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PREFACE

This report represents a portion of the exploratory developmen t program of the
Advan ced Systems Division . Air Force Human Resources Laboratory , Wrigh t-Patterson
Air Force Base, Ohio.

This paper was presented at a tn -service symposium on Criterion L~ veIopment for
Milita ry Jobs , San Antonio , Texas , 23— 24 June 1977.

The preparation of this report was documented unde r task 171010 , Evaluating the
performance of Air Force Operators and Techn icians of project 1710, Training for
Advanced Air Force Systems. The effo rt represented by this volume was identified as
work unit 17101007. Dr. Ross L Morgan was the task and project scientist.
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OVERVIEW OF ADVANCED SYSTEMS DIVISION
CRITERION RESEARC H (MAINTENANCE)

L INTRODU C~lON individua l ’s ability to drive automobiles . To
measure such ability completely we would have to

The Advanced Systems Division (AS) of Air devise a test that would measure his ability to per-
Force Human Resources Laboratory (AFHRL) has form all driving tasks of all automobiles, on all
had two separate and distinct criterion R&D types of roads , in all traffic conditions , under all
programs—one concerning pilot performance , and types of weather conditions , whether he is being
the other concerning maintenance performance. observed or not. It is obvious that it would be
Today 1 am addressing our maintenance pro gram . virtually impossible to meet all of these conditions

Maintenance of hardware is currentl y an ex- under practical testing conditions. We, therefore ,
settle for a less rigorous test criterion. We assumetremely costly operation for the Department of that he can drive any automobile adequately, if heDefense (DOD). High maintenance cost is the demonstrates in a performance test that he canprimary cau se of high systems ownership cost. For perform most driving tasks in one automobile, insome electronic maintenance specialities, nearly normal traffic , while being observed.one year of broad form al training is given first

enlistment personnel. And maintenance training But many times, it is inconvenient and con-
generally is long and costly. Even with such sidered too costly to administer even such a driver
lengthy training, the efficiency of maintenance performance test and an attempt is made to
could be greatly improved. Improved job instruc- develop a paper-and-pencil test which will deter-
tions and information, as well as increased use of min e that an individual can drive adequately. But
job (task) oriented training have great potential for such a test cannot be considered to be a valid sub-
decreasin g maintenance training time and im- stitute , unless a high empirical relationship to the
proving the job performance of maintenance tasks. criterion measure can be demonstrated . In the

But , to maximize such potential and to ensure practical world of test development , the driver per-
formance test would be considered an adequate ,

more efficient maintenance , the criteria for the near ultimate criterion test for validation of such aselection , training, assignment , and prom otion of
maintenance men should be the demonst rated paper-and-pencil substitute. Many times such a

ability of maintenance personnel to perform the paper-and-penc il test is used without being vali-

tasks of their jobs. To enforce such criteria, the dated against such a near ultimate criterion test.
The use of such an unvalidated test would be ankey job tasks must be identified and the ability to

perform identified tasks must be ascertained. Since extremely dangerous practice , since it is assumed

the ability to perform many or most of the identi- by most users that it measures an individual’s

fled tasks will not be part of the normal repertoire ability to drive, when in fact , we are not sure what
it is measuring.of those being selected for jobs, appropriate action

must be taken to develop the ability to perform This criterion problem has long plagued
job tasks. Of course , these actions are 4’easier said measurement theorists and practitioners , as well as
than done.” curriculum researchers. The use of job tasks , and

performance examinations based on these tasks as
near ultimate criteri a for evaluation of selection

II. ThE CRITERION PROBLEM devices, was first emphasized as a result of the
work of Army and Navy measurement psycho-

If we can produce a measuring device that logists during World War II. In 1946, Jenkins
actually measures the ability to perform the de- discussed the problem in light of the experiences
sired behaviors under all the desired conditions, we of Navy psychologists in an article in the American
have an ultimate criterion measure. But the fact , Psychologist , entitled “Validity for What?”
that we usually cannot develop such a device , Psychologists in general tend ed to accept
forces us to settle for a secondary criterion the tacit assumption that criteria were either
measure which le , at best , somewhat different than given of God or just to be found ly ing
the ultimate. As we see it , this difference between about . . . .  The novice of 1940, searchIng
the real worl d and the simulation of the real world through many textbooks and much journal

literature would have been led to conclude(for testing purposes) is the criterion problem. that expendiency dictated the choice of cr1-
A common example of such a criterion problem tena and that the convenient availability of

a criterio n was more importarl than itspresents itself when we attempt to measu re an adequacy.

5
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In 1964, the late Rains Wallace presented a paper achieved wi th  var ious  curricula and
at the annual convention of American Psycho- methodologies. So, in the case of the elec-
logical Association (APA), which also appeared in tro nics maintenance cou rse . I ru t  in lots of

the American Psychologist (Wallace , I965a). It reading about electronics theory and I
produce graduates who can read and write

indic ated that much of what Jenkins said in 1946 electro nics theory while their equipment
was still true. deter iorates in hopeless inoperativeness

(Wallace . 1965b , p.~4).
In the 18 ye ars which have foll owed , we
have become wleer and sadder about the cr1- Influenced in part by the above statement , we
tenon problem. If we have not accom- at the Advanced Systems Division decided to dopu shed a great deal, if we tend to use the something about the criterion problem as itexpedient criterion with the comforting
thought that some day we will get down to applied to main tenance. And although our work
constructing better ones, if we concentrate was at times delayed and sidetracked , twelve years
on criteria that are predictable rather than later we do have some R&D completed which we
appropriat e, we do operate with varying can talk about. However , the grim and vividlevels of guilt feelings. We have not done
much about it , but we know we should, picture that Rains Wallace painted in 1965 is still

tru e for most of the operational Air Force.
In 1965 , Wallace presented another paper , in

wh ich he addressed the criterion problem very Our approach to the criterion problem has been
succinctly as it applies to electronic maintenance, to study and analyze both measurement literature

and main tenance jobs , and to develop job task
All of this is prelude to my mai n thesis performance tests (J1’PT) for key maintenance
which ‘is in no sense revolutionary, original , t asks which we re selected on the basis of theseor controve rsial. I state it because it is
honored in the breach. It is that the nature analyses. We developed these Jill’ to be as near to
of our proficiency measures determines how ultimate job criteria as possible in keeping with the
we select , classify, train , maintai n and assess following suggestion of Frederiksen:
our human resources. If the measures are
largely irrelevant to the jobs we want done , The objective , presumably, is to get as close
we will select the wrong men , classify them as is feasible to the ultimate criterion; but as
incorrectly , and train them wro ng. This is has just been seen , when one gets too close
true because these proficiency measures ace , to the real-life situation. control of the con-
or should be. the criteria against which we dition s for ad equate observation is lost.
validate our selectio n and classificatio n pro- Observa t ion  of rea l - l i fe  behav ior is
cedures and evaluate our tr aining content ordinarily not a suitable technique for
and methodology or our supervisory tech- measurement. The typ e of measure that is
niques. Thus, if I use a test of advanced recommended for first consideration in a
e lec t ron ics  theory as the proficiency tra ining evaluation study is the type which
measure for electronics maintenance and as most closely approximates the real-life situa-
the criterion against which to evaluate a test tion , that which, in this chapter , has been
fo r selecting men to go into maintenance called eliciting lifelike behavior. If it is not
training , I will end up choosing a selection feasible to wait for the behavior to happen
test Which rejects men who ate not well in real life, then lifelike occasions can be
above average in both reading and arithme - provided for the behavior to occ ur in a test
tic ability. In the process I might reject a situation(Fred erikse n , 1962 , p.334).
great many who are outstanding in their
ability to get their hands on a piece of Admittedly, an exam ination made up of tasks
machinery and make it work. I might also removed from their actual job environment is not
accept a number who (lik e myself) are so an ultimate criterion test. Unde r actual job situa-
lacking in the simplest manip ulative ability tions, the graduate may have to perform thesethat th eir hands could have been cut off at
the  wr i s t s  a t  birt h without seriousiy tasks in cramped quarters ; under stresses of time ,
affecting their outputs. So, when I decid ed noise, heat , or cold; or with an excited boss inter-
what proficiency measures to use, I also feting. These conditions of stress are usually not
decided what kind of men I was going to constant variables , but change from day-to-dayput into tra ining for the job , and from hour-to-hour. The assumption usually
Rut it doesn’t end there . F or  when I now has to be made that the individual can perform a
approach the problem of how to train men task under conditions of stress , provided he can
to perform the task s invo lvcd in the job , I perform the same task well under normal con-must m ake decnions about what should be
taugh t and what methods should be USed in ditions. A formal performance examination has its
teaching it. The only way I ha ve of reaching own set of stresses, which may not be the same as
such decisions (except by divinatio n which job stresses, but their presence may tend to offse t
i. admittedly, not a ra re procedure) is to the lack of job stresses. Form al , job task perform -measure and compare the performancea ance e x a m i n a t i o n s  are the  dosest usable

simulation of the real maintenan ce jobs presently
available. They are far better than no perform ance
tests at all .

6 
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IlL REVIEW OF PERFORM ANCE MEASUREMENT nance tasks. The measures of effectiveness of
(PM) LITERATURE formal trainin g programs for the electronic mainte-

nance  specialties include scores from paper-In regard to the literature reviews and analyses and-pencil job knowled ge tests, as well as theorymade for PM (Foley, 1967 , 1974), many valuable tests. Students in these electro nic maintenancePM effo rt s have been reported by the Army, Navy , courses receive little if any “hands-on” practice inand Air Force. However , most of these efforts their maintenance tasks.have not been system atic effo rts , having as their
prime objective the improvement of the state•of- The selection tests for both mechanical and
the-art of PM. Rather , they hav e been ad hoc PM electronic maintenance specialties have been stand-
developments to support job oriented training ardized against composite scores from paper-
research programs. A notable exception was the and-pencil tests. This means that the people
work of the Air Force Personnel and Training selected for the maintenance specialties have been
Research Center (AFPTRC) Maintenance Labora- selected not on their aptitude for performing the
tory. (Another more recent systematic Army tasks of their maintenance jobs , but on their apti-
effort , accomplished by the Hum an Resources tude for making high scores on paper-and-pencil ,
Research  Organization (HumRRO) was not theory and job knowledge tests.
cove red in these reviews (Vineberg et al., l970a, The specialty knowledge test (SKI) and the
1970b : Vineberg & Taylor. 1972a , 1972b). AS to promotion fitness examination (PFE) used for
civilian R&D , during the initial PM literature advancement up the maintenance career ladders
review (Foley, 1967), a serious attempt was made also are paper-and-p encil job knowledge tests. At
to identif y and include the results of PM R&D the present time, throughout his whole career , a
f r o m  the c i v i l i a n  v o c a t i o n a l  e d u c a t i o n  maintenance specialist is not required to demon-
establishment. None was found. strate on fo rmal J 1’PTs that he can efficiently and

A substantial outcome of the review of other effectively perform the tasks of his job.
PM effort s was a consolidation of research results
concerning the correlations between results of PM

IV. THE MAN-MACHINE INTERFACEfor various maintenance tasks and paper-and-pencil FOR MAINTENANCEtheory tests, job knowledge tests , and school
marks. As to their value for measuring ability to The maintenance R&D supported by AS has
perform maintenance tasks , this research evidence emphasized the man-machine interface. From this
gives a low rating to all of these paper-and-pencil point of view , PM for all personnel associated with
based measure s of school and job success. Table I machine systems must determin e the ability of
shows correlations that have been obtained by such personnel to perform tasks generated by the
comparing J TPT to theory tests , and to job- man-m achin e interface. Al though there may be
knowledge tests. The latter two are paper-and- some overlap, most of the task functions de-
pencil tests . Table 1 also includes correlations of manded by a machine system of its operatorJ TPT with school marks. As indicated earlier , personnel are different from those task functions
school marks have been heavily weighted with the demanded of its maintenance personnel . Herein .paper-and-r,encil test scores. An examination of lies most of the unique, distinguishing character-this table indicates that the correlations of JTPT istics of PM for maintenance. As a result , thisscores with theory test scores are generally some- section of my paper will be devoted to a discussionwhat lower than with job-knowledge tests. None of the complexity of maintenance task functions.of these measures is sufficiently valid for use as
substitutes for JTPT ( Foley, 1967 , 1974). Past Human Factors Emphasis

The personnel system , which includes formal But before discussing the characteristics of task
raining, depends almost exdusively on such functions for maintenance , it might be well to call

paper-and-pencil tests for mak ing initial selection , attention to the fact that human factors establish-
for ascertaining effectiveness of training and for ments have given much more attention to the
the promotion of maintenance personnel. The operator interface with machines than to the
effectiveness of formal training for the mechanical maintenance personnel interface . Many actions are
maintenance specialties is measured mainly by taken to maximize effective and efficient perform-
scores obtained from such paper-and-penci l job ance of the operator. Work stations are human
knowledge tests , even though the students in these engineered to maximize the efficiency and corn-
trainin g programs have received at least some fo r t  of the human operator. Major training“hands.on ” practice on many mechanical mainte- facilities are provided , so tha t , operators can

7



la/sit / Correlations lielween Job-Task Peitonstance lesir and Th~or~
Tests . Job Knowledge Tests , and School Maults

TSp. of J0P Task Ihiory Jo b Know S SChOO l
Resa.rch.rs Pnrfnrmnse. tad (JTP’T ) Tests SO. Tnt. Marks

Anderson lest Equrprrsent J I PT  . 1 8— 3 3
(1967)

Eoans ,snd T,oa b le,hooir ngJT PT 24 8, 36 12 & t O 35
Sm ith (1953)

M~~kse et T,oublr,Sroot,rsq 3TPT 38 .39
at (1953)

Saape (1955) Troubleslroorsnq JTPT 55 56
8,own ci 1.. Tmo ohl esho ot, ng JTPT 40

(1959 ) Tes t Eqo,ir,,ren, JTPT 29
Alrgnrrse n, J T P T 28
Reparr SkrlIs JT PT 19

Will iams and Tmosabtethoo,,nq JTPT
Whitns o,e ))ne,p er iencnj SobiOcts) .23
(1959) )E cp ems en c ed Sebiec ts ) .15

Ad,ostm,rent JTPT
)Inec p e.sencnl sttbIecls) .02
) Eopersenc.d SebiecIs) 21

Acqa,s.tlon Radar JTPT
(In es pe mi encad Snb(ects) .03 36
)E rs perr e,rc,d 5.ttt ect.) 14 22

Targ.t Tr~~king Radar JTPT
))n,tpersenced Sebescts) .24 .33
lE opwroncnd SuOtocIs) .20 38

M,snl. Track .ng Radar JTPT
(Ineopeciencid Subtects) .09 .15
(Enperienced SollieCts) . 19 .32

Compoter 3TPT
llnenpa,sonc ed Sobtects) 08 24
)Eep e,sen c ed Sattiectl) .06 14

Total JTPT
Ilneoperiencad Solsiects) . 14
)Eop,r s enced Setr,eCth( .20

Crowd er es Ttoableshootsng JTPT 11 18 - 32
a)., (‘954)

receive a large amount of supervised practice in Standard Maintenan ce Functions and Action
performing typical tasks of their job. Graduation Verbs. The establishment of standard maintenance
from training is based prim arily on demonstrated functions and action verbs has been one of the
ability to perform job tasks. And , periodic checks widely accepted results of the Air Force Systems
are made of the operator ’s ability to perform the Command’s (AFSC) job performance aids (JPA)
critical tasks of his job . These , of course, are not effort entitled “Presentation of Information for
all of the many efforts made to maximize the Maintenance and Operation” (PIMO). (Although
performance of human operators. the PIMO project was managed by the Space and

Generally, the human factors establishment has Missile Systems Organization (SAMSO) of AFSC,
given little attention to the effectiveness and AS provided active participation and technical
efficiency of the maintenance man ’s interface with inputs  during the entire project from 1966
hardware. The maintenance work of AS, including through 1969. AS has incorporated the key
the PM work , has emphasized this neglected inter- findings and outputs of PIMO in its own WA
face, but typically, this part of our program has efforts). Early in the PIMO project, it was found
received little management visibility or support . that many maintenance action verbs and functions

were used by maintenance people, some with
The Structu me of the Man-Machine several different meanings. Part of this confusion
Interface for Maintenance was caused by the language used in maintenan ce

technical orders which were written by differentOne of the results of our R&D for maintenance people and produced by many different hardwarehas been the evolution and articulation of a stflic- manufacturers, As a result , maintenance techni-
ture for handling maintenance functions and their clans themselves did not generally use precise
complex relationships in a systematic manner. This langua ge . A study was mad e to identi fy and define
structure in cludes (a) standard maintenance func- these action verbs. Where two or more verbs were
tions and action verbs, (b) a workin g definition of used to indicate a similar action , the preferred verb
a mai ntenance task , and (c) schemes for handl ing was selected based on the expressed preferences of
the complexities of m aintenance tasks. a sample of maintenance men with a wide range of

8
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main tenance Air Force specialty code (AF SC). tionT is found in AFHRL-TR-7343(l) (Joy ce et
The use of the preferre d verbs of this list is now a al., l~ 73. pp. 19—20). This list includes functions
firm requirement of Air Force technical order which are found in both mechanical and electronic
specifications , as well as of recent Army and Navy jobs. Some apply to only mechanical jobs and
specifications (see Joyce , Chenzoff , Mulligan , & some apply to both.
Mallory , 1973, pp. ‘97— 142). Schemes for  the Systematic Consideration of

A Working Definition of a Maintenance Task. Maintenance Functions and Tasks. Three schemes
Within this list of action verbs are a number of key have been developed for the systematic considera-
action verbs (functions). A key action verb , with tion of maintenance functions and tasks , and the
a n appropriat e specific hardware unit as its key factors that affect them.
predicate , becomes a task statement. Such a task Scheme One. A convenient model for rate-
statement represents a maintenance task which can gorizing these maintenance functions with relation
be demanded by the existence and operation of a to the type of hardware and the level of main-
specific machine subsystem. A list of these func- tenance is presented in Figure 1. The common

maintenance function s already mentioned together

EL ECTROMC A

_ _ _ _  
: - - - - 

_ _ _ _  

/

/
~~~~AMCAL B /

I

Figure 1. A functional representation of the DOD maintenance structure
(shaded portion indicates scope of AFHRL PM development for electron ic maintenance).
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with use usage of test equipment and handtools Figu re 2). The Hum RRO work , men tioned pre-
are represented on one axis of the model. Since viously (Vineberg et al., l970a , 1970b ; Vineberg &
mechanical and electronic subsystems usually Taylor , 1972a , 1972b) was concerned with me-
require a different varie ty of maintenance actions, chanical hardware (tank and tru ck). The thirteen
they are represented by another axis. (In regard to tests developed concerned the maintt~nan ce func-
this axis, mechanical maintenance could be further tions which are indicated by the shaded portions
divided into two categories , one represented by of Figure 3.
hardware such as jet engines and another , by 

Scheme Two. Maintenance functio ns havehardware such as airframes , and tank and ship
hulls) limited meaning unless applied to specific hard-

ware. A task identification matrix (TIM) is an ex-
The third axis of the model represents the three tremely effective and necessary device for inter-

levels or categories of maintenance now found in facing these maintenance functions with the
the military services. Organizational maintenance appropriate hardware units and thus identifying
is the first level. It is usually aimed at checking out the maintenance tasks that are generated by a
a whole machine subsystem and correcting any specific machine subsystem (see Figure 4). The
identified faults as quickly as possible. Flight line TIM , when properly structured , will reflect the
maintenance falls in this category. A system iS maintenance level or levels of interest , that is
checked out. If it does not work , the line replace- o r g a n i z a t i o n a l , in te rmedia te  and/or depot.
able unit (LRU) or “black box” causing the mal- AFHRL-TR-73 .43(I) (Joyce et al., pp. 16—37)
function is identified and replaced. This major prov ides detailed directions for developing a TIM.
component is then taken to the field shop (inter-

Scheme Three. A matter of serious concernmediat e maintenance) where it is again checked when developing and structuring PM for mainte-out and the faults , authorized for correction , are
nance tasks is the interaction among the main-corrected. The corrective actions , authorized at
tenance tasks for one hardware. A four-levelthe intermediate level , vary greatly from system to 
hierarchy of dependencies can be stated. Figure 5system depending on the maintenance concept of

each system. On some systems, the mainte nance gives a graphic presentation of these dependencies
man will troubleshoot the “black box” to the among maintenance activities for an electronic

hardware .piece part level. En more modern equipment , he
will identify a replaceable module made up of The checkout of the AN/APN-l47 (Doppler
many piece parts. Some modules are thrown away, Radar), for example , can be a task in its own right.
others sent to the depot for repair. Any line re- But the same checkout activity becomes an ele-• placeable units which the field shop are unable , or ment of other major tasks such as calibrate. The
unauthorized , to repair are sent to the depot for calibration of doppler radar includes the oper ation
overhaul, of specific general and special test equipments , the

use of specific hand tools, as well as the checkoutOrganizational and intermediate level organiza-
tions are manned primarily by enlisted technicians activity. Troubleshooting of an electronic equip-
whose average lengt h of service is rather short ment ;  such as AN/APN- 147 , requires the use of
(slightly more than 4 years in the Air Force). general and special test equipments. It may require
Depots are manned largely by civilian personnel remove and install activities and/or adjust , align ,

and calibrate activities. Efficient troubleshootingwith a much higher level of experience and longer
retention time . Using this model , it has been practice usually requires the use of a cognitive
posaible to specify areas of concentration for s t r a t e g y  to adequately track the dependent
study activities (but the cognitive strategy in itself is not

troubleshooting). Any troubleshooting task should
Since PM requirements for maintenance are so begin and end with an equipment checkout.dif ferent for the various blocks indicated in this Because of these various and varying dependencymodel , it is extremely important that PM re- relationships , such act ivities as checkout , remove.searchers indic ’ te the precise blocks of their con- install , disassemble , adjust , align , calibrate, orcentratio n. To date , AS has concentrated on the troubleshoot cannot legitimately be considere d asshaded electronic portions of this model (Figure discrete tasks , even for one electronic system.I). The resultant model batte ry of 48 JTPT

together with their sym bolic substitutes will be Another confou nding factor is the false cor-
described later. In addition , a battery of eleven respondence that the same functional verbs create
JTP’~ was developed on an ad hoc basis (Shrive r & when applied to different elect ronic hardware. For
Foley, 1975) for mechanical tasks at the organiza- example , personnel with the Avionic Inertial and
tional level of maintenance (see shaded portion of Radar  Navigation Systems Specialist, AFSC

10
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t.~e of l-fl~dtoob 7

Use of Test Equipment 6

• ~— 5
R.mo~s, ~st otl 4 - -

Ah~~ Ai~at, Colbols 3

Troubleshoot 2

• Checkout I

t€D~AJ~tC.AL B

_ _  _ _  

(
I

I II

Figure 2. A functional representation of the stops of AFHRL PM
development for mechanical maintenance.

us. of Hondtoot. 7

Use ~ Test Equlpm,nt 6

Rep* 5

Remove, Install 4

A$~ t, Mh~ t, Colb~ts 3 -

TrouI~lauhooi 2

Ched~ ut I

,
1/

Figure 3. A funct ional representation of the scope of the HumRRO PM
development for mechanical maintenance (Vlneberg et ii., 1970b).
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(1) ~~~~ 
—

~~~~
- ~~ Checkout

Use of handtools, soldering

(2) = ~ I Remove. install, Disassemble, Assemble

~~ Operate general and Special Test Equipments

(3) 
~djust , Align , Calibrate

(4) Troubleshoot

Figure 5. Indicating the depende n cies among maintenance functions
for electro nic hardware ( functions italicized).

328X4, are maintaining at least SO major elec- sary tools for measuring the ability of mai n tenan ce
tronic subsystems. Many vintages of hardware personnel to perform the key tasks of their jobs.
design are represented. The checkout activity for The scope of this work was limited to the main-
each is diffe rent (both in content and difficulty) tenance of electronic hardware at the organiza-
and in some cases, very different. The lack of tional and intermediate levels (see shaded portion
correspondence of alignment , calibration , and of Figure I). This program had two objectives: (a)
troubleshooting tasks from one specific equipment to develop a model battery of JTPT together with
to another is even greater. An example of the lack appropriate scoring schemes for the measurement
of correspondence from one hardware to another of the task perform ance ability of electronic main-
is the wide difference in the content and difficulty tenance personnel (an effort was to be made for
of troubleshooting tasks between two doppler the development of J TP’l’ which could be easily
radars . The AN/APN- l47, which is used on the administered), and (b) using the JTPI’ of this
C-130 and C-l4 l , has approximately 14,000 shop battery as criteria , to develop and try out a series
replaceable units (SRU) whereas the inertial of paper-and-pencil symbolic substitute tests that
dopple r navigation equipment (IDNE) on the C-5 would hopefully have high empirical validity.
has only 28. This lack of correspondence of func-
tions across electronic hardware makes it difficult Criterion Referenced Job Task
to generalize from results of PM from one elec- Performance Tests
troni c hardware to another. One exception is in A model battery of 48 criterion referenced
the area of general test equipment which may be JTPT and a test administrator’s handbook were
used in perfor m ing maintenance tasks across many developed for measuring ability to perform elec-
hardware subsystems. tronic maintenance tasks. Copies of the actual

The examples given are characteristic of many instructions for test subjects together with the test
of the electronic maintenance AFSCS. Similar administrator’s handbook are avaIlab)e from the

• problems in comple xity of maintenance functions Defense Docume n ta t i on  Center (DDC) as
and ta sks arc found in mechani cal hardware , but AFHRL-TR-74-57( II) Part II (Shrive r , Hayes, &
to a lesser degree. Huthand , 1975). The test administrator ’s hand-

book was developed wit h step-by-step detailed
instructions so that an individual with a minimum

V. DEVELOPMENT OF PM ANDSVMBOLIC o f electronic m a i n t e n a n c e  experience can
SUBSTITUTES FOR PM administer the tests.

Starting in 1969, AS support ed a modest The battery includes separate tests for the fol-
program to provide the Air Force with the neces- lowing classes of job activities: (a) equipment

13
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checkout , (b) alignment/calibration , (c) removal/ This pro file is not presented as the final so-
replacement , (d) soldering, (e) use of general and lugkm to the profIle problem for JTPT for d cc-
special test equipment , and (t) troubleshooting. tronic maintenance. It does contain mcat of the
The Doppler Radar AN/APN- l47 and its Corn- i’nport ant information regarding a test subject’s
puter AN/ASN-35 were selected as a typical d cc- success on the full range of tests. It gives a mean-
tronic system. This system was used as the test bed ingful picture of the subject ’s job task abilities as
for this model battery. The soldering and general measured by the test battery , indicating the
test equipment J TPT are applicable to all elec- subject ’s strengths and weaknesses.
tronic technicians. The other tests of the battery An examinatio n of the profile (Figure 6)apply to technicians concerned wit h this specific indicates that most of the tests in this batterydopple r radar system. A detailed description of the contain only one pro blem. For exam ple, there aredevelopment and tryout of these JTPT is given in two checkout tests, having one problem each andAFHRL-TR-74-57(tI) Part I (Shriver & Foley, there are eleven troubleshooting tests having onel974a). Eac h class of activity for which JTPT was problem each. There are two soldering tests~ onedeveloped contains its individual mix of behaviors , 

has two problems and the other has three. Thebut it is not mutually exclusive. As indicated in voltoh mmeter (VOM) test has 20 problems.Figure 5 and Table I , a four-level hiera rchy of
dependencies exists among them. The subject receives no “credit ” for a problem

unless he obtains all of the expected products. NoAfter considering product , process, and time as attempt is mad e to combine these scores in termsto their appropriateness for scoring the results for of meaningless numbers .each activity, it was decided that a test subject had
not reached criterion until  he had produced a The hierarchy of depen dencies discussed pre-
complete , satisfactory product : l’his was a go, viously (Figure 5) has implication for the orde r in
no-go criterion. which tests are administered , as wel l as for

diagnostics. For example , since troubleshoottngTable 2 summarizes the number of tests, includes the use of test equipment and othvproblems and scorable products by class developed activities in the hierarchy, Logic would dictate thatfor the AN/APN- 147 and AN/ ASN-35. The simple in most training situations the administration ofaddition of nu mbers shown in Table 2 indicates the tests for the sub-activities would precede thethat there are 48 tests , 81 problems, and 133 troubleshooting tests and that a test subject wouldscorable products. But , these numbers tell ti5 not be permitted to take the troubleshooting testsnothing in terms of the content of the tests. To until he had passed these other subtests. Undersay that one test subject accomplished 100 some circumsta nces, one may wish to reverse thescorable products while another accomplished 90, process. A subject who successfully completestells us nothing about the job readiness of these selected troubleshooting or alignmen t tests can beindividuals or that one is better than the other. assumed to be proficient in his use of test equip.The varieties of scorable products are so diverse ment and checkout procedures. These depend-that any combination of them , without regard to encies are displayed on the left-han d side of thewhat they represent , is meaningless. The only profile (Figure 6).meaningful presentation of such information must
be in terms of a profile designed to attach meaning Due to the unavailability of a sufficient number
to such numbers. A sample of such a profile is of experienced test subjects at the time of the
shown in Figure 6. tryout of the JTPT battery , the tryou t w~ not as

Table 2. Tests, Pr oblem s, and Scwibk Prod ucts

S..,ibl.
CSli Test . PSeesffi, P~~dests

I. CI’~~kost CO 2 2 2
2. Physical Skill Tesk. (,oldesâng) PT 2 5 17
3. R.mov . .nd Papl.c. RR tO 10 20
4 . !,,, EqWp.,,sn, SE 1 37 67
5 A~~s,i n,es, AD ~ S
e Ah 9nm,n, AL 10 10 10
7 . Tmubtsal,00tlng iS I I  I I  I I

Tetal 7 48 SI 133
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Rgure 6. A profile for displaying the results obtained by an individual subject from a bsttety of Job Task
Performance Tests concerning an electroni c system - the AN/APN-147 and the AN/ASN.35. This represents

the profile of an individual who has successfully completed most of the battery .
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exte nsive as planned. The limited tryout did m di- Based on these hypotheses , a batte ry of sym-
cate that the tests as developed are administra- bolic tests was developed under contract with the
lively feasible. Their continued use , no doubt , M a t r i x  Research Com pany of Falls Church,
would  resul t  in further modifications and Virginia. A compani on graphic symbolic test was
improveme nts, developed for each of the job activities for which a

criterion referenced JTPT had previously been
Development of Symbolic Substitutes developed. Based on two limited validations , all of

There is no doubt that a battery of JTPT would the graphic symbolic tests , with the exception of

require more training and on-the-job time of the the symbolic test for soldering, indicated sufficient

test subjects, more equipment , and specially promise to justify further consideration and refine-
ment. Table 3 indicates the correlations obtained

trained test administrators. Therefore , the avail- from these vali dations. Due to a shortage of avail-
ability of empirically valid symbolic substitute
test s would be highly desirable. Even though able subjects , the number of pairs of subjects was

previous attempts to develop such tests as the Tab ext remely small. All of these promising graphic

Test (Crowde r, Morrison , & Demaree , 1954) had symbolic tests , therefore , must be given more
extensive validations using larger numbers of

failed , it was our opinion that much more work
could be done to improve symbolic maintenance experienced subjects.

tests as substitutes for JTPT. It was hypothesized The validation of any such symbolic test
that higher correlations possibly could be obtained requires the administration of a companion JTPT
by a diffe rent approach to the development of as a validation criterion. As a result , a validation is
symbolic tests. A study of the Tab Tests (Crowder an expensive process in terms of equipment and
et al., 1954, see Table I) indicated that the JTPT expe r i enced  manpower . The troubleshoot ing
used as the criterion measures contained many symbolit tests require the most extensive refine-
distractions and interruptions to the subject ’s ment. Several suggestions are made for improving
troubleshooting strategy (cognitive process); such their empirical validity. A complete description of
as, using test equipment to obtain test point these symbolic test e fforts can be found in
information. In addition to such interruptions to AFHRL-TR-74-57(l ll) (Slinve r & Foley, l974b).
the cognitive process, the subject can obtain faulty An attempt , also , was made to develop video
test point information by the improper use of his symbolic substitute tests , but thi s effort produced
test equipment. In the symbolic substitute Tab no promising results. (Sh river . Hayes. & Hutliand ,
Tests, all of these potential pitfall s of the actual 1974).
task were avoided. The subject was given a printed Eve n if graphic symbolic substitutes of high
test point readout. It was hypothesized that the empirical validity can be produced , the use of
injection of job equivalent pitfalls into symbolic symbolic substitutes will never , in my opinion,
substitutes possibly would increase their empirical dispense with the requirement for the liberal
validity , administration of actual JTPT to maintenance

lab!, I n d j ~i(es the humber of Pain Used at W~Il
at the ’( and the ConTislions Obtained during Two

Small Yahdst ions of Sjt rrhotk Imly

N
Test Ars Pales C 3

Nusts. SublacIt (Att est
CI5.C IcQOI 4 ~ 00 7 00
Rin,o,e & R.piwe 14 7.57 43
Solcjst,nq Tests 4 0 0
G nstal lest Eqo,p 6 261 67
Spsecal T s t  Eqo$, 6 .67 .33
Al,qer,cst,l/AdIo,le, ,n, 79 631 58
T,osbtsihoot,nq 9 1.00 - - 33’
E,p.r.ne. d S,bs.et. l A d
Ow,all T,ocAcl.9,c,niu~ 30 6.53 47 66
Chats,. Black l.o.l
llolat.ofl 30 16 33 73 81
S,.q. 150151,05 30 3 .33 33 46
P.,,.fPa.t l,ol.t.ofl lb .07 .07 . 16
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4, (P iosc,cs is th y o q.e. n,o,,, .~l the ,rc.obl c’e lTl’l’ ,s cc ct,.., 0’ t hc
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personnel. We can never include all aspects of an human resources in design trade offs, (b) main-
actual performance of a task in a paper-and-pencil tenance manpower modeling, (c) job performance
symbolic representation of that task , but our work aids , (d) instructional system design , and (e)
indicates that we can come much closer than has system ownership costing.
been done in the past. One objective of this program is to determine

the data input requirements for and prepare spea-The Sampling Problem fications for a consolidated maintenance task
identification and analysis data base which willTimewise , it would be impossible to administer

a J TPI’ to a maintenance man for every possible support the integrated application of these five
technologies in a weapon system developmenttask that his hardware system might produce. This

world of tasks and people must he sampled. The program. We feel that such a consolidated data
base will contain most , if not all , of the informa-model battery described previously provides a tion which would be required to develop goodsampling procedure based on major task functions JTPT provided the tests are developed in keepingsuch as checkout , align, adjust , troubleshoot , etc. with the technol ogy described in thi s paper. IfBut even this sampling acro ss possible tasks re- such a data base is demonstrated to be technicallysuited in 48 tests and 133 scorable products (Table feasible and if it is routinely made a requirement2). It would be impractical to give any one test in weapon system development contracts , it willsubject all of these 48 tests at any one time . provide considerable assistance in developing main-Systematic sampling schemes must be developed t enance  perfo rmance tests for new weaponacross tests. systems.

The purposes for which JTPT results are to be
used should be considered when developing
sampling schemes. Such purposes could include VII. INSTITUTIONALI ZATION OF
ascertaining (a) the job task proficiency of an NEW TECHNOLOGIES

individua l , (b) the job effectiveness of a training Getting newly developed technologies such asprogram, and (c) the proficiency of a maintenance PM institutional ized is a perennial problem.unit. Each of these purposes woul d require a
di fferent mix or mixes of test s and people. some especially, when a technology requires funda-

mental changes in long existing programs . proce-suggestions for such samplings can be found in dures, and attitudes of entrenched establishm ents.AFHRL-TR-74-57( ll) Part I (Shriver & Foley, AS has been involved in the implementation ofl974a). But it should be remembered that these several well developed and documented tech-are suggestions that must still be field tested. nologies, such as job performance aids and inst ruc-
In the case of determinin g unit proficiency, tional systems design (ISD) including programmed

some JTPT can be administered by on-line obser- inst ruction and job (task) oriented training. These
vation of tasks which are often repeated such as experiences have indicated that it is extremel y
checkout. There will always be a requirement for difficult to maintain the integrity of a technology
o f f - l i n e  PM concerning critical , but seldom during its so.called implementation. Operational
performed tasks. Whether the JTPT is performe d organizations invariably attempt to implement a
on-line or off-line , the test administrator must use much “watered down ” version of the technology
the same objective scoring procedures , the criteria and consequently obtain much “watered down ”
of success being acceptable pr od ud S. results. In some cases only cosmetic changes to

existing programs are reported as implementations.
Cu rrently it requires years of persistent effort on

VI. CONSOLIDATED DAT A BASE the part of the rt search community to get a
TO SUPPORT PM technol ogy properly institutionalized.

In keeping with its man-machine interface A mechanism mus t be developed for the timely
orien tation , A FHRL/AS is demonstrating the tech- institutionalization of each new technology which
nical feasib ility of integrating five human resources will ensure its in t egrity. A mechanism for the
related technologies and applying them during orderly implem en tation of technologies, similar to
weapon system development. This is being accom- t h a t  used for new weapons systems, is re-
plished unde r project 1959 , “Advanced System for commended . Such a mechanism must make
the Human Resources Support of Weapon System efficient and effective use of the “know-how” of
Development.” The five technologies are : (a) the developers of the technology and make them
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responsible and accountable for its implementa - appro ximately two professional man-years plus the
tion. A new technology should not be turned over use of maintenance specialists as test admin-
to a using command for its operatio n until it is in i s t r a t o r s  f rom the appropriate maintenance
place , “debugged” and operational —just as a new special ties. If it is necessary to select a system
weapons system is not turned over to an other than the AN/APN-l47 .ANIAJN-35 combina-
o p e r a t i o n a l  command  u n t i l  it has  been tion , this work would require approximately four
“debugged”  and proven to be ready for professional man-years.
operational use.

2. Refinement of Symbolic Substitutes (Elec-
tronic Maintenance). As previously indicated , a

VII I . PROPOSED PM R&D EFFOR TS 
number of symbolic substitutes for .JTPT were

FOR MAINTENANCE developed and given a limited tryout. Table 3
indicated that some of the symbolic tests show

Excessive maintenance cost s are never going to promising empiri cal validity. These promLsing
be reduced as long as we don’t have J TPT and/or sy mbolic tests must be more thoroughly refined
empirically valid symbolic substitutes to ascertain and validated. In addition , further exploratory
how efficie n tly maintenance men perform the development is required for symbolic substitute
tasks of thetr jobs. in my opinion , the lack of such tests for troubleshooting tasks in keeping with
measures of maintenance performance is a most recommendations made in AFHRL-TR-74-57(lll)
serious deficiency in DOD. As such , R&D in ~~ 

(Shriver & Foley , l974b). This effort would
area should have an extremely high priority , require between three and four professional

man-years plus the use of maintenance specialists
Areas for R&D Concentration as test administrators and test subjects from the

appropriate maintenance specialties.
For a long range R&D effort , fi ve general areas

of concentration are recommended; namely JTPT 3. Dez ’ek ’pment of Mcdel J TPT Battery
and matching symbolic substitute test s for elec- (Mechanical Maintenance). A model JTPT battery
tronic maintenance , .ITPT and matching symboli c simitaT to the model battery for electronic main-
substit ut e tests for mechanical maintenance , and tenance described previously should be developed
aptit ude tests based on PM. The development and for a typical mechanical subsystem such as a jet
field tryout of a JTPT must precede the develop, engine or tank engine covering both the
ment of its symbolic substitute. The work on organizational and intermediate levels of main-
JTFI’ batteries for both electronic and mechanical tenance . This model should be thoroughly field
maintenance should be started as soon as possible. tested. Sampling strategies as indicated for the
The work on aptitude tests should not be started electronic battery should also be developed . This
unt il JTPT batteries and the symbolic substitute effort will require approximately four professional
tests have been completely field tested. More man-years plus the use of maintenance men from
i n f o r m a t i o n  concerning the se areas of the appropriate maintenanc e specialties as test
concentration follows: administrators and test subjects.

I - Refinement of Model JTP T Battery (Elec. 4. Development of S~mbolic Substitutes
tronic Maintenance). The already available model (Mechanical Maintenance). An attempt should be
JIPT Battery (Shriver, Hayes, & Hufh and, 1975) made to develop symbolic substitute tests with
should be given a large scale f ield tryout. (Sin ce high empirical validity after the modd JTPT
the AB328X4 Avionic Inert ial and Radar Naviga - battery is available for mechanical maintenance.
tion Systems Specialist Course, which include s the The same contractor  should develop these
AN/APN .147 and the AN/ASN-35, does not s)’mbolics as developed the Jill’ battery . A very
emphasize the mastery of job tasks, the equip- rough estimat e for accomplishing this symbolic
ment-specillc tests of this battery cannot be used effort would be four professional man-years.
in the form al course.) One thrust of this effort 5. Job Aptitude Test Research Based on
should be to further refine the battery including Results on JTP 7’. R&D plans should be made to
its administrative procedures. A second thrust utiJize the results of J ill’ and symbolic substitute
should be the development of sampling strategies tests for standardizing milita ry aptitude indices
which would be appropriate for dete rmining the obtained from the Armed Services Vocational
effectiveness of training programs and both m di - Aptitude Battery (ASVAB). As a f irst step, the
vidual and unit proficiency as discussed earlie r military aptitu de scores of all tests subiects used
under PM problems. This effort would req uire for the tryouts in the proposed JTPT RAI) should
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be recorded. In addition, such aptit t ide scores Even with such lengthy training, the efficiency of
should be obtained during any school or field maintenance could be greatly improved. Improved
administration of JTPT or symbolic substitutes. job instructions and information as well as in-
When sufficient data are obtained , the degree of creased use of job (task) oriented training have
relationship between JTPT results and various great potential for decreasing maintenance tra ining
aptitude indices should be obtained. Later , when a time and improving the job performan ce of main-
sufficient number ut JT PT are used in the field , a tenance tasks. But to realize such potential , the
formal R&D project should be initiated to modify c r i t e r i a  for the personnel system (selection ,
the ASVAB to directly reflect job success as training, assignment and promotion) for main-
measured by JTPT . t e n a n c e  personnel must be shifted to the

demonstrated ability to perform the tasks of theirR&D Stra teg r - . Probably the most cost -effective
approach fo r  I’M for both electronic and me- jobs. (The current criteria emphasize the ability to
chamcal m aintenance would be to concentrate on obtain high scores on paper-and-pe ncil theory and
the development and ie fIncm ent of iivr on use job knowledge tests.)
of key  test equi,’ments prior to proceeding with In this paper . I have discussed wha t I thi nk are
th e other task functions of the propose d model the import ant aspects of the criterion proble m as
test batteries. As indicated in Figu re 5, the use of it applies to the measurement of ability to perform
general test equipment is a pre requisite to main- maintenance tasks in training and on the job . Our
tenan ce task functions such as alignment . calibra- objective in its solution is to get as close to the real
t ion and troubleshooting. In addition , general test job as possible. When “on-line” tasks occur often
equipments usually ha vc wide usage in such task enough , their structured observation may be
functions across m any hardware systems and there appropriate. But when such observations are not
are substantial amounts of data which i n d i c a t e  appropriate or when tasks occur in frequently, we
that many m aintenance men arc weak in their test propose to have the tasks performed “off-line” in
equipment abih t~,. So. a general improve ment in a job-lik e environment. Our approach to the
ability to use test equipment is an important and development of such measures was started with an
necessary factor for the  general improvement of analysis of the struct u re maintenance of the man!
several  maintenance task functions. I would hardware interface. Based on the results of this
strongly recommend . ther efore , that the early analysis, we developed a model test battery of
c on c e n t  r a t  ion for  the  propo sed model test JTPT for electronic maintenan ce. Using this model
batterie s in th is area.  F a ct i PM developn ient for a as the criterion , we also developed batteries of
test equipment should he accompanied by the g raph ic  and video symbolic substitute tests.
development sil a programme d training package Several of the graphic symbolics have indicated
with suffici ent prac t ice f rames for te aching the respectable empirical validities but require more
mastery of ,dl its func t ions  Basic models of such re fInement and tryout. Our attempts to develop
tr a i ning packages tom 12 ~c micraI  test equipments video symbolics were unsuccessful.
arc now .is .i i lah le (see ‘~.u t t  & Jo~ cc . l975a I have recommended a research program basedt l t r i i u g h f q 7 1) . Ih ’w.~- -~r.  more pract ic e fr ames on what we have already accom plished. Thisshould be in~ hmid ed iii th ~SC prol~r ams. includes the development of a model battery of

JTP T together with symbolic substitutes for main-
tenance task s generated by a typical mechanicalt % . (iUSU’~( ST A IIM F’ST hardware . I have, also , discussed briefly the
perennial problem of getting new technologiesMaintenance of h.ird ~s are is currently an cx- such as JTPT implemented. There is definitely atre inely costl~ operat ion for the DOD. High main- requirement for a structured mechanism whichtenance cost is t u e  primary cause of high systems will guarantee the orderly institutionalization ofownership cost. I-or sonic electronic maintenance such technologles as well as their integrity duringspecialties, nearl y one year of broad formal the institutionalization process.training is given first enl i stmen t personnel. And

maintenance training generall y is long and costly.
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