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I. INTRODUCTION

Fleet feedback on systems developed at the Naval Air Development Center (NAVAIRDEVCEN) has
generated an increased awarencss of training and technical maintenance documentation as critical factors in
systemi design. While pursuing goals of increased system performance, it is recognized that any actual
performance gains must be filtered through the maintenance capability of the average fleet technician.
Chief of Naval Education and Training (CNET) has suggested that training costs can be cut by making
training more job oriented and less broad and theoretical, especially for first term technicians. Chief of
Naval Personnei (CHNAVPERS) through the Personnel Qualification Standards (PQS) Program has been
supporting job specific  On-The-Job Training (OJT). The PQS wiil specify what skills are required for a
billet. Naval Air Systems Command (NAVAIR) (AIR-04A4) has been sponsoring research for im proving the
cffectiveness of technical documentation to support the technician on the job. The Muintenance
Information Automated Retrieval System (MIARS), the Technical Review and Update of Munuals and
Publications (TRUMP). and the Work Package (WP) concept are three AIR-04A4 programs aimed at
improvement of technical documentation.

These programs have become more critical with the advent of the All-Volunteer Force (AVF). The
Navy Enlisted Qccuparional Classification System (NEOCS) study predicted a general reduction in reading
I2vel and other selection test scores of the AVF. And more recent projections indicate that due to the
decrease in the number of people in the 19 ta 29 age group in the next decade, the number of available high
aptitude people will decrease. In addition. weapon systems have become more complex and as a result,
traditional meintenance training programs. which have always required high aptitude students, have become
longer and more costly. In spite of such expensive training, there is substantial evidence which indicates
that much maintenance. although performed etfectively. is not pertormed efficiently (Foley, 197534, So
ways should be found to improve the quality of maintenance but with maintenance being performed hy
personnel of somewhat lower aptitude and with shorter initial training. NAVAIR is charged with providing
the most cos: effective training support and technical documentation for systems and. thercfore. 1ust
adopt and/or develop approaches to cope with these changing Navy needs and must insure that these
approaches are applied to systems under development and procurement.

Fortunately, the Research and Develonment (R&D) establishments of sll the miitary services have
developed and demonstrated the potential effectiveness of a aumber of relevant training models and
improved maintenance guidance models. as well as combinations. The most effective improved maintenance
cuidance materials have refiected important aspects of the Fully Proceduralized Job Performance Aid
fEPIPA) technology. (Step-by-step maintenance instructions in standard language. supported by pictorial
locators, are essential but not sufficient identifving elements of this technology). Six previous FPJPA
projects seemed 1o be especially applicable to a solution of many Navy maintenance problems.

Three of the six FPJPA projects applied to non-troubleshooting (non-TS) tasks (such as checkout.
align. adjust.. calibrate, and remove and replace) but not to troubleshooting (TS) tasks. These included the
Air Force project. Presentation of Information for Maintenance and Operation (PIMO) (Serendipity. 1969),
and two Navy projects. Advanced Manpower Concepts for Sea-based Aviation Systems (AMSAS) (Post &
Brooks. Note 1) and Job Performance Aids Test (Horn, Note 2). These projects demonstrated conclusively
that inexperienced technicians performing with Job Guides of the FPJPA variety could perform as wel! as
or berter than experienced personnel performing with or without Job Guides. And experienced persoancl
made fewer maintenance errors when performing with Job Guides than when performing in their traditional
manner.

A Jjourth project, @ controlled study (sometimes called the Twelve Hour Study) of the Air Force
Human Resources Laboratory (AFHRL) (Elliotz. 1967: Elliott & Joyce, 1908) concerned FPIPAs for TS.
This was the tirst study which combined the FPJPA and job (task) oriented training (JOT) technologies.
Both high and medium apuitude high school students received 12 hours of specific “hands on™ training on
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the use of test equipment and hiand tools. These subjects performed TS tasks as well as did the experienced,
high aptitude personnel with many months of training. These high school subjects used FPJPAs and the
experienced technicians used traditional maintenance manual (TMM) materials. Although the experiment in
this study was controlled, FPJPAs were not developed for an entire system. In addition. the FPIPAs used
were rather primitive by current standards.

The sifth project was part of the Vietnamization program and concerned the development of FPJPAs
for both non-TS and TS tasks for ten major sysiems or subsystems. (For a summary of this effort, see
Foley, 1978a.) This project was based on both the PIMO and the AFHRL efforts. During this project. a
great deal was !earned concerning the development of FPJPAs by contractors not familiar with the concept.
The most important long-range outcome of this project was the development of an adequate specification
(Mil-J-83302) and guidunce handbooks (Applicd Science Associates. 1971a & 1971b). With the
development of these documents. the FPJPA concept emerged as a true technology. These documents were
later Americanized and published as a three-volume technical report. AFHRL-TR-71-53 (Folley et al.,
1971a. 1971b: Joyee et al.. 1971). These Americanized documents have since been updated and published
by AFHRL as another three-volume technical report. AFHRL-TR-7343 (Jovce et ai., 1973a, i973b.
1973¢). The characteristics and requirements of FPIPA technology are summarized in Figure 1.

The sixth project was a 1972 AFHRL demonstration of the potential effectiveness of combining
FPJPAs for TS tasks and JOT at Altus Air Force Base (Mullen & Joyvce. 1974). The FPJPAs used for this
demonstration concerned organizational (0) and intermediate (1) level maintenance of the Doppler
navigation radar. AN/APN-147, and its computer. AN/ASN-35. These FPJPAs were developed prior to the
development of the specification and guidance handbooks. A 4-week JOT program concerning non-TS
tasks. such as remove and replace and use of test equipment, hand tools, and FPIPAs, was developed for
this demonstration. Eight high clectronic aptitude subjects and eight medium aptitude subjects were
assigned, immediately after compieting basic training. to a job oriented 4-week course. At the request of
NAVAIR, the author observed a segment of the Altus demonstration. The subjects were able to perform
most of the typical 0" and “I"" level tasks gven them. Even though the subjects performed reasonably
well. the project manager indicated that he believed the effectiveness of both the FPJPAs and the !OT
could be improved by the development of FPJPAs in keeping with the previously mentioned specification
and guidance of AFHRL-TR-71-53 (Folley et al., 1971a, 1971b; Joyce et al., 1971) and by adding more
task practice to the JOT. But despite these 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. this demonstration supported the hypothesis that a coordinated FPJPA/JOT

program could significantly reduce training costs while improving electronic system maintenance, including
TS.

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 FPJPAs or job -
guides coupled with JOT have received sufficient study and validation to support their adoption by DoD
for “O™ level maintenance. He ostimates a saving of 1.25 billion dollars annuaily from this
recommendation. He further recommended continued testing, citing the present study, to deternine
whether the FPJPA techniques can be appiied to *O™ level TS and all *I"" level maintenance tasks. Based on
the hypothesis that the FPYPA/JOT combination had great potential, a demonstration/evaluation was
proposed by the NAVAIRDEVCEN to ascertain the effectiveness of this combination for Soth TS and
non-TS tasks at both the O™ and the 1" levels of maintenance. The proposal was made to the Chief of
Naval Operations (CNO) (OP-39) and to NAVAIR (AIR<413, AIR-04A4).
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FPJPA is the generic name cf a technology which can be used in the development of step-by-step directions
for both non-troubleshooting (non-TS) and troubleshooting (TS) tasks. The current technology contains aspects
obtained from several sources, including the AFHRL exploratory development efforts, the first AFHRL advanced
development effort (1967-72), the Presentation of Information for Maintenance and Operation (PIMO) project,
and JPA projects for Vietnamization. (The 12-hour study was one of the AFHRL exploratory efforts and the Altus
demonstration was part of the first AFHRL advanced development effort.) Currently, AFHRL-TR-7343, a
three-volume technical report, provides the best description and directions concerning the FPJPA technology for
both non-TS and TS tasks (See Joyce et al., 1973a, b, and c). The most important addition to this report is fourd in
AFHRL-TR-75-38 (Shriver, 1975) concerning improved cues for step-by-step directions. This figure is a summary of

a description of the FPJPA technology by Foley (1978a). The technology has the foilowing characteristics and
content,

Task Identification and Analyses (TI&A) of Identified Tasks — A unique characteristic of this technology is
the formal requirement for the development and use of TI&A. To ensure the effective job support for non-TS by
FPJPA, an aid must be considered for every task of a hardware to be maintained. This requires the development 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 necessary for
individuals of the target populations to perform the task. FPJPA for TS tasks must be built around a logic or
troubleshooting tree that identifies all the troubleshooting signatures. There must be a signature for each replaceable
component assigned to the level of maintenance for which the TS aids are being developed. For each decision point
in the TS tree, accurate step-by-step instructions, with the necessary cues, must be developed. These characteristics
are insured by the development and application of a number of task analysis products which are requried by the
AFHRL-TR-7343 specification. To ensure the completeness and adequacy of these required products of formal
TI&A, there must be timely periodic in-process reviews and official acceptances of these products by knowledgeable
DoD representatives. These products then become criteria for the structure and completeness of the FPJPA to be
used during their development.

Standard Language and Keyed Pictorials for Maintenance Instructions — Another unique characteristic of _
FPJPA, which came from the PIMO project, is a standard language. 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 second person taken from a standard verb list. In addition to standard verbs, al!
nouns are cross-referenced (keyed) to a locator pictorial which indicates to the user the appearance of the item and
its location in the hardware. This standard language provision coupled with the pictorial locators reduce the reading
requirements of the user to a minimum.

Format - Using TI&A, standard language, 2nd keyed pictorial locators for content determination and
considering the job environment in which the identified tasks were to be accomplished, several appropriate formats
have been developed to date. But it is important to remember that the necessary content of the aids is far more
important than the format. A rormat similar to that developed for the PIMO project has usually been used for
ncn-TS tasks at the O level »f mainterance. Instructions have been formatted in a rather smal booklet with
instructions on the ieft-hand page and the locator pictorials on the right hand. Some application. have provided
pictorial foldouts, each of which is applied to more than one page of instructions. There have been two formats used
for FPJPA for TS tasks: one in which the instructions have been placed in blocks and the blocks connected by flow
lines to indicate branching, similar to Logic Tree Troubleshooting Aids (LTTA) and the other in which the
instructions have been placed in a scrambled book. The scrambled book format produces a document that looks
very similar to FPJPA for non-TS tasks. The branching in the scrambled book is provided by directions to go to the
page on which the instructions are given. Future applications of the FPJPA technology may result in other formats
which will better meet the needs of some users. The point is that the FPJPA technology is not limited by format nor
is it truly represented by format. It is possible to apply any of the formats mentioned here, without the content
control of the TI&A, but such appiications cannot legitimately be considered true implementations of the FPJPA
technology.

Validation and Verification — Validation of maintenance manuals by the contractor, followed by verification
by the appropriate DoD agency, has long been part of maintenance policy. In some cases these requirem ants involve
only table top inspections of the final products. However, in the past, with the exception of corrections for obvious
errors in directions and format, little could be accomplished by these processes to insure the job effectiveness of
maintenance manuals. Several applications of the FPJPA technology have indicated that no matter how carefully
the TI&A was accomplished and monitored and no matter how carefully the resulting criteria were applied, a very
careful “hands on’ validation and verification of the results are required. For maximum effectiveness, one of these
efforts should include ““hands on’’ equipment tryout of directions by members of the target populations for which
the directions have been developed. Another safeguard which was applied in developing aids for the C-141 aircraft
was a three-year warranty by the contractor of his product. To insure maximum effectiveness of the FPJPA
technology, such warranties should be obtained for all future applications.

Figure 1. Characteristics and content of the Fully Proceduralized
Job Performance Aids (FPIPA) technology.
(This figure was prepared by Dr. John P. Foley of the
Advanced Systems Division, of the Air Force
Human Resources Laboratory )
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1l. THE PROJECT PLAN

This etfort was planned in 1972 as a full scale controlled study to determine the relative etfectivencss
of the combined FPJPA and TOT technologies with respect to traditional thecry based training and TMM.
(Unfortunately, as will be discussed later, the controiled comparative aspects of this plan were never
completed.)

The formal objective of the project was to test whether a 12-week job oriented course. when
combined with FPJPAs, could prepare recruit training graduates with 45-52 scores on the General
Classitication Test (GCT) to maintain a typical Navy aircraft electronic subsystem at the O™ and I
levels. The project would differ from the AFHRL Altus project in two important respects. The FPJPAs
would be developed in keeping with the latest version of the specification and guidance documents
(AFHRL-TR-71-53, Folley et ul.,, 1971a. 1971b: Joyce et al., 1971). The JOT developed for this effort
would be longer than the Altus JOT and would thus provide more job task practice. Like the Altus
program, it would minimize the amount of traditional theory. During the pianning of this rescarch and
development (R&D), close coordination, cuidance. and support was provided by Dr. John P. Foley. who
was at that time directing the FPJPA R&D program of the AFHRL, Advanced Systems Division at
Wright-Patterson Air Force Base. The Altus eftfort was part of this AFHRL FPIPA progran.

The Electronic System Selected

The AN/AQA-7 Sonar Signal Processing System was selected as the system to be maintained for this
project. This sonar is installed in the S2G and P-3 serics aircraft. It was sclected because it was
rzpresentative of a state<ot-the-art, extremely complex electronics system containing mestly solid state
micro-electronics components, as well as some discrete and tube components. The maintenance concept for
the O™ level consisted primarily in TS to a “black box™ level or large card. (TS was supported by a
relatively offective Built-in Test Equipment (BITE).)

Although it changed luter, at the time of its sclection the maintenance concept for the 17 level of
maintenance required technicians to TS only to the card level or to a discrete component. [f a card,
identified as defective, contained a defective integrated circuit or chip, the card was sent to the depot level
for repair. If the card contained only discrete components. TS continued to the defective component which
was replaced. The “I" level technician was required to use the following test equipment: Digital Voltmeter,
Oscilloscope, Differential Voltmeter, North Atlantic Phase Meter. and Multimeter. The test equipment was
incorporated in the AWM-18, AQM-20 test bench.

Presentation and Approval of the Plan

This project plan was presented to th: Chief ot Naval Education and Training (CNET). the Chief of
Navy Technical Training (CNTECHTRA) and the Naval Aviation Maintenance Training Group
(NAMTRAGRU). With their concurrence in the desirability of a test of the project goals. CNO (OP-59)
issued a message directing support tor the project. CHNAVPERS arranged tor the selection of 40 volunteer
recruits to participate in the experimental tryout. CNTECHTRA offered his assistance in evaluating the
JOT. NAMTRAGRU provided one instructor and the facilities of the Naval Air Maintenance Training
Detachment (NAMTRADET), Cecil Field. Florida. NAMTRADET rescheduled their courses with the
cooperation of Air Anti-Submarine Wing (COMAIRASWING) ONE. Cecil Field, to make classroom spaces
and equipment available for the development of the FPJPAs and for use in the training course. The
Commander, Patrol Squadion 49 (PATRON FOUR NINE) provided two additional instructors for use in
the administration of the training.

The coordination of these many commands was facilitated by their enthusiastic attitude toward
innovation and their awareness ot the problems faced in the AVF. It was recognized that the results of the
present study, if successtul, would suggest the elimination of broad theoretical training being given at “A”
school and modification of the JOT presentlv zivenset NAMTRADETS. Trainecs, lacking the hroad
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theoretical training, would be at a great disadvantage in competing in the present Navv advancement
examinations. Therefore, the introduction of FPJPA/JOT would require coordinated changes in these
examinations. However, in briefings on this project provided to the NEOCS director, it was noted that
NEOCS planned changes which will allow the Navy advancement system to accommodate first enlistinent
sailors who had received JOT rather than the traditional theory based training.

11l. DEVELOPMENT OF FPJPA/JOT

The FPJPAs for the AN/AQA-7 were developed in accordance with the then latest version of the
FPJPA specification and guidance documents presented in the three volume AFHRL-TR-71-33 (Folley et
al.. 1971a. 1971b; Joyce et al., 1971) mentioned previously. These aids were developed in two contractual
steps at the suggestion of Dr. Foley of AFHRL. The first step was the development of a task identification
matrix (TIM) for the AN/AQA-7 and a sample FPJPA. The TIM ascertained the number and type of tasks
for which FPJPAs should be prepared and thus described the scope and magnitude of the FPJPA production
effort. This work was accomplished by a $69,000 sole source contract with Applied Science Associates. Inc.
(ASA) of Valencia, Pennsylvania. the contractor who had developed AFHRL-TR-71-53, specification and
guidance documents (Folley et al., 1971a, 1971b; Joyce et al., 1971). This TIM and sample FPJPA formed
the bases for a request for bid (RFB) for the second contractual step, a multi-source procurement for the
production of the FPJPA. Two contractors submitted proposals which were rated by representatives of
NAVAIR (AIR-413 and AIR-04A4). On the basis of these ratings followed up by on-site discussions with-
management personnel, ASA was awarded the $292,000 production contract.

The services of a technical representative of the manufacturer of the ANJAQA-7 (Magnavox) were
obtained to provide for quality assurance on maintenance procedures. All drafts of TS and non-TS
procedures were reviewed for effectiveness and signed by this Magnavox representative. This service cost
§25.,000.

Based on another multi-source procurement, a $112,000 contract for the development of the JOT
materials was awarded to ASA. Key personnel of this organization had extensive R&D experience in both
FPIJPA and JOT technologies: this firm had conducted all of the AFHRL contract exploratory development
concerning FPJPAs, had developed the FPJPA specification Mil-J-83302 and its two guidance documents
(Applied Science Associates, 1971a. 1971b), and had conducted an extensive AFHRL JOT program called
Learner-Centered Instruction (LCI) (Pieper, Swezey, & Valverde, 1970). In addition, ASA had developed
both  the FPJPAs and imatching JOT for the Altus AFB demonstration and had conducted that
demonstration (Mullen & Joyce. 1974). Such extensive experience had uniquely qualified this contractor to
integrate the JOT with the FPJPAs. As a result, a good match between the FPJPAs and the JOT was
achieved. (However, as will be discussed iater. problems were encountered concerning timely delivery.)

The goals of the training program were to reduce the theorctical content to an absolute minimum. to
usc programmed instruction as much as possible, and to introduce the subject to the use of FPIPA-ike
materials as early as possible. Since one of the major problems cited by the researchers at Altus AFB was
insufticient task practice — the training was to provide as much practice as possible within a 12-week
course. The JOT packages ultimately developed, based on the TIM, were somewhat longer. The package for
the “O™ level program required 13 weeks: for the “I" level. 16 weeks. Appendix A authored by Thomas K.
Elliott of ASA provides a detailed discussion of the procedures used to develop both the FPIPAs and the
relevant JOT. This material should be “must™ reading for anyone planning for or developing JOT and/or
FPJPA efforts.

The standard pipeline for mamtenance of the AN/AQA-7 required approximately 22 weeks of
training for qualification in the AX rating, followed by 2 weeks of “O" level and 14 weeks of “I" level
training in the NAMTRADET, tor a total of 24 weeks for “O” level and 36 weeks for “!" level. When
compared to the standard 24 week “*O™ level program, the 13 week O™ level JOT represents a 45.8 percent
reduction in training time. When compared to the standard 36 week “I" level program, the 16 week “17°

h
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iovel JOT represents a 35.5 percent reduction in training time. Thus, the FPJPA JOT program time and
costs are significantly lower than that of the “A™ and “C" school graduate who normally performs the same
functions.

IV. CONDUCT AND EVALUATION OF THE TRAINING PROGRAMS

The original plan [or the conduct of training was based on the following assumptions:
1. There would be four instructors: two to teach “I' level maintenance and two to teach 0™ ievel
maintenance.

N

2. The subjects would arrive in four groups of 10 each approximately 1 to 2 weeks apart.

3. Two AN/AQA-7 systems and two AQM-13 test benches could be made available for the exclusive
use of the project.

4. Access to S2G aircratt (with operating AQA-7s) could be obtained.

Unfortunately, none of these conditions were met.

Instructors

Three instead of four instructors were obtained. Those obtained, however, were senior Navy enlisted
technicians. The Officer-in-Charge of the Naval Air Maintenance Training Detachment (NAMTDET) at Cecdl
Ficld provided AWC Robert Heary. lie had previously instructed A" school graduates in the repair of the
AN/AQA-7 and was a graduate of Navy instructor school. PATRON FOUR NINE provided two additional
experienced AN/AQA-7 operators. both with experience in the operation and maintenance of the
AN/AQA-7: AWC Tom Pope and AWI James Moore.

Subjects

Although the desired number of subjects, 41, with the proper aptitudes, were assigned to the project
by CHNAVPERS, they arrived ecarly and all in one group instead of four. These were volunteers whose
selection test scores were below the cutof! for eligibility to “*A™ school (GCT + AR} + MECH = 170). The
rollowing test scores were stipulated: GCT 45-52, AR145-52, MECH 45-352 with GCT + ARI + MECH =
!40 to 150. This composite placed the subjects’ aptitudes for electronics training in approximately the 40
to 50 percentile range.

Equipment Availability

Instead of the planned two AN/AQA-7 systems and two AN/AQM-i8 test benches, cnly one of each
was obtained. And due to the ficavy tlight commitments of COMAIRASWING ONE, access to S2G aircraft
was limited.

JOT Materials

As mentioned previously, the JOT materials were delivered approximately 1 month late and not
properly collated. This late delivery was not anticipated in sufficient time to delay the arrival of the
subjects. In addition, the departure ot the subjects could not be delayed.

Modified Plan of Instruction

While the subjects werc waiting for the JOT materials to be delivered. they were given general
background courses on Naval aviation and the 3-M muintenance system. It was also decided to use the
standard 2-weeK miniature component repair course to teach soldering. This decision was taken with the
understanding that the trainees 'acked familiarity with the normal prerequisites for the miniature
component repair course. However, if they successfully completed this course, they could later attend the
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micro-miniature repair course and obtuin certification as micro-miniature repairmen. These improvisations
provided the time needed to deliver the JOT packages.

After delivery and assembly of the training materials. the 41 trainces were divided into three sections.
two sections of 13 trainees each were assigned to “I'" level training and one section of 15 trainces was
assigned to O level training. (Of those, three O™ level and three “I™ level subjects were dismissed from
the project for nen-academic reasons. As a result. 12 0" level and 23 “1" level subjects completed training
and were utilized in the experimental trvout ot the FPIPAs.) Since only one AN/AQA-7 and AN/AQM-18
test bench couid be mude available for instruction, it was decided to establish a 24-hour teaching day
consisting of three &-hour sessions. Sessions were scheduled Monday through Thursday to conform with the
normal NAS Cecil Field work week. Arrangements were made with the Aviation Intermediate Maintenance
Department of NAS Cecil Ficld o obtain priority repairs to the AN/AQA-7 components used in training.
Despite this excellent support, however. many training hours were irretrievably lost due to equipment being
inoperative for maintenance.

Evaluative Statement Concerning Training

Under these circumstances. the full porential of the JOT could not be realized. The reduced number
of instructors and the larger than planned class sizes reduced the amount of individual attention each
subject could receive. The time allowed for the JOT program was shorter than planned, which reduced the
opportunities for subjects to receive the planned amount of “hands on™ task practice. These opportunities
were further reduced by insufticient availability of equipment. Even with all these violations of the training
ground rules, the JOT program was reasonably effective. The omission of training on the dual beam featurs
of the oscilloscope was its only major deficiency. More detailed information concerning the quality of the
traning materials. the conduct of the training and the students’ attitudes toward the training are presented
in Appendix B. This appendix was prepared by Lt Robert P. Fishburne, who was assigned to this project by
RADM Albert M. Sackett. Chief ot Naval Technical Training, CNTT.

V. EVALUATIVE TRYOUT OF FPJPAs

Problem Selection

The evaluation of the subjects’ ability to perform job tasks using FPJP As sought to provide as realistic
as practicable a work setting with representative maintenance problems. However, in order to zather
idequate samples of data, problems were selected which could be solved in approximately 30 minutes using
the FPIPAs. Discussion were held with the N.A.S. Cecil Field Intcrmediate Maintenance Activity, the
Megnavox representative. and the NWESA field engineers. Problems were selected which had high
frequency of occurrence as reported on 3M data. Each problem was then “solved™ using the FPJPA
procedures. In four cases the problems took longer than 50 minutes. In these cases the problem was
shortened by starting the evaluation with “set up™ and checkout steps already completed. The sters
climinated vere usuaily just equipment warm-up tests or switch setting steps, and in no case did thase
climinations result in a simplitving of the problem for the subject. The data collection had to be
accomplished in 4 weeks because the equipment and subjects had to be relcased at that time. It was oniy
possible to adininister five problems to each of the 12 0" level subjects and four problems to each of the
23 I level subjects. [t would have been desirable to obtain data for a larger number of problems: howgver,
the prodlems selected are considered representative.

Criteria for Successful Task Performance

The basic measure of human performance used in this evaluative trvout was in terins ol acceptable
products. Each desired product was the successtul completioh of a maintenance task without assistance.
This was a go. no-go criterion. The resulting product data are presented in terms of percentage of such tasks
completed. In the real world of mainicnance, correct performance of maintenance tasks is not always
obtained on the riest attempt, but etticiency demands such performance 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
successfully completed. The time required to perfurm a maintenance task correctly is seldom critical at the
“I"" level of maintenance provided it is performed in a reasonable time. But under some circumstances, time
available for accomplishing such correct performance is limited and/or critical. The circunstances, where
speed of performance becomes criticai. are usually found at the “O™ level of maintenance. Examples
include; (a) the requirement for correction of system malfunctions discovered during preflizht checkouts,
(b) situations where turnaround time of aircraft is critical, and (c¢) power plant failures which cause
electrical outages. Normally when speed is a critical aspect of task performance. it should be made part of
the g0, no-go criterion, i.e., the subject should be able to perform the task successfully within the critical
time limit. However, for evaluative trvouts such as this onc, time factors have not been included in the go,
no-go criteria for successtul completion of tasks.

Since the success of performance is aiways a prime requirement, task success data were the primary
criteria for this evaluative tryout and are presented first in the presentation and discussion of results. (As
was discussed previously, the time to perform a task using FPJPA was an important consideration in
selection of tasks for this evaluation due to scheduling factors.)

Data Collection

The data were collected over a 4-week period. Each day consisted of 8 to 11, 50-minute sessions and
each subject was tested at the rate of one session per day for 5 (*O™ level) or 4 (I level) consecutive days.
Prior to the beginning of each day’s sessions. the svstem was checked by the Magnavox representative. and
the problem selected for that day was inserted in the system. The same problem was used for all sessions
during any | day.

NWESA field engineers had been assigned the task of data collection for two reasons: (a) they had

previous experience with JPA evaluations and (b) they could serve us abjective, unbiased observers since
they had not been involved in the eurlier portions of the evaluation.

Each subject was instructed. at the beginning of a session, as to his entry step for the problem. It this
step was not step 1 in his book, it was explained that all previous steps had been completed and that the
system was checked to the entry step that he was given. Initial planning called for no help to be provided to
the subjects: data collectors merely recorded the steps taken by the trainee. This rule was slightly modified
so that if the subject went oft on a completely erroneous tangent. he would be stopped, told to leave the
room, and be brought back in a few minutes to try the problem one more time.

Results

Table 1 presents the data concerning the successful completion of “0O” level TS problems selected for
the evaluative tryout.

Table 1. Task Success of 12 Medium Aptitude Navy Subjects (40—-50 Percentile)
Using FPJPA for Organizational (O) Level Troubleshooting Tasks

Mean Time
Required in Minutes
Problem Percent of Problems =

Identification Successfully Completed X sD
19A2 90.5 35.8 120
20A-1 4 17.6 56
1Al 7.1 47.0 2.5
A2 7 21.8 6.6
FMS=2 97.0 51.0 i
Composite of O™ Level: 86.6

*Problem required each subject to use the dual beam “Lature of the oscilloscone. Subjects had reccived ro training

concerning this feature of the scope.
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It should be noted that the five O™ level problems were all TS problems. With the exception of the
4A2 problem, all of the percentages were over 90 percent. As indicated in Table 1, the primary cause of the
57.5 percent results for problem 4A2 must be attributed to a training weakness. The subjects had received
a0 training on the use of the dual beam feature of the oscilloscope. The composite figure for “O™ level TS
performance including the 4A2 problem was 86.6 percent: excluding the 4A2 problem, 93.9 percent. Time
data concerning these “O” level problems are indicated in the third and fourth columns of Tabie 1.

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—50 Percentile)
Using FPJPA for Intermediate (I) Level Tasks

Mean Time
Required
in Minutes
Problem Percent of Problems =
identification Non-TS TS Successfully Completed X sD
6A4 X X 844 50.2 11.6
PP6306 X 93.7 378 113
4A2 X (Align) 68.2% 49.1 213
11A3 X (Align) i 825 51.6 13.0
Composite TS Problems y 89.1 -
Composite Non-TS Problems 754
Composite ““I"™ Level 84.1

TProblem required cach subject to use the dual beam feature of the oscilloscope. Subjects had received no training
conceraing this feature of the scope.

As to the two TS problems, the 6A4 problem was more complex than the PP6302 problem. The 644
TS task added the clutter of the non-TS clements of adjustment and of the use of the oscilloscope. This
compliexity was reflected in the results: 84.4 percent success for the 6A4 task compared to 93.7 success for
the PP6306 task. In the writer's opinion, the 6A4 task was more representative of “I'” level TS tasks.
generally, then the simpler PP6306 task. The composite for the two TS tasks was 89.1 percent.

As to the non-TS alignment tasks 4A2 and 11A3, the 82.5 percent success rate for the 11A3
alignment task was higher than the rate for 4A2 alignment task but lower than any of the “O™ or 1" level
TS tasks except the 4A2 “Q" level TS task. The low 4A2 alignment performance (68.2 percent) reflected
tiic same training omission of the dual beam feature of the oscilloscope as did the 4A2 “O™ level TS
performance. Time data for these “I"" level problems arc indicated in the fifth and sixth columns of Table 2.

A number of key questions should be answered concerning the relative effectiveness of the task
performance of these medium aptitude Navy subjects using FPJPA who received only 13 or 16 weeks of
JOT. such as how do the resuits for these medium aptitude subjects compare with:

1. The performance of current expericnced Navy personnel wusing TMM who now maintain the
AN/AQA-7? (These are high aptitude personnel who have received much longer training — 24 weeks for
“0" level and 36 weeks for “I" level.)

2. The performance of such expericnced Navy technicians using FP/PAs?

3. The performance of inexpericnced. high aptitude Navy personnel wusing FP/PAs who have
completed the current long training?

4. The performance of both expericnced and inexperienced high aptitude personnei wsing FPJPAs
wio have completed the shorter JOT programs instead of the longer current training?
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Answers to such pertinent questions would have been provided by the data from the originally
planned full scale controlled study. Due to funding problems, such data were never collected. However, in
the absence of these more desirable data. answers to some of these questions can be obtained by
substituting applicable control and experimental data from 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), sometimes called the “Twelve Hour Study.” The scope of these AFHRL studies was limited
to the effectiveness of the FPJPA technology for supporting the performance of TS rasks. Theyv did not
study the effects of FPJPAs on non-TS tasks per se.

V1. COMPARISON OF RESULTS WITH OTHER FPJPA STUDIES

The appropriateness for comparing the data from this NADC evaluative tryout with control and
experimental data from the AFHRL Advanced Development Study (Potter & Thomas, 1976) is based on
four assumptions:

1. The training received by the experienced high aptitude Navy AN/AQA-7 system technicians and
the Air Force AN/APN-147-AN/ASN-35 system technicians were reasonably equivalent.

2. The TS tasks demanded by the AN/AQA-7 system and the AN/APN-147-AN/ASN-3S system
were of equivalent complexity.

3. As a result of assumptions | and 2. the TS capabilities of the Navy and Air Force technician #o
perform TS were also reasonably cquivalent.

4. The FPIPAs for TS for the AN/AQA-7 system and the AN/APN-147-AN/ASN-35 svstem are of
equivalent effectiveness.

Training Equivalence

As indicated previously. the standard formal training for Navy AN/AQA-7 technician requires
approximately 22 weeks of basic clectronic fundamentals training for qualification in the AX rating
followed by 2 weeks of ANJAQA-7 task specific training for the *“0™ level of maintenance and by 14 weeks
of AN/AQA-7 task specitic training for the “I'" level. These times make 2 total of 24 weeks for the “O"
level and 36 weeks for the “I" level. The standard formal training required for both “0™ and “I"" Air Force
technicians maintaining the AN/APN-147-AN/ASN-3S system was 36 weeks. This included 18 weeks of
basic clectronic fundamentals and 18 weceks of theory odented training on four representative electronic
systems, onc of which was the AN/APN-147-AN/ASN-3S system. The AN/APN.147-AN/ASN-35
technicians received their task specific O™ and/or “I'" level training by OJT after job assignment. So it is a
reasonable assumption that after 6 months cxperience on the job the TS performance capabilitics using
TMM for such Air Force and Navy technicians would be comparable.

Comparison of TS Task Complexity

From the stand point of electronic complexity. the Navy AN/AQA-7 Sonar used in this NADC study
is more complex than the Air Force AN/APN-147 and its computer, the AN/ASN-35. Since 0" level
maintenance was only concerned with Line Replaceable Units (LRUs), this difference in clectronic
complexity would have had little or no effect on the TS tasks at the O’ level. The maintenance concept
and complexity of TS tasks when performed with TMMs at the “O” level are considered to be comparable.

As to the “I" level of maintenance, the differences in difficulty of solving TS problems with TMMs
between the AN/APN-147-AN/ASN-33 system (used in the AFHRL Advanced Development Study) and the
Navy AN/AQA-7 is not too great. Even though the electronic complexity of the AN/AQA-7 was greater
than that of the AN/APN-147-AN/ASN-35, their “I"" level maintenance concepts were different. Since the
Shop Replaceable Units (SRUs) for the AP/APN-147-AN/ASN-35 system included the smallest picce parts,
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the complexity of TS with TMMs at the “I" retlected the full complexity of the hardware. Whereas. the
complexity of TS with TMMs for the AN/AQA-7 did not reflect its full electronic complexity since most of
the SRUs for this system were circuit boards. at the time this NADC evaluative irvout was approved. (This
“I'" level maintenance concept for the AN/AQA-7 was later expanded. At least some circuit board
components wers designated as SRUs. But these changes were not reflected in this evaluative tryout.)

Equivalence of FPJPAs

Since the FPJPAs used for solving TS problems in the NADC effort and for the AFHRL Advanced
Development Study were both developed in keeping with the FPIPA technology described in Fiure |,
these FPJPA are considered to be equally good representatives of the technology and of comparable
quaiity. (The degree to which the AN/AQA-7 FPIPAs reflect the FPJPA technology is discussed in the next
section of this report.) As a result, the FPJPAs used in the two efforts are considered to be of equivalent
effectiveness.

A Word Concerning the AFHRL Twelve flour Study

Although data from the AFHRL Tweive Hour Study (Elliott, 1967: Elliott & Joyce. 1968) are also
included in the comparative analyses that fellow. the equivalency between this AFHRL study and the
NADC cvaluative tryout is not as great as the cquivalency between AFHRL Advanced Development Study
and the NADC evaluative trvout. The FPJPAs used were the first such aids developed for TS and were
rather primitive examples of the FPJPA techaology. The experimental subiects were both medium and high
aptitude. high schooi students who had received only 12 hours of JOT instead of 13 or 16 wecks as in the
NADC evaluative tryout. However, the control subjects who performed TS with TMMs were highly trained
and experienced Air Force technicians who were probably equivalent in TS capability to the control
subiects of the Advanced Development Study or to experienced Navy AN/AQA-7 technicians.

Presentation and Scope of Comparative Data

Tables 3 and 4 present composite TS data in terms of percent of fauils isofated for “O and “I” level
maintenance, respectively.

Table 3. Comparison of the TS Performance in Percent of “0" Level Faults
Isolated by Medium Aptitude Inexperienced Navy Subjects with the Performance
of Control and Experimental Subjects in a Comparable Air Force
Advanced Development Study

TMM Control FPJPA Experimental Groups
Group AFHRL
Adv Dev Study Type of Subjects AFHRLU Adv Dev Study Mavy NADC Tryout

High Aptitude

100* More than 6 mo experience 958 -
100° 6 mo or less experience 100 -
- Inexperienced 88.9 -

Medium Aptitude
- Inexperienced - 93.9 (86.6)°

aSubjcct permitted to remove and replace Line Replaceable Unies (LRU) until faults were isolated.

bThe 86.6 percent figure is the composite figure from Table 1. The 93.9 figure excludes problem 4A2 which reqrired
the use of the dual beam feature of the osailloscope. Subjects had reccived no training on this feature.
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Table 4. Comparison of the TS Performance in Percent of “I"* Level Faults
Isolated by Medium Aptitude Inexperienced Navy Subjects with Performance
of Control and Experimental Subjects in Air Force Studies

TMM Control Groups FPIPA Experimentialt Groups
AFHRL AFHRL AFHRL AFHRL Navy
12 Hour Adv Dev 12 Hour Adv Dev NADC

Study Study Type of Subjects Study Study Tryout

High Aptitude

54.2 78.82 More than 6 mo experience - 054 -
= 60.6% 6 mo or less experience - 954 —
= - Inexperienced 93.0 88.8 -

Medium Aptitude

= - lnexperienced 82.0 - 39.1

“Subjects permitted to remove and replace Shop Replaccable Units ( SRU) uneil faults were isolated.

Performance success data for non-TS tasks are not included since all of the tasks utilized in the
AFHRL Advanced Development Study and in tie Twelve Hour Study were TS tasks and the NADC
evaluative tryout used only two non-TS rasks at the 7 level and no non-TS tusks at the O™ level. TS daty
for both control and experimerital groups fror these studies are included. These tables include anly
experimental group data for this Navy evaluative tryout.

Intermediate (1) Level Results

An examination of Tabies 3 and 4 indicates that the most impressive improvement in TS success from
use of FPJPAs are obtained at the ™ level of maintenance. Table 4 indicates that the medium aptitude (40
0 30 pereentile) Navy subjects with 16 weeks of fess than ideal JOT vbtained a success rate of 89,1 percent
on "I level TS problems using FPJPAs. This success rate is most impressive when compared to Air Force
control subject data.

L. This 89.1 percent success rate was 10.3 percent higher than the 78.2 percent success rate obtained
by TMM control subjects of AFHRL Advanced Development Study with more than 6 manths experience.

~

2. It was 28.5 percent higher than the 60.6 percent success rate obtained by TMM control subjects
ot the same AFHRL study with 6 months or less experience.

3. It was 4.9 percent higher than the 84.2 percent success rate obtained by TMM control subject of
the earlier AFHRL Twelve Hour Study.

When comparing either the Air Force or Navy success rates for inexperienced or experienced subjects
using FPJPAs with those rates obtained by experienced subjects using TMMs, it should be emphasized that
these experienced control subjects used TMMs to remove and replace components until tiie fauit was
corrected. When wsing FPJPAs. subjects were not permitted to use this “shot gun™ method of fault
isolation. This current practice of replacing components until faults are corrected, results in high spare parts
usage at the "I level of maintenance and excess LRUs handling and paper work at the “O" level. This
practice. also, results in a large amount of secondary damage to hardware which must be corrected later.

In addition, this 89.1 percent success rate on “[™ [evel TS problem obtained by the medium aptitude
Navy subjects using FPJPAs compares favorably with the success rates obtained by the experimental
subjects of the AFHRL studies. .

1. It was slightly higher than 88.8 percent TS success rate obtained by conventionally trained, fugh
aptitude inexperienced subjects usine FPIPAs in the AFHRL Advanced Development Study.
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2. 1t was only 6.3 percent lower than the 95.4 percent TS success rate obtained by both categories

of high aptitude expericnced subjects using FPJPAs in the same AFHRL study — those with more than 6
months experience and those with 6 months or less experience.

3. 1t was 7.1 percent higher than the 82.0 percent TS success rate obtained by the medium aptitude,
inexperienced high school subjects using FPJPAs in the same Twelve Hour Study.

4. It was only 3.9 percent lower than the 93.0 percent TS success rate obtained by the high
aptitude. inexperienced high school subjects using FPIPAs in the AFHRL Twelve Hour Study.

It can be concluded that the Navy medium aptitude “I” level subjects with only 16 weeks of JOT
performed TS tasks exceedingly well with FPJPAs wihen compared to Air Force high aptitude control
subjects with more than 6 months experience who used TMMs. These Air Force control subjects had
received 36 weeks of formal theory based training prior to job assignment. It can be assumed that those
Navy medium aptitude “I"" level subjects would have shown a similar degree of superiority if compared to
experienced Navy AN/AQA-7 “I" level technicians. %

[t can also be assumed that these Navy medium aptitude “I' level subjects performed as well with
FPJPAs as did the Air Force high aptitude imexperienced subjects using FPIPAs. These Air Force subjects
had received 36 wecks of formal theory based training.

Organizational (O) Level Results

Table 3 indicates that the 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 *O" level TS problems using FPJPAs. If problem
4A2 which required the use of the dual heam feature of the oscilloscope is cxcluded, this success rate
increases to 93.9 percent. This 93.9 percent figure is probably more representative concerning the power of
FPJPAs since this oscilloscope training deficiency could be easily corrected. When compared to control
subject data, these suceess rates were somewhat lower.,

1. The 86.6 percent success rate was 13.4 percent less than the 100 percent success rate obtained by
botit the TMM control groups of the AFHRL Advanced Development Study, i.e., those control subjects
with more than 6 months experience and those with 6 months or less experience. (These control subjects
were permitted to remove and replace 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

suceess rate obtained by both experienced control groups. It is a rcasonable assumption that the 93.9
percent success rate would improve with experience.

These success rates of the NADC experimental subjects (using FPJPAs) compare favorably with the
success rates obtained by the experimental subjects of the AFHRL Advanced Developmental Study (using
FPJPAs).

1. The 86.6 percent success rate was only 2.3 percent below the 88.9 percent success rate achicved
by the high aptitude inexperienced cxperimental subjects of the AFHRL study: The 93.9 percent success
rate was 5.0 percent above the success rate of the AFHRL inexperienced subjects.

B )

i 2. Although the 86.6 percent success rate was 13.4 percent below the 100 percent success rate of
the high aptitude AFHRL 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 below the 95.8 percent success rate of the high
| aptitude AFHRL experimental subjects with more than 6 months experience, but the 93.9 percent rate was
f only 1.9 percent below these highly experienced AFHRL subjects.

| It can be concluded that the Navy medium aptitude “O” level subjects with only 13 weeks of JOT

k\ performed TS tasks reasonably well with FPJPAs when compared to Air Force high aptitude control
: subjects with more than 6 months experience who used TMMs and were permitted to remove and replace
" LRUs until a fault was corrected. These Air Force control subjects had received 36 weeks of formal theory

5«,. based training prior to job assignment and are considered to be representative of experienced Navy
' AN/AQA-7, “O" level technicians. .
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So from these comparisons, it can be assumed that Navy answers to the TS aspects of the first three
of the four Key questions posed near the end of the preceding section would be comparable to the Air
Force answers. As to question (4) however, no studies have been conducted which have produced hard
data concerning the TS sccess with [-P/PAs of either experienced or inexperienced high aptitude personnel
who had received, in lieu of current conventional long theory based training, JOT similar to that used in
this evaluative tryout.

VII. EVALUATIVE STATEMENT CONCERNING THE AN/AQA-7 FPIPAs

The results of this evaluative tryout together with the comparisons with results of other applicable
studies have indicated that the FPJPAs uscd for this tryout were rcasonably cffective with medium aptitude
subjects for “O™ level TS problems and very etfective for “I” level TS problems. Also, the fact that they
worked so well in spite of the “watered down™ implementations of the accompanying JOT programs speaks
well for their effectiveness. But their offeciivencss would have been even greater if all aspects of the FPJPA
technology, as outlined in Figure 1, had been included in their development.

The technology as well as the specification and guidance found in AFHRL-TR-71-53 (Folley et al..
19714, 1971b; Joyce ct al., 1971) requirc that all the formal products of TI&A be reviewed and accepted
by the procuring agency, in this casc NADC. They, also, require that the procuring agency ensure that these
products are utilized as content criteria during the development of the actual FPJPAs. Since it was the
prime output for the first contract the task identification document. the TIM, received a very thorough
evaluation and official acceptance. With the exception of the TIM and TS action trees. none of the other
task identification and analyses (TI&A) products were subjected to these cvaluation and acceptance
requirements. The NADC had no inhouse capability for accomplishing these requirements or for ensuring
that these TI&A products were applied as content criteria during the actual FPJPA development.

As a result of experience gained in this project it can be asserted that these assessment activitics are
necessary for quality FPJPAs even if the contractor has highly cxperienced personnel in FPJPA
development. The FPJPAs would probably have been improved by such assessment activities even in this
case where the contractor developing the aids had previously developed the AFHRL-TR-71-53 specification
and guidance documents. Such assessment activities would, also, have given NADC advanced warning of any
slippage in delivery schedules. These assessment activities during development become absolute
requirements where the contractor has had no previous experience with the technology.

As stated in Figure 1, “hands on™ validation and verification of the final FPJPAs are also necessary
aspects of the FPJPA technology and are required for ensuring the production of quality FPIPAs. Although
the Magnavox representatives were required to attest to the technical accuracy of cach FPIPA| indepth
“hands on” verification procedures were applied only to the FPJPAs for those tasks used in the evaluative
tryout. A number of weaknessess of omission and commission were identified. This limited verification
reiterated the requirement for the review and acceptance of all products of TI&A (not just the TIM and TS
trees) by the procuring agency. If these AN/AQA-7 FPJPA were to be given full scale field implementation,
each aid would require a complete “hands on™ verification.

As indicated in Figure 1, effective FPIPAs must reflect the maintenance concept for the level of
maintenance for which they are developed. This trvout emphasized the importance of maintenance concept
stability. During the development of the FPJPAs for the AN/AQA-7 systems, its “I" level maintenance
concept changed. Originally “I"" level maintenance was responsible for only identifying faulty integrated
circuit cards. all within card repair being assigned to depot maintenance. Part of this within card
responsibility was transferred to the I level, approximately tripling the number of “I"" level troubie
signatures for FPJPA, TS coverage. Because of time and R&D funding limitations, FPIPAs for these
additional signatures were not developed for this project.

This is an example of the domino erfect on maintenance guidance and/or training which can be
produced by a change in the maintenance concept of a system. When FPJPAs and JOT are invoived. the
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resuits are immediately apparent, because ot the stringent content controls required for these technologies.
The ctfects of such drastic changes are not always immediately apparent with traditional theory based
training and TMMs but the results are sometimes hidden in increased destruction of parts and secondary
damage to hardware. In this case, however, added training and Navy inhouse repair facilities were required
inciuding expensive semi-automatic card test equipment. Drastic changes in maintenance concepts have
such serious consequences, that any person or agency proposing such changes should be required to justify
funding of the additional training and maintenance directions required to implement the changes. In the
case of AN/AQA-7 FPJPAs, the necessary madification of the “I'" level FPJPAs for actual field use would
have required a substantial additional expenditure ot funds.

VIIl. SUMMARY AND CONCLUSIONS

1. Starting in 1972, the Human Engineering Division of the Naval Air Development Center (NADC),
Warminister, Pennsylvania, supported a FPIPA/TOT tradeoff effort. Historically, this effort had its genesis
in the AFHRL FPIPA/TOT tradeott demonstration which was conducted at Altus AFB in early 1972 (sce
Mulien & Joyce, 1974). Whereas the Altus effort was only a demonstration, this effort was planned as a full
scale controlled study to determine the relative ¢ffectiveness of the combined FPJPA and TOT technologies
with respect to traditional theory based training and TMMs. Unfortunately. the controlled comparative
aspects of this plan were never completed. Nevertheless, FPJPA for “O™ and “I” level maintenance of the
AN/AQA-7 Sonar as well as matching JOT packages (one for O™ level technicians and one for I level
technicians) were developed and hard data as to their effectiveness were obtained.

-

2. The job aids for the AN/AQA-7 Sonar Recorder Group developed for this effort reflected the
vintage of FPJPA technology found in the three volume technical report. AFIIRL-TR-71-53 (Folley et al.,
1971a. 1971b; Joyce et al.. 1971). This was a substantially more advanced vintage of developmental
technology than that reflected by the FPJPAs used in the Altus AFB demonstration, which were developed
without the benefit of such structured guidance. The aids used at Altus AFB were limited to TS. whereas
the aids developed for this effoit covered non-TS tasks as well.

3. Although the results of this tryout indicated that the AN/AQA.7 aids were effective and of
adequate quality, their development cffort omitted some very important aspects of the specification and
guidance found in AFHRL-TR-71-53. These documents require that all the formal products of the TI&A of
identificd tasks be reviewed and accepted by the procuring agency, in this case NADC. They. also, require
that the procuring agency ensure that these products are utilized as content criteria during the development
of the actual FPJPAs. The only TI&A products which received such treatment were the troubleshooting
action trees. (For this specific procurement, these development omissions did not result in unsatisfactory |
aids. The contractor developing the aids had. also. developed the AFHRL-TR-71-53 specification and ;
guidance documents.) In addition, due to funding and scheduling probleins, all FPIPAs did not receive the ‘
required contractor validation and the government verification. Only those FPJPAs used for the
experimental tryout problems received such treatment.

4. As to the JOT packages. they were substantially more complete than those developed for the
Altus demonstration. For those subjects assigned to O™ level maintenance a 13-week JOT package wus
developed to prepare medium aptitude personnel (approximately 40 to SO percentile) to perform “O™ level

4 maintenance on the AN/AQA-7 Sonar Recorder Group of the S2-G aircraft using FPJPAs. A 16-week JOT
package was developed to prepare the same range of medium aptitude personnel to perform "I level
maintenance tasks on the same equipment using FPJPAs. These JOT packages were of good quality.
However, since these packages arrived 4 weeks atter training started. the subjects did not obtain the ull
advantage of their potential.

5. Traditionally, the AN'AQA-7 Svstem has been maintained by “A™ school graduates using TMMs.
The entry aptitude tor “A” school is 84 percentiie and above. The appropriate “A™ school program was 22
weeks in length and was theory based. Studeits selected for O™ level maintenance received two additional |
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weeks of AN/AQA-7 specific training, making the conventional training a total of 24 weeks. Students
selected for 1" level maintenance received 14 additional weeks of system specific training, making the
conventional training a total of 36 weeks. So the JOT package for “O'" level training was 11 weeks shorter
than cenventional training (a 46 percent savings in training time) and the “I"" level package was 20 weeks
shorter than conventional training (a 56 percent savings in training time).

0. The criginal plan for the conduct of JOT included the following assumptions: (a) students
would arrive in 1our groups of 10 each approximately 1 to 2 weeks apart, (b) there would be four
instructors, two to teach the “I'" level maintenance program and two to teach the “0O™ level maintenance
program, (¢) two AN/AQA-7 systems and two AN/AQM-18 test benches could be made available for the
exclusive use of the project, and (d) access to S2G aircraft (with operating AQA-7s) could be obtained.
Unfortunately, none of these conditions were met, the students arrived early and all within a single 10-day
period. only three instructors could be recruited, only one AN/AQA-7 and AN/AQM-18 could be provided,
and access to S2G aircraft was limited due to heavy tlight commitments of the operational forces. Finally,
as mentioned previously, the JOT training materials were delivered approximately one month late and not
properly collated. After delivery und assembly of the training materials, the 41 trainees were divided into
three sections: two sections of 13 trainces cach were assigned to “I” level training and one section of 15
trainees was assigned to O’ level training. Three “0™ level and three *I" level subjects were dismissed from
the program for non-academic reasons.

7. For this evaluative tryout. a concerted effort was made to provide a realistic and practicable
work setting with representative naintenance problems. Since the data collection had to be accomplished in
4 weeks, only five problems could be scheduled for cach O™ level subject and only four for each “I' level
subject. However, the probiems selected are considered representative. The results of performance of
subjects concerning the "O" and ~I" level maintenance problems are displayed in Tables 1 and 2,
respectively. Their composite success on “O™ level problems was 86.6 percent and on *“I" level problems
was 825, Al the *O” level problems concemed TS. On their two TS problems, the “I"" level subjects
obtained an 89.1 percent rate.

8. These results reinforce thie results of other DoD Job Performance Aid R&D. They also provide
important additional data. The results are comparable to and complement those reported tor the AFHRL
Advanced Development Study (Potter & Thomas, 1976). In this AFHRL study, which considered oniv TS {
problems, the inexperienced subjects isolated approximately 89 percent of both “O' and “I' level troubles
(see Tables 3 and 4). It should be noted that this AFHRL study utilized high aptitude subjects (80
percentile and above), who had completed 36 weeks of conventional theory based training, whereas this
evaluative tryout utilized only medium aptitude subjects (40 to 50 percentile) who had completed either 13
or 16 weeks of JOT.

9. The “I" level TS success rate of approximately 89 percent obtained both by these
inexperienced, medium aptitude, Navy subjccts and by the inexperienced, high aptitude Air Force subjects
is very impressive when compared to available control data. The control subjects with more than 6 months
experience of the AFHRL Advanced Development solved 78.8 percent ot their *1™ level TS problems when
using TMMs and the control subjects with 6 months or less experience solved only 60.6 percent. These
AFHRL control subjects were high aptitude subjects who had received at least 36 wecks of conventiona
theory based training.

10. Although less dramatic, the *“O™ level TS results obtained by these inexperienced Navy and Air
Force subjects are quite good when compared to the available control data. These Navy medium aptitude
subjects using FPJPA, obtained a composite success rate of 86.6 percent (see Table 3). If the problem
requiring the use of the dual beam feature of the oscilloscope is excluded, this rate is 93.9 percent. The Air
Force inexperienced subjects using FPJPAs obtained a composite rate of 88.9 percent. Although the
experienced Air Force control subjects obtained 100 percent success rates when using TMMs, they were
permitted o remove and replace compenents until the troubles were found, whereas inexperienced
experimental subjects using FPIPAs were not.
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11. The subjects of this Navy study as well as those in the AFHRL Advanced Development Study
(Potter & Thomus. 1976) and the Altus AFB demonstration (Mullen & Joyee, 1974) displayed weaknesses
in their ability to use key test cquipments. especially the oscilloscope. The percentages of troubles
successfully found, although impressive. would no doubt have been higler if subjects had possessed high
proficiency in the use of their test equipment. (There is also substantial evidence that the inability to
adequately use oscilloscopes is a common weakness of many DoD experienced maintenance technicians
(Foley. 1975).)

12. This project demonstrated the feasibility of combining the FPJPA and JOT technologes and
ihat such a combination would reduce initial training time for first term maintenance personnel. In spite of
all the difficulties previously mentioned. the performance of the medium aptitude subjects of this Navy
cvaluative tryout was impressive when compared to available control data. Their performances using
FPJPAs were as zood or better than the performances of high aptitude, conventionally trained subjects
using TMMs in other studies. All of the mentioned difficulties are correctable and their correction would
result in still higher levels of performance.

13. So, the combined implementation of the FPJPA and JOT technologies would result in three
major benefits to the Navy. It would greatly reduce the training time required for first cniistment
maintenance personnel; thus. increasing their on-the-job time. It would. also. 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 bencefits however requires the quality implementation of these technologies under the
direction ot personnel with successtul experience in their applications. To do otherwise. will invite
“watered down™ implementation followed by “watered down.” if not disastrous, ficld results.

Lessons Learned

1. This evaluative tryout reiterates findings of other FPJPA studies that the effectiveness of quality
FPJPAs can be substantially Jegraded by users’ inability to use their test equipments proficiently. In all
future applications of FPJPAs. appropriate actions must be taken to assure that FPJPA users can employ
their test equipment accurately,

2. Although in-depth “hands on™ verification procedures were only applied to FPIPAs for those

tasks used in the evaluation, a number of weaknesses of omission and commission were identified. This
partial verification reiterated the requirement for the review and acceptance of all products of TI&A {not
just TS trees) by the procuring agency. The procuring agency must also ensure that the appropriate TI&A
products are used as criteria for content control during FPJPA development. And these assessment activities
arc necessary for quality FPJPAs cven if the contractor has highly experienced personnel in FPJPA
development. (These necessary activities require that the procuring activity have personnel with the
necessary skills.) As stated in Figure |, these activities, together with validation and verification of the final

FPIPAs, are all part of the FPJPA technology and are necessary activitics for ensuring the production of
quality FPJPAs.

3. During the development of the FPJPAs for the AN/AQA-7 systems. its “I"" level maintenance
concept changed. Originally I level maintenance was responsible for only identifying faulty integrated
circuit cards, all within-card repair being ussigned to depot maintenance. Part of this within<ard repair i
responsibility was transferred to the “I'" level, approximately tripling the number of “I'" level trouble
signatures for FPIPA, TS coverage. Because of time and R&D funding limitations, FPJPAs for these
“ additional signatures were not developed for this project. This is an example of the domino effect on

maintenance guidance.and/or training which can be produced by a change in the maintenance concept of a
system. When FPJPAs and JOT are involved. the results are immediately apparent, because of the stringent
content controls required for these teciinologies. Although the effects of such a drastic change in
maintenance concept are not as immediately apparent with traditional theory based training and TMMs, the
results no doubt are hidden in increased destruction of parts and costly sccondary damage to hardware—in
i this case. to expensive integrated circuit cards.

,_

o, b )

e —




NADC-78286-60

Suggestions for Future Applications

Program managers and system acquisition personnel charged with procurement of technical manuals
and training systems can no longer ignore the enormous benefits possible through the application of the
JPA/JOT technologies. Even experienced, traditionally trained personnel are more content and effective
with clearly and simply written maintenance instructions.

In order to gain maximum benefit from the JPA/JOT technology, a large portion of maintenance
instructions must be developed using JPA technology . When a sufficient body of technical data for a
specific weapon system or a selected rate (job code) has been developed it will be possible to start changing
over from long, theory-oriented basic schools such as the Navy “A™ schools to direct inputs to job-oriented
training such as now exist at Navy readiness squadrons under the Fleet Readiness Aviation Maintenance
Program (FRAMP) and to a certain extent at the Naval Aviation Maintenance Training Detachments
(NAMTRADETS). These training elements now provide weapon system specific training which however
assumes a theoretical base established at the Navy “A” schools.

Therefore, it is recommended that the JPA/JOT technology be applied to all training and technical
data bought to support new uacquisitions, or major modification to existing equipment. The JOT can be
incorporated into the NAMTRADET and FRAMP curricula and when a sufficient body of technical data
has been transformed into JPA format maintainees can be ordered directly from recruit training to weapon
system specific JOT.
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APPENDIX A. DESCRIPTION OF THE DEVELOPMENTAL PROCESS FOR AN/AQA.7
FULLY PROCEDURALIZED JOB PERFORMANCE AIDS
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Introduction

This appendix describes the process by which the integrated develop-
ment of JPA* and training was accomplished. The process description is
heavily supported with examples of actual 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.,lHead, Training Branch (4024),
Naval Air Development Center, Warminster, Pennsylvania 18974. Because
the process of JPA development is controlled by specification and has
been described in great detail elsewhere, the focus of this appendix is on
process features employed for the first time here, and on unique aspects
of this effort. In general. the process followed is outlined in detail
in AFHRL-TR-71-53 (Folley et al, 197la; 1971b; & Joyce et al, 1971).

Figure A-1 schematizes the relations among major development efforts.

Figure A-1l. The Development of JPA and Training Mater:als

—

*Job Performance Aids.
TNow Commanding Officer, Naval Hospital Corps School, Great Lakes, IL.
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First, maintenance tasks to be performed were identified and analyzed.
This analysis resulted in task analysis 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 Identification Matrix (TIM) is as described in AFHRL-TR-71-53
except that the maintenance function codes have been modified as follows:

X codes indicate maintenance-significant components.

A hardware item with an X code must be considered
a maintenance-significant part of the next super-
ordinate T entry in the same column. In the case
of a troubleshooting T, each subordinate X must
be found by the troubleshooting as a cause of
malfunction. Each subordinate, X-coded, piece-
part shall be considered a "Component' in the
List of Components (AFHRL-TR-71-53, para 3.4.52).
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.

0 = Organizational Maintenance

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

Il = Second level Intermediate maintenance
procedures to which the user would be
referred from the first level pro-
cedures.
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Special 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 similarly styled indicators.

The components of these assemblies are
indicated in the TIM by the symbol (1).
Although there are many of these assemblies
referenced, they are so similar that one
MSIM section will cover all of them.

2. A section will also be included in the
MSIM to cover removal and replacement
of all digital readouts. These com-
ponents are indicated by the symbol (Z)
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 products include the Task-Step Data
Details (TSDD), the Generic Noun List, the Test Equipment and Tool Use
j Forms (TETUF), the Task Inventory, and a Style Guide. These documents
’ provide additional clarification, guidance, and control for task analy-

! sis considerations and JPA writing. Examples of these documents follow
; (Figures A-4 through A-8).
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AN/AQA-7 FPJPA TASK-STEP DATA DETAILS (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 communicate 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 common 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 in 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
symbology.

d. Reading 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.

Figure A-4. Task-Step Data
Details (TSDD) \




NADC-78286-60

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 "O" ring,
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 his 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-
lute pitch judgments will not be required; but if a tone can sweep through
a range of frequencies, 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. UNo olfactory discriminations will be
required of the FPJPA user.

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

a. Selection of Appropriate 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. X.

b. Performing Calculations. Any problems requiring mathematical
saphistication beyond simple addition and subtraction will be reduced to
these simple operations, or will be aided by a nomogram or tabular
presentation of data.

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

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

Figure A-4. Task-Step Data Details (TSDD)
(cont.)
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d. Translating or Converting Data Forms. When conversions from one
data ferm to another are required (e.g., Fahrenheit to Centigrade, octal
to decimal, degrees to radiamns), tabular or graphic conversion aids will
be provided in the MSIM. When such tabular or graphic conversion aids
are provided, they will be accompanied by detailed instructions for their
use, including examples if necessary.

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., clock-
wise, to the left). The step will also name the value to be set and the
indicator upon which the value is to be read (e.g., turn IF GAIN control
clockwise until MOl reads 0.5 volts). Whenever a peak or null indicafion
is expected, that condition will be so stated, with the assumption thar
the user knows how to recognize it (e.g., adjust TUNE control until null
is observed on MOl). The illustration will depict the locations of con-
trols and displays.

c. Setting a Multiposition Control to a Specified Setting. The task
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 must

depend on the text for the setting information.

d. Performing Coordinated Gross Body Movements. The task steps w. .l
describe movements and body positions necessary to move or position hard-
ware items. Appropriate Human Engineering guides will be consulted to

assure that all required moving, lifting, and reading operations are within
the user's capabilities.

4. READING LEVEL AND READING COMPREHENSION CRITICAL TO TASK PERFORMANCE

a. Sentence Length. Task statements will contain no more than three
sentences. Each sentence will contain 10 words or less (refer to AFHRL-
TR=71=53, para 3.3.7.3.L).

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

Figure 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-specific
nouns.

Since reading level is a function of vocabulary difficulty, the
standard lists will be combined to form either a Maintenance Support
Information Manual secrion (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 forwat, and symbology utilized.

1) Verb List. The verb list in AFHRL-TR-71-53, 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 definite 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 Svstem-Specific Nouns. The approved Task
Identification Matrix (TIM) shall serve as the
official source of hardware-specific nouns.

4. Placarded Information. When control panel placarding
groups controls functionally as well as uniquely identi-

fying each control, the general level placarding 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 reading, point of test, and reference
if test is failed). Each occurrence of a similar event

will be written the same except for the unique variable
information.

Figure A-4. Task-Step Data Details (TSDD)
(cont.)
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NADC-78286-60
TEST EQUIPMENT AND TOOL USE FORM

Name and Number
of Item

Functions

Information to be
Included in JPA

Information to be
Given in Training

Digital Frequency
Synthesizer,
Model 3100A

Generates and/
or sweeps fre-
quencies from
0.01 Hz to

1.3 MHz.

1. The user will be
told where to connect
the output and which
output is to be used;
e.g., connect -20dbm
50 Q output to

( ). The
input location will be
illustrated.

2. Switch setting
information will be
supplied for the
MODE switch; e.g.,
set MODE switch ( )
to .

3. When VARIABLE
50 @ 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
DECADE 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. Recognition of
equipment by sight
when specified by
name.

2. How to set up
equipment ready for
tests.

3. Practice making
tests using the
equipment:

finding and setting
switches

locating and making
connections

N St e—

Figure A-6.

Example Test Equipment

and Tool Use Form (TETUF)
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AN/AQA-7 TASK INVENTORY

1. Checkout and Troubleshoot the AN/AQA-7

A. Checkout and Troubleshoot the Bearing Frequency Control, C-8245

B. Checkout and Troubleshoot the Directional Listening Control, C-8246

1. Align the Directional Listening Control, C-8246
C. Checkout and Troubleshoot the Bearing Computer, CP-983

D. Checkout and Troubleshoot the Bearing Frequency Indicator, IP-981

1. Checkout and Troubleshoot the Video Amplifier

2. Adjust the Video Amplifier

3. Checkout and Troubleshoot the Deflection Amplifier

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

G. Checkout and Troubleshoot the Spectrum Analyzer-Quantizer
1. Align the Signal Analyzer
2. Align the Signal Analyzer-DIFAR

3. Align the Sweep Generator

Figure A-7. Page from Task Inventory

Ald




1.

2.

16.

17.

18.

NADC-78286-60
AN/AQA-7 FPJPA STYLE GUIDE

Bc consistent with the level of accuracy: The case is 2.75 inches by
6.50 inches by 10.54 inches.

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

Panel-mounted tip jacks shall be designated as test jacks; multipin
Jacks and plugs shall be designated as either jacks or plugs.

When referring to a pin on a multipin connector, separate the con-

nector number from the pin designation by a hyphen (J5-F, Jé6-4, PS-F,
P6-4).

Access doors and panels are opened or closed.

Covers are removed or reinstalled.

Drawers are opened or closed.

Fasteners and latches are secured or released. N

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

Screws are installed or removed.

Components are removed or installed; replace a component or patt 1E a
new or repaired one is to be installed.

Brakes are set or released.
Auxiliary equipment is connected to test jacks, filler valves, etc.
Pressure is applied to ports, valves, cyclinders, etc.

Output or input is applied or measured between test jacks, test points,
etc.

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

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

Rotary and toggle switches are set to a position. (Set power switch
to ON.)

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

Figure A-8. Page from Style Guide
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JPA Development

Introduction

One unique feature of development in the AQA-7 JPA effort was com-
puterization of substantial parts of the work. This was done for reasons
outlined below.

The traditional JPA development/production process is long and intri-

cate, and every activity along the way is performed by humans.

right numbers are entered in the right places.
time, and has many opportunities for errors and oversights. It requires
tremendous coordination of human activities. After carefully studying
JPA processes 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 refer-
encing. Performed simultaneously by several analyst/writers,

this effort is in constant jeopardy of inconsistency and -
error.

2. Editerial Review of Action Trees. This is an extremely time-
consuming job. Since the checking is done by different
people, a certain number of wrong references, inconsistencies,
improper punctuation, poor grammar, 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-
ment and production, and (2) a synopsis of how the CAPADAP 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.)

Al6
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The Traditional JPA Development/Production
Process and Some Problems

Writing 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 outcome of every test either tells the technician to replace a
part, 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 later), the analyst/writer must 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, including keeping the wording of his statements consistent and all his
words spelled right. And, if it happens that JPA development is concurrent
with hardware development, the analyst/writer must contend with intermin-
able design alterations.

So, in developing Action Tree diagrams, the analyst/writer could make
good use of a file of "standard statements'" that would keep his wording,
spelling, and punctuation consistent. If each "standard statement'" had
a reference 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, and

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 through all of his material to locate every place the iilustration is
used. There is a rcasonable probability that he might overlook a place.
The analyst/writer could certainly use a system that would instantly tell
him all the places where the illustration appears. This is one of the
computer routines in CAPADAP.

Review for Completeness. Next, the,analyst/writer must conduct a
Review for Completeness. To do this, he prepares a list of all mainte-
nance-significant components, and notes the number of failure modes (e.g
shorted, open, changed value) for each. Then he checks this list of
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component~failure modes against his Action Tree diagrams 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 JPAs depends
on complete coverage.

The Review for Completeness is a massive undertaking, involving
hundreds of loose papers (the draft action trees and intermediate products),
and material literally "sitting around in boxes." Security 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 letters
and numbers.

It is excruciatingly difficult to conduct a perfect Review for Com-
pleteness, using people. What is needed is a system that automatically
conducts a perfect review and catches all omissions, does so without

reviewing reams of documents, and achieves this quickly. And that is what
CAPADAP does.

Tvping the Draft. Once the Review for Completeness is done, the
Action Tree diagrams are revised as needed. Then, a draft is typed from
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 photccopied so everyone concerned
has a copy to work with. This takes more time. CAPADAP can type error-
free, already-proofed multiple copies of a 1000-step draft in 10 minutes.

Typing the Draft Again. The next step is validation, during which
time 100 percert 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.

Standard Statemcnts (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.
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JPA=PRELIHI NARY~ |

TROUBLESHOOT THE DEFLECTION
AMPLIFIER

922. Using Simpson 260, connect + test iead to Q8 (10). Connect COMION test lead
to ground. ‘

923. Check that multimeter indicates between -14.8 and -15.2 VDL,

If not, go to
step 950.

924, Using Simpson 260, connect + ?ésf lead to Q8 (9). Connec! COMY4CN test lead
to ground.

925. Check that multimeter indicates beiween -6.8 and -7.2 VUC. |f not, go 1o
stcp 958.

926. Set POWER switch (3) fo OFF,

927. Set 28 VDC breaker (1) and 115 VAC 400 Hz Lreaker (2) 1o OFF. -

! 928. Using Simpson 260, connect + test lead to 08 (6). Connocl GO0 fest lead
{ to ground.

i 929. Check that multimeter indicates 1890 ohms or more. If not, replace P.C..
bcard 6A3A1 (5); go to step I.

930. Rcplace 6A3AIQ8 (4), go fo siep |.

931. Using Simpson 260, connect + fest lead to Q7 (8). Connect COMON 1ent load
to ground.

932, Check that multimeter indicates between 14.8 and 15.2 VDC. |f not, ao 1o
stcp 968.

; 933. Using Simpson 260, conncct + test lead 1o Q7 (7). Connecl COMHON test lead
i ! to ground.

E 934. Check that muliimeter indicates between 6.8 and 7.2 VDC. |f not, go io

J step 976.

i I

? 935 Set POWLR switch (3) to OFF,

E 936. Set 28 VOC breaker (1) and 115 VAC 400 Hz bresker (2) +o OFF.

Figure A-9. A Sample JPA Text Page
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Steps 924 and 925 use the same basic statement:

Using Simpson 260, connect + 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:

Using Simpson 260, connect + test lead to Ok

Connect 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,
the majority of statements used in JPAs (more than 80 percent in some-
books) are repetitive '"standard statements.'" A close study of Figure A-9
reveals that only four standard statements are required for the entire
page. These four standard statements are shown in Figure A-10.

When CAPADAP is to be used in a JPA production project, the first
step is to prepare a list of 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 tne JPA analyst/writers can begin preparing the Action Tree
diagrams. A sample is shown in Figure A-11. 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 260 multi-
meter. The<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>