
/‘ AD—A053 ~I75

FHRL—TR—77—7UNCLASSIFIED

ADA
D~~ 4 75 ______________________ ______________________________________________

I
I 

_ _  
I

I 
___ ___________

I END
I ___________________ ~!LUE

6 78
DOC

I I
I I
I I

N 4



—

10 _~ i~a~ 
1315 ffl~2 2
•~~~I_ I~

•
~11111 1 ‘1 ~;

‘ 

~Z:
______ 

.. — IIilI~!L!~* 1111125 HHI~rr
NATIONAL BUREAU OF STANDARDS

~ CROGOPY RESOLUTION TEST CN~RT



AFHRL -TR-77-76

‘ AIR FORCE !~ PERFORMANCE MEASUREMENT OF MAINTENANCE

_ _ _ _ _ _ _ _ _ _ _ _ _  H 
By

John P. Foley , Jr.

AC~ ADVANCED SYSTEMS DIVISION
Wright-Patterson Air Force Base, Ohio 45433

December 1977

dl>-.
0-.

t_IJ II
• •~ pp r~ I’  puhIu~ r~ It~u se dust rihu tfun unliu,uiu d.

C ~ ~ 1978

E
S LABORAT ORY

AIR FORCE SYSTEMS COMMAND
BROOKS AIR FORCE BASE ,T EXAS 78235

- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —



r~ --~~~~~~~
--——

~~~~~
—

~~~~~~~~~~~~~ 
-

~~~ 
—

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
‘
~~~~~~~

~~
-
~~~~~~~~~~~~~

-‘
~~ 

- ç
~- ’~’ - :

I
NOTICE

When U.S. Government drawin~~, specifications , or other data are used
for any purpose other than a definitely related Government
p r o c u r e m e n t  o p e r a t i o n .  t h e  Government thereby incurs no
responsibility nor any obligation whatsoever , and the fact that the
Government may have formulated , furnished , or in any way supplied
the said drawings. speciflcations, or other data is not to be regarded by
imp lication or otherwise , as in any m anner licensing the holder or any
other person or corporation , or conveying any rights or permission to
manufacture , use , or sell any patented inventi on that may in any way
be related thereto.

This repo rt was submitted by Advanced Systems Division. Air Force
Human Resources L.aboratory , Wright -Patterso n Air Force Base, Ohio
45433 . under project 1710 . with HO Air Force Human Resources
Laboratory (AFSC), Brooks Air Force Base . Texas 78235.

This repo rt has been reviewed and cleare d for open publication and/or
public release by the appropriate Office of Info rmation (01) in
accordance with AFR 190~l7 and D i D D  5230.9. There is no objection
to unl imited distr ibution of this repo rt to the publ ic at large , or by
I)DC to the National Technical In fo rmation Service (NTIS).

This technical report has been reviewed and is approved for public ation.

GO RDON A. ECKSTRAND . Technical Director
Advanced Systems Division

DAN D. Fu L(;HAM. Colonel , USAI
Commander

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~rfljJ~ ~1i . 

_ _ _ _ _ _ _ _ _  

.

‘
~~~ -----~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ .~~~~



Unclassified
SECURITY CLASSIF ICATION OF THIS PAGE (Wh.n Data EnI.,.d)

~~~~~~~ 
l
~~~~~

IIAA EL l 1 A
~~

IflkI ~
A (

~E READ INSTRUCTIONSis r Ij is I m,s,s..vpi ii I ~ I is ,ri r 
~~“ BEFORE COMPLETIN G FORM

— R 12 GOVT ACCESS I ON NO. 3 R E C I P I E N T S  C A T A L O G  NUMBER

C’?:: ~~~~HRU~~ -77-76~’ 

_ _ _ _ _ _ _ _ _6. TITLE (an d 5,.hIIIi.) - - . _,  5. TYP E OF REPQRT & PERIOD COVERED(~ [ 
PM CE MEASUREMENT OF MAINTENA N CE • ) (~ ~~

Prof essi on
~

1aPe
~~L6. PERFORMING ORG. ORT NUMBER

7. AUT HOR(o)  6. C O N T R A C T  OR G R A N r  NUMBER(S)

~~~~ ~~ ohn P.,~oley . J

9. PERFORMING ORGANIZAT ION NAME AND ADDRESS tO .  PROGRAM ELEMENT . PROJECT . TASK
A R E A  & WORK UNIT NUMBERSAdv anced Systems Division

Air Force Hum an Resources Laboratory d 62703F
Wri ght-Patterson Air Force Base, Ohio 45433 17101007

II . C ON T R OL L I N G OF FI C E  NA ME AND ADDRESS ,
# 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ i
HO Air Force Human Resources Laboratory (AFSC) (j , Dec .L~~r)7~ J~Brooks Air Force Base , Texas 7823 5 ~~... ~~~~. N U M B ~ WOF PAGES 

~~ ~~~~~~~

14 MONITORING AGENCY NAME & AO DRESS(II dfHa,.n t (rot,, Co,,t,oIIing Off i ra) 15. SECURITY  CLA SS. ’
~~~~~~Th

.J /J,~ ‘~ 
,,j
/ / / J/ / Unclassified

IS. . OECL. ASSI F ICATIO N DOW NGRADING
SCHEDULE

16. DISTR IB UTION STATEMENT (of Ihj . R.porl)

Approved for public release; distribut io n unlimited.

Ii. D I S T R IB U T I O N  S T A T E M E N T  (of IA. abstract entered In Block 20, if diflerenI 1,0,,, Report)

IS. S U P P L E M E N T A R Y  N O T E S

Paper presented at a symposium , Productivit y Enhancement: Personnel Perform ance Assessment in Navy
Systems , 12— 14 October 1977.

13. KEY WOR DS (Conhirnt. on rest ,,.. aide ii’ n.ce..art and ids n?tfv by block n,rn,be,)

criterion referenced tests main tenance effectiveness
h uman factors measures measurement and evaluation main tenance training
h uman subsystems measurement and evaluation technical trainin g
Job Task Performance Tests measurement and evaluation electronics training
li fe cycle costs measurement and evaluation vocationa l education

20. A B S T R A C T  (C,sntl no. on rece ’•a aide St neo.,.. ry and i~~enIify bo block n~,,eb.r)

This paper d iscusses the status of performance measurement (PM) for maintenance . Durin g and after World
War II , both Navy and Air Force maintenance training programs made extensive use of formal job task performance
tests. But for economy reasons, th ese tests were later abandoned in favor of paper-and-pencil theory and job

• k nowledge tests. Considering the results o f later researc h, t hese actions were mcet unfortunate. This research has
indicated that such paper-and-pencil tests do not indicate how wefl individual s can perform the t asks of thei r jobs.

- - -
~~~“~ Even though PM-Wtre used extensively during and after Worl d War II , there have been few sy stem atic research and

deve Iopm~g~j~~R&D) effort s concerning the refinement of PM for maintenance. This paper b riefly describes th e
~_--

. AFHRL(J~&tY)JTorts for PM which have given due consideration to the man-machine interface. The rather prorninng -

- - 
-.—

DD ~ 1473 
EDITION OF I NOV 63 IS OB SOLE t E Unclassified

/ - SECURITY CLASS IFi CATION OF THIS PAGE (W~,.n 0.!. Ent.,.d)

L) c ~Z/- i~u S

- ~~~~~~~~~~~~~~~~~~~ —.
~~~
. ;~~~ ._ -. - -



_ _ _ __ _ _
_ _ _ _ _ _ _ _ _  _ _

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(W7t an Oat. Ent.1.d)

Itent 19 (Continued)

personnel select ion
psychology individual and group
system effectiveness measures
symbolic substitute job tests
video test ing

Item 20 (Continued)
p

j  ~results of efforts to develop symbolic substitutes for PM are also presented. In addition , several problems concemj~gthe research , develop ment, and implementatio n of Phi are discussed. The paper ends with proposals for future ~&li
effo rts based on what has already been accomplished. ç~~~~~

’
,,, ~ /E1)

UTIt
ax kfl $Ktl. ~

0 

-——..- 

D~~i~tflN/IU flY

~~ _ _ _

H

_ _ _ _ _  

HL Uncl assified

SECURITY CLASS I F ICATION OF THIS PAGE(WA. n Data Entered)

I.. 
- - — -—-~~~ - .—. 

—. -.-. .- 
~
— .-----

~~~~~ 
—=----

~~ 
— —-



SUMMARY

My paper discusses the Status of performance definition of a maintenance task , and (c) schemes
measurement (PM) for maintenance , for handling the compiexities of maintenance

tasks. In the interest of time , I will limit my1. During and after World War II , both Navy comments , here , to the task definition and aand Air Force maintenance trainin g programs scheme for indicating dependencies among taskmade extensive use of formal job task performance functions.tests (JTPT). But for economy reasons , these tests
were later abandoned in favor of paper-and-pencil 5. Within the list of action verbs are a number
theory and job knowled ge tests. of key action verbs (functions); such as checkout ,

a l ign , adjust , cal ibrate , remove , replace , and2. Considering the results of later iesearch . t roub leshoo t . A key action verb , with anthese action s were most unfortunate. This research appropriate specific hardware unit as its predicate ,has indicated that such paper-and-pencil tests do becomes a task statement. Such a task statementnot indicate how well individuals can perform the represents a maintenance task which can betasks of their jobs. Table I of my paper indicates demanded by the existence and operation of athe correlations obtained from several studies specific machine subsystem. A list of thesewhich have compa red JTP1’ to theory tests and to functions is foun d in AFHRL-TR-73-43(l) (Joycejob knowledge tests. The table also includes et al., 1973). l’his hst includes functions which atecorrelations of JTPT with school marks. None of found in both mechanical and electronic jobs.these substitute measures are sufficiently valid for Some apply to only niechanical jobs and someuse as substitutes for JTPT . I am convinced that apply to both.the  c u r r e n t  u n q u e s t i o n e d  usage of such
paper -and-penc i l  tests in field and training 6. Another matter of serious concern when
situations would be unforgivable if the people developing and siructur ing PM for maintenance
involved understood that their current testing tasks is the interaction among the maintenan ce
practices are really invalid. No matter how cheaply tasks for identical hardw are . The scheme reflecting
paper-and-p encil job knowledge tests can be a fou r - l eve l  hierarch y of dependencfes was
prepared or how easily they can be administered , developed. Figure 5 gives a graphic presentation of
such tests are not a bargain. Their results are these dependencies amon g maintenance activities
almost meaningless in terms of ability to perform for an electronic hardware. An exam ple of the
maintenance tasks. dependency relationshi p is troubleshooting, which

may include all of the activities above it.3. Even though PM was used extensively
during and after World War II and even though 7. Starting in 1969, the Advanced Systems
many valuable ad hoc PM efforts have been Division of the AFHRL suppo rted a modest
repo rted by the Army, Navy , and Air Force , there program to provide the Air Force with the
have been few s y s t e m a t i c  research and necessary tools for measuring the ability of
deve lopmen t  ( R&D) efforts concern ing the maintenance personnel to perform the key tasks of
refinement of PM for maintenance. A notable their jobs. The contractor for this work was Matrix
exception was the work of the Air Force Personnel Research Company. The scope of this work was
and Tra in ing  Research  Center  (AFPTRC) limited to the maintenance of elect ronic hardware
Maintenance Laboratory at Lowry AFB in the at the organizational and intermediate levels. This
middle 50’s. Another more recent systematic program had two objectives: (a) to develop a
A r m y  e f for t  was the V i n e b e r g  e f f o r t , model battery of Jill’ together with appro priate
accomplished by HumRRO at Presidio of scoring schemes for the measure ment of the task
Monterey, California in the early 70’s. performance ability of electronic maintenance

personnel (an effort was to be made for the4. My paper bri efly describes the AFHRL
efforts which have given consideration to the development of Jill’ which could be easily

administered), and (b) using the Jill’ of thisman-machine interface. One important result of
this consideration has been the evolution and battery as criter ia, to develop and try out a series

of paper and pencil symbolic substitute testsa r t i c u l a t i o n  of a s t r u c t u r e  for handling which  would hopefully have high empiricalF m a i n t e n a n c e  f u n c t i o n s  and their complex validity.r e l a t ionsh ips  in a systematic manner. This
s t r u c t u r e  i ncludes (a) standard maintenance 8. A model battery of 48 criterion referenced 4f u n c t i o n s  and action verbs, (b) a working JTPT, and a test administrator’s handbook were

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



developed for measurin g ability to perfo rm failed , it was our opinion tha t much more work
electronic maintenance tasks. Copies of the actual could be done to improve symbolic maintenance
instructions for test subjects together with the test tests as substitutes for J TPT. It was hypothesized
administrator ’s handbook are avail able from the that higher correlations could possibly be obtained
Defense Documentation Center (DDC). The test by a different approach to the development of
administrator’s handbook was developed with symbolic tests . For example , we felt that higher
step-by-step detailed instructions so that an correlations could be obtained by adding realistic
i n d i v i d u a l  w i t h  a m i n i m u m  of electronic clutter to the cognitive aspects of troubleshooting
maintenance experience could administer the tests. tests, such as , using test equipment to obtain test

9. After considering product , process, and point in fo rmation . A companion graphic symbolic
time as to their appropriateness for scoring the test was developed for each of the job activities for
results for each activity, it was decided that a test which a criterion refe renced J TP1’ had previously
subject had not reached criterion until he had been developed. Based on two limited validations,
produced a complete , satisfactory product . This all of the graphic symbolic tests, with the
was a go, no-go criterion. Table 2 summarizes the exception of the symbolic test for soldering,
number of test s, problems and scorable product s indicated sufficient promise to justify further
by class developed for the Doppler Radar consideration and refinement. Due to a short age of
AN/APN-l47 and Computer AN/ASN-35. The available subjects , the number of pairs of subjects
simple addition of numbers shown indicates that was extremely small . All of these promising
there are 48 tests , 81 problems , and 133 scorable graphic symbolic tests, therefore , must be given
products. But , these numbers tell us nothing in more extensive validations using larger numbers of
terms of the content of the tests. To say that one experienced subjects. An attempt , also, was made
test subject accomplished 100 scorable products to develop video symbolic substitute tests, but this
while another accomplished 90, tells us nothing effort produced no promising results.
about the job readiness of these individuals or 12. My paper also discusses several problems
about whether one is better than the other . The c o n c e r n i n g  the  research , developmen t , and
varieties of scorable products are so diverse that implementation of PM. There is no doubt that
any combination of them, without regard to what there is a great need for PM in maintenance . One
they represent , is meaningless. of the greatest problems is to develop the demand

10. The only meaningful presentation of such pull or necessary want to get newly developed
information must be in terms of a pro file designed technologies such as PM institutionalized. This is
to attach meaning to such numbers. A sample of especially difficult when a technology requires
part of such a profile is shown on Figure 6. This fundamental changes in long existing programs,
profile is not presented as the final solution to the p rocedures , and  a t t i t u d e s  of entrenched
prof i le  problem for J TPT for  electronic e s t ab l i shmen t s .  Operat ional  organizations
m a i n t e n a n c e .  It does contain most of the invariably attempt to implement a much “watered
important information regarding a test subject ’s down ” version of the  technology and ,
success on the full ra nge of tests. It gives a consequently, obtain greatly “watered down”
meaningful picture of the subject ’s job task results. in some cases, only cosmetic changes to
abilities as measured by the test battery, indicating existin g programs are reported as implementations.
the subject ’s strengths and weaknesses. The subject Currently it requires years of persistent effort (or
receives no “credit ” for a problem unless he p ush)  on the part of the research community to
obtains all of the expected products. No attempt is get a technology properly institutionalized. A
made to combine these scores in terms of mechanism must be developed for the timely
meaningless numbers. implementation of each new technology to ensure

its integrity. A mechanism similar to that used for
I I .  There is no doubt that a battery of JTPT new weapons systems is recommended. Such a

would require more training and on-the-job time mechanism must make efficient and effective use
of the test subjects, more equipment , and specially of the “know-how” of the developers of the
t rained test administrators . It will be recalled that technology and make them responsible and
these were high among the reasons given for accountable  for its implementat ion. A new
dropping PM from the Air Force and Navy technology should not be turned over to a using
maintenance training ~progrants . Therefore , the command for its operation until it is in place, ”
availabili ty of empirically valid symbolic substitute debugged ,” and operation al —just as a new
tests would be highly desirable. Even though weapons  system is not turned over to an
previous attempts to develop such tests as the Tab o p e r a t i o n a l  command  u n t i l  it has been
test (Crowder, Morrison , & Demaree , 1954) had “debugged” and  proven to be ready for

2
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operati onal use . 16. The administration of PM requires time.
Timewise , it certainly would be impossible to

13. A number of related problems are also administer a PM to a maintenance man for everyd i s c u s s e d .  T h e r e  is a wel l -developed possible task that his hardware system mightpaper-and-pencil test technology which is based on produce. This world of tasks and people must betest ing theory which is appropriate for the sampled. The model PM , described previously,academic variety of education. This technology provides a sampling procedure based on major taskhas been institutionalized and is well entrenched in func t i ons  such as checkout , align , adjust ,the DOD personnel and training systems . A’~~ troubleshoot , etc. But even this sampling acrosseducation test and measurement textbooks and possible tasks resulte d in 48 tests and 133 scorable
courses reflect this technology . Psychological products. It would be impractical to give any onemeasurement texts also emphasize this technology , 

test subject all of these 48 tests at any one time.At least two generations of teachers and test and Systematic sampling schemes m ust be developedmeasurement psychologists have been trained Ut across tests. The purposes for which PM results arethe use of this technology and , as a result , many to be used should be considered when developinghave unquestioned faith in its application to any sampling schemes . Such purposes of PM couldpersonnel measurement problem. Most of these include ascertaining (a) the job task proficiency ofpeople are products of the academic world. Few an individual , (b) the job effectiveness of a traininghave had any “hands-on” experience in performing program . and (c) the proficiency of a maintenan cemaintenance tasks. When the appropriateness of unit. Each of these purposes would require athe i r  t echnology  for  the measurement of different mix (or mixes) of tests and people. Somemaintenance ability is questione d , many members suggestions for such samplings can be found inF of this paper-and-pencil testing establish ment AFHRL-TR-74-57( ll) Part I (Shriver & Foley,become threatened and, therefore , defensive. l974a). But it should be remembered that these
14. In spite of the extensive military history of are suggestions that must still be field tested. In

usage. there is no PM establish ment comparable to the case of determining unit proficiency, some PM
the paper and pencil test establishment. There are can be administered by on-line observation of

F no college test and measurement courses (even in tasks tha t are often repeated : such as. checkout.
vocational education departments) which teach However , there will always be a requirement for
PM technology , and there are no textbooks o f f - l i n e  PM concerning critical , but seldom
devoted to the subject. The vocational educators performed tasks. Whether the PM is performed
have emulated their academic brethre n by using on-line or off-line , the test administrator must use
their measurement texts . And there has only been the same objective scoring procedures , the criteria
a limited amount of systematic R&D concerning of success being an acceptable product.
the development of a PM technology. Most of the 17. In spite of all of the evidence supportingcurrent PM technology for maintenance is found requirements of PM for maintenance , it has beenin DOD technical reports. extremely difficult to obtain R&D funding for

15. Success in aircraft pilot training and other efforts to advance the PM technology . In addition ,
operator training has always been based on PM; difficulty has been experienced in finding and
that is, demonstrated ability to perfo rm key job r e t a i n i n g  Air  Force professionals with the
tasks. Consequently, these training programs have necessary capability and interest to pursue an
been designed to ensure success on PM. Such effective PM R&D program for maintenance. Such
training has been characterized by an abundance professionals are necessary, either-for an in-house
of supervised practice of job tasks. But for or contractor program. Any successful program in
maintenance personnel , paper-and-pencil theory this PM area must be a long range program making
and job knowledge tests have been used as the use of existing expertise and aimed at expanding
principal means for determining both the school such expertise . “Off again, on again” efforts
and job success. As a result , maintenance training and/o r jumping to a new contractor with every
programs , both formal courses and career start will result in li t tle improvement in PM
development courses (CDC), have come to be technology.
st ructure d to ensure success on paper-and-pencil 1 8. Excessive mai n tenance costs are nevertests. This has resulted in the greater part of many
so-called main tcnance train ing courses ta ldng r~ 

going to be reduced as long as we don’t have J ill’

the verb al characteristics of academic education, and/or empirically vali d symbolic substitutes to
a s c e r t a i n  how efficiently maintenance men

su pervised practice of job tasks.
And th i s  has happened at the expense of perform the tasks of their jobs. In my opinion, the

3
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lack of such measures of maintenance performance 19. Probably the most cost-effective approach
is a most serious deficiency in DOD. As such , R&D for PM R&D (for electronic and mechanical
in this area should have an extremel y high priority, maintenance) would be to concentsate on the
For a long range R&D effort , five general areas of development and refinement of JTPT on the use
concentration are recommended : namely: of key test equipments prior to proceeding with

1. Re f i n e m e n t  of Model JTPT Battery the other task functions of the proposed model
( Electronic Maintenance) , test batt eries. The use of general test equipment is

a prerequisite to maintenance task functions such
2. R e f i n e m e n t  of Symbolic Substitutes as alignment , calibration and troubleshooting. In

(Electronic Maintenance) , addition , general test equipments usually have
3. Development of Model J TPT Battery wide usage in such task functions across many

(Mechanical Maintenance), hardware systems and there are a substantial
a m o u n t  of data which indicate that many

4. Development of Symbolic Substitutes maintenance men are weak in their test equipment
(Mechanical Maintenance) , ability. So, a general improvement in ability to use

5. Job Aptitude Test Research Based on test equipment is an important and necessary
Results on JTPT. factor for the general improvement of several

maintenance task functions.

4
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PERFORMANCE ME ASUREMENT oF MAINTENANC E

I. P ER F ORMA N CE M E ASUREMENT HI STORY atler 1956. The decrease or elimination of PMs
resulted in complete reliance on paper-and-p encil

Performance Measurement (PM) is not some- theory and job knowledge tests as measures of
thing new for the De fense Establish ment. Rut school success. The absence of PM resulted in a
many of the past PM efforts were not adequately decreased emphasis concerning “hands -on” equip-
documented. As a result , even the existence of ment exercises in maintenance training programs.
man y effo rt s has been forgotten. From personal This was especially true for electronic maintenance
experience during Wor ld War II , I know that the training.
training establishments of both the Army Air
Force and the Navy made extensive use of such Early Air Force R&D for Maintenance PM
measurements for such maintenance job tasks as Althoug h the use of PM in ATC did encouragecheckout , alignment , and troub lesh oot ing . the use of valuable “hands-on” training, the PM

I do not know exactly when PMs were de- used did not reflect a systematic development
e m p h a s i z e d  in  N a v y  main tenance  training process. As a result , their quality varied greatly
programs. However , in 1962. Harris and Mackie from checkroom to checkroom. These and other
reported why PM was not being used in Navy weaknesses of the PM used in ATC were recog-
trai n ing and field activities. Their report indicates nized by personnel of the Maintenance Laborato ry
that  PMs were generally felt to require too much of the Air Force Personnel and Training Research
equipment and personnel t ime to be feasible. Center (AFPTR C) in the early 1950’s. (This

Maintenance Laboratory , located at Lowry AirIn the Air Force , an active and substantial PM Force Base , Colorado . was directed by Dr. Robertprogram continued unt i l  1956. These measure- M.  Gagn ~ ). This measurement research andment program s for the Air Training Command development (R&D) continued unt i l  the dem ise of(ATC) of the Air Force and its predecessor. the that  laboratory in 1958.Amiy Air Forces, included elaborate checkrooms.
To increase measurement objectivity and decrease One output  of this effo rt intended for improve-
inst ructor bias , these checkrooms were manned by ment of the development and administration of
full-time test administrators . Their sole job was to PM was “A Guide for Use in Performan ce Testing
develop and administer both wri t ten and perform- in Air Force Technical Schools ” (Highland. 1955).
ance tests. In most cases, these checkrooms were However , this useful document was published too
assigned their own hardware systems or sub- late. Due to the closing of checkrooms and the
systems which were used exclusively for PM. The resulting deemphasis of PM , thi s guide received
PM required a substantial amount of equipment l i t t le  or no use in ATC. However, if it had been
time , as well as test subject and test administrator followed, it certainly would have resulted in
time. im pro ved PM. One serious shortcoming of this

In 1956, almost all checkrooms were abolished guide . as viewed from today ’s vantage poin t , was
t h e  undue credence it gave paper-and-pencilto save money, equipment , and personnel. An measures.often-used argument in favor of this action was

that  most civilian schools did not have checkrooms In this regard , another importan t document of
and that  in civilian schools , the classroom , labora- the Maintenance Laboratory reported the inter-
tory or shop instructors were responsible for correlations of measures concerning the pro fi-
measurement and grading, which was true. But the ciency of radar mechanics (Crowder et a!., 1954).
weakness in th is argument is tha i in most cases, This was one of the early studies which reported
the shop instructors in civilian vocational schools extremely low correlations between results of PM
did not have time to administer PM and also super- and results of pap er-and-pencil theory and job
vise shop exercises. As a re sult, the Air Force had a knowledge tests. During the 1950’s and early
far superior and more valid measu ernen t system 1960’s, there were a number of other studies that
than civilian vocational schools. Another a rgument produced similar findings . This matter will be
was that the resources required for PM could not discussed later.
be justified since PMs were not part of the directed It certainly was unfortunate for the quality ofmission of ATC. maintenance , that the use of PM was deem-

But no matter what the reason, there was a phasized. But at the time of these actions, much of
drastic decrease in the numbe r of PMs used in ATC t h e  i n f o r m a t i o n  now available about the
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weaknesses of paper-and-pencil tests for measuring the-art of PM. Rather , they have been ad hoc PM
school and job success had not been published , developments to support job oriented training
Eve n the most ardent supporters of checkrooms research programs. A notable exception was the
and PM in ATC had much more faith in the value work of the AFPTRC Maintenance Laboratory .
of such paper-and-pencil tests than the subsequent (Another more recent systematic Arm y effort ,
research indicated. So under such circumstances, accomplished by the Human Resources Research
one cannot be too critical of the decision-makers Organization (Hum RRO) was not covered in these
who caused the elimination or deemphasis of PM. reviews (Vineberg et al., l970a , l970b ; Vineberg
Perhaps, if such information had been presented at & Taylor , l972a , and 1972b). As for civilian R&D,
t h a t  t i m e , ATC wou ld  ha v e  re ta ined  its during the initial PM literature review (Foley,
checkrooms and its PM. 1967), a serious attempt was made to identify and

include the results of PM R&D from the civilian
Early PM Efforts of the Advanced vocational education establishm ent. None was
Systems Division (AFFIRL) found.

With the abolishment of AFPTRC in 1958 and A substantial outcome of the review of other
the resultant closing of its Maintenance Labora- PM effo rts was a consolidation of research results
tory, the Air Force maintenance research responsi- concerning the correlations between results of PM
biity was transferre d to the Behavioral Sciences for various maintenance tasks and paper-and-pencil
Laboratory (BSL) at Wright-Patterson Air Force theory tests , job kr’owledge tests , and school
Base , Ohio, but with greatly reduced manpower marks. As to their value for measuring ability to
and monetary suppo rt . Since none of the research perform maintenance tasks , this research evidence
personnel were transferred with t~e responsibility, gives a low rating to all of these paper-and-pencil
and all of the ongoing projects had been cancelled , based measures of school and job success. Table I
the research program , conducted by the Training shows correlations that have been obtained by
Research Division of BSL, was not a true continua- comparin g job task perform ance tests (JTP1’) to
tion of work of the Maintenance Laboratory. (In theory tests and job-knowledge tests. The latter
1968, the Training Research Division of BSL two are paper-and-pencil tests. Table I also in-
became part of the newly formed Air Force cludes correlations of JTPT with school marks. As
Human Resources Laboratory and eventually was indicated earlier , school marks have been heavily
renamed the Advanced Systems Division (AS) of weighted with the paper-and-p encil test scores. An
AFHRL). examination of this table indicates that the cor-

The maintenance R&D supported by BSL and relations of JTPT scores with theory test scores are
its successor . AFHRIJAS, has been characterized genera l ly  somewhat  lower than with job-
by its erophasis on the maintenance man ’s inter- knowledge tests. None of these measures are
face with the hardware being maintained , as well sufficiently valid for use as substitutes for JTPT
as the improvement of his efficiency of perform- ( Foley, 1967 , 1974).
ance on the job. Before an extensive program was
started , an in-house analysis was made concerning
the variables that contribute to the performance of ~ THE MAN-MACHINE INTERFAC E

FOR MAI N TENANCEmaintenance  (see Foley, 1973 , pp. 14—1 6) .
Eventually three closely related R&D programs

As stated previously, the maintenance R&Dresulted, namel y, performance measurement , job
performance aids (JPA), and job (task) oriented suppo rted by AFHRL has emph asized the man -

machine interface. From this point of view , PM fortraining (TOT). In each of these programs. a deter-
mined effort was made to make maximum use of all personnel associated with machine systems
the previous R&D conducted by Army, Na vy , and must determine the ability of such personnel to
Air Force including the AFPTRC work . The plan- perform tasks generated by the man-machine inter-

face. Although there may be some overlap, mostnin g of new work for each program was preceded 
of the task functions demanded by a machineby an in -depth revie w and analysis of the R&D

literature. system of its operator personnel are different than
those task functions demanded of its maintenance

In regard to the li terature reviews and analyses personnel. Herein , lies most of the uni que . distin-
made for PM (Foley, 1967 , 1974), many valuable guishing characteristics of PM for maintenance. As
PM efforts have been reported by the Army, Navy , a result , this section of my paper will be devoted
and Air Force. Howeve r, most of these efforts to a discussion of the complexity of maintenance
have not been systema t ic efforts, having as their task functions.
prime objective the improvement of the state-of-
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l u/tie I. (orreIationk Between Job -Tagk Performance Tests and Theory
T~sIs . Job KnowI~dgr Tests , and SchOol Marks

Typo ar Job Ta.k TM O ,y Jo b V( nowl . School
R och. ,. Ptrfo,m.nc. TsM (JTPT ) Tails Sq. Tat, Mark,

And~ ,s~,n lii i Equ.pn,,nt JTPT . 18 - 33
19621

E,~tn , and Troabl.thooti ng .ITPT .24 & 36 12 & 10 35
Strr uh (1953)

Macko et T.oobted,oot~ng JTPT 38 .39
ii . 11953)

Sanpe (19551 Troobteshoo,n,q JTPT 55 56
Brown ci ~( . T,ou ble,hoot ing JTPT 40

(1999 1 Tent Egcrpmeni JIPT 29
Akgnrn .nt JTPT 28
8095,, Skd(, JTPT 19

W,ll,.n,s and T,oabled,ooting JTPT
Wh,t,r rn,e lIne~,p.r,.nced St,b,ects) .23
(1959) (Eap.r.enced SublecIs) .15

Ad~ stn,en, JTPT
)Ine,pe,,cncS Subtecis) .02
(Enpe,onc .d Subiecist .21

Acg uts ii~on Red., JTPT
()neoper,enc.d Subi.cts ) .03 36
lEnper ,encrd Sabtectit .14 22

Target Tracking Radar JT PT
()nenper~enced Subiect s ) .24 33
(Eop.,,eeced Subiec,s) 20 .36

M,n.t e T,acktng Radar JT PT
)Inentperienced Subtecrit 09 . 15
(Fnper,enced Subteorst .19 32

Co,np,ner JTPT
(inespar,enced Subiects) .08 24
(Ende rienc ed SuSpec ts) 06 14

Total JTPT
)(neope,irncq,j Satg..,,) 14
( Enpe,,enc .d Sub ,ects) .20

Crowder en Ttoab(ent,ootirtg JTPT I I  lB - .32
at (1954)

Past Human Factors Emphasis efficiency of the maintenance man ’s interface with
hardware. The maintenance work , including theBut before discussing the characteristics of task PM work of AFHR[./AS , has emphasized thisfunctio ns for maintenance , it might be well to call 
neglected interface.attention to the fact that human factors establish-

ments have given much more attention to the The Structure of the Man-Machine
operator interface with machines than they have Interface for Maintenance
given to the maintenance personnel interface. 

One of the results of our R&D for maintenanceMany actions are taken to maximize effective and 
has been the evolution and articulation of aefficient performance of the operator. Work structure for handling maintence functions andstations are human-e ngineered to maximize the their complex relationships in a systematic man-efficiency and comfort of the human operator. ncr This structure includes (a) standard main-

Major tra ining facilities are provided , so that . tenance functions and action verbs , (b) a working
operators can receive a large amount of supe rvised definition of a maintenance task , and (c) schemas
practice in performing typical tasks of their job. for handling the complexities of maintenance
Graduation from training is based primarily on tasks.
demonstrated ability to perform job tasks. And , Standard Maintenance Functions and Actionperiodic checks are made of the operator ’s ability Verbs. The establishment of standard maintenan ceto perform the critical tasks of his job. These, functions and action verbs has been one of theactions of course , are not all of the many effOil5 widely accepted results of the Air Force Systemsmade to maximize the performance of human Comiimn aiid ’s (AFSC) JPAs effort entitled “Presen-
ope rators . tation of Information for Maintenance and Opera-

Generally, the human factors establish ment has tion ” (PIMO). (Although the PIMO project w~
given little attention to the effectiveness and managed by the Space and Missile Systems

I I
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Organ ization (SAMSO) of AFSC, AS provided The third axis of the model represents the three
active pa rticipation and technical inputs during tile levels or categories of maintenance now found in
entire project fro m 1966 through 1969. AS has the military services. Organizational maintenance
incorpo rated the key findings and outputs of is the firs t level. It is usually aimed at checking out
PIMO in its own JPA efforts.) Early in the PIMO a whole machine subsystem and correcting any
project . it was found that many maintenance identified faults as quickl y as possible. flight-line
action verbs and functions were used by mainte- maintenance falls in this category . A system is
nance people , some with several diffe rent mean- checked out, If it does not work , the line replace-
ings. Part of this confusion was caused by the able unit (LRU) or ccblac k box” causing the nial-
language used in maintenance technical orders function is identified and replaced. This major
which were written by different people and pro - component is then taken to the field shop (inter-
duced by many diffe rent hardware manufacturers. mediate maintenance) where it is again checked
As a result , maintenance technicians themselves out and the faults , authorized for correction , are
did not generally use precise language. A study was corrected. The corrective actions , authorize d at
made to identify and define these action verbs, the in termediate level , vary greatly from system to
Where two or more verbs were used to indicatc a system depending on the maintenance concept of
similar action , the preferred verb was selected , each system. On some systems, the mainten ance
based on the expressed preferences of a sample of man will troubleshoo t the black box to the piece-
maintenance men with a wide range of mainte- part level. In more niodern equipment , he will
nance AFSCs. The use of the preferre d verbs of identify a rep laceable module mad e up of man y
this list is now a firm requirement of Air Force piece pa rts. Some modules are thrown away,
technical order specifications, as well as af recent others sent to the depot for repair. Any LRIJs
Arm y and Nav y specifications (see Joyce et al ., which the field shop is unable , or unauthorized, to1973 . pp. 97— 142). repair are sent to the depot for overhaul.

~-1 Working DefInition of a Maintenan ce Task. Organizational and intermediate level organize-
Within this list of action verbs are a number of key tions are manned primarily by enlisted technicians
action verbs (functions). A key action verb , with whose average lengt h of service is rather short
an appropriate specific hardware unit as its (slightly more than 4 years in the Art Force).
predicate, becomes a task stat ement. Such a task Depots are manned largely by civilian personnel
statement represents a maintenance task which can with a much higher level of expe rience and longer ,
be demanded by the existence and operation of a expected retention (service) time. Using this
specific machine subsystem. A list of these llmc- model , it has been possible to specify areas of
tions is found in AFHRL-TR-7343(l ) (Joyce Ct concentration for study.
al.. 1973, pp. 19--20). This list includes functions
which are found in both mechanical and electronic Since PM requirements for maintenance are so
jobs. Some app ly only to mechanical jobs and different for the various blocks indicated in this

model , it is extremely important that PM re-sume apply to both , 
searchers indicate the precise blocks of their con-Schem es for  (lie Systematic consideratkm of centration. To date , AFURI.IAS has concentrated

Maintenance FUnC ions and Tasks. Three schemes on the shaded electronic portions of this model
have been developed for the systematic considera- (Figure I) .  The resultant model battery of 48
lion of maintenance functions and tasks and the J 1’PT (together with their symbolic substitutes)
key factors that affect them . will be described later. In addition , a battery of

Scheme One. A convenient model for cate- eleven .JTFT were developed on an ad hoc basis
gorizing these maintenance functions with relation (Shriver & Foley, 1975) for m echanical tasks at
to the type of hardware and the leve l of main- the  o rganizational level of maintenance (see
tenance is presented in Figure I - The common shaded portion of Figure 2). The l-IumRRO work .
maintenance functions , already mentioned to- mentioned previously (Vineberg et al., I970a,
gether with the usage of test eqo~prn ent and hand- l970b ; Vineberg & Taylor , 1972a , 1972b) was
tools, are represented on one ax is of the model , concerned wit h mechanical hardware (tank and
Since mechanical and electronic subsystems truck). The thirteen tests developed concerned the
usually require a different variety of maintenan ce maintenance functions which are indicated by the
actions , they are represented by another axis. (In shaded portions of Figure 3.
regard to this axis , mechanical maintenance could
be further divided into two catego ries: (a) repre- Sche m e Two. Maintenan ce functir , -‘ have
sented by hardware : such as jet engines, and (b) by limited meaning unless applied to specific hard-
hardware : such as airframes , and tank and ship ware . A task identification matri x (TIM ) is an cx-
hulls). t r eme ly  ef fec t ive  and necessa ry device for
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Figure 1. A functional representation of the DOD maintenance structure
(shaded portion indicates scope of AFHRL PM development for electronic maintenance).
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Figure 2. A functional representation of the stops of AFHRL PM
development for mechanical maintenance.
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Figure 3. A functional representation of the scope of the Hum RRO PM
development for mechanical maintenance (Vineberg et al., l970b) .

interfacing these maintenance functions with the require remove and install activities and/or adjust ,
appropriate hardware units and thus identifying al ign , and calibrate activities. Efficient trouble-
the maintenance tasks that are generated by a shooting practice usually requires the use of a
specific machine subsystem (see Figure 4). The cognitive strategy to adequately track the depen-
TIM , when properly structure d, will reflect the dent activities (but the cognitive strategy in itself
maintenance level or levels of interest ; that is, is not troubleshooting). Any troubleshooting task
o rgan iza t i ona l , in te rmedia te  and/or depot. should begin and end with an equipmen t check-
AFHRL- TR- 7343(I) (Joyce et al , 1973 . pp. o u t .  Because of these various and varying
16—37) provides detailed directions for developing dependency  relationships , such activities as
a TIM. checkout , remove , install, disassemble, adjust ,

Scheme Three. A matter of serious conce rn al ign , calibrate , or troubleshoot cannot legiti-
when developing and structuring PM for main- mately be considered as discrete tasks , even for

one electronic system.tenance tasks is the interaction among the mainte-
nance tasks for identical hardware . A four-level Another confounding {actor is the false cor-
hierarchy of dependencies can be stated. Figure 5 respondence that the same functional verbs create
gives a graphic presentation of these dependencies when applied to different electronic hardw are . For
among maintenance activities for an electronic example , personnel with the Avionic Inertial and
hardware. Rada r  Navigat ion Systems Specialist , AFSC

The checkout of the AN/APN-147 (Doppler 328X4 , are maintaining at least 50 major elec-
Radar), for example , can be a task in its own right. tronic subsystems. Many vintages of hardware
But the same checkout activity becomes an design are repre sented. The checkout activity for

each is diffe rent (both in content and difficulty)element of other major t asks, such as calibrate, and in some cases , very different. The lack of cor-Calibration of the doppler radar include s the
operation of specific genera l and special test equip- respondence  of alignment , calibration, and

troublesh ooting tasks from one specific equipmen tments , the use of specific handtools , as well as the to another is even greater. An exam~~e of the lackcheckout activity. Troubleshooting of an electron- of correspondence from one hardware to anotheric equipment , such as AN/APN .147, require s the (both having the same function ) is the wideuse of general and special test equipments. It may
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(1) —
~~~~ 

—

~~~~ r ~~~‘- Checkout

_.._
~~~~~ ~~ 

—_ Use of handtools, soldering

(2) _~~~~. ~~ Remove, Install, Disassemble, Assemble

.._
~~~~

. ...._ ~~~~ . Operate general and Special Test Equipments

( 3)  4djust , Align, Calibrate

(4) Troubleshoot

F igure 5. Indicating the depende ncies among maintenance functions
for electronic hardware (functions italicized).

diffe rence in the content and difficulty of trouble- different hardware unit).  A separate human factors
shooting tasks between two doppler radars. The analysi s would have to be made for each of these
AN/ APN- 147 , which is used on the (‘-130 and tasks. Some maintenance specialties now include
C-l4 l , has approximately 14 ,000 shop replaceable over 50 major electronic subsystems—most of
units (SRU) whereas the inertial doppler naviga- which produce hundreds of such tasks.
tion equipment (IDNE) on the C-5 has only 28. A traditional human fu ictors ty pe of taskThis lack of correspondence of functions across analysis for such tasks, if properly utilized , wouldelectronic hardware makes it difficult to generalize probably be of great value during the originalfrom results of PM from one electronic hardware design of a specific hardware or for the design ofto another. One exception is in the area of general realistic training simulators . But most of main-test equipment , whic h may be used in performing tenance personnel interface with such subsystemsm a i n t e n a n c e  t asks  across many hardware long after their design. The type of task analysissubsystems. required for the maintenance man calls for a dif-

The examples given are characteristic of many ferent language. The funct ions used in this dis-
of the electronic maintenan ce AFSCs. Similar cussion of PM are, therefore , based on a common
problems in complexity of maintenance functions language that is familiar to (if not always corn-
and tasks arc found in mechanical hardwar e , but pletely unders tood by) a wide range of DOE)
to a lesser degree. personnel directly or indirectly associated with

maintenance.
Maintenance Functions and Tasks and
Traditional Psychological Variables

lit. DF.VELOPMENTOFPM ANDIn this consideration of the characteristics of SYMBOLIC SUBST1T tJTES FOR PMmaintenance functions and tasks, the psycho-
logical language normally used by huma n factors S t a r t i n g  in 1969 , the Advanced Systemsspecialists in describing the activitie s of operator Division of the AFHRL support ed a modestpersonnel has not been used. There are several program to provide the Air Force with the neces-reasons for this nonusage . Such anal y ses would be sary tools for measuring the ability of maintenanceextremely expensive to generate and would be of personnel  to per form the key tasks of the i rlittle value to maintenance personnel and training jobs. The scope of this work was limited to thepeople. In most cases a task (generated by a main- maintenance of electronic hardware at the organi-tenance functional verb plus its specific hardware zational and intermediate levels (see shadedunit) is considerably different from another task

portion of Figure I). This program had two(generated by the same functional verb plus a

16

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



objectives: (a) to develop a model batte ry of job 1974a). Each class of activity (fo r which JTPT
t ask performance tests (JTPT ) together with were developed) contains its individual mix of
appropriate scoring schemes for the measurement behaviors , but it is not mutually exclusive. As m di-
of the task performance ability of electronic main- cated in Figure 5 and Table 1, a four4evel
tenance personnel (an effo rt was to be made for hierarchy of dependencies exists amon g them.
the development of JTPT which could be easily
administered), and (b) using the JTFT of this After considering product , process, and time as
battery as criteria , to develop and try out a series to their appropriateness for scoring the results for
of paper-and-p encil symbolic substitute tests that each activity, it was decided that a test subject has
would hopefully have high empirical validity , not reached criterion until he has produced a com-

plete , satisfactory product. This was a go, no-go
Criterion Referenced Job Task Performance Tests criterion.

A model battery of 48 criterion referenced Table 2 summarizes the numbe r of tests, prob-
JTP’I’ and a test administ rator ’s handbook were lems and scorable products by class developed for
developed for measuring ability to perform d cc- the AN! APN-l4 7 and AN/ASN-35. The simple
tronic maintenance tasks. Copies of the actual addition of numbers show n in Table 2 indicates
instructions for test subjects together with the test that there are 48 tests , 81 problems, and 133 scor-
administrator ’s handbook are available from the able products. But , these numbe rs tell us nothing
De fense D o c u m e n t a t i o n  Center (DDC ) as in terms of the content of the tests. To say that
AFHRL-TR-74-57( Il) Part 11 (Shriver et al , 1975). one tes t  subject accomplished 100 scorable
The test administrator’s handbook was developed products , while another accompl ished 90, tells us
with step-by-step detailed instructions so that an nothing about the job readiness of these m di -
i n d i v i d u a l  w i t h  a m i n i m u m  of electronic viduals or that one is better than the other. The
maintenance experience can administer the tests. varieties of scorable products are so diverse that

any combination of them , without regard to what
The battery includes separate tests for the they represent , is meaningless. The only meaning-

following classes of job activities: (a) equipment ful presentation of such info rmation must be in
checkout , (b) alignment/ calibration, (c) removal ! terms of a pro file designed to attach meaning to
replacement . (d) soldering, (e) use of general and such numbe rs. A sample of such a profile is shown
special test equipment , and (f) troublesh ooting. in Figure 6.
The Doppler Radar AN/APN- l47 and its Com-
puter AN/~~SN-35 were selected as a typical d cc- This profile is not presented as the final solu-
tronic system. This system was usec~ as the test-bed tion to the pro file problem for JTPT for electronic
for this model battery. The soldering and general m a i n t e n a n c e .  It does contain most of the
test equipment JTPT are applicable to all elec- important information regarding a test subject ’s
tronic technicians. The other tests of the batte ry success on the full range of tests. It gives a
apply to technicians concerned with this specific meanin gful picture of the subject’s job task
doppler radar system. A detailed description of the abilities as measured by the test battery , indicating
development and tryout of these JTP1’ is given in the subject ’s strengths and weaknesses.
AFHRL-TR-74-57(II) Part I (Shriver & Foley , An examination of the profile (Figure 6) indi-

cates that most of the tests in this battery contain

Table 2 Tests, Problems. and Scomble Products

tee. ‘T~~%~ P 481.,.,, P edeft~

I Chsckow Co 2 2 2
2 PhysIcal Ski l l l k ,  .old.s. ,~gI PT 2 5 17
3. Re,no,. and Replace RR 10 10 20
4 . left Eqa~pn,.nt SE 7 31 67
5 A~~anm.n, AD 6 6 8
6. Al,gnmeni A t. 10 10 10
7 . l.OsbIeW’oo, ng IS II II 11

la,aI 7 48 CI 133
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only one problem. For example, there are two study of the Tab tests (Crowde r et al.. 1954 , see
checkout tests , having one problem each and there Table I )  indicated that the JTPT used as the cri-
are eleve n troubleshooting tests having one prob- tenon measures contained many distraction s and
1cm each . There are two soldering tests; one has interruptions to the subjec t’s troubleshooting
two problems and the other has three . The volt- strategy (cognitive process); such as , using test
ohmmeter (VOM) test has 20 problems. equipment to obtain test point information. In

The subject receives no “credit ” for a problem addition to such inte r ruptions in the cognitive

unless he obtains all of the expected products. No process, the subject can obtain faulty test point

attempt is made to combine these scores in terms infonnation by the improper use of his test equip-r of meaningless numbe rs . inent.  In the symbolic substitute Tab tests , all of
these potential pitfalls of the actual task were

The hierarchy of dependencies discussed pre - avoided . The subject was given a printed test point
viously (Figure 5) has implication for the order in readout. It was hypothesized that the injection of
which tests are administered , as well as for diag- job equivalent pitfalls into symbolic substitutes
nostics. For example , since troubleshooting in- possibly would increase their empirical validity.
cludes the use of test equipment and other
activities in the hierarchy, logic would dictate that Based on these hypotheses, a battery of sym-

in most training situations the administrati on of bolic tests was developed under contract with the

the tests for the subactivities would preced e the M a t r i x  Research Company of Falls Church ,

troublesh ootin g tests and that a test subject would Vir ginia. A com panion graphic symbolic test was

not be permitted to take the troubleshooting tests developed for each of the job activities for which a

until he had passed these other subtests. Under criterion referenced JTPT had previousl y been

some circumstances, one may wish to reverse the developed. Based on two limited validations, all of

process. A subject who successfully completes the graphic symbolic tests , with the exception of

selected troublethooting or alignment tests can be the symbolic test for soldering, indicated sufficient

assumed to be proficient in his use of test equip- promise to just ify further consideration and refine-
ment and checkout procedure s These depen- ment. Table 3 indicates the correlations obtained
dencies are displayed on the left-hand side of the from these validat ions. Due to a shortage of avail-

profile (Figure 6). able subjects , the number  of pairs of subjects was
extremdy small. All of these promising graphic

Due to the unavailability of a sufficient number symbolic tests, therefore , must be given more
of experienced test subject s at the time of the extensive validations using larger numbers of
tryout of the J 1’PT battery , the tryout was not as experienced subjects.
extensive as planned. The limited tryout did indi-
cate that the tests, as developed , are admin- The validation of any such symbolic test re-

istratively feasible. Their continued use, no doubt , quires the administration of a companion JTPT as

would  r e su l t  in  fu r the r  modifications and a validation criterion. As a result , a validat ion is an

improvements, expensive process in terms of equipmen t and
e x p e r i e n c e d  manpower. The troubleshooting

Development of Symbolic Substitutes symbolic tests require the most extensive refine-
ment . Several suggestions arc made for improving

There is no doubt that a battery of JTPT would their empirical validity. A complete description of
require more tra inin g and on-the ~ob time of the these sy mbolic test efforts can be found in
test subjects. more equipment . and specially AFHRUTR -74-57( ll l) (Sh river & Foley , l974b).
trained test adlnin istrator s . It will be recalled that An attempt , also , was made to develop video
these were high among the reasons given for drop- symbolic substitute tests, but this effort produced
ping PM from the Air Force and Navy mainte- no promising results. (Sh river et al.. 1974).
n a n c e  t r a i n i n g  p rog rams .  Therefore , the
availability of empirically valid symbolic substitute Even if graphic sylilbolic substitutes of high

tests would be highly desirable. Even though empirical validity can be produced, the use of
previous atten~xs to develop such tests as the Tab symbolic substitutes will never , in my opinion .
test (Crowder et al., 1954) had failed , it was our dispense with the requirement for the liberal
opinio n that muc h more work could be done to administration of actual JTPT to maintenance
improve symbolic maintenance tests as substitutes personnel. We can never include all aspects of an

for JTP’l’. It was hypothesized that higher correla- actual performance of a task in a pape r and pencil
tions possibly could be obtained by a different symbolic representation of that task , but our work

approach to the development of symbolic tests. A indicates that we can come much closer than has
been done in the past.
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Figur e 6. A profile for display ’mg the results obtained by an individual subject from a buttery of Job Tssk
Performance Tests concerning an electronic system — the AN/APN-147 and the AN/ASN-35. 11th represents

the profile of an individua l who has successfully completed most of the battery.
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IV. CONSOLIDATED DATA BASE TO SUPPORT PM V. PROBLEMS CON CERNING THE RESEARCH ,
DEVELOPMENT AND IMP LEMENTATION OF PM

In keeping with its man-machine interface . -

orientation , AFHRL/AS is demonst rating the ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
rn~ n~~nance h.ad

technical feasibility of integrating five hu m an tenance training program s during and after World
resources related technologies and applying them War II. The dropping of such test s fro m these
during weapons system development. I’his is being training programs reflected two interacting prime
accomplished under Project 1959 , “Advanced factors. The first prime factor is alact ; that is. PM
System for the Human Resources Support of for maintenance are much more expensive to
Weapon System Development.” The five technol - develop and to administer than paper-and-pencil
ogies are: (a) human resources in design trade offs , theory and job knowledge tests . Howeve r , the
(b) maintenance manpower modeling, (c) job per- second factor, the general acceptan ce of such tests
formance aids, (d) instructional system design . and as adequate substitutes for PM . is not a fact but a
(e) system ownership costing. widely held belief. I use belief here with the

One objective of this program is to determine precise meaning of somethin g that is held to be
the data input require ments for, and prepare speci- tru e without adequate proof. Although we now
tlcations for , a consolidated maintenance task have substantial hard data which disprove this
identification and analysis data base, which will belief (see Table I) .  man y people seem to be
support the integrated application of these five unaware of these data. Most of the objections to
technologies in a weapons system development PM ignore the fact that paper-and-pencil tests are
program. We feel that such a consolidated data not valid measures of job ability . Such paper-
base will contain most , if not all , of the informa- and-pencil tests are not a bargain . No matter how
tion which would be require d to develop good cheaply they can be administered, their results are
J TPT provided the tests are developed in keeping almost meaningless in term s of measuring ability
with the technology described in this paper. If to perform maintenance tasks. This state of affairs
such a data base is demonstrated to be technically has contributed to a numbe r of other problems.
feasible and if it is routinely made a require ment I .  There is a well-developed paper.and-pencil
in weapons system development contracts , it Will test technology which is based on testing theory
provide considerable assistance in developing main- which is appropriate for the academic variety of
tenance perform ance tests for new weapons education. This technology has been institutiona-
systems. lized and is well entrenched in the DOD personnel
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and training systems. All education test and 4. Success in aircraft pilot training and other
measurement textbooks and courses reflect this operator training has always been based on PM;
t echno lo gy .  Psychological measurement texts that is, demonstrated ability to perform key job
emphasize this technology. At least two genera- tasks. Consequently, these train ing programs have
tions of teachers and test and measurement been designed to ensure success on PM. Such
psychologists have been trained in the use of this training has been character iied by an abundance
technology and , as a result , man y have Un- of supe rvised practice of job tasks. But for main-
questioned faith in its application to any personnel tenance personnel, paper-and-pencil theory and
measurement problem. job knowledge tests have been used as the

Most of these people are products of the principal means for determining both the school
academic world. Few have had any ~‘hands~~n” and job success. As a result , maintenance training
experience in perform ing maintenance tasks. When program s, both formal courses and career develop-
the appropriateness o their technology for the ment courses (CDC), have wme to be structured
measurement of maintenance ability is questioned , to ensure success on paper-and-penci l tests. l’his
many members of this paper-and-p encil testing has resulted in the greater pa rt of man y so-called
establishment become threatened and , therefore , maintenance courses taking on the verbal char-
defensive . a c t e r i s t i c s  of academic education. This has

happened at the expense of supervised practice of
2. in spite of this extensive military h istory of job tasks.

usage, there is no PM establishment comparable to
the paper-and-pencil test establishment. There are 5. A like imbalance of emph asis is reflected in
no college test and measurement courses (even in the more stringent PM cert ification required of the
vocational education department s) which teach operator. A pilot for exam pl e , is certified on the
PM technology , and there are no textbooks de- basis of his demonstrated perform ance before he is
voted to the subject. The vocational educators permitted to fly a specific type of aircraft , and his
have emulated their academic bre thren  by using proficiency is checked periodically as long as he is
their measurement texts. There has only been a required to fly that aircraft . But a maintenan ce
limited amount of systematic R&D concerning the m a n  receives no such certification of his ability to
development of a PM technology. Most of the perform the maintenance tasks required of him by
current PM technology for maintenance is found the same aircraft.
in DOD technic al reports. Rather th an an equipment-specific PM certifica-

3. Just as human factors resources have tion , an “occupational” certification based on
favored the operator ’s in terface with hardware paper-and-pencil job knowledge tests has been
over that of the maintenance man ’s interface , the subst i tu ted for maintenance personnel. Many
personnel and training resources have heavily maintenance •‘occupations’ cover a lar~~ number
favored the operator. This has been especially true of systems or subsystems. An individual main-
with regard to the aircraft pilot. DOD still contains tenance man usually works on one or two such
elements of a caste system which relegated the systems or subsystems. Tests for occupations have ,
maintenance man to the status of a “grease therefore , been general in nature. Most of the
monkey.” This  is a reflection of a deep-seated personnel and training measures for maintenan ce
culture bias in our society against any group who men in all three services have been of the paper.
gets their hands dirty while earning their living, and-pencil job knowledge variety. However , the
This bias has been extremely strong in the manage- Army now has a policy for including PM on
ment  and  academic e s t a b l i s h m e n t s .  The specific job tasks in its maintenance personnel
importance of the maintenance man and his prob- system (Maier et al .. 1976). This policy is only in
lems has been consistently downgraded , perhaps an early stage of implementation.
not by word , hut certainly by the allocations of
resources. No matter how costly, the operator has Returning to the pilot/maintenance man corn-
always been provided the necessary hardware and parison , it is true that an improficient pilot migh t
hardware simulators , as well as the necessary PM , destroy a whole aircraft . Thanks to good checkout
to ensu re his ability to perform the task s of his procedures, it is highly improbable that a main-
job. Few such facilities have been provided for the tenance man’s actions would cause the sudden
maintenance function ~-one re sult has been an destruction of a whole aircraft. However , over a
effective but inefficient and costly maintenance period of time an improficient maintenance man
system. Costly maintenan ce is directly translated can do the equivalent , on a piece-by-piece basis, by
into excessive life cycle costs of ownership of the damage he can cause by his lack of skill , and
hardware .
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by his consumption of unnecessary spare parts to new contractor with every start will result in little
correct malfunctions. Certification by PM would improvement in PM technology.
certainly improve the efficiency of maintenance . 8. Durin g J TPT and symbolic test develop-

6. Closely related to this lack of meaningful ment efforts, several attempts were made to share
certification for maintenance , is the lack of the use of operational hardw are on a noninter-
accountability.  The target of the personnel , ference basis. These experiences have indicated
training and tech data establishments should be to that no matter how cooperative the personnel of
ensure the maintenance man ’s ability to perform the operational unit , such time-sharing efforts are
the tasks of his job efficiently. But our personnel very expensive in terms of wasted man-hours of
measures do not ascertain how many hits and highly paid R&D professional personnel. For
misses we make—nor what is causing our misses. successful results , the necessary hardware must be
As a result , no one is being held accountable for assigned to the R&D project.
the effectiveness of their contributions in terms of
efficiency of job task performance. Many people 9. One of the persistent problems concerning
in these establishments can see no reason for the admin ist ration of PM has been gettin g main-
adopting improved technol~gies such as TOT and tenance supervisors to shed their supervisory role
JPA—because they have neve r been held account- and assume the rule of a disinterested test admin is-
able for hitting the job performance target. We, trator. Because of their st rong urge to show and
therefore , require the use of valid job task per- hel p test subjects , most of these people have
formance measures to provide the bases for such extreme difficulty in keeping them~~lves out of
required accountability. But such a possibility the actual tasks performance.
becomes very threatening to many people in these 10. Timewise , it certainly would be impossible
establishments , to administer a PM to a maintenance man for

7. In spite of all of the evidence suppor ting every possible task that his hardw .ire system might
requirements of PM for maintenance, it has been produce. This world of tasks and people must be
extremely difficult to obtain R&D funding for sampled. The model PM described previously
efforts to advance the PM technology. In addition, provides a sampling procedure based on major task
difficulty has been experienced in finding and re- functions such as checkout , align, adjust , trouble-
tam ing Air Force professionals with the necessary shoot . etc. But even this sam pling across possible
capability and interest to pursue an effective PM tasks resulted in 48 tests and 133 scorable
R&D program for maintenance. Such professionals products. It would be impractical to give any one
are necessa ry , for either an in-house or contractor test subject all of these 48 tests at any one time.
program. Systematic sampling schemes m ust be developed

across tests.
Few contractors have had exte nsive experience

or expertise in this area. Any contractual effort , to The purposes for which PM results are to be
be effective , must be very carefully planned and used should be considered when developing
closely monitored. I would anticipate that much sampling schemes. Such purposes of PM could
of the first year ’s effort by a new contractor will include ascertaining (a) the job task proficiency of
he expended in a learning experience for his an indivi dua l , (b) the job effectiveness of ~ training
people and will not be too productive for the PM program, and (c) the proficiency of a maintenance
technology . Unless continued follow-on work is unit .  Each of these purposes would require a dif-
given such a contractor , his expertise is soon lost. ferent mix or mixes of tests and people Some
Durin g Fiscal Years 1969, 1970, and 197 1 a total suggestions for such samplings can be found in
of $239K in exploratory development funds was AFHRL-TR-74-57(ll) Part I (Shn~~r & Foley,
obtained by AFHRLIAS for the development and l974a). But it should be remem bert. ..’ that these
tryout of PM and symbolic substitutes. The con- are suggestions that must still be field tested.
tractor personnel for this effort developed con- In the case of determ ining unit proficiency.
siderable expertise in working with PM for some PM can be administered by on-line observa-
maintenance but they are no longer with the tion of tasks that are often repeated such as check-
original contractor. The principal investigator , Dr. out. There will always be a requiremen t for off-
Edgar L. Sh river , is now president of his own firm , line PM concerning critical , but seldom performed
but his two PM assistants are no longer with him. tasks. Whether the PM is perform ed on-line or
Any successful program in this PM area must be a off-line , the test administrator must use the same
long range program making use of existing ex- objective scoring procedures, the criteria of success
pertise and aimed at expanding such expertise . being acceptable pr oducts.“off again , on again ” effort s, and/or jumping to a
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I I .  The potential cost of PM in both training A mechanism must be developed for the timely
and fiel d environments has certainly been in- institutionalization of each new technology which
creased by the proliferation of hardware sub- will ensure its integrity. A mechanism for the
systems (especially electronic) since the earl y orderl y im plementation of technologies similar to
1960’s. Ove r this period the state-of-the-art has that used for new weapons systems is recom-
been constantly changing. This has resulted in the mended. Such a mechanism must make efficient
proliferation of many variations in tasks for any and effective use of the “know-how” of the
one task function. For example, the alignment developers of the technology and make them
function produces considerably different tasks responsible and accountable for its implementa-
from hardware to hardware . Some long range tion. A new technology should not be turned over
actions are being taken to reduce the number of to a using command for its operation until it is in
hardware havin g the same functional use. Because place , “debugged” and operational—just as a new
of the large numbers and types of maintenance weapons system is not turned over to an opera-
tasks, a realistic system of priorities must be tional command unt il it has been “debugged” and
established for PM development. PM concerning proven to be ready for operational use.
the use of general test equipmen t would probably
have the most immediate and widespread effect on
the quality of maintenance. This development Vt. PROPOSED PM R&D EFFORTh
should be followed by PM for systems and sub- FOR MAINTENANCE

systems having long life expectancies and large
numbers in the field. Excessive maintenance costs are never going to

be reduced as long as we don ’t have JTPT and/or
12. Current milita ry grading systems must be empirically valid symbolic substitutes to ascertain

modifie d to properly re flect the results obtained how efficiently maintenance men perform the
from PM and symbolic substitutes. In my opinion , tasks of their jobs. In my opinion , the lack of such
the only adequate device for presenting such re- measures of maintenance performance is a most
suIts is a profile similar to that shown in Figure 6. serious deficiency in DOD. As such , R&D in this
No attempt should be made to convert the content area should have an extremel y high priority.
of such a profile into a single numerical score. The
results of PM should never be combined with Areas for R&D Concentration
paper-and-pencil test results. For a long range R&D effort , five general areas

of concentration are recommended ; nam ely, JTPT
Institutionalization of New Technologies and mat chin g symbolic substitute tests for elec-

Getting newly developed technologies such as tronic maintenance , J TPT and matching symbolic
PM institutionalized is a perennial problem , substitute tests for mechanical maintenance , and
especially, when a technology requires funda- aptitude tests based on PM. The development and
mental changes in long existing programs. proce- field tryout of a J ill’ must precede the develop-
dure s, and attitudes of entrenched establishments. ment of its symbolic substitute. The work on
AFHRL/AS has been involved in the implementa- JTPT batterie s for both electronic and mechanical
tion of severa l well-develop ed and documented maintenance should be started as soon as possible.
technologies , such as job performance aids and The work on aptitude tests should not be started
instructional systems design (ISD) including pro - until J TPT batteries and the symbolic substitute

tests have been completely field tested. More in-grammed instruction and job (task) oriented formation concerning these areas of concentrationtraining. These experien ces have indicated that it is follows:extremely difficult to maintain the integrity of a
technology during its so-called implementation. I .  Refinement of Model JTPT Battery (l ~7ec-
Operational organizations invariably attempt to tt~flic Maintenance). The already available model
implement a much “watered down” version of the J TPT Battery (Sh ri ver et al , 1975) should be given
techno logy  and consequently obtain greatly a large scale f ield tryout. (The AB328X4 Avionics
“watered down ” results. In some cases only cos- Inertial and Rada r Navigation Systems Specialist
metic changes to existing program s are reported as Course, which includes the AN/APN-147 and the
implementations. Currently it requires years of AN/ASN-35 , does not emphasize the mastery of
persistent effort on the part of the research job tasks. The tasks specific tests of this battery
c o m m u n i t y  to get a technology properly cannot be used in the fo rm al course.) One thrust
institutionalized , of this effort should be to further refine the
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battery including its administrative procedures . A rough estimate for accomplishing this symbolic
second thrust should be the development of effort would be four professional man-years.
sampling strategies which would be appropriate for 5. J ob Aptitude Test Research Based on
determining the effectiveness of training progra ms Results on JTP T. R&D plans should be made to
and both individual and unit proficiency as dis- utilize the results of JTPT and symbolic substitute
cussed earlier under PM problems. This effort tests for standardizing military aptitude indices
would require approximately two professional obtained from the A!med Service Vocational Apti-
man-years plus the use of maintenance specialists tude Battery (ASVAB). As a JIrst step, the military
as test administrators from the appropriate main- aptitude scores of all tests subjects used for the
tenance specialties. If it is necessary to select a tryouts in the proposed JTPT R&D should be
system other than the AN/APN-l47-AN/ASN-35 recorded. In addition , such aptitude scores should
c o m b i n a t i o n , th i s  work  would  r equ i r e  be obtained durin g any school or field administra-
approximately four professional man-years. tion of J TPT or symbolic substitutes. When suf-

2. Refin ement of Symbolic Substitutes (Elec- ficient data are obtained , the degree of relation-
tronic Maintenance). As previously indicated , a ship between J TPT results and various aptitude
number of symbolic substitutes for JTPT were indices  should be obtained. Later, when a
developed and given a limited tryout. Table 3 indi- sufficient number of JTPT are used in the field , a
cated that some of the symbolic tests show formal R&D project should be initiated to modify
prom ising empirical validity . These promising the ASVAB to directly reflec t job success as
symbolic tests must be more thoroughly refined measured by JTPT.
and validated. In addition , further exploratory R&D Strategy . Probably the most cost-effective
development is require d for symbolic substitute approach  for  PM for both electronic and
tests for troubleshooting tasks in keeping with mechanical maintenance would be to concentrate
recommendations made in AFHRL-TR-74-57(Ill) on the development and refinement of JTPT on
(Shrive r & Foley, l974b). This effort would use of key test equipments prior to proceedingrequire between three and four professional man- with the other task functions of the proposedyears plus the use of maintenance specialists as test model test batteries. As indicated in Figu re 5, the
a d m i n i s t r a t o r s  and  test subjects from the use of general test equipmefit is a prerequisite to
appropriate maintenance specialties. maintenance task functions such as alignment,

3. Development of Model JTPT Battery cal ibra t ion a~ z~ troubleshooting. In addition,
(Mechanical Maintenance). A model JTPT battery general test eq~Iipmen ts usually have wide usage in
similar to the model battery for electronic main- such task functions across many hardware systems
tenance described previously should be developed and there are substantial amounts of data which
for a typical mechanical subsystem such as a jet indicate that many maintenance men are weak in
engine or tank engine coverin g both the organiza- their test equipment ability. So, a general improve-
tional and intermediat e levels of maintenance . This ment in ability to use test equipment is an
model should be thoroughly field tested. Sampling important and necessary factor for the general
strategies as indicated for the electro nic battery i m p r o v e m e n t  of several  maintenance task
should also be developed. This effort will require functions. I would strongl y recom mend , therefore,
approximately four professional man-years plus that the early concentration for the proposed
the use of maintenance men from the appropriate model test batteries be in J TPT concerning the use
maintenance specialties as test administrators and of key test equipments. Each PM development for
test subjects. a test equipment should be accompanied by the

4. Development of Symbolic Substitutes developmen t of a r ’~~ mmed training package
(Mechanical Maintenance). An attempt should be with sufficient practice frames for teaching the
made to develop symbolic substitute tests with mastery of all its functions. Basic models of such
high empirical validity alter the model J-~N- training packages for 12 general test equipments
battery is available for mechanical maintenance, are now available (see Scott & Joyce , l97 5a
The same contractor should develop these sym- through 1975 1). However , more practice fram es
bolics that developed the JTPT battery . A very should be included in these programs.

24

-

~

. •,- -- --

~

. . . • i • ~ • •



r .

~ ~~~
.

REFERENCES

Anderson , A.V. Training, utilization and prof i- Navy. Navy Technical Report No. 703-I ,
ciency of Navy electronics technicians: IlL AD-285 842. Washington, DC: Office of Naval
prof iciency in the use of test equipment. Navy Research, 1962.
Technical Bulletin 62-14 , AD-294 330. San Highland, L W . A guide for use in performance
Diego : U.S. Navy Personnel Research Activity, test ing in Air Force technical schools. ASPRL-
1962. TM-55-l , AD-65 480. Lowry AFB , CO: Arma-

Brown , G.H., Zaynor , W.C., Bernstein , A.H., & ment Systems Personnel Research Laboratory,
Shoemaker, H.A. Development and evaluation January 1955.
of an improved f ield radio repair course. Tech- Joyce , R P ., Chenzoff , kP., Mulligan , J.F., &nical Report 58, Project Repair. AD 227 173. Mallory , WJ.  Fully proced ura lized job perform -
Washington , DC: Human Resources Research ance aids : Draf t military specification for
Office , The George Washin gton University , organizational and intermediate maintenance.
1959. A F H R L - T R - 4 3 ( I ) ,  AD-775 702. Wright-

Crowder , N., Morrison , EG., & Demaree , R.G. Patterson AFB, OH: Advanced Systems Divi-
Prof iciency of 0-24 radar mechanics : VI. Anal- sion , Air Force Human Resources Laboratory ,
ysis of intercorre lations of measures. AFPTRC- December 1973.
TR-54-127 , AD-62 115. l..ackland AFB, TX: Mack je, R.R., Wilson , C.L., & Buckner , D.N. Prac-
Air Force Personnel and Training Research tical performance test batteries for electricians
Center , 1954. mates and radiomen developed in conjunction

Evans, T N., & Smith , Li. A study of performance with a manual fo r  use in the preparation and
measures of troubleshooting ability on dee- administration of practical performance tests.
tronic equipment .  I l l i no i s :  College of AD-98 239. Los Angeles, CA: Managemeiit and
Education , University of illinois, October 1953. Marketing Research Corporation , June 1953.

Foley, J.P., Jr. Critical evaluation of measurement Maier , M.H., Young, D.L., & Hirshfeld , S.F. Imple-
practices in pos t-high school vocational elec- menting the skill qualification testing system.
tronic technology courses. AD-683 729 . R&D Utilization Report 76-I , AD-A023 994.
Doctoral dissertation , University of Cincinnati , Arlington , VA: U.S. Army Research Institute
1967. for the Behavioral and Social Sciences, April

1976.Foley, i.P., Jr. Factors to consider in developing
new test and evaluation techniques. Proceedings Saupe , J.L. An analysis of troubleshooting be-
of the Human Factors Testing Conference, 1— 2 havior of radio mechanic trainees. AFPTRC-
October 1968. Snyder , M.T. (Chni.), Kincaid , TN-55.47 , AD-99 361. Lackland AFB, TX: Air
J.P., & Potempa, K.W . (Ed.). AFHRL-TR-69-6 , Force Personnel  and Tra in ing  Center ,
AD-866 485. Wright-Patterson AFB , OH: November 1955.
Training Researc h Division , Air Force Human Scott , D.L., & Joyce, R.P . TEK TRONIX 545B
Resources Laboratory , October 1969. oscilloscope training. A FH RL-TR-76-l 9,

Foley, J P., Jr. Description and results of the Air AD-A022 941. Wright-Patterson AFB, OH:
Force research and development p rogram for  Advanced Systems Division , Air Force Human
the improvement of maintenance efficiency. Resources Laboratory, September 1975.(a)
AFHRL-TR-72-72 , AD-77 1 000. Wright- Scott , D.L., & Joyce , R.P. TS-1I O0f U transistorPat te r son  AFB , OH; Advanced Systems tester training. AFHRL- TR-76-20, AD-A022Division , Air  Force H u m a n  Resources 930. Wright-Patterson AFB, OH: AdvancedLaboratory , November 1973. Systems Division , Air Force Human Resources

Foley, J.P., Jr. Evaluating maintenance perform- Laboratory, September 1 975.(b)
ance: An analysis.  AFHRL.TR-74-57( l), Scott , D.L., & Joyce , R.P. TS-148 radar test setAD-A004 761. Wright-Patterson AFB, OH: training. AFHRL-TR-76-2 1, AD.A022 931.Advanced Systems Division , Air Force Human Wright-Patterson AFB, OH: Advanced SystemsResources Laboratory , October 1974. Divis ion , Air  Force H u m a n  Resources

Harris, D., & Mackie , R.R. Factors in influencing Laboratory, September l975.(c)
the use of practical performance tests in the

25



Scott , ILL.. & Joyce , R.P. TV-2A/ U tube tester graphic symbolic substitutes f o r  a-iterion ref rr-
training. AFHRL-TR-76-22 , AD-A022 932. enced job task performance tests fo r  electronic
Wright-Patterson AFB , OH: Advanced Systems ?f lWnt( ’?WnCe. AFURL-TR-74-57(lIl), AD-A005
Divis ion , Air  Force H u m a n  Reso urces 296. Wright-Patterson AFB, OH: Advanced
Laboratory , September l975.(d) Systems Division, Air Force Human Resources

Laborato ry , November 1974.(b)
Scott , D.L., & Joyce, R .P. URM-25Dsignalgener - Shriver, E L., & Foley, J P ., Jr. Job performanceator training. AFHRL-TR-76-23, AD-A022 aids fo r  UlI -IH helicopter: Controlled f ield933. Wright-Patterson AFB, OH: Advanced tO ’ozlt and evaluation. AFHRL.TR-75-28(I),Systems Division , Air Force Human Resources AD-B006 295L. Wright-Patterson AFB, OH:Laboratory , Septembe r l975.(e) Advanced Systems Division , Air Force Human
Scott, D.L., & Joyce, R.P. 200 CD wide range Resources Laboratory , J une 1975. (Distri-

oscil lator  training. A F H R L - T R - 7 6 -2 4 , bution limited to U.S. Gov’t. agencies only.)
AD-A022 934. Wright-Patterson AFB, OH:

Shrive r , EL , Hayes, J.F., & Hulband , W.R.Advanced Systems Division , Air Force Human
Resources Laboratory , September 1975.(O Evaluating meaintenance performance: A video

approach to symbolic testing of electronics
Scott , D.L., & Joyce, R.P. 5245L electronic maintenance tasks. AFHRL-TR-74-57(IV),

counter training. AFHRL-TR 76-25 , AD-A022 AD-A005 297. Wright-Patterson AFB, OH:
939. Wright-Patterson AFB , OH: Advanced Advanced Systems Division , Air Force Human
Systems Division , Air Force Human Resou rces Resources Laboratory , July 1974.
Laboratory, September 1975.(g) Shriver , E.L., Hayes , J .F., & Hufhand , W.R.

Scott , D.L., & Joyce, R.P. Fluke 803 difftren iial Evaluating maintenance performance: Test
vol tmeter  training. A F H R L - T R - 7 6 - 2 b . administrator ’s manual and test subject ’sAD-A022 956. Wright-Patterson AFB, OH: instructions fo r  criterion referenced job task
Advanced Systems Division , Air Force Human performance tests fo r  electronic maintenance.Resources Laboratory, September l975.(h) AFHRLTR -74 57(Il), Part II , AD.A005 785.

Scott , Di., & Joyce , R.P. lIP -410B VTVM Wright-Patterson AFB, OH: Advanced Systems
training. AFHRL-TR-76-27 , AD-A022 940. Division , Air Force Human Resources Labora-
Wright-Patterson AFB, OH: Advanced Systems tory, January 1975.
Division , Air Force H u m a n  Resources Vineberg, R., & Taylor, E.N. Performance in four
Laboratory , September 1 975.(i) Army jobs at different aptit ude (AFQT) levels:

Scott, D.L., & Joyce, R.P. Kay Model 860 sweep 3. The relationship of AFQ T and job experi-
generator  training. A F H R L - T R - 7 6 - 2 8 , ence to f ob performance. Technical Report

72-22, AD-750 630. Presidio of Monterey, CA:AD-A022 957. Wright-Patterson AFB , OH: H u m a n  Resources Research Organization ,Advanced Systems Division , Air Force Human I 972.(a)Resources Laboratory, September l975.(j)
Vineberg, R., & Taylor , E .N. Performance in four

Scott, ILL., & Joyce, R.P. SG-299 B/ U signal Arm; ’ jobs at different aptitude (AFQT) levels:
generator  train lu g. A F H RL-T R- 76-29 , 4. Relationships between performance criteria.
AD-A022 972. Wright-Patterson AFB , OH: Technical Report 72-23 , AD-iSO 604. Presidio
Advanced Systems Division , Air Force Human of Monterey , CA: Human Resources Research
Resources Laboratory , September l975 .(k) Organization , 1972.(b)

Scott , D.L , & Joyce, R.P. Simpson 260 VOM Vineberg, K., Taylor , E.N , & Caylor, J.S. Perform-training. AFHRL-TR-76-30, AD-A022 984.
Wright-Patterson AFB , OH: Advanced Systems ance in f ive Arm•; ’ jobs by men at differen t apti-
Division , Air  Force H u m a n  Resources tude (AFQT) levels: I.  Purpose and design of
Laboratory, September l975.(l) stud; ’. Technical Report 70-18, AD-7l5 614 .

Presidio of Monterey, CA: Human Resources
Shriver, E.L., & Foley , J.P., Jr. Evaluating main- Research Organization , 1970.(a)tenance performance: The development and

tryout of criterion referenced job task perform- Williams , W.L , Jr. , & Whitmore , P.G., Jr. The
an ce tests for electronic maintenance. AFHRL- development and use of a performance test as a
TR .74-57(lI), Part I , AD- A004 845. Wright- basis for comparing technicians with and with-
P a t t e r s o n  A F B , OH:  Advanced Systems out f ield experience. The NIK E AJAX AFC
Divis ion , Air  Force H u m a n  Resources Maintenance Technician . Technical Report 52,
Laboratory, September 1974.(a) AD.2 1 2 663. Washington, DC: Human Re-

Shiiver , E.L., & Foley, J.P , Jr. !~valuating main - sources Research Office , The George Wash-
tenance performance.- The development of ington University, January 1959.

26 



1:
BIBLIOG RAPHY

Frederiksen , N. Proficiency test s for training Wallace, S.R . Criteria for what? American Psycho-evaluation . In R. Glaser (Ed.), Training research logist, June 1965-(a)and education. Pittsburgh , PA: University of Wallace, S R . The relationship of psychologicalttsburgh Press, 1962. 
evaluation to needs of the Department of Dc-Jenkins, i.G. Validity for what? Jour nal of Con- fense. Proceedi ngs of 7th Annual Militarysuiting Psychology, March—A pril 1946. Testing Association Conference. AD.681 096.
San Antonio , TX: October 1965, 1 —tO.(b )

S

*U1 ~~~ERN~ fN1 PaINTINSOflIcI 1978 771-122/18 27 

—

~~~~~~~~~~~


