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. " SUMMARY v .
(S o )
Problem ’
The application of the technology of programmed instruction in Air Training Command resulted in a
number of lists of so-called measurable behavioral objectives. After reviewing several of those lists in 1962, -

. the writer felt that the-behaviors listed were verbal behaviors that could be conveniently measured'by paper

and pencil objective type tests, but that the listed behaviors were not necessarily the behaviors of the jobs
for which the students were béing trainedHe felt that this was especially true for the key behaviors of
maintenance jobs. Late in 1962, the author prepared a paper entitled Performance Testing: Testing for
What is Real (Foley, 1963). This was followed by a Bibliography on Maintenance Personnel Performance :
Measurement by Askren §1963) and work on a draft (not published) of an annotated bibliography. by ‘
Porterfield in the same year., All of these efforts indicated that there was probably a lack of job realisny in”

the formal measuring devices ussed to ascertain the training success and promotion potential of maintenance -
personnel. They also indicated $hat although a rather extensive technology had been developed for paper

and pehcil testmg, no well-structured technology or guldance existed for the development and.
administration®of job performance tests. These preliminary works and fi indings indicated a requirement for
exploratory development concerning job performance tests for maintenance. These works also indicated T
that there had been more reports concerning pert;ormance measures for electromo‘mamtenancé*than for
mechanical maintenance. This emphasis i is, reflected in the following approach.

" Approach y -, g

To avoid duplication in such an exploratory development program, the approach -was to tap the
wealth of existing, but scattered, sources of available hard data concerning job performapce measurements,
to structure these data as they applied to the measurement of abillt'y to perform electronic maintenance
tasks, to analyze them in relation to current Air Force practice and to make recommendations for the
development and tryout of effective job performancé measufements for Air Force electronic maintenance.
The most productive source of information directly applicable to proficiency 1 ‘meastirements for electronic
technology courses was the Defense Documentation 1Center Approximatgly eighty reports were found
conce:nmg different aspects of proficiency measurement for electronic courses. Many of the same reports -
were-also referenced in the Psychological Abstracts. Applicable material, as well as basic references, were
obtained from several textbooks. Although the Educational Index was a valuable informational source for
general vocational and industrial education, it contained vefy llttle reference materials appllcable to °
measurement in these areas. L = )

°
° o

The literature on vocational education indicates that cqnsrderable emphasis has been placed on the

T developrg:nt of objectives and matefals for hlﬁly job relevant courses. However, very little attention has

been given to the validity of measurement procedures for ascertalmngl that these job’ objectives have‘been :
achreved . N ; 3,, o
_ -, - ¥ Y )r . };, .
’ Results  ° . . ; o .

Paper and pencil testing procedures are used almost excluswely for. determining whrch personnel are
selected for training, for determining student progress’while in tréimng and for determining the promotion
eligibility of personnel assigned to field maintenance units; This analysrs of reported research indicates that
these measurement progedures do not insure that these personnef can perform the ¢l “tronic maintenance
tasks generated~by the electronic hardware they are assigned {0 maintain. Most of fhe Raperand pencil tests
used in training and promotion concern theory and job Enowledge Studies are-cited which indicate that
extremely low correlations were obtained by comparing job task performance tests to paper and pencil
theory tests and to ]ob knowledge tests. Several studies are also cited which mdlcate that the traditional

»

, theory c¢ontent, found in most elqctromc mamtenance training programs, does not contnbute a great deal

to the ability of an individual to perform electronic maintenance tasks. However, it is wrdely contended® ’
that a knowledge of theory is a necessary prerequisite to the successful performance of suc tasks and this -
contention is deeply unbedded in the electroni¢ maintenance culturé. A full appllcatlon of the modern

technology for technical training develdpment would solve the course content problem.’ This technology |
requires a systems approach to ‘training progragn development jn which training ob]ectlves are based ona ) )&
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- complete job task identification and analysis. Criterion referenced Job Task Performance Tests (JTPT) are.

required to' determine if, training objectives are gChieved. However, a serious gap remains in this technology, ’
sincp.adeqbate guidance is not available for thy development of JTPT. When adnvinistered, JTPT have been
expénsive in terms of equip}nent, time and Administrative personnel. JTPT should be utilized in spite of
their high cost if they are the only empiricafly valid tests available. If empirically valid symbolic substitute
. tests could be produced, they certainly shoyld be used. After a study of the symbolic substitute Multiple —
Alternative Symbolic Troubleshooting Tes (MAS])‘Qand Tab Tests, it was hypothesized that the empirical
validity of symbolic substitute’of this tyg‘e might be improved by increasing their realism.
- Conclusions . R : ' . ’
: ' A . * ' e
" Based on the results of this analykis a contractual effort was initiated'to develop criterion referenced
JTPT for electronic maintenance. This fffort was followed by an attempt to.develop both graphic and video
symbolic-sabstitutes of intproved empirical,validity. The results of these efforts are repprted in Volumes 11,
* I, and IV, of this series of documf§nts (sge Preface). The preparation of a guide for developing JTPT is
recommended. Comprehensive explgratory; and advanced development efforts should be established and
. adequately funded concerniAg Air Jorce m_éintenance. These programs should systematically identify and
solve problems concemning mainteflarice practice in the field and problems concerning the selection and

.. . . =~y
~ training of maintenance personnelf A necessary first effort shgwld be to gather and study hard data on how
. well maintenance meg can perforg the key tasks of their jobs.
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"PREFACE ~ 7 <L
. o
¥ ‘ S

This do‘}ument represents a portion of the exploratory development program of the

- Advanced Systems Division, Air Force Human Resources Laboratory, Wright-Patterson

Air Force Base, Ohio. This document is the first of four volumes.to be publi'shed"
concerning the evalyation of maintenance performance. Volumes II, Ilhand IV are:

- 1. Evaluating Ma'intér)ance Performance: The Development and Mout of
Criterion Referenced Job Tgsk Performance Tests for Electronic Maintenance.
AFHRL-TR-74-57(1), Part , in press. ' . : :

2. Evaluating Maintenance Performance: Test Administrator's Manual and Test
Subject’s Instructions for Criterion Referenced Job Task Performance Tests for -
Electronic Maintenance. AFHRL-TR-74-57(II), Part II, in press.

3. Evaluating Maintenance Perforimance: The Development of Graphic Symbolic

t

"Stbstitutes for Criterion Referenced Job Task Performance Tests of " Electronic

L4

Maintenance. AFHRL-TR-74-57(IIl), in press.

+ 4, Evaluating Maintenance Performdnce: A Video Approach to Symbolic Tésting
of Electronic Maintenance Tuasks. AFHRL-TR-74-57(1V), in press. .

The preparation of thesgfvolumes has been documented -under Task 171010,
Evaluating the performance of Air Force Opérators and Technicians of Project 1710,
Training for Advanced Air Force Systems. The effort represented by this volume was
identified as work unit 7101006, The author was the task scientist: Dr: Ross L. Morgan
was the project scientist. g R : .

The author wishes to express his appreciation to Dr. Wil];?/B. Askrent, Advanced
Systems Division, and Mr. James Porterfield, Aerospace Medic Research Laboratories,
for their original biographical works which were used by the author for the original
identification of. sources for_the author’s dissertation upon which this analysis is based. -
He also wishes to expreéss his appreciation for the guidance given by his dissertation
committee: Dr. Dennis H. Price, chairman; Dr. Howard B. Lyman and Dr. Jack Code —

all of the University of Cincininati. The final product was influenced by many discussions - |

with ‘Dr. Ross L. Morgan and Dr. Gordon A. Eckstrand of the Advanced Systems
Division. : ' S
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. y EVALUATING MAINTENANCE PERFORMANCE: - ¢ o
) ' . ""AN ANALYSIS "
! ' t L 2N
"o ) . I. BACKGROUND . ¥ ) . -

-

This rpi)or.t (AFHRL-TR-74-57 (I)) is the first ‘of a series of four volumes pertaining to the .

maasurement of job proficiency. It presents the background and‘ analyses that resulted in the funding 9}' a
series of exploratory development contracts starting in 1969. These contractual efforts initially concerned
the development and tryout of criterion referenced Job Tagk Performance Tests and later the deyvelopment
and tryout of both graphic and video symbolic substitute tests. The results of these foﬁo_w-on efforts are
reported in Volumes II, Il and IV of AFHRL-TR-74-57. Several in-house efforts and events prior to 1969
were reflected in the writer’s preparation of the early work stafements for these contractual efforts.

. Late in 1962, the writer prepared a paper entitled Performance Testing: Testing for What is Real”

(Foley, 1963). The, motivation for, this paper was the review of several lists of measurable behavioral
objectives which had been generited in Air Training Command (ATC) as the-basis for preparing
progfammed instruction packages. The writer felt that the behaviors listed were verbal behaviors that could
be conyeniently measured by paper and pencil objective type tests, but that the listed behaviors were not

_ necessarily the behaviors of the jobs for which the students were being trained. It was the writer’s

contention that a large portion of the desired job task behaviogs involved complex pereeptual-motor skills.
He felt that the only way such behaviors could be adequately measured was by performance tests in which
each tgst, subject was required to_démonstrate that he could in fact perform each key task of his job. Asa
follow on tosthis first memorandum report, early in 1963, Dr. William B. Askren prepared a Bibliography
~on Maintenance Personnel Performance Measurement (Askren, 1963).( During the summer of 1963, Mr.
_James Porterfield, a graduate student from Kansas-State University, expanded and annotated the Askren

*  bibliography. This draft bibliography was never-published. |

In 1964, Eckstrand published a paper concerning the status of the technology of training in which he

. discussed measurement in. the context of a systemis approgch to training. He suggested the use of criterion
referenged measures as appropriate for measuring student achievgment of carefully derived training ,

objectives, stated in terms of what a graduate should do. He also discussed the differgnce between criterion
referenced and norm referenced tests, and referenced Glaset and Klaus (1962) as his major source for this
-distincfion. : St

In the 1965 to 1967 time period, the writer prepared a review of the literature for his doctoral
dissertation concerning measurement practices of Post-High Schbol Vocational Electronic Courses (Foley,
1967a). These courses aré -very similar in content ta the Air Force’s electronic maintenance courses. This
review of the literature made use of the prévious biographical works of Askren and Porterfield as well as
sources discussed later. The writer’s thinking expressed in this dissertation was influenced by his many
discussiops with Dr. Ross L. Morgan and Dr. Gordon A: Eckstrand Many of the materials contained in this
volume appear in the dissertation. The dissertation mategials have been modified to apply more directly to
Air Force measurement problems. . S

° -

In 1966, the writer monitored and participated in a field survey of electronic maintenance in the Air

Y Force (Folley & Elliott, 1967). The survey information gathered during this study indicated that

”

maintenance practices in the Air Force could be greatly improved. The authors were aware of the softness
of data, gathered by interviews and observation, but as the,survey indicated, no recorded hard data existed
“ concerning how well edch maintenance man could perform his various job- tasks. The generation of such

performance data .would require the administration of objective jeb performance tests which were not
available. ’ . ] c ‘ .

¢

o

. Further motivation and* input - for preparing the original purchase requests for the Sollow-on . -~
b;

performance measurement efforts (reported in Volumes I, 111 and V) were provided by two conferences
on measurement whichi were supported by the Advanced Systems Pivision, Air Forte Human Resources
Laboratory, Wright-Patterson Air Force Base;-Ohio. In March 1966, the writer,attended a conference on the
Assessment of Complex Operator Performance. This conference was arranged and reported by Dr. W. Dean
Chiles{1967), but was chaired by Dr. Arthur “{fﬁlelton of the University of Michigan. In October 1968,

the writer participated in a conference chaired byxMr’:"\i&glviﬁ T. Snyder (Snyder, Kincaid, & Potempa,
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1969). This conference concerned human fac('srs testing. Both of these conferénces indicated to the writer
that there was an urgent requirginent for the development of more effective measuring devices for
ascertaining how well Air Force pefsofinel’ could perform the maintenance job task$ generated by existing

and future hardware systems. . -

= The purpose of the work reported in this volume wasdo tap the wealth of existing, but scattered,'
squrces 'of already available information concerning job perforgancq mca)a‘su;ements, to structure this:
. information as it applied to the measurement of ability to perform electronit. maintenasce tasks, to analyze
it ih relation to current Air Force practice and to make recommendatiqns for the development and tryout
. of £ffective job performance measurements for Air Forcé electtonic maintenance. One primary purpose of a
project such as this is to eliminate as far as possible duplication of work that has already been adequately
accomplished. -As mentioned previously, a major portion of the information had been identified as part of
the writer’s doctoral dissertation (Foley, 1967a). But in that document the information had been analyzed
and reported for a somewhat different purpose. . Loe

The most productive source of information for these efforts has been the Defense Documentation
Center (DDC). Approximately eighty regorts were found' concerning_different aspects of proficiency
feaslirement for electronic courses. Many of the same reports were also referenced in the Psychological
Abstracts. Applicable materials, as well as basic references, were also obtained from texts by Super and _
Crites (1962), Thorndike (1949), Travers (1950, 1955), and Micheels and Karnes (1950). Although the
Educational Index was a valuable informational source for general vocatiorial and industrial education, it
contained very ?ttle reference matgrials applic&‘ble to measurement in these dteas. The literature on
vocatiqnal education indicates that considerable erhphasis has been placed on the development of objectives
and materials for ‘highly job-relevant cogrgunﬂowever, very 'little attention has been given to the
development of valid measurement procegdures for ascertaining that these job objectives have begn achieved.

N @ ® .
o -

’

II. THE CRITERION PROBLEM : ] T

In most cases when we wish to determine whether an individual or'group of individuals can perform
behaviors in a given environment we capnot simulate all the desired conditions. If we can produce a
measuring device that actually measures the ability to perform the desired behaviors under all the desired

. 'conditions, we have an ultimate ctjterion measure. But the fact that we usually cannot develop such a
device forces us tossettle for a secondary criterion measure which is, #t ‘best, somewhat different than the
ultimate criterion measure. This difference betweert the real world and the simulation of the real world for
testing purppses’is called the criterion problem, . P

- A

A common eiarr:ple of such a criterion problem presents itself when we attempt to measure an
individual’s ability to drive automobiles. To measur® such ability completely we would have to devise a test
that would measure his ability to perform all drjving tasks of all ‘automobiles, on all types of roads, in all
traffic conditions, under all types of weather conditidns, whether he is being observed or not. It is obvjous -
that it*would be virtually' impossible to meet all of these conditions under practical testing conditions. We,
therefore, settle for a less rigorous test criterion. We assume that he can drive any automobile adequately, if

> he demonstrates in a performance test that he can perform most driving tasks in one automobile, in normal
traffic, while being observed. L L - oo -

* .. But many times, it is inconvemiefit and considered” tdo>costly to administer even such’a drivet
performance test and an attempt is made to ‘develop a paper and pencil test which will determine that an
individual can drive adequately. But stich a test cannot be considered to be valid substitute unless a high
empirical relationship to"the criterion measure can be (demonstrated. In the practical world of test
development, the driver performance test Would be consifered an adgquate near ultimate criterion test for
validation 9}} such a paper and pencil subsgitute. Many tirhies suctt & paper and peticil test is used without
being validated against such a near ultimaté criterion test. The use of such an unvalidated test is an-
exfremely dangerdus praetice, since it'is assumed:by most users that it measures an individual’s ability to
drive when in‘fact we afe not sure what it is measuring, ) SR ’ "

This criterion problem has long plagued measurement, theorists and practitioners'as well as curriculum
reseafchers. The use of job tasks, and performance examinations based on these tasks as near ultimate
criteria for gvaluation of selection devices, was first-emphasized as a result of the work of Army and Navy

. 1 N .
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measurement psychologists doring Worid War I1.
“ experiences of Navy psychologists in an article titled “Validity for What?” - |

Ladi |

o+ : ‘ AN
- . . -

Psydwk;g'sts in general tended to accept the tacit assumption that criteria were either given of God or just to
be found lying about... The novice of 1930, seatching through many textbooks and much journa] literature
would have been-led to conclude that expediency'diciatgd the choice of criteria and that the conevenicnt

In° 1946, Jenkins discussed the problem in Hght of the

availability of a criterion was more important that its adequacy. 'y « P

. 111964, Wallace presented a paper at the annual convention of the American Ps&cholg ical Association in
which he indjcated that Tuch of what Jenkins said in 1945 was still true (Wallace, 1965a). :

1962), and Thomdike (1949) have discussed this same problem inlight of

“Super-and Crites-

their

Armmy experience. They have indicated that, although course success was a readily available validdtion

examples from the Army Air Force (AAF)is as follows:

Thorndike goes on to clarify the relationship among pfedictive tests, fai
There are many- other instances, both in and out of the fnititary situation, which academic grades are used as

criferion against which the course content and course measur
the student is being prepared. Wallace (1965a) very succinctly expressed the criterion problem as it applies.
. to electronics personnel. r - cooe < !

Farly in WW II, gunnery schools in the AAF placed a good deal of emphasis in their program onlearning the
nomenclature of machine: guns and turrets and on"being able to express verbally the operatioh of this
-equipment. Using grades obtained in this type of program as a criterion, it was po to develop a battery
of verbals®tests Which.gave a substantial prediction of those grades. Actual combat gunnery, however,
presented no special verbal demands, and the type of memoriter training referred to above was eventually
done away in favor of more and more training in the actual assembly, maintenance and firing of the guns.
The nature of grades in gunnery &hodl changed correspondingly. With this change in the criterion, the
validities of verbal selection tes@ largely disappeared. Though there is no evidence in this case that the
selection of gunners in terms of verbal abilities would have done any ‘actual herm to the final output, it
certainly would have been wasteful and ineffective. Selection Would hive been based on the irrelevant

variance in the partial critetion of training grades (Thomdike, 1949, p. 1&@
and job performance.

criterion measures because they are conveniently %V le and-because they appear to possess a rather
satisfactory degree of reliability. These grades erali\\be predicted with fair success, and the research
worker may be lulled into g sense of satisfaci
Sometimes, of course, his satisfaction may

tifled, because the nature of the frainifg is basd on
essentially the same attributes as performance he job, The possibility is-always a real one, however, that
the Portion of academic achievement that we predict with our tests is not the part that is relevant to later
success on the job. Whether the criterion is grades or some other type of recofd, we must always examine it
critically to.judge whether the aspects of the critetion which we predict will be relevant for the ultimate goal
(Thorndike, 194?1 pp. 126:127). e .

" criterion for prediction, siccess in the course often had little influente on job success. One of Thorndike’s

.

and accomplishment by this success in predicting them. .

Since -an electronics training course has as its ultim;&objective job performance, the ultimate

. L ) .
AXf of this is prelude to my main thesis which is in no sense revolutionary, otiginal, or controversial 1 state it
because it is honored in the breach, It is that thg nature of our proficiency measures determines how we
select, classify, train, maintain and assess our human resources, If the measures are largely irrelevdnt’to the

* jobs we want done, we wil select the wrong men, dassify them incorrectly, and train them wrong. This is

true because these proficiency .measures are, or should.be, the criteria against which we validate our selection
and classification procedurés and ‘evaluate our training’ content and methodology or our
techniques. Thus, if T use a test of advanced electronics theory és the proficiency measure for jelectronics

maintenance and as the triterion against which to evaluate a test/for selecting men to go into tenance
training, 1 will end up choosing a selection test which gejects mén who are not well above ave
reading and arithmetic ability. In the procéss I might reject a great many who are outstanding injtheir ability
to get their hands on a piece of machinery and make it work. I might also accept a number who (like myself)
are. 30 lacking in the simplest manipulative ability that their hands could have been cut off at the wrists at
birth without serioyaly affecting their outputs, So, when | decided what proficiency measures/to use, I also
decided what kind of men I was,going to put into training for the job. ‘,4 , .

But it doesn’t end there. For wh 1 fiow approach the probkém of ho‘a to train m'e’ﬂ to perform tﬁe taslés
“involved in the job, I must make::,eds!ons about whatshould be taught and what methods should be used in

. teaching it. The only way I have of reaching such decisions {except by divination which is, admittedly, not a

raze procedure) is to measuregand compare the performancés achicyed with various curricula and

°

nt should be validated is the job for which .

methodologies.»So, in the case the electronics maintenance course, 1 put in lots of reading about -

elgctronics theory and I}pyo'du;pr aduates who can read andwrite electrondcs theory while their equipment,
deteriorates in Hopeless inoperativeness (Wallace, 1965b, p. 4). ‘ ?

"
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It should be obvious that one cannot hoge to paovide aPPropnate methods\ for evaluatmg mstructlonal D
_-outcomes uniess ht has a _clear idea of what those Qutcomes should be. Yet evaluations of -instructional . wa
£ programs are sometimes made in which criterion measures aré choseh because of their easy availability nather N
.. than through a careful study of what the students are supposed to be able to do asa consequence of trammg .
ws ¢ < (Frederiksen, 1962 p. 329). . » . . »f .

<The ‘problem is "made moré comple\x by tlle fact that a gven course oftenqs used -to tram many

.. individuals:to Wwork in a variety of jobs in the eléctronic field. To caryy the logic of an ultimate criterion to .

+ 7" its conclusion, each- of the jobs is an ubtimate critesion: To include-4ll .of these in a course or its

. . measurement -program would be intpossible. ‘This doés not mean, however, that we should i ignore the
+ °  prgblem of/prepanng people for spec:ﬁc job. tdsks that are common or of meaguring thelr proﬁmency in

P B s P

NYL
> > .
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# these tasks. We can examine the electronic.jobs as they’ exist today .and determine. thosetasks which are , . ¢

foand § in all or practlcally all électronic Jobs We can even predlct thlr ome degree Q£certamty the tasks of '\FV )
. -

‘ ~futurejobs < . : A R NP
. .)ﬁh"“'

T, . Thorndike (1949, p. 121)- dt,fferentlatec threé Categones of Griteria: ultlmate intermediate; and. ]

) immediate. He indicates that “A..really complete - ultlmate criterion'is multiple -and complex in almost ‘_ - LT

every-case.” He also'suggests that it-is possible-tokagree one certain final job behaviors as being the closest
approximation to the ultimate goal fredenksen makes the following- apphcable statement:

. T \
The objective, presumably, ls to get as close as is feasible po the ultlmate criterion; but as has Just beensegen, .,
whop one gels 1o close to the real-life situation, control of the condMions for adequate observation is lost. .
B Observatlons of real:life behavior is ordinarily nbt a suitable technique for measurement: The type of measure “
. tis recotﬂmended for fmgcona:dexatnon }n a training evaluation study is the type which most closely L
N approxunates the realfife: situation, that which, in this chaptes, has been called elciting lifelike behaVvior. If it >~
" is not feasible to wait for the behavxor to happeén in rgal life, t hen lifelike occasions can be provxded for the ‘-
i , behav&or to occur ina test sntuatlon(Ftedenksen, 1962, p. 334). - ., ‘ . - BN

-

. . ) Adrmtteglly, an examination made up of tasks removed from their actual jOb envxronment is not an .- ° .
altimate” criterion, test. Urider actual job situations, the graduate may have to perform t.hese‘tasks in

. &amped quarters, under stresses of time, noise, heat, or colds or with an excited boss mterfenng These -
. conditions of stress Jare. usually’ not ‘constant variables, but change from day to day and from hour to hour\
. . The asumpt"bn.usually has to be made, that the individual can perform a task under conditions~of stréss, -

- ‘provided he.can perform the same tisk well under normal conditions. A formal performance ¢xaminatien T

¢+ the lack of Job ‘stresses. Formal. , job task performiance, ex;ammatlons are the closest usable simulation of the
real mamtenance Jobs presently available. They are far bet&x than no performance tests at all. -}

. '.. o .
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2T ‘5 * 1118 \‘VHAT JOB ACTIVITIES SHOULD BE ‘MEASURED

. One of the problems wlnch has confronted the measurement psychologist when- he ‘has tried to .
dévelop job task performance tests for electronics maintenance has been a lack of a usable classification of ,
job activities which would be deﬁmtlve enough tg develop diagnostic test procedures. The problem has N
been to find categovies of behavior which are, mealgngful ta training’and maintenance personnel #hid which
. lump similér or closely rela 3«::
* - activities. In 1966, Folley discussed the job tasks of the electronic techmclan based on many sourcésin an
* _ ‘unpublished paper. FrOm the Folley discussion; the.writer developed the followmg llst of tasks or actmtles

s L 1L .lob activities or tasks associated “dthelectromc equlyment : . T

.~ . . -~

v\ a;  Performing equipment checkout procedures. * T i L . }
’ " 'b. ) Adjusting, aligning, and calibrating. . - ..

/ c. Replacmg‘of components removing and replacing. ' - -- N s

e C.odl , Isolating between~stage faults to partlcular state (or. functlonal umt or physlcally.
T repl%ceable umt) . ; “ o

1

e. ' lsolatmg w1thinastage faul%s to -defective component (tube solid state devxce coil
. ' capacttor reswtor etc) ’ “ ’

» s ‘,A ". . g : ‘l"a .
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N has its own sét of stresses, which may not.be the same'# job stresses, but their presence may tend to-offset e

behaviors into each category. In 1962, Bryan summarizéd and classified such : \
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2. Information gathering activities of electronio technician jobs .

a. Using..“osci}loscdpe to: (15 measure Voltage, (2) measure frequency, (3) compare
waveshape to waveshape standard, and (4) miake high accuracy time base rheasurements

ha »
>

and comparisons. . . H
te ’ N ', «
b. Using the electronic voltmeter to measure various ranges of vgclztages in electronic .
. - equipment, & : * ) ’ '

. > . : . R L3 .
Using the ohmmeter to measure direct-current resistance in electronic equipment.
5 . . L * .

d. Using the signal .generator to"inject standard or know signals into equipment for test
aooa « R

|
purposes. N - . ‘
e.  Usingthe ‘tube checker to estimate quality of elec}roqtubes. . - . i
\! f. 'Usingthe transistor chrecker to estimate quality of transistars. o |
, 3. Handtobl activities of eféctronic‘tecfmicia_ﬁjobs: ‘ o .— . " . ' ‘ .
a. * Using screwdrivers. - $ . ) oL ' -
. b Using pliers. ) ) . o ‘ l \4‘
¢.. Using diagonal cutters. ’
R ;, d. Using séldfe‘ring.iron.. : .
- e Using soldering gun. <o . , .
.. R Using wire strippers. \\ .3-';;?.\' ? d
g Using machinist;s wrezl:t:hgg?;‘.\_.'_"- . - :""‘ S ] ¥
S o o 4 |

“h. . Usinglight machffistls hammer.. <77 &
vt\-l\.

. T T T N g - ol L »,_. N
This list is not offéred”as an-alldnclusive list of job act vities but-one that can be considered common

* to_most of the jobs. It d0es notinclide admasffrative actiVities thatiate-pafipheralto actual maintenance -

activities, The five items in paragraph 1 of _thik‘.clqssiﬁchtiofi concern tasks 9r<activities associated with -

- %

many actual items of equipment with which the technicians work. The six it,em‘s':ixi paragraph 2 are

information gathering activities which all electronic technicians will encounter in the perfbﬁffaﬁé.éf’of the

.~ five equipitent activities. From a logical point of view, it would appear thag any training progyéirifthifhég.‘i‘k e .

.as jts objective the preparation of students to work with electronic hardware, should include a large amount ™~~_ "~
.of-practice in the use of such information gathering devices. Paragraph 3 includes most of the small tools - - -

S

used by electronic technicians. .

. B N . ) ’ : .
This classification represents 4 Yonvenient structure for the deyelopment of Job Task Performance -

Test_ (JTPT) procedures and eaccompanying scoring, schemes which"ﬁaye\ broad applicability, to specific g
electronics jobs and\Qlated training. L . ) i

.
. v_\

. 2“1V, CONTENT VALIDITY VS EMPIRICAL VALIDITY .
The maihtenance of .Défense hardware syé‘tkms:is an absolutely necessary activity, but' its cost V L
. . - fAN EAPREK : O s : RS A
extremely high. Is this maintenance cost_too high? No -one_really knows thé answer: And impostant -~ "*; 7.

utiknowns include the lack of-extensive har\d'dg'tavon the-efficiericy -and sKill of the maintenance techniciai- = - 7
and the lack-of extensive hard“data on the effectiveness of maintenanc€ training, By hard*d'a‘ﬁ*a?é“gﬁaﬁ/t S
empirically valid data. The limited amount of published data available fidicatesthiat, many-electroriic, ', ~
technicians are not adequately trained to perform the' tasks of their assigned jobs and that they do ng ?,’J»‘,’ =
ple Ve’

perform many of their job fasks with a high degree of proficiency (Andetsofi, 1962a; Fejley & Elliott”
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1967). Yet each Air Force electronic technician has a record of passing school marks and of a’iila_s’gi'{}g score / {-'., 1
- on the Specialty Knowledge Tests (SKT). But there are no hard data available on how well he can pe;f:?.n/ *"‘ﬁ .

Ao

. 03,

S

* the-actual tasks of his job, How valid then are the school marks and the SKT scores? It depends on wh :
type of validity we are talking aboit, The discussion that follows considers three types of validity:“Tact |
validity, content validity and empirical validity. . L . .
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"E Face VaItdzty means that ~the test Iooks as 1f it should be yahd (Lyman, 1971) / ’ h,;;’ B

" Content Valrdtry is somewhat similar to face valrdlty,but lslfmore system cfand soph;stxcated Other C . - *‘
’ nafnjes for it include logical vahdrty, course validity, curricular vahdity and textbodk/t’lahdlty :Both faceand

,cofitent validity are non«s«tat:sucal (Lyman, 1971) This definjtion of .content )lalrghty is applled 10 c‘burse Pt et
content Tests can be constructed to have Job'content vaitdtty This subjéct js discussed later. To obtam P
good content validity for'g \"course testing some sort of test blue prmt” is usualiy’ used to msure that all s L h
aspects of the subject matter or of the job.are adeQuately pled Y N

, .’} The tests given by teagﬁers or professors i m academxo educat;on situatn susually}{aveface vahdxty .
o 11 "they don’t, the students comf)lam If carefully greparéd sorne of thege téstsihave content (ér course) ° .

- validity. Many of the pencil- aﬂd paper block examinations given in Air Tramu'\gCQmmand technical courses . .

" have good content validity, since wide-use.is made Of test «‘blue prmt fojte,&t development The same canx *

be said for the carefully’ prepared Axr Force paperx and pencil SKT £

Empirical- Validity is criterion-referenced validity and “is nnphed ﬂpfpever no adjectxve is dsed to’ o
miodify vahdxty This sort of validity is m?{t rmportant -in pracrrcal situat s. How well doés the tést ST

] (,~

1’

” measure what- ‘we want it to? Empirical vali
tQ somé criterion (i.c., to some standard

performancej” (Lyman, l971)‘1nsome cases empmoal validrty ‘

/gives us the answer}iy mdicatmg how closely. the tests/telate R

hjfied by statrstical /means

/ -

is norf-statxstrcal in others, it must be defe

7 “!. If a.test could be constructed which' was an ‘ultimate cAtérion measure for ah electromc mauitenance .-
job, it would have per(ectaempmcal validity. It would, alsp,thaVe‘perf,eot Job! contegt validity because it. - - o
’ wduld' have to contain all of the job tasks performed i in a«imelob enyitonment. Alt!ioug[xthe tasks thatan -, *.
electromc’ rnarntenan /e technmian must perform can e 1denh§ed:‘mther cise}y,,thé envitonment in.
which eich task is petformed, var!es " from pert'ormance to»perfﬁmrdhce* '»lJ’(e* Hwe,cau‘hope forisa test -
envuonment which closely, approximates-a typical real lit'esituat’on. ?e § no. test-which4sa .
- pert‘ec}r ‘ultimate cnterion measu’re ther® i i no test that has petfect Mp ; c{l vaﬁdit% But if. jgb'tasks are-..

‘:/".

carefully and systematlcally
job; and the test subjects dre
.+ -job environment,
performance of e sélécted task is an m
made of such tésts’ has praétical emp}
presenting the, classification, of, mainfenah

reference for the sy:.terﬁatic7 selectyoﬁ of.y vical' job.
o tests -) The 5m15mcal validi of' a job‘relevmt

' / analysds £onsiders the stabisticalivali QA
kriowle detests W (al}‘ .dll
nreory tésts and jab knowle
e]entro theor& te t niay
sub]ect matter: called elet:trom th
j Jobicontent valldxty is obtalne COng
f;tas}ts’ Hovfevér, ¢ §ob sifu tiort
.;;’ {*fthe" b kitgwledje ts:tuation,
Thig s 2 ed”"to. ‘word™} relatnons}ﬁp

'/35

traming p
port the crite{t

selected for a test batfery, s as to bé.f}
required.to perform the selected tasks in‘W-environiment: -thaf" refleétsatypicals.
an-logically,be assumeq that we a(e‘as.close as feaﬁble'tq

!c’hpi

fe. critérion ¥ests: To ascertain; whetherrsu
] Stmon must be! démbi;;mfed wﬁh

nce technical traming;courses m the Department ot‘ Defen}e rmd their civilign cobqterpart&
ltrbnal educa jon aré prepa.nn;ﬂtci} studéntsjor
18 are achlev}e \can only:
d on' student .qnd graduate
‘.tq’mbe ap gd 1o all tests is “howwen does éach type of 1 s,t.measure

tbe«mthnate’crit'enon (The
dhal pqrformance test.) It can'alsd be'¢ assiimed th"at Al battery

ﬁcai\validity and ]q&cot\em validity:: (’m,e'main “purpose for "

task“s\in\the previous ) section was to: “provide a frame of
1 for- the development of nearultimate criterion_
t‘bat\e o, developed hasbeen obtained by the mapnerin’

, othef tésts which do not fequire 'the te tsub;ects,tp‘ )g real Jobtasks\'lhe next-section of this
S'F d tarq 38 gs of*a*fx,uiﬁber of tes g;fqthwatter type such as tﬁeory tésts and JOb

:-\£~ \‘ T s‘.‘ ,“'\

t,estsmay have some fy’ge\d‘co tent validrty,, e content‘vahdity ot‘ .
Hete,lfmn)ed by systematicallys
u’clrcawse content 4@]1

ghng\tjue contenf of‘tbe academic

drty s 1o 10b chtent~ ype of,
bkﬂowl“edge testﬂ)y askx txons about -sele  job."
tasks here‘asdn

¢ manner about)ob tasksr\ -

istrequired ioactually\ ffdrm the Job
jired to. verbalmirt
e.“deed” to “deé ”\ﬂation p réquired Qinear
a qu knowledge test haS*high empirival validity, ahigi
ai‘est having the. x‘equired 3 d"to “Jeed? {elationships ,

e&t is
erahin

the world of work,-How well the work objectives of .
!Eetermined by ‘the dmrnistration of tests‘ high
ability to perform theKey. fasks of their}o s,,,ln the
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"representmve of ‘the'tasks of the. ., .. .

AN

/' Awhich the battery has cdlfgtructed'.. ‘.2 nion-sta 1strcal type’ of vahdit)\ Such'a battery of tests- .-, N
J _ would bfe,job criterioft xét‘erpnc‘e"d"im ﬂi& a,nﬁﬁst‘s such tests are called-:criterion referenced»:!ob Task "‘2‘%‘@‘
! i Perfomrance Tests (3T1 g3 baiti qe&mes as cIose as is feasible to th¢" ultimate cﬁtenons{t oo T «:’
' “can bé:useddsnear ulttmate ¢ fo {he‘ on -of the practical statisiical empirical validfty of - ;:;;;
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.~ each test subject’s ability to pertjc’);m &Jhg Key-{asks:ofsthe job for which he is being trained or the job to ]

‘ " . which he is assigned.” The segtions_that follow ‘ﬁres'ent'_\y'hat has been-found in the research literature
) ' :conc’eming the gm%ilrical validity. of course/content and tife empirical validity of the various typ 1of tests

. - now.utilized, not ohly in maintenangé'.traini{ig‘gro'grams,}mt:a_lsc_), in field rfmint_enance'unitﬁ. PR ¢ .
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R " Since paper and _pexi,cil/tests and other substitutes axe/' ‘miich less'difficult to adminjster and 1 “\time
, . . . consurhing, they are qsed_gitensiyej)/a: measures.Of ac] '/vément—.jxamp'les of other substitute méasuzes
.+ » . "« include symbolic equipment tests,suchi.as. the Tab Test (Crowder, Morrison, & Demarge, 1954) a 8, the
Mujtiple-Alternative. Symbalic Froubleshooting Test (MAST) (Grings, Rigney, Bond, & Summers, 1933) as
well as. peer ratings and,.supervisors” ratings: Travers (1955) describes various sbstitutes foxy‘! ob
formance tésts such’ as oral qt;estiorfing', printed verbal tests (paper and pencil), and illustrated:or
pictorial tests. R C " P b ‘ @\‘
. - 4 - 13 PRV ,_' . * 4" =
. Res'earchs;eiridence}-hoyvévér,- gives/a rather low ‘ating to all of these substitutes. Table 1 shows -,
. correlations that have béen obtained by éomparingJob Tagk Performance Tests (JTPT) to theory tests, and *
to job knowledge tests.-The latter two'are paper and pencil tests. Table -1 also includes correlations with -~

¢ - school marks. In most Cases, }}ool/.ﬂ:rlgs have been heavilysweighted with the'paper and pencil test scorest
.An exarination ' f_g_?fsf tah ¢ jndicates that .the correjatiohs. of JTPT scores with theory test scorgs are .
T, e gén’qr}glﬁp}pn{é_&_ atl ,ﬁ;‘ér’tl’gn ivith')iobrkf_iowle'd'ge testsiss . . . -

po

o //-frbtjably, the mg;t/e)_gten/sijejswdy regarding spbstitutions of a paper and pencil achievement test for ’
i+ 5 actuab¥FPTwas'made as part, of Human Resources Research Office Project REPAIR (Brown, Zaynors, - °
. ¥, Bernstéin, & -Sheémiaker, 1959). To-check the effectiveness of the revised repair course against the '
‘E. . traditional course; 4 proficiency .battery made up of six separate tests was devised. The battery included
- folir JTPTJTBT-were ‘developed and:individually administered in the areas of troubleshooting, tést
) equfgment,ﬂié;iaiiﬁsl{ins’,_and alignment. Two paper and pencil -group’ tests were giveni on the use of
-.. maintenane manyals and the reading.of schematic diagrams. A seventh achievement test was developed

S. N upor the insistence of school personnel.that a paper and pencil test wa?_:egpired in liewof the four JTPT.
i , - . <-+This" tést ‘consisted of severity-seven, multiple choice items op’ topics of knowledge concerning
- N _troubfeshooting; use of schematics, use of test equipment, operation checks, and alignment. As presented in

wé. - Table 1, the cofrelation between. this achievement test and the performance troubleshooting test was 40; °

.

it éwith?ili@mept,fest, .28; the repairs skills, test, .19; with the test equipment, .29; with the paper and pencil '
c~oeoo 400 . manuals test, .S1; and with the paper and pencil schematic test, .51. The authors of the report state that, as o
-k ST -y ,would be egigected, the correlations are the lighest with other paper and pencil tests; namely, the’ni#nuals ’
tests-and schematic tests. The authors also state that although the achievement tests correlate positively . - .
- with.most of. thg(t'_)_ther tests in the battery, the correlations are not high enough to justify the use ofthe - -° =
pchigvement test as.a.substitute for.the battery.of JTPT. This statement also would apply to all other tests )
. présented inTable 1, = . . . . RV S ‘;
‘ The Saupe (1955) study. indicated somewhat higher correlations than the other;studies presented: The
; ... .+ comelation between, a‘t_rqub_leshooting,pgrforméﬂce test and a job knowledge test was .55 and with school " h
Wi T mitks, was..56. However, the troubleshooting problems were performed on a very simple radio receiver built '

TP ;= specifi€ally -'fér the stud){f,qq an open.chassis. The test subjects also used two very'simple test equipments —

P a_vglgp’;l}mme_tgg-and signal generator. All of the other studies used actual military electronic hardware of

A, 3’ -greatér .compleXity requiring. more compflex test equipment. . > {‘”
g‘} > ™ . Avfriore recent study, by Finucane ‘)(196_6)‘in‘ the field of épgine repait in the Arniy results in very

similar’ conclusions. The results of 2 JTPT on yariouyg;ﬁgctvs of engine maintenance were compared: with
P . . . job knowledge fests concerned .with the same engines”The correlation between the two types-of tests was
;- - - 3l;which js:within the same range as the findings relative. to the electronic maintenance field presented
AR . . "{Prev}o'{s::ly)b o~ _"‘4.’«,»’9,:»' i ) . . .

I e ??,5’Snin;:e* terQlééilOthhét tasks ?% cbnsidére,¢' the '~m<'>st'"~difﬁcult' r&ﬁbns{bﬂify of the maintei{kpce M
T gecﬁnigj_qn,_a great amount of the Yesearch and:development effort concerning electronic-training has been
devpted-to these tasks, Simulators, such as the- Tab Test (Crowder ét al., 1954), the MASTS fest (Grings et
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Table 1. Correlations Between Job-Task Performance 'I;e&ts and Theoty ~ - =
S v

. ) Tests, ggg Knowledge Tests, and School M ] i
< Type of Job Task ° Theory Job Knowl- ‘School
. Researchers Performagcc Test (JTPT) . Tests . edge Tests Marks
I R *
Anderson (1962a) Test Equipment JTPT z ,
Evans and Smith (1953) Troubleshooting JTPT . 24 & 36 J2& .10
Mackie et al., (1953) Troubleshooting JTPT « ~ .\~ .38
Saupe (1955) Troubleshooting JTPT 55 s
Brownetal, (1959). ° ! Troubleshootfng JTPT Ty - 440 o ?
' Test Equipment JTPT , N 29 .-
. Alignment JTPT ’ 28
. . Repair Skills JTPT ’ 19 il
Williams and Whitmore Troubleshooting JTPT
(1957) (Inexperiericed Subjects) 23 ‘ @
¢ (Experienced Subjects) 15 -
. Adjustment JTPT | - -
(Inexperienced Subjects) 02
C (Experienced Subjects) - 21 )
. }é&uismon Radar JTPT “ .
. fhnexperienced'Subjects) .03 36
N . '(Experienced Subjects) .14 22
Target Tracking Radar JTPT .
* (Inexperienced Subjects) 24 "33 . i
. (Experienced Subjects) 20 38
v Missile Tracking Radar JTPT:
' (Inexperienced Subjects) ~ - .09 15
" g (Experienced Subjects) - .19 32. »
’ : Computer FTPT '
- . (Inexperienced Subjects) 08" 24 Lo .
. (Experienced Subjects) 06 14
o .+ Total ITPT T,
. .{Inexperienced Subjects) 14, 1 .
: . ' (Experienced Subjects) =20
Crowderetal., (1954) - Troubleshooting JTPT . A1 18-32 \
" . ' ® l - . ' ‘ - 3 ~
< - 1, =
- al g ‘ ,‘ ’ ,
[ ‘: > - * '
. T ¢ : ' 9*
N 1
i ) ' 14 | L )
: 17 L
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al., 1953), and the similar AUTOMASTS test (Bryan etal,; 1959) have been developed. (The AUTOMASTS “

. test wag essentially a refined and automatrcally recordn\g form of thé MASTS test’) The Tab Test displayed

a schematic of the equipment. The subject lifted a tab"at each test point to obtain information normally
obtained by using test equipment on ffr'e real equipment. The MASTS test used corks instead of tabs, Two
studies were made concerning the effectiveness of the Tab Test. The mot extensive study by Crowder et
al., (1954) found correlations_of .12 and .16 for two forms of the Tab Test with JTPT Evans and Smith
(1953) found a correlation of 07 using similar tests. The MASTS and AUTOMAST tests were not
compared with real equ;pment JTPT tests. Several more recent studies have indicated that the electronic
technicians t%fed could.not btain information from their test equrpments accurately (An&erson 19622;
rious electronic technicians used as subjects for the above correlation studies
ould accouht in part for such Jow correlatrons

. ) Peer ratmgs and supemsors ratings also are pgor indices of technicians’ capabrlrtres to perform job

- tasks. Crowder et al., (1954) found that results of XTPT correlated only .16 with supervisors’ ratings and
23 with peer ratings. Anderson (1962a) found vafous correlatrons from .19 to 41 between, JTPT and
. supervisors’ ratxngs Wilson has indicated that: . . .

Hrgh mtercorrelatron of rating scales despite. great and extensive cfforts to define ratmg variables in mutually
exclusive manners have rendered ratmgs disappointing to anyone doing research in the field of selection and
have almost eliminated their value in training stndres (Wilson, 1962 pp. 370-371).

'Ihomdrke gives an example in which arrplane commanders were rated while going through operational
combat training. A rating on “likeableness” correlated highest of any of the ten traits rated with overall
rating of suitability for combat flying (Thor(ldlke 1947). The Finucane (1966) study cited earier indicated _
an insignificant correlation of .J4 betwe TPT of -engine maintenance ]obs and the commander’s
evaluatron report, which was a rating scalgl ~NRating scales-based on supgrvisors’ opinion of how their

A technicians perform have not been verysuccessful as measunng devices., _ Yo

This writer’s opinion is that much more work can be done tmmproc;symbolic maintenance tests as
substitutes for JTPT. In the opinion “of the. writer, higher correlations: oflld" possibly be qbtamed by a
different approach to the development of -symbolic substitute tests. .&A study of the Tab—’l‘ests report of
Crowder et'al., (1954) indicates that the JTPT used as the, ‘critérion ‘héasure contained mahy distractions
_and interruptions to the subject’s troubl'eshootmg strategy (cognitive process) such as usmg test equipment
‘to obtain test point information. In. addition to such interruptions to the cognitive process, the subject can
obtain faulty test point information by i improper tse of his test equrpment In the symbolic substitute Tab
Tests all of these potential pitfalls' of the actual task were avoided. The subject was given a printed test
point readout. The injection of equrvalent pltfalls into symbolic substltutes would possibly increase their
émpirical validity. S : o By

Such tests, however in their alrrenrstage of development, cannot be used ;izs substitutes for actual
JTPT with great confidence. Althor.?r job_ knowledge paper and pencil tests abpgt the various job tasks

., appear to be somewhat bettet thanfabstract “theory tests for measuring sub]ects .ability to perform job

" tasks, their correlatipns with criterion JTPT have, not been very high. The measuring devices that are being .
used as substrtutes are oertamly not good enough to replace JTPT in electronic trarmngmrsek and in ﬁefd.
mamtenance units.’ < -

[ . e
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TBCHNOLOGY OF 'l‘RAlNlNG DEVELOPMENT AND THE CONTENT OF FORMAL
. ELECTRONIC MAINTENANCE PkooRAMs
" "Modem technology for develo‘pment traimng programs isbased on a systems approach (Eckstrand
1964). The application of the systems appr%aeh as described by Eckstrand-would result in a job oriented
training program- that would produce men capable of perforrmng effectively the tasks of the jobs for which
they are bemg trained. ° <l

?

“A key eiement of the technologyi; the care used in deriving training objectives based on a systematic
identification of the tasks of the job orjobs for which a training program 1s~lng developed, followed by a
" systématic analysis of the identified tasks. The second key element is as important as the first. At the time
the objectives are being fotmulated Ahe cfiteriont meaaures are also being developed. Based on the analysis

+

. =




s : ' - 3

E . ‘e

'y

of each identified task, the content of the training program;is developed. The criterion measures are based
on the objectives of the training program not on its conterit. ' °

AN ' e .
After students complete the training program, they-must pass the criterion measures. A student
should pot graduate Gntll he achieves the criterion. If a large number of students fail the criterion tests, the
cont;ﬂD of the training should be modified until a major part of the student population cdn achieve the

- critefion. In the case of the training of electronic:te chnicians, a job task identification would result in some

-

mix of the tasks mentioned previously as they apply to the specific hardware to be maintained. The
objectives of electrbnic maintenance training programs, which are developed using this systems, approach),
should be the training of personnel to perform the tasks of their maintenance jobs'effectively. Aécordingly,
the criterion measures should be designed to ascertain that the graduates can in fact perform these job

tasks. The name now generally applied to such criterion measures which prescribe a “go, no-go”

performance standard is criterion referenced measures (Glaser & Klaus, 1962).”

The development of the core of current electronic maintenance training programs predates by many
years the technology of training desctibed above. Their current patterii of content is a product-of the World
War Il maintenance training efforts (Foley, 1967b) although some of the content prédates World War I1. All
of these courses contained the study of electronic theory followed by the study ‘of equipment tb be
maintained. The equipiment portion of such courses in all cases-inicluded a study of the theory of Gperation
including circuit analysis. The equipment portion usually included “hands on” training, suchas checkout,
alignment and troubleshooting.’ The amount of such ‘“hands en” actigity varied from training center to

training ¢énter and at first éven from instructor to insfructor. - .

The source of electronic theory*and equipment theory of operat&n portion of these cou&eswas the
electronic engineering design community . Thesé materials were academic in-fature and traditional academic

testing procedures were used to measure them — mostly of the paper and pencil, multiple-choice objective’

type. The “hands on” training content was not determined in any Systematic way as;would riow be required
by the systems approach to training development. It was usually determined by. what. instructors ofa
training program decided it should ‘be.-f‘i'he measurement of each student’s success was forced into the,

grading system-used in the academic portion of the course. -~ N "3

¢

">*During World War I, cfleckjrobm_s were establishéd in technical schools of the Army Air Force. éoth

‘written and practical (JTPT) were tarefully developed afid. administered. In most cases the proficiéncy”

measures used were of thé norm referenced ty (Gldser & Klaus, 1962; Eckstrand, 1964). This pattern of
training and measurement continued with impro ments in job relevance until the mid-1950s. - »

In the.late 1950s, many checkrooms were eliminated and the “hands on” equipient #fining was
greatly reduced because of the expeénse. The result. was modification -of equipment training to the
orientation, “hands off” type. The measurement of the success in such training could only be of the'paper
anid ‘pencil variety. At this time the electronic"training programs lost practically all of their job orientation

- and ‘the use of JTPT almost, disappeared. The learning to perform ‘actual job tasks was delayed until 2

graduate was assigned to a field maintenance unit. _ * - A SN e
’ .

N . \ L - v .
The theory _c)\&tent of the training programs wis retained with little change and each student’s

. success, in learning theory continued to Be measured primarily by norm referenced papet and pencil tests
_ Which are the appropriate instruments for measuring this type of material. The question is how much does

such learning contributé to a‘technician’s ability to. perform the tasks of his job. And such relevance should
not bé assumed as true without proof. (Formal mechanical maintenance training has been more job

oriented-than electronic maintenance- training. The fMmechanical trainting retained its job orientation even

when the use of JTPT was de-emphasized.) , >

. Although action was_taken beginning in’ 1968 to increa’semtb_g\ use of JTPT in conjunction with
equipment training, the electronic training programs haye retained their great theory orientation. All of a
student’s scores from JTPT and from paper and pencil theory and equipment knowledge tests are combined

into' a single course.score. Most of the.tets from which the stident scores are obtained are based on the .
. content of the training program and siot from task content of the jobs to which graduates are assigned. Asa
- result, these training programs do not truly refléct the modemn technology for course development;

criterion referenced tests. ." : ‘ .

déscribed previously, nor do. they reflect the recommended procedures for measuring course objectives by




~<VII. WHY FORyAL JOB’T’AS‘K PERFORMANCE TESTS ARE NOT USED EORE EXTENSIVELY

Even though paper and pencil tests in their current state of developmerilt have been shown to be very
poor substitutes for actual JTPT, the use of paper and pencil tests still persists. The question, therefore, is
raised as to Why JTPT are not used. Harris and,Mackie (1962) report a study concerning factors influenging

the yse:of JTPT in the Navy. They have summarized the reasong)for not usiqg/‘such tests as follows:
The discrepancy between the generally favorable attitude's of both supervisors and instructors toward the

concept of practical performance tests and the most limited use being made of them was a result of problems
connected with their @eve]opment and implementation. Their infeasibility was the’prinary reason mentioned
by supervisors and instsuctors for not. using performance tests. A related reason — tests had not been

developed of were not available = was mentioned frequently by a supervisor ’boq operating activities.

« ¥ . »
The most prominent barrier, in the minds of supervisors and instructors, to the use of practical performance
tests was the degrec to which the time necessaty for testing must be taken from that required for carrying out
the primary mission of the activity or school. Performance tests weie generally felt to require too much
cquipment time and too much personnel time to be feasible (Harris & Mackie, 1962, pp. 4-5)-

, .Often the amount of time required to administer a good performance test is rather great. The performance

. tests used in the study by Williams and Whitmore (1959), required approximately eight hours to administer.
The four performance tests used in project REPAJR required a total of approximately ten hours (Brown et

. al,, 1959). But in view‘of the ‘relevance of JTPT to the job objectives of electronic training courses, thetlow
validity of symbolic substitutes for these tests, and" the high cost of electronics technical training,’the
rationale of {‘tog little time available” is very weak. - : ’ v

Another,serious impediment to ‘the use of JTPT is the lack of information on how to construct good *
JTPT. There are many textbooks on written tests. The onlx. text inaterial of any magnitude that the writer
has been able to find was a chapter in Micheels. and Kamnes (1950),;;_Ihe;?ocational education literature
indicates thaf considerable emphasis has been placed on the development of job oriented course objectives
and job relevant curricula’ materials. But very little emphasis or attention has been given to approp ate
measurement procedures for ascertaining that these job ‘objectives have been achieved. Instead® of
developing their own measurement; literature, vocational edugdtors have .attempted to follow’the
measurement practices that have beerf developed by and for theag:ﬁemic comminity. This is a very sakious

. weakness in the field of vocational education sincé what:is formally tested is usually taught better and
: learned better than those curriculum items which-are not tgsted (See Figure'l). ' . b

: \ .

The Armament Systems Personnel Research Laboratory (ASPRL), at-Lowry Air Force Base,
Colorado, a laboratory of the Air Force Personnel ‘and Training' Research Center (AFPTRC), supported a
rather-comprehensive research and development effort concerning the measurement of job performance.
One of the resultssof. their work was'4 Guide for Use™in Performance Testing. in Air Force Technical
Schools (Highland, 1955). But it was published at about the same time that checkrooms were being

- abolished and perfp‘rman?e measurement was being de-emphasized in Air Training Command, Although its
use in its present form isgot recommended, there is certainly a need for-such a guide on how todevelop

and use criterion (réferericed JTPT. As noted by Eckstrand (1964), this-is a soft area in- thg modem
technology of traisiing. It is too much'to expect technical training personnehto prepare good JTPT without
adequate in-depth guidance. (AFPTRC and” ASPRL were abolished ingl958. esult, this ghportant -

.

measurement work was discontinued. For a short summaty of thé work of AFPTRC see Glaser, 1984.)

’ . : ‘ oo 7.
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VII. THE JOB VALIDITY OF THEORY IN ELECTRONIC
TECHNICIAN COURSES S -5

It is often contended that & knowledge of theory is an essential part of an electronics technician’s
training since such knowledge gives the technicians the broad background necessary to perform many types
of maintenance acfivities. The published literature presents no hard data to support- this widely held .
contention. However, there are several published studies which support the hypothesis that a knowledge of
theory as measured by paper and pencil tests does not insure the ability to perform maintenance tasks. In
fact, there is some convincing evidence that there s little relationship between true ability to perform job
tasks and knowledge of theéory as.measured-by paper and pencil tests. * : IO
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Lyman (1971) makes the
tests, Performance tests as useéd iff Lyman's discussior;m‘h ave r8ference to all types of performance whether
they be verbal, manipulative; or complex. Since the word “performance” is used in conjunctiomwith, job
task performance tests, ghe term "“effort” is used here jn order to avoid ‘confusion. When%ﬁ_ formal
examination is given by a teacher, each.student usually makes a rather intense effort to prepare*for the
examination and also makes a maximum effort during the examination, Micheels and-Karnes {1950) Fnagke

interesting comments about this effect of tests on learniag. - . <

Tests Provide an Incentive for Application: In order to.gain an understanding of the interest of students in
test results, one has only to observe their reactions wheh test papers are returned for review and discussion, If
'there is any question about this point, consider your own experiences when you were on the receiving end of
“the tests. Think of the times you have put forth extra effort in getting ready for a fest. Some readers will still
be very much concerned with their ability to pass the tests that are constructed by their instructors. They
will agree-with thé autbors that knowledge of a'fonhcojping test is a powerful motive to start studying.
- - 1

-

.t would be nice {perhaps) if all j_tudents in a-school were_inte-rBsted in légming all they possibly could
whether or not a check were made on their progress. T)hls. however, is not the case A few will put forth their

> best efforts whether or nof tests are‘given. Biit the majgrity, will work harder jf they know that they are to be .

held accountable for what has been taught, Generally, the-instructor who administgry. the most rigid programs ¥
. of evaluation gets the greatest amount of work ‘out of his students. AN - < f

. Y . . . .

There is one danger in using tests and test results as an incentive to _§tudents to 'a"pply t#emselv&s.to’work and
, Study. Their interest in marks can be a duperficial ong.which easily leads to éfforteto “hit the test” rather , _
- than learn the subject matter for its value how and if‘the future. Students who study primarily to pass tests

usually forget the material n.uch fasterthan those who are interested in learning because of the values to be

derived. A positive suggestion is this: Give rigid tests; give them frequently; but design tests that require your

<studen‘ito make application df what has been taught'{Micheels & Karnes, 1950,9. 89). ’

Students tend to study those things most likely,to appear on examinations. Therefore, it Tollows that

students in electronic courses usually study theory and job knowledge, rather than practice job
performance, All such odurses use paper and pencil tests of theory and job knowledge. It is safe to assume

‘] that at least some electronic technology ‘courses can be found in which no formal examinations G tests are

given concerning thé students’ ability to perform job fasks. e X

In other courses each student may perform the same tasks in his laboratory or ‘shop practice, tasks,
which should appear in job task performange tests. jfn lieu, of a performance test score, he wil be given a
grade or ‘score on the work of hjs laboratory manual. Ordinarily, the work done.in the lahoratqyy.is.of the
"typicql” éffort type rather than the “‘maximum’' ti{'pe {Lymani, 1971). The student is not.faced with the
problem of having to d&monstrate his ability to perform these tasks in a formal examinatibn, Under these
conditions, he will not'spend as large an amount of time wigorously practicing jQb behaviors as he will

| practicing the 'verbal :behaviors required by the fofmal written examinations. The student also makes a

special effort during thef‘d_TPT. The writer has observed students practicing such task behaviors on their own
time in preparation for such performance tests°1;eachers also tend to ptace more emphasis on. teaching

+

istinction between maximum gerformance tests and typichl performance

formally tests behaviors- than they db on teaching those behaviors evaluated in some dess damanding |

Q
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/ Figure 1. Effect of tests on learning effort.
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Williams @nd Whitmore ('1959) reported a study in Wh.lch a verbal theory examlnatlon and a Job
sample performance t@st were given to graduates of an Army electronic maintenance course. A writteh
theory and job kngudgdge test was developed to measure the retention of the knowledge acquired by
technicians during theit school training in electronics. The performance, test was ‘made up-of actual job

. problems using -actual field aguipment. Both tests were administered to 91 graduates at the time they
- completed school, and both tests were admrmstered to gnother group of 98 gradudtes with from 1 to 57
months of field’ experience (mean 19 months) who had prevrously?completed the same trammg Among the
resulting conclusions were the follo?n o - 1 '

* a Thmenenced goup s red lu er on the pert‘ormanoe tesh but}ower on théavriften test than did {

the rnexpenenccd group, with a trend ard higher pert‘ormanoe and lower writtefl scores as the amount-of

field experience increased, and b, the contrashng results in the wrjtten tests scores following gaduatron raise .

a question as to whether some ot‘ the material in the NIKE AJA lFC Marntepance Caursg is relevant o the

. ! ficld job (Willrarns & Whitmore, 1959 p:tii). - o ' -

The written examination uséd by Williams ahd Whltmore wag based or® the content ot' the United
States Army NIKE course and the performance test used sampled the dctual job behiaviors. The correlation
between the results of paper and pencil theory test and JTPT are very,low Williais and, Whithore found
only a .144 correlation between- basic electronic (theory) paper and pencil test scores and JTPT scores for
inexperienced graduates. For experienced graduates, the cofrelation was .196. A student’s performance on
tests of knowledge of theory seems to tgl very little about his akility to perform job tasks. Also, it does not
pred1ct his ability to learn such job t very well. The'first of five recommendatlons of thls study was
that:
The Air Defense School review the training ob)ectrves fgr ﬂé NIKE AJS( lFC SRechnicians course. and s
; analyze current course content to determine ts job zelevance, and some t‘orrﬁ of the performance tests -
3 * developed in this study be used to evaluate the effects of any changes made in the NIKE' AJAX course

_ (Williams & Whitmore, 1959, B iti). - o s t .

Several other studies, such as Brown et al., (1'959), and Shriver (1960), t;ast.further hght on the lack
of job relevance in much of the theory content of electronic technology courSes Anderson (1962b) made a
- . study of the amount. of mathematics used by Navy electromc teglnucians d_found that very ljttle Was, s,

students.

Examples of 13K of delevance _in many c
dehonstrated by careful analyses of these, items.

°

\

\

actually used on the job: The mathematical conten;rof these ¢ courses makes them very difficult for many %

&

l& rriculum items of the “Haditional theory, cour§es can be

A casual,

uncntrcal examinatron of the same items could

-

result in the conclusion that they are relevant. The szjett of the Vacuum tulié voltmeter'is presented as'an
example. On the _]Ob the technician is required to‘use this meter daily, and he should be ‘able to use it
precisely. In a _]Ob oriented training program, the’student leams' to use’a vacuum ‘tube” voltmeter by
practicing its variqus uses. He leams to hook up the meter tq the proper points in the equipment being
tested, to select. the proper voltage range of the meteys switch, and to read voltage. values accurately on the ;
proper scales of ‘the meter display. In thrs situation, he pays little attefition tothe internal theory of

"‘operation of the vacuum tube voltmeter, much as the driver ot' an automoBtle normally pays httle attention.
to how the engine in his automobile W8rks while he is driving. . .

In a theory course, under the«same heading of vacuum tube voltmeter, the $tudent leams a drt't'erent

set of behaviors — the aBilrty to verbalizé and to analyze how the-circuits of the meter are designed using a

_symbolic representatron or schematic. It is possible for him toJearn"such behaviors and never actually use

or see a voltmeter. The latter behaviors are séldom, if ever, required of thy chnician.on hJs~_)ob Although

. such verbal knowledge probably does the student no harnm it certalhly con butes little to his ability to use

the vacuum tube voltmeter in job situationss Foley (1969) reports that Air Force technicians, who had been
upgraded on the basis of a job knowledge tests could not use gest equrpment accurately when given a JIPT.
Anderson (1962a) reports a similar situation in the Na\5y - ¥

Finucane (1966) reports an Army situation of: an apparent spare partf.shoﬁage for the repair oft
engines. An investigation indioated that repairmen were discarding good parts” a3 being ‘faulty. The
investigation also indicated by use of JTPT that the repairmen gould not locate and identify, defective parts
even though they had béen upgraded on the balis of a job knowledge test. Elljétt and  Joyce:(1968) and
Shriver, Fink, and Trexler (1964) have demOnstrated that electronic job tasks can be perfonned By subjects
with httle or no knowledge of traditional theory or principles. Such slibjects, however must be proﬁcrent
in the use of test equrpment handtools, and well designed job performance aids. , . *

N , L
'

‘s

/

a

‘r




8

&

v

""" maintenance job tasks) and norm reference

- . ‘

The job oriented studles summanzed in Foley (19670b) 1nd1cated that students graduating fro,m job
.oriented courses, in which they received considerable practice in performing job tasks, were able to perform
the assigned job tasks almost ;mmgd:ately Students of similar aptitude, graduating from theory oriented
courses were not able, to perform the same job tasks until after‘five or six months of expenence On the job.
The results of a number of independent cntlcal examinations of the theory content of various Armed
Forces electronic technician courses, in light of actual job content, are the bases for concluding that
traditional theory content has doubtful relevance to the tasks of jobs for which personnel are being
prepared. & - ‘ “ *

In view.of existing evidence, the yalld:ty of the contention that a knowledge of electronic theory is a
necessary prerequxsnte for thg performance of electronic maintenance tasks is suspect. Even though fhis '
contention..is dee;;iy imbedded ifi the culture of the electronic maintenance community (Figure 2), it
certainly’ shoulg be sub]ected to a large’ scale, objective, controlled evaluation to determine its empirical
validity. However, as long as the learning of electronic theory s a stated objective of electronic maintenance |
courses, students should be teésted ds to how well they learn this subject matter. The approfmater
instruments for such measurement are paper and pencil tests. But the results obtained from such paper and “
pencil measurements should be reported separately from the results obtained from criterion referenced
.ITPT C , . . . . ‘

* * IX. GRADES, MARKS, AND TEST SCORES. _

‘¢, . -

" The Armérican sctiool tradition requires some form of a grading system. A search of the literaturegn M
the Education Index reveals that a great many amcles are produced each year on this subject. No ref; ples -

were found in the same indek regardmg the criterion problem, the answers to which are basxc to good

tésting and grading procedures. Stanley (1964) says that “changing scores into grades is at best'a rathes

prbltmry process, and this arbitrariness is further complicated by the public-relations aspects of reporting to

‘Parents.” Grades, however, can be no better than-the test ‘procedures that, produce them and because of

their Ilmltatlons, probably not as good. Even if the tests used in a coursesdo refleét the objectives of the

course, grades will not be completely satisfactory as Travers (1950) indicates: “Any system of assigning

grades 1nev11ably includes many unsatlsfactory elements since the scale does not, and poss:bly cannot, meet

* the criteria of a satlst‘actory measuring dewce S

) Staniey (1964) indicates that most modem report cards contain both grades and checklist items.
Scholastic achievement is usually measured by a.letter system such°as “A, B, C, D, F,” while citizenship is
indicated by an adjective system such as S (Superior), N (Normal), and U (Unsatisfactory). He indicates
that achievement, as measured by tests, should not be combined with characteristics evaluated subjectlvely
such as “effort,” punctuality, deportment and neatness of work. If the results of testing are to be réported
accurately in the gradlng system used for electronic training courses, the achievement grades should not
reflect effort. Such a"practice decteases the validity of. the grades as indicators of"a student’s proﬁc1ency in
the job task performance objectives of the?course . ' -

As previously discussed,-criterion ge(ﬁenced JTPT (used to measure ability to perform electromc K
paper-and pen‘cil tests (used to measure electronic theory and °
job kmowledge) are to a great extent measunng dlfferent factors and are based on different measurement
technology. Grades derived from each’source should be reported separately. This would permit the users of
grades to make separate K)udgements about these two aspects ofmthe training program’ as indicated by -
Fredenksen , M _ .

Criterion measures which more .accurately reflect the objectives of instruction and which yrmit judgementy .
- to be made separately. about various aspects of the teaching program are needed. i

In recent ycars there seems to have been a rapndly growing awareness of the need for training evaluation énd
4 =for developing proficiency measures for use in evaluation which better reflects the sought-for outcomes of *
instruction (Erederiksen,, 1962 p. 323). - . . A

¢

Unless separate grades are reported, it wﬂl be impdssibleto determine the effectiveness of the theory:
aspects and the job aspects for electtonic technology education in job success follow-up.studies. Separate ¢ .
grades also canbe ]usuﬁed on the bases of better communications. Travers,(l950) indicates tﬂat . )
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Due to tkaditional influences the elimination of traditional theory is probably i’mposible at this time.} .
Perhaps substantial reductions could be made gradually, Some of the real reasons for the persistent. , .
demands for theory should be examined. In spite of the expenmental evudenoe to the contrary, many L

glectronics teachers and many employers of’ graduates , demand-'a knowledge of traditional electronic
fundamentals, Pickering and Anderson found this attitude.among supervisorsin a 1966 follow-up study of
. - oraduates who had completed an expenmental performa riented electronic-t echnology course in they °*

Navy, . . -
. . 3 .
o *  Prelimipary follow-up results indicate that the exporimental ET {electronic technicians) ﬁraduates havebeen 2
'Y - genagyally well received in the fleat. However, it-is also clear that a subtle but widespread bias adainst them .
e . exists. For example, saveral superylsors have made comments similat to this: X Is a good man. He's done -

evevythlng~‘l ve asked him to do. Of course, twouldn t assign him to a really difficuilt job because.he hash‘t -

had enough theory.” Judgments of limited capabilities are being made Independent of objective evidénce,
. Regular ET A school graduates have successfully completed a.complex and difficuit training program that has v,
placed emphasis on the attainment of knowledge about theoretical concepts and demonstration of capacity.. .
to manijpulate eiectronic relationships mathematucally ET'¢ as a group, are justly proud of theif - ,g)c
accomplishménts. The experimental ET school graduates aré not considered part 6f this oroup. What effegtm .,
i . , these attitudes will have on the careers of the experimental ET's is not yet evident, but the atﬂtudes arp réal p
. . enough (Pickering & Anderson, 1966, ? 39).

i ':‘ " i the supervisor js an electroﬁnc technician, he has successfully corﬁpleted a rather Iengthy and{ . . i
difficult electronic theory or fundomemals course and hg now is able to pgrform thé job tasks of an} . .
.J:electropic technician, at least sufficiently well to “‘get by.” Everf ¢hough he probably learned to perform
most. of these tasks on the job over a period of several years, he may firmly believe that completing the e
dlfflculzitheory course is the key, to his success as an electronic technician. A new man is not one of the ”
group'““iiless he has been initiated §in the same way. The new man will not be pemutted to demonstrate h|s -
-ability' to perforrh until .he demonstrates that he can give "llp service’* to the theory The writer has|
experienced this same unquestioned belief in“the vaiue of theory in,his contacts wnh Iarge numbers of Air] =~ .
Force, Army, and Navy school and field personnel. He.also has found the same bids'amang most of the], '
(cwnllan electronic tqchnology course insttuctors he has contacted Tbe requirement that technicians have
sych a . knowledge of theory has been ‘further " nemforced i #1he Department of Defense by the

theory-onented job knovyledge tests that each person must pasﬂ')efore he is promoted from appremlce to
e, specnalust to technician, . ’
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A’ grade system is a measuring scale, but before it can be used as such, it is necessary to know what it is
< 4 measuring. At the present time, student grades are used to measure‘at least three different things. The grades A\
given by one teather may- -indicate 'the extent to which the goals of the course have been achieved in the
" -students, The grades gwen by a second teacher may indicate the relative amount of progress made by a
student, The grades given by a third may indicate the relative standing of the students (greding on the curve).
., According to the system of the second teacher, a ‘student who starts a course with a poor backgr nd and
- finishes with average proficiency nay.deserve a better grade than one who starts out with a good ba
and finishes the course with a high level of achievement. A school.should determine what is fo be measured
. by grades so that those who use the cumulative records may know how to interpret them. Most cumulate v o
- reco4rgs cannot be interpreted because the grades of different teachers mean different things (Travers, 1950, ¢
' . p. 145). . ’

w  Scores for electronic jOb task, performance tests have long‘ been a problem especially where
« discrimination is desired. In course achievement tests; *‘go, no-go” standard of performance within a time
hrmt can be applied, as}eported by Williams and Whitmore (1959). They obtained a differential score by
converting time required to successfully complete' the task into a standard score. Hansen (1958) who has

studied the relative merits of electronic troubleshootmg Job-task performance test scores, has recommended
| that several scores be used: =

‘e

x

¢ - 1. “Time required to complete the checklist actlvmes in sympt'bm-seekmg phase of the test.” The
writer has classified this type of behavior as clieckout procedures. .

2. “Time required to complete the trouble-location phase of actrvrty »* This is srmrlar to the Williams

T and Whrtmore (1959) procedure. ) . oo
3. “Number of discrete steps of trouble- locatmg activity”  ~ - ‘ _
" .4. “Number of efroneous replacement units.” (Hansen, 1958, pp 4:142) , ‘.. L
Non® of these suggestions is truly satisfactory. The whole problem of,how to score and report the
. results of JTPT is certainly a worthy area of exploratory dgvelopment.: Olre promising solution to the

discrimination problem has been suggested by Dr. Gordon Eckstrand of the Advanced Systems Division of
the Air Force Human Resources Labaratory, i.e., the training time that isrequired by a student to reach a -
'\ “go,qi0-go” standard of performance for each task tested. A variation of this approach would be the
. number of testing atteimpts required to reach criterion on each JTPT. In the meantime, whatever scores-are
used to determine the ‘theoty grades and job task performance grades, and the meaning of ese two types
of grades ‘based on different scoring systems should be adequately communicated to tfg,‘ users of these
grades. In order to-further jncrease the meaningfulness of the job task performance grade’ e writer would
recommend that it be supplemented by a list of activities inclyded in the course job task performance
measurement system, together with-an adjective rating of each student’s quality of per?rn nce for each

activity. Such a pyofile of a student’s job task proficiency would also emphasize the portance of this
‘course objective to the students, instructor, schoogadministrators, and maintenance supervisors.
. . ' » ) . } ‘. e . . R
.. X. SUMMARY AND CONCLUSIONS - . Y

. i

1. This report represents an in-depth analysis of the state-of-the-art concerning measurement procedures
for ascertaining the job proficiency of electronic maintenanccpersonnel It is based primarily on a review of
the literature made as part of the writer’s doctoral dissertation (1967a). It also, reflects several other efforts
" and”events supported by the Advanced Systerns Division, Air Force Human Resources Laboratory,
Wright-Patterson Air Force Base,. Ohio,.including a biblidgraphy on the measurement of maintenance
personnel prepared by Dr. Askren (1963), a paper on the status of technology of training by Dr. Eckstrand
(1964), a field survey of maintenance practice (Folley & Hlliott, 1967), a 1966 conference on the
* Assessment of Complexed Operational Tasks arranged and reported by Dr, Chiles (1967); and a 1968
conference on human factors testing arranged and chaired-by Mr.. Snyder (Snyder etal, 1969) L

2. The first consideration that should be addressed when a test is belhg developed is what is 1t.supposed to,
measure. Whatever it is supposed to be measuring is its criterion. In the case of tests concerning the ability

_ to perform electronic’ mdintenance, the® ultimate criterion, therefore, is the tasks of electronic maintenance

. » performed in their job environment. For testing purposes it is usually impossible to sinfulate all of the
cpndmons of such an ultimate eriterion and at the same standardize test conditions. But it is po;sible to’
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require the test subject to den:)Nrate that he can perform key tasks of this job removed from their actual .
job environment. A performance tdst battery. made up of such tasks is considered to be very close to the

ultimate criterion. The difference between the réal world and the simulation of the real world for testing

purposes is'called the criferion problem, Many times paper and pencil job knowledge tests or supervisors’
ratings are swbstituted for hear ultimatd criterion tests, making the criterion problem greater. The farther
removed from the critetion that testing procedures become, the:more the danger that the tests are not truly )
measuring what ‘they are supposed to be measuring. The degree to which tests relate to the criterion is  wy
called the degree of empirical validity. ' ’ . N

°

+ " "3 THis report: indicates that.two very serious criterion problems exist in many electronic training
programs, ‘The empirical validity of the paper and penci} tests used to measure student achieggment'has not .
been determingd and the job relevance of much of the trjning content has not beenascertained. -

~

4. The full application of modern-training development téghnology based on asystems approach supplies a
realistic sodution to both the problems. A key element of thetechnology is the care used in deriving training .
: objectives based on a sysfe tic identification of the tasks of the job or jobs for which the training program
.- - \is being developed,"follown;}éﬁy a systemati¢ analysis of each identified task. A second key element i as .
' important 4s’the first. At' the- time ‘the objectives dre being Tyrmulated the criterion measures are also being
developed. Based on the analysis of each identified task, the content of the job oriented training program is
developed. The criterion measures are based on the objectives of the training program, not on the content
, of the training program. The criterion measures, appropriate for determining student achievement, in
, electronic maintenance courses developed in this manner, are Job Task Performance Tests (JTPT).

5. The development of the core content and structure of current electronic maintenance training programs
1 predated by many years the modern course development technology. The core content of these ‘courses ..,
reflect the influence of the electronic design engineering community. The courses are theory oriented and
% feflect the subject matter structure found in most electronic engineering programs. The tests used to
: determineistudent achievement are based on the content of this acadentic subject matter and are.of a paper
. and pencil variety, which of course are appropriate for measuring academic achievement. %

- 6. In addition to this more or less standard theory content, current electronic maintenance training also
contains instruction on typical electronit equipments or sets. Such instruction may be theory oriented or.
job oriented or both. But the job orientation of such training programs has not been achieved in the careful

) manner recommended by. the modern technology for training development. Some JTPT are administered
- ) but the main ‘thrust of measurement is of the paper and pencil job knowledge type. The scores obtained
o0 from all theory, job knowledge, and performance tests are combined to produce a single score indicating
s school success. This is an inappropriateaction. Most .paper and pencil tests measure student ‘success in
learniing theory and job knowledge, and are norm-referened. JTPT measure ability to perform keyjob . -
tasks andare criterion-referenced. Mixing the two types of scores gives a meanirigless result.. - :

7. The graduate of such training programs is assigned as an apprentice to a field maintenance unit where he,
 receives on-thejob-training which is certainly job oriented. However, he seldom if ever is given formal JTPT
Lo "to determine how well he can perform the key tasks of his job assignment. His advancement fo the

journeyman level is greatly .dependent on His abifity to pass a paper and pencil Specialty Knowledge Test
which is of the job knowledge test variety. - , :

8. The above analysis of current electronic training and testing practice indicates that great reliance is
placed on paper and pencil theory and job knowledge tests for determining training and job success almost
to the exclusion of criterion JTPT. This volume identifies, consolidates and reviews.the data found in the
available reported research concerning’the empirical validity of paper and pencil theory and job lgﬁowledge
tests and school marks. The correlations, obtained when the results of most of these tests have been
compared with the results of applicable JTPT, are very low. This would indicate that the empirical validity
for most of these paper and pencil instruments as well as school marks obtainell from combining their
A results is suspect. The limited amount of research Niterature found concerning peer ratings and supervisor’s

: ratings also wouild indicate that their empirical validity is suspect. ° T

“

9. Several paper and pencil tests concerning troubleshooting such' as the Tab Test-and the -

- Multiple-Aliernative Symbol Trouble (MAST) Test are reported in the literature. It would séem that such
tests would test the coﬁnitive factors of troubleshooting. However, the comp’é‘rison of the.results of these
tests and the results obtained from JTPT reflecting the same equipment troubles produced father low
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. Howeveﬁruch of thns research would also apply to mechanical mamtenance

' The resuits ot' both these JTPT eoniractyal efforts are reported in AFHRLTR-74-57 (ll),(l’arts Land lI)

correlations, In the opinion of the writer, the JTPT contained many distractions; normally present on the

< job, that the tests based on the pure cogmtrve processes did not contain, Considering this, the empirical
validity of such paper and pencil symbolic substitutes could possibly be improved by further development -
and refinement. In view of ‘the g)'(pens!(e equipment requirements for most JTPT, the development of

symbohc substitutes of high empific

- 10. There ny studies concermng the relative effectiveness of theory onented and Job oriented
"electronic maifitenance training reported in the literature. The results of these studies indicate that the ~
gra”dﬁates of the job oriented training programs are able to-perform productlve work immediately upon
assignment to field maintenance units. The criterion’ of sehool success in thése courses is the abiligy to pass
JTPT, rathier.than paper ‘and pencil tests.on theory and job knowledge -The percent of students of high .
electronic aptrtude who successfully complete either theory oriented of jub oriented training is about the
same. A much higher peicent of students of medium (not low) aptitude successfully complete job oriented

" training. In some cases almost no medium aptitude students are able to; successfully complete the theorSr
. portion of the theory oriented.programs. * .. - . . %

11. Such results would ‘indicate that much of the theory: content of tradrtional electromc training
programs, is not relevant tq the performance of the maintenance tasks performed by personnel in theu' first
enlistments: However, the contention that a 'knowledge of theory is a necessary prerequisité to the
successful performance of maingenance is deeply imbédded in the culture of the electronidmaintenapce
communify. But there is no' doubt that this prerequisite adds greatly to the personnel costs of the Air
Eorce P . ar : i

- ; ., .
12. - This report has ideptified many problems and questions concermng Air Force maintenance. These
probléms and questions concem the adeq.uaey and efficlency of the personnel selection procedures, the - - ~
personne} training pro¢edures, and field maintenance practlc:.sI Since most of the reported research has

concerned electronic mau;tenance this reporf has been concerned primarily with this type of maintenance.

~~

la. ’I‘he ﬁndmgs and analyses of this volume indicate an urgent requuement for well planned, adequately )
.funded, comprehensive exploratory and advanced- development programs for systematrcally addressing and

- solving these problems. The first effort of such a program wouls‘be 2 coinpiehensive, an} in-depth stidy,
- based on hard data, concerning how well maintenance men canperform the  key "tasks of theéirjobs. Such,an
)n-depth study would provide a needed base and feedback for-follow on‘studies for the tmprovements of %

- - b

\%. 14‘ A se‘uous gap in the modem technology of training development is.the lack of adegtiate gurdance n_
.how to develop and-administer cntenon referenced TTPT. Priorto thé work on criterion referenced

suppo ed since the late 1950s. Fheré is an urgent requirement for a modern guide'on how.to develop JTPT

for mitary-technical trauung and civitian voc3tional ttuining. 5 N 5,
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. Based \-—tﬁe analyseé and eonclusions presented in this volume, several actronsvhave already beeg p \‘*\ N

- taken. - . e

_IWA contractural effort te ted inuythe development of, Job Task Performance &ests. (JTPT) an S
- appropriat® scoring schemes fo# €ach of the key electronic "maintenance job actrvitiesé,rgdentiﬁed in this>; >
volume (Contract F33615-69-C—l232) The work statement for this contract is supplied asaAppendtx A‘,~<
u

t

2> A follow-on contractual effort reeulted in' the development of-a detailed Test Adnmﬁtmfom Manual a’"
. training program’for Test Adin fors and a limifed tryout of the JTPT (Contract.E33615-70-C: 1695)
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3. Two other follow-on contractual efforts were initiated, which tesulted in tfxe development and limjted
validation of both graphic and video symbolic substitutes for each'type of job activity for which JTPT had

. . ’ . L .
1. Comprehensive exploritory and advanced development programs should be established and adequately
funded that systematically identify and solve problems™ concerning maintenante practice 1{\ the field, and
i . problems concerning the selection and training of maintenance personnel.

o\ ’ .. 2. Amwcessary first effort of such programs should be a comprehensive and in-depth-study, based on hard
' \ data, concerning how well maintenance men can perform the key tasks of their jobs. Such an in-depth
... stydy would require the development and use of JTPT for electronic and mechanical maintenance jobs. The

been déveloped (Contracts F33615-70-C-1550 and F33615-71C-1 505). The results of these efforts are :

reported in AFHRL-TR-74-57 (Volumes Ml and IV). - o
- . v - . * .

Recommeridations * : ' ' -

2

v arm Aot

. results would produce criteria for detgrmining the validity of persoinel selection and training programis. -
A "3 A moderitguide on how to devklop JTPT for maintenance jobs should be developed. Such a“gui&e to
~ - should"be dn-on-gemg effort. Thissguide should be developed now, based on our current “iknow how.’ The: '
S guide should be up@%ed periodically as more expertise and sophistication in the developinent and se of o 2
T such tests.aré achievedl. . ; L

' * -t '. % \‘i PN
4. In training programs in which both paper and pencil tg:sts.and JTPT are administered, their results. \; '\ ;_‘
. should be reported separately. The results of JTPT: should be reported in the form of a profile rather.than »
i ‘under the umbrella of a single meaningless score. A e ’ ST
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APPENDIX A: WORK STAIEMENT,FOR CONTgACT o ‘

R F33615 69C-1232 CONCERNING DEVELOPMENT OF CRITERION REFERENCED

- ~— .

i o JOB TASK PERFORMANCE TESTS . ‘*
. 4 , - . \ - ,{.

St - .This work statement reflects x;he *findings and recommendat:ions of
AFHRL-TR-74-57(I) as well as ot:her- ‘efforts and events of ‘the Advanced
: Y Systems Division of the.Air Iiorce Human Resources Laboratory indicat:ed
, in that volume. This 8 Novem%er 1968 version of the work st:a;ement was
b -. . ihcluded in the contract:. However; the first drdft .vas acomp;eted in
. " June 1968. .It is included here ,to dicate the information'iand
" directions made available to t:he con ractor at the t::lme he st:art:ed his
explofatory development: effort:.
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y development as criteria for future development of symbolic tests. ..

A l appropriate scoring scheme for use with each measure. It is antici- ] .

' " Date: 68 Nov 08 . Y
DEVELOPMENT OF JOB- TASK _PERFORMANCE MEASUREMENT - !
' PROCEDURES FOR ELECTRONICS MAINTE&ANCE AQFIVITIES )

1 .0 INTRODUCTION (Objective):. The primary purpose of the effort_ is
to develop adequate procedures for méasuring the ability of subjects °
. to per form each type’of job activity described and to develop an " " "

pated that these measuring procedures and scoring schemes will have
general applicability for measuring ap individual’s ability to perform .
maintenance activities for a particular weapon system or equipment.. -
Thege job-task performance tests will be used in later egploratory L "

2.0 SCOPE:, The vehf&le for developing these measurement procedures
will be the Radar Set AN/APN 147, _the accompanying computer set AN/ASN
35, and their associated test equipment. Job-task perfbrmance tests
and appropriate scoring schemes shall be developed for job ‘tagks ’ —_
activities associated with this electronic system, for information o
gathering activities (using test equipment), and for handtodl -acti-
vities. The test procedures sed for measuring ‘the job- ~activities
) » associated with the-electronic ‘equipment should.be .applicable: to any
W electronic system but the tests will be developed for the AN/APN 147-
‘ AN/ASN 35 system. The performance tests concerning the:use®of each Lf
. ' test. équipment will include all the capabilities-of fﬁertest equipment: N
The handtodél tests will be)limited to, the handtool activities associ-- .*- -
ated with the AN/APN 147-AN/ASN 35 syhcem. ‘

X

RSET

’ : .
T s

3.0 -GENERAL BACKGROUND: Th’ present day electronics, technical train-f
» ing ‘programs, many formal paper and pencil tests are utilized for 7 .
. measuring and predicting student achfevement. Regsearch in ascertaining ' N
the effectiveness of such paper and pencil predictive and achievement N N
tests, in-:ascertaining the effectiveness of various training methods, .4
and in determining on-the-job effectivéness of.electronics repairmen g
“and technicians ’has been hampered. by a lack of job-task performance i
measuresent and . scoring procedures for various job activities. Recent ' e
“study of these activities has resulted in a plan for developing 1 .
effective measurement procedures. * -Rather. than developing one test and .
. . " one scoring procedure for the entire~range of job a stivities, the . oy LT
A ﬁ* .development of an appropriate_tésting-procedure and scoring scheme for,
L each of several classes of job activities of electronic.technicians is” ¥ . L
s ﬁproposed. This. exploratory deve10pmqpt effort is but the first step .
of a plan for improving.the effectiveness of Air Force measuremeiit.. . St
The sugcessful development of valid .and workable procedures will provide .
' % 1 the information for greatly improving the effectiveness of training and v
AN 'of job performance aids. They will provide a criteria for -ascertaining
g the effectiveness of cutrent predictive and achievement measurement: ..
3 2;' practices, They will also.be used as criterid “for future exploratory e "
S T -development of valid ‘paper and pencil substitutes. ’ L
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3.1. Applicable Docgments List: A comprehensive search has been
made of the measurement literature including a DDC bibliography search.
The most applicable technical reports, books, and articles are listed.
f 3.1.1 Technical Rep‘rts. These reports §ré%bn file at the
AR Defense Documentation Center (DDC), Cameron Station, Alexandria,
S Virginia 22314. Each report’s DDC number is included in its descrip-.
" tion below; i.e., AD __ . They can also be obtained from the
Clearinghouse for Federal Scientific and Technical Information (CFSTI),
$ills Building, 5285 Port' Royal Koad, Springfleld, Virginia 22151. ’
(Since all of the references which appeared here in this work statement
are included in"the references of this volume, only the author and year
of publication are given here and include: Anderson (1962&), Brown et
.. al. (1959), Crowder et al. (1954)., Grings et al: (1953), Harris and
Mackie (1962), Mackie et al. (1953, and William and Whitmore (1959).
In addition, the contractor wag given a copy of Foley (1967a) )

J
. 3.1.2 Boé@s. (Frederiksen (1962), Super and Crites (1962),
Thorndike - (1949) and Wilson (1962). )

> . 3. 1 3 Articles. (Jenkins, 1946, Wallace, 1965) '

4 0 TECHNICAL REQUIREMENTS/TASKS." L
4 1 Areas of Consideration:.. It is emphasized that the primary ;
objective of this effort is the development of: adequate measuring, @' .
procedures and appropriate scoring schemes for the various job activi- RO
_ties of electronic technicians, These procedhres and scoring, schemes S B
, should haye general applicability for measuring job' effectiveness ip ool
any electronic maintenance career: field. An ‘electronic maintenance : s
technician performs maintenaﬂ%e tasks on an @lectronics system or group .2
«of systems making use of the capabilities of electronic tést equipment ~ :
+ to obtain information about bis systems. ge maintenance tdsks - R AT
include the use of appropriate handtools. is)effort isfaimed &t the " :
diagnostic measure of all the activities included in the maintenance .
process. . oL "R

by

£,
! RO

4, 2 Tasks to be Performed : o e
——————-—-—————zgégr—- _ IR " o
_ 4.2;1 The Development of(Jdb-Tégk Performance Tests for *
8 Job_Activities Associated with Electronic Equipment. The- contractor:
* - .shall develop measurement procedures and -appropriate scoring schemes. -~
i for each of the following activities associated with the:maintenance i_ °,
of electronic equipment: (1) pexforming equipment checkout procedures° )
* (2) adjusting and aligning; (3) isolating“between-stage faukts*to . S
‘ particular state (or functional unit or physically replaceable unit), LA R
(4) isolating within-stage faults to defective comgponentgy such ‘as. ~4~"&
. tubes, solid state devices, coil, capacitors or‘resistors' and" (5) S
: /replacing of defective components: The,contractor shall afso -bé; R
required to state his rationafe for seiéction of the particula“’ - :
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measurement procedure and scoring scheme for each type of activities. ¥ -
These procedures will be demonstrate by developing perfprmance test . ‘
appropriate scoring scheme for meas:’ring the adequacy of each of the T

following AN/APN 147-AN/ASN 35 main tenance activities: .. i
A i,yc'r - . *
4.2.1.1 The entire%checkout procedure for ‘the ‘ .
" AN/APN 147~ AN/ASN 35 system (1 test). . y;; '
_ ] 4.2.1.2 All of the%alignment procedures for this -
system (] test). - - o B

2
4.2.1.3 Selected typical adjustments found{in the
system (5 -tests). All adjustments should be identified and five (5) .
should be selected. These should be adjustments ofher than the routine - :
‘‘front panel’’ adjustments made during the checkout procedure. T v -

i 4,2.1.4 Localization of between-stage .faults to a , '
particular stage (or functional unit or physically replaceable unit) (1 ) ‘(_
"test with variable “trotubles). This testing procedure should "be such ). . ‘.
that any defective unit could be inserted in the system and be = ° - , = = 2
'identified as defective. . } b C

\ 4 2.1. S Isolatiod’of within-stage fault to defective
-component (10 tests 4 one for each of 10 selected stages). All stages
- or functional units should be identified and the 10 most typical stages ¢
or functional units should be selected. Each test should be ¢en= - ‘
structed so that difffrent defective components can be inserted in the !

stage. : - , ) Eﬁy , ) )
i 8. 4.2:1.6 Removal and replacement of defective com-
ponents (10 tests) JIdentify all types of Component removal and
. replacement actions for the AN/APN 147-AN/ASN 35'system. - Select ten
(10) typical components removadl and’ replacement operations for .this
system and deve10p a test for each of these operations.

4.2.2 The Development oﬁ'Job-Task Performance Tests for
Information Gathering Activities Associated with Electronic Equipment ’ .
Maintenance. The contractor shall develop measurement procedures and cs
appropriate scoring schemes for each of the following information . é
gathering activities:. (1) using osgilloscope to measure voltage and B
frequency, to compare waveshape standard and to make high accuragy -
time base measurements and comparisons; (2) using ohmmeter to measure . -
direct-current resistance “n electronie equipment; (3) using signal : .

- generator to inject standard or known‘signals to equipment.-for’ test
purpose 3 (4) using .tube -checker to estimate quality of %ransistors.
The test equipfent normally used with the AN/APN 147-AN/ASN 35 system
will be used as vehicles for developing the performance tests. °However, (/

the performance test developed for each.test equipment will sample the
fuil tange of capabilities-of~each test équipment and  will not. {
limited to only those- capabil&ties required for maintenance of the

¢ i i
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.AN/APN 147- AN/ASN 35 systen.

Performance testg v'ri*l_*lu be ,p"repared”fo‘r
the gollowing test equipment: < .

’
- Y

4.2,2,1 Tektronix Model 545A° Orc.B Oscilloscope

~/ a 4 2,2.2 Model SOSA - vacuu;n tube voltohnnneter - -t

One test for testing of measuring voltage
(all scales) e ‘
. One test for measuring resistance (all . X

. . scales) . ‘ . s

§

4.2.23, Model WV 97:= RCA Em:l'c Voltohmmeter

One.test for measuring vol“tage (all \scales)
" One test for measuring resistance (ali
scales) . | L o .
- . ’ ‘ % : ! hid : -: . \.4
¢ 4.2,2.4° Model sG- 85/URM-25 RF oignal Generator /

'

ot : 4.2.2.5 Model TS 382D/U Audio Oscillator ) -

4.2.2.6 Model CHA SG4A Test Set . -

« ' %2

.4.2.2.7 Model CMA 546A Test Set . ; °

' e - -

} . 4 2, g 8 Model TS 148-Spectrum Analyzer "~- e

, 4.2.2. 9. Modél TV-2 Tube Checker s ,‘ e

to i . ‘ T
. 4.2.2.10 Model 1890M-Transistor Checker < ; /\ oL

4,2.3 The Developméiit of Job- Task Performance Tests for the L
l Activities of Electronic Technicians, The ultimate‘objectiye 55

- required for use with most electronic equipmentss ‘This’ effort Qill SRR
'hawever, be "limited to the handtool operations required to support "the )
maintefinnce activities of the AN/APN 147-AN/ASN 35 system, -The majority -
of the andtool operations--are required to support .the? remove and -~ - :
replace activities. “The contract:or wi}l.l be required to accomplish T
- the fol owing. : , R o LT '
e P
r &4, 2 3. 1 Ideutify each type of soldering“’i’task in.
7°AN/ASN 35 sgstem S T T AT

- . R < 2. R PR ,.n

. -

r -

AN/APN R
Lo N . e ERREET ’ o

N 4,2 '3 2- Prepare a soldering exercise for each type
-, of sold ring task.and to develop a scoring scheme reflecting the relative

-
i LY
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r * ' . : . | )

quality of performance of each exercise. Congideration should be A o
j?ven to the use of the R~F Probe in the measuring scheme. (See ~
eference para=- 3.1.1.7 above.) .9 . '

k]

- 4, 2 3.3 Using the' list of remove a&: replace tasks
developed for 243 1.6 above, identify the handtools quired for the

. mechanical portions of these activities‘ A test and scoring scheme o
should be developed to reflect the ;elative quality of performance for ‘
each of these- handtools. “a

¢ \

5.0 REPORTS AND DATA TO BE DELI%ERED'

BOO1 - Progress Reports in accordance with Exhibit B, 19 Jun 1968.
; B002 = Job-Task Performance Measurement Procedures for Electronic
Maintenance Activities in accordance with Exhibit B, 19
Jun 68. .
“ B003 - Technical Report in accordance with Exhibit B, 19 Jun 68.
¢ g i
6.0 SPECIAL CONSIDERATIONS,mﬁwé i ‘o

“r

; 6. 1 Requirements for Contract Personnel: The rancipal inresti- C ‘ '-ﬂ

_gator and the senior contract scientist must be mature individuals who

had had successful experience in the  development of job performance v
tests, which were used in controlled experiment(s) and ‘reported in published
document(s). Samples and descriptions of these ‘tests must also be available
for inspection. It will be necessary,for these individUals to work on milita
sites in cooperation with operational personnel, It is, therefore, desirable
that each of these individuals have had previous experienoe as electronic” ~

techniciéhs in one of the military services. All contract personnel working ;i -

. on this research efforts will require SECRET clearances? . 3 ] _X o

- -1 o RO

6 2 Adr Force Support: :,-/. . .

" 6.2, 1 Government Furnished Propertx The contractor will be " ’
furnished the- following property as indicated within 30 days of the R S
effective date of‘the: contract. - ¢ .- "

) . 6.2:1.1 The AN/APN-147 - AN/ASN 35 system.

7 Thes systsmﬁwill be available ‘for the "' . L

. X contradfor’s use at Wright-Patterson AFB, e,

¢ ~N ¥, K

N OhiO. ! . ;I"

- ' e A

Lo 6 2.1, 2 Applicable electronic test equipment. ‘ ‘ . f%

L ¢ : ' This equipment will be available for tpe : jzﬁ

: . contractor s use at- Wright-Patterson AFB,‘ . RS

- . * .Ohio. ‘ A : S
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6.2.1.3 Copies of applicable maintenance technical

. oxders.

.
i
H

Ay

. ) These~wt11 be furnished for use at con-
tractor facilities.
\

6.2.2 Air Force Personnel: The Air Force will furnish a
maximum limit of three technicians as subjects for tryout of the per-
formance tests., These subjects will be made available at an Air Force
installation. The Air Force contract technical monitor will make
appropriate arrangements for this tryout at the appropriate time.

The arrangements also will include sufficient appropriate space for
the tryout. .
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