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NOTICE

When US Government drawings, specifications, or other data are used
for any purpose other than a definitely related Government
procurement operation, the Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the
Govemment may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data is not to be regarded by
implication or otherwise, as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way
be related thereto.

This final report was submitted by Systems Research Laboratories,,
Incorporated, 2800 Indian Ripple Road, Dayton, Ohio 45440, under
contract F33615-75-C5103, project 1194, with Advanced Systems
Division, Air Force Human Resources Laboratory (AFSC),
Wright-Patterson Air Force Base, Ohio 45433. Dr. Donald L. Thomas,
Personnel and Training Requirements Branch, was the contract
monitor.

This report has been reviewed and cleared for open publication and/or
public release by the appropriate Office of Information (OI) in
accordance with AFR 190-17 and DoDD 5230.9. There is no objection
to unlimited distribution of this report to the public at large, or by
DDC to the National Technical Information Service (NTIS).

This technical report has been reviewed and is approved.
GORDON A. ECKSTRAND, Director

Advanced Systems Division

Approved for publication.

DAN D. FULGHAM, Colonel, USAF
Commander
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SUMMARY

PURPOSE

The purpose of the project described in this report was to conduct
an evaluation comparing fully proceduralized troubleshooting aids
(FPTAs), logic tree troubleshooting aids (LTTAs), and technical orders
(TOs) in terms of:

1. The costs involved in developing each type of aid.

2. The technical accuracy of each type of data.

3. The effectiveness of each type of data for supporting
maintenance personnel of varying experience levels in
performing troubleshooting tasks.

METHOD

Cost comparison: The available data on costs to produce each of
the three types of technical data were obtained from FPTA and LTTA
contractors, and from the Air Force Logistic Centers responsible for TO
procurement. Due to differences in coverage, developer experience, data
base and types of systems for which the technical data were developed,
difficulty was experienced in arriving at a single measure which would
permit a meaningful comparison of the three document types. The approach
selected was to base the analysis on the cost to produce a page unit. A
page unit was defined as a standard 8 1/2- by 1ll-inch format. Use of
this standard made it necessary to convert the 4- by 8-inch page format
used in the LTTA checkout procedures for organizational level maintenance
into the standard page unit. No other page conversions were required.

Technical accuracy: Review of worldwide Air Force maintenance
actions was undertaken to provide identification of maintenance areas
which could serve as representative candidates for development of
troubleshooting test problems. Thirty specific troubleshooting test
problems were selected and distributed throughout the AN/APN-147 (radar)
and AN/ASN-35 (computer) systems of the C-141A aircraft. Each problem
was inserted into working system equipment. The effects on system
operation were identified and a systematic evaluation of the accuracy of
the technical documentation types in supporting the isolation of the
faults was undertaken. Records were maintained on the errors found in
the data and on whether the procedure led to isolation of the problem.
Those faults which could be successfully isolated by each of the three
types of technical data were retained for consideration as a test
problem in the field data collection phase.

Experimental evaluation of effectiveness of each technical data
type: Three experience levels of Air Force technicians in the Avionics
Inertial and Radar Navigational Systems Specialty (AFSC 328X4) served
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as subjects. The experience levels were: recent graduates of the
technical training course (no field experience); technicians with six
months or less experience; and technicians with more than six months
experience. Eighteen technicians at each experience level were used as
subjects. A determination was made that it would not be appropriate to
test the no-experience group on technical orders. This decision made it
necessary to use two different, but similar, experimental designs. Both
designs involved repeated measures on subjects. In the first design,
the no-experience group was tested using two types of data, FPTAs and
LTTAs. In the second design, the two experienced groups of subjects
were tested using all three types of data. Data collection was accom-
plished at Keesler Technical Training Center and at three Military
Airlift Command bases: McChord, Travis, and McGuire.

RESULTS

The cost comparison, primarily due to the fact that sufficient
comparable data could not be assembled, produced inconclusive results.
However, the available data did suggest that the costs of developing
fully proceduralized troubleshooting aids in a newly developed system
where all support data would also have to be generated may not be much
different from the costs incurred in technical order development.

Errors in technical accuracy were found in both the FPTA and LTTA.
The errors discovered vary in their impact on performance from negligible
to completely disruptive. However, no accuracy errors were found that were
considered beyond solution. Increased emphasis on quality control would
eliminate most of the accuracy errors found.

The results of the experimental evaluation clearly demonstrate that
the use of proceduralized troubleshooting aids resulted in significantly
better troubleshooting than the use of the TO. This finding held for
two of the three measures: proportion of problems solved and spare
parts consumed. For the third measure, time to troubleshoot, the use of
TOs resulted in better performance at the organizational level but not
at the intermediate level of maintenance.

In comparing the FPTA against the LTTA, the FPTA was superior fer
the no-experience group on all measures. For experienced techniciams,
use of the FPTA resulted in slightly better performance on all measures
except time to troubleshoot at the organizational level.

In addition to the objective performance data, subjective opinion
data of the technicians provided unqualified support for the use of the
FPTA as the most favored of the three types of technical documentation.
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The findings of this research effort support the following recom-
mendations:
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1. Consideration should be given to development of FPTAs or

: LTTAs for new procurements of technical data for trouble-

i shooting (whether for new or existing systems). It is

i especially important that these types of data be considered
1 for intermediate level maintenance where the benefits are
likely to be greatest.

2. Proceduralized troubleshooting data (FPTA, LTTA, or hybrid)
- should be developed for a modern Air Force system for opera-
; tional use to provide an opportunity to study the problems

associated with using this type of data in an operational
5 setting.

3. Strong emphasis should be placed on accuracy evaluation.

i 4. Additional analyses of the costs and cost benefits of FPTAs
? and LTTAs should be made.

% 3 The potential of FPTAs and LTTAs for reducing traininglcoats
§ should be evaluated.

6. Strong consideration should be given to modification of the

LTTA format to include more of the proceduralization material
contained in the FPTA.

This report is in three volumes: This volume presents a summary of
the project and the results. Volume II presents a detailed description
] of the experimental procedures used in the study. Volume III presents

the test administrator's guide and the job performance tests.
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EVALUATION OF THREE TYPES OF TECHNICAL DATA FOR TROUBLESHOOTING:
RESULTS AND PROJECT SUMMARY

Section 1
INTRODUCTION

The steadily increasing costs of maintaining Air Force operational
systems, combined with current austerity programs, make it essential
that new ways of reducing maintenance costs be identified and implemented.
One way of reducing costs is to improve the effectiveness of maintenance
personnel, and thereby reduce manpower requirements. Manpower costs for
maintenance personnel presently account for 15 percent of the Air Force
budget. Thus, the area of maintenance manpower costs offers the potential
for significant cost savings.

One approach which has significant potential for improving the
efficiency of maintenance personnel and reducing costs is the development
of improved types of technical data for use by maintenance personnel.
Many types of improved technical data have been proposed for use by
Air Force and other Department of Defense agencies. These include data
such as:

o0 Maintenance Dependency Charts and Schematic Block Diagrams
(Mi1-M-38799)

o Functionally Oriented Maintenance Manuals (MIL-M-24100B)
o Logic Tree Troubleshooting Aids (MIL-M-38800A)
o Fully proceduralized Troubleshooting Aids (AFHRL-TR~73-43(I))

The new types of data represent attempts to improve the content
and method of presenting information and directions for technicians to
use. Proponents of the new types of data usually claim that this type
of data has significant advantages over standard technical orders and
other types of improved technical data. However, there is usually
little empirical data to support these claims. The potential financial
impact of implementing new types of technical data makes it essential
that decision makers have valid information available on the benefits
of each.

The project reported in this technical report was designed to
provide empirical data on the relative effectiveness for supporting
troubleshooting activities of two of the new types of data in comparison
to standard technical orders (TOs). The two new types of data are
Fully Proceduralized Troubleshooting Aids (FP{As) and Logic Tree

13
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Troubleshooting Aids (LTTAs). Both FPTAs and LTTAs provide step-by-step
procedures for troubleshooting. They differ in the format in which the

procedures are presented, the level of detail, and the procedures used
to develop the data.

Proponents of both FPTAs and LTTAs claim that their type of data has

significant advantages over standard technical orders. They claim that
the use of FPTAs and LTTAs will result in:

1. More efficient maintenance by:
a. Reducing the time required for troubleshooting.

b. Reducing utilization of spare parts (due to fewer removals
of good parts).

2. More efficient use of personnel by:

a. Permitting less experienced technicians to troubleshoot
effectively (making it possible for them to be productive
earlier in their enlistments).

b. Facilitating the transfer of personnel experienced on one
system to an unfamiliar system.

¢. Reducing training requirements.

Proponents of FPTAs believe that the more thorough analysis used in
the development of FPTAs produces data of a much better quality.
Consequently, they believe that FPTAs will achieve all of the above
advantages with a greater degree of success. They also believe that
the rigidly specified FPTA development, validation, and verification

procedures will produce data that are technically more accurate (have
fewer errors) and more complete. !

Proponents of LTTAs believe that this type of data can support
troubleshooting tasks as effectively as FPTAs at much less cost. They
believe that the rigid development procedures specified for FPTA
development are not necessary to produce high quality data and that
sigmificant economics can be obtained by allowing the contractor to have
more freedom in the development process. They also believe that the high
level of detail provided in the FPTA is not necessary except for very
inexperienced personnel. They do not feel that the additional cost
incurred in providing the detail (in terms of development cost and extra
pages to produce and maintain) are justified for the relatively few
technicians who require this level of detail.

!The FPTA technology was developed by the Air Force Human Resources
Laboratory as a result of a 15 year program to improve technical data
for maintenance. See Foley (1973) for a description of the research
program and a more complete description of the benefits.
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As indicated above, the use of proceduralized data for trouble-
shooting could have a significant impact on the cost of Air Force
maintenance. Theoretically, a proceduralized approach permits fault
isolation in a shorter period of time in that it eliminates false
starts and biind alleys in the troubleshooting process. This saving in
troubleshooting and repair time can result in two separate benefits to
the Air Force, more productive utilization of the maintenance technician,
and more in-commission (or on-line) time for Air Force equipment and
systems. An additional benefit foreseen from the increase in trouble-
shooting efficiency is that the Air Force can reduce its spare parts
stock inventory requirements. The present trial-and-error method of
troubleshooting (question, remove, replace, and test) contributes
in many instances to unnecessary replacement of good parts and components.
The number of parts unnecessarily used in repair activities can be
significantly reduced and possibly largely eradicated through procedural-
ized approaches to troubleshooting.

The use of proceduralized troubleshooting has significant promise
for improving the efficient use of maintenance personnel. This is due
primarily to the fact that extensive knowledge of the system is not
needed to effectively troubleshoot. Theoretically, then, it should be
possible for a technician with limited experience to troubleshoot
effectively using proceduralized data. Also, it should be possible
for a technician with experience on one system to troubleshoot a
similar but unfamiliar system. The implications for savings in both
training costs, and in manpower costs through longer productive utili-
zation of the airman in his initial enlistment period, and in the
transition of experienced technicians between systems are highly
significant.

The potential impact of proceduralized troubleshooting approaches
on training deserves special comment. In the present technical train-
ing concept, large blocks of training time must be devoted to the
presentation of theory. Frequently, the theory is presented at the
expense of direct hands-on practice. Thus, the technician arriving at
an operational assignment from technical training is not capable of
assuming maintenance duties. He must be placed in additional training
in his unit of assignment to obtain the practical experience required
to permit him to work with the equipment. The training used with
proceduralized technical documentation, as a rule, has emphasized
hands-on practice to obtain equipment familiarity. Thus, an airman
trained in such a manner is able to function in a productive capacity
much earlier in his term of enlistment than is true with present
training methods. With proceduralized documentation, the technician
does not require a knowledge of the theory underlying the operating
system to maintain it, and this elimination represents a savings in
both training time and costs. Each technician has a longer productive
period in his first enlistment. Further, this approach permits a more
intensive selection process for additional training to take place;

15
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thus, permitting the Air Force, to a greater extent than is presently
true, to invest ite training monies on those technicians showing greatest
promise for return of investment.

The present project was designed to collect data relative to
ability of FPTAs and LTTAs to improve maintenance efficiency and their
effectiveness for improving the performance of technicians with varying
levels of experience. The impact of FPTAs and LTTAs on training
requirements was not directly assessed in this project. However, it
was possible to obtain a limited amount of data relative to the potential
of the FPTAs and LTTAs for facilitating transfer of technicians to new
systems. These data are summarized and discussed separately in Appendix

STATEMENT OF THE PROBLEM

The purpose of the project described in this report was to conduct
an evaluation comparing fully proceduralized troubleshooting aids, logic
tree troubleshooting aids, and technical orders in terms of:

1. The cost to develop each type of data.
2. The technical accuracy of each type of data.

3. The effectiveness of each type of data for supporting
maintenance personnel of varying levels performing trouble-
shooting tasks.

Effectiveness of each type of technical data was evaluated through
accomplishment of a research design which permitted the following
questions to be addressed:

1. Does quality of performance with the three types of documenta-
tion depend upon experience level of the technician?

2. Does FPTA performance differ from LTTA performance? Are
both FPTA and LTTA performance different from TO performance?

3. 1Is there an interaction between type of technical data and
level of experience? If so, what is the nature of the
interaction?

4. Does performance with the three types of technical documenta-
tion differ for organizational and intermediate level
maintenance troubleshooting?

5. 1Is there a statistical interaction between level of maintenance
troubleshooting and level of experience? If so, what is the
nature of the interaction?
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6. Is there a statistical interaction between FPTA or LTTA
technical data and level of maintenance troubleshooting? If
so what is the nature of the interaction?

7. 1s there an interaction among types of technical documentation,
experience level and level of maintenance troubleshooting? If
so, what is the nature of the interaction?

GENERAL APPROACH

To evaluate the three types of data, it was necessary to first
develop FPTAs and LTTAs for a test system. FPTAs and LTTAs were
developed under contract for the AN/APN-147 doppler radar and AN/ASN-35
computer as configured in the C-141. FPTAs and LTTAs were developed to
provide procedures for all routine troubleshooting tasks performed at
the organizational and intermediate levels of maintenance. The develop-
ment of the aids and reasons for selecting the test systems are described
in Section II of this volume.

An analysis of the comparative costs of developing the three types
of data was made by collecting data on the costs of preparing the FPTAs
and LTTAs developed in this study. The results of this analysis are
summarized in Section IV.

The analysis of the accuracy of the FPTAs and LTTAs was made by
selecting representative faults which occur in the systems and using
each type of data to isolate the fault. The analysis considered whether
the data did in fact lead to successful isolation of the problem and the
number, type, and seriousness of errors identified in the data. The
results of this analysis are given in Section II of this volume of the
report.

The major emphasis of the study was directed toward determining the
effectiveness of each type of data for supporting the technician
performing troubleshooting tasks. There are several approaches which
may be taken in determining the effectiveness of technical data for
supporting troubleshooting tasks. The most valid technique would be
to introduce the data into the operational environment for use in
regular troubleshooting tasks in support of the unit's mission.

However, this approach usually is not feasible since the adequacy of

the data is unproven and its use may interfere with the mission of the
test unit. This approach is also handicapped by the fact that it is
very difficult to obtain adequate measures of maintenance effectiveness
in an operational environment. Due to the interference of many
extraneous factors, it is not possible to oiain accurate data on
important factors such as rate of successful completion of the trouble-
shooting task, time to complete the task, and errors made. As a result,
it is usually necessary to rely on the opinions of or ratings by
technicians, supervisors, and other observers as measures of

)
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effectiveness in the operational setting. This type of data is
extremely subject to bias and easily influenced by outside factors.
Therefore, this approach was considered unacceptable for this project
and was not used.

A second approach is to simulate the maintenance environment by
having technicians perform maintenance tasks using each type of data
under controlled conditions. Performance tests are used to measure the
technicians' tasks. For each test, the technician is told to trouble-
shoot the system or component of the system using the data being
evaluated. A trained observer monitors his performance and records
errors made, problems encountered in using the data, whether the task is
correctly accomplished, and the time required to complete the task. This
technique closely simulates the maintenance environment while controlling
most of the extraneous factors which affect performance. However, the
technique has several disadvantages. It requires that actual prime
equipment be made available and dedicated to the project. For an
operational system, such equipment is often very difficult to obtain. It
requires the time of several technicians to complete a number of
maintenance tasks. Thus, a significant number of man-hours are required
to obtain an adequate sample of performance. Finally, a trained observer
is required to monitor the performance of the technician. In most cases,
monitoring must be on a one-to-one basis. Consequently, a significant
amount of observer time is required. In summary, this approach should
provide the most valid data but it is very time consuming and costly.

A third approach which has been used in some studies is to attempt
to simulate the maintenance task through use of paper-and-pencil tests.
In this approach, the technician is given the technical data being
evaluated and information on the results that would be obtained at each
test point if the prescribed test were actually performed. The techni-
cian uses the technical data to determine what checks should be made
and refers to the information package for the test results. The
technician's performance is evaluated on whether he successfully
identifies the fault. This approach has the advantages of not requir-
ing the prime equipment, requiring a relatively small amount of the
technicians's time, and being suitable for group administration.
However, this approach has the very significant disadvantage of not
adequately simulating the maintenance enviromment. There are several
factors which influence whether a technician is able to use a manual
to troubleshoot besides being able to follow a sequence of checks. For
example, does the technical data clearly tell the technician where a
test point is located? If he cannot find the test point, he cannot make
the check. Thus, it is very possible that a technician may be able to
do well on a paper-and-pencil test and still not be able to solve the
problem using the test data on the actual equipment. Thus, the validity
of this approach is questionable.
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Although the performance test approach is significantly more
expensive and time consuming, it was believed that the validity and
other benefits of the approach justified the cost and time. This approach
was used. The procedures and results are described in Sections V and VI.
A detailed description of the experimental procedures utilized is
presented in AFHRL-TR-76-74(1I).

TEST FACILITIES

As indicated above, the performance test approach requires dedica-
ted access to the prime equipment for extensive periods of time. It
was realized that it would not be possible to obtain sufficient access
to test benches at operational bases without causing an unacceptable
degree of interference with their mission. Further mission requirements
usually create an unacceptable degree of interference with the test
schedule. To ensure adequate access to the equipment at all test
locations, a 40-foot Air Force van was equipped with bench mockups of
the AN/APN-147 and AN/ASN-35 to provide a transportable test facility.
It was also recognized that it would be extremely difficult to obtain
adequate access to C-141 aircraft for use with the organizational level
tests. Thus, a mockup of the C-141 cockpit and the avionics equipment
bays of the C-141 was developed and installed in the test van. The
cockpit mockup provided a means of simulating the flightline trouble-
shooting tasks wihtout requiring access to an aircraft. It consists of
mockups of all instrument panels in the cockpit. All AN/APN-147 and
AN/ASN-35 components were "live" and functioned in the same manner as
the actual cockpit. All other components on the instrument panels were
represented by photographs. Figure 1 is a photograph of the exterior
of the van. Figure 2 is a view of the cockpit mockup area inside the
van. Figures 3 and 4 are views of the bench mockups contained in the
van.

CONTENTS OF THIS REPORT

The report is complete in three volumes. This volume (AFHRL-TR-
76-74 (1)) provides a summary of the entire project. The remaining
volumes provide detailed information on various portions of the study
for those requiring additional detailed information for analysis or
replication. The two additional volumes are:

Volume II, Treatment Plan. This volume provides a detailed
description of the experimental procedures used in the
experimental evaluation portion of the project.
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