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20. ~ f oth non—troubleshooting (non—TS) and troub leshooting (TS) tasks , for
both organizational (0) and intermediate (I) levels of maintenance . Two
Job Oriented Training (JOT) programmed packages were also developed to
support these FPJPAS — a 13—week program for “0” level subjects and a
16—week program for “I” level subjects. These JOT programs were sub-
stantially shorter than entry training whith for “0” level maintenance
was 24 weeks and for “I” level maintenance 36 weeks. l’hese traditional
electronic maintenance programs are successfully completed only by per-
sonnel of very high aptitude. The “0” level JOT program was adminis-
tered to one group of 15 medium aptitude subjects and the “I” level p ro-
gram t o two groups of 13 medium aptitude subjects.liThese were less than
ideal administrations due to late delivery of J91~’materials and to too
few instructors and equipments . Following. thule training programs , - these
subjects were required to perform representative maintenance tasks using
FPJPAS . These medium aptitude “0” level subjects solved 86.6 percent of
their TS problems and the “I” level subjects solved 89.1 percent of their
TS problems . Although Navy control data were not obtained for this eval-
uative tr~rout, the performance of these medium aptitude inexperience Navy

— subjects using FPJPAs compared favorably with the performance of high
aptitude inexperience Air Force subjects also using FPJPAs of a similar
Air Force study. These medium aptitude Navy subjects using FPJPAs per-
formed TS substantially better than did high aptitude e.~p er~enced Air
Force technicians using traditional maintenance manuals (TMM) . These

- high aptitude Air Force experienced technicians had received 36 weeks of
f ormal theory based training and required several months of on—the—j ob
training to become job proficient. This evaluative tryout demonstrated
the feasibility of combining the FPJPA and JOT technologies and indicated
that such a combination would greatly reduce the initial training time
for firs t term maintenance personnel.. The combined imp lementation of
these technologies would result in two additional major benefits to the
Navy. It would permit the training of medium aptitude personnel, in
addition to the currently utilized, high aptitude personnel now required
for the long traditional theory based training. And while providing
these impressive personnel benefits, it would increase the efficiency of
the performance of maintenance including a substantial reduction in
spare parts usage. The realization of these benefits, however , requires
the quality implementation of these technologies under the direction of
personnel with successful experience in their applications. To do cther—
wise wiLl. iavite’~ater~d down” implemen tations followed by “watered down”
if not disastrous, field results.
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I. INTRODUCT ION

Fleet ~eedhack on s~stems deve loped at the Naval Air Developmen t Center (NAVA IRDEVCEN) has
generated ~n tncrease d awareness of training and technical maintenance documentation as critical factors in
svste~, design. W hile pursuing goals of increase d system performance. it is recognized that any actual
pert~ r:1;ance gains mus t be fi ltered through the maintenance capability of the average fleet technician.
Chief of Naval Education and Training (CNET) itas suggested that training costs can be cut by making
training more job oriented and less broad and them et ical , especial ly for tlrst term technicians. Chief of
Nava l Personnel (CtIN~.VPk RS) throu~~ the Personnel Qualification Standards (PQS) Program has been
supporting job specifi c On-The-Job Training (OJT). The PQS will specify what skills are required for a
billet. Naval Ai r Svst ~tns (‘oruniand (NAV A l  R) (Al R-04A4) has been sponsorin~ research for ito pro~ ng t he
et Tectiveness of reclusical documentation to support the technician on the job . The Maint enance
Informati on Automated Rett ieval S~st~rn (MIARS) , the Technical Review and Update of Manuals and
Publications (TRUMP), and the Work Package (W P) concept are three AJR-04A4 programs aimed at
improvement of technica l documentat ion.

These proerams have become more critical wit h the advent of the All-~’olunteer Force (AV F). The
Navy Enlisted Occupational Classif ication System (NEOCS) study predicted a general reduction in reading
l v c l and other se lection t est scores ot the \VF And more recent projections indicate tha t due to the

c reas ~ i i  the number of people in t h e  19 to 20 age eroup in the next decade , the number of available hi~ i
::ntitude neuple ~ ihl decrease. In addit ion, weapon svsten ts have become more com i*x and as a result ,
tr ad itional mamter.ance training programs , which have always required high aptitude students , have become
longe r and more costly . In spire of such expei~sive training, there is substantial evidence w hich indicates
that mucn mainte nance . aithouco performed etfect iv e ly. is not performed e fficiently (Foley . l”75 ~. So
v~avs ~houId lx’ found to improve the quality of ’ maintenance but with maintenance being per formed h~.
‘ersonnel ot somew hat lower aptitude and with shorter initial training. N.AVA! R is charged with providing
t he most cos : effective training support anti technical documentation for systems and, therefor e. oust
adort and/or kv~lop approaches to cope w ith these chan~ ng Navy needs and must insure that these
approaches are applied to systems under dev&onment and procurement.

Fortunately , t he Research and Development ( R&D) establishments of all the m~itary services have
Jeveloped and demonstrate d the notent ia l effectiveness of a number 01 relevan t training models and
improved maintenance guidance mode ls , as we ll as co m binations. The most ef lective improved maintenance
guidance materia ls have ref lected important aspects of the Fully Procedurahized Job Performance Aid
I FPJPA) technology. (Step - by -s tep maintenanc e instructions in standard tatic uage . supported by pictorial
locators , are essentia l hut not sufFicient identifvinii elements of t h is technology). Six previous FPJPA
protects seemed to be especia lly app licable to a so lution of many Navy maintenance problems.

Three of the six }:pJp,,~ nrojcets applied to non-troub leshooting (non-IS ) tasks (such as checkout.
align, adjust .. calibrate , and remove and replace) but not to troubles hooting tTS) tasks . These included the
‘or Force pro~ect . Presentation of Intorniat ion for \ laintcnancc and Operation (PIMO) (Serendi pity. 1969).

end t~wo Nay projects. Advanced Manpower Concepts for Sea-based Aviation Systems (ANISA S) (Post &
Brooks. Note 1 and Job Perto rmance Aids Test IHorn , Note 2). These projec ts demonstrated conclusively
that inexper ienced technician s performin e x ith Job Guides of the FPJPA variety could perform as we l l as
or bc:ter than ex;~crienecd personnel perforininit wit h or without Job Guides, And expe rienced personnel
::iade fewer maintenance errors ‘.~ hen periorinine wi th Job Guides than when perfomiin~ in their traditionai
manner .

A ~ot~nJt -~roject , a contro lled stud y ( sometim es ~a1led the Twelve Flour Study) of the Air Force
Human Resources Laboratory IAFIIRL) Elliot: . 1967: Elliott & Joyce , i9o8) concerned FPJPAs for TS.
fltis was the fi rst studs which coinhmned the FPJPA and job (task) oriented training (JOT) technologies.
i3oth high and me d u t i  a ptitud e h igh school ‘tudents received 12 hours oh’ speci fic “hands on ’ t rainini~ on
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the use of test equipment and hand tools. These subjects performed TS tasks as well as did the experienced ,
lugli aptitude pe rsonnel with many months of training. These high school subjects used FPJPAs and the
experienced technic ians used traditio nal maintenance manual (TMM) materials, Although the experiment in
t his study was controlled , FPJPAs we re not developed for an entire system. In addition , the FPJPAs used
were rather primitive by current standar ds.

The fifth project was part of the ~‘ietnamization program and concerned the deve lopmen t of FPJPAs
for both non-IS and IS task s for ten major systems or subsystems. (For a summary of utis effort , see
Foley . 1978a.) This project was based on both the PIMO and the AFURL effo rts. During this project . a
great deal was earned concerning the development of FPJPAs by contract ors not familiar with the concept.
The most important long-range outcome ot’ t his project was the developmen t of an adequate specification
( Mi!-J.S3302) and guidance handbooks (A ~p(icd Science Associates. 197la & 1°71h), With the
deve lopmen t of these documents , the FPJPA concept emerged as a true tec hnology. These documents were
later Americanized and published as a t hree-volume technical report. AFIIRL-TR-7 1-53 (Folley et al.,
l97la, 197lb: Joyce et al.. 1971), These Americanized documents have since been updated and published
by AFHRL as another three-volume technical report . AFHRL.TR-7343 (Joyce et ai., 1973a , 1973b.
I 973c). T he character istics and re luirelnents of ’ FI’JPA technology arc sutti marizcd in Figure I.

The s ixth project was a 197 2 AFIII(L demonst ration of the potential e ffectiveness of combining
FPJPAS for IS tasks amid JOT at Alt os Air Force Base (Mullen & Joyce. 1974). The FPJPAs used fo r this
demonstrat ott co tm cer oej Iir~ani,,am noah (0) amid intermediate (I) level maiiitciiaiice of the Dopp ler
navigation radar. AN/APN.147 , and its computer. .4N /ASN-35 . These FPJPAs were developed prior to the
deve lopment oh’ the specification amid guidance handbooks. A 4-week JOT proorarn concerning non-TS
tas ks, such as remove and replace and use if ’ test equipillent . hand tools , and FPJP1~s . ~~~ developed for
this demonstration. E ght hit!h elect ronic aptitude subjects and eight medium aptitude subjec t s were
assigned, :rnniediate hv aft er cotoplet ine basic t raining, to a job oriented 4-week course , At the request of
N~ VAI R, t he author obseived a segment of the Altus demonstration. The subject s were able to pert orttl
most of t he typic-al “0” and “I,’ level tasks ci ven them, Even though the subjects perfo rmed reasonably
~vehh , t he project manager indicated that he believe d the effectiveness of both the FPJPAs and the JOT
could he imr.provcd by the development i FPJI>As in keeping with the previousl y m entione d spec itlcati o
and guidance of A FIIR.L.TR-7l-53 IFollev et al., 1971a, 1971b : Joyce et al.. 1971) and by adding miore
task practice to the JOT. But despite t hese limitations of the Altus demonstration, it was evident to the
author that the FFJPA technology represented a coordinated , as well as a feasible , approach to technical
documentation. In addition, t his detnonstrat ion supported the hypothesis that a coordinated FPJPAIJOT
program could significantly reduce training costs while improving electronic system maintenance , including
IS.

This hypothesis was further supported by an independent investigation sponsored by the Department
of Defense ( DoD) (Rowan. 1973). in this investigation , Rowan concluded that non-TS FPJ P,.~s or job
guides coupled w ith JOT have received sufficient studs’ and vafidatton to support their adoption b DoD
for ~‘O” level maintenance, He estimates a saving of 1,25 billion dollars annually from this
recotnrnendatton. 1k further recommended continued testing, citing the present study , to determine
w hether the FPJPA techniques can he applied to “0” leve l TS and all “I” level maintenance tasks. Based on
the hypothesis that the FPJPA,’JOT c~tnbination had great potentia l, a demonstration/evaluation was
proposed by t he NAV .&IRDEVC1:N ro .msc.erta in the e ffective ness of this com bination for hoth TS and
non.TS tasks at ~oth the “0” and t he  “1” levels of tnaintenanee, The proposal was made to the Chief of
Nava l Operations (CNO) (OP- Sot and to \AVAI R .t 1R413 . AI R-04A4).
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FPJPA a the generic name ef a technology which can be used in the development of step-by-step directions
for both non-troubleshooting fnon-TS I and troubleshooting f ISh tasks. The current technology conta ins aspects
obtained from several sources , including thsi AFHRL explorato ry development effo rts , the fir st AFHRL advanced
development effort (1967—72 1 , the Presentation of Information for Maintenance and Operation (PIMO) proiect .
and JPA proiects for Vietnamizat ion. (The 1 2-hour study was one of the AF H RL exploratory ef for ts and the Attus
demonstration was part of the f irst  AF HRL advanced development effort.) Currently, AFHRL.TR-73-43 , a
three~volume technical report , provides the best description and directions concerning the FPJPA technology for
both non.TS and TS tasks (See Joyce e t a . , 1973a , b, and c i. The most importaro addition to this report is found ri
AFHR L-TR - 75.38 (Shriver , 1975) concerning improved cues for step~by-step directions. This figure isa summary of
a description of the FPJPA technology oy Foley (1 978a), The technology has the following characteristics and
content .

Task Identific ation and Analy ses (TI&A ) of Identifi ed Tasks — A unique characteristic of this technology is
the formal requirement for the development and use of T l&A . To ensure the effective iob support for ion-I S by
FPJPA , an aid must be considered for every task of a hardw are to be maintained . This requires the develop m ent and
use of a task identification matrix (TIM) . Each FPJPA must contain accurate and complete step-by-step
instructions , keyed to pictorial locators for its task , And each FPJPA must contain all of the cues necessa ry for
individuals of the taroe t populations to porlorm the task . FPJPA for IS tasks must be built around a logic or
troubl eshooting tree that identifies all the mroubteshoot ing signatures . There must be a signature for each replaceable
component assigned to The leve l of maintenance for which the TS aids are being developed, For each decision po int
in the IS tree, accurate ssep-by~step instructions, with the necessary cues , must be developed. These character ist ics
are insured by the development and application of a number of task analysis products which are requried by the
AFHR L-TR- 73-43 specification. To ensure the completeness and adequacy of these required products of f o rm el
T l&A , there must be timel y periodic in-process reviews and official acceptances of these products by knowledgeable
DoD rep resentatives . These produc ts then become criteria for the structure and completeness of the F°J PA to be
used during their developme nt.

Standard Language and Key ed Picto rials for Maintenance Inst ru ct ions — Another unique characteristic of -FPJPA , which came from the PIM O project , is a stan dard langu age , Each maintenance direction is limited to a total
of three sentences and a total 25 words. Each of these sentences is limited to 10 words. The first word of each
sentence is an action verb in the veconii person taken from a standard verb list. In addition to standard verbs , ~l l
nouns are cross-refer enced (ke v e o f to a locator pictorial which indicates to the user the app earance of the item and
itt location in the hardwaie. This standard language provision coupled with the pictorial locators reduce the readin;
requirements of the user to a minimum.

Format Using Tl&A , standard language , and keyed pictorial locators for content determination and
considering she lob environment in which the identified task s were to be accomplished, several appropriate form at s

h ave been developed to date. But it is important to remember that the necessary content of the aids is far more
impo rtant than the format. A rormat similar to that developed for the PIMO pro iec t has usually been used for
ncn.TS tasks at the “0” level ~f m aintenance. Instructions have been formatted in a rat her sm~~l booklet w it h
ins~rucsions on the ci t -hand page ar-cl the locato r pictorial s on the right hand, Some aopl icatior - . have provided
pictorial foldouts , each of which is applied to more than one page of instructions. There have been two formats used
or FPJPA for TS tasks: one in which the instructions have been placed in blocks and the blocks connected by flow

lines to in dicate branching, similar to Log ic Tree Troubl eshootin g Aids fLTT P 1 and the other in which the
instruc t iont have been placed in a sc rambled book, The scr ambled book format produces a document that looks
‘.‘ery similar to FPJPA for non-IS tasks. The branching in the scrambled book is provided by directions to go to the
page on which the instructions are g iven. Future applications of the FPJPA technology may result in other formats
which w ill better mee t the needs of some users. The point is that the FPJPA technology is not lim ited by form at nor
is it truly repres ented by format, It it oos s ibte to apply any of the form ats mentioned here , w ,th o ut the crnucnr
control o f the Tl&A , but such applicatio ns cannot legit imately be considered true imp lementations of the FPJPA
technology,

Validation and Verifi cation — Validation of maintenance manuals by the Contractor , followed by v er ific at . rn
by the appropriate DoD agency, has long been pa rt of maintenance policy. in some cases these req uir em ents involv e
only table top inspection s of the final pro duct s . However , in the past , with the exception of corrections for obvious
errors in directions and format , l i t t le could be accomplished by these processes to insure the iob effectiveness of
maintenan ce manuals. Several applications of the FPJPA t echnology have indicated that no matter how carefully
the T l &A ‘.vas accomplished and monitor ed and no matter how care f ully she res ult m no cr i teria were applied , a very
careful “hands on ” validation and verific ation of the results are required. For maximum effectiveness , one of t hese
efforts should inc lude “h ands On ’ equipment tryout of directions by members of the target populations for which
‘“e directions have been develooed . Another safeguard which was applied in developing aids for the C.141 aircraft
was s three-year warr anty by the Contractor of hit product, To insure maximum effectivenes s of the FPJ PA
technology , suc h warranties should be obtained for all future applications.

F igur e 1. Characteristics and content of the Fully Procedura lized
Job Perfor man~ Aids ~FPJ PA) technolo~~.

(Th Is figure was prepared by Dr. John P. Foley of the
\i !v:t rteed S~ste nis Division. of the Air Force

I I u t t t , ~j t Rc~ iii rces Laborator y .)

a
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II. TIlE PROJEcT PLAN

Thts effort was planned in 1972 as a full scale controlled study to determine the relative e f t ’ecfivcn ess
of t he eombuted FPJPA and TOT technologies with cespect to traditional thecry based train in~ and TM\ I.
(Unfortunately , as will be discussed late r , the contro lled comparative aspects of this plan were never
comp leted.)

The formal objective of the project ~~ to test whether a 12-week 1oh oriented course, when
combined wit h FPJPAs , could prepare recruit training graduat es with 45—52 scores on the General
ClassitIcation Test (GCT) to m’.~ntait i a typical Navy aircraft electronic subsystem at the “0” and “I”
levels, The project would diffe r front the AFHRL Altus project in two its ’iportant respects. The FPJPAs
~ould be developed in keep ing w iti s the latest ve rsion of the specillcation and guidance documents
(AFHRL-TR.71-53 . Fo llev et al., l~ 7l:i . 197lh: .Jovcc et al., 197 1). The JOT developed t’or this effo rt
would be longer than the .-\ itUS JOT -and would thus provith more job task practice. Like the Alt us
program, it would minimize t h e amount 01’ tra ditional theory . Duting the planning of tltis research and
deve lopment (R&D), close coordination . tu idance, and support was provided by Dr. John P. Folc~ - who
was at that time directing the FPJPA R&D Program of the AFI’IRL, Advanced Systems Division at
Wri ght- Patterson Air Force Base. Tlte Altus effort was part at’ this AFURL FPJPA peograt’is .

The Electronic System Selected
The AN/AQA.7 Sonar Signal Processing System was selected as the system to be maintained for this

;- roject . This sonar is installed in I he S2G and P.3 series aircraft . It was selected because it was
r.~precentative of a stat e~~l’.t lse.art , cxi remclv complex electronics system colttaifl ing m~~t1v solid St : f f C
micro-e lectronics components , as wel l as soffiC discrete and tube components. The maintenance concept for
the “O’ level consisted primari ly in TS to a “black box ” level or large card . (IS was supported h~ a
relative ly cff ect ive Built-in Test E~ uipntertt ( I3ITE).)

..\ Ithough it change d ha er , at 11w 1111w ii i’ itS se lection the maiti tenance concept for t l t ~ “1” leve l of ’
tuai ntenance required tec hnicians to TS opI~ to the car d level or to a discrete com ponent. If a card ,
:dcnt it ’ied as dccect ive , contained a dcfe~ti~-c integrated circuit or chip. the card was sent to t he depot level
for repair. If the card contained otily ~ii5ctc’tC cottiponents . IS continued to the defective component which
was replaced. The “r’ level technician was required to use the following rest equipment: Digital Voltmeter ,
Osci lloscope , Differential Vo ltmeter . Ni.srt h Atlantic Phase Meter . and Multit ttete r. The test equipment ‘.v a.s
incorporated itt the AW M-l8 , AQM.20 test bench .

Presentation and Approval of the Plan
This project plan was presented to th~ Chief of Naval Educatioti and Training ~CNET). the Chief of

Navy Technical Tra inittg (CNTEC IITRA) and the Naval Aviation \lair.tcnancc Training Group
(NAM TRACRU). With their concurrence ii~ the desirability of a te st of the project goals. CNO (OP.5~ )
issued a tncssage directing support (‘or the project. CLINAV PERS arranged for the selection of 40 volunteer
rccr :tits to partic ipate in the ext’e rtnsen tal tryout. CNTECHTRA offered h~s assistance in evahtatit g the
JOT. NAMTRAGRU provided oti e instructor and the facilities of the Naval Air Maintenance Training
Detac lititent (NA.MTRADETI, Cecil Field. Florida. NAMTRADET rescheduled their courses ‘vj t l” the
cooperation of Air Anti-Submarine Wm~ iC OMAIRASW ING) ONE. Cecil Field , to make classroom spaces
and equipment a’,ai lable for t Ile developtitent of the FPJPAs and for usc in the training course . The
Commander , Patro l Squadion 4~l (P ..~TRON FOUR NINE) 2rovidcd two additional instru ctors for use lfl
the administrat ion of the traininit .

The coordination oh’ these many commands was fadl itate d by their enthus iastic attitude toward
innovation and the ir awareness of the prob lents ‘aced in the AVF. It was recognized that the res t! :s of t lt e
rresent stu dy , if successfu l, would sue~est t ! i C  eliminat ion of broad theoretical training being giveti at “A ”
schoo l and moditlcation the JOT ~‘r.’sentl ’.’ ~ver~~ t NAMTRADETS. Trainees, lacking the iroad

4
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theoretical training, would be at a great disadvantage in competing in the present Navy ailvaticement
exanuriations. Therefore , the t it rodu ct ion of FPJPA/JOT would require coordinated cIian~ws in these
examinations , However , in btiefings on this project provided to the NEOCS director , it was noted that
NEOCS planned changes which wt t l allow the Naw advancement system to accommodate first en listtnent
sa ilors who had received JOT rather th an the traditional theory based training.

I ll. DE VELOPMENT OF FP J PAJ JO T

The FPJPM for the A N/A QA .7 were developed in accordance ~~th the then latest ve rsion of the
FPJPA specificat ion and guidance documents presented in t he three volume AFHRL.TR-71 -53 (Folley et
aL, 197 Ia. l97 1b~ Joyce et al., 1971) mentioned previously . These aids were develope d in two contractual
steps at the suggestion o f Dr. Foley of AFURL, The first step was the developmen t of a task identification
rttatrix (TIM) for the ANi AQA.7 and ‘a sample FPJPA. The TIM ascertained the number and type of tasks
for which FPJPM should be prenared and th us described the scope and magnitude of the FPJPA production
e ffort. This work was accompl ished by a 569 .000 sole source contract with Applied Science Asso ciates . Inc.
( .ASA) of Va lencia. Pennsylvania , the contractor who had developed AFIIRL.TR.7 1.53 . specification and
guidance documents (Fo llev et al,, 197 Ia , 1Y7 1b : Joyce et al.. 1971). This TIM and sample FPJPA fo rmed
the bases for a request f’or bid (R FB) for t h e  second contractual step, a multi-source procuremen t for the
production of t he FPJI’A. Two contractors subm itted proposals whic h were rated by representatives of
NAVA IR (AI R41 3 and AIR.04,\4). Ott the hasis of these ratings followed ~ n by on~site discussions ~vith
ilaj iagett ient personnel . ASA v , as awarded the 5292 .000 production co ntract.

The ser~’ices of a tec hnical repres cttlat!ve of the manufacturer of the AN/AQA-7 (Magnavax) were
obtait ie d to provide for quality assurance on tnaintenance procedures All ~-at ’ts of IS and non- IS
procedures were reviewed (‘or ef ’fectiv ets ess and si gned by this Magnavox representative , This se: vice cost
s:s ,ooo.

Based art another mult i-source procuremLttt . a Si 12 ,000 contract for the deve lopmettt ot ’ the JOT
materi als was awarded to ASA , Key personnel of this organization had extensive R&D experience in both
FPJP .~ and JOT technologies: th is firm had conducted all of the AFHRL cOn t rae t exp loratory devclo ptt icnt
concerning FPJPAs , had developed t he FPJI’A specification MII-J ,S3302 and its two guidance docu m ents
(. .\ ‘plied Science Associates , l°” la. l97 1b) , and had conducted an extensive AFH RL JOT Progrant called
Learne r-Centered Instruction (LCh (Pieper , Swezey. & Valverde , 1970). Irt addition, AS A had de~cloped
bot h the FPJPAs and matching JO T for the AJtus AFB demonstration and had cond ttc ted that
demonstration (Mullen & Joyce. 1074) . Such extensive experience had uniquely qualif ied this contractor to
t mttegr a te the JOT with the FPJPAs. As a result , a good match between the FPJPAs and the JOT was
ach ieved. (However, as will be discussed later , problems were encountered concerning timely deliver)’ ,)

The goals of the training program were to reduce the theoretical content to an absolute minimum, to
use prograt’nmed tttstruc t ton as ttt ucll as possible , and to introduce Ihe subject to the use of FPJPA-hi kc
nta tv ’rials as early as possible. Since one of the major prob lem s cited by the researchers at Altos AFB was
insufficient task practice — the training was to provide as much practice as possible wit h in a 12.week
course . The JOT packages ultimately developed , based on the TIM . were somewhat longer. The package for
the “0” level program required 13 ~ eeks: for the “I” level, 16 weeks. Appendix A authored by ‘Thomas K.
Elliott p1 .‘\SA provides a detailed discussion of the procedures used to develop both the FPJPAs and t h e
re levant JOT. This material should he “mus t ” readin g for anyone planning for or deve loping JO T and/or
FPJP .-\ et’forts.

The standard pipeline ‘or It ma l tt ettance of the A N/A QA.7 required approx imately 22 weeks of
tra inin~ for qualification in the AX rat it ig, followed by 2 weeks of “0” level and 14 weeks of “I” level
training in the NAMTRADET, fo r a total of 24 weeks for “0” level and 36 weeks for ~

‘
~~
“ level, When

compared to t he standard 24 week “0” level program , t he 13 week “0” level JOT represents a 45 ,8 percent
rcductson in training time. When comp.ired to the standard 36 week “I” level program , the 16 week “1”
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L’veh JOT represents a 55.5 percent reduction in trainittg time, Titus, t Im e F1’JP.\ JOT program time and
c~ StS are significantly lower than that of the “A ” and “C” school graduate w ho nor ti ally pert ’orms t he sane
‘unct iotts .

IV. CON DUCT Ar’~t) E V A L U A TION OF TUE T RAt N I ~~G PROGRA M S

The or:ginal plan ‘or t he conduct of t r a i m i imt ~ was based on the following assttm ptions:
There would be lout is :  rt t o ts :  tw o to teach “I” level maintenance and two to teac h “0’’ leve l

main tenat ice.
2, The subjec ts would arrive in ‘our eroups of 10 eac h approximatel y I to 2 weeks a ra r t .

3, Two .~N A QA .7 systems and two ..\ QM.l8 test benches could be made available for the exclusive
U~C 01’ the project .

4. Access to S2G aircraft (~~it It ope rat it ie A QA-7s) cotild be obtained ,
Ut fortunate ly , none of these conditions ~vc ;e met ,

Instructors
Three instead of four inst ructors were obtained . Those obtained , however , wcr e senior Navy enlisted

tej tttcia ns , The Ot ’f icer-in-C lmarge ~I the \:tv:il .~ir Maintet ta nce Training Detach ittetit (NAM TDET) at (‘ccii
Field pruvided .\WC Robert hlenrv. lie mad ir c’.’ ou.sly instructed “A ” sclt ul grad :tates in the repair ul ’ he
. ‘.N .\ Q~ .7 and was a graduate of N m ~ V in s t ructo r  sc ltoo l . PATRON FOt.’R NINF pro”ided t s ~ o add it io ta]
exper ienced ANfAQ .t.~7 operators. bot h with experien ce in the operat ion attd maintenance of the
A N!AQA.7: AW C Tom Pope and AWL Jenes Moore.

Subjects
Although t he desired ‘tunthe r oh’ subie~ts . 41. w oh  t he proper aptit t td es , were assigned t o  t ite pm o~ect

h~ CHNAVPERS , they arrived early amid al l in one group instead of four, Iltese we re v m ~ummte e rs whose
selection test scores were below the cutof :’ for eligibility to “A” school (GC T+ AR! + MECI-l = 170). The
rollowing test scores were stipulated: GCT ~5—5 2 , .A R1 45—52 , MECH 45—52 with GCT + APi + MECH =
!4 0 to 150, Th is composite placed m Ite subjects ’ aptitudes ‘or electronics training in approximate ly the 40
to 50 percenti le range.

Equipment Availability
instea d of the planned two A N A QA.7 systems and two AN/AQM- l 8 test benches, only one of each

.vas obtained. ,,‘nd due to tlte C a \ \  t limzh t conitt mittn et its of COMAIRASWI NG ONE, access to S2G aircraft
‘v ms m u t e d .

JO T Materials
As mentioned previously, time JOT materials s%’crc delivered approxi ntatelv I toot mihi late and not

nrope rlv collated. This late delke~ was t i nt antici pated in sufficient t ime to delay the arrival of the
sub jects , In additton . the departure o ’ t ime subjects could not he delayed.

Modified Plan of Instruction
While the subjects were sv aitim tmt for the JOT materials to be delivered , they were given ceneral

back ground courses on Naval aviation and the 3.M I maintenance syste m . It was also decided to use toe
¶ stand ard 2~weet ~ miniature co m ponent repair course to  teac h ‘soldering. This decision was taken with t Im e

understanding that the tra inees !acked familiarity with t he normal pre requisites for the miniature
-

S 
c ’ npon e nt  repair course . ( however , if the~’ successf :tllv completed this course , they could later attend the

0
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m icro-miniature repair course and mth t aimm cc rtih cat ion as rnicro.mniniature ep ui rmue n , These improvisations
orovided ti uC time needed to deliver the JOT pacLa~es .

After delivery and assembly of time training materials , the 41 trainees were divided into three sect ions.
t us o sections of 13 trainees each were assiened to “I” level training and one section of 15 trainees ‘.vgs
assigned to “0” level training. (Of th ose , three “0” level and three “I” level su bjects were dismissed from
the project for non-academic reasons, \s a resu lt , 12 “0” level and 23 “1” level subjects conmpleted training
anmd were uti lized in the expetinment’al t ryout nt the FPJPAS.( Since only one AN(AQ A-7 and ,\ N A QM.18
test bench could be made mv: uilable for instruction , it was decided to estab lish a 24.hour teaching day
consisttiig of three 8-hour sessi ons, Sessions ~vem c scheduled Monday through Thursday to conform with tine
normal NA S Cecil Fmeld wer~ week , Arrangements were made with time Aviation Itute rn uediate Maintenance
Department of NAS Cccii Field : ohtain prior ity repairs to the ANIAQA.7 components used in training.
Des pite t h is  exc elle t mt support. luo.~-ever. natty training hours were irretriev able lost due to equiptttc nt hcittg
in°oerat ive for ‘ta intenance.

Es’aIuati~e Statement Concerning Traimning
Umud er these ci reu t mustumuec s . the full potc iuti a l of the JOT could not be realize d. The reduce d number

f instructors and t lte larger than pl a mm t me d class sizes reduced the anmount of individual attenti on each
subject could receive. The t inte :iIlow~’d m~ r the JOT program was short- a r than planned, which reduced tIme
opporttmnit ies for subjects to receive the planned amount of “hands on” task practice. These opportunities -
were further reduced by inssmf ’ticicmtt :mvailabiIit~ ot’ equipment. Even with all these violations of the trainitw
ground rules, die JOT protiraitu ss as re :usu ’mt :mhl v effective . Time omission of training ott time du al heamt m feature
of the oscilloscope wa s its mmlv maj or ,lefickncv , More detailed information concern ing tIme quality of t ime
uraitmin g materials, the cotiduct ot ’ the training and the students ’ attitudes toward the training are presented

Appefldix B. This appendix uvas prepared b~ Lt Robert P. Fishhurne. who ‘.v as assigned to this project by
R,.\DM Albeit M, Sack ett , Chief ml Naval l’ech t micai Training, CNTT.

V . EVA LU ~ T IVE T R ~ OLTOF FPJP AS

Prob lem Selectio n
The as aluation of the subjects ’ ability m s  perfor m job task s using FPJPAs sou ght to provide as realistic

‘is nrac :kable a work setting wit h rcp rese mm tatis ’c mtma intenance problems. I lowC’.cr. i t t order to ~a:her
m:1c 1 u at e samup les o f data. pro bletmms were seic~ted which could he solved in approximately 50 mitunumes usirug
die FPJP ,’ss, Discussion were held ~ imh the N.A .S. Cecil Field It itermediate Maintenance Act iv i t Y , the
\hmcnavox representa t ive , and ti me \W ESA field en~’:necrs. Problems wete selected ~vhmcii had tg lu
frequency of occ urre tm ce as repor ted ot m $ ‘.1 data , Each problemn was t hen “s~;Ived” using t he FPJ P~\
procedures. In four cases t he proh lci mms took longer tItan 50 minutes , In these cases the proble n was
sl:ortetme .1 by itatting the era itma t iun with “ct tip” and checkout st ep s al ready comp lete d. The ste ’~s
ei m .mim n’ ste d we re tisiiad just eaumpmne nt war m-up tests - ‘ c  switch setting ste ps . amid in no case did ~~~~~~

eliminations resu lt itt a sin’j ,hif ’yin g of t h e  pro ’okni ‘or t Ime subject . The data collection had to he
acc ’mphishcd in 4 weeks l,eczmiise t h e  equ i pment and subjects tad to he re leas ed a m thi: mt t ime, It was oni;.

to adttsintstev five ptohletmss to each if the I 2 “0” level subjects and four problems to each of the
2$ “I” level sub~ec t s. lt would lia r ~cCt1 de-d i-able to btain data for a large r numbem .0’ problems: hnw c,s’e r .
the pr~”lenms selected are -eum is mdcr ed r-eri r cs e!mt at ive .

Criter ia for Sttcc ~ sfu I Task Perfor mance
The basic :~rrasu re of human pcr t ’ rtmia:mcc used in this evaluative tryo ut was in ter o m s of accc ~ mahlc

~r~d .ct s , Each ics ired product is t he successfu l eom pletiot~ of a maintenance task without assistance ,
This ‘sas a go , no-go cr it e r mon , The resulting product data are presented in terms of percentage cml such ~.sl ;~
completed. In ~htc ’ real world nI nai;t cm tanee , correct pe r formanc e of main enancc tas ks is n i t  aiwas

L 

obtai ned on time irct : mt t emrm ~st , hum et hicme nc~ demands suc h perform at ice as a goal .

‘ . - - - - —~~-~~~~~~~~~~~ ‘. -~~~ 
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Time data were also obtained for each task and are presented in terms of mean time for tasks
successfu lly completed. The t it mmc required to perform a maintenance task correctly is seldom critical at the
“I” level of maintenance provided it is performed in a reasonable tinme. But tinder sor tie circt lmstanccs . time
available for accomplishing such correct petformance is limited and/or crit ical , The eu rcun stat mces . wh e re
speed of performance becomes critical. are usually found at time “0” leve l of nmam ntenam mc e , Examp les
include ; (a) the requirement for correction of system mnaifunctions discovered during prefl ight checkouts ,
(b) situations where turnaround time of aircraft is critical , and (c) power plan t failures which cause
electrical outages. Normally when speed is a critical aspect of task per formance , it should be made part of
the go, no.go criterion, i.e., the subject should be able to perform the task successfully within time critica l
time limit. However , for evaluative mrs -outs suc h as this one , time factors have not been included in t ime go.
no.go criteria for successm’ul cutiipletissru of tas ks ,

Since time success of perf o r m ance is a lways a prime requirement , task success data sve ue t h e  primary
cri :eri a for this evaluative tryout and at-c presented first in the presentation and discussion of results. (As
svas discussed previously , the time to perform a task using FPJPA was an ittiportant consideration in
se lection uf tasks fo r this evaluation Joe to scheduling factors.)

Data Collection
The data were collected over a 4-week period. Each day consisted of ’S to ii . 50.mninute sessions amid

each subject seas tested at t he rate ~f one session per day for 5 (“0” leve l) o r4  (“I” level) consecutive days.
Prior to the be~ nning of each day ’s sess ions , mime sy stem was checked he time Magnas’ox tepr esc mttatlve . a~d
t he problem selected for that day was insert ed in time system. ‘flue same problem sv as used for all scs~ ons
during any 1 day,

NWESA field en~ neers mad been assiened the task of data collection for two reasons : (a) they had
previous experience svith JPA evaiuautons amid (b~ they could serve a~ uh~ ctiv~. unbiase d obseryers sfnce
they had miot been involved in the earlier portions of time evaluation.

Etmeim subject was instructed . at the beginning of a session , as to his entry step for the problem. it this
step was not step I itt his book , it was exp lained that all previous steps had been cotit pleted and h i t
system was checked to the entr~ step that he was given. Initial planning called for no help to he prosaded
the subjects: data collectors nierelv recorded time steps taken by the trainee . This rule was shichtly modified
so that if the subject went oft’ on a comp letely erroneous tangent . he would be stopped , told to heave the
room, and be brought back in a few minutes to try the problem one more time .

Results
Table I presents the data concerning time successful completion of “0” level TS problems selected for

t he evaluative tryout.
Table 1. Task Success of 12 Medium Aptitude Navy’ Subjects (40—50 Percentile )

Using FPJPA for Or2anizational (0) Level Troubleshooting Tasks

Mea n ‘Time
R equIr ed in MIflUte%

Pro b lem Per cent ol ProblemS —Ident if ic at ion Succe Ssfull y Com p u ted x SO

19A2 c
~O,5 3~ ,8 12,0

20,-\.l 01.1 17.6 5 .6
I \l °‘~‘.i .

~7 ,0
57 .f’~ 2 1,8 6.6

• FMS~ 2 ‘1” 0 51.0 21 ,2
Composm te of”O” Level: So.6

a Pro bte iii rS(i unre ,j C3 Cit 551 hi~ is us~ the m, il hc,im 5 , 5  r~ :hc ssSClIlsiS - ‘s . S ubi is Is .s d rcc e ms ’ c d e s  tr3m ’ i eg
c. acern mng thu. t’eaiurc i ihe SCI. .m s c.

- - . - - - - - ~~~~~~~~~ ‘ -.



- -~ ~~-, - .- .- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -. -“~~~~~~~~~~~~ ‘~~ ‘ ‘

NADC—78286—60

It shottid be noted that the five “0” level problems were all IS problems. Wit h time exception of t ime
4A2 problem, all of the percentages were ove r 90 percent. As indiça ted in Table 1 . the prim ary cause of time
57 .5 percent results for problem 4A2 tm mtm s t be attributed to a training weakness. The subjects had received
no training on time use of the dual beam feature ot ’ the oscilloscope . The composite figure for “0” level TS
performance including the 4A2 probleni was 86.6 percent : excluding time 4A2 probletn , 93.9 percent. Time
data concerning these “0” level pro blems are indicated in the third and fourth columns of Table I.

Table 2 presents the data concerning the successful completion of “I” level problems by 23 subjects.

Table 2. Task Success of 23 Medium Aptitude Subjects (40—SO Pem’centUe)
Using FPJPA for Intermediate (1) Level Tasks

Mean ‘Tint s
Requ ired

in Mlnute~Probl em Perc.nt of Problems —Identi f icati on Non.TS 1’S SucceSsfU lly Completed X SD

6A4 X X 84.4 50.2 11,6
PP6306 X 93.7 37.8 11 .3
4A2 X(A lign) 68.2a 49.1 21.3
11A3 X( A li~ m) ‘ 82,5 51.6 13.0
Composite IS Problems - 89 .1 

-

Composite Non-IS Problem s 75 .4
Composite “1” Level 84 .1

‘15’tobtern re quired each subject to USC th~ duat beans feat ire of us e osci lloscope . Subjects had received no training
concer n ing this feature or’ t he scope.

As to the tw m) 1’S problems , time (s ,.\4 problem was more complex t lm am m time PP6302 problettm . Time 6.-’.4
IS task added time clutter ot the mon’IS eletnents of adjustment and of the use of the oscilloscope . This
complexity was re flected in time results: 84,4 percent success for the 6A4 task compare d to 93.7 success for
t he PP6306 task. In the wr iter ’s opitmion , time 6A4 task svas more reprcsct mmati v c of “1” level TS tasks ,
general ly , t imen the simpler PPo3O& task . TIme cott iposite for the tsv o IS tasks was 89 ,1 percent.

As to t ime non-IS alignmemmt tasks 4A2 and I 1A3 , the 82.5 percent success rate for the I lA3
alignment task svas hieher titan time r:tte for ~t .\ 2 alignment task but lower than any of t Im e “0’ or level
IS tasks except the 4A2 “0” level TS task. Time low 4A2 alignment perform ance (68.2 percc mmt ) ret lected
t h~e same training omission of time dual beam feature of the oscilloscope as did the 4A2 “0” level IS
performance. Time data for these “I” leve l prob lems are indicated in the fifth and sixth coiuni :~ of Tab le 2.

A number of key questiorms shoumld he answered concerning the relative effecti vet mess of time task
performance of these mediutn aptitude Naw subjects using FPJPA W110 received only 13 or 16 weeks of
JO T, such as h ow do the results for these medium aptitude subjects compare with :

1. The performance of current experienced Navy personnel using TMM who now maintain the
AN/AQA -7~ (These are high aptitude personnel who have received much longer training — 24 weeks for
“ 0” leve l and 36 weeks for “I ” level.)

2. The performance of such ext ’erience d Navy technicians using FPJP .—4s?
3. The performance of inexperienced , high aptitude Navy personnel using FPJP ,-Is who have

comp leted the current long training?
4. The pcrfor mmiancc of both experie nced and inexperienced high aptitude personnel usin g Fl ’JP As

‘.s mo have completed the shorter JOT prograttis instead of t he longer current training?

I, 

‘ 

‘
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Answers to such pertinent questions would have been provided by the data from the originally
planned full scale controlled study. Dnme to imnding problems . sucim data were t ieve r collected. h owever , in
t ime absence of these more desirable data, answers to sonic of these questions can be obtained h~’
substituting applicable control and experimental data froni an AFHRL study (Potter & Thomas , 1976). In
addition some relevant data are available from a less extensive Air Force study (Elliott , 1967: Elliott &
Joyce , 1968), sometinmes called the “Twelve Hotir Study. ” The scope of these AFHRL studies was limited
to t ime effectiveness of time FPJPA technology b r  supporting the performance of 7S’ (asks . They did not
study the effects of FPJPAS on nmum.TS tasks per se.

VI, COMPMUSON OF RESULTS WIT H OTHER FPJP A STUDIES

Time appropriateness t’or comI mparin~ the data from this NADC evaluative tryout with control and
experim ental data from the .-~FHRL Advarmced Development Study (Potter & Thomas , 1976) is based on
four assumptions:

I. The training received by time experienced high aptitude Navy ANIAQA.7 system teci’mrtic ians and
the Air Force AN/APN-147-ANIASN.3 5 system technicians were reasonably equivalent.

2. The IS tasks de manded h’. the AN/AQA-7 system and time AN/APN- 147.AN IASN-35 system
were of equivalent comp lexity.

3. As a result of assuntptions I and 2 . the TS capabilities of time Navy and Air Force ieeisni~~mn ~operform IS svere also reumsot mahhy equi vaie m mt .
4. The FPJPA~ tot IS for the .

~NIA QA 7 system and the ANIAPN’l47’AN/ASN-35 system are of
eqtm tvalen t e ffectiveness.

Training Equivalence
As indicated previousl y. t lu~ ‘ t a m usiar d formal t raimmi ng for Navy A N/A QA-7 t e cl m r m icia tm rcs~uires

approximate ly 22 weeks of basic elec:roumic fundat imentals training for qualification itt t im e AX rating
fo llowed by 2 weeks of AN/AOA-7 task snee il ’ic training t’or the “0” level of nm:dnt~uanee and by 14 wee ks
of .-\~ /A QA.7 task specific training for tIme “1” level , These t imes mak e total of 24 weeks for time “0”
level and 36 weeks for time “I” level, The standard formal training required for both “0” and “1” Air Force
technicians maitmtaining the AN/APN-147-ANIASN-35 system was 36 weeks , l’his included 18 weeks of
basic electronic fundamentals and 18 sveek s of time orv oriented training orm four representative electronic

— systen ms , one of which was the AN/APN .l47.AN/ASN.3 c system. Time AN/A PN.147 .AN/ASN- 35
technicians received t imeir task specific “0 ” :mnd for “I” level training by Oil after j ob assignment. So it isa
reasonable assumption that after 6 nmonths experience on the job ~lme TS perfort’n ance capabilities using
1MM for such Air Force and Navy technicians would be co mparable.

Comparison of IS Task Complexity
From the stand point of electronic cor m mp l cxit y . time Navy A NIAQA -7 Sonar used in this NADC stud y

is more complex than the Air Force AN/.-~PN.l47 and its comp uter , time AN /AS N-35 , Since “0” level
• maintenance was orly concerned sv ittm Limme Repiaceable Units (LRUs). this diffe rence in electroni c

conmplexity would have had little or no effect on the IS tasks at the “0” level , The maintenance concept
and complexity of IS tasks when performed with TMMs at time “0” level are considered to he comparable.

As to the “I” level of maintenance , the differences in difficulty of solving IS problems wit/i Ti (Ms
between t ime AN/APN-147.AN/ASN-35 system (used in the AFHRL Advanced Development Study) and time
Navy AN/AQA- 7 is not too great. Even though time electronic conipiexity of time AN/A QA.7 was greater
t l i am m that of the AN,’APN.l47 .A N- ,~SN.3S , t imeir “I” level maintenance co m mcepts were different , Sluice the
Shop Replaceable Units (SRUs) for the AP,’A PN-147-AN/ASN-35 system i:icluded time sm allest piece parts ,

10
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the c.~ nmulex ius’ of IS with TN1Ms at time “I” ret lected the full complexity of the hardware , Whereas , the
conmplex~:v 1’S with TMMs for time AN’AQA .7 did not reflect its full electro n ic cotnplcxitv since utiost of
the S Rt’ s :‘or thus system w crC ci ret mit hoards , at the time timi s NADC evaittative irvo mmt was a;mprovcd . (This
“I” levci tnaumtenance concept for thi~ AN/AQA.7 w~ Later expanded . At least some circuit hoard
com ponents were designated as SRt s. Bum these changes were not reflected m m this evaluative t~~oumt .1

Equivalence of FPJ PAs
Since time FPJPAs used for solving IS prohlenmms in time NADC e ffo rt and for time AFHRL Adva n ced

Development Study were both developed itt kec pimmg with the FPJPA technology described in F~zurc I,
these FPJPA are considered to be eqtmallv good representatives of the technology and of cotmmpa nab le
quality. (The degree to which tIm e AN/AQA.7 FPJPAs reflect the FPJP.-\ technology is discussed in time next
section of this report.) As a result , t Ime FPJPAs used in tIme two efi’orts are considere d to he of equivalent
effectivene ss ,

A Word Concern ing time A FIJ RL Twelve flour Study
Altimouci m data from time AFHRL Tnelve h our Study (Elliott . l~)67; Elliott & Joyce . 1968) are also

included in the comparative analyses that fellow, the equiva lency between this AF I-IRL st imd y amm d time
\A DC evaluative tryout is tm ot as great as time equivalency between AFIIR L Advanced Development Stt mdy
an~ t ime NADC evaluative tryout. TIm~ FPJ P ..\s used were the first stucl m aids developed for IS and were
rather orimitive exanmples of’ time FPJPA t e c lm : mm i iogy . The expc rimetmtal suhiects were both mnediut im amid high
aptitude . high school studen’ who h:md rece ived only 12 hours of JOT instead of 13 or 16 wee ’r~s as ’~tm tim e
NADC evaluat ive t ryout. I fow eve r , tI me cotm t rol subjects wimo perform imed IS wit h TMMs were highly trained
and experien ce d Air Force uee imnic iatm s ~v! mo ~vc re probab ly equivalent in IS capability to t!mc control
S U” :CCt5 of the Advanced Developunent Studs ’ or to ex pet ienced Na A N1AQ.\.7 Iec !mnician~.

Pie~entat ion and Scope of Comparative Data
Tables 3 and 4 present conmpuisiu~ i’S data in terms ot’ percent of fau lts iso lated for “0” :mnd “I” level

::mamntetman ee . recpectively.

Table 3. Comparison of the IS Performance in Percent of “0” Level Faults
Isolated by Medium Apt itude Inexperienced Navy Subjects with the Perfo rmance

of Control and Experimental Subjects in a Comparable Air Force
Advanced Development Study

t M M  Contr o l FPJPA Exptr jm ertar Gro ups
Gr oup A FHRL
Ady DCV Study typ e o

~ 

Su bjectt AFHRL Ad v Dlv Study Navy NA DC Try o ut

High Aptitude
100a More tItan 6 mo experien ce 95 .8 —

lOOa 6 mo or less cx periemm cc 100 —

— Inexperienced 88.9 —

Medium Aptitude
— inexpe rienced — 93.9 (86,6) b

a SUbJCC~ p~’rnm i rrc d to na ;~ c j nd rc ~-Oc.n Lmnc Rcp Lcca b le Units • L R U )  mmnt ij fau lts we re iso late d .

~~~ 86.6 percent fi gunc is t tm ic c~Iir~s~tc t’mg ur .’ (mm Tib lc t . The 93. 9 ul gure ex c lu des prohl ~m 4A 2 w hi c~ rc~ ’i~rrdthe ~~ ~
( t ime dual heam f eatur e - th~ ~~~ ‘~c~~~’ Subj~~ ~ ‘t ad recei ve d no En~ in m:tiz on this t’e~ ture.

H

_____ -- —— _________ -,-— —
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T~ible 4. Coiimparisonm of time TS Performance in Percent of “1” Level Faults
Isolated by Medium Aptitude Inexperienced Navy Subjects with Perfonnanice

of Control and Experimental Subjects in Au Force Studies

T M M  Control Groups _— 
FP3PP, ps meTstai ~~,ou ps

AF HRL A FHRI,, A~~HRL A FHRL Navym a Hou r Adv 9ev 12 Hour Ad s Dcv NAOC
St udy Study Type of SUbISCIS Study Study tryo ut

High Apt itude
More t han 6 urn experience — - 1)5,4 -—

- 60,6a 6 m s  or less experience — 95.4 - -

-- — Inexperienced 93.0 88 ,8 —

Meditimu Aptitude
— - — inexperienced S2.0 -- ~9 . i

Subjcct s pc tnt te d to re ml ,v~ .tnd re ~‘l.ic~ ~~ t .  ks pt~ce.s his’ Units - Sit U) until fatil ta ss ri’ ’, sot :i

Performanc e success data for mm oi m ’TS ta sks are not included since au of the tasks utm iized in the
AFHRL Advanced Deve Ioptnent Sti md~ atm d itm t he T~ elvc Hour Study wer s IS masks a nm d tim e NADC
eva luatite tryout used oimly two non-TS ta s ks at the “1’’ level amid tmo non.TS tcs ks at the “0” lcve - IS d~tj
‘im r both contro l and exper it iteti tal ar~ u~ s fr~i,uu mime se studies are included. These tab les includ~ only

experimental g:otnp data for this Navy eva luative t ryout.

lnmt erm edia te ii) Level Results
An examination of Tables 3 j nd 4 indicates t hat the mis t it impress ive improv emncuit i t t  TS st iccess from

ms~ of FPJPAs a~e obtained at uhe “I” level of main ten amice. Table 4 indicat es that time mocdiutm a pt i t~mde (40
o 30 percentile) Numvv subj ects w m t lt 6 wee ks of’ leSS t Itan md eu m l JOT i bt am m t cd a st mccc ~s r , m m c if ~9. I pc t eetm t

ott “I” level TS problems usimme FPJI’As. ‘flmis success rate is most impressive wl mct m conmpared to Air Force
c ontrol subject data,

1. Ibis S9.l percent success rate was 10.3 percent higher than the 78.2 percent success rate obtained
h~ TMM control subjects of AFHRL Advanced Development Study with more than 6 münths ex rsenence ,

2. it was 28.5 percent higher than time 60.6 percent success rate obta ined by 1MM control st tb lects
of the same A FHRL study with 6 nmontl ms or less exper ience.

3. It was 4,9 percent imi gher than t he 84.2 percent success rate obtained by 1MM control subject of
the earlier AF I-LRL Twelve llour Study .

When comparing eitlmer time Air Force or Navy success rates for inexperienced or experienced subjects
using FPJPAs ~vitIm timose rates obtained by exper ietmced subjects using TtlMs . it should be emphasized that
these experienced control subjects used I~~sls to remove and replace coin ponents until the i’ctii t was
corrected. When using FPJ I ’As. su bje cts ~ere not pernmitte d to use th is “simot gsmn” method of fault
isolation. This current pract ice of ren iac im ig co imtponw nts until faults are corre cted , results in high spare i’arts
usage at the “I” ievei of maintenance and excess LRUs h andling and paper work at time “0’ level. This
Pract ice. also, resmi lts in a large auuount of secondary .lanmage to hardwa re which must he corrected ‘ate r .

in addition , this 89.1 ?~~cemmt success rate on “I’’ level IS problem obtained by the nmediunu aptiu ude
Navy subjects using FPJP,&s c ’nmpares favorabl y with time st mccc ss rates obtained by time ~xpcrim enta1
subjects of the AFiIRL studies.

I. it was sl m ghtl~ iimg me r t i mat i  ~ .8 perce nt IS success rate oht awed hv cc’tmvent ionallv tra ined ,
a7t itude min xperje,tct’,l stmhject ~ ~.c n’ FP. l1 -”.s mn the .\FIIRL .\dva mmcc’d Dev-clopi mict it Stt md~

I: 
. 

. 

. -



~ I
NADC—78286—60

2. It was only 6.3 percent lower than time 95.4 percent IS success rate obtained by both categories
of h ig h aptitude experienced stm hj e cts using IPJPAs in ti me sante AFHRL study -— those witim more titan 6
months experience and those with h months or less experience . -

3. It was 7,1 percent hieimer than time 82.0 perc enmt I’S success rate obtained by time medium aptitude .
inexperience d high school subj ects imsing FPJPAs in time sante Twelve Hour Study.

4. It was only 3.9 percent losver titan time 93,0 percent TS su ccess rate obtai nmed by time Imigh
aptitude. ‘tnexperietmced high school subjects using FPJPAs in the AFHRL Twelve Hour Study .

It can be concluded that the Navy medium aptitude “I” level subjects svit lm only 16 wee ks of JOT
per formed TS tasks exeee dinm~f y wel i with FI’JPAs wh en compared to Air Force imigh apt itude comn ro i
stmhjec ts with more than 6 nmont lms experience who used TMMs, These Air Force control subjects had
receive d 36 weeks of formal t h eory based training prior to job assignment. It can he asstnmcd that tlmose
Navy medium aptitude “I” level subjects would have shown a similar degree of superiority ifcom pared to
experienced Nay AN/AQA-7 “I” level technicians.

It can also be assumed that these Navy imm ecl ium aptitude “I” level subjects performed as well with
FPJPAs as did the Air Force high aptitude i,mcx~x~rienced subjects using FPJPAs. These Air Force stmhj eCtS
had received 36 weeks of formal timeory base d training.

Organizational (0) Level Results
Table 3 indicates that time medium aptitude (40 to 50 percentile) Navy subjects with 13 weeks of less

than ideal JOT obtained a success rate of 86.6 percent on “0” level IS problems using FPJPAs. If problem
4A2 which required time use of ti me dual heati~ feature of the osciioscope is excluded , tlmis success rate
increases to 93.9 percent, This 1)3,9 percent figure is probably more representative concerning the power of
FPJPAs since this oscilloscope training deficiency could be easily corrected . When compared to control
subj ect data , these success rates . were somewhat tower .

I. The 86.6 percemmt success rate was 13.4 percent less than the 100 percent success rate obtained by
both the TMM control groups of t ime AFFIRL Advanced Development Study, i.e., those control stmbjects
w ith more than 6 months experience atmd iimosi ’ ’ .v it l m 6 tmmonths or less experience. (These control subjects
were permitted to remove and rep lace LRUs until a fault was isolated.)

2. The more representative 93.9 percent success rate was only 6.1 percent less than the 100 percent
smmcces s rate obtained by bot h expe m- ie mt ce d control groups, It is a reasonable assumption that time 93,9
percent success rate would improve with expe rience.

These success rates of the NADC experimental subjects (using FPJPAs) compare favorably with the
success rates obtained by the experinmental subjects of the AFHRL Advanced Deveiopmenttl Study (using
FPJPA s) ,

I. The 86. 6 percent success rate was only 2.3 percent below time 88.9 percent success rate achieved
by t ime high aptitude inexper ienced experimental subjects of the AFHRL study: The 93.9 percent success
rate was 5.0 percent above the success rate of the AFURL inexperienced subjects.

2. Although the 86. 6 percent stnccess rate was 13.4 percent below time 100 percent success rate of
t he high aptitude AFIIRL experimental subjects with 6 months or less experience , the 93,9 percent rate is
only 6,1 percent less than the 100 percent rate.

3. The 86.6 percent success rate was 9 .2 percent heiow the 95.8 percent success rate of the high
aptitude AFURL experimental subjects with more than 6 months experience , but the 93. 9 percent rate was
only 1.9 peTcent below these highly experienced AFHRL subjects .

It can be concluded that the Navy medium aptitude “0” level subjects with only 13 weeks of JOT
performed IS tasks reasonabl y well tt ’ith FPJP ,4 s when compare d to Air Forc e high aptitude control

I , subjects with more than 6 munmt ims experience w h o  used IMMs and were permitted to remove and rep lace
LRUs until a fault was corrected. These Air Force control subjects had received 36 weeks of formal dicor
based training prior to job assig um iment and are considered to be represetmtative of experienced Navy
A N/AQA.7 , “0” level technicians.
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So t ro t t m t h ese com1m 1~Irist tms , it can he a~ mm im mc d that Navy answers tim t ime IS aspe cts of time tlrst three
of the four key questions posed near tlmc cud ut time preceding section would he comparable to the Amr
Force answers. As to question (4) bmowever . tmo stt mdies have been conducted which have produced hard
d.mta co nmc c rnmn g the TS sccess wit/ i  ! ‘I ’JP ,ls ot either experienced or inexperienced higim aptitude personnel
who had received , in lieu of curren t conventional long t lmeo r~’ based traintng, JOT stmdar to that used in
uimis evaluative tryout.

VI I. EVAL U AT I VI~ STATEMENT CO NC ERN IN G TUE AN/AQA .7 FP iI’A ~

The results of this evaluative tryout together with the comparisons with results of othe r applicab le
stud ies have indicated that time FPJPM use d for this tryotm t were reasonably effective with t mm ediut m m aptitude
subjects for “0” level TS prohietmms and very effective for “1” level TS problems. Also, the fact that they
worked so well in spite of the “watered Joy. n’ itmmp let mmmmtatio ns of the accompanying JOT programs speaks
we ll for t imeir e ffectiveness, But tl me ir effec t ivetmess wouid have been even greater if all aspects of time FPJPA
tec hnology , as out lined in Figure 1, had beent included in their development.

The technology as well as the specification and guidance found in AFHRL-TR.7 1~53 (Folley et al.,
197la. lQ71b~ Joyce et al., l~ 7 l )  require t hat all time t’e rm mm al products of Tl&A be reviewed and accepted
by t he procuring agency, in this case ‘~ADC. They. also, require that time procuring agency ensure that these
products are ut ilized as content criteria dur immg the development of time actual FPJPAs. Since it was the
prime output for t ime first contract t ime task identification docunment. the TIM, received a very thorough
evaluation and official acceptamm ee . ~Vit Im time exception of the TIM and IS action trees. none of the otimer
task identi ficat iont and analyses (Tl&A) products were subjected to these evaluation and acceptance
requirements. The NADC had no inhotnse capabilimy for accom plishing these reqtmir etm me nts or for etisuring
that these TI&A products were applied as content criteria during the actual FPJPA development.

As a resu lt of cxuericnmee g: mim mc d itt ti m is project it can be asserted that these assessntent actm v it ic s are
necessary for quality FPJPAs even if tine contractor has higimly experienced personne l in FPJPA
development , lime FPJP.As would probably have been improved by such assessme nt activ ities even in t im is
case w here the contractor develoning time aids had previously developed the AFilRL~TR-1l ‘53 specification
and guidance doctnments. Such asscss nme! mt activities would, also, have dven NADC adva t mced war ning of any
slippage in deliver)’ schedules. Thmese t~sessm emmt activities during development become absoiute
requirements w here time contractor itas had no previous expe rience with time techt moio~~.

As stated in Figure 1 , “hmands ott ” validation and verif ication of the final FPJPAs are also necessary
aspects of the FPJPA technology and are required for ensuring the production of quality FPJPAs. Although
the Maguavox representatives wer e requ ired to attest to time technical accuracy of each FPJPA , iimdept h
“hands on” verification procedures were applied only to time FPJPAs for those tasks used in time evaluative
tryout. A number of weaknessess of omission and commmii.ssion were identifIed. This limited verification
reiterated t ime requirement for the review and acceptance of all products of Tl&A (not just time TIM a mmd IS
trees ) by time procuring agency. If these A N/A QA’7 FPJPA were to be given full scale tield implementation,
each aid would require a complete “Imands on” veri fication.

As indicated in Figure I, e t m ’cctm ve FPJPAs must reflect the maintenance concept for time level of
tmmairmtenatmce for which they are developed. Tlt is tryout emphasized time importance of maintenance cmmncep t
stabi lity. During the developmen t of the FPJPIs for the A.N(AQA.7 systems , its “I” level maintenance
concept ch anged. Ori~ naliy “I” leve l mma intena nce was responsible I’or only idet itif y in g  faulty intcgrated
drcuit cards , all within card repa ir being assigm mcd to depot maintenance. Part of this wmt bin card
responsibility was transferred to time “I” level, approximat ely t ripling time number of “I” level trouble
sienatures for FPJPA , IS coverage . Becaumse of time and R&D futi .iing limitations, FPJPAs for these
udditionai signatures ‘.vc re not deve loped for t h is project.

This is an example of the domiimo e ffect on maintenance guidance and/or training which can be
produced by a change in the mia intem mance concept of a systeni. Wimen FPJPAs and JOT are involved , the
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resuits are itnmm me diat cl y appar etti , because ut~ the stringent content controls required for these teclmnok)gies .
Time effects of suc h drastic changes are mo m always immediately apparent wit hm traditional th eory based
training and TMMa but the results - i re sonmeti :ues hidden in increased destruction of parts and secondary
danmage to hardware . 1mm this case , however, added training and Navy inimouse repair facilities were required
inc itiding expensive semi-autotnatmc card test equip m ent. Drastic chmanges in mnaintetmatmce concepts have
~m mc im serious consequences . titat air perso n ot agency proposing such c hanges slmould be required to justify
funding of the additional training and tmaintt’nance directions required to inmp lement the changes. 1mm time
case of AN/AQA.7 FPJPAs , time necessary im mo dim ication of the “I” level FPJPAs for actual field use would
have required a substantial additiotmal expenditure of funds.

VII I ,  SUMMARY AND CONCLUSIONS

I. Starting in 1972 , the I iunmai m Engitmeer in g Division of the Naval Air Development Center (NADC),
Warmmminister , Pe rrnsv lvania , st mppor tcd :m FPJPA/TOT tradeoff et ’fort. h istoricall y, this e ffort imad its gemicsis
mu the AFURL FPJ (‘A/TOT tradeoff demonstrat ion which was conducted at Altus APR in early 1972 (see
Mullen & Joyce , 1974). Whereas the Ait ims cff ort was only a demonstration, this et’fort was platmned as a full
scale control led study to determin e tIme relative e ffectiveness of the cotmibined FPJPA and TOT teclmnologies
with respect to tradit ional tlteo rv bi~cd t ra i mtimm g and TMMs, Unfortunateiv . the controlled compa rative
aspects ot ’ timis plan were neve r eutm m pleme d . Nev c rml me iess , FPJI’A for “0” and “I” level niaitmtenance of time
AN,’A QA.7 Sonar :~s wchl as im at elminm g JO T packages (one for “0” level tecimni c ians ami d one for “1” level
Leelmnicians) wer e developed and hard data as to t i m e mr elfectiven ess were obtained.

2. lime job aids for mIme ,~N.iA QA.7 Sonar Recorder Group deve loped for this effort reflected the
v mm tamme of FPJPA technology foummd itt the thre e volumtnc tec imnica l report. API IRL.TR-7 I .~3 (Folk)’ Ct ai..
197 ha. 197 Ib; Joyce et al.. 197 1). lIds was a substam itia lly irmore advanced vintage of devclupnmcntal
techno logy tItan that reflected by the FPJP.\s used in time Altus AFB dernonmstrat ion . w h ich were developed
y.itbout time bene fit at ’ suc h str uctured euidance. The aids -ss ed at Altos AFB were linmited to TS. whereas
the aids dcvelnped tar this effo m m cover ed non’TS tasks as weil.

3. Although the results ut timi s t ryout inmdicated that the \~~ A QA.7 aids were effective and of
adequate quality- , their deve lopment e ffort omitted sotne very important aspects of time specification and
uidance found ir. AFHRL-TR.7 1.53. These doe unmmenmt s require titat all time formal products of the Tt&A of

identified tasks be reviewed and accepted by time procuritmg agency, in timis case NADC . They. also , require
that the procuring agency ensure that these products are utilized as content criteria during the development
om t he actual FPJPAs. The ommly Ti&A ~roducts which received such treatment were the troubleshooting
action trees. ( For timis specific procure m ent, these development omissions did not restmlt in unsatisfacto ry
aids. Time contractor developing time aids had, also, developed the AFHRL.IR~7l~S3 specification and
gundance docu nti emmt s .) itt addmtion . d mm c to fundimmg anmd sc imeduling probie mmms . al l FI1J PAs did mat receive time
required contractor validation and time zovernnment verification. Only those FPJPAs used for time
experimenta l tryout prob lcmt ms received sucim treatment.

4. As to t ime JOT packages. t h ey ~-ere stmbstant ia l ly more cotmmp icte than t imose developed for time
Altus Jemmmo nstr at ion. For tlmose subjects ass n gmmed to “0” level maintenance a 13-week JOT package w~
deve loped to prepare mti~diumtt aptitude personnel (approxinmately 40 to 50 percentile) to perform “0” level
maintenance on time AN/A QA.7 Sonar Recorder Group of the S2C aircraft using FPJPAs. A 16.week JOT
package was developed to prepare t ime sartm e range of timedium aptitude personnel to perfornm “I” level
nlaimmtenance tasks on the same equipment using FPJPAs. These JOT packages were of good quality.
However , since these packac es arrived 4 wee ks alter traitaing started , time subjects did not oht~in time ~u~l
advantage at ’ t h eir potentia l.

5. T rad itmenail v, t Ime AN - 

~~~~ Sv steu m h as  ~cen mm m a i t ~tained by “A” school graduates usimmg TMMs.
The entry aptitude for “A” sc hool mr~ ‘~4 oc reet it i le and above . The anpropriate “A ” school program was
wee ks itt lenet im and - .y as time orv ~j sed. S t u j c ; t s  selected for “0” level rmla in te nmmn ee received two additional
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weeks at AN/AQA.7 specitic training. mnaki i’e the convenm t iona l training a total of 24 weeks. Stm m d c nts
sc iected for “1” level m m mait mtem man mc e received i~+ additional weeks of system specific training, making time
conventiona l trainmng a total at 36 weeks. So time JOT package fof “0” level training was 11 weeks shorter
thaim cc’-imventiona l training (a 46 percent savin~~ in training time) and the “1” level pac kage was 20 weeks
simo rter than conventional training (a 56 percent savings in training time).

~~. Time origimma i plan fut time conduct of JOT included time following ass t mtmmp t ions: (a) students
would arrive in tour groups of 10 eacIm approxi immateiy I to 2 weeks apart. (b) there would be fotmr
instructors , t~~O to teach the “(“ leve l mima intctm anmce program and two to tcac im the “0” level mainmtenancc
orogrammi , (c) two AN/A QA.7 sv ste tmms and two AN/AQ M.h8 test benches could he made available for the
exc lusive use of time project , and (ti) access to S2G aircraft (with operating AQA.7s) could be obtaimmed.
Unf~mrt uimat c ly, none of t hese cottd itions were met , the students arrived early and all within a single l0.day
period, only tlmre e instructors cort ld be recruited , only one .-\ N/AQA.7 and AN/AQM.18 could he provided .
and access to S2G aircraft was i im m mi te d due to h eavy tligimt con itm mitments of time operationmal forces. Finally,
mis nmentioned previously, time JOT tra im mit mg nmaterialc were delivered approximately one nic~ath late and not
properly collated. After delivery ~mmd ass etmmb h ol’ tIme t raimmi img nmateria is , tIme 41 trainees were divided into
three sections: two sections of 1 3 trainees each were assigned to “I” level training and one section of IS —

trainees was assigned to “0” level trainimm g . Tim ice “0” leve l mind timree “I” level subjects were dismissed from
the program im for non-academic eas ’ m m s.

7 . For this evaluative tryout .1 co rmc e rt ed effort was mmmade to provide a realistic mind practiezmb le
work settit ig with rcp resetmtativ e nmai nt em ma tm ee pm-ohte mns . Since the data collection had to he :mccomphisimed ifl

4 weeks , only h mvc probl c m mt s could he y~h medmmied for each “0” level sr mh je ct aimd only four fa m each “I” level
subject. However , tIme prob le;mms selected mi r e considered representati ve, The rest m lts of perfo rnmance of
subjects concerning tite “0” amm d level rmiaintetma mmce probletmms are displayed in Tables 1 and 2.
respectivel y . Their composite success ott “0” level problems was 86.6 percent and on “I” level prob ienms
was ~2.5. Ml the “0” level prob’ienms concerned IS. 0mm their two IS problenas . t ime “I” hovel subjects
obtained an S~.I percent rate.

8. These results rein force time results am’ am ber i)o [) Job Performance Aid R&D. They also provide
inmpor ta nt additional data. The results am. ’ canmparab he to amid complemen t those repomted for time AFHRL
Advanced Development St u dy (Potter & Thomas. 1976). In this AFHRL study, which considered on~v TS
prob lems. the inexperienced subjects isolated approx itmiately 89 perccmm t of both “0” amid ”!” level troubles
(see Tables 3 and 4). it simould be minted tlmat hlmis AFEIRL study mmt i h ize d high aptitude stmhjects (80
percenti le and above), who had completed 36 weeks of conventional theory based training, wherea s this
evaluative tnyotmt utilized only nmedium mi aptitude subjects (40 to SO percentile) w h o  Imad completed eit h er 13
or l6wee ks of JOT.

9. The “I” level IS success rate of approximately 89 percent obtained both by these
inexperienced , mmmedium aptitude , Navy subjects and by time inexper ienced , hic h aptitude Air Force subjects
is very impressive when compared to avai lahle control data. The control subjects with more than 6 ~no~mth~
experience of t u e  AFURL Advanced Dcvelopnment solved 78.8 percent at’ their “F’ level IS probletias when
using TMMs and the control subjects w it h O Plia nt/ms or ‘ess experience solved only 60.6 percent. These
A FI(RL control subjects were bight aptitude subjects who had received at least 36 weeks of convent iona
theory based training.

(0. Alt itou h less dramatic , the “0” level IS resuits obtained by these inexperienced Navy mumd Air
Force subjects are quite good when compared to tim e avai lable control data. ‘flmese Navy tmmcdiunm apt ittmde
subjects using FPJPA , obtained a composite success rate of 86.6 percent (see Table 3). If the problem
requirine the use of time dual heani feature of time oscilloscope is excluded . this rate is 93.9 percent. Time Air
Force inexp erienced subjects using FPJPAs obtained a commm posite rate of 88.9 percent. Although the
experiem iced .“iir Force control s mmb iec ts obtained IOU percenL success rates when using TMMs. they were
permitted to remove amid rep lace comm iponents until time troubles were fotmnd . wim e reas imtcxp e r ienc cd
experimental subjects using FPJPAs were not .

16 ,
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II. Time subjects of thm~s Navy stud y as mv c hh as timo se in time AFHRL A vat tced De vciop inertt Studs
( Pott e r & Thomas. I p76) and t Ime Alti ms AFB Je muomistra t ion (Mullen & Joyce . 074) displayed weaknesses
in their ability to use key test ei iuipm lmet mts , especially time oscilloscope. TIme percentages of troubles
stncccssfu lly found, alt imou h impressive . wo mm lJ ito doubt Imave been Imighier if subjects had ~-~osscssed might
prot iciency in the use of their test equipometit. (There is also substantial evidence t h at thme inability to
adequate ly use oscilloscopes is a conm r mmmmn weakness of many DoD expe rienced maintenance technicians
( Foley. 1975).)

12. This project denmonstrat ed time fea~ibilitv of comimbininti the FPJPA and JOT techno logies anmd
t hat such a conmbination would reduce initial trai nmim ig time for first term maintenance persotmne l . In spite of
all the diff’mctilties previously mm me n nit ~med . time Pe rf o rmm iai mc e of time mmedi t mnt ujm t i tm md e subjec t s f t h i s  Nay
evaluative tryout was impressive whe im compared to available control data. Their per formances using
FPJPAs were as aood or better t lm mm n tIme nerformances of high aptitude , conventionally trained subjects
using TMMs in ot h er studies. All of tiic mentioned difficulties are correctable and their correctiotm wut mid
result in still hmigher levels of per fornianee.

13. So , the combined immiplen iet itat iont of ’ t he FPJPA and JOT technologies would result in three
mm maj o r bene fits to time Navy . It would great ly reduce time training time required for fi rst ct miis tn teimt
miaaintenance personnel: thus. imacreasing their an.tiie.job time, It would, also . pertilit the t raini mtg of medium
aptitude personne l. in addition , to time ctm r rc nmt lv uti lized, imigim aptitude personnel now required for time long
traditiona l t h eory based trainimmg. ,.tnu’ w lm mhe rroviihing these irtmpressive person mmel benef its , it wotm id increase
the eff iciency of tIme performance of nmaintet mam~ee including a substantial reduction in spare part s usage . Tlu~reah izatiorm of these benefits however re m mir c ~ the quality imm m p lct m t e m mt mu t i or ’. of these tec h nologies m m ndcr t
thm r e c tiomt at ’ personne l with successful ex rcriemi c e in their applications. To do otherwise. mvii i mn ’,- i t c
“watere d down” implemetmtationi fo llowed by “watered down ,” if not disastrous , field results.

Lessons Learned

I. Timis evaluative t ryout reiterates findings of other FPJPA studies that tIme effectiveness of qual ity
FPJPAs can be substantially Jegradeil by use rs’ inability to use their test equip nmcm its proficient l y. In all
future app lications of FPJPAs . mpnrop r iate actiom is must be taken to assure t h ma t FPJPA users emm a et m m p hov
t h temr test equipment accuratel y .

2. Alth ough in.depthm “btarmd s aim ” verification procedures were cmlv applied to FPJ1’As for those
tasks used in the evaltiation , a mm u n~bcr of weaknesses of omission and com nim mission were ide tmti m led . TIm is
p:m rtm a l verification reiterated t im e requir etm ient r time review and acceptance of all products of Tl&A (h ot —

Just TS trees) by time procuring age rmcv . Time procuring agency must also ensure that the appropriate T!&A
~raducts are used as cr iteria for content control during FPJPA developnaemmt. And these assessment activities
mire necessary for quality FPJPAs even if the contractor has higlmly experienced persotmne l in FPJPA
deve iopnment. (Tlmese necessary activities reqmm ire t lma t the procuring activity have personnel wit h the
mmecess arv skills.) As stated in Figure I , these activities , toget lmer with validation and verification of the tlmaal
FPJP .\s , are all part of time FPJPA tec hnology mind are necessary activities for ensuring thte production of
quality FPJPAs .

3. During ti me deve lopment of the FPJPAs for the ANIAQA- 7 systems. its “I” level t mmai nt ena mtce
concept ch anged. Originally “1” level maintenance was responsible for only iuenti fying faulty integrated
circuit cards, all within-card repair being assigned to depot naaintenancc. Part of this wit h in-card repair
responsibility was transferred to time “I” level. approximatel y tripling t Ime number of “I” level trouble
sienatures for FPJPA , IS coverage . Because of tinme and R&D funding limitations . FPJPAs for thmcse
additiona l signatures were not developed for this project. This is an cxanmphe of the donmino effect on
tnaitm tenance guidance.and/or tr au t m in e which can he produced by a change in the mmmintc ima nc c concept af a
syst etm a . W hctm l:pJpAs and JOT are involved , time results are it-nmcdiatc iv apparent . because o f tIme s m rimm gc nt
content contro ls required for these technologhes. Although time e ffects of such a dr a stmc cimang e in
imaintenance concept are not as immediate ly apparent with traditional theory based training mind TM Ms . the
rcsm il ts no doubt mire btid dct m hi imm cr emis c d d e st rmn ct io m m of parts mind costl y sec an mdary dmm mm ma g e t o  l m ar dw mmie —it m
t h is case , to expensive integrated circuit cards .

7
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Suggestions for Future Applications
Program managers and system acquisition personnel charged with procurem iaent of technical manuals

mind training systems can no longer ignore t he enormous benefits possmbte through time app lication of the
JPA/JOT tecimno logies. Even experienced, traditionally trained personnel are more cormtenmt and e ffective
with clearly and simply written mnaulmrenance mnstruct ions.

In order to gain maximum benefit from the JPA/JOT technology , a large portion of maintenance
iimstructions must be deve loped using JPA technology . When a sufficient body of tecimn nca i data for a
specific weapon syste m or a selected rate (job code) has been developed it will be possible to start changing
over from long. t heory .oriented basic schools sucim as the Navy “A” schools to direct inputs to job-oriented
training stich as now exist at Navy readiness squadrons under the Fleet Readimaess Aviation Maintenance
Program (FRAMP) and to a certain extent at the Naval Aviation Maintenance ‘Training Detachments
(NAMTRADETS). These tra m ming ele mmm c nts now provide weapon systetmm specific traitmi ng wimi ci t however
assumes a theoretical base established at time Navy “A ” schools.

Therefore , it is recommended that the JPAJ JOT technology be applied to all training and tec h nical
data bought to support new acquisitions . or nmajor modification to existing equipment. Time JOT can he
incorporated into the NAMTRADET and FRAMP curricula amid when a sufficient body of technical data
has been transformed into JPA foom mat ntainmtainees can be ordered directly front recruit training to weapon
sys tet tm speci fic JOT.

~1h
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Introduction

This appendix describes the process by which the integrated develop—
tnent of JPA* and training was accomp lished~ The process description is
heavily supported with examples of actua l experimental materials from the
AN—AQA—7 JPA and Course , and with intermediate products used in their
development. Complete files of intermediate and final products reside at
the office of ~DR Charles .J. Theisen , Jr .,1 Head , Training Branc h (4024),
Naval Air Development Center , Warminster , Pennsy lvania 18974. Because
the process of JPA development is controlled by specification and has
been described its great detail elsewhere , the focus of this append ix is on
process features employed for the first time here , and on unique aspects
of this effort. In general , the orocess followed is outlined in detail
in AFHRL—TR—71—53 (Folley et al , 1971a; 1971b ; & Joyce at al , 1971).

Figure A—i schematizes the relations among major development efforts.

Figure ~~~~~ The Development of JPA and Training Macer~ -~ls

*Job Performance Aids.
1 Nou Commmmanding Officer , Nava l Hosp ital Corps School , Creet Lakes , tL. 
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First , maintenance tasks to be performed were identi fied and analyzed .
This analysis resu lted in task anal ys is intermediate products , documents
descriptive of the audience , his tasks , tools , equipment , etc., and in
lists of nouns and verbs to be used in the program , and a writing style
guide. Behavioral Scientists decided which tasks were best covered in
training and which by the JPA. This analysis resulted in a data cover—
age plan and a set of training requirements. Finally, the training and
JPA were prepared and validated .

- 

- Task Identification Matrix

The Task Iden tification Matrix (TIM) is as described in AFHRL—TR—7l—53
except that the maintenance function codes have been modifie d as follows :

X codes indicate maintenance—significant components.

A hardware item wit h an X code must be considered
a mai ntenance —si gnificant pa rt of the next super—
ordinate T entry in the same column . Irs the case
of a t roubleshootin g T , eac h subordinate X must
be found by the troubleshooting as a cause of 

-malfunction. Each subordinate , X—coded , p iece—
part shall be cons idered a “Component ” in the
Lis t of Components (AFHRL—TR—7 l—53 , para 3.4.Sa).
All subordinate X—coded components join to form
a definitive list of the end items associated
with a particular troubleshoot task.

Subscript codes indicate level of maintenance or maintenance
activity .

O = Organizational Maintenance

I = First level Intermediate maintenan ce;
refer to Figure A—2 (AQA—7 Data Coverage
Plan). All checkout and troubleshoot
tasks directly subordinate to Or ganiza-
tional maintenance are coded with the
subscript I; thus, their subordinate
components are coded X.~.

Second level Intermediate maintenance
procedures to which the user would be
referred from the first level pro—
cedures .

1:1
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Spe cial Notes : -

1. A section in the Maintenance Support Informa-
tion Manual (MSIM) will be included to cover
relamping all of the back—lighted pushbutton
switches and similarl y styled indicators.
The components of these assemblies are
indicated irs the TIM by the symbol ~~~~~~~~

Although there are many of these assemblies
referenced , they are so similar that one
MS IN section Will cover all of them .

2. A section will also be included in the
MS IM to cover removal and replacement
of all digital readouts. These com-
ponents are indicated by the symbol ®
in the TIM.

3. A section will also be included in the
MSIM to cover all 60—hour cleaning tasks .

4. Components in italics are included to
preserve generation breakdown.

Two example TIM pages follow (Figure A—3).

Task Analysis Intermediate
Products

Task analysis intermediate produc ts include the Task—Step Data
Details (TSDD) ,  the Generic Noun List , the Test Equipment and Tool Use
Forms (TETUP ) , the Task Invento ry , and a Style Guide. These documents
provide additiona l clar ification , guidance , and control for task ana ly—
sis considerations and JPA writing. Examples of these documents follow
(Figures A—4 th rough A—8) .
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AN/AQA—7 FPJPA TASK-STEP DATA DEIAILS (TSDD)

1. DISCRIMINATIONS AND PERCEPTIONS CRITICAL TO SUCCESSFUL TASK PERFORMANCE

a. Observing Gross Indications. The task step should name the indicator
and will state the condition to be observed (for example, a light on or off;
a motor running or not running). The illustration will depict the indica-
tor ’s location; wherever practical and necessary to conmiunicate an instruc-
tion, the illustration will also show the state of the indicator.

Training will provide knowledge of the physical context of indica—
tors.

b . Reading Quantitative Values. The task step will state a range of
acceptable values by naming the inclusive limits of the range. The loca-
tion of the indicator (scale, counter) will be illustrated (with the
exception of some cotmnon pieces of test equipment——see the Test Equipment
and Tool Use Form). Counter readings will not be illustrated. Necessary
scale reading and interpolation skills are assumed to be present irs the
user. These skills will be developed in a specific segment of the train—
ing program.

c. Noting Relative Motion. When relative motion is an important cue,
the task step Will describe the relevant dimensions of motion (direction
and/or rate) of objects with respect to one another , and will include a
statement of the observer ’s position relative to the objects whenever his
position is necessary for correct interpretation of the text (e.g., a fan
rotating clockwise when viewed from the front). Illustration of the moving
components will indicate the direction of motion with the use of an arrow
pointing from each object along Its path of motion.

Training will provide practice using task steps utilizing motion
symnbology .

d. Readiri& or Interpreting Oscilloscope Patterns or Waveforms. The
task step text will require the technician to compare his display with a
standard provided in the illustration. The illustration will be a white—
on—black rendering of the nominal expected display, with the frequency,
amplitude , and/or shape tolerance range indicated with dimension lines ,
and a statement of the tolerance (e.g., “greater than 10 divisions”) .

Training will provide exposure to typical waveform and tolerance
displays. Practice sessions using the oscilloscope will also utilize
FPJPA waveform presentation techniques to provide practice reading and
interpreting waveforms.

Fi gure A—~ . Task—Step Data
Details (TSDD) 
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e. Noting Visually Detectable Physical Defects.  The task step will
instruct the technician to visually inspect an object and will name specific
defects to look for (e.g., scored cylinder walls , deteriorated 14 011 r ing,
charred insulation, or change in color of an object).

Training will provide exposure to samples of hardware containing
defects of the type requiring detection by the manuals . Trainees must
demonstrate the ability to describe and detect all visually detectable
malfunctions mentioned in the FPJPAs .

f. Presence or Absence of Sounds and Vibrations. Sounds and vibra-
tions will be used only as gross indicators. The task step will ask only
that the technician note presence or absence of a sound or vibration and
will tell him where to direct rsis attention . No discriminations of loud-
ness of sound or of amplitude of vibration will be required. The illus-
tration will depict the location of the source of the sound or vibration .

Training will provide exposure to normal operation sounds.

g. Discrimination of Pitch or Other Characteristics of a Sound. Abso-
lu te pitch judgments will not be required ; b~ t if a tone can sweep througha range of freq uencies , the technician may be required to observe whether
the pitch increases or decreases. The technician will be required to
discriminate only presence or absence of other sound characteristics .

h. Discrimination of Odors. ~o olfactory discriminations will be
required of the FPJPA user .

2. PROBLEM—SOLVING AND DECISION-MAKING CRITICAL TO SUCCESSFUL TASK
PERFORMANCE

a.  Selection of Approp riat e Next Step or Task. The task steps will
always follow each other in numerical order. References to other steps
or tasks will provide sufficient information to proceed directly to the
referenced material, in accordance with para . 3.3.7.3 of AFHRL—TR—71—53 ,
Vol . I.

b . Performing Calculations. Any problems requiring mathematical
sophistication beyond simple addition and subtraction will be reduced to
these simple operations , or will be aided by a monogram or tabular
presenta tion of data .

Training will provide practice in performing simple caiculat~ or.s
and using nomograms or tables specifically used in the FPJPAs .

c. Exercising Judgment. FPJPA users will be required to exercise
judgment to recognize a visually detectable malfunction , including those
introduced by the technician during repairs.

Figure A—~~. Task—Step Data Details (TSDD)
( can t . )
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d. Translatin g or Converting Data Forms. When convers ions from one
da ta form to ano ther ar e required (e.g., Fahrenheit to Centigrade , octal
to decimal , degrees to radians) , tabular or graphi c conversion aids will
be provided in the MSIM. When such tabular or graphic conversion aids
are provided , they will be accomp anied by detailed instructions for their
use , including examples if necessar y .

3 .  MOTOR ACTIONS CRITICAL TO TASK PERFORMANCE

a. Activating Binary Switches. The task step will name the control
and the position to which it is to be set. The illustration will depict
the location of the switch, but the user must depend upon the text for
position (setting) information.

The training program will provide practice experiences for locating
and operating all system front panel controls.

b. Adjusting Continuous Controls to Specified Setting . The task step
will name the control and specify the direction of operation (e.g., clo-~k-wise , to the left). The step will also name the value to be set and t~ e
indicator upon which the value is to be read (e.g., turn IF GAIN con:ro~
clockwise until MOl reads 0.5 volts). Whenever a peak or null i ica~~ i~~~~
is expec ted , that condition will be so stated , with the assumption t ia:
the user knows how to recognize it (e.g., adjust TUNE control until nu.i
is observed on MOl). The illustration will depict the locations of con-
trols and displays .

c. Setting a Multiposition Control to a Specified Setting . h’. :-s ’ .
step will name the control and the position to which it must be set. The
illustration will depict the location of the control , but the user r~u t
depend on the text for the setting information .

d. Performing Coordinated Gross Bo4y Movements. The task steps ‘
~ .11

describe movements and body positions necessary to move or posit~ -~
-
~ har-:-

ware items. Appropriate Human Engineering guides will be consulted to
assure that all required moving , lifting , and reading operations are - .tnin
the user ’s capabilities.

4. READING LEVEL AND READING COMPREHENSION CRITICAL TO TASK PERFORNAI;- z

a. Sentence Leng.~~~ Task statements will contain no more than t:~ree
sentences . Each sentence will contain 10 words or less (refer to AF~~i-
TR—71—53 , para 3.3.7.3.L).

b . Word Length. Language of the task statements (other than hardware—
specifle nomenclature and placarded information) will be as simple as possib:e.
Syllable counts will be performed on random page samples excluding nardware—
specific and placarded terms ; 150 syllables/one—hundred words will be the g-ai .

Figuro A 4 . Task—Step Data Details (TSDD)
(cont.)
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c. Vocabulary . The vocabulary used in the FPJPAs will come from
lists of standard verbs , common (generic) nouns , and hardware—specifi c
nouns .

Since reading level is a function of vocabulary difficulty , the
standard lists will be combined to form either a Maintenance Support
Information Manual section (glossary) or a training handout . In either
case , training shall be expected to devote some time directly to hardware—
specific terminology in addition to placarded terms, and properly use the
verbs and generic nouns as a matter of course during training and in train-
ing materials. Training will provide familiarity with terminology in con-
text, task step presentation foi~iat , and symbology utilized .

1) Verb List. The verb list in AFHRL—TR—7l—53 , para 6—2 ,
shall be considered the official source of verbs (331
verbs). This list may be modified to include new verbs
as a clear and def inite need arises. (Six verbs were
added for the AN—AQA—7 FPJPAs.)

2) Generic Nouns. The generic noun list shall be con-
sidered the official source and is modificable as in
1) above. (The list for the AN—AQA—7 FPJPAs included
82 nouns.)

3. Hardware System—Spec if ic ~ouns. The approved Task
Identification Matrix (TIM) shall serve as the
official source of hardware—specific nouns .

~~~. Placarded Information. When control panel placarding
groups controls functionally as well as uniquely identi-
fying each control , the general level pl acard ing shall
be omitted .

5. Standard Statements. Standard forms will be used where
the individual task steps are very similar (e.g., each
use of a particular piece of test equipment is the same
except for expected reauing , point of test , and reference
if test is failed). Each occurrence of a similar event
will be written the same except for the unique var iable
information.

Figure ~\—4 . Task—Step Data Details (TSDD)
V (cont.)
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TEST EQUIPNENT AND TOOL USE FO.tM

Name and N umber - Inforonation to be Info r mat ion to be -Functions . - -of Item Included in JPA Giver- itt Train ing -

Digital Frequency Gener ates and! 1. The user will be 1. Recognition of
Synthesizer , or sweeps fre— told where to connect equi pment by sight
Model 3lOOA quencies from the output and which when specified by

0.01 Hz to output is to be used ; name.
1.3 MHz. e . g . ,  connect —2Odb m

50 1~ output to 2. How to set up
_______ ( ) .  The equipmen t ready for
input location will be tests.
illustrated.

3. Practice making
2. Switch setting tests using the
information will be equipment:
suppl ied for  the
MODE switch; e.g., finding and setting
set MODE switch ( ) switches
to 

___________
.

locating arid making
3. When VARIABLE connections
50 c2 output is used,
switch setting in-
formation will be
supplied for the DC
OFFSET, VERNIER , and
dbm; e.g., a) Set
DC OFFSET to 

_ _ _ _

b) Set VERNIER to
___________ 

c) Set
dbm to 

_ _ _ _ _ _

4. When variable
DECADE is used , set-
ting information will
be supplied for the
DECAD E SELECT , DRIVE
SELECT , and ATTENUA-
TOR: e.g., a) Set
DECADE SELECT to

___________ 
b) Set

DRIVE SELECT to
__________ 

c) Ro-
tate ATTENTUATOR
control counterclock—
wise until 

__________

1,- V 
t_ _____ •__ 

_________________________ ~- 
______________________ 

____________________________________ ____________________________________

Figure A—6 . Example Test Equipment
and Tool Use Fo rm (TETUF)
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AN/AQA -7 TASK INVENTOR Y

1. Checkout and Troubleshoot the AN/AQA—7

A. Checkout and Troubleshoot the Bearing Frequency Cont rol , C—8245

B.  Checkout and Troubleshoo t the Directional Listening Contr ol , C—8246

1. Align the Directional Listening Control , C—8246

C. Checkout and Troubleshoot the Bearing Computer , CP—983

D. Checkout arid Troubleshoot the Bearing Frequency Indicator , IP—981

1. Checkout and Troubleshoot the Video Amp lif ier

2. Adjust the Video Amplifier

3. Checkout and Troubleshoot the Deflection Amp lifier

4. Adjust the Deflection Amplifier

E. Checkout and Troubleshoot the Digital Memory Unit

F. Checkout and Troubleshoot the Frequency Multiplier—Storer

1. Align the R.F. Oscillator

2. Adjust the Multiplier Amplifier

- -
3.  Adjust the R . F . Amplifier

C. Checkout and Troubleshoot the Spectrum Analyzer—Quan t izer

1. Ali gn the Signal Anal yzer

2. Align the Signal Analyzer—DIFAR
1

3 .  Align the Sweep Genera tor
i 

4-

Fi gure A — 7 .  Pa ge from Task Inventory
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AN / AQA- 7 FPJPA ST’~LE GUII E

1. Bc cons is tent  wi th  the level of accura cy : The case is 2 . 15  inches by
6 .50  inches b y 10.54 inches.

2. Always precede the decimal point with a zero in expressions less than
unity: 0.056 volt ac.

3. Panel—moun ted tip jacks shall be designated as test  jacks ;  mu lcip in
jacks arid plugs shall be designated as either jacks or plugs .

4. When referring to a pin on a multipin connector , separate the con-
nector number from the pin designation by a hyphen (J5—F , J6—4 , PS—F ,
P6—4).

5. Access doors and panels are opened or closed .

6. Covers are removed or reinstalled.

7. Drawers are qpened or closed.

8. Fasteners and latches are secured or released. -

9. Nuts and boits are tightened ; when required , they are tightened to a
specific torque. (Tighten nut to 500 pound—inches torque .)

10. Screws are installed ~‘r removed.

~i.  Components a re removed or ins ta l l ed ;  rep lace a comp onent or part  if a
new or rep aired one is to be installed .

12. Brakes are set or released.

13. Auxiliary equipment is connected to test jacks, filler valves , e tc.

14. Pressure is applied to ports , valves , cycl inders , etc.

15. Ou tput or input is a~2lied or measured between test jacks , test poin ts ,
etc.

16. Meters and dials indicate. (They do not read . )

17. Circuit breakers are opened and closed, and set or reset.

4 18. Rotary and toggle switches are set to a position. (Set power siiitch
to ON.)

19. Pushbutton switches are depressed and released. Momentarily depress
self— test switch. Depress and hold self—test switch . Release
self— test switch.) -

i

Figuro A—8. Page from Style Guide 
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JPA Development

Introduction

One unique fea ture  of development in the AQA—7 JPA e f f o r t  was com-
puterization of substantial parts of the work . This was done for rea sons
outlined below .

The traditional JPA development/production process is long and intri-
cate , and every activity along the way is pe rformed by h umans . Some ac t i—
vit ies call for t edious cross—chec king and compari son , and making sure the
ri ght numbers are entered in the r ight places. The process tak es a lot of
time, and has many opportunities for errors and oversights. It requires
tremendous coordination of human activities. After carefully studying
.JPA proce.ises and problems , computer experts decided that four steps in
the  process were particularly amenable to computer assIstance:

1. Development of Action Trees . This is a slow , difficult job ,
complicated by a great deal of repetitive writing and ref er—
encing. Performed simultaneousl y by several analyst /writers ,
this effor t  is in constan t j eopardy of inconsistency and -

error .

2. Editorial Review of Action Trees. This is an extremely time—
consuming job . Since the checking is done by d i f f e r en t
people , a certain number of wrong references , inconsistencies ,
improper punctuation , poor gra~unar , etc. inevitably slip by.

3. Review Action Trees for Completeness. This requires con—
siderable time , and involves hand—tallies and voluminous
cross—checking between intermediate products and the
Action Trees. A 100—percent complete review performed by
humans is extremely difficult , and affords numerous opportuni-
ties for error .

4. Typing and Proofreading. This requires a great deal of clerical
time, and is another good opportunity for errors to occur .

The Computer—Assisted Performance Aid Development and Production
(CAPADAP) system combines all four of these functions (and a few others)
into a single , comprehensive set of computer programs . The following
two sections provide (1) a short discussion of traditional JPA develop-
men t and produc tion , and (2) a synopsis of how the ~APADAP system stream-
lines and vastly tightens quality control over the process. (Note:
Although this material discusses only the Fully Proceduralized Trouble-
shooting Aid JPAs , the same CAPADAP techniques apply to Job Guide Manuals.)

Mo
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The Traditional JPA Development/Production
Process and Some Problems

~Iriting and Editing. Traditional JPA development begins with a
detailed task analysis and proceeds through several steps to the devel-
opment of Action Tree diagrams . Action Tree diagrams depict the sequence
of steps to take in finding a malfunctioning part . The analyst/writer
must determine what tests (voltage , resistance, etc.) the technician needs
to make , and then write a clear instruction for the technician.

The ou tcome of every test ei ther tells the technician to replace a
par t, or to go on to another numbered step . The other numbered step may
be many pages away. The JPA analyst/writer must leave a blank space for
the step number , and when all steps are eventually assigned numbers (days
or weeks la ter ) ,  the analyst/writer mus t return and fill in the number.
And , if a step number is changed somewhere in the middle of the step
sequence , each subsequent step in the sequence must have its number changed
too . The analyst/writer must catch every step whose number changes or the
procedure will fail when tried .

Once the Action Tree diagrams are completed , they must be reviewed
for editorial integrity . All statements must be very clear , simple , and
unambiguous . All figure references and cross—referencing must be accurate.
For large JPAs, this is an awesome task, all done by hand .

Clearly , the analyst/writer has many things that he must remember to
do , incl ud ing keeping the wording of his statements consistent and all his
words spelled r ight. And , ii it happens that JPA development is concurrent
with hardware development , the analyst/writer must contend with intermin-
able design alterations .

So , in developing Ac tion Tree diagrams , the analyst/writer could make
good use of a file of “standard statements” tha t would keep h is word ing ,
spelling,  and punctuation consistent . If each “standard statement ” had
a ref erence number , he could use the number instead of having to write
the same statement over and over. The analyst/writer could also use a
system that would automatically number his troubleshooting steps , add
renumber them each time a change occurred . The CAPADAP system does exactly
these things.

Illustrations. Often , the same illustration can be used in several
frames . This is quite cost—effective . But , if a change is made to an
illustration that appears in 14 different places , the analyst/writer must
dig thro ugh all of his material to locate every place the illustration is
used . There is a reasonable probability that he migh t overlook ~i place.
The anal yst/writer could certainly use a system that would instantly tell
him all the places where the illustration appears. This is one of the
computer rou tines in CAP ADAP .

Review for Completeness. Next , the, analyst/w-riter must conduct a
Review for Completeness. To do this, he prepares a list of all mainte—
nance—significant componen ts, and notes the number of failure modes (e.g.,
shor ted , open , changed value) for each . Then he checks this list of

_ _ _
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component—failure modes against his Action Tree diagram s to make sure the
Action Trees include all the possible failure modes . This process runs
into man—weeks even if only a few hundred frames must be reviewed . It
must be done very painstakingly , because the validity of the J P As depends
on complete coverage.

The Review for Completeness is a massive undertaking, involving
hundreds of loose papers (the draf t action trees and intermediate products) ,
and material literally “sitting around in boxes . ” Secur ity is tenuous ,
and documents are subjected to all manner of minor environmental hazards .
Misplacement of material is possible. The reviewers have to read various
individual ’s handwritings, some less legible than others. And~ the reviewers
must often work from photocopies which occasionally obscure crucial let ters
and numbers.

It is excruciatingly difficult to conduct a perfect Review for Com-
pleteness, using people. What is needed is a system that automatically
cenducts a perfect review and catches all omissions , does so without
reviewing reams of documents , and achieves this quickly. And that is what
CAP ADAP does.

Typing the Draft. Once the Review for Completeness is done , the-
Action Tree diagrams are revised as needed. Then , a draf t is typed f rom
the Action Tree diagrams . The draft must be proofread . The typing and
proofreading take much time and present a fine opportunity for errors
to invade the text. The draft must be photocopied so everyone concerned
has a copy to work with. This takes more time . CAP ADA.P can type error—
free, already—proofed mult i ple copies of a 1000—step draft in 10 minutes.

Typing the Draft Again. The next step is validation , during which
time 100 percent of the Action Tree diagrams are tried out on actual gear ,
to make sure they work. Values (voltages , resistances, etc.) are also
inserted at this time . The validated draft must be typed and proofread
again, with the same problems as in the first typing . CAPADAP is needed
again.

Understanding the CAPADAP System

The easiest way to understand CAPADAP System operation is to take
an actual JPA text page and observe its step—by—step development . The
sample text page we will use is shown in Figure A—9 .

H Standard Statements (SS). Examine Figure A—9 and you will notice
that the same basic statements seem to recur . For example , Steps 922
and 923 read :

Using Simpson 260 , connect + test lead to Q8 (10).
Connect COMMON test lead to ground .
Check that multimeter indicates between —14.8 and —15.2
VDC. If not, go to Step 950.

is  

- —-____ ---~~ - -~~~~~-~~~-
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_____________—

J PA—FREL I MI NAR ’—

TROUBLESHOOT THE DEFLECT I ON
A MPL IF IER -

922.  Using Simpson 260 , connect + test lead to Q8 ( 1 0 ) .  Connect COM-ION test ea~la ground.

923. Check t h a t  mult imeter  ind ica tes  between — 14.8 and — 15. 2 VDO . I f not , go jo
slop 950.

924. Us i ng Sim pson 260, connec t- + tOSt lead 1-0 QO (9). Connect CO~4M3N in s :- lead
to ground.

925. Check h a t  rnult imeter indicates between —6.8 ~nd —7.2 V LC. I f no t- , no Ic
stop 958.

926. ~rt POW Er-: switch (3) to OFF .

927. Scf 28 VDC breake r ( I )  
~nd 11 5  Vt~C ~OO hz bredhe r (2) l~ orr . -

928. Us in q Simpson 260 , c~ nri ~ct -F lost load to 08 (6). Conn-~ci CO-~-~~. 1C5  Ie~~to ground. -
929. Chock tha t- rnu ttimet cr indic ate s 1 690 ohms or mor’.?. I f  not , r-~nIace P .C..

board 6A3A 1 ( 5 ) ;  go to step

930. ~cp Iece  6A3A198 (4 ) , go 1o slop I.

93 1.  Us ing  Simpson 260, connec i + t e s t -  end to Q7 (8). Connec t CUfl -~ N 1€ ~~1 lc~~to ground.

932. Check that mu ltim etor indicates b e t w e e n  4.8 i~nd 15.2 VP C . i f  not , ~c’ lo
stcp 968. 

-
933. Us i ng Simpson 260, connect 4- test Ie~ d 10 Q7 ( 7 ) .  Connec t- COt. ;: :( - -t e~;i ic~ i

to ground.

934 . Check that mull imeter indic a t n~ between 6.8 and 7.2 VDC . i f  noI , go t o
step 976.

93 5.  ~ct Fowl R sw i tch ( 3 )  lo O F- F .

936 . Set 28 VDC brealcer ( I )  end 1 1 5  VAC 400 Hz brceker (2) 10 OFF .

1-2 18 

-
~~~~

________________  ________________________
Figure A—9 . A Sample JPA Text Page

_ _ _ _  
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Steps 924 and 925 use the same basic statem ent:

Using Simpson 260 , connec t + test lead to Q8 (9).
Connect COMMON test lead to ground . -

Check that multimeter indicates between —6.8 and —7.2
VDC. If not , go to Step 958.

The only differences between the two statements are the “connect + test
lead to” point and callout , the voltages, and the next step to go to.

If blanks are substituted for these elements , we have :

Us ing Simpson 260, connect + test lead to 
_________ 

( ).
Connec t COMMON test lead to ground .
Check that multimeter indicates between ___________ and

__________ 
If not , go to 

__________

This is a statement which can be used many times in many places , by simply
inserting the four missing elements. It is called a “standard statement .”

In JPA writing , many such “standard statements” are used . In fact ,
tne majority of statements used in JPAs (more than 80 percent in some-
books) are repetitive “standard statements.” A close stud’, of Figure A— 9
reveals that only four standard statements are reouired for the entire
page. These four standard statements are shown in Figure A—1O .

When CAPADAP is to he used in a JPA production project , the first
step is to prepare a list o~ appropriate Standard Statements (SS). Each
SS is assigned a Code Number for reference.

The computer now has in storage a file of letter—perfect SS that
will be used time and again throughout the JPAs . These SS require no
further attention. A large. portion of the JPA editing is now complete.

Now the JPA analyst/writers can begin preparing the Ac tion Tree
diagrams . A sample is shown in Figure A—il. The analyst/writer analyzes
the circuit , and sees that the technician ’s first step must be to
measure the VDC between Q8 and the ground , using the Simpson 60 multi—
meter. The analyst/writer flips through his printout of the computer ’s
SS File, and finds what he needs : SS 1/9 (see Figure A—jO). Instead of
having to write out the fu l l  statement , he simply writes “SS //9” on
the Action Tree diagram . Then , he notes the data needed to fill in the
blanks of SS #9: 0.8 (what the + test lead connects to), and ATIZ—6
(the next point in Action Tree #12 to which the technician must proceed ).
Note: The callouc number in parentheses is added durin g format t i n g ;  the
VDC values are added during validation.

The analyst/writer then moves to the next check the technician must
make , looks up the appropriate SS , motes the SS# in the next block -~f the
Action Tree diagram , and records the data needed to fill the blanks in this
SS.

. \20
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CODE NO. STANDARD STATEMENT

9. Using Simpson 260, connect + test lead to 
________

( ) .
Connec t CO~1MON test lead to ground .

Check that multimeter indicates between_______________
and 

_________________
. If not , go to 

_____________

11. Using Simps on 260 , connect + test leach to 
________ 

( ) .
Connect CO~~1O~I test lead to ground .

Check that muitimeter indicates 
___________ 

or more.-
If no t , replace 

______________
( ) ; go to 

_________

43. Replace 
____________( ) .  Go to 

________

54. Set PO~~ R switch ( ) to OFF .

Set 28 VDC breaker ( ) and 115 VAC 400 Hz breaker ( )
to OFF .

Fi gure A—lU . Standard Statements for the
Sample .JPA Text Page

- -- ~ - - -~ , 
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“Wr iting ” the Action Tree diagram s in this way is simple. Advan—
tages:

1. It is fast (SS numbers ar e wri t ten instead cf whole
sentences) .

2. it makes changes of SS easy (only the SS number is
correc ted , instead of erasing and rewriting whole
sentences).

3. It prevents inconsistent versions of steps from
different analyst/writers (no matter which writ~ r

-—- prepares an Action Tree diagram , the SS will ~~~~~~
be identical).

4. A much higher percentage of the analyst/writer ’s time
is spent on technical matters , while lowering the
total “technical writing” time per frame .

The analyst/writer ’s Ac t ion  Tree diagrams now go to the Computer
Terminal Operator (CTO). The CTO prepares a computer file that contains
all the values needed to fill in all the blanks in all the SS. This 

-

f i le  is the “Log ic/Value File.”

Non—Standard Statements (NS). What happens if the JPA a-~ yst/
writer scans his list for an appropriate SS and can ’t find one? This
occurs occasionally because a Particular test may be made oniy once in
the entire system. In this case , the analyst/writer must gener~ te a
unique “Non—Standard Statement ” (NS).

The analyst/writer com;-oses the statement and writes it beneat~ t - ~
block on the Action Tree diagram . He assigns a NS Code Number to it (24
in this case). In the block, he notes the same type of data that he
normally writes in SS blocks . When this Action Tree diagram reo~ he.j theCTO , the CTO will see the Non—standard Statement. The CTO then generates
ano ther computer fi le , the “NS File.” The NS and its Code Number are
typed into the computer and the data required to fill the blanks in the
NS are entered into the computer ’s Logic/Value File. Once all Non—stan-
dard Statements for the whole system are in the NS File , a printout of
the file is run , edited , and corrections are typed into the computer .
Now all NS used in the JPAs are letter—perfect and need not be reviewed
again.

CAPADAP ’s Instant Quality Checks. At this point , the entire JPA
“draft ” is complete (except for values and callout s) , edited , and stored
in three files in the computer (th e SS File , NS File , and Logic/Value
File) . Before a printout of the draft is run , however , two internal
computer review s are run :

1. Log ic/Value File Review -

2. Review for Completeness.

-~~~~ ~~~~. - - . 
__ _—_ _
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These reviews are outstandin g features of CAPADAP and are the functions
tha t so dramatically enhance development/production quality control. The
following paragraphs explain what the reviews achieve .

Logic/Value File Review. This review checks the Logic/Value File to
see if its contents makes sense. The computer searches through the Logict
Value File, and checks for a variety of errors. The Review examines 24
different dimensions , the most essential of which are :

1. “Go to “ instructions. Does the Logic/Value
File contain a “go to” point for all of these instructions?
Were any left blank? Do all the “go to ” points In the file
actually exist? Has the writer inadvertently assigned the
same designation to two different “go to” points?

2. The Action Tree diagram blocks. Are any of the steps
within an Action Tree diagram out of sequence?

3. In each Log ic/Val ue File en try , an SS or NS is referenced.
Are the referenced statements actually in the SS and NS
Files?

4. If an SS has, say,  three blanks , are there three data items
in the Logic/Value File for those blanks? Were any omitted ,
or are there coo many? (All SS and NS are checked.)

5. Are the values in the Logic/Value File the right type for
their assigned blanks in each SS and NS?

If the Logic/Value File Review discovers any discrepancies , the
computer prints out a list of them , stating what ’s wrong and exnctl~ wher e.
It is a simple matter to take this discrepancy list , run down the problems
with the analyst/writer or CTO , and type corrections into the computer.
Once this is done , the Logic/Value File has no “holes .”

Review for Completeness. The Logic/Value File Review established
that there are no discrepancies among the computer contents . But are
we sure that everything is in the computer that should be? The Review
for Completeness is the second “instant quality check.” It makes sure
all components have the right number of statements for the number of ways
the component can fail. See Figure A—l2 , Example Failure Modes.

To perform this review , a list of function failures is prepared and
entered into the computer. The computer scans its Logic/Value File ,
looking only at steps where components are replaced. It tallies the
number of times each component is replaced . It also notes any components
it finds being replaced that aren ’t in the function failure list. The
computer then prints out another discrepancy list which itemizes all
discrepanc ies and state~ where they occur. The analyst/writer takes the
list , runs down the problems , and has corrections typed into the computer .

Like the Logic/Value File Review , this Review for Completeness has
accomplished in minutes what used to take weeks. But most importantly ,

~ 
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the Review for Completeness has caugh t every discrepancy and establ ished
the final quality of the JPAs.

Illustration Review. Another important check is also made: the
Illustration Usage Analysis. The computer is commanded to print out a
list of all illustrations used in the JPAs , indicating how many times
each is used , and where it is referenced in the text. This information
will be used where validation indicates that an illustration should be
changed , to assure that all occurrences of the illusr.ration are changed.
Also , this list gives the SPA production manager a precise tally of how
many times each illustration is required. The computer also detects
illustrations that are never used , and flags these.

Validation. The SPA s teps  are now tried out on actual equipment.
There will be inevitable changes , adding and deletin g steps and series
of s teps .  Deleted steps are simply erased from the SS , NS , and Logic!
Value Files. Added steps are handled like the ori g inal Action Tree dia-
grams:  f ind  the applicable SS in the list (or create an NS , if needed) ,
record the statement ’s Code Number and th 4~ alues f or its blanks , and
have the  CTO type it into  the computer . l.. alterations disturb the
d r a f t  step—number set -Iuence , the computer will automatical ly renumber the
steps. 

-

Also during validation , the missing values (voltage , resistances ,
e tc . )  and associated to lerances  are determined and plugged into the  d r a f t .
The CTO types  these values in to  the compute r , which adds them to i ts
Log ic/Value File.

One of the major values of the computer system is that va l id — it ion ~s
entered with a draft more nearl -’ complete and correct than has been possible
heretofore. This rasults in a dramatic reduction in i n t e r r u p t i o n s  to nake
correc t ions , and thus in much more e f f i c i e n t  use of equipment  access t ime .
And , there is a concomitant reduction in the calendar time which would
otherwise be required for validation .

Formatt inZ .  If the f i r s t  draft has not been ser iously a l te red  b y
validation, it can be used f o r  fo rma t t i ng . If it has been extensively
changed , a f resh d ra f t  incorpora t ing  the  validation changes can be ob ta ined
as quickly as the initial d r a f t .

Analys t/wr iters now go over the d r a f t , coordinat ing the i l l u s t r at ions
with appropriate JPA steps. They mark the draft to indicate page breaks ,
and insert callout numbers in the text parentheses. Tho CTO types the
page breaks and callout numbers into the computer Logic/Value File. This
completes the contents of this file.

Verification and the Final Copy . The SPA draft can now be verified
with a user tryout . Corrections , if any , are made in the same way as those
resulting from validation. Finally ,  when everyone is satisfied with the
SPA draft, the computer is given a command to print out camera—ready final
copy over a low—speed , high quality printer located in ASA ’s Computer
Terminal Room. If any transmission difficulties occur , the printer has
error—detectors which alert the CTO to the problem .

— —--,—----__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~
- . . 



_ _ _ _ _ _ _ _  -- --

NADC—78286—60

The previous discussion says nothing of the logic of the JPA——only
the process of writing and editing them using CAPADAP . The logic of the
JPA in the present program was governed by the rules stated below .

Action Tree Development Rules

1. Develop the branching Action Tree by choosing Test Instrum ent ,
Type of Test , and Location of Test for each Test/Decision Box
as provided for in 3.4.ll.l.c of the specification. Refer to
the Test Equipment and Tool Use Form which defines the items
that are officially authorized for use by maintenance personnel .
Selection of test instruments must be limited to those items
found on this form . The form will also provide a list whenever
special test equ ipment  is called f o r .

2.  Selection of the correct test locations is of primary importance.
Test locations should be selected in such a way as to divide the
blocks on the Component Block Diagram (CBD) into two segments
with equal (as nearly as possible) probability of containing
the malfunction. For the C~3D shown below: -

—
~~L-~~~i

The f i r s t  test  location would be at point 
~J 

since the choice
ermits dividing the components most equally. No other test

point permits bettcr than an 8—3 split. If a “good” indication
is found at A ) , the second test should be at or (r ~ - -
If a “bad” indication is found at , the second tes t~ should
be at . Each check eliminates about half of the  components
from consideration . These components are known to be “go o d . ” The
choice of tes t location between the suspect components should be
such that the check be made at the mid—po int of the chain , and

I each succeeding check be made at the mid—point of the remaining
portion of the chain. Thus, assuming each component has an equal
probability of failure , the branching proceeds by halving the

- 
_ _ _  -
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probabil i t ies  that the mal func t ion ing  LRI lies on one side or the
other of the check.  This stra tegy defines the ha l f—sp l i t  technique
of troubleshooting . The half—split technique should be modified
by introducing the following considerations :

Accessibility — Checks that are easy to make should be
made early in the tree. Checks that involve extensive or
difficult disassembly should be written toward the end of
the tree. The accessibility consideration adds a practical
dimen sion to h a l f — s p l it t i n g ,  since t ime req uired to perfo rm
the check is also a measure of action tree efficiency .

Accidental Malfunction Introduction — Those checks which
have a high probability of introducing accidental equipmen t
damage should be sacrificed for less efficient checks when-
ever possible. If there are no other equivalent checks , a
damage—likely check should be deferred toward the end of
the tree.

Refer to the Test Equipment and Tool Use Form each tim e a
procedural step calls for the use of a special tool or piece
of test equipment. Be certain that the procedural steps con~
tam all con t ro l  se t t ings  or other  operat ing ins t ruc t ions
req ui red by the form each t ime a special tool or piece of test
equipment is used.

3. When developing s t r a t e g i e s  for  w i t h i n — s t a g e  t roub leshoot ing  of
solid s t a t e  devices or othe r  direct coupled stages , the follow-
ing considerations appi’.’:

a. Using half—split technique , check output of all suspect
stages. Bad stages are denoted by a good indication
immediately followed by a bad indication.

b . When a stage is suspect , isolate it by disconnecting the
load. Recheck the previously bad indication. If indica-
tion is now good , begin troubleshooting the following
stage . If indication is still bad , troubleshoot the
suspected stage .

c. When we find that after isolating a suspec t stage from its
load , it is the load ( fo l lowing  c i r cu i t , input~ that is
defective , we should use the fo l lowing  s t ra t e g y : ICirst ,
test the i n put  terminals of the defective s tage ’s a c t ive
component. If input tests are bad , remove active device
and check input circuit passive components. If a passive
component as well as the active one has failed , replace
them both and direct the user to repeat the previous stage
output test. If the output test is now passed , the user

~~~ should be directed to return to the checkout and proceed.
However, if the stage output test  is failed a second t im e
after the repair should have been effected , the user should
be directed to obtain assistance, 

—
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This approach is somewhat d i f f e r e n t  than ones used in the
past and the emphasis is on shortening maintenance technician
fe~~back time in difficult repair situations . Rather than
being seat from the repair directly back to the check to
s tar t  over , the change has the technician repeat the
previously fai led (stage specific) check, if this  check
is now satisfactory , the technician is permitted to return
to the checkout and proceed . If not , either the technician
committed a procedural error or he fu r the r  damaged the
equipment while effecting the repair . In either case ,
it ’s a matter for his supervisor to decide .

The same final sequence (beginning with  repeat the stage
output test) should be performed if only a passive corn—
ponent has failed , or if only an active component has
failed.

d. The f inal  sequence j u s t  described for  troubleshooting is
appropr ia te  fo r  any direct—coup led circuit. The previous
case only considered the input circuit , since it was
loading the ou tpu t  of the preceding st age .  When the
defect  is located wi th in  the stage tha t  originally -

appeared defective , it is first necessary to , iii circuit ,
check the junctions of the active component. For a
t ransis tor, this means f ive checks : base to emitter ,
forward and reverse; base to collector , forward and
reverse; collector to emitter , reverse . In each of the
junction checks, if a fault is found S the associated
external (passive) circuit must also be checked. The
possibles in th i s  case include a passive component as
well as the active one.

If the active c i rcui t  checks out proper ly ,  the pe ripheral
passive components will remain suspect and must be checked
out conventionally.

Two procedures taken from the JPA manuals used in the AQA— 7 program
follow:

Checkout and Troubleshoot of a Voltage Regula tor Assembly .

Replacement of a CRT Assembly.

-\ :‘ m

_____________________
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SECTION IV

1~~F S 3  REGULATOR ASSr~-U~LY VOLTAGE PORN 35W 1 PORN iSV, — 10 ’.’, CH ECKOUT AND TROU B LES HC ’ CT

1—I .  PR ELIMINARY CON D ITIO N S . —The 60 Hz and 400 Hz switches
located on t he  CONSOLE POWER

4 — 2 .  This p rocedure  covers t h e  Check— PANEL are set to ON.
out and Troubleshooting of the 13PS3
R e g u l a t o r  Assemb ly Vol tage  PORN 35V , —The 60 Hz and 400 Hz POWER
FORM 15\’ , and —1OW. switches located on the  SIGNAL

PANEL are set to OFF.
4 — 3 .  :-. P P L I CAB L E  PART AND S E R I A L
_______ 

—The DC and 400 Hz POWER switches
located on the  TEST POWER CONTROL

4 — 4 .  This  p rocedure  is e f f e c t i v e  fo r  are set to OFF.
Part No.  235105—801.

—The U/ O V  VOLTAGE TEST switch
4 — 5 .  S P E C I A L  TOOLS AND TEST EQUT 1’MENT . is set to 1.

4 — 6 .  The special tools and test equip— —The 1 A7 P S 1 , 1A 7P S 2 , 1 A8 P S1 , and
mont required for performance of this 1A8PS2 circuit breakers ore set
proc ed ure a re: 

- 
to O N .

—Simpson  260 Hu l t i me t e r  —I L i m i t  or. 1A71’Sl , ASI S 1 , and
IA8P S2 has been rot-stud to

—Tektrc”~ix 454 Oscilloscope clockw Lao extreme .

—~~luke  8300A D i g ital Voltm eter —~‘J 1 rotary jwitches on t d - ~ lojd
control drawer have baun s-~ t in

—AN / . \ Q M —2 0 e x t r e m e  co uu e e r c .ockwis-s ~c s t t io -~.

1— 7 .  SUPPLI:~s. 
—Th e AGO :1:: poN’E:~. sv~ ::h 1~~ c~~i:~~ -d

on the TEST PO1’ER CON TROL is
4 — 8 .  The m a t e r ia l s  r equ i r ed  f o r  per— to OL~
fc’rmance of this procedure are Maint~ —
nanc e  Ac t ion  OPNAV Forms 4790/40 and —The 3 phase AC ADJUST l o c - i t e d  en
4 79 0/ 4 1 .  TEST POWE R CONTROL has b een

adjus t ed for  115 VAC .
4—9 . PERSONNEL REGUIREMENTS .

— —The 400 POWER s~;itch 1 ’catca

A— 10. One AQA— 7 Job—Oriented Training on TEST POWER CONT R OL is s~~t to

Grad uate is required to perform this OFF .

casR.
, —The DVM SEL~-C i nwlt t1 ~.s ~cc t c  O~-

4—li . EOU ~P” 117NT CONDITIONS.
4—13. ~PTES , C - \  ~~- . O - : S . A~~ D -. -‘-~~~~~ . :.cs .

4—12. Prereq uisite to the i)crformance
of t h i s  p r o c e d u r e  are  the f o l l o w i ng  4—l / ,.~~~ r-’ gener al NOTE , CAU T i O N , or
e a u i p m e at  c o n d i t i o n s : WAI\ ~’~L U  a p p l i e s  to t h i s  pr oceo~~r e .

—Th e 60 Hz and ~O0 Hz c i r c u i t  4—1 5.  ACTIVITi TNDE~-:.

br eakers  located on the CONSOLE
POWER PANEL ar e set  to o~. - ‘~— 16 .  A c t i v i t i c s  c cv e re d  in L~~s

man ual are listed in the AN~ .- - .~~-\ — 7
Manual  In dex  w h i c h  appea r s  at  t~ a
beginning of this man~ial. 

~. - 

-
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13~~-S3 R~~~U h J m T U N  i~S~~F-I~~LY VOLTA GE PORi .f — 3 5 V ,  j-~O R M  i S V ,  — l O W ,
CHECKOUT A l-fl) TROUBLESHOOT

y7. c~~ec~ ~~~~ u is p 1aye~1 61 . Set find hold LOAD s~~1tcr~;~ iv etc r r~ is sinilar tO (1), (4) to H IGti .
If no t , :~~p lace 13&S3C3 (3)
co to step 1. 62. Chec~ th~~t DVH inoice tes

betweer~ —~~.7 and —9. 7 VDC . If
5R • Set P1~R SUPPLY LOAD swi tcn fl~~t~ q~ to s t e p 251.
(5) to 1.

5 3 .  Re le a se  LOAD switch.
59. Set an d holo LOAD SWi tCn
(4) to LU? . 64. Set P~~R SU PPLY LOA D sw i tcn

(5) to 2.
60 . C~~ec~: that DV i~ jfldjcate s
be t~;een -~~.7 and — 9 . 1 VOC. It 65. Set and b t D i n  LOAD S w t t c h
r. t, go to step 251 . (4) to LOW . 
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13i -SJ ~E G J L A T O m ~ ~S5E-~~LY V QLIA G E  POP~-1 — 3 5 W ,  P O R M  1 5 W ,  1 0V ,
C H E C K O U T  AI ~D T R O U B L E S H O O T

€~~~. Cry ~c~t t ha t  C ) V~-~ i - - ~1c a t e s  b 9 .  f — e l e a t e  L O A L  S~~i t c h ,
n et ~~eE ’ O + 1 - ~ . 3  ~~~

-
~~~:1 + 1 5 . )  V D C .  -

I t  r o t ,  go to  s t e p  318 . 70 .  Se t  V O L I J o I v  ~ ‘~‘ i t C h  to  20
V .

67 . Se t  e~n d h o l -~ L O A D  s w i tc h  Set  Tl~~E / r I v  s~~1t c :~ t o 2 r n S ,
( q )  to  r~l2 mI. See  T~~jGG~~~I1-~G S D I J 9 C E  to  l i T .

S e t  C O U P L I L G  s*’i t ch  to  A C .
6 3 .  C n e c <  t h a t  D Y N  I n d i c a t e s
b e t -~e ’ �n + 14  i3rd + 16  V O C .  I f  7 1 .  Cr i e c k  t t ~ m L  n 1 s p l a -~- e - ~r i o t ,  oo to  s t e p  3 1 e.  w a v e t o r ~ !s sl :~ 1l ar  t o  ( 6 ) .

I f  n o t ,  r e p l a c e  1 3P S 3C 4 (2);
- go to  s t e p  1.

5
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SECTION VI

6A2 E L E C T R O N  TU B Z  A S S E M B L Y ,  R E PL A C E

6—1 . P RE L i M IN A RY CONDITIONS . 6—13 -. NOTES , CAUTIONS , AND WARNINGS.

6—2. This proced ure covers the 6—14 . The fo1lowin~ NOTE and WARNING
replacemen t of the 6A2 Electron Tube apply to this procedure:
Assembly.

NOTE
6-3. APPLICABLE PART A~D SERIAL
NTJNJ3FRS . When finished replacing CRT , check

wi th  your supe rv i so r  abou t  p roper
6 — 4 .  This procedure is effective for handling and disposal cf the  usi.d
lP981 , n:-; 709570—801. CRT.

6—5.  SPECIAL TOOLS AND TST COUT P~~ ENT . WA RN I N G

6—6. The specia l tools and tes t  equi p— To p reven t  p o ss i b l e  ser ious i n j ur y ,
ment required for performance of this avoid striking or damaging exposed
procedure  are:  glass p o r t i o n s  of CRT iu r i n g  removal

and installation.
—Pin Ext rac tor  Tool TS—39O25 -

6—15. ACTI~’ITY iN~~ X .
—Pin  I n se r t ion  Tool TS—38025

6—16. Activities covered  in t h i s
—10” :-~~~. 2 Phi l l ips  Scrc’~-.’ PrI ’:cr ~~ al ar c i~~tcd in thc ~N ’ .~~’ -7

Manual  In d e x  wh i c h  a p p e a r s  a t  t h e
6—7. SUPPLIES. beginning of this manual.

6—8 . The materials requir -d for per-
f o r m an c e  of  this procedure are ~-1ainte—
nance Action OPNAV forms 4790/40 and
L790/41, wire markinC tags , arid a
storage container for used CRT .

6—9. PERSONNEL RE QUIREM ENTS.

6—10. One AQA—7 Job—Orien ted  Tra in ing
G r a d u a t e  is requi red to p e r fo rm this
t a s k .

6—11. EOU IP M F N T CONDITIONS.

6—12. Prercq uLsite Co the performance
of t h i s  p r o c e d u r e  a re  the fo l lowing
equipil’ent conditions :

—Th e \N/AQM—18 28 VDC and 115 VAC
s w i t c h e s  ar~ set to OFF .

—The BEt to be serviced is
d i s c o n n e c t e d  f r c m  t h e  T1311 and
;‘laced on a conv c nient  work
su rface.

- -  
- ..~~~~.
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o~~2 ELECTRON TIl AS SEi8I4Y, REPLACE

kcmove the E l e c t r on i c  T u o e  A s s e m b l y
8. L o o s e n  t w o  s e t s c r e w s  ( 1 4 )

1. L o o s e n  t o u r  t h u m b s c r e w s  
~~ T R A C E  A Th P ~~SH O Lri ~ f l O b( 2 ) .  (10). Remove Knob (10).

2.  P c -~no v e 6 A 3  ( 1) .  9.  R o t a t e  T R A C E  C T H R E S h O L D
c o n t r o l  ( 9 )  f u l l y3 .  L o o s e n  f o u r  s c r e w s  C 4 ) .  c o u n t e r c l o c k w i s e.

4 .  R e r n o v e  ~ A4 ( 5 )  ari d 6 A 5  ( 3 ) .

5. ke~n o v e  t - -i e l v e  s c r e w s  ( 1 2) .

b .  R e m o v e  b e z e l  ( 1 3 ) .

7 .  R o t a t e  T R A C E  A T H R E S H O L D
c o n t r o l  ( 1 0 )  f u l l y  / 

-- -c o u n t e r c l o c k w i s e .  I I -
~~~d i i J~~~~ U 1i i l I U L . ~
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6 A 2  ELEC rR~~ TUBE ASSE MBLY , REPLACE

R e m o v e  t~~e E l e c t r o ni c  T u o e  A s s e r n a l y

10. Loosen two setscrews (14) 
16. Remove panel (8).on TRh E C THRESpIOLD Krio~ (9). -

Rem ove knOb 1.9). 17. Remove fifteen s c r e w s
(16).

~~~~. Rotate VIDEO INTENSITY
control (7) fu li~’ 

~~ull~~count P r c l o c k -w - l s e .
when remov ing pane l, pu l l12. Looser . two setscrews (15) panel strajori t outon VIDEO INTENSITY krioo ~~fl .  appr ox irr ~~t e 1y four  1nc~~esR e m o v e  ~ no o ( 7~~ to  p r e v e n t  d a r ~aa 1 nc  s w i t c h
t e r mj n ~~ls on r c a :  o f13. R o t a t e  C U R S ~ )P  I N T E N S I T Y  p a n el .

c o n z r r l ( 6 )  f u l l y
coun t e r c l o c k - :i i s e .  18. R e m o v e  p a n e l  ( 1 7 ) .

14. L o o s e n  r -~o s e t sc r ew s  ( 3 5 )
on C’J 1~5OR I N T E N . S I T Y  K n o b  ( 6 ) .
R e m o v e  ~ f lob  ( 6 ) .  U s e  c a u t i o n  w h e n  m o v ~~n~

c h a s si s  to  p r e v e n t  d a - ~aqe-
15. R e m o v e  t w e l v e  sc r e w s  ( 1 1 ) .  to  p a n e l  v 1 r ir ~o ~~~t e r m i n a l s .

19. Re mnv~ o i g h~ s~~r~~w~ (19).
~hen re mn ovi n q edge panel,
care fu l l y  pry pan el 20. R e m o v e  c o v e r  ( 1 8 ) .f o r ~ - a r a  to  p r e v e n t  da mn a~~eto p a n e l  and  h 1d~~en p o w e r
p l u g .

q~ 0 0  0
I •-~ ~~~— ———-—- —

~~~~~~ 

__ I
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c,2 E~t T F ~ TU ~~E .\5~~t~;-~5~L i ,  ~~~~~~~~~
R~~r cv -~ tne Elec t ronic luoc A ssemo l y

21. Disconnec t bA 2P6 (1) from 2~~. 1Js~ nq o ir .  e x t r a c t o r  tool
TS39025, r~~rnove ari d ta-~ lea d
(4) tr~om XA3 P1 (2).

22. UsIna rtn extractor tool
I~~ 9 o25 , re~r o v e  ~m n d  t a g  l e a d  2 6 .  R e r i o - / e  s c r e w  ( 8 ) .
(3) tro ri XA 3P I (2).

2 7 .  Remove ten screws (9).
- 2 3 .  U s l n c i  p i n  e x t r a c t o r  t o o l

T S 3 9 0 ? 5 ,  r e m o v e  ar i a  t a g  l e a d
~6)  tro~ X~~3P1 ( 2 ) .

24. Using p t n  e x t r a c t o r  t o o l
T .~3 9 0 2 5 ,  r e m o v e  a r d  t a g  l e a d
( 5 )  f r o m  X A 3 P I  ( 2 ) .  

~~~~~~~~~~~~~~~° 
~~~— - --~~~~~~~- . ~
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~~A 2  E L E C i R O N  T U S K  A S S E M R L . Y ,  R E P L A C E

Renove tn e Elect ronic T uoe A s s e m b l y  3 2 .  R e m o v e  C R T ~ s~~en’bly ( 1 3 )
through front of cnass~~s.2~~. Rem ove cover (10),

3 3 .  Place C~~T a s s e m b ly in29 . D i s c on n e c t  6 A 2 P 1  ( 1 1)  f r o m  p a d d e d  C o n t a i n e r  t o  p r e v e n tô~~~J1 . d a m a ge .

30. Re mov e screw (12). 34, ~EI4OV E E fl DS H E R E

3 .  Remov e triree screws (7).

To~~ - r ’v c n t  -)oss jole serious ~~~~~~~~~~~~~~
lnj ’ ir- .- , av o i ~ sCr l :<inu or 

~‘r ~~~~

~~~~~~~~~~ cx :~oseJ ~i~ ss portions 
-rmioval  anc 

~~~~~~~ ~~~~~ _ &~~~~~~~~~ oo

\~~~~\
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~~~2 ~ L~~C T ~~C~ T U L ~E A S S E M R L Y ,  P E P L A C E

iri5 t~~11 the Electronic Tube Asse m bly
40, Install s c r e w  ( 8 ) .

To ~re’tent poss i b l e  s e r i o u s  41.  
- 
Reconnect 6A2P 1 (4) to

i r ~~u r , ’ , avo id  stri kiny or bA6J1 .
a I a j i n r J  e x n o s od  y la ss  p o r t i o n s
Of C~?~1 uurjn~ r e~~o va 1  and 4 2 ,  In sta ll - cover (1~~) andi ;-~s ta1 l~~tjon . secure wjtn t e n  s c r ew s  ( 9 ) .

35. Post tio n CRT assem bly ( 3 )  4 3 .  Reconnect 6A2?6 (1) to
w i t h  6 A 2 P 1  ( 2 )  facing down. 6J5.

36. 1~ist all CPT assembly (3) 44. Using pin im sertion tool
throuc~ fron t of cn a s s i s ,  T S 3 8 0 2 5 ,  inse rt lead (13) into

connector X A 3P I (11).
37 . Gui de 6A2P1 (4) throug h
po rt (3).

3~~. Inst all screw (6).

39 . Ir ,stal i three screw s (7 . 3 -

1~~ I
I \ I I
J ~~~~~~~

7.<>~~-~~~x ; ~, 

_ __ _

6 - /
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. b~~2 ~L~~CrRo (I TUBE AS SE~-~~LY, J-~E P L A C E~

I r i st a l l  the E l e c t r o n i c  T u b e  Ass embly

45, iJ~~j~~~ pin ~~-rtion tool 49, 1~~s ta1l cover (16) and
T~S39025, Insert lead (14 ) into s e c u r e  -~ j t h  ei~jrt t scre~ s (17).
co:~nector XA 3P1 (11).

49. C r~ec~ t r ~at  panel w i r in g
46. Usini a pin Insertion tool arid connectors are not
TS3~~0 2 S~ in sert lead (15) into da m aged.  I t  damao ed, repai r
co nnector X A 3 P 1  (ii). or replace w tri n; and

c on n e c t o r s  as n e c e s s a r y .
-4 7 . Usin~ pin in ser tion tool
TS39025, in sert lead (12) into
connec tor XA 3 PI (11).

9
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EL~~C T P O N  T U B E  A S S E M C~L Y ,  P EP L A C E

i n s t a l l  t h e  E l e c t r c n i c  T u b e  A s s e m ~~ly
52. Install bezel ( 1 4 )  and

5-0 . I n s tall Dane l (6) and secu-re wi tn twe lve scre ws ( 7 ) .
secure w i th ti ftee n sc:e~~s
(1) .  5 3 ,  R o t a t e  T P ; ~CE  A T H R E S H O L D

con trol (5) f u l l y
c o u n t e r c loc~~—/ ise ,

I nen inst .iil jng ea- ie 54. In stall Tkr-CE A TIIRESI~O LD
pame l , cnec~: tna t pow er - knob (13) w Ith posit ion dot
p l u a  I s  n ro m er ly a i~~~ n e - j  set t o  O F F .  S e c u r e  w i t h
oe inr e s~~c-~rjn~ pane l. se tscre w s ~15).

51 . Install ~ a r e l  (11) and 5 5 .  R O t O t P  T R ~~C~ C T H i ~E S H O L D
secure w itn twelve screws control (4) i n i l y
( 1 2 ) .  c ou n te r c l oc k~ct se,
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b~~2 E~~E T R Q t -  TUBE A S3Et-~b i~~ , R E P L A C E
Insta l tie L i e c t r o n i c  T u r ~e As se b~~y 4
56 . Install Tk-~AC E C T -~PESHOLD 59 , P-ot~~t e  C U R S U P  INTENSITY
knub (10) with Pasit ion oot cOntrol (2) ful ly -~~

set to c-~ F. Secure w i t h  count~~rc ioc~~wise .
setscrews (15).

60 . Insta ll CURSOR 1~~i~~~SI T ~57 . Rota te VIDEO INTENSITY knob and secure wIt h s e t s c r e w s
control (3) fully (8).
coun t€ rc loc kw is e.

- 61 , Install 6A 3 (16) and
5R . Ins tall VIDEO INTE:NS1TY secure w Lt h four screw s (17).
knob and secure w ith setscrews
(9) 62. Inst al l 6A4 (20) and

- secure witn SCr e- ; s (18).

63. Instal l 6A 5 (19) and
s e c u r e  w i t h  s c r e w s  ( 1 9 ) .

64. END OF ACTIVITY
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Training Development

Introduction

The training development effort had several objectives , some o f
which were unique to this program. The audience was to be Navy recruit
training graduates with no prior training or experience in electror.~ cs.
T~ie intelligence and aptitudes of this audience were average. As such ,
they would not have been eligible for  electronics training in the Navy
except for  this pro gram. The obj ective was to teach onl y those skills
and knowled ges required to permit them to per form their  tasks using
specialized technical data——the JPA . Since that data obviated the need
f - r them to pe r f o r m  some of the tasks which conventional technicians are
sometimes called upon to perform , the t raining did not need to , and did
not , treat a variety of subjec t matter areas f r e qu e n t l y  found in more
conventional electronic training materials. Some examples are:

• Atomic theory

Electronics math

- Data f low anal y s i s

Elect ro i -i f L o w  t r ac ing

• Signal parameter estimating

• Unnecessary vocabulary

The t raining focused on manual skills , such as soldering, hand—to o L
use , assembly and disassembly; system geography ,  i.e., the location of
components in the aircraft and on the test bench; fluency in use of the JPA ;
and accuracy in use oi test equipment.

Training Development Process

The process by which the training was developed is schematized in
Figure A— 13 .

Training C-~ntcnt

A tash analysis -~f AQA— ? maintenance functions was done on a pr~ —
vious projec t (Navy Contract No. :~~2269—73—C—Ol76) . Results of this
task analys is  defined what had to be done b y t echn ic i ans  ta main tain
the system. The initial project also produced a sample JPA for one
of the 1~OA— 7 p rime equipment uni ts , the Bearing Frequency Indicator
(BFI . These two products , the task analysis and the samp le JPA ,
provided one majo r source of i n fo rma t ion  for  decis :ons about t r a in ing
prog ram con ten t .  A review of the two documents quickly revealed , f o r
example , that  in o rder to use the JPA for  mainta in ing the system ,
technicians would have to know how to use cer ta in  tes t  equipment ar~d
hand tools. Thus , a dec ision was made to include a section in the
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Task Analysis
Equipment Manuals

Interv iews

Content
Definit ion

& Sequencing

Inst ructiona l ____________

Specification

Instruc tor
+ L Lesson Plan

Lesson Draft

Tryou t of Lesson

Revised Lesson _________________ Instructor
Material ~~~ Training

-j

Figure A—1 3. Training Development Process
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t raining program on Test Equi pment and Tools. Similarly, inspection
of the task analysis and the sample JPA indicated that , in order to
follow the pr ocedures to be included in the J P A , trainees would have
to be able to:

1. Solder.

2 .  Locate , remove , and install prime equipment units in the
a i r c r a f t  (0—level) ; and on the test bench (1—level) .

3. Disassemble uni ts ; e . g . ,  remove covers , e t c . ,  p repa ra to ry
to following the J1’A procedures.

4 .  Set up the test  bench and power supply bench , p repara to ry
to checking out and troubleshooting units.

5. Repair  and replace connectors and wire.

Thus , plans were made to include in training, lessons responsive to the
five items listed above .

Additional training content was derived by reference to  the .~~:aiobjective of the prograns— —namelv , to teach trainees to use JPA. Pln:~s
were made for inc1udin~ c:r~ iderable “hands—on” practice in the prcgran ,
using the JL’~ and tue princ equipment. The rationales for selecting JP~\
for inclusion in the program were as follows :

1. Checkouts in the aircraft and on the test ber,ch were
inc luded , for two reasons:

a. Practicing the checkouts would provide trainees with
an oppor tun i ty  to observe what the system would “look
like” when all subsystems were operat ing norma l ly .

b . Without proficiency in performing the checkouts , it
wou ld be unlikely that trainees would become pro-
ficient in performing the JPA troubleshooting pro-
cedu res .

2. Replacing di gital readouts , switch and connector assemblies ,
and the CRT assembly, as well as certain routine “housekeeping ’
tasks would be included , because the procedures were short and
easily followed by a novice. The intent here was to p~ ovi~ e
t ra inees  w i t h  ~ome quick and easy success in using .JPA , and
t hus  to ( h o p e f u l l y)  build so lE—conf idence  in the trainees , as
well as confidence irs the JPA .

3. ‘roubleshoot in g  pract ice  with bugged equipment would e -seed
because , in the final ana lysis , this was what the tech~ itj ans ’
jobs we re about . Two kinds of practices would be used—— p ar : - -
p roblem pract ices  fo r  “ ge t t ing  their fe et  wet , ” and w h o l e — p r o b l e m
prac t i ces , which would be identical  in all  essentials to
t roub leshoo t ing  as it would be per formed on the j o b .

-;
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4. Alignments and adjustments were to be included because of the i r
extreme difficulty . Experience on earlier JPA projects , and
the experience of our own technicians irs aligning and adjust—
ing the AQA— 7 system led us to believe that if trainees could
be taught to perform the alignments and adjustments , they would
be just as proficient as most , and more proficient than many ,
of the technicians who were currently maintaining the system.

Additional training requirements were derived on thc basis of examin-
ing the context in which the maintenance was to be performed——namely , the
Navy . All trainees would eventually be required to do routine paper work
as part of their jobs , and to know how to acquire parts , route equipment
through the shop , etc. A dec ision was therefore made to include instruc-
t ion in Navy Maintenance Procedures ins the program. - -

Finally , a lesson was to be included entitled , “Introduction to
Training and JPA.” While this was to be primarily an orientation lesson ,
it would also include instruction on how to access and use in fo rmat ion
contained in the JPA.

Lesson Specifications

After general training requirements were derived as described at-:ve,
a preliminary list of lesson titles was prepared . The list that evolved
from the preliminary one is show-n its Table \—l below .

f~bie d—l

LESSON T ITLES

INTRODUCTIO N TO TRAINING AND JPA

PRI~€ EQUIP~~NT
Locate Units in Aircraft
Reference Designations
Remove and Install Units
Unit Disassembly (0—Level)
l2njt Disassembly (I—Level), including “Special Replacements ”
Navy Maintenance Procedures (0—Level)
Navy Maintenance Procedures (I—Level)
Test Bench
Power Supply Bench
Checkout in Aircraft
Checkouts on Test Bench
Par t—Problem Pract ices (0—Level)
Par t—P roblem Practices (I—Level)  -

Whole—Problem Practices (0—Level)
Whole—Probl em Practices (I—Level)

t
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Table A—i
(cont)

TEST EQUIPMENT AND TOOLS

Multimeter (Simpson 260)
Digital Voltmeter (Fluke 8300A)
Differential Voltmeter (Fluke 931B)
Scope (Tektronix 454)
Hand Tools

SOLDERING -

REPAIRS AND REPLAC EMENTS

Connectors and Wire
Digital Readouts
Switch and Connector Assemblies
CRT Assembly

ALIGNMENTS AND ADJUSTMENTS

FMS 10Hz Oscillator (FMS Coil)
Spectrum Analyzer—Quantizer Subassemblies
D emul t iplexer
DLC Resolver
FMS Amplifier—Multiplier
20 !~ iz Amplifiers
SDR Power Supplies
BFI Modules

HOUSEKEEP INC

Air Filters
CRT and Heat Sink
SDR Subassemblies

Lesson specifications were developed for each of the lessons shown
in Table 1. Each lesson specification contained sections on:

1. Overall Goals

2. Task Description References

3. Performance Outcomes

4. Performance Assessment

5. Training and Testing Materials 
-

6. Minimal Practice Requirements

7. Ins t ruct ional  Procedure
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Overall Goals. This section of each lesson specification contained
a global statement of the behavior that the lesson is designed to elicit.
It was a summary of entries in tne action and output columns of the Taski
Activity Descriptions .

Task/Activity Description References. This section was a lis t of the
task and activity codes (from the Task/Activity Descriptions). The purpose
of the section was to show which job—tasks and activities each lesson
specification applies to.

Performance Outcomes. Entries in the “Performance Cuccomes ” sections
of the lesson specifications were brief statements of the kinds of behavio r
that trainees will be capable of demonstrating at the end of the lesson.
Essen tially, these entries were objectives without : (a) statements of the
conditions under which the behavior is to be demonstrated , and (b) criteria
for acceptable performance. An example of a performance outcome for the
S impso n 260 is, “Connect test leads to meter .”

Performance Assessment. Whereas that “Performance Outcomes ” sections
of the lesson specifications were to indicate the kinds of behavior that
t rainees will demonstrate  on completion of the lesson , the “Perf ormance
Assessmen t” sections specified the conditions under which the be~a-’iDr is
expected to occur , and criteria for acceptable performance. The general
form of the entries in the “Performance Assessment” sections were , “Given
..(training and testing materials), trainees will. ..(statement of desired

behavior) , to...(criterion of mastery) .” In essence , the “Per fo r mance
Assessment” sections addressed the issue of how one might reliably dis-
criminate between trainees who had, arid trainees who had not , mastered
the content of the lesson.

Together , the “Performance Assessment ” and “Performance Outcomes ’
sections comprised what are usually called “behavioral objec tives.” The
reason for  separating the outcomes (behavior) from the conditions and
criteria is to eliminate the step of ‘ translating” objectives into tes-~
items : ultimately, we should be able to state objectives in terms of
test items.

Training and Testing Materials. Most of the entries in this ~ection
of the specifications were derivable from the “input ” and “action” c o u ~nns
of the Task/Activi ty Descriptions. These entries were supplemented wi:h
specifications for materials that would be needed for training and testing,
but not necessarily for on—the—job performance; a VOM trainer , for e:-:anpie ,
or wall charts or slides.

Minimal. Practice R~ guirements. This section summarized the kinds of
pract ice required to promote efficient learning of the behavior of interest.
Obv iously , one cannot specify betore tryout the optimal mix of practice
that  will ensure learning.  Rather , the intent  was to specif y the kinds
of practice without which learning the desired behavior would seen unlikely -

Examples of the kinds of practice referr~ d to here appear in a sample les son
specification attached (Figure A l4).

k - - —
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AQA•-7 LESSON SPECIFICATiON

LESSON TITLE: Tektronix  454 Oscilloscope I x  O _

PART 2 of 4: P rocedures

OVZRALL GOALS :

1. A c c o r d i n g  to a p r e s c r i b e d  sequence of operat.~~ns:

a. Wa rm up the scope .

b. Get  a t race  on channel 1.

c . Center and focus the t race .

d. Get squ a re waves.

e. Tun e the probe.

i ERFOPJI AN CE OU TCC~~ S:

1. Using job aids (3” x 5” cards , listing contzol
se tt i n 1~s ) ,  p e r f o r m  procedures  fo r  doing i tems
l.a. through I.e., above.

(See .~ttachment for procedures.)

PERFORMANC.~ A SSESS MEN T :

1. Conditions~ cover on scope , scope unplugged , C o n t r ol s  “ sc r a m b l e d . ”
Using the job aids , trainees set up the scope and perform t~~~~~

f i v e  p rocedu re s .  I n s t r u c t o r  uses check l i s t  to r a t e  the fo~~~owin g
as satisfactory or unsatisfactory.

a. Adherenc e to pre—plug in procedure.

b. Whether or not trainee gets linear trace.

c. Quality of --entering ~rnd focusing.

d. Whether or not trainee gets  square  wa-~es .
e. Flatness f square waves after trainee tunes probe..

Repeat procedure with remedial instruction to 100 percent
mastery with probe tuned in less than three minutes.

~~gure :~—l4 . Samp le Lesson Specification 
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I

TRAINING AND TESTING MATERIALS:

1. One , p r e f e r a b l y  two , scopes per four  t ra inees .
2. Wall chart of scope front panel.

3. Instructional booklets (one per trainee).

4. Job aids , similar to attached , but plastic coated .

SUPPORT R .EQUIRE2IENTS :

1. Artwork for wall charts and instructional booklets.

2. instructor to check responses and monitor testing.

IN STRUCTIONAL PROCEDURE : (See attached chart)

PREREQUISITES :

1. Lessonn on :

a. System Introduction .

b. JPA Orientation.

c. Oscilloscope~ Setup and Orientation .

2. This lesson is a prerequisite for:

a. Scope , Parts 3 & 4 JPA Standard Statements.

b, System Checkout (I—level) .

c. Troubleshoo t Units.

d. Adjus tments.

MISCELL ANE OUS NOTES:

1. Include “incidental ” instruction on use of trace finder
in this lesson.

2. Does t h in  scope have an ASTIG a dj u s t m e n t ?  If so , i nc lude  -‘
ASTIG adjus tmen t if focus does not give focused disp lay
over entire trace lengt h.

Fi gure A— I ~ . Sample Lesson Spec i f i ca t ion
(continued)

_ _ _ _ _ _ _  ~~
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Instr uctional Procedure. This section of each lesson specification
described (generally at first and more specifically later) what the trainees
and instructor(s) would be expected to do during each lesson , and served as
a starting point for designing instructional materials and procedures, The
“Instructional Procedures” sections of the lesson specifications should
reflect adherence to principles of instructional technology——self—pacing ,
the use of job aids, instruction at the “point of need ,” etc .

As the project progressed , the specification contents were modified
as follows:

1. Task/Activity Description References were deleted . These
references were originally included to make sure that all
lessons would have referents in the Task Analysis (Task!
Ac tivity Description) . Early in the project it became
obvious that this was indeed the case; that  is , all of the
Lesson Specifications did have referents in the Task
Anal ysis. Once this was established, there wos no need
for formall y identif ying the task—anal ysis source fo r  the
Lesson Specifications .

2. The Minimal Practice Requirements sections were deleted ,
as information contafned therein was redundant with
information in the Instructional Procedure section.

3. A Support Requirements section was added , for making note
of special materiel and personnel required for  administer ing
the lesson.

4. A standard form was used for s nnmarizing the instructional
procedure .

Les sons

Lessons were prepared for each of the titles shown in Table 1. The
main information sources used in developing the lessons were the Lesson
Specifications , the Task Analysis , and the JPA; and , for the test equip-
ment lessons, users ’ manuals . In cases where these sources proved
inadequate , technical assistance was obtained from the prime equipment
manufacturer ’s representative and from electronics technicians involved
in develop ing the JPA.

Tryouts

All lessons were reviewed , tried out , and revised on the basis of the
trycut results. Reviewers and tryout subjects included secretaries , Navy
recruit s , technicians and scient is ts , Navy instructors , and the prime
equipment manufacturer ’s representative . 

-

~~~~ 

-

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

- - -~~~~

-

~~~~~ 

— —



~~~~
-- - - --

~~
--- - ‘3T’ - - -

NADC— 78286—6 0

Instructor Lesson Plans

In addition to the Lesson Specificatio s and Lessons , an Instructor
Lesson Plan was prepared for each lesson shown in Table 1.

Each Lesson Plan contains sections enti tled :

1. Overall Goals: a global statement of the lesson ’s
objectives.

2. Brief: sutmoar-i descriptions of trainee activities during
the lesson.

3. Instructor Activity: descriptions of the instructors ’
roles in adminiscering each lesson.

4. Performance Assessment: instructions for assessing trainees ’
mastery of lesson contents , and for providing any necessary
remed ial instruction.

The Instructor Lesson Plans were bound in a loose—leaf book whjc~also contained:

I. A section entitled “Note to the Instruccors.” This sect ion
included:

a. A statement of the purpose of the training
program .

b. Time estimates for administering each lesson.

c. Sequencing diagrams for the lessons , accompanied
by explanatory text.

d.  A section enti t led  “Using the  Lesson Plans , ” which
emphasizes t ha t  ins t ruc tors  should read the Lesson
Plans and take each lesson , including the practice
exercises and tests , before  adminis te r ing  the pro-
gram.

2. Performance tests , instructions for assessing performance fo~each lesson, or both .

3. P r in t ed  s c r i p t s  of lessons tha t  were prepared in audiotep e
f orm .

An example I n s t r u c t o r  Lesson Plan follows ( F i g u r e  A — i S ) .

\54
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~ ‘o: ~. (TEKTRO NIX 454 )

PART 1

Set U p and Orienta t ion

OVERALL GOALS :

1. Set up the scope prior to warm up.

2. Identify major sections of scope.

3, State correspondence between knob and label colors .

4. According to a prescribed sequence of operations :

a. Warm up the scope.

b . Get a trace on Channel 1.

c. Center and focus the trace.

d. Get square waves,

e. Tune the probe.

BRIEF:

Trainee will read lesson guide and and per form t~ie ~-rc ced ures , etc .
given in the lesson,  Trainee may seek instructor ’s a~ d at atv~ tine .
Trainee wil l  set up scope by: 1) removing the front cover ark , )
positioning the handle. Trainee will identi~ \- major sections ~f :~.escope by labeling on a diagram of the scope ftc-mt panel :i~e 5 najorsecE~ions of the scope: Power , Calibration , Vertical Control. Horizon—
tal Cont rol , and Presentation. Trainee will demonstrate by ~i .~~ng ~nblanks in lesson guide tha t  he knows that  red labels corresp on . to red Lknobs , black label s to grey knobs. Trainee will use jo~ aid ‘ F:cced- .~roCards ” to p e r f o r m  the  procedures  for  doing items 4a t h r ou g h £.~ in the
Goals listed above .

Fi gure A— 15 , Example Instr uctor Lesson Plao
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INSTR UCTCR ACTIV ITY :

I n s t r u c t o r may be asked :

1. To demonstra te  how to r emove dover and position handle at the
beg inning part of the lesson.

2. How to set LVS to match line voltage.

3. To check that trace gotten at end of Procedure 3 is
satisfactory .

4. To help trainee get square waves, if trainee seeks instructor ’s
aid. . -

5. To show trainee a 10 X probe and demonstrate how to connect i t
to Input Channel 1.

6. To demons t ra te  to t ra inees , the proper  way to a t t a c h  the probe
tip to the jack labeled lV Cal 1K Hz.

7.  For help in get t ing  square waves . -

8. To demon st ra te  how to use the ad jus t ing  sc rew in the BNC en.~of the probe lead,

PERFORMANCE ASSESSMENT :

Testing will be do:~e as part of performance assessment after comp le-
tion of Part 2 exercises.

Conditions : cover on scope , scope unplugged , controls “scrarnNThd .
Using the job aids , trainees set up the scope and perform the f iv e
procedures.

Observe trainee for: H

1. Adherence to pre—plug- in procedure.

2. Whethe r  o r no t  t ra inee  gets l inear  t r ace .

3. Quality of centering and focusing.

4. Whether or not trainee gets square waves.

5. Flatness of square waves after trainee tunes probe ,

Fi~ ure t—i5 . Example Instructor Lessen Plan
(continued)
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Repeat procedure with remedial instruction to 100 percen t mas tery
with probe tuned in less than five minutes .

NOTE: In the course of preparing Job Performance Aids for the
system checkout , we found that the efficiency of the
checkout in the a i rc r a f t  (0—Level)  could be gr e a t l y  in-
creased by use of an Oscilloscope. Unfortunately , we
discovered this too late to revise the lesson guides to
show that 0—Level , as well as I—Level , trainees .s~.ouldreceive instruction in using the scope. Instructors should ,
therefore , adjust the training schedule to allow 0—Level
trainees to take the scope lesson. The lesson can be ta -en
any time before the Multimeter , Locate Units in Aircraft ,
Navy Maintenance Procedures , Hand Tools , and Refere nce
Designations Lessons .

~icure A—15 . Example Instructor Lesson Plan
(continued)
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SCOPE (TEKTRONIX 4 54)

PART 2

Exe rcises in Learning to Make Perceptual  Discrin~nat ion s
Between Scope Disp lay and Exerci8e Pictures

OVERAL L GOALS: 
- 

-

1. interpret scope displays on the basis of practice exercises.
Trainee learns to match the scope disp lay to picture in exercise .

BRIEF:

Trainee will  read lesson guide and p e r f o r m  the  p rocedu re s  g iven in
the lesson. Trainee may seek instructor ’ s aid at  any time . -

Trainee will be given the scope contro l settings , will connect test
leads , make necessary adjustments , and match display to the one shown
in the exercise.

IN STRUCT OR ACTIVITY :

Setups for Exercises

All three Scope Practice Sets must be hooked into the Eico wave
generator for the  exercises to work. It doesn ’ t matte r w~zatherthree trainees have a Practice Set in use or not.

Setting up the Practice Sets:

1. Connect the three grey wires to the red Sine terminal on
the Eico.

2.  Connect  the three  red wires to the red square  te lal on
the Eico .

3. Connect the three purple  wires to the black terminal on the
Eico .

4. Connect the other end of each grey wire to the white terminal
on each Pract ice  Set.

Figure A— 15. Example Instructor Lesson Plan
(continued) -
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5. Connect the o ther  end of each red wire  to the red t e rmina l
on each Practice Set.

6. Connect the other end of each purple wire to the b1ac~
terminal on each Practice Set.

7. Space the Practice Sets as far apart as pos~ ib1e .

Eico Adjustments

Exercises 1—5: Once adjusted for Exercise No. 1, trainee ca~ do
the first exercises without further adjustments.

1. Set up a scope.

2. Turn power ON to Elco and warm up.

3. Set Eico Range on XlO.

4. Set large round dial on Eico at  about  10.

5. Connect scope Input  (p robe) to TPI on the ?ra-ztice Set .

6. Ground scope to GRND on Pract ice  Set .

7. On the scope:

Set VOLT S ‘I)LV Ch. 1. to .2
Set A and ~ T I M E / DI V  to Ins
Set Input C h .  I to DC
Set A TRI GGERING SLOPE to +

8. Adjust the Output Level Square Waves dial on the Eico to
get square waves that measure 15 divisions verticall y.

9. Adjus t the large round dial on the Eico until each sçuara
wave measures 25 divisions horizontall’.- ,

10. Remove probe and ground from Practico Set. Scr’rzz3le
scope settings .

Excrciscn I,—9: Tr a inees can do this gro ep of exerc ises  .z ’ ~-

the Eico range to X100. If thare is a break between cz~et cises , ~~~
the setup an above , then change Eico to range X100.

E:ercises 10—15: Trainee can do this group of exercises 
~~~

--

ing the Eico range to XIK. -If there is a break be t w een  ex er c ~ scs -
do the setup g iven above , then  change th e Eico range to Xl~~.

:- j r~~~\—15.  Example lnstr- ~ct or Lesson Plan -
(continued)
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In s t ruc to r  may be asked fo r  help at  any time . Some possible helps:

1. Demonstrate how to connect scope ground to Practi:e Set
ground . .

2. Help in making position adjustments.

3. Questions concerning explanation of graticule and use of
division marks .

Instructor will test trainee when trainee indicates he has completed
Parts 1 and 2.

PERFORIIANCE ASSESSMENT :

The test is in two parts , one for ability to use the procedure cards
and set the scope up. and one for displaying waveforms and matching
the display to the illustration.

Part 1 assessment: See conditions and description in Pa::
Lesson Plan .

Part 2 assessment: Set up Practice Sets and Hico as f or  the
exe rcises (see I n s t r u c t or  A c t i v i t y )  - Test
requires trainee to display a waveform and
match it to the illustration.

Any remedial instruction will consis t of: 1) retaking the lesson or
par ts  of it , or 2) i n s t r u c t or will t u t o r  individual  t r a inee  concern-
ing problem area.

Retraining and retesting will continue until the trainee can success—
fully pass the performance assessments .

NOTE: In the course of preparing Job Performance Aids for the
system checkout , we found that the efficienc’.’ of the :he:kout
in the air cr a :~t (0—Level) could be g r e a t l y  inc re ased a>- use
of an flscilloscope. Unfortunatel y, we discovered this t o o
late to revise toe lesson guides to show that 0—Level , as wei~
as I—Level , trainees should receive instruction in usir ’ :he
scope.  I n s t r u c t o r s  should , t h er e f o re , a d j u s t  the  t r a~ a iz g
schedule to allow 0—Level trainees to take the scope ~esson.
The lesson can be taken any time before the Multineter , Locate
Units in Aircraft , Navy Maintenance Procedures , Hand Tcois ,
and Reference Designations Lessons .

Fi gure A—i S . Example Instructor Lessoe Plan
(continued)
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PERFOR NAN CE TEST

SCOPE (TEKTRONIX 454)

TRAINEE : 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. Have Ins t ructor  set up EICO and Scope Pract ice  Set for  use.

Set up scope——use Procedure Cards as needed .

Make setup given for each of the 16 test setups .

Find each displayed waveform and write the test setup number in
the blank.

PART I

HICO RANGE should be set on Xl0. DO NOT CHANGE OTHER SETTINGS

Test Setup No. Test Setup to.

1. TP5 4. TP6

VOLTS/DIV : .2 VOLTS/DIV: .2
TIME/D IV : 1 ms TIME/D 7: 2 ms

2 .  TP2 5. TP3

VOLTS/DIV: .2 VOLTS/DIV: .2
TIME/D IV:  1 ms TIME/D IV : 2 ms

3. TP4 6. TP1

VOLTS/DIV : .2  VOLTS/ DIV : .2
TIME/DIV : 1 ms TIME/DIV: 2 ma

Figure A— l5 . T xample Instructor Lesson Plar’.
(continued)
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PART 1: WAVEFOR 1-IS

Find the wave ’~orm for the test setup.

Write  the  number of the test  setup in the space.

Between 23 and 27

Divisions

Between
T-~~ Y~~~~~~~ 15 and ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1/ \~

‘-
~ - ;,

_‘ 
. 1 Divisions -Betwe en ~j-~~~~ ’ -- --- --- -

~~~
-
~
- .. -- 

~~
- ._

~

- - _ ._

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~18 and 22 ~ . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Divisions ‘
\‘- 

- 
//J ~

- 
-- -

~~~~~~~~~~~~~~~~~~ 
~~~~~~ 

_
_ _

Test Setup No. 
— Test Setup No. 

_____

23 Divisions
or more

-— ______________________ _ _ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
t~~~~~~~~~~~~~~~ _ _ _

~~~~ _ _ ~~~~~~_ - ___ — . - - 

- 

-

-- 

~~ 10 Divi— -

--  sions or - -
- “1-- ---—----- - — — ---.--. - i  more -_

~

i -~~ - - :: .: ~~~~~ - —  

Test Setup No. 
_____  

Test Setup No.

__________________ _______________ - 27 Divisions or i~ sa— r~ - _~~~~~~~~~~~~ — - - - r~~~~ _______- 

- ---
~~

13 Divisions ‘ - : .  - - 10 Divi— ~ -or more a ions or 
- more -- - - - - -:~ - ----- --~~~ -— ,i ~~~~~~~~~~~~~- - - .~~~ - -~~ . - .

- . - --Test Setup N o .  Test S~~cu p No .  
—

Figure ~—15. Example Instructor Lesson T~i-an
(continued)
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PART 2: Change EICO RANGE to X100. DO NOT CHANGE OTHER SETTINGS .

Test Setup No.  Test Se tup  No.

7. TP4 10. TP3

VOLTS/DIV : .2 VOLTS/DIV : .2
TIME/DIV : .1 ma TIME/DIV : .1 ma

8. TP2 11. TP5

VOLTS/DIV : .2 VOLTS/DIV : .2
TIME/DP/: .1 ms TIME/DPi: .2 ma

9. TP1

VOLTS/D Pi : . 2
TIME/DPi: .2 tue

Figure A—IS . Example Instr~actor Lesson Plan
(co nt inued)
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.
PART 2: WAVEFORMS 

_ . .  ._ ~~~~~~~~~~ - 12 Dlvi— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ —— - i

-
- 

: sions or~ - 
-

- 

~~~~~~~~~~~~~~~~ ‘ more 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--—H ~~~

-- ----  --— - 

- - 
~
_ a_________________________

~~ 10 Divisions Test Setup No. 
_____

or less —

Test Setup No. 
_____

-

Less than

..<....
~~~ 

3 Divisions

17 D ivj— ~ .
-- - -~~~

- sions or - / --  \ ‘— _I - 

- - -~~~~
• 

less 
-

- 
~—

__
I - 

- -
~~~~~~~~

-~~\ - 7
--. - —— -— - :~ 

- .  --

- ~~~~~~~~~~~~~~~~~~~~~~~~~ —_~~ — ~~~~~~~~~~~~~~~~~~
Test Setup No. 

— — Test Setup No.  
_____

- 

12 Di’i~ sions   - - - -
/ ‘  I ~~~~~~ 

-or more 
-~ ‘N ’-~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -j

Test Setup No. ____

Figure •\—~ 5. Example Instructor Lesson Plan
(continued .
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PART 3 : Change EICO RA~GE to X1K. DO NOT CHANGE OTHER SETTINGS .

Test Setup No. 
Test Setup No.

15. T?l12. TP3

VOLTS/Dpi: .2VOLT S/DIV: .2 
TIME /DIV:  20 usTI M E / D I V:  10 us

~‘est Se tup  No.Test Setup No.

16. TP513. TP2

VOLTS/DIV : .2 
VOLTS/DIV .TIME/DIV: 20 us 
T I M E /D I V~ 10 as

Test Setup No.

:4. TP4

VOLT S/DIV : .2
TI~€/Djv: 10 us

Fi gure A — I S .  Example Instructor Lesson Plan
(continued) 
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PART 3 : WAVEFORMS -

- 15 Divisions
or less

40 DIvisions or more  - 

_- - - -- -- --
,~~ 

- - 
—-‘2-

-
. 4 ‘~~~ - 

-- -

_
~- _ _ - - _ _ _ ‘ - _ - - - ---~_ - -_ - - _ - 0 

- -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — 
_—

Test Setup No. 
_____  

Test Setup No.  
——

23 Divisions -

or more
— -

- 
- 

- - l  -

- ~ -
_- - 

- -

~~~~~~~~~

.- _ -
~~ -- 

--

- -~~~~~~~~~~/~~ 10 Divj — ~~~ - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. - 

sions or
more /

‘ 

— -- .  - 
_ j

Test Setup No. 
_____  Test Setup No. 

_____

- - 

- -

detween 23 and
2 Divj sj ong

Test Setup No. _____

Figure A— 15. Example Instructor Lesson P1a~
(continued)
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-IPP h VDLt B. ASSESSMENT OF:\ JOB ORIENTED TRAINING PROGRAM IN SUPPORT
OF FULLY PROCFDLR AL~ZED JOB PERFORMANCE AIDS

By

Lieutena nt R aei (I~. Fishburn e . J r.. M S C .  U S NR

-srnic rlv :it t . I L 0 t  .1

N uvo T eeitni c al Trainin~ t omman d
Naval .-\o Station Mcnipiis (7~)

\ I i l h n e : a n . Tenness ee 38054
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S L~-NARY

F o r t y — o n e  “A ” school n o n — q u a l i f i e d  r e c r o i t  fr a m ing graduates  en tered

ei t h e r  Organizat ional  (“ 0”) or In t e rmed ia te  ( “I ” )  level t r a i n i n g  fo r  use

of Sully Proceduralized Job Perfo~~nance Aids (FPJPAs) in the maintenance

of the AN /AQA — 7 Sonar Recorder  Group of the S2—G a i r c r a f t .  The t h i r t e e n

~-;eek “0” level and sixteen week “I” level training courses resulted in

significan t learning as measured ~~ unit and comprehensive performance tests.

Additionall y ,  student responses to an attitudinal questionnaire were

favorable for both groups . ~hi1e these results appear to be positive , no

definitive conclusions can be drawn until corresponding learning data is

obtained from a control group under the traditional training pipeline for -

the AN!AQA— 7 maintenance , and fleet performance data is obtained or. both

r~
-
~ experimental and control groups . Problems within the FPJPA training

s:- s~ e~~, however , have been i d e n t i f i e d  v i t l t i n  the present studo .

I
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In January 1974, the Chief of Naval Technical Training undertook the

task of evaluating the training portion of the NAVAIRDEVCEN ’s integrated

Job Performance Aids (FPJPAs). This evaluation involved the training of

15 graduates of recruit training who were destined to perform organizational

maintenance (“0” level) of the AN/AQA—7 Sonar Recorder Group (installed in

the S—2G aircraft), and 26 graduates of recruit training who would receive

training to the intermediate level (“I” level) of maintenance of this same

system. The “0” level training required approximately thirteen weeks , and

the “I ” level training required approximately sixteen weeks . Of the entry

personnel , th ree “0” level and three “I” personnel were dismissed from the

project  fo r non—academic reasons . 
-

As the subjects were selected for this experimental program on the basis

of being non—qual i f ied  for  the “A” schools (and therefore the fur ther

advanceL training traditionally required for maintenance of the AN/AQA— 7

system), the FPJPA training course and maintenance package were necessarily

geared to this unskilled population.

The evaluation task was to provide technical monitoring of the training

environment , appraisal of the training system and instructor training

preparation , and an objective analysis of training effectiveness. To accom-

plish these objectives , a quantitative description of student entry behaviors

was compiled as a starting point in developing a comprehensive appraisal of

the training system . Table 3—1 presents the mean Basic Test Battery scores

and California Reading Test scores for both the ‘ D” and “I” level subjects .

O f par t icular  in te res t  are the “0” and “ I” level GCT scores of 47.0 and 4 7 . 9

respe ctive ly. The California Readi n g Test scor es (“ 0” level = 10.4, “I”

_ _ _  -~-~~~~ -J~
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level = 9.9) are probably somewhat inflated due to that test’s development

and validation on the public school , rather than the Navy population . ~1hile

the reading grade level of the individuals in the present study is certainly

a critical factor in a system dependent upon precisely following di rections

in printed materials , its impact can only be assessed in relation to the

readability of the FJPJAs. Tables B—2 and B—I oresent the readability of the

FPJPA training materials and maintenance manuals as determined by the

Automated Readability Index (ARI) from a ten percent sample.

Table B-l

MEAN BASIC TEST BATTER ? SCORE S AND CALIFOR NIA
R EADING TEST SCORES FOR “0” AND “I” LEVEL CLASSES -

~ EAD IN C~BASIC TEST BATTERY 
__________ _______ LEVEL

C A 11 C S E S
C R E L 0 T H CAT I C E N S 0

H R A T P
R

“0” Level

X 47.0  48.6 49 .7  55.3 4 5 . 7  47 .2  46 .6  10.4

SD 3.0 3.5 4.1 8.5 16.6 5.5 4 . 7  1.5

“I” Level

X 47.9 46.7 47 .9  53.1 54.5 49.1 48.9  9.9

SD 2.9 4.0 3.9 7.8 9 .4  7.4 5.8 1.6

B4 

.
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Table B— 2

READABI LITY OF FPJPA TRAIN ING MATERIALS

- MU
COURSE UNIT GRADE LEVEL

Mul t imete r  5.31

Di f fe ren t ia l  Vol tmet ~.~r 5.96

Digito l Voltmeter  5.50

Scope 4.74

Unit Disa ssembly 6.06

Switch & Connector Assemblies 9. 14

Digital Readouts 6. 01

CRT Assemblies 7 .67

Int roduction to JPAs 9 .45

Table B— 3

READABILITY OF FPJPA MAINT ENANCE MATER iALS

ASA FILE NO. ARI GRADE LEVEL ASA FILE NO. ART GRADE LEVEL

33 6.237 46 5 .442
51 7.529 47 9.592
38 7.323 48 9.067
55 4.029 29 5.141
14 7.943 21 4 .972
18 5.199 20 4.261
403 5.8~7O 24 4 . 1 2 5
41A 8.493 54 9.323
41B 7.190 22 3.903
4 1C 8.493 17 4. 044
41D 8.493 28 5.776

• 4 1E 8.493 43A 8.342
4 1F 8.493 43B 8.914
4W 8.493 13 5.013
4111 8.317 39A 9.820
44 8.817 393 11.654
45 4.516

•1’
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The ART grade levels of the training course units appear to be well below

the Cali fornia Reading Test grade levels of both the “0” and “I” level

students . Likewise , this is true in all but one sample of the FPJPA

maintenance materials.

The measurement and evaluation of training course effectiveness result-

ing from the present s tudy has been designed around the recording of

individual performance scores on each JPA uni t test within the course of

study and on the final comprehensive JPA performance test. The final

comprehensive test is further analyzed in terms of time to complete each

problem and a breakdown of critical errors within these problems. Finally ,

this data is augmented by a questionnaire in the semantic differential -

format which was designed to elicit the opinions , attitudes , and experiences

of both the instructors and students of the “0” and “I” level JPA classes .

Additionally, this questionnaire incorporates a rating scheme concerning

the perceived level of difficulty of each training course uni t .

Table 3— 4 present s the mean “0” level performance scores ott those JPA

unit tests in which percentage grading was compatible . These training course

units are as follows : Reference Designations , Unit Disassembly , Multimeter

Progress , Multimeter Performance , and Scope . The lowest mean score (77.21 )

in this series appears in the Multimeter Performance Unit.

• I3(~
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Table 3—4

MEAN “0” LEVEL PERFOR MANCE SCORES ~N JPA UN IT TESTS

(Percent Correct)

Reference Multimeter Progress
Desi g:~ations Unit Mult imeter  Scope
Part  Part Disassemb ly Pa r t  Par t  Part  Performance

A B A B C

97.55 100.00 100 .00 87.33 84.67 89.33 77 .21  96.83

4.87 —— —— 22.82 23 .26  11.00 10.66 6.97

Tables 3—5 and B—6 p resent the me an “I” level Class A and Class B

performance scores on the follo~.iing unit tests : Reference Desi gnations ,

Unit Disassembly , Nultimeter Performance , Differential Voltmeter , Digital

Voltme ter , Test Bench , and Scope . Low mean scores appear only on Part A

o f the Test Bench unit test in Class A (78 .00) and on Part A of the

MOltimeter Progress test in Class B (70.00).
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• Table B— 5 -

MEAN “1” LEVEL (A) PERFORMANCE SCO RES ON JPA UNIT TESTS
(Pe rcent Correct)

Reference
Designations Unit Multimeter Differential :

i Part Pz~rr Disa~ser.ibly Performance Voltmeter
A B

98.14 100.00 100.00 88.16 91.21

2 .34  -- -- 8.29 17 .78

—J

Di gital  Test Bench Scope
Volt meter Part Part  Part  Par t

A B C D

93.85 78.00 98.18 100.00 93.18 9 6 . 1 2

7.68 14.76 6.03 —— 11.63 10.82



1F~~~~~~~~~~ ~~~~~~~~~~~ 
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Table B— 6 —

MEAN “I” LEVEL (B ) P ERFORMAN CE SCOR ES ON JPA UNIT TE STS
(Perccttt Correct)

Designations Unit Multimeter Progress Multiineter
Part Part Disasser~~ly Part Part Part I’erformance

B A B C

90.38 100.00 100.00 70.00 88.33 90.00 79.13

24.62 —— —— 6.32 11.69 10.95 11.48

Test Bench
Di f f e r e n t i a l  i~ar t  Par t  Par t  Part  Scop e

Voltmeter A B C D

~ 1

100.00 100 .00 97.50 100.00 100.00 94 .2 3

-- -— 7.70 -— -- 10.96
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The formal evaluative tryout concerning the FPJPAS was started after

these JOT programs were completed. A description and performance data

regarding this tryout are found in the body of this report. In addition to

the task success and time data found in Tables 1 and 2 of the body of the

report , the following “Critical Erro r Diagnoses” were made to identify possible

training and FPJPA deficiencies. A “critical error” as defined here is an

incorrect response or deviation from the correct FPJPA maintenance path

causing failure of a problem trial by two or more subjects. Tables B—7

and B—8 present the critical error analysis for the “0” and “I” levels

respectively. 1.~ithin the “0” level problems , the most frequent critical

errors occurred in steps 498 — 499 (tasks set switch , check waveform)

and 257 — 258 (task = check indications) of problem 1A1, step 278 and

5845 (tasks = depress tile and discriminate , check traces) of problem

4A2, and step 278 (task = depress tile and discriminate) of problem FMSI/2.

For the “I” level, the most frequent critical errors occurred in steps 7

arid 39 (tasks = check indication (DVM), check waveform) of problem 6A4 ,

steps 16—20 (tasks = set switch , adjust (delaytime multiplier), adjust (R9)

of problem 4A2, and steps 23—26 (tasks = set switch , adjust (OVV SIG)) of

problem 11A3 .

R I O  
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Table B—7

S

CRITICAL ERROR ANALYSIS FOR ALL “0” LEVEL Ss

- Making
Step Critical

Problem Number Task JPA Passage Error

1A1 248 Check pr in touts  (SDR) Check that  SDR p r in tou t s  . 18.2
are similar to (10). If
not, go to step 3102.

498 Set switch Set VOLTS/DIV switch to .5. 45.5
Set TIME/DIV switch to .1 ms.
Set TRIGGERING SOURCE to INT.

499 check waveform Check that  displayed waveform
is similar to (10) . If not ,
go to step 508.

257 Check indications 200 seconds between 257 and 45.5
261 degrees. 300 seconds

• between 259 and 260 degrees. 
-

258 Check indications Check that recorded indica-
tions and listed indications
of step 255 through step 257
agree. If not , repeat step
253 through 257 once. If
indications do not agree the
second time , go to step 3141.

259 Check printouts (SD?5) Check that SDR printouts are
similar to (14). If not , go
to step 3203.

• 4A2 258 Check indications Check that recorded indica— 16.7
tions arid listed indications
of step 255 through step 257
agree. If not , repeat s tep

- 253 through 257 once. If
indications do not agree the
second time , go to step 3141.

259 Check printouts (SDR) Check that SDR priritouts are
similar to (14). If not , go
to step 3203.

• 
• • 278 Depress tile and Alternately depress MOVE 833

• discriminate RIGHT tile (17) and MOVE
LEFT tile (18) until BFI
display is similar to (33).

• • If unable to obtain display ,
go to step 5845.

Bit
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• Making

Step . .Critical
Problem Number Task JPA Passage Error

4A2 5845 Check Traces • Check that Traces A , B ,
• • • C, and B are not similar

to ( 1). If  any are s imilar ,
- 

• go to step 5845.

19A2 234 Check display (BFI) Check that EFI display is 33.3
similar to (5). If not , go
to step 5023.

5025 Check waveform Check that displayed ~savc— 25.0
form is the same as (1). If

• not , replace SIGNAL DATA
RECORDER RO-396 ( 1 0 ) ;  go
to step 1.

5028 Check display Check that BFI display is 16.7
similar to (9 ) .  If not ,
go to step 5037.

• 5035 check display (BFI) Check that NFl display is 
- 

25.0
similar to ( 9 ) .  If not ,
go to step 5045.

FMSI/2 278 Depress tile and Alternat&y depress MOVE 90.0
discriminate RIGHT tile ( 17)  and MOVE

- 

LEFT tile (18) until NFl
display is similar to (33).
If unable to obtain display ,
go to step 5845.

5845 Check Traces Check that  Traces A , B ,
• C, and D are not similar to

( 1) . If any are similar , go
to step 5845.

5895 Check Trace Check that Trace C is 20.0
similar to (8) .  If riot ,

• go to step 5908.

• 20A1 1021 Check indication Check that multimeter 16.7
• (multimeter) indicates between 110
• VAC and 120 VAC. If not ,

go to step 1229.

* Critical Error Significant error or deviation from correct JPA maintenance
• 

. path causing failure of a problem trial by two or more ~~~~~~.

‘1

-5- -

• 
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- Table B—8

• CRIT~
’CAL ERfl OR A N A L Y S I S  FOR ALL “I” LEVEL Ss 

- .

• %Ss
Making

Step • • • 
• Critical

Proble m N unther Task JPA Passage Error

• P P6 30~ 22 • Check indicator • Check t h a t  115 VAC m d i— 9 .0
(115 VAC) • 

cator (3) is not  l i t .  If
lit, go to step 730.

733 Check in d i c a t o r  Cheek t h at  115 VAC m d i— 13.6
(115 VAC) cator (3) is not lit. If

• • lit , go to step 735.

6A4 7 Check indication Check that DV1-1 indicates 21.7
(DVM) between 7 . 9 M  and 8.1M ohms .

If not , go to s tep  72.

9 Check indication Check that DVM i n d i c at e s  8 . 7
(DVM) 50 K ohms or more .  If not ,

- 
• replace 6A4A1C22 (22); go

to step 1. -

39 Check waveform Check that displayed wave— 21.7
form is similar to (8).
If not , go to step 139 .

139 Adjus t (~ A 4 Video Perform 6A-t Video Amplifier;
• Amplifier) adjust (Vol. NADC—CSM—74010 ,

p. 5 — 1) .

140 Check adj ustment Check tha t  a d j us tm en t  was
• successful. If no t , go to

step 142.

• 4A2 9 Adj ust (R4) 
• Adjust  R4 ( 11) unt i l  dis— 13.0

• played waveform is similar
to (10).

16 Connect (scope) ~ Using Tektronix 454 , connect 56.5
input to A2J 11 ( 3 ) .  Connect
probe ground to A2J I (4).
Connect EXT TRIG IN PUT to

• 
- A1J 11 (5) .

• 17 Set switch Set VOLTS /D IV switch to .2.
Set TIME/DIV switch to 20 mS.
Set TRIGGERING SOURCE to EXT.

* Crit ical  Error Signif’icant error or de~viation from correct JPA maintenancepath causi ng f a il u r e  of a problem t r ia l  by two or more

4

lii i - T1
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•‘Making
Step Cr i t ical

Problem Number Task JPA Passac~e Error
I

4A2 18 Set switch - -

• 

• 
Set HORIZ DISPLAY switch

- - 
- to A INTEN DURING B. Set

DELAYED SWEEP control to
2 inS . Set B SWEEP 1’IODE
switch to B — STARTS AFTER

- DELAYTI~~ . Set A SWEEP MODE
• switch to NORM TRIG. •

19 Adjust (Delaytime Adjust DELAYTI ME MULTIP LIER
• • 

multiplier) control until bri~ ht c n e d
portion of sweep is centered
ove r pulse  (6 ) .

20 Set switch Set 1IORIZ DISPL A Y swi tch  to
B (DELA ?ED/ S’.• :EEP).

22 Adjust (R9) Adjust R9 (9) until pu l se  8.7
(14) reaches maximum nega-
tive peak.

11A3 23 Set swi tch  Set DVM SELECT switch (15) 23 .8
to 11A3 SiC.

24 Set switch Set 11A3 TEST switch (1) to
31V.

25 Adj ust  (OVV SIC) A d j u s t  OVV SIC ADJUST 11A3
(2) until DVM indicates 0
VDC.

26 Set switch (DVM Set DVM SELECT switch (3) to
Select) 11A3 OV CUR.

• * Critical Error = Significant erior or deviation from correct JPA maintenance
path causing failure of a problem trial by two or more Ss.

a14
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Student responses to the JPA Training Course Questionnaire are presented

in Appendices B—A and B—B. “0” and “I” level responses in general indicated

the  f o l l o w i n g :  j
— Student like the overall JPA Training Course a lot

— Students felt they learned a lot from the JPA Training Course

— Students found the written materIals easy to understand

— Students found the JPA pic tures  to be relatively easy to follow

— Students needed the instructor to e~:plain the written instructions a
few times

— Students found that some of the training material was wrong more than
a few times for  the “0” level and often for the “I” level

— Students neither liked nor disliked not getting any theory in the
course -

— Students like a lot the iuea of using JPA books for all maintenance
task work

— Students felt that the right amount of time was spent on each part
of the course

— Students th ink  this course will help them advance in rate but many
are unsure , esp ecially in the “I” level

• — Students like a lot the following of JPA directions instead of making
maintenance decisions at the “0” level and a little at the “I” level

— Students indicated that this .JPA Training Course helped a lo t in
learning to follow JPA direction

— Students indicated that the JPA training materials did not seem to
get harder toward the end of the course

— Students indicated that equipment problems kept them from working a
little of the time

— Students indicated that the organization of the JPA training course
was O.K.

— Students indicated that their instructor was very helpful in the “0”
• level and more than helpful at the “I” level

. ii
B15
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— Students fe l t  that the ri ght  amou nt of time was spent on working with
• the actual equipment rather than studying books

• — Students would recommend JPA training for a11 basic electronics
maintenance courses

— Students are not sure whether they plan to make a career in the Navy

— Students feel that this JPA Training Course will help them to be a
useful part of the Navy maintenance team

-___________
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Tables B— 9 and B—lO p resent the “0” and “I” leve l student ’ s ra t ing of

the difficulty of the JPA Training Course Units. At the “0” level, only

one course unit , “Multimeter ,” was rated as being hard by more than ten

percent of the respondents. At the “I” level, however , eleven course units

were rated as being hard by more than ten percent of the respondents. They

are as follows: “Miniatuce Repair ,” “Multimeter ,” “Differential Voltmeter ,”

“Navy Maintenance Procedures ,” “SDR Sub—as semblies ,” “CRT and Heat Sink , ”

“Connectors and Wires,” “Part—Problem Practices ,” “Alignments and Adjustments ,”

“Digital Readouts , ” and “CRT Assembly. ”

Table B—9

“0” LEVEL STUDENTS’ RATING OF TRAINING COURSE UNITS

(Mea n Percentage Per Category)

Very VeryCourse Unit Ea sy Easy Hard H ard

Introduction to Training and JPA 55 36 9 0
Mult imeter  9 64 27 0

Locate Units in Aircraft 73 27 0 0

Navy Maintenance Procedures is 82 0 0

Hand Tools 27 73 0 0

Reference Designations 45 45 9 0

Remove and Install Units

Air Filters 91 9 0 0

Unit Disassembly 55 45 0 0

Coinectors and Wires 18 73 9 0

Checkout itt Aircraft 
• 

36 64 
- 

0 0

Switch and Connector Assemblies 55 45 0 0

Digital Readouts 45 45 9 0

Part — Problem Pract ices  27 64 9 0

Whole Problem Practices 27 64 9 0

1117
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Table B— lO

“I” LEVEL STUDENTS ’ RAT ING OF TRAIN ING COUR SE UNITS

(Mean Percentage Per Category)

Very Very
• Course Unit • Easy Ea~~~ h ard Hard

Introduction to Training and JPA 48 52 0 0

Miniature Repair (Soldering) 17 9 52 22

Multimeter 13 74 13 0

Di f fe ren t i a l  Voltmeter 13 65 22 0

Digital Voltmeter 48 43 9 0

• Scope 13 78 9 0

Hand Tools 
• 

64 32 4 0-

Reference Designations 26 61 9 4

Navy Maintenance Procedures 9 64 27 0

Unit Disassembly 45 50 5 0

Test Bench 26 65 9 0

Air Filters 86 14 0 0

• SDR Sub—assemblies 13 70 17 0

• CRT and Heat Sink 24 52 24 0

• Connectors and Wires 26 57 17 0

Checkouts on Test Bench 19 75 6 0

Power Supply Bench 9 82 9 0

• Part — Problem Practices 10 75 15 0

Alignments arid Adjustments 22 65 13 0

Digital Readouts 31 52 13 4

Switch and Connector Assemblies - 27 68 5 0

CRT Assembly 9 68 23 0

Whole Problem Practices • 

• 
19 76 .5 0

• R I S  .
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Individual responses of each inst ructor  to the JPA Training Course

Questionna ire are p rovided for comparative purposes in Tables B—ll , B—12 and

B— 13. The “0” level instructor rated “Whole Problem Practices ,” only as

being hard . “I” level instructor (A) rated “Multimeter ,” “Scope ,” “Checkouts

on Test Bench,” “Power Supply Bench ,” and “Alignments and Adjustments” as

being hard , while “I ” level instructor (B) only rated “Whole Problem Practices”

as hard.

Table B—li

“0” LEV EL INSTRUCTOR ’ S RATING OF TRAIN ING COURSE UNITS

- 
—

~~~~~~~~~~__•. 2 ______ ___________ ________ ________

Very Easy Easy Hard Very Hard

Multimeter Locate Units in Whole Problem
Aircra f t  Practices

Hand Tools Checkout ifl Aircraft

Re ference Designat ions

Remove and Install
Units

Air Filters

Unit Disassembly

Digital Readouts

Not AvaIlable Introduction to Training and JPA , N 3v~ M a i n t e n a n c e
• 

. Procedures , Connectors and Wire , Switch and Connec tor
Assemblies , and Par t  — Problem Practices

_ _ _ _ _ _ _ _  

• •~~~~• • -~~~~~~~~~~~ • • •
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Table B— 12p

• “I” LEVEL INSTRUC1UR (A) ‘s RATING OF TRAIN iNG COURSE UNITS

Very ~~~~~ Easy Hard Very Hard

• Introduction to Train— DifferentL~~ Vuitmet er  Mui t imeter  M i n i a t u re  Rep.~
• 

1mg and JPA

Digit .~l Voltmete r SDR Suh— ass ~ mh~ ies Scope Navy Ma’intcn ’nc

• 
Procedures

Hand Tools

Reference Designations CRT and Heat Sink Checkouts on Test
Bench

Unit Disassembly

Test Bench Connectors and Uir~ s Power Supply Bench

Air Filters Alignments and Adj us t-
ment s

Digital Readouts

• Switch and Connector
Assemblies

cRT Assemb ly

Not Available Part—Problem Practices Whole Problem Practices

• B20
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• Tabla B— l3

• “I” LEVEL INSTRUCTOR (U) ‘a RATING OF TRAINING COURSE UNITS

Very ~asv Very h a rd

Int ro du ct ion to Train— Muit imeter  Wh r’ •e Problem Min ia tu re  Ro~ aj
ing and JPA Practices

Digi ta l  Voltme te r  D i f f e r e n t i a l  V olt r ~u t e r  Navy M a in t e n a n c
• P rocedur es

h and Tools Scope

Reference Designations Unit Disassembly

Air Fi l ters  Tes t Bench

Dig i t a l  Readou t s  SDR Sub—assemblies

Switch and Connector  CRT and Heat Sink
Assembiies

Checkouts on Test
Bench

Aiignnonts and Adjust—
• ments

CRT Assembly

• I Not Available Part—Problem Practices Connectors and Wire

B 2 I 
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OBSERVATIONS AND CO~;CLUS IONS

The present evaluation has necessarily centered upon a quan t i t a t ive

description of the “0” and “I” level JPA training course performances and

attitudes of a sample of medium mental group , “A” school non—qualified

personnel. While the resulting data is of value in terms of criterion

performance assessment and within—course problem identification , the absence

of a control group prevents a further comparative analysis at this time .

Accordingly ,  the following observations have emerged :

(1) The mean GCT + ARI + MECH Basic Test Battery Combination for the

“0” and “I” level sample places these individuals in the Mental Group t u B

category . -

(2) The readability of the JPA training materials and maintenance manuals

appears to be well below that which is req ui red for the present sample.

(3) JPA unit Test means (percentage correct) indicate satisfactory

learning (85 percen t and above) for all “0” level units except the Nultimeter

Performance Unit (77.21 percen t) and all “I” level units except the Test

Bench Unit (78.00 percent on Part A), the Multiineter Performance Unit

(79.13 percent), and the Multimeter Progress Unit (70.00 percent on Part A).

( 4) JPA Comprehensive Test means (percentage completed) indicate ’

significant learning (90 percent and above) for all “0” level problems except

the AM. (57.5 percent) .  “I” level performance means are sign i f ican t ly

lower with three problems scoring below 90 percent (6A4 = 8 8 . 4 % , A M. = 68.2% ,

11A3 = 79.6%) .

NOTE : (While si gnificant learning has been demonstrated within the “) ‘

level problem solving and to a lesser extent wi thin  the “I” level

1122
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problem solving, it must be recognized that the value of this learning

can only be in reference to the criterion which may be as high as 100

percent in an acutal maintenance situation.)

(5) The mean amount of time required for satisfactory completion of

the “0” level problems was approximately one—hal f the sixty minutes that

were permitted , while the “I” level problems required approximately 80 percent

of thi s time .

(6) The “Critical Error Diagnoses ” and a review of observer comments

suggest that the training problem areas primarily involve the following of

directions, the use of the scope, and signal discriminations.

(7) The weaknesses in following directions could have possibly been due

to inadequate cues in the directions for the target population and/or to an

inadequate understanding by members of this population of some of the action

verb s used in the directions . A complete “hands on” verification of the

FPJPAS using subjects  from the target  population would identify most cueing

weaknesses. A training package concerning the meaning of action verbs

tog ether with a test on their meaning would ensure adequate understanding of

FPJPA standard verbs.

( 8) Under current JOT/FPJPA tradeoff  rules b~oth use of the oscilloscope

and signal discriminations are usuall y assigned to JOT . Howeve r an

improvement in signal discrimination could possibly be obtained by more

effective cues in the PPJPA. Perhaps directions for some seldom used. and

difficult functions of the oscilloscope should be included in FPJPA.

(9) Student at t i tudinal  responses for  the “0” and “I” level groups are

generally favorable and not significant ly d i f feren t .

i i .

~

• 

~ 

1323 
.

• ~~~~~~~~~~~~~~



• —

NADC—78286—60

(10) “0” level students and their  instructor rated only one course unit

as being hard , while a number of “i” level students identified nearly half

of their course units as such. “I” level instructors , however , rated only

from one to four course units as hard .

(11) The JPA Training Course effectiveness and efficiency may have been 
*

significantly reduced due to delays in curriculum delivery , errors in

curr~~i&lum materials, inadequate testing instruments , lack of instructor

— • training on JFA technology and a shortage of test equipment.

(12) The JPA training course required 13 weeks for  the “0” level and 16

weeks for the “I” level. The standard pipeline for maintenance of the

AN—AQA— 7 requires approximately 22 weeks of training for qualification in

the AX rating, followed by two weeks of “0” level and 14 weeks of “I” level

training in the N.~NTRADET. Thus , the JPA Training Course time and costs

are significantly lower than that of the “A” and “C” schoo l graduate who

normally performs the same functions.

(13) A more comprehensive evaluation of the JPA training technology as

employed in the present study will require performance test data from a

control group of students graduating from the traditional training pipeline

and an analysis of job performance feedback.

24



- .-.

• NADC—78286—60

Appendix B—A

“0” LEVEL STUDENT R~ SPuN ~:rS TO JP .\ TRAINING COURSE QUESTIONNAI RE

f of Zo f
R e s p o n d e n t s  t~& spo r . d c i L

• 
() ‘j c t i o n n ai r c  Ttcm R aonse A~~ ernut~ ves Per Carc’gory Per_Cat~~ cr

1. How dn you feel about tac A. Lik~ d a lot • 8 73
• overa l l  JPA Training B. Liked a little 3 27

Ccurse?  C. N e i t h e r  l iked nor  d i s l i ked  0 0
D. D i s l i k e d  a lot 0 0

2. How much do feel you A. A lot 10 91
• l~ arncd from the JPA B. A l it t l e  1 9

Tra in ing  Course? C. Hard tv anvthiti~ 0 0
D. N o t h i n g  at  a l l  0 0

3. Hcw d i f f ic u l t  were the  A. V er ’.’ easy 2 18
written materials for B. ~as’~’ 7 E~4you  to u n d e r s t a n d ?  C. P e . L i k c r  ea~~,’ n o r  h a r d  1 - 

9
D. A 1it t ~ e ha rd  1 9
E . Very ha rd  0 0

4. flow d i f f i c u l t  to fo l low A.  Ve ry easy 3 27
w e r e  the  JPA p i c t u re s?  B. Ea sy  4 37

C. L E : I e~~~ easy ncr hard 3 27
D. A li:~ le hard  9
E. Ve r’? hard 0 0

5. How o f t e n  did you need A. Ver ’.’ o f t en  0 0
the instructor to explain B. Often 1 9
the written instructions? C. A few times hO 91

D. Neve r 0 0

6. How often did you find A. Very often 0 0
tha t  some of your train— B. Often 4 37
Ing material was wrong ? C. A few t imes 7 63

D. Never 0 0

7. How did you feel about not A. Like a lot 1 9

• getting any theory in this B. Like a l i t t l e  1 9
course? C. Neither like nor dislike 8 73

D. Dislike a little 1 9
E. Dis]ike a lot 0 0

$

8. How do you feel about A. Like a lot 9 82
using JPA books for all B. Like a little 1 9

• your maintenance task C. Neither like nor dislike 1 9
work? D. Dislike a little 0 0

E. Dislike a lot 0 0

B25
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# o f  Z o f
• Respondents Respondent

— Questionna ire I tem Response A l t e rn a t i v e s  Per Catego ry !‘er Cate~ o~

9. How did you feel about A. • ‘ Too much time 1 9
the time spent on each , B. Righ t ‘a,~o,iot of time 9 82
par t of the course? C. Not enough time 1 9

10. Do you t h ink  this course A. Yes 6 55
• will help you to advance B. Not sure 4 36

in rate? C. No 1 9

11. How do you feel about A. Like a lot 8 . 73
following JPA directions B. Like a little 1 9
instead of making your C. Neither like nor dislike 2 18
own maintenance decisions? D. Dislike a little 0 0

E. Dislike a lot 0 0

12. How much did this JPA A. A lot 10 91
Training Course help you B. A little 1 ’ 9
to learn to follow JPA C. Hardly any 0 0
direc tions? D. Not at all 0 

- 
0

13 . Did the JPA training A. Yes 2 18
materials seem to get 3. No • 9 82
harder to’~.’ard the end of
the course?

14. How often did equipmen t A. A lot 1 9
problems keep you from B. A Little 7 64
work ing ? C. Hard ly ever 3 27

D. Never 0 0

15. How well did the. JPA A. Very well 2 18
Training Course seem B. O.K. 7
to be organized? C. Poorly 2 18

16. How helpful was your A. Very help fu l  11 100
instructor to you? B. Helpful 0 0

C. Not helpful 0 0

17. How do you feel about A. Too much time 1 9
the amount of time B. Right amount of time 10 91
spent on working with C. Not enough time 0 0

• the actual equipment
rather than studying
books?

18. Would you recommend .JPA A. Yes 8 73
• training for all basic B. Not sure 3

electronics maintenance C. No ‘ 0 0
courses?

- 
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#of Zof
_____________ 

Respo,idcnt~ Respond ,n ’- 
~~~~~t L o n n a i r e , L t em  Re~ nc,use A l t ern a t i ve s  

• 
Per C~ te~ orv Per Cate~ n

19. Do yc u plan to ui~~~ a A. 
• 

Yes 0 0- career of the Navy ? B. Not sure 
• 8 73C. No 3 27

• 20. Do you fee], that this JPA A . Yes 10 91Tra in ing  Cour se  wil l  help B . Not su re  
• 1 9you  be a useful par t  of C. No 0 0• the Navy maintenance team?
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Append ix B—B

“I” LEVEL STUDHNT RESPONSES TO JPA TRAINING COURSE QUESTIONNAIRE

I/ o f  %of
- 

• • • Respondents Responden

~ uestionnaire Item Response Mternativcs Per Category Per Cute~~

1. How do you fc~ l about the A . Liked a lo t  16 70
overall JPA Training Course? fl. Liked a little 3 13

• C. Neither liked nor disliked 2 9
D. Disliked a little 1
E. Disliked a lot 1 4

2. How much do you feel you A. A lot 18 7P •
learned from the J1’A B. ts little 4
T r a i nin g  Ccu r se?  C. Hardly nnyt~~ing 1 4

P . N o t h i n g  a t  all  0 0

3. How dif:I i,cult were the  A. V~ rv eas .’ 4 17
wr i t t e n  n.~t er ia l s  fo r  13. Easy
you  to u n d e r s t a n d ?  C. N e i t h e r  ~asv nor  h a r d  6

D. A l i t t!e  hard  3 13
E. Very hard o - o

How difficult to folIo: A. Very eosv 5 22
were the JPA pictures? B. Easy 15 65

C. Nuither easy nor hard 2 9
• D. A little hord 1

E. Very ha rd  U 0

• 5. H~”~.’ oft en did yc’u need the A. Very o f t e n  1
• r~~truct~~r to exp l.:in the 13. Often 4

written instructions? C. A few times 18 78
• P. Never 0 0

6. How often did you find A. Very often 7 32
that some of your train— B. Often 11 50
ing material was wrong ? C. A few times 4 18

D. Never 0 0

7. How did you feel about not A. Like a lot 3 13

• getting any theory in this B. Like a little 2 9
course? C.. Ne ither like nor disl~ ko 5 22

D. Dislike a li ttle 7 30
E. Dislike a lot 6 26

8. How do you feel about using A. Like a lot 11 47
JPA books for all your B. Like a little 5 22
maintenance task work? C. N e i t h e r  l i ke  nor disli~ c • 2 9

• D. 3islike a little 5 22
E. Dislike a lot 0 0

-
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# of % of
Respondents Responden

• Questionnaire Item Resj~~~se Alternatives Per Category Per Categc

9. How did you feel about A . Too much time 1 4
the time spen~.• on each B. Right amount of time 17 74
part of the course? C. Not enough time 5 22

10. Do you think this course A. Yes 8 35
will help you to advance B. Not sure 

• 13 57
in rate? C. No 2 8

11. How do you feel about A. Like a lot • 8 35
following JPA directions B. Like a little 7 30
ins tead of making your  C. N e i t h e r  l ike nor d i sl ike  5 22
own maintenance decisions? 0. Dislike a little 1 /4

E. Dislike a lot 2 9

12. How much did this JPA A. A lot 17 74
Training Course help you B. A littl e 5 22
learn to folto~ JPA C . Hardly any 0 0
directions? U. Not at all 1 - 4

13. Did the JPA training A. Yes 1 4
materials seem to get B. No 22 96
harder toward the end
of the course?

14. How often did equipment A . A lot 8 35
problems keep you from B. A little 11 4P
wor k ing ? C. Hardly ever 4 17

D . Never 0 0

15. How well did the JPA A. Very well 2 9
Training Course seem to B. O.K. 17 77
be organized? C. Poorly 3 14

16. How helpful was your A. Very helpful 10 45
• instructor to you? B. Help f u l 10 45

C. Not helpful 2 10

17. How do you feel about the A. Too mech time 0 0
amount of time spent on B. Right amount of time 16 70
working with the actual C. Not enough time 7 30
eq uipmen t ra ther than

• studying books?

18. Would you recommend JPA A. Yes , 16 70
• training for all basic B. Not sure 5 22

electro nics maintenance C. No 
• 2 8

courses ?

*1
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# o f  Z o f
Respondents Respondent

• Questionnaire Item Response Alternative Per Category Per Categp~~1
•

19.V
Do you plan to make a career A. 

• 
Yes -

• 4 17
of the Navy? B. Not sure ii 48

C. No 
. 8 35

20. Do you feel that this JPA A. Yes 19 83Training Course will help B. Not sure 3 13you be a useful part of C. No . 1 4
the Navy maintenance team?

I
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