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ABSTRACT

This document describes the results of one part of a full-scale system test of
concepts for improvement of quality and of display of Navy system-related Technical
Information developed by the Navy Technical Information Presentation System (NTIPS).
The tests involved comparisons of three types of experimental Technical Information (TI)
with the conventional paper work package. The three types of experimental TI were
(1) NTIPS automated troubleshooting TI (called Fault Isolation by Nodal Dependency,
FIND), electronically displayed; (2) NTIPS electronically displayed corrective-
maintenance TI; and (3) NTIPS corrective~maintenance TI delivered on paper.

Tests were carried out at Miramar Naval Air Station using an operational F-14A
aircraft (with introduced "faults"). Test subjeects were squadron Aviation Electrician's
Mates (AEs) both experienced and inexperienced.

All test objectives were achieved. The tests demonstrated that electronic display of
maintenance TI is highly acceptable to fleet personnel (90% of the test subjects favored
electronie display), that NTIPS-proposed modifications to TI are as effective or more
effective than conventional TI in supporting troubleshooting and corrective maintenance,
and that automated troubleshooting produced a highly significant improvement in fault-
isolation success.

The tests provided valuable experience and indicated areas in which NTIPS TI and
eleetronic display can be improved. Proposals resulting from the test are currently being

implemented.

ADMINISTRATIVE INFORMATION

The work presented in this report was acecomplished under OMN funding from Naval
Air Systems Command, AIR-4114A and was performed for the Acquisition, Logisties, and
Assessment Division, Deputy Chief of Naval Operations (Logistics).
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1.0 TEST SUMMARY

1.1 BACKGROUND AND PURPOSE
This report describes an operational field test of the Navy Technical Information
Presentation System (NTIPS), a system that has been designed to improve the quality of
Technical Information (TI) for logistiec support of Navy weapons systems and to reduce the
difficulty and expense of aecquiring and managing it. NTIPS maximizes reliance on
automated systems, starting with documentation specifications and authoring procedures
and culminating in the electronic delivery of TI to the technician at the maintenance site.
NTIPS is currently in Phase III: Test and Evaluation. During the spring and summer of
1986, & test plan* was developed for comparing TI generated with NTIPS procedures and
according to NTIPS specifications to conventional paper work-package Technical Manuals
used to support maintenance on the F-14A fighter aircraft. A pretest of the plan was
conducted in September at the Miramar Naval Air Station, with the full test occurring in
October. The objectives of the field test were as follows:
o Compare the performance of enlisted maintenance technieians using
the TI prepared under NTIPS procedures with the performance of

technicians using conventional TI (the paper F-14A Technical
Manual).

0 Compare technicians' performance when guided by TI printed on
paper versus TI presented via an electronic medium.

o Establish which design characteristics of NTIPS TI are most effective
or least effective in an operational sifuation.

o Assess user acceptance of certain features (medium, content, format,
and style) of the NTIPS TI presentation.
All these objectives were achieved. This section provides an overview of the test design,
test executions, and test results. In carrying out this field test of NTIPS TI, an off-the-
shelf electronie delivery device was used. The test was designed not to test fielded
hardware, but rather to test NTIPS approaches to (1) creating TI that is expected to be
intrinsically more effective than conventional TI, and (2) displaying this TI electronically
and reducing reliance on paper manuals. In addition, the test was designed to provide

*NAVY TECHNICAL INFORMATION PRESENTATION PROGRAM. Phase Il Test and
Evaluation of the Navy Technical Information Presentation System. F-14A Experimental
Technical Information Test Plan. September 1986 (Essex Corporation)



guidance in establishing areas of needed improvement to the TI and the delivery device, as

well as to demonstrate the current effectiveness of the NTIPS approaches.

1.2 TEST SITE AND TEST PERSONNEL

The field test was conducted at NAS Miramar, California in the maintenance
training areas of this Air Station, The test utilized a fully operational F-14A aireraft
(from VF-124). The subjects were active-duty Aviation Electrician's Mates (AE's) made
available by Commander, Fighter Airborne Early Warning Wing, Pacific
(COMFITAEWWINGPAC) from a number of the squadrons under his command.* These
technicians were segregated into experienced and inexperienced groups based on the
extent of their relevant hands-on maintenance experience with the F-14A and on the
judgment of the maintenance Chief from VF-124 FRAMP, the Fieet Replacement
Aviation Maintenance Personnel, the training organization at Miramar. When performing
multiperson tasks, test subjects were assisted by FRAMP instructors. These instruectors
also served as test coordinators. Other test personnel included a T'est Director and video
crew from the David Taylor Naval Ship Research and Development Center (DTNSRDC),
two data collectors from Essex Corporation, and a computer specialist from Hughes
Aireraft.

1.3 SCOPE OF THE TEST

To establish the test conditions, faults were deliberately introduced into the aireraft
by the test coordinators. This fault insertion permitted the test to include performance
of both troubleshooting (fault verification followed by fault isolation) and corrective-
maintenance tasks on the Rudder Manual Trim System (RMTS) of the F-14A. A
VIDS/MAF (Visual Display Systems/Maintenance Action Form) stating "Rudder Trim Inop"
was used to initiate test subjects' performance. On the basis of this standard approach to
initiating a maintenance action, the test subject was asked to verify and isolate the cause
of the fault introduced into the aireraft. For fault isolation (troubleshooting), half of the
test subjeets used the NTIPS electronic display system (Fault Isolation by Nodal
Dependency - FIND), while the other helf used conventional paper work-package
Technical Manual material containing primarily schematies.

*Participating organizations were: NAMTRADET, AIMD, VF-123, VF-114, VF-24, VF-211,
VF-213, VF-301, VF-1, VF-154, VF-2, VF-21.



In order to provide an adequate set of corrective-maintenance tasks fcr test

purposes, experimental TI was prepared for five tasks:
o Remove the Directional Trim Actuator (DTA), a component of the

Rudder Manual Trim System
Reinstall the DTA
Zero the Rudder Protractor
Attach the Rudder Protractor
Check and Adjust Rudder Positioning

0O O o 0O

Three types of Tl were used for corrective maintenance: NTIPS TI presented electron-
ically, NTIPS TI presented in a paper form, and conventional paper work-package
Technical Manuals.

The types of troutleshooting and corrective-maintenance TI were compared by
evaluating the performance of technicians using each TI type. Performance measures
included time required for successful completion of the task (performance times) and
number of errors committed by technicians during task performance. These measures
were supplemented by the subjects' own evaluations, obtained by questionnaires, of the
usefulness and effectiveness of each type of TI for performing both troubleshooting and

corrective maintenance.

1.4 TEST EVENTS
After the experimental Technical Information was prepared and reviewed, the field
test consisted of the following events:

i. Dry Run of Test Scenario at NAS, Miramar, 2 May 1986. Test personnel
observed a walk—through of the test procedures by an inexperienced AZ-3
technician to establish time and physical relationship factors, assess the
need to make changes in the test plan prior to the pretest event, and
work out relationships between test observers, test subjects, and the test
support personnel from Miramar.

2. Pretest Event, 9-11 September 1986. During this event two AE-2s and
two AE-3s (three of four with more than 1 year of experience on the F-
14A) performed the maintenance tasks planned for the actual field tests.
As a result of this event, a number of changes were incorporated into the
proposed test procedures, and final scheduling and procedures were
established.

3. Field Test, 14-24 October 1986. Test and evaluation of technician
performance using conventional and experimental (NTIPS) TI. Tasks
ineluded Fault Verification, Troubleshooting (Fault Isolation), and
Corrective Maintenance.



1.5 CONDUCT OF THE TEST EVENTS BY ENLISTED TECHNICIANS

Subjects for the test consisted of 24 enlisted technicians, 12 experienced and 12
inexperienced. After an instruction session, each technician performed a troubleshooting
task followed by a corrective-maintenance task, under observation by test personnel and
by a senior instructor from the FRAMP. The work of each subject was ordered so that he
used TI of two different types (e.g., troubleshooting by FIND followed by conventional
paper TI for corrective maintenance, as shown later in greater detail by Fig. 1).
Performance times (broken down by individual actions) and performance errors for each
type of TI tested were recorded. After the test, preference questionnaires were filled out
by each technician, and an oral debrief was conducted to elicit comments and suggested
improvements for TI constructions and presentation. These results are all detailed in the

present report.

1.6 SUMMARY OF TEST RESULTS
All test objectives were accomplished. Carefully monitored technician performance
using NTIPS TI covering several types of tasks, with both electronic-delivery and paper

presentation, showed the following results:

1. For troubleshooting tasks. Inexperienced technicians achieved a slightly
lower overall performance time (8%) using FIND (NTIPS troubleshooting
TI, electronically presented) than when using conventional paper—based
work-package TM's. Experienced technicians took significantly longer
(37%) to accomplish troubleshooting tasks with FIND than with conven-
tional troubleshooting TI.

2.  For troubleshooting tasks. All technicians who used FIND successfully
isolated the fault without instructor assistance. Of the seven expe-
rienced technicians who performed the troubleshooting task using con-
ventional TI, two failed to isolate the fault. Of the five inexperienced
technicians who performed the troubleshooting task using conventional
T1, all five failed to isolate the fault.

3. For corrective-maintenance tasks. Performance times for all three TI
types used (conventional paper, NTIPS paper, and NTIPS electronic
presentation) were approximately the same for both experienced and
inexperienced technicians. As a group, the inexperienced technicians
required slightly more time than experienced technicians when using
either conventional paper or NTIPS electronically presented TI.

4, For corrective-maintenance tasks. Inexperienced technicians each com-
mitted an average of 8.0 errors when using conventional paper TI. This
was reduced to 5.3 errors/technician using NTIPS TI electronically
delivered and 5.2 errors/technician using NTIPS TI on paper.

5. For corrective-maintenance tasks. Errors committed by experienced
technicians were approximately the same for each type of T (a range of
3.5-4,0 errors/technician).



6. Of the 20 test personnel who used both electroniecally presented TI and
paper TI, 18 (90%) preferred electronic presentation. Specifically, after
the tests, 90% of the test subjects answered the following written
question by choosing electronic presentations: If you had a choice of
using an electronic or paper-based manual to perform tasks, which would
you choose?

1.7 TEST CONCLUSIONS

With the enthusiastic cooporation of COMFITAEWWINGPAC, Squadron VF-124, and
enlisted instructors of the FRAMP, the NTIPS field test was carried out successfully. All
test objectives were fully achieved. Test results are considered to have demonstrated the

following conclusions:

1. Technical information presented electronically represents a distinct
improvement in the eyes of fleet technicians engaged in maintenance of
operational aircraft. (This result was obtained even with the use of off-
the-shelf, non-portable equipment which was not optimally designed for
operational use and with graphies which were clearly capable of much
improvement.)

2. NTIPS presentations of troubleshooting TI, if carried out according to
specifications, can result in significant improvements in fault-isolation
effectiveness.

3. The NTIPS presentation methods are effective in improving the per-
formance of inexperienced personnel.

4, Valuable recommendations were provided by test personnel and FRAMP
instructors during the tests. For example, it was made clear that the
quality of the graphies in any future uses of eleetronie presentation must
be mueh improved over that of the graphics used in the test. This
improvement would involve design of the graphic, graphic size, and
graphic resolution. As another example, flexibility must be introduced
into the automated TI presentations to permit experienced technicians to
move more rapidly through a series of steps without the time-consuming
necessity of continually viewing material they already know from
experience,

Detailed results of the tests and specific recommendations of the test personnel are
discussed in Seetion 4.0,

1.8 ORGANIZATION OF TEST REPORT

Section 2.0 reviews the preparation and review of the experimental TI (electronic
presentation and paper) used for the test and describes the actual tasks selected for
testing. Section 3.0 reviews the test design, which was independently published as an



Essex report (cited on page 3). The initial Test Plan was modified to some extent as a
result of the Dry Run and of the Pretest Trials discussed previously. These changes are
presented in Section 3.0. Section 4.0 discusses in detail the test results and summarizes
performance times, performance errors, and other results obtained from observing the
test tasks performed by technicians using the five kinds of TI tested. These results
include the subjects' preferences and recommendations for improving NTIPS TI and
electronic presentation. Section 5.0 consists of a summary of the test operations and
conelusions resulting from it. The actual forms used for data collection are incorporated
as Appendix A. The preference questionnaire administered to the 24 test subjects is

incorporated as Appendix B, Samples of the TI tested are included in Appendix C.



2.0 PREPARATION AND REVIEW OF EXPERIMENTAL AND CONVENTIONAL TI

2.1 INTRODUCTION

This section discusses the generation of the experimental NTIPS TI (2.2), the review
of this TI for test suitability (2.3), and the review of conventional TI for compatibility
with the NTIPS TI (2.4),

2.2 GENERATION OF EXPERIMENTAL Ti

The experimental Tl was prepared by Grumman Aerospace Corporation, Bethpage,
Long Island, New York. To prepare the TI for test purposes, Grumman was provided with
(1) a MODCOMP computer which hosted an automated authoring system developed under
the NTIPS Program; (2) an authoring terminal; (3) 2 sereen printer; and (4) a modem which
permitted ecommunication with a similar MODCOMP at Hughes Aircraft Company, Long
Beach, California for obtaining assistance when problems arose. Grumman personnel were
trained by Hughes personnel in operation of the authoring system and in developing system
signal-dependency information for the FIND automated troubleshooting program.

NTIPS specifications provided to Grumman for use in preparing the experimental TI
included general content, format, and style specifications covering the following TI
characteristies:

a. Procedures
b. Descriptive information
e.  Illustrations
d. Style (general)
Numbering, indexing, and how-to-use information

Diagrams.

Also provided was the NTIPS specification entitled "Fault Isolation by Nodal Dependency
(FIND): Troubleshooting Equipment, Software, and Produects" to permit generation of
electronically displayed troubleshooting information.

Before delivery was made to the NTIPS Office, the draft Tl was validated with the
use of an operational F-14A aircraft at Grumman's Calverton facility on Long Island.
Validation consisted of a technical accuracy review by subject matter experts and
involved comparing the TI against the aircraft's Rudder Manual! Trim System. Reviews to
ensure that the experimental TI (both on paper and in electronic—display form) was in



compliance with NTIPS specifications for content, format, and style were performed by
Grumman, by Hughes Aircraft, by Essex Corporation, and by the NTIPS Office.
Observations made by Grummsan during preparation of the experimental Tl were
recorded in detsail in a Journa! format (a "Log™), and these data were evaluated to
establish the possible need for NTIPS modifications. Certain changes to the NTIPS-
designed authoring system, to the electronic-display system, and to the NTIPS TI
specification have already been carried out as a result of Grumman's experience. The
experience of Grumman Aerospace in applying for the first time the NTIPS TI specifica-
tions and in using for the first time the automated authoring system developed under
NTIPS constituted in themselves a valuable system test, which demonstrated the
technological feasibility of automated preparation of Tl of the NTIPS type.
The following experimental TI was generated for the Rudder Manual Trim System
(RMTS) tasks:
o A fault-verification procedure. Verification by maintenance
technicians of a fault reported by the aircraft crew produces the

fault symptoms used for beginning the troubleshooting (fault-
isolation) procedure.

o Troubleshooting TI, implemented on the FIND system, used to isolate
the faulty component(s) producing an RMTS malfunction (for exam-
ple, the Directional Trim Actuator, Rudder Surface Position In-
dicator, or any one of the Pushrods). The only delivery medium for
FIND TI is electronic.

o Corrective-maintenance procedure for removal and reinstallation of
the Rudder Surface Position Indicator, the Directional Trim Actua-
tor, and the Pushrods. In addition, check and adjustment procedures
were provided for the Directional Trim Actuator and any of the
Pushrods.

o TI procedures (for both electronic delivery and on paper) for all

supporting tasks involved in readying the aircraft for maintenance

(such as Connect and Disconnect External Electrie Power) and in

restoring aircraft to a ready condition. The relevant Illustrated Parts

Breskdown (IPB) wes also provided.

In accordance with NTIPS procedures, Grumman generated the above experimental
TI in a single electronic data base, which was output in both paper and electronie-delivery
format by Hughes (under contract to the NTIPS Office) during the mastering process. In
the test, one form of the NTIPS test TI was delivered electronically by an AT&T 3B-2/300
computer, using an AT&T 6300 as the subject's interactive terminal. Test subjects
entered commands via the 6300's touch screen or keyboard. The display system weighs

approximately 40 pounds and has a screen size of 9.5 x 7 inches with a resolution of 640 x

10



400 lines. This commercial equipment was used to simulate the NTIPS display system for
flight-line maintenance which, when fielded, will be a portable device weighing approx-
imately 10 pounds, with dimensions of 12" x 9" x 2", with a screen size of 6.4" x 9.6" and a
resolution of 640 lines x 960 lines. The tests were thus designed to test the TI itself and
the NTIPS methods of presentation, rather than any hardware device.

Except for FIND troubleshooting TI, the TI deseribed above was provided on paper

medium as well as in electronic-delivery form.

2.3 REVIEW OF EXPERIMENTAL TI BY NTIPS OFFICE

The final form of the experimental TI resulted from modifications and corrections
based on a detailed review performed by NTIPS Office personnel and other Navy and
contractor organizations (Hughes and Essex Corporation)., This review was supplemented
by a final detailed on-site validation at Miramar Naval Air Station in which the
procedures and graphies to be used in the tests were checked in final form by FRAMP
instructors against an operational F-14A, Changes suggested as a result of this review
were incorporated into the final NTIPS TI. These reviews established that the experimen-
tal TI was in sccordance with NTIPS Office style, content, and format specifications;
verified that the experimental TI contained all information needed by the technicians to
perform the tasks used for test purposes; and verified that the established information
was accurate and was presented as clearly and simply as possible.

2.4 REVIEW OF CONVENTIONAL TI FOR THE CONTROL TESTS

Conventional TI normally used for F-14A maintenance (that is, relevant work
packages of the F-14A Technical Manuals NAVAIR 01-F-14AAA-2-2-16.3, NAVAIR 01-F-
14AAA-2-3-4.3, and NAVAIR 01-F-14AAA-2-4-4.1) was used for all troubleshooting and
corrective~maintenance RMTS tasks involved in the tests. The NTIPS TI and conventional

TI were compared to ensure consistency in the following areas:

o Troubleshooting. The FIND and conventional troubleshooting mate-
rials cover the same area of RMTS hardware, i.e., both cover the
symptoms and test points for the faulty component. Specifically, in
both sets of TI, review ensured that the capability existed to proceed
logically from specific trouble symptoms to isolation of the fauity
component producing the trouble symptom.

0 Corrective maintenance. Both sets of TI cover the same corrective
actions (in this case replacement of specified components).
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3.0 TEST DESIGN

3.1 Test Personnel

The NTIPS F-14A test was conducted during the period October 14 to October 24 in
close coordination with the Fleet Replacement Aviation Maintenance Personnel (FRAMP)
organization, VF-124, NAS, Miramar. Actual performance of test tasks took place in the
FRAMP maintenance area used for training. This hangar is a short distance from g
runway which permits aircraft to be brought in directly from the Miramar NAS squadron
areas. A listing of test personnel and their funections is shown in Table 1. Test
coordination, subject scheduling, and technical consultation were provided by FRAMP
management. Instructor personnel, also from FRAMP, conducted subject test briefings,
observed and evaluated subject performance, and served as helpers to subjects when
multiperson task performance was required. Twenty—four technicians from squadrons of
COMFITAEWWINGPAC participated as test subjects. These subjects performed trouble-
shooting and corrective-maintenance tasks as specified in the Test Plan (3.3), responded
to a preference questionnaire designed to evaluate the strengths and weaknesses of NTIPS
TI as compared to conventional paper work packages, and offered comments during
videotaped debriefings.

The test was supervised by a Test Director from DTRC. The functions of the Test
Director were to coordinate the test with personnel of NAS, Miramar; to provide
technical direction to the test performance; and to ensure that the test was conducted
smoothly and on schedule. The Test Director was supported by two data collectors from
Essex Corporation, one computer specialist from Hughes Aireraft Corporation, and a
video camera crew from DTRC. The data collectors recorded information on subjects'
performance time and on the number and type of errors committed during performance of
the test tasks, and conducted the debriefings. The Computer Specialist briefed the
subjects on the electronic delivery device used and on the NTIPS TI and assisted with the
delivery device operation as needed throughout the test. The video-camera ecrew taped
the maintenance-task performance of several subjects and also taped all debriefings. In
addition, interviews were taped with instructor personnel who participated in the field
test. During these interviews, instructors provided their own assessments of the NTIPS

T1, of the test, and of the subjects' performances during the test.
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Table 1. Test personnel and funetions.

Source of Test Personnel Funetion

NAS Miramar (VF-124 FRAMP)

Management Personnel
(Senior Enlisted
Instructors)

Instructor Personnel

(Senior Enlisted
Instructors)

Subject Technicians (24)
(AEs experienced and
inexperienced)

DTRC

Test Director

Video Camera Crew

13

Coordinated scheduling of subjects and
facilities

Delivered test briefings

Monitored subject-technician per—
formance

Provided assistance to subject-
technician in performing multiperson
tasks

Provided evaluation of subject-
technician performance

Performed troubleshooting and correc-
tive maintenance tasks in accordance
with conventional paper TI and/or
NTIPS electronic/paper TI

Responded to preference questionnaire
and post-test briefing (evaluation)

Served as principal NTIPS
representative

Directed the test

Coordinated test with NAS Miramar
personnel: scheduling, obtaining test
subjects, and handling test logistics

Videotaped maintenance task
performance

Videotaped subjects' debriefings
Videotaped interviews with
participating FRAMP instructors



Source of Test Personnel

Table 1 (Continued)

Funetion

Hughes Aireraft Corporation

Essex Corporation

14

Set up and checked out NTIPS Tl in
both the paper and the electronie
delivery media

Briefed test subjects on NTIPS TI and
on operation of the electronic delivery
device

Assisted in the operation of the
electronie delivery device, as needed

Collected data on technician
activities, performance times, and
errors

Conducted debriefings of subjects and
administered preference
questionnaires

Analyzed data and prepared test
report



3.2 MAINTENANCE TASK DEFINITION

Test subjects performed both troubleshooting (fault isolation) and corrective-
maintenance tasks on the F-14A Rudder Manual Trim System (RMTS). The RMTS is part
of the Direction Control System of the F-14A aircraft. Specifically, the RMTS affects
the yaw-control funetion by trimming the rudders to compensate for asymmetrie flight
about the longitudinal axis of the aireraft. The major components of the RMTS are the
Pushrods (PR), the Directional Trim Actuator (DTA), and the Rudder-Surface Position
Indicator (RSPI). The troubleshooting problem selected for the field test was to find a
loose ground wire to the DTA. When the ground was disconnected, the DTA could not be
activated by the rudder trim switeh and the rudders did not move. This fault was inserted
by a FRAMP instructor at the beginning of each test run. To start the test sequence, the
subject was given a VIDS/MAF form, prepared by the workshop chief, indicating that the
rudder trim was inoperable. The subject then proceeded to verify the fault and to
perform appropriate tests to isolate the faulty component.

The corrective-maintenance tasks selected for the test included the removal and
reinstallation of the DTA, zeroing and attaching the rudder protractor, and checking and
adjusting the rudders. The following criteria were used in selecting these tasks:

0 Tasks must be capable of being performed in an operational environ~

ment represented by the maintenance facilities available at a Naval
Air Station, with no augmentation of any kind.

o Tasks must be presented to the technician in a way that conforms to
procedures and methods normally used in an operational setting.

o Tasks must be capable of being performed by the type of technicians
called for and available in typical operational maintenance activities.

o Performance of the task must not require support effort (e.g.,
rigging) for which NTIPS TI is not available, nor should it require
procedures which could have an adverse effect on the operational
availability of the aireraft (e.g., interruption of a hydraulic line).

o A task should be neither too simple nor too complex. The former
would have provided inconelusive results, and the latter would have
required too lengthy an overall test schedule.

Both the troubleshooting and the corrective-maintenance tasks selected for the
tests were representative of maintenance tasks regularly performed on the F-14A. Table
2 identifies each test task selected and shows its position in a typical maintenance

sequence carried out at a Naval Air Station.
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TABLE 2. Identification and definition of troubleshooting and

corrective-maintenance tasks.

Task Title

Task Definitions

Ready Aireraft for Trouble-
shooting and Corrective Main-
tenance

Verify the Fault

- Check Rudder Operation with
Pedals

= Check Rudder Operation with
Directional Trim Switch

Troubleshoot to Isolate Faulty

Component

- Locate Plug Connected to
DTA

=~ Test Appropriate Pins

Remove Faulty Component

16

Before any maintenance work can be
done, certain safety, power, and system
conditions must be set. This task
establishes these conditions.

A (VIDS/MAT) form is used to indicate
to the technician which system or
subsystem may be causing problems.
The technician selects the relevant TI
and follows its instruetions to verify
that the reported malfunetion does in
fact exist. (In this test, a fault was
inserted in an operational aireraft by a
FRAMP instructor to ensure a realistic
procedure.) Fault symptoms resulting
from fault verification serve as the
basis for entering the FIND automated
troubleshooting system or the
troubleshooting part of the
conventional Technical Manual.

In this task, the technician follows the
troubleshooting TI to identify the
component causing the fault symptom;
i.e., to perform fault isolation. For the
NTIPS TI, these step—by-step
troubleshooting instructions are called
FIND (Fault Isolation by Nodal
Dependency). The technician obtains
these instructions by interaeting with
the NTIPS electronic delivery device.

The technician begins the process of
correcting the malfunction by removing
the component which his testing has
identified as faulty.



Table 2 (Continued)

Task Title

Task Definitions

7.

8.

Install a New Component

Conduct Operational Check

- Attach Rudder Protractor

- Check and Adjust Rudder
Positioning

Restore the Aireraft to
Operational Condition

Complete Maintenance Records

After obtaining a working component
from Supply, the technician installs it
in the system in place of the faulty
component he has removed.

The technician performs an operational
check of the aireraft to verify that the
preceding actions (1) have eliminated
the malfunction and (2) have not
introduced a new fault into the
aircraft.

The technician restores the aireraft to
operational readiness by eliminating
conditions which were changed to
permit maintenance, e.g., Reset
Switches. Restoration to full
operational readiness will be verified by
a senior instructor.

The technician reports the completed
work on the appropriate maintenance
action forms; e.g., VIDS/MAT form.

Note: Experimental (NTIPS) TI and conventional TI were provided for all eight tasks. To

ensure technician and aircraft safety, Task 1 was performed by senior FRAMP personnel.
Tasks 2 and 3 constituted the Troubleshooting Tests. Tasks 4-7 constituted the
Corrective-Maintenance Tasks.
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3.3 TEST PLANS AND SUBJECTS
The test was designed so that comparisons could be made on & technician's

performance using each type of Tl. Five task/TI combinations were compared in the field
test:

Troubleshooting using FIND (NTIPS ~ Electronic)
Troubleshooting using conventicnal paper TI
Corrective maintenance using NTIPS TI in electronic form

Corrective maintenance using NTIPS TI in paper form

o O ©o o O

Corrective maintenance using conventional paper work-package TM's,

Each subject performed the troubleshooting task in accordance with only one TI
type, and the corrective-maintenance task with a different TI type. Subjeets using FIND
for troubleshooting used conventional paper TI or NTIPS paper TI for correetive
maintenance. Subjects using conventional paper TM's for troubleshooting used NTIPS
electronie TI or NTIPS paper TI for corrective maintenance. Subjects were divided into
equal groups, with one half performing troubleshooting with each type of troubleshooting
TI and one third performing corrective maintenance with each type of corrective-
maintenance TI. Additionally, subjects were assigned to two groups based on the amount
of their F-14A experience; each of these contained 12 Aviation Electrician's Mates (AEs).

This test design is shown in Fig. 1, which is reproduced from the Test Plan. As the
test progressed, some modifications were made to the Test Plan based on the availability
of subjects. As a result, the field test, as actually performed, involved 13 experienced
technicians and 11 inexperienced technicians. For troubleshooting, half used FIND and
half used conventional paper TI; for corrective maintenance, 8 used NTIPS electronic TI,
10 used NTIPS paper TI, and 6 used conventional paper TI. Fig. 2 shows the actual test
configurations used, including the number of experience (E) and inexperienced (I)
technicians used in each case.

Subjeets were classified as experienced (E) if they had one year or more of relevant
F-14A maintenance experience and if the Maintenance Chief in VF-124 FRAMP judged
that this experience in specific cases was of good quality. The quality of this F-14A
experience was carefully weighed in assigning technicians to the E or I category. In two
cases, technicians (both E-4s) with slightly more than a year of F-14A experience were
nevertheless categorized as inexperienced, and one E-6 (AE-1) with more than 21 years in
the Navy, two of those years involving administrative aspects of F-14A maintenance, was

classified as inexperienced. No technician in the E class had less than one year of F-14A
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TASKS TECHNICAL INFORMATION TYPE

FIND PAPER CONVENTIONAL
TROUBLESHOOTING (127) (12)
(8) (4) 4 (8)
CORRECTIVE PAPER PAPER ELECTRONIC
MAINTENANCE CONVENTIONAL NTIPS NTIPS
(8) (8) (8)

* NUMBER OF SUBJECTS PLANNED FOR
EACH TEST CONDITION

Figure 1. Test plan design.
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TASKS TECHNICAL INFORMATION TYPE

PAPER
FIND CONVENTIONAL

TROUBLESHOOTING 6E 6l 7E 51

(©) () ) (8)

2E \ 41 2/ 21
CORRECTIVE PAPER PAPER ELECTRONIC-
MAINTENANCE CONVENTIONAL NTIPS DELIVERY
4E 21 4E 61 NTIPS

§E 31

NOTE: E MEANS EXPERIENCED, | MEANS INEXPERIENCED,
(l.e., BE MEANS SIX EXPERIENCED TECHNICIANS).

Figure 2. Performance of test tasks by technicians during field test.
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hands—-on maintenance experience. Inexperienced technicians (I) were included in the test
to uncover specific problems of eclarity in NTIPS presentations of graphies and text.

Table 3 lists all subjects and their backgrounds. Of specific interest were:

Rate
Time in the Navy
Time spent performing maintenance on the F-14A

Type of maintenance experience

o © ©0 o O

Amount of computer experience.

A technician's computer experience was considered important because of its possible
influence on his acceptance of or ability to achieve familiarity with the electronic

delivery device and on his assessment of its usability and usefulness.

3.4 DRY RUN AND PRETEST EVENTS

3.4.1 The Dry Run
Test personnel conducted an initial walkthrough of the test procedures on 2 May
1986 under the observation of FRAMP instructors. The following test parameters were
assessed:
a. Obtain a preliminary evaluation, by senior maintenance personnel, of the
experimentel TI in terms of test suitability.

b. Work out the interrelationships between test subjects, the personnel
recording test data, and the FRAMP instruetor serving as test observer.

c. Establish physical locations for equipment, aireraft, delivery devices,
and other test-support items.

d. Safety considerations.

A number of changes in proposed procedures and in the actual TI were made as a result of

the dry run.

3.4.2 The Pretest Event

During the period 9-11 September 1986, two AE-3s and two AE-2s performed the
maintenance tasks pianned for the test. These efforts were carefully observed by test
personnel and by FRAMP instructors to make sure that the refined test plan was optimal
for (1) efficient use of test subjects and observer personnel, (2) safe conduct of the tests,
and (3) achieving the test objectives. The results of this pretest event were formally
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Table 3. Biographical data for test subjects.

Time in
Navy

|';U
o
-
o

1
T O N W

2 yr, 1 mo
12 yr

1 yr, 5 mo

21 yr, 6 mo
3yr, 1 mo

1 yr, 10 mo
2 yr, 2 mo

1yr, 10 mo
1yr, 10 mo
1 yr, 10 mo
1 yr, 10 mo

1 1
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[z el ]
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X
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c

[
W R T T N
o
E
(<«
g
(o]

mmmmmn':!mmmm

Inexperienced Subjects

Time with

F-14A

1 yr, 4 mo
7 mo

4 mo

2 yr*

6 mo

10 mo

1 yr, 2 mo
7 mo

8 mo

7 mo

3 mo

Experienced Subjects

2 yr, 6 mo
1 yr, 3 mo
lyr

2 yr, 6 mo
3 yr, 9 mo
1 yr, 6 mo
4 yr, 6 mo
2yr

Tyr

1 yr, 10 mo
5 yr, 4 mo
2 yr, 7T ma
1yr, 9 mo

0050000000000

Maintenance
Level

CO0O0OO0CO0O00O0O0

Computer

Proficiency

No
Some
No
No
No
Some
No
Some
Yes
No
No

No
Some
No
No
Yes
Yes
No
Yes
No
No
Yes
No
No.

All technicians were AEs. Thus, E-3 corresponds to AEAN; E-4 to AE-3; E-5 to AE-2; and

E-6 to AE-1.

Participating Organizations: NAMTRADET, AIMD, VF-124, VF-114, VF-24, VF-211, VF-
213, VF-301, VF-1, VF-154, VF-2, VF-21

O - Organizational, I - Intermediate

*Paperwork in shop.
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documented in an NTIPS Report: "Navy Technical Information Presentation Program.
Test and Evaluation of the Navy Technical Information Presentation Systems (NTIPS}. F-
14A Initial Evaluation”, by Anne S. Mavor and Theodore J. Post, Essex Corporation,
September 1986.

The Pretest event (and the previous Dry Run) thus constituted a verification of the
experimental Technical Information, a vital process in the generation of all system-
related TI required to ensure the operational suitability (consistency with fleet proce-
dures, technician eapability, and operational environment) of the TIL.

As g result of the Pretest event,

1. Some final changes were made to the experimental TI

2. Logistic arrangements for test conduet were finalized

3. Final changes to the test procedure were incorporated to increase test

efficiency.

For example, during the pretest event, it was observed that time spent in
performance of two of the five Corrective-Maintenance Tasks (specifically 4 and §) were
far more dependent on the manual dexterity of the test subjects than on the nature of the
TI used, since both of these tasks (remove a Directional Trim Actuator and replace a
Directional Trim Actuator) involved connecting and disconnecting parts in a relatively
inaccessible area. Consequently the procedure was modified so that the test subject used
the TI for these tasks but orally reported to the observers what he would do to the
equipment, e.g., touched the part he believed to be involved and orally described how he
would perform the step. Performance of Corrective Maintenance Tasks 6 through 8 was

carried out as originally planned.

3.5 TEST SCHEDULE AND PERFORMANCE
The field test was conducted during the period from October 14 to October 24, 1986.
Two or three subjects performed the test tasks each day. The schedule of events for each
subject was as follows:
o Attend a test briefing presented by an NAS, Miramar, test coor-
dinator. This briefing covered the test purpose, the tasks to be
performed, the estimated time required, and the importance to the

program of filling out the preference guestionnaire and participating
in the debriefing.

o Attend a technical briefing presented by a Hughes Aircraft represen—
tative. This briefing covered FIND and the electronic and paper
versions of NTIPS for corrective maintenance. As part of this
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briefing the subject was given hands-on experience with the TI, the
display, the keyboard, and the touch panel.

o Receive a VIDS/MAF form (problem report) leading to the perform-
ance of fault verification and troubleshcoting using either FIND or
conventional paper TL*

o Perform corrective maintenance with one of the following TI types:
NTIPS electronic delivery, NTIPS paper, or conventional paper work
package TM.

o Fill out a questionnaire designed to obtain evaluative comments from
the test subjects concerning the use of NTIPS TI, delivered by paper
or electronieally, and traditional paper TI.

o Participate in a debriefing interview to evaluate the various TI forms
and media used and their relative effect on the speed and accuracy of
task performance., Provide opinions on new Tl approaches.

3.6 THE ELECTRONIC DELIVERY DEVICE

The electronic delivery device was an AT&T 3B-2/300 with an AT&T 6300 touch
screen and keyboard. A touch screen works by recording a signal when a finger interrupts
infrared beams which form a matrix across the front of the screen. When a pair of beams
is broken by & finger passing through the matrix, the corresponding point on the screen is
identified as being "touched." The computer terminal was hooked up to a printer and to a
display repeater terminal (on the deck) that showed the same image as the primary display
screen.,

During the test, the computer (delivery device) was located on an elevated test
stand at the wing root of the F-14A. The aircraft's wings were swept forward. When
using the TI delivery device, the technician stood on top of the aireraft in front of the
device, reviewed some subset of the TI, and then moved to one of the work sites (also on
top of the aireraft). Depending on the subject's approach to the task and the TI, several
trips between the computer and the work site could be required. These work sites atop
the aircraft were the cockpit, the rudder area, and the access opening to the DTA.
Distances from the delivery device were approximately 30 feet, 15 feet, and 10 feet,

* Conventional work—package troubleshooting TI contains both logic-tree procedures and
schematic diagrams showing the component relationship and signal flow. The work
package did not contain logic tree procedures relevant to the test fault. The relevant
schematies for the fault were contained in NAVAIR 01-F14AAA-2-2-16-3, Technical
Manual, Organizational Maintenance, Integrated Weapon Systems Functional Diagrams,
Navy Model F-14A Aircraft, Change 3, 15 June 1985, Fig. 47. At Miramar NAS, the
invariable practice is to perform fault isolation with the schematics rather than the
logic-tree diagrams.
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respectively. Any screen image could be printed by executing a print command, This
capability allowed a subject to make a hard copy and take it with him to the work site.

The repeater screen was located on the deck and could be used by the subject in
performing those steps in the maintenance procedure which required performance on the
deck. Distances from the repeater to the two work sites involved were both approxi-
mately 15 feet. (Note: If electronic delivery is approved for implementation in the Navy,
a portable device would be used to take to the equipment to be maintained).

3.7 DATA COLLECTION CATEGORIES AND PROCEDURES

Data collection categories included (a) two performance measures (performance
time and errors committed during task performance), (b) one descriptive measure (actions
engaged in by technicians during task performance), (¢} technieian's subjective ratings
(poor to excellent) of the quality of the text and graphics composing the TI they used, and
(d) technician's preferences for electronic or paper presentation. Sample data-collection
forms for corrective-maintenance task performance are provided in Appendix A (the
forms used for troubleshooting performance evaluation were essentially identical). The
preference questionnaire is provided in Appendix B. One data collection form was used to
record the actions engaged in by the subject when performing each step in the procedure
and the time occupied by each type of action. The other form was used to record and
describe any errors made by the subject. Each of these forms listed the task steps to be
performed.

During the test, the subjects' actions during the prosecution of the test tasks were
codified as follows:

TI — Using Technical Information
C — Communicating with helper
W — Performing work on the system

O © © ©

TI/C — Perusing Tl and communicating at the same time (back and
forth between perusing TI and talking to helper)

o TI/W — Perusing TI and working (actually moving or changing parts)
at the same time — back and forth between TI and work

o C/W -— Communicating and working at the same time (back and forth
between work and communicating with helper)

o TI/E — Perusing TI and examining equipment (back and forth
between TI and looking at equipment).

These categories were use