the availability of sufficient funds, expert test development personnel,
andqualified subjects. All of these have been inshort supply Although all of the necessary development
and refinement work is impartantriewoutdire lossible to accomplish all of thisyork at the
same time considering the availablo,resources. The recomm ndations made in. Volume II, for an ,orderly
development -and implementoiodprogram for JTPT, must also be considered for any future deevelopnient
of symbolic substitutes.-Eapirically valid symbolicsubstitute tests cannot beproduced foi any job activity
until good, ad Table criterion referenced JTPTIre available.

f- Volume II reannthendarions suggest that JTPT refinement and implementation should start with
general test equipment. Since all electronic technicians, use general Jest equipment, die proper
bilementation of this action should result in the greatest gain to the Air Force for the leasfimount or
effort and money. So logically, any, future work in symbolic tests should start, with this same area. As'JTPT
are refined and become 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
andlnterested people or agencieszto structure future work on symbolic substitute testa concerning: (1) the
use of general test emiipment, (2) other straightline tasks (checkout,.remoye/replace and ti:e of special test
equipment), (3) troubleshooting; and (4)'alignment.

,

Symbolic Tests for General Test Equipment. In addition to the operational considerations for
choosing the use .of gsgral test equipment for initial follow-on .work conCeming, symbOlic:tests, such

equipment is a very fertile area for symbolic presentation for training as will as 'testing. This is especially
true of the -.yolfohnuneter and the oscilloscope. .Most of the difficult-, concerningtheii-use are
performed on their front panels. And panels cakbe, very easily ;represented bypictures. Thekadjustinents
require the manipulation of switches and knobs; behaviors which are A:vithiri the nornifi_repertoire of most

53so
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Americans. The difficult part is learning 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 pictures. In addition to the development of symbolic substitutes,
for JTPT, extensive use of symbolic representatives should be considered for practice exercises fore training
purposes. Their use may greatly reduce the requirement for actual equipment for both personnel testing
and' t raining 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 tests The validation exercise, if properly structured, will probably provide a great
many insights for the use of symbolic techniques in the training process.

Symbolic Tests for Other Basic Straightline Tasks. Whatever is learned from the propOed work on
general test equipment can probably be applied directly to symbolic tests for special test el:igment. Much
of what is learned can probably be applied to checkout and remove and replace activities. For. safety
reasons, checkout is an extremely_important activity concerning any system. We should have means to
determine how effectively these checkout tasks are performed. Both criterion referencqd JTPT and
companion symbolic tests should be developed for several key equipments for an AFSC such as 328X4, and

0
should be validated on a large scale. ms.,, 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
earlier in Section III. As explained earlier for the TAC validation, the symbolic troubleshooting tests were

:00'1; ....
modified to remove the pictorial presentations of test equipment information, Volt and ohm information
Wert.'furnished in printed form in tables and waveforms were given. But the subject was not required to
obtain zany, of this information by interpreting a picture of the test equipment front panerdisplay. 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 it high
degree of empirical validity for measuring a subject's ability to identify faults at the chassis,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 identification' with -the modified tests, the validation 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 succestfol.

In the opinion of the writers any future refinement 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 atlity to troubleshooting (Crowder et al., 1954). The study
of the tab test data indicated two possible weaknesses. Rat, the Crowder tryout assumed that a subject
taking the criterion performance tests could set up his test equipment correctly and obtain correct test
equipment readings. The readings were given to the subject upon request. After a, review of the Crowder
study, the writers were of tfie 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.

Second, approved or desired troubleshooting is usuaIiy based on a strategy or cognitive process. The
, 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 infonnatign. He received it instantly in printed form and
proceeded with his strategy, whereas, the requirement 4 tet up and use test equipment to obtain test &int
information during the criterion performance test actual equipment) provided many distracting
interruptions or "clutter" in his strategy. s

. 2. A proposed solution to the problem that a subject might not be able to use, his test equipMent
was presented in Volume H. Each subject can be given a 'performance test on the use of his test equipment
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before he receives his troubleshooting tests. And, if the subject cannot Vass 'his test equipment test i he
would not be.permitted to take the-troubleshooting test. Due to the lack of money, time pressures, and the
limited number of available subjects, this was:not done during the TAC validation.

One hypothesis as to the cause of some of the different results ?Or symbolic tests for the chassis,
stage, 'and piece/part levels of troubleihooting is that some subjects were not able to use their test'
equipments properly. The chassis Jewel of troubleshooting requires little use of test equipment. The
criterion referenced JTPT and their symbolic substitutes thus call for very similar behaviors. The stage level
of trOubleshog requires some very common uses of test equipment. bithis case, the criterion JTPT and ,
their symbolic suNititutes are reasonably close. The subject is required to make limited use of test'
equipment in the criterion test, but. -no use of test tquipnient 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 .tuts are far apart-in respect to the test equipmerit behaviors required. The subject is required to
make grea:Ntse of test equipment in the criterion ITET-bat.-no use-of test equipment in the symbolic test.
This differince, of course, makes the synibrilic test easier than AO criterion. It should be noted that 8 out
of the 15 subjects passed the symbolic test and only 5 passed the criterion (see Table 16).

, .,
The above itypotpesis should be further explored in; future work on symbolic tests- A sufficient-

, number of subjects shOuld be gi'ven'the test equipment JIPTi, and those who pass the test equipment tests.
should be assigned to one category; those who do not, to another category. Both categories should be given
the criterion JTPT and die symbolic tests for troubleshOoting. If the hypothesis is true, the correlations for
the stage and piece/part levels should be improved for the-qategory of subjects who are able to use their test
equipment correctly. Th e! correlations for the category &subjects who cannot use their test equipments'
could be evealowerthanAhose obtained in, he TACvalklatiOn. . , . -

s

..;-. .,--, ; . .

3. The above-hypothesis may account for part of the variance.obtained between the criterion JTPT
and the symbolic- tests diking the TAC validation:But it may not account for all of it if the distraction or
"cluttern'factinis of im rtance.-As discussed earlier, thetroubleshooting symbolic tests develOped earlier
which were used in th Altus validation contained dlipliys of test equipment, front' panels. The book
presentation of, this in o tion to the test subject by the test adininistiator proyeddifficult. As stated
eariter, these were elimi ted when the symbolic testivere modified for the TAC validation. As a result, no
data concerning the effect of this type of "clutter: for troubleshooting has been obtained. The modified,
_symbolic tests did require the subject to search histechnicatorder which is one' type of realistic clutter.

,
. In 'Section II of .this doeuritent, the suggeitiori

,
was made that a random access projector -might

possibly be used in pl of the book of displays:The authors are of ,the opinion that this suggestion should'
still be tried. -The dis s'.could easily be placed in a random access projector but the problem is the

. requirement for a simple Indexing system. But the -test point information formats developed for the
modified symbolic tests may proVide the answer. The test point information (such as15Dv or 80f2)found in
the ulhecells of these Torms o d be replaced by the call ojit numbers to be punched on-the control pariel of

,

therandom access ' " ,

The use of such a ndoni access proleOtor program ik-strongly, suggested for any future exploratory
work on symbolic substitutes for troubleihooting. The'development should, also, include further work on
just what displays are required There Is reason to belieVe that there were not enough in the original effort.

. It is_ certainly better to have too many available than too. few.
,

I
It is hypothesized hat symbolic tests that include this type of clutter will result in high correlations

between the criterion- referenced JTPT and the symbolic tests for the piece /part level of troubleihooting. It
is suggested that sub* i used in the validation of. the test also be divided into tWo categories; namely,
those, who have previously passed, the Perforriairee tests on the use of test equipment and those who have

-:..not :. 7 ,- .:*..
Symbolic Tests for Alignment Tasks. Althbugh alignment: adjustment and calibrating tasks are as

important. as troubleshooting,, it requires-less time `to 'measure, such activity.. with 'JTPT using actual -
equipment than it does .to measure troubleshooting activities. in addition, what Is learned' about .

symbolizing "clutter" Qar troubleshootingrinaykhelp in the development of syMbolic-tests for alignment s '.-
activities. Its.is therefore suggested that further work onsymliolic tests for alignmenttaslcs be delayed untd i
after the troubieshootingsymbolic test probleiris are salved.

. ."
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iMaintenance QUiditY Consideration

Although the prunary purpose of the TAC efforts ware to validate the effectiveness of symbolic:.(0..

substitutes, a secondary finding on. quality. of troubleshooting is worthy of comment. It is very difficult-to
find hard data concerning the true quality of maintenance in the Air Force. Some studies concerning ability
of technicians to, use test equipment were reviewed in Volume II. But all available data do indicate that the .

.-,

ability of technicians to perform troubleshooting could be greatly improved. The results of the TAC/ x,fr
%.

., "validation certainly support °this contention. Table 16 indicates that the experienced technicians used as I

subjects could, isolate defective piece/parts only S out of 15 times, or only 33 percent of the time. Thesame '.,..if
subjects were able to identify faulty stages only 20 out of 30 times, or 67 percent of the time (Table 15).; /r
They could identify,black boxes in 27 out of 30 times, or 90 percent of the time (Table-14). / /, . ,

This performance for bla'ck box fault isolation is fairly good. However, black box tsolation,fs the
easiest level of fault identification. And,.it is very deceptive because if there is a large enough apply of
black boxes, the planes still fly, and it appears to the pilots that maintenance is -fairly good. lids supports
the contention made in Volume II that activities having the greatest visibility get the most atiention. And
shop maintenance does not have near the same visibility as flightline. . ' //,

.

But the "sleeper" in this situation is that once the black boxes are identified,'they 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 Mr Force. Findings such as thele further support
the contention that good criterion referenced JTPT should be available Jor the_puipose of gathering.

. extensive hard lta concerning the ability, of technicians to performmaintepance/activities. The known'
presence of such JTPT in the field and the possibility of technicians being tesied, would probably motivate
many technicians to learn to perform their key maintenance activities more' efficiently.

. 4

M. SUMMARY AND CONCOSIONS , , ....
..,

In this effort, graphic symbolic substitutes were ;16i/eloped for each type -Of electronic maintenance"
activity for which criterion referenced JTPT had already been developed. The JTP,T, are_clescribpf. in'
AFFIRL-TR-74-57(II) Part I. The job activities include: (a) checkout, (b) remove/replace, (c) soldering, (d)-
use of general andspecial test equipment, (e) alignfacijust/talibrate, and (0.troubleshooting..:, V:, '' -_,

The hardware utilized as a vehicle, for tqe'development of all ther jests-Was-the--poppler Rradar
AN/AP1s1147 and its Computer AN/ASN-35;,--

.. V' .-(- -,,,

In Ahe development of each of the symboliC substitu,letran at/temp-1.19s Made to require the test,
subject to demonstrate as nearly as possible, the same behaviors as he would he-required to perform while
talcffig its companion JTPT. ,-,

- ,- .7 .

The first drafts of these symbolic tests were given a-Pulled -1,drninistrative tryout in a maintenance
squadron of the Military Airlift Command (MAC) at Noreon AFACA. The subjects were technicians who
had maintenance experience on the AN/APN-147 -arid the Aisi/ASN-35.his tryout indicated that all the
tests as developed were administratilely feasible with the exception of1he troubleshooting tests.

After this administrative tryout, all of the iyMb 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 -and- unavailability of experienced subjects, such a

-validation exercise was not possible in MAC. - .

A more limited validation-was substituted making use of-available:novices with limited training at
Altus AFB,,OK. These subjects had been given a fou-;Week training progranion how to use test equipment,
how to use. hand tools andihow to perform the maintenance tasks on; the AN/APN:147 and ANMSN-35
using/pedal stepby-step maintenanceinstructions Called Fully PrOceduralizeil Job Performance, Aids.

During this extremely limited validation, both the-criterion ITIYT and thetr-tompanion symbolic
substitutes were aOrninistered,to the,same novice subjects. The symbolic testsfOr checkout, remove/replace,
general.an,d special test elniPinent, and align/ adjust /calibrate showed promise. The troubleshooting testi as
structured were still not administratively feasible. The soldering symbolic tests, although administratively
feasible, showed no empirital relationship-with the criterion soldering test.

,



The chief administrative difficulty experienced with the symbolic troubleshooting tests used. at
Norton and Altus wascaused by the technique used to-realistically simulate the use of test equipment. An
attempt Was made to present all necesiary 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 indekto the data bank and as a searching deVice. This proved a difficult if not
impossible task.

The use of a random accessrojector was suggested in lieu of the book, but tere 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 effective indexing system.

With the limited available funds, an attempt was made to r odify the troubleshooting symbolic tests
by compressing test point information. Several forms were developed for presenting printed voltage and
resistance values and simple wave form displays. This was a retreat from the realism of the original symbolic ..
tests, making them somewhat similarto the tab tests:

Arrangements were made to validate these modified troubleshooting syMbolic tests in the Tactical Air
Commandipsing experienced technicians.yifteen subjects were obtained by administrating the symbolic
tests and their criterion JTPT at Langley AFg, VA, and\Little Rock AFB, AR.

- The results of this validation indicated an improvement in the administribility of the tests. The
empirical relationship between the symbolic testa 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 indicated that symbolic troubleshooting tests have promise,
but more exploratory developinent is required.

- One hypothesis offered ,for these results is that at the black box level of fault isolation little 'use is
made of equipment; as a result theiialism of the symbolic tests is high. At the stage level of fault
ittilitiOn, a baiiited use-of- test equipments: s. made, and the realism of the symbolic test is fair. At the
piece /part -level, extensive use of test equiOnent is made. As 'a result, the printed presentation of test
.eqbipnient information results in a large deviiiien from the job realisM. A return to ,the original pictorial
presentation of test equipment information, therefore, is suggested.

As stated earlier, one suggestion for presenting test point infonnationin pictorial form was the use of
ia lin:dom access projector, provided a simple indexing system could be *eloped. The -forms developed for
,-iconipacting test point information for the troubleshooting symbolii> tests ,used for the TAC validation _7
-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 provide the simple indexing system
for obtaining the desired test equipment pictorials rapidly.

A second hypothesis is that the modified troubleshooting symbolic 'tests used in TAC maybe viable
tests, provided the test subject is required to demonstrate his ability to use his test equipment before he is,
permitted to take these troubleshooting tests. This procedure was not used in the TAC validation'of the
modified troubleshooting symbolic tests.

- ,

AlthOugh promising, the symbolic tests for aligrgadjust/calibrate activities-require more refinement.
One special area that has not beenexplorellidequately is the tuning skill required in some alignment, tasks.

The results from the soldering symbolic tests would indicate that no further work should be done on
these tests. An ;JTPT on soldering is net too difficult& administer. so, very little would be gained even If
an empirically: valid symbolic test could be developed.' d

A secondary finding of the TAC validation was that the experierded technicians used as- subjects
c*M4Vat,S....

'could not troubleshoot very wane the piece/part level. Only 33 percent of the defective piece parts were
Identified. This find's% supports other available hard data in the contention that, in general, electronic
technicians donot troubleshoot very efficiently.

VIII. RECOMMENDATIONS

The future development, -refinement and implementation of symbolic tests are dependent on the
availability of criterion referenced Empirically valid syMbolic subititntes cannot be developed and
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validated without JTPT.,,The validation process also is dependent on the availablljty of a sufficient number
of trained- and experienced subjects. Unless sufficient money is provided. for test development and the'
availability of sublectketisurecl, the development of symbolic substitute tests should not be attempted and
is not recommended.

All of the promising symbolic substitute tests for straightline tasks should be given a full scale
validation. But due to probable fund and subject limitations, the following priority is recommended: (1)
general test,. equipment, (2) checkout, (3) remove/replace (4) special test equipnient, and (5)
alignta djtfst/eilibiate.-

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

A randoni access Jarojector presentatkin of pictorial test point information 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 informationnow 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 sompaid to the results obtained in the previous paragraphs.
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APPENDIX' A

PART I. SYMBOLIC TROUBLESHOOTING TEST MATERIALS

Isolation to &Major Unit or Black Box Level
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. PART IB

TEST SUBJECT TEST INSTRUCTIONS

Part IB: Isolation to Unit.

INSTRUCTIONS:

a. E *sure that you have, the Radar Set AN/UPM147(V) TM and the

f llawing information sheets:

$(1) Part IB TAt Perlformance Sheet

(2) Part IS Answer Sheets.

b. Edter yodr assigned identification number on the:Test Performance

Sheet.

c. low the instructions -given on the Test Performance Sheet. You

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

.d. Whe ). 0-1k have completed all questions turn in Test Performance
0

;
!it to the Test AdMinistrator:

. c.



PART IB

TEST PERFORMANCE-SHEET

- .

A. Read step 1 of the troubleAhooting table. 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 ,proceeds

, .
...

. to step B ilindication is 'normal and to step F if indication is abnormal.

Technician ID No.

C.

1. Ansker Sheet

Read: -step 2 of the troubleshooting table. Examine step-2 answer sheets

and,record the number of the - answer sheet which corresponds to indicated,,

such
" t

settings. Note Aociated digital counter indicattca. and proceed

to step C if indicatiOn is normal and to step F ifndicatio is:abnorrimq!

1. Answer Sheet

-
Read step 3 of the troubleshooting table. Examine step 3 answer sheets!

and record.thenUmber of the answer sheet which corresponds to indicated

;

switch settings. Note, position; of associated-Drift-Angle pointer and'

prodeed to step D if indication is normal and to step H if. indication is

abnormal. .

1. Answer Sheet

b. Read step .4 , of the troubleshooting, table. ExaMine 'step .4 _Ansiier sheets'

.

.

and'recork the--number of the
.
answer 'sheet which Corresponds to indicated,

.1,..-, -',
:4.0.;,

switch settings., Note position of-Associated Drift-Angle-pointer arid
'0

-.le

proceed'tostep Elf indication `is' normal and if*Oication-1

!'t

abnormal.
fi
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APPENDIX B

-

''PART II. SYMBOLIC TROUBLESHOOTING TEST MATERIALS

Isolation,to Stage Level
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PART IT

TEST SUBJECT TEST INSTRUCTIONS-

Problem No. 1 .

INSTRUCTIONS*

4.7

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

(1) Equipment Visual Indications

so

(2) Equipmdht Test Pointtatil Sheets-

(3) Equipment Tube Pin Data ,

(4) Part II Technician Performance-Sheet

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

"Performance Sheet.

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

to isolate this.problem to a stage or smiT1 group of stages.

d. You will. be simulating measurements on the equipments as follows:

(1) Use visual indications and TO to detiple whete you want to make

sift
.

'a measurement.

0

(2) Log this point and tett equipment you would use on the Teat

? '

Performance. Shdet.ol.
i

.- (3) Examine Equipment Test Point and Tube Fin Data Sheet for point

you have selected and observe data given. Detergine whether.
.

the reading given is,normal or abnormal and log on Test

Performance Sheet.

\_.
(4) With this new information repeat the process. until you fee

, 1
you can isolate no qurtheoryith the,information given.

(5) Mow log'the suspected stage or stages and the tubes you wish,

to check next.

(6)

410.

Turn in Test performance Sheet to-Test,Administrator:

66



-PrOblemNo.:

Point Measued

1

A

ib

PART II

TEST PERFORMANCE SHEET

Test Equipment.

You Would Ilse

-Suspect ttagelor Stages

.

Technician ID No.:

Is Reading.Normil
or Abnormal

vm

a

4

you wish to check"':'

'I -
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PART II

Problem No.

VISUAL INDICATIONS
L

DOPPLER TEST HARNESS METER SWITCH READINGS

Position

115,400 CPS

+28V

+500V

+130V

-425V.

0

Reading. ..

Normal'

'Normal .

Normal

Normal

Normal

FREQUENCY TRACKER TEST PANEL METERtWITCH READINGS

Position Reading.

XTAL A . Normal

XTAL B Normal

IF A ,Normal.

IF B Normal

COMP Abnormal

DRIFT ANGLE/MIAOWED INDICATOR

Drift Angle-Indicator 'Groundspeed Counter.

Normal', tut may beslewed Abnormal, but may be slewed

Memory Light

aemains on

68
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FREQUENCY TRACKER TUBE PIN READINGS

'MBE
TUBE PIN . .- .

1 2 3 4 5 6 7 ' 8 9 0
b,o1(V) 3.15VAC 1.4VAC 3.1VAC

_ _

7.2VAC
___.

---

-- -

120VDC
11.3VAC

2.65VAC
'

4.3VDC 3.15VAC

(R) 150 13 470K 47K 0 15 '100K' 1.5K 150

6702(V) 102VDC
2.3VAC

310VAC 21.1VDC
2.6VAC

3.15VAC 3.15VAC 75VDC
1.8VAC

0.18VAC 1.1VDC 3.15VAC
a

---

(R) .7K , 475K 5.2K 150 150 10K 430K 220 150 -

6703(V)102VDCMVAC21.1VPC3.15VAC3.15VAC
2.2VAC 2.6VAC 4

75VDC

'.1.7VAC

0.16VAC 1.1VDC 3.15VAC -- -

(R) 4.7K 475K 5.2K 150 150 10K 430K 220 15Q

6704(V) 120VDC
2.5VAC

2.4VAC *5.8VDC 3.15VAC 3.15VAC 120VDC
2.5VAC

2.35VAC
j'N

5.8VDC 3.15VAC --

(R) 6 100K I.5K 150 150 6 100K. 3.5K 150

6705(V) 120VDC
2.7VAC

2.2VAC 5.8VDC 3.15VAC
..

3.15VAC

150

120VDC
2.7VAC -

6

2.35VAC
. \

t.

100K,
'I

5.8VDC

1.5K

3.15VAC ;---

L_L__
150 (--

(N,) 6 100K ,' 1.5K 150

6706(V) --- -;.43VDC -I47VDC ---

.. -:- I

.

0.95VAC -143VDC

(R) --- 2.21C- 0-10K 0 -wi '
....

330K " . 1MEG*; 2.2K-- ,,,,---

6707(V) --- -143VDC L147VDC .

.
, .

.
.

0.95vc

'!.:" LKEIG*\

-143VDC I. --- ---

2.2K r:::-
. (R) --- 2.2K QulOK 0f;i..,:7.11;;;,, 330K\

.8(V) 94VDC

2.4VAC

1.6VACH4,4VDC, 3.15 At..:417,,,,,9

g' :N./-,;..

94VDC
2.4VAC

1.-0,AC 4.4VDC 1 3.15VAC - --

(R) 10K 24 1.5K , 150- %.:!1'50..,'

3.1oVAC

10K f = 24 ., 1.5K 150 ---.

'6709(V) 120VDC

0.84VAC

.1.6VAC

l.,

5.8VDC 3.15VAC 120VDC
0.84VAC

I.65VAC
i

6.1VDC 3.15VAC
:,4

--

(R) 15 24 3.3-4.3K 150 150 .15 ''.24 ,
4.3-3.3K 150 --

6710(V) 120VDC. 1.65VAC 50VDC
1.5VAC

3.15VAC 3.15VAC 120VDC 1.65VAC
r.,

sonc, 3.15VAC

I' ..5V.

- -

(R) 0
.

57K 10.5K 150 ', 150 - - 57K , 10.5 150

NOTES: 1. To obtain the ac voltages feed a 3.0 kc, 0.18 rue to channel A (pin 7-V6702)

.
ald a 3.0 kc, 0.16 volts me signal to channel. B'(pin 7-V6703)

All voltages measured with respect to ground

3. All voltages measured-with tubes in place and POWER ON.

4. All'resistance. measured in ohms with relOect to ground and tubes removed.

5., Resist e m surements are made with pins 2 and 6, of P6701ishorted.to ground.

It may be necessary to reverse the ohmeter leads to obtain hese readings.
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FREQUENCY TRACKER TIT POINT READINGS

. TEST

POINT
READING

VTVM
OSCILLOSCOPE'

/

TF679.1-

;

1111 PM
111111111111111111 11111
11111111111311111111111111

tuniumminin
1111111111111111M11111

ANPLITUDE: 5V/tIV
TIME BASE: 5us/DIV

5

1P6702-

,- ,

4.41

..- .:I,
.

.

lilii
,

11t.

4
., e.

'111!Itt24.4_
, , .,

(

r.
i

i ...-

pitt..;.

s) 7Fps.

ANPLITUDE: 2V/DIV
TIME BASE: p.ims/Div.

TP6703
' \l,'

)6

41" `,.,1);

41.(

,., ti,
.it

IA `
"--t:r1;1

I I

.

It

Ili..

1 i ili
.-''"--

1

'I-
tOI

,
.1%.1

AMPLITUDE: 2V/DIV
TIME BASE: 0.1MS/DIV

TP6704

?Pf
11:0,11

.
1:,;

r.-
'K11i
!ilt\!,-

,.
'41
iff

TICIEI
..

101

i.!). a
li I. ir . .11,"

Tj ."---t-Tr'i

i ll :II;4:4..
,i

.;.-.4;'
MI;

..

11
11.11

1:11ii.
.1.,

_I.......r --- N.
,

r r

TP6705

AMPLITUDE: 2V/DIV
TIME BASE: 0.1MS/DIY

.

5j . tqfs

ierrilDE:
nh$F.: 1`ts/D11



APPENDIX C

PART III. TEST MATERIALS

Isolation to Piece/Part Level
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PART III
4

TEIT:S111,1CT,TEST INSTRUCTIONS

Part III: Isolation to ihePiece/Part.

INSTRUCTIONS:

ti

S

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

(1) Equipment Visual Indications

(2) Equipment Test Point Data Sheets

(3) Equipment Tube Tin Data

(4) Part III Test Performance Sheet

(5) Piece/Part Data

b. Enter yOur assigned identification and problem number on. the Test

Performance Sheet.

c. 'roblem has been isolated to a faulty_ module. YOur job` is to

isolate this problem to a faulty part. Piece/part data is-provided

on-the faulty module.

d. You will be simulating theasurelLs on the equipments as follows:

(1) Use visual indications and TO to decide where or-what part -,you

wish to measure. Assume all vacuum tubes are good.

(2) Log this point or part and the test equipmgnt you would use on

the Test Peiformance Sheet.

(3) Examine correspOnding Data Sheets and observe data given.

Determine whether the reading given is normal or abnormal and.-
f

..-4,A,4r;log on Test Performance Shget. ,

'-sfc -7., .V _ .%.

(4) With this new information repeat the process until you have

isolated to the faulty part.
'...;

-",

(5) ;Now log the suspected part on the Test-Performance'Sheit-.,,

(6) Tux; in%Test PerfortanceSheet to Test Administrator.
'7
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PART III

TEST PERFORMANCE SHEET'
.

Problem No.: Technician ID No.:

Point Measured
or Part Ch4cked

Suspect Part

Test Equipment Is Reading Normal

You Would Uselm, or Abnormal

a
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PART RFADT `ZG

C7901
z4,TariV!A ,,,-.'<ir...--,...ellik

-:f. i, ,. ...tte-.:., 41
%1:fl. A ik"Ct7:* '

C7902 ziN,%-ii,-,:s:.'11;*;
,.4 1,:;(41,1.,...0.,,

, C7903 4'tzAl;-- '"?::.,,,._.'.? w
w.::.7:-;...- ; ....

,;;-'1`..;!,..,fvftzti'?4
C7905 '=1",:!-.`.', +-'-'kz',1--1..)$

1",,',51-7:;,,t4;,*--41'....t4
-1-7/1.:4'..---ift+.".." `'.:5

'11::4;*"..:v 12:;:;:'3:,..411,,i.r - ,t, .9 ' ...a r . -
n'"94."ZY.!;Y:

'IcittekINII4APq
i..+\f14,4: ".V.tOrr:tA

C7914

r.t.-,..;z::,;."3;-7.. eis"fC7917

AltvPril;.:.ok:.... At(
C7919 ...e.4.`4,.,%-?, -P.1,41,:orAf

1.t ;,..-41: v .ti-a

V..r.1;3:41.,.k;!-'1..44;9,

ti.4;1,1M4411

A- .l.f.:is

fIV$1'-',,':-.\';.!.-I!,=A; P.4:

C7908

C7913

-C7920 .

CR790I.

CR7902

K7901-13/12

K7901-13/14

X7901-1/2:

. R7901

PART 111

FREQUENCY TRACKER

PfeCe/Part Data,
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