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Chapter 1

INTRODUCTION

Statement of the Problem

Each year between 1974 and 1976, the Department of
Defense (DOD) initiated a management by objective (MBO)
entitled "Visibility and Management of Operating and Support
Costs." The current (1976) version, MBO 9-2, was similar to
its predecessors, directing that the military departments
"develop and implement a system to identify maintenance and
other operations costs by weapon system . . . [5:1; 9:8;
24:2])." To fulfill this requirement, MBO 9-2 specified
three basic subgoals that the services would pursue. The
first subgoal required that a weapons systems operating and
support cost data plan would be developed and that such cost
data would be related to logistics planning and weapon
acquisition processes. The second subgoal required that
the services develop a standardized accounting and reporting
system for obtaining maintenance costs for three weapons
systems types common to all of the services, specifically,
jet engines, trucks, helicopters. The third subgoal
directed that the services develop a uniform production
costing and recording procedure (9:Encl 5). In a memoran-

dum to the Secretaries of the Military Departments, Deputy




Secretary of Defense William P. Clements re-emphasized the
need to fulfill these goals. He stated,

The key to effective 0&S [Operations and Support]
cost management is determining historical weapon system
costs. Without these costs, DOD will be unable to con-
trol the costs incurred in using its weapon systems and
will continue to experience rising operations and sup-
port costs which will consume ever increasing portions
of the defense budget [7:11].

Even with this emphasis from the Secretarial level, DOD
cost measurement systems efforts did not meet the goals

set forth in MBO 9-2 and its predecessors. Thus, the Air
Force needed to develop cost measuring systems that met the

goals of the MBO.

Background

During the 1960's, under the direction of Secretary
of Defense McNamara, the Planning-Programming-Budgeting
System (PPBS) was developed to allow a Performance Budgeting
System, implementing a Hoover Commission recommendation that
called for "a budget based on functions, activities, and
projects [10:9-1--5-3]," to develop to its full potential.
The PPBS was intended to integrate the separate planning and
budgeting systems to allow for the generation of total cost
estimates for DOD programs, multi-year estimation, and to
provide total costs for weapons systems. Furthermore, the
PPBS was intended to result in budget requirements to ful-

fill these objectives, which required:




1. Resource input. The management of people,
equipment, materials, and funds.

2. Various categories of outputs. The variety of
DOD missions and activities provide output in the forms
of production, services, performance, and capability to
perform.

3. Managerial time frame. This includes not only
the current fiscal year, but also the several prior
years (data base), and the subsequent five-year period
(planning horizon) [28:2].

Because military resources have been limited, the
measure of various categories of output has been crucial for
both control and planning purposes. Especially important
have been the measure of effectiveness and efficiency of
output over scarce input. The DOD must know that it oper-
ates efficiently--using its alloccated resources, people and
money as wisely as can be--while still being able to fulfill
its defense objectives effectively (42:3). However, in the
time since its inception, the official measure of output,
the DOD Output Measures Program, ". . . has lost momentum
and vitality [20:3]." Additionally, the application of the
zero-based budgeting (ZBB) concept on the DOD planning, pro-
gramming, and budgeting process (beginning with FY 1979
cycle) made it imperative that a viable output measures pro-
gram be available for evaluating decision or specific activ-
ity packages.

The ZBB concept required that management evaluate
the decision packages and rank them according to

. . . the program by which the goals are to be

achieved, the benefits expected from the program, the
alternatives to the program, the consequences of not




approving the package, and the expenditures of funds
and personnel that the activity requires [31:113].

"Top management can use the ranking to analyze the trade-
offs and to compare the marginal cost of funding additional
decision packages against national security needs [49:111]."
Both the ranking and marginal cost analyses, therefore,
require measurement of program output in order to be able

to compare the effectiveness or efficiency of alternative
programs.

Reorganizations of some of the offices cf the Secre-
tary of Defense created a larger policy organization within
the Office of the Comptroller, the Directorate for Program
and Performance Measurc:ent, to revitalize the Output Meas-
ures Program (20:3). This directorate was charged with
monitoring and providing cutput (performance) measurement
policy guidance for all DOD programs. However, the direc-
torate left the specific determination of which output meas-
ures to use to the lowest management level possible in each
of the military departments.

In the case of the Air Force, the Cost Center Per-
formance Measurement System (CCPMS) was designed to allow
major commands tc calculate and evaluate output, a ". . .
production indicator used as a quantitative measure of mis-
sion accomplishment [55:2-3]," for the various cost centers
or shops at the Air Force base. CCPMS was established as

an output measurement system for the lowest levels of Air




Force management. However, the CCPMS was not implemented
Air Force-wide; and, though mandatory at firest, CCPMS

became optional so that each major command had the option

of publishing the "mandatory" monthly report (34). Further-
more, the CCPMS ". . . did not provide a ready-made answer
to the 'why' and 'how' for major variances and deviations

. . . [38:1]." The CCPMS was cancelled 9 February 1977
(37:1).

Existing measurement systems. One of the first comprehen-

sive attempts to measure maintenance output for Air Force
weapons systems was the combination of the Maintenance Data
Collection (MDC) System and the Exception Time Accounting
(ETA) System. The MDC System required the maintenance tech-
nician to account for his time by recording the time spent
repairing, removing and replacing, and checking parts deter-
mined to be faulty. For ETA, he was to record exceptions
(time that was not spent performing direct maintenance).
This indication of time lost because of transportation to
the work site or in the performance of special duties and
training, for example, was intended to provide some indica-
tion of the indirect labor (management and staff overhead)
required to maintain Air Force aircraft.

The MDC System still exists, but it has been modi-
fied substantially. At this writing, the MDC provides for

recording direct labor hours, indicates in which labor




categories the hours were expended (i.e., civilian, mili-
tary, overtime, normal time), what parts were used, and
what action was specifically taken to return the aircraft
or a component part to a usable condition (48). ETA no

longer exists.

Visibility and management of operating and support cost

MBOs. On 25 January 1974, the Deputy Secretary of Defense
established the DOD Weapon System Support Cost Visibility
Group. The overall objective of this group was ". . . to
develop a plan of action to establish a cost effective sys-
tem for identifying DOD operating and support costs by
weapons system [5:Atch 11." The Deputy Secretary wanted
cost information for decision making because "all decisions,
military and otherwise have financial implications to some
degree [36:Atch 1]." His intent was
to quantify on a recurring basis, those DOD
costs which can be affected by specific defense deci-
sions on force size, operating and maintenance policies,
equipment support planning (e.g., aircrew training
rates), imprcvements in new and current equipment
design, reliability, and maintainability [5:Atch 1].
"7isibility of operations and maintenance costs by weapon
support system is necessary to obtain our [United States]
goal of optimum recadiness within budget constraints [16:1]."
As a result of Mr. Clements' request, MBU 6-1 was estab-
liched, followed each year by virtually identical MBOs.
The objective of these MBOs was to ". . . develop a

cost effective system to identify maintenance and other
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operations costs by weapons systems [24:1]." These MBOs
also required that a management information system be
developéh which would:

(1) Emphasize visibility

(a) Cost elements definitions
(b) Hicgh cost subsystems of each weapon system
(c) O & S cost data source

(2) Rely on current accounting systems for O & S
cost visibility wherever possible.

(3) Minimize additional data collection require-
ments and costs.

(4) Permit rapid updating of cost data to identify
the operating and support cost of a specific weapon sys-
tem or sets within 30 days after request and on all
weapon systems annually.

(5) Summarize cost data at the subsystem and
replaceable component levels.

(6) Permit sensitivity analysis so as to sort sys-
tems on the basis of cost, reliability performance and
maintainability performance [9:Encl 4].

The advantages of a program of total cost visibility
accrued primarily to high-level managers within the DOD and
ultimately to the Congress. These advantages included a
total picture of the fixed and variable costs which would
have allowed for consistent information upon which to base
future cost estimates for not only annual base operating
budgets but for weapons systems development cost projec-
tions. In addition, cost and budget managers at all levels
could then gain a better sense of proportions of the costs
of operating the DOD than previously. Finally, total cost
accounting visibility would have allowed others outside of
the DOD (e.g., the President, the Congress, and the public)

to see and appreciate how well the DOD was managed (36:3).

A




Approaches to provide cost visibility. One approach to

provide total cost visibility was the Maintenance Cost Sys-
tem (MCS). It was designed to provide reliable total main-
tenance cost by aircraft model/design/series (MDS), with no
additional paperwork to be levied on the aircraft mainte-
nance technician other than that already required for MDC.
Additionally, computers were to be used to reduce base level
workloads of the existing MDC system. MCS also incorporated
inputs from contractor-operated facilities and major
conmand-funded maintenance activities which had to that
date not been included in a formal cost-measuring system
(17:4). The specific objectives of the MCS were:
(A) To accumulate costs of organizational and
internmediate level maintenance activities by MDS.
(B8) To provide the capability to consclidate depot
and base level maintenance costs at HQ USAF level.
(C) To improve OSD [Office of the Secretary of
Defense] /USAF responsiveness to OMB [Office of Manage-

ment and Budcet] and Congress regarding total mainte-
nance costs.

(D) To provide data for life cycle costing.

(E) To improve the basis for determining whether
to perform maintenance contractually or in-house.

(F) To provide base level maintenance cost per fly-
ing hour.

(G) To purify program element reporting for the
five year force structurc and the AF budget submission.
(H) To provide cost of total maintenance labor
expenditures (direct, indirect, and overhead) [51:2-1].

Overall, the designers expected that MCS ". . . will provide
reliable total maintenance cost by MDS [47:4]." Since the
MCS provided a total cost package for the aircraft mainte-
nance portion of the overall operations and support costs,
it appeared to fulfill the objectives of MBO 9-2. However,

8




the authors of the Operating and Support Cost Reporting
(OSCR) System felt that they had developed a system which
met the objectives of MBO 9-2 at "less cost and with less
documentation [16:1,3]" than MCS.

OSCR, established as a DOD program, was developed
by the USAF Task Group on Visibility and Management of Sup-
port Costs. This task group was established under the
direction of an OSD Group of the same name.

The OSD Group directed that each of the military

services bring together a cohesive management informa-
tion system using Fiscal Year 1974 data. The Air

Force, viewing the task as a pilot effort, proceeded
on the premise that sole reliance had to be placed

upon existing data sources, . . . without recourse to
the establishment of a new appropriation cost system
f47:3].

OSCR was implemented in three phases. The first
was limited to collecting, formatting, and analyzing data
for four selected weapons systems. The second phase
expanded the scope of the first to include all Air Force
weapons systems. The third and final phase included analy-
sis of the problems encountered in the first two phases and
formulation of the procedures for maintaining and building
the data base. OSCR, which used MDC data generated at base

level, was maintained only at Headquarters USAF (35).

Justification

MBO 9-2 required that there be a standardized main-
tenance cost accounting and reporting system to identify
weapons systems operating and support costs for use in the

g




logistics planning and the weapon acquisition process. The
Air Force had three systems identified to meet these
requirements: MDC, which provided resource usage measures
which must be translated into monetary costs; and MCS and
OSCR, which provided monetary costs directly. However, the
MBO 9-2 requirements still existed. Thus, the Air Force
was still required to develop an aircraft maintenance cost
accounting and reporting system that meets the requirements
of the MBO. The purpose of this research was to identify
two basic elements which support this development effort.
These twc elements were the maintenance cost elements and
the cost recording techniqgues needed to process those cost
elements. After identifying these elements and techniques,

they will be related to the subgoals of the MBO.

Objectives

The objectives of this rescearch were:

1. To identify maintenance cost elements which
measured the inputs in aircraft maintenance production,

2. To identify methods to convert maintenance cost
data to information useful for decision making as outlined
in the MROs,

a3

2. To categourize the cost elements and techniques

as to which MBO subgoal an element/technique may apply.
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Research Questions

1. What cost elements were available to measure
aircraft maintenance costs?

2. What cost recording techniques were available
to convert maintenance cost elements into useful informa-
tion?

3. To which subgoals of MBO 9-2 would the cost

recording techniques and cost elements apply?




Chapter 2

METHODOLOGY

This chapter describes the methodology that was used
to determine what maintenance cost elements and cost record-
ing technigques were basic to fulfilling the subgoals of
MBO 9-2. To cbtain these maintenance cost elements and
cost reccrding techniques, the researchers analyzed mainte-
nance cost accounting organizational policies as reflected
in directives and letter replies. The methodology chosen
to conduct the analysis was semantic content analysis.

Along with a discussion of semantic content analysis, this
chapter cutlines the sampling plan, the data collection
plan, and the assumptions and limitations inherent in the

methodology ch

mn

en. 'his chapter also outlines the criteria
and analysis processes that were used to answer the research

questions.

Sampling Plan

Universe. The universe of aircraft maintenance cost ele-
ments and recording techniques included all those used by
all military and civil aircraft maintenance organizations

worldwide.




Population. The population for this research was defined
as those cost elements and recording technigues used by
US-based organizations primarily engaged in maintaining

civil and military aircraft.

Sample. Because the population was large, the maintenance
cost element and recording technique data for this research
was collected from a returned sample of the population of
currently used maintenance cost recording elements and
techniques. For organizations maintaining military air-
craft, the researchers reviewed a sample of regulations,
manuals, and policy statements of the US Army, Navy, and
Air Force dealing with base-level maintenance cost elements
and recording techniques. For organizaticns maintaining
civil aircraft, the sample consisted of policy statements
and manuals from the scheduled local service and trunk air-
lines, along with the regulaticns and policy statements of
the Civil Aeronautics Board (CAB). The scheduled airline
sample was drawn from the population of interstate and
intrastate/commuter airline companies listed in the Official

Airline Guide, North American Edition (30:1278-80).

Sampling procedures. The procedures this research employed

to obtain the sample data involved several actions. Appli-
cable military maintenance cost. accounting literature and
manual/regulation indexes were reviewed. These references
and applicable manuals/regulations were obtained from
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sources at the School of Systems and Logistics. Other mili-
tary manuals/regulations/policy statements were obtained via
telephone requests to applicable military aircraft mainte-
nance agencies. A list of these maintenance manuals/regula-
tions is found in Appendix D. Letter requests (with return
envelopes) for civil maintenance cost accounting literature

were sent to US airline carriers as listed in the Official

Airline Guide, North American Edition (30:1273-80).

Twenty-nine letter requests for information were sent to
interstate airline companies and 164 letter requests were
sent go intrastate/commuter airline companies. Of the 193
letter requests, 21 airiine companies replied for a 10.8
percent return rate. O0Of the 29 letter requests sent to the
interstate airline companies, 11 companies replied for a
37.9 percent return rate. O©Of the replies, 8 contained suf-
ficient information applicable for coding maintenance cost
element data. Of the 164 letter requests sent to the intra-
state/commuter airline companies, 10 companies replied for

a 6.1 percent return rate. All 10 intrastate/commuter
replies were decmed not applicable for coding maintenance
cost data. The replies which were deemed not applicable
consisted of replies such as,

Please be advised that the information that you
requested from us is not in a format which could be
useful to you and therefore we are unable to comply
with vour request [23].

to




Our system of costing out maintenance on aircraft
would be of no value to you because we are not gov't
subsidized nor can we use a cost + [plus] system. We
are just what is left of the free enterprise system,
hard at work trying to keep it so [33].

The letter request sent to the airline companies is in
Appendix F, the interstate and intrastate/commuter airline
companies are listed in Appendix C, and a listing of the air

carriers which replied is in Appendix G.

Data Collection Plan

v

Semantic content analysis was chosen as the most
useful technique to glean usable research data from the sam-
ple to be reviewed. Content analysis was particularly
appropriate for this purpose because it reduced both data

volume and semantic bias; and the data needed for this

research was both voluminous and biased. The data was
extracted from Air Force, Navy, Army, and CAB regulations,
manuals, and technical directives. This was in addition to

the data provided by the scheduled airlines. Although the
CAB required some cost data to be maintained and presented
in a specified format for tax and fares regulation consider-
ations, each airline company could still determine its own
internal management accounting system. Since different
words and jargon were used to express similar concepts
within the internal accounting systems, semantic content
analysis was thus appropriate to reduce this jargon to

basic concepts (4; 13). The means used to glean these
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common elements from each of the diverse sources must also
have been comprehensive, consistent, and useful. Content
analysis has these characteristics (8:64).

Content analysis was also chosen because during the
literature review, strong bias was "detected" concerning
the current and future direction of several Air Force main-
tenance cost accounting systems. For example, during an
interview, Air Force Accounting and Finance Center (AFAFC)
personnel stated that the Maintenance Cost System (MCS) was
accomplishing its assigned task as intended, albeit not
without minor, though correctable, problems (22). HQ USAF
personnel, on the other hand, stated that MCS wouldn't work
and hasn't (15). Content analysis allowed for an objective
evaluation of these data sources. Another reason content
analysis was chosen was to counter the researchers' bias on
wiiich cost data elements were to be considered "important."
Again, content analysis helped to minimize observer bias
(8:55-56) .

Azsumptions and Limitations
of Content Anzlysis

The "meanings" which were associated with the con-
tent by assigning them fto certain categories correspond to
the "meanings" implied by the communicator and/or inferred

by the audience. Another content analysis assumption is

that the quantitative description of communications content
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was meaningful (6:19-20). In addition to these assumptions
are the following limitations:

1. The content analysis technique depended on the
quantity and quality of data contained in the sample.

2. Content analysis was restricted for use in
answering the first two research questions.

Content Analysis
Methodology

Content analysis required implementation in five
phases; these were the analytic approach phase, the record-
ing unit definition phase, the coding phase, the pilot
study, and reliability testing phases (12:646-649,669-672;
21:25-26,37-38).

The first phase, the analytic approach phase, was
to determine which of the two types of content analysis
levels were to be used--manifest or latent. In the manifest
level, the data is analyzed with regard only to what is
written, without reference to intent or motive. 1In the
latent level, on the other hand, there is an attempt to
define inference or motive from "between the lines."

The second phase was to develop the definitions for
the recording and context units used.

The recording unit is the smallest body of content
in which a specific reference characteristic is counted
(the occurrence of a single content element). The con-
text unit is the largest content unit examined in char-
acterizing a recording unit. The recording unit can be
a phrase, a word, sentence, paragraph, article or book

[2X326] .
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The third phase--establishing the categories and

coding methodology--was "the key to success or failure" of
content analysis (21:26). This phase was also the least
structured portion of content analysis. There were few
rules for establishing the codes. The overall codification
process, however, should have been homogeneous, inclusive,
useful, and mutually exclusive (12:675). Homogeneity
required that the chosen categories logically relate to the
variables under consideration. Inclusive meant that the
coding scheme should haye allowed for all conceivable vari-
ations in the data, thereby permitting all applicable data
to be coded. Usefulness required that, as a modification
to the inclusiveness characteristic, the code be appropriate
to the variable under study. The fourth requirement, mutu-
ally exclusive, dictated that a data element fit one and
only one categery, not several categories simultaneously.
The fourth phase, the pilot study, was used to vali-
date the coding format. Once the coding was tentatively
established, a sample of two elements of the population was
to be taken and enccded. The encoded sample was then to be
analyzed to insure that no single code is so broad that the
mutual exclusivenaess criteria was violated. Consequently,
if 5 percent or more of the total coded information were
placed :in a category labeled "Other," additional substantive
categories were to be considered (12:669). This consti-

tuted a trial-and-error refinement process of the codin
P g
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system, so that one coding session was usually followed by
an intended time lapse and then another coding session using
the same data in order to gain the validity needed (12:672).

This process was also to be used to assure coder
reliability, which is the fifth and final phase of content
analysis and which is the "primary virtue a code must
possess [12:669]."

Using the pilot study samples, several pages from
a sample data source were to be chosen at random and coded
by the coders--independently. The sets of codes were then
to be compared. Then the percentage of the matching codes
for the identical material was to be computed using the
formula:

Percentage Agreement = Identically Coded Data x 100
Total Units Coded

For the first two substantive digits, a 90 percent relia-
bility must be attained, and for the first three digits,
85 percent, before a "reliability virtue" was said to be
extant in the code. If the 90 or 85 percent level was not
attained the first time, discussion and subsequent coder
reliability tests were to be performed until the desired

85/90 percent reliability was achieved (12:679).

Content analysis application. For purposes of this

research, the choice made during the analytic approach
phase was to use the manifest level, in which the data were
analyzed with regard only to what was said, not implied.
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This level was deemed more appropriate for three reasons.
First, it was imperative to avoid the introduction of bias
into the data. Additionally, future use of the data by
other researchers would thereby remain unencumbered by
these researchers' bias. Second, the subject matter itself
was not amenable to inference. Third, the research ques-
tions did not require that the rationale or "reascn behind"
management's choices of techniques and cost elements be
discovered, only that the choices be identified.

In the second phase, the recording unit definition
phase, the content unit chosen was the phrase, with the
context unit the sentence. This was done because mainte-
nance cost elements were normally found "in phrase" and not
expressible in a single word.

The coding system chosen for this research during
the third phase used an eight-digit number. The first
digit significd whether the factor strongly influences
maintenance costs in that organization or has little effect.
The second digit referred to the general resource or input
cost areas found in the US private capital economic system--
labor, capital (money), material, and opportunity. The
thircd and fourth digits indicated specific subcategories of
those costs that were applicable to aircraft maintenance.
The last four digits of the code indicated the cost record-
ing techniques associated with the specific cost element.
The rationale for this coding scheme follows.
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This research was based on the assumption that not
all cost elements equally affect maintenance costs. Some
organizations would depend more heavily on one or another
or combinations of cost elements depending on managerial
requirements and policies. The content analysis coding sys-
tem in this research used the first digit to weight the
cost elements and cost collection methods.

The choice of categories for use with the second
digit reflects the appropriate resource categories that
needed to be measured. "Cost measures the use of resources
[3:306];" and the commonly accepted capital economy meas-
urable resources are money (capital), men (labor), materi-
als, and opportunities lost. Costs, however, must also be
useful--"appropriate to the stated purposes"--which
reguired that the resource categories be refined into the
aircraft maintenance appropriate categories of labor,
material (equipment and supplies), money (capital), and
opportunities (whether foregone or provided for) and a mis-
cellaneous category (3:307). The "specific" or sub-resource
categories (digits 3 and 4) reflected those items or cost
elements which resulted from the extensive and continuous
trial-and-error refinement procedure required for coding
system validation.

The cost accounting portion of the coding scheme
reflected the cost accounting systems in use (digits 5, 6,
and 7), as well as the specific allocation technique
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(digit 8) for indirect costs. Cost accounting texts listed
two systems for costing: direct and absorption. There were
also two methods of accumulating those costs: Jjob order and
process. Finally, there were two bases upon which to deter-
mine the costs: actual and standard. (See Appendix A for
accounting definitions.) Each of these sets of systems,
accumulation methcds, and bases was represented in digits 5,
6, and 7 so that any of the eight combinations could be
reflected in a code (3:316-321). The eighth digit, the
allocation technique, indicated the bases which might have
been used to allocate any indirect costs to the maintenance
function. Four allocation "bases" were in use: labor (pay-
roll or labor hours), material, activity (e.g., sales, pro-
duction), and aircraft flight hours (3:323-333). Each of
the bases was reflected in the coding scheme. The defini-
tion of eacn of the codes in detail is contained in
Appendix E.

During the fourth phase, the pilot study phase,

selected portions of the CAB Uniform System of Accounts and

Reports for Certificated Air Carriers (39) and T™M 38-750,

The Army Maintenance Management System (TAMMS) (52) were

used. These sources were chosen because they each repre-
sented a major segnent of the population, military and civil
aircraft maintenance cost elements and techniques. The
results of the pilot studies, ten in all, yielded two major
changes in the coding scheme. The first change (at the
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fifth coding session) resulted from more than 5 percent of
supplies and equipment codes occurring in the "Other" cate-
gory. As a result, three codes were added, generically
labeled for "parts."l The second major change, at the
tenth coding session, resulted in changing the cost record-
ing techniques from two to three cost recording technique
codes. This was because the original codes did not meet
the inclusiveness criteria.

During the fifth, or coder reliability, phase,
parts of the pilot study references were again used. The
two coders each independently coded a section of the refer-
ences, then compared the resultant codes for agreement.
Since there are two distinct and independent portions of
the code, one for cost elements and the other for tech-
niques, it was deemed appropriate that coder reliability be
established for both portions. For the first portion, cost
elements, it reguired 21 coding sessions to achieve a 100
percent coder reliability for the first two digits and an
88 percent reliability for the first three digits. For the
second, or accounting technique, portion, 12 coding sessions
were necessary to establish a 92 percent reliability for

the first two digits (digits 5 and 6) and 15 coder sessions

1lThe researchers made other changes to the coding
scheme as other maintenance literature was reviewed and
coded. These changes are summarized later in this chapter.

23




T

were required to achieve an 88 percent reliability for the

first three digits (digits 5, 6, and 7).

Coding Scheme Changes

As noted earlier, the researchers needed to change
the coding scheme based on pilot test results. Resource
categories (cost elements) were added to the coding defini-
tions used in the pilot study due to the fact that more
than 5 percent of the elements were identified as belonging
in the "Other" category. An allocation recording technique
was added because each air carrier develops its own inter-
nal management allocating methods; the CAB does not require
a standardized "throughout-the-industry" allocation tech-
nique (39:2-1). The deletion of allocation techniques
during the pilot study occurred because the researchers
were unable to find two of the allocation techniques in the
returned sample of air carrier maintenance cost element
literature. The allocation techniques used in the pilot
study coding scheme were based on the researchers' ideas on
what allocation techniques the air carriers might use. A
summary‘of the added resource codes and the added and
deletecd allocation techniques is found in tables 1 and 2

below, The final coding scheme is found in Appendix B.

Coding Distillation

Once the literature had been reviewed and coded,
the eight-digit code strings for each organization

24




o

TABLE 1

RESOURCE CATEGORIES ADDED TO THE
PILOT STUDY CODING SCHEME

Category 1 (Labor)

115~--Direct Labor, Aircraft Engines
131--Direct Labor, Inspection
132--Direct Labor, Servicing
140--Contractor Maintenance/Services

Category 2 (Capital)
210~-Maintenance Buildings
215--Installed Equipment, Added Cost
2l6~--Aircraft Depreciation
217--Aircraft Interest
218--Aircraft, Added Cost
219--Cost of Parts Retired
220--Engines, Added Cost
221--Foreign Currency
222--Engine Depreciation
291--lepreciation, Other
292--Interest, Other
293--Added Cost, Other

Category 3 (Supplies and Equipment)
324--Bench Stock, Engilne

334--Parts, Engine

345--Storage Equipment

351--Weapons Equipment, On-Equipment
352--Weapons

Category 4 (Opportunity Costs)

411--Awaiting Parts

412--Awaiting Maintenance, Maintenance
Duties

413--Awaiting Maintenance, Lack of
Facilities

414--Awaiting Maintenance, Lack of Funds

415--Awaiting Maintenance, Lack of Tools

416--Awaiting Maintenance, Cannot
Duplicate Malfunction

417--Awaiting Maintenance, Lack of
People, Overload

418--Awaiting Maintenance, Non-Maintenance
Duties

419--Awaiting Maintenance, Other

420--Awaiting Maintenance, In Work
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TABLE 2

ALLOCATION TECHNIQUE CODES ADDED TO/
DELETED FROM PILOT STUDY
CODING SCHEME

Allocation Technique Definition
e e Space**
< [ A i Number of Personnel**
OF Th i Aircraft Hours*
*Added.
**Deleted.

(individual air carrier or military service) were entered
into a computer. Two computer programs were then used to
distill coded data. The first program was FORTRAN-based
which listed in numerical order the resource codes and the
cost recording technigues in use by the selected organiza-
tion. The seccnd program used the computer subprograms'

Cross Tabs and Frequencies as found in Statistical Package

for the Social Science (Version 6) (26:194-202,218-248).

The second program provided tables which matched cost
recording techniques with resource codes and also served to
verify that no "Other" category contained 5 percent or more
of the coded data.

Assumptions and Limita-
tions of the Research

The following assumptions were made for purposes of

this research:
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1. Data on maintenance cost elements was available
from aircraft maintenance and operating organizations, as
well as regulating bodies.

2. Cost elements were uniquely identifiable in
that the specific elements and cost recording techniques
were a result of management decisions within the maintain-
ing organization or by requlatory decisions that may have
reflected organization size, type, and structure.

3. Unique cost elements were weighted in that the

same element might be treated unequally in different organi-

zations.

4. Data obtained from operating and maintaining
organizations are applicable to USAF purposes in fulfilling
the goals of MBO 9-2.

In addition to the above assumptions, the findings of this
research are limited in their application in some ways.

The recorded resource codes and maintenance cost recording
techniques are limited by the degree of coder standardiza-
tion. In addition, the findings are limited to the record-
ing of resource codes and cost recording techniques found
in a sample of military cost element literature (Appendix

D), the CAB's Uniform System of Accounts and Reports for

Certificated Air Carriers (39; 40; 41), and the returned

sample of maintenance cost element information from air

carriers.
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Criteria Testing and

Analysis

This research can essentially be divided into two

parts, the determination of the cost elements and techniques
in use (research questions 1 and 2) and the preliminary
categorizing of those identified elements into the decision
circumstances in which each might be more useful (research
question 3).

Content analysis was chosen to provide the sub-
stance for addressing the first part of this research, by
providing an unbiased "register" with which to record the
type and kinds of maintenance cost elements in use and
through what cost recording techniques they were provided
in each organization. 1In this research if a data element
was coded with a unique number, it stood as having answered
the first two of the reséarch questions by having identi-
fied the maintenance cost elements and techniques in use by
aircraft maintaining organizations.

Once a unique set of codes was determined, the sec-
ond part of the research--categorization--began. MBO 9-2
specified that maintenance cost information was required
for use in two general areas. The first was to provide
historical data useful for short-range logistical planning
and management control; and the second was for long-range
programming or strategic planning, especially for use in

the weapons acquisition process. The categorization,
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therefore, reflected these two potential use areas--control
and programming.

As specified in the original MBO,

knowledge of actual weapons systems operating and
support costs are of considerable importance in our
planning process since an understanding of current
weapons system costs is very helpful in making new
weapons systems acquisitions decisions [5:2].

The MBO further specified that the "thrust of the effort
. . . to capture the variable costs to DOD of operating and
supporting its weapons systems [5:2]."

By variable cost, we don't mean an allocation of
all the costs of defense against our major weapons sys-
tems, but a specific identification of those costs
which vary as a result of the deployment and operation
of a given weapon [5:2].

Based on the requirement to identify variable costs
for weapons acquisition decisions, the categorization was
determined through an analysis of each coded cost element.
The analysis consisted of answering the question, Could the
data element be expected to significantly change in direct
consequence of an increase or decrease in the operation of
the aircraft (i.e., more/less sorties or flying hours)? A
positive answer indicated that the information would be more
useful for management control purposes. A negative answer,
however, still allows for cost information to be useful for
both strategic planning and management control. In that
case, therefore, to determine for which of the two, pro-
gramming or control, the cost data would be more useful, the

following four dimensions were considered:
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a. How precise was the information?

for management control purposes the measure of the
costs must . . . be more precise in order to be credible.
For strategic planning, rough estimates . . . are satis-
factory [2:151].

b. How direct was the causality between the effort

of the organization and the cost factor?

For management control there should be a quite
plausible link between the effort . . . and the output
measure. For strategic planning, the connection can be
more tenuous [2:151].

c. How directly responsible is an individual or

organizational unit for the cost element?

For management control, the output measure must be
related to the responsibility of a specific person or
organizational unit. For strategic planning, this is
unnecessary [2:152].

d. How timely is the cost data available after the
effort has changed? "For management control, data on output
must be available shortly after the event. For strategic
planning this is less important [2:152]."

The guestions noted above were applied to each of

the resource codes to reveal whether they were more appli-

cable for management control or programming.

Summary

Data was collected from a sample of military and
civilian directives and policy statements concerning mainte-
nance accounting systems. This data was summarized using
semantic content analysis. This methodology allowed the
researchers to minimize semantic bias and allowed for
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efficient reduction of the volume of the data source. Data
was coded into meaningful groups based on resource costs

and cost recording techniques. A pilot study was used to
validate the coding format and to assure the reliability

of the coders. Once coded, the data was subject to computer
distillation and was categorized as either "control" or
"program,” or both. The codes themselves identified the
cost recording techniques and cost elements in use, thereby
answering research questions 1 and 2. The categorization

answered research question 3.
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Chapter 3

OBSERVATIONS AND ANALYSIS

Overview

This chapter presents the findings gleaned from
semantic content analysis of approximately 1,500 pages of
military department, CAB, and airline policy statements and
publications concerning aircraft maintenance cost element
data at the local level. The chapter is divided into three
major areas. First, there is a description of the findings
from military services' publications, followed by an exten-
sive review of the findings from civilian industry, includ-
ing applicable CAB regulations. The final area is a
limited analysis of the major differences between military
and civilian aircraft maintenance cost element and recording
schemes evidenced through the application of content analy-
sis. This section will also include special emphasis on
the differences and similarities between the Air Force and
the other military departments and the Air Force and civil-
ian industry. Finally, the analysis portion will contain a
categorization of a final list of cost elements into a
determination of whether each element is more applicable as
management control information, program information, or

both.
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Observations--Military

This section presents the findings from content
analysis of military directives and policy statements. The
section is divided into four subsections. The first sub-
section contains general observations which apply to all
three military services. The next three subsections pre-
sent observations relating to each of the services: Air
Force, Army, and Navy.

The United States military maintenance cost account-
ing literature which contained maintenance cost element
data reviewed is found in Appendix D. The resource cate-
gories (maintenance cost elements) used by the military are
presented first, followed by the in-use cost recording
techniques. Finally, a cross match of the cost recording
techniques and resource categories is depicted. The above
information is depicted in tabular form (to allow for com-
parison) of which resource categories (maintenance cost
elements) were in use by which service (tables 3, 4, and
5).

The resource categories recorded from military main-
tenance cost accounting literature are shown in table 3.
Comments on the resource categories unique to one service
will be presented in that particular service's discussion.
Comments on the resource-categories recorded by two of the
three services are presented as follows. There were five
resource categories which were recorded only from Navy and
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TABLE 3

RESOURCE CATEGORIES (MAINTENANCE COST ELEMENTS) --
ALL MILITARY SERVICES

Resource Category and Definition

Military Service

—

Air Force Army Navy

Labor

111--Direct Labor, Aircraft . . . .

112--Direct Labor, Fringe Benefit
COTES T E w e e e e s e .

113--Direct Labor, Components , . .

114--Direct Labor, Non-Aircraft . .
115--Direct Labor, Aircraft Engines
121--Salaried Management and Staff
122--Direct Supervision . . . . . .
131--Direct Labor, Inspection . . .
132--Direct Labor, Servicing . . .
140--Contractor Maintenance/

SOEVICOR & i wl e whisr e w0 e
191-=-Tabor, OEher . . . o« « & /o = &
Capital
IIE—-Installed Equipment, Added Cost
218--Aircraft, Added Cost . . . . .
219--Cost of Parts Retired . . . .
220--Engines, Added Cost . . . . .
293~--Added Cost, Other . . . . . .

Supplies and Equipment
311--Aircraft Consumable Fluids . .
312~~-Aircraft Consumable Fluids,
PAGL ' a vl eie e e e e e @
321--Bench Stock, Aircraft Airframe
322--Bench Stock, RAircraft
COMPONENE. o+ o 5 s w o v w o
325--Bench Stock, Non-Aircraft . .
324--Bench Stock, Engine . . . . .
331~=pParts, Alreraft .« ¢ & i = & &
332--Parts, Components . . . . . .
333-~-Parts, Non-Aircraft . . . . .
334-~Parts, Bngine .+ i « s « o+ o
341=s=TOOIB & « » « ¢ o » & # W
342--Aircraft Support Equlpment ..
343--Vehicular Support, General . .
344--Test Equipment . . . . .
351--Weapons Equipment, On- Equlpment
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TABLE 3--Continued

Resource Category and Definition

Military Service

Air Force Army Navy

O§§ortunit¥ Costs
—=AWaltINg PEFES . « & o o » o
412--Awaiting Maintenance,

Maintenance Duties . . . . .
413--Awaiting Maintenance, Lack of

Facilities . « o o & o o &
414--Awaiting Maintenance, Lack of
PUNAS, - 55 Taie 5 bt et ai @) thih

415--Awaiting Maintenance, Lack of
Toglg os o5 Sl s e
416--Awaiting Maintenance, Cannot
Duplicate Malfunction . . .
417--Awaiting Maintenance, Lack of
People, Overload . . .
418--Awaiting Maintenance, Non—
Maintenance Duties . . . . .
419--Awaiting Maintenance, Other
420--Awaiting Maintenance, In Work
499--Extraordinary . . . . « o .

Miscellaneous Costs

511--Utilities . . . . . .

531--Administrative Supplles and
SEEVICEa 5 o il e s lwd s

X X X
X X X
X X X
‘X X
X X X
X
X X
X X
.X
X
X
X
X

Air Force maintenance cost element literature. Resource

category: Labor, Other, was a unique code and is discussed

in the Navy and Air Force comments sections. Resource cate-

gories: Labor--Salaried Management and Staff; Supplies and

Equipment--Tools; Opportunity Costs--Awaiting Maintenance,

Lack of People, Overload; and Opportunity Costs--Awaiting

Maintenance, Non-Maintenance Duties, were not observed in

and thus were not recorded from The Army Maintenance
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Management System (TAMMS) technical manual (52). There were

also five resource categories which were recorded only from
Army and Air Force maintenance cost element literature. The
four resource categories depicting bench stock were not

noted in Volumes III and IV of the Naval Aviation Mainte-

nance Program (NAMP) (53; 54). Also, resource category:

Opportunity Costs--Awaiting Maintenance, Lack of Funds, was
not noted in Navy maintenance cost element literature.
Thirteen cost recording techniques were recorded
from military maintenance cost accounting literature. These
techniques are found in table 4. Only one cost recording
technique, 1/1/2/0, Direct Costing (Costing System)/Job
Order Costing (Costing Method) /Actual Costing (Costing
Basis)/Not Applicable (Allocation Technique) was common
to all services. The resource categories associated with
this cost recording technique are listed in table 5. This
cost ~ecording tecﬁnique'was coded from the Air Force, Army,
and Navy maintenance cost element literature where mainte-
nance jobs are documented by job order number. For example,
the Air Force used an AFTO Form 349, Work Order Request;
the Army used a DA Form 2407, Maintenance Request; and the
Navy used an OPNAV Form 4790/40, Maintenance Action Form
(50:3~3,3~4; 52:3-63; 53:3-85) (see Appendix E). Two cost
recording techniques were used by two of the three services,
the Air Force and the Navy. These cost recording techniques
were 1/2/2/0, Direct Costing (Costing System)/Process
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TABLE 5

RESOURCE CATEGORIES ASSOCIATED WITH COST
RECORDING TECHNIQUE 1/1/2/0%*--

ALL MILI

Category 1 (Labor)
111--Direct Labor,
112--Direct Labor,
113--Direct Labor,
ll4--Direct Labor,
115--Direct Labor,
122--Direct Supervi
131--Direct Labor,
132--Direct Labor,
191--Labor, Other

Category 2 (Capital

TARY SERVICES

Aircraft

Fringe Benefit Costs
Components
Non-Aircraft
Aircraft Engines
sion

Inspection

Servicing

)

213--Installed Equi
218~--Aircraft, Adde
219--Cost of Parts

pment, Depreciation
d Cost
Retired

220--Engines, Added Cost
293--Added Cost, Other

Category 3 (Supplie

s and Eguipment)

311l--Aircraft Consumable Fluids
312--Aircraft Consumable Fluids, Fuel
321--Bench Stock, Aircraft Airframe
322--Bench Stock, Aircraft Component

323--Bench Stock, N
324--Bench Stock, E
331--Parts, Aircraf
332--Parts, Compone
333--Parts, Non-Air
334--Parts, Engine
341--Tools
342--Aircraft Suppo
343--Vehicular Supp
344--Test Eguipment

on-Aircraft
ngine

t

nts

craft

rt Equipment
ort, General

351-~-Weapons Equipment, On-Equipment

*Direct Cos
Job Order Costing (
Costing (Costing Ba
(Allocation Technig

ting (Costing System)/
Costing Method) /Actual
sis) /Not Applicable
ue)

40




TABLE 5~--Continued

Category 4 (Opportunity Costs)

411--Awaiting Parts

412--Awaiting Maintenance, Maintenance
Duties

413--Awaiting Maintenance, Lack of
Facilities

414--Awaiting Maintenance, Lack of Funds

415--Awaiting Maintenance, Lack of Tools

416--Awaiting Maintenance, Cannot
Duplicate Malfunction

417--Awaiting Maintenance, Lack of
People, Overload

418--Awaiting Maintenance, Non-Maintenance
Duties

419--Awaiting Maintenance, Other

420--Awaiting Maintenance, In Work
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