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Abstract

The objectives of this study were to determine if “real”
cost growth occurred in the cdefense aerospace industry during
the period 1980 to 1986 and if the percentage of overhead
costs to total coat increagsed during the same period. The
study tegsted two hypotheses: 1) cosgts increagsed in the defense
aerospace industry during the peiiod 1980 through 1986;

2) the percentage of overhead costs to total cost increased in
the defense aerospace industry during the period 1980 to 1986.
Cosgt data from sixteen defense aerospace plants were used in
this study.

The regults of Both primary hypothegiz teaty indicate
that the slcpe of the population regresgsion lines are not
significantly different frcm zero (when tegted at the 5% level
ot significancel. Therefore, the study concludes that there
was no ‘raal” cost growth in the industry during the period
1980 to 1936 and that overhead costs did not increase relative
to total cost during the same period.

However, when contractors are tested individualliy, the
regultg indicate that eight of the sixteen contractors
experienced significant cost growth. The conflicting rasgults
may be due to the wicde dispersion of the data points uged in

the statigstical tesgts. In turn, this wide digpersgsion may bLe

caused by the differing variety of aerosapace industry

segments. For example, the aircraft industry sgegment may be
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gubjact to a different set of factorg that have a significant
influence on cost Yhan that of the guided missiles and space
vehicles segment.

Descriptive statistics computed for the study’s gample of
16 contractors show that the percentage ¢f direct labor,
direct material, other direct charges and overhead to total
cost remained stable over the seven y2ar period. This
stability was no% expescted because it was agsumed that
Department ¢f Dufense (DOD) contractor modernization
incentives would change the composgition of total cost. The
results of this study indicate that any modernization of
defense aeroapace factories that occurred befors 1936 wag not
gignificart enough to genarate changes in the composition of

this sample’'s costs.

Although overhead coata were not found to be increasing

relative to total cost, they still make up the gecond largest
component of total cost (32%) behind direct materials (42%).
The size of the overhead cost component combined with the
perception that these cogts are less controllable than direct
coata, provides support to the DOD inittative to have

contractors reduce their overhead costs,.




ANALYSIS OF COST GROWTH AND COST COMPOSITION

IN THE DEFENSE AERGSPACE INDUSTRY

L. Intreduction
General lssue
Concern for Cost Jrowth. The cost c¢f national defense 13
always an issue in a democratic country. As Anthony pointe

out in Management Countrol In Nomnprofit Orga izations (2),

decigiong in a democr %“ic governmert result from multiple
political pressures. ‘hede political pressures divide the
limited resourcesg of ; country (2:51°. The Jnited Statea is
no exception. As a major military powar of the free world, 1t
shoulders a heavy financial burden. The Dep.rtment of Defanse
(DOD) is responsible for managing & majnr portion of this
burden.

In recent years, the taxpayers' perception of defense
apendiag has changed. According Lo a survey completed in 168595
as part of the President's Blue Ribbon Commissgion on Defens:
Managemernt., tha averiage American believes that almoat half
(48%) of every defense .dollar sgpe:it could be maved if fraud
and waste were eliminated. Additionally, the survey reported
that only !4% of the public believe that defense spending
ghould increase compared to 71% who favored spar-inrg increases
in 1980 {(28:29).

In addition to public att. v o . n .efunse spending, the

large federal deficit looms as another barrier to lrberal
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defense budgetg. It is clear from the 1988 budget and the
comments of the Prezident and legislative leaders that deficit
reduction has become a goal of the country (20:31,. Public
Law 100-119, “Balanced Buiget and Emergency Defici® Coniroi
Act™ (Gramm-Rudman-Hollings,L1985), is a gpecific example of
how sericug the nation’s leaders are about achieving this
gnal.

According to Secretary of Defense Carlucci, the military
will receive itgs share ot budget reductions (13:49). These
reductions will come at a time when weapon sygtems costi nore
than ever. For example, in 1954 the United States ordered
6300 fighters for #7 billion (in 1983 dollars). In 1984, it
paid #11 billion (in 1983 dollars) to produce only 322 planes
(10:64). The price of 2 fighter increagsed from %11.1 miliion
in 1954 to £34.2 million in 1984--a J08 percent increage asg
measured in constant 1983 dellars.

Much of the cost growth in weapon systems can be
attributed to increased complexity and technological
capabilities (10:684). However, not all of the co®* increases
can be associated with technological requirements. A 1380
Defense Science Board task force reported that weapon system
coata may be increaging by as much as 20 percent ner year due
to economic (inflation) and governmant budgetary policy
factors (79:1).

A major issue that facezs the Departmant of Defense for

the rAamainder of the 19808 and into the 192902 iy coat control

(23:22). To achieve thig, weapon system program managers must




understand the compogitiun of contractorsg’' cogts and how they
are generated. Deputy Secretary of Defense Taft believes that
much can be ga.ned in the way of cost reductions by addressing
the major components (direct and indirect costg) of contract
cosgt (3:24).

Cogt Comnonents. Weapon system contract costs consist of

direct and indirect costs {12:31-7). The Cost Accounting
Standards Board (CASB) definegs a direct cost “as any cost
which can be identified with a particular final cost
objective”™ (7:35112). Indirect or overhead ccsts are defined
by the CASB as “any cost not directly identifiable with a
gingle cost objective, but identified with two or more final
cos8t objectives or with at leagt one intermediate cost
objective” (7:%5308). Additionally, a cost objective 18 “any
activity for which a separate meagurement of cost ig desgired’
(16:21). In the defense industry, the contract is the final
cogt objective {(19:.7).

Overhead i3 often cited ag compriging one third of the
total contract price of a weapon system (34:24). More
importantly, overhead couts are viewed ag being more difficult
to manage than direct ccstas (8:87). Trueger points out that
accouniing for indirecv cogsts for government contracts has
"alway3 posed the most difficult problema and generated the
most controversies”™ (35:277). In addition, many experus
believe that there ig a trend of increasing indirect coasts in
manufacturing indugtries as a consequence of factory

automation (22:142).




Deputy Secretary of Defense Taft believes that reduction
of overhead costs i3 an important cost control initi.ative.
Secretary Taft wants top management to ensure that “adzquate
personnel resources are applied to this area, {(cverhsad cosat

control) not only in numbers but in talent®™ (3:25).

Specific Problem Statement

There 138 a perception on the part of the public that
unacceptable co3t growth exists in the defanse industry
(28:29; 2:22). In addition, federal deficit reduction
initiatives are generating smaller Defense Department budgets.
A3 a rasgult, DOD managers must be more coancerned with
controlling the cogst of weapon sysitem acquisitions. According
to Deputy Secretary of Defense Taft, one important cost
control initiative is the DOD's effort to have contractors
reduce overhead costa (34:24).

To help achieve overhead cost reductions and better
control costs, managers need to know and understand past
weapon gystem cost trends. The md.e program managers know
about cogt behavior in the aerocsapace industry, the more

effec’.ive they wil) be at controlling program costs.

Therefore, th.s research inveatigates the trends of defenae

aerospac 2 industry cogts during the 1980s.

Hegearch Objectives

Thisg study confinas its regearch to the defense aercspace
industry. The research objectives are to datermine tf “real’

cogtr growth occurred in the industiry during the period 1989




through 1986 and if the percentage of overhead cogts to total
cogt increased during the same period. I1 other words, have
costa increagsed in "real” terms and, if So, is the uverhead

component digproportionaily respongible for any of the growth?

Regearch liypotheses

Two hypothesges are »roposed to meet the research
cbiectives.

Hypothesis number one, costs increased in the defensas
serospace industry during the period 1980 through 1986.

Hypothesis number two, the percentage of overhead costs
to total 403t increased in the defense asrospace ind- . .~y

during +the period 19280 through .988.

Scope/Limitationa

Scope. Thisa study investigates the costs of defense
aercspace contractors under U. S, Air Force ccgnizance. The
annual cosis of 16 contractor plants for the years 1980
through 19868 are used in the research. The source of the cost
dara is the Businezg Management Information Report (BMIR},
Report Control Symbol (RCS): CMD-TM (A/R) 7801 filed with the
Business Management Office (BMO) of Head Quarterg A:r Force
Contract Management Divigion (HQ AFCMD) .

Limitations. The coat data in the BMIRs are proprietary.

Ag guch, vary faw contractor gpecific statistics are printed
in thia thesis Permigsion to view guch gtatisticg must bhe
obtained from the Buginssgs Management Office, office symbel:

HQ AFCMD/TMO, Kirtland AFB NM 87117-5000.




The cogt data used in this thesis relate to production
plants and facilities, including their allocated share of
general and adminigtrative expenses. No c¢onclusionis can be
dravm from this research as to trends in the costs of
aerospace roesearch and development projects.

Thera are probablyv Jdifferences in the way the contractors
in this sample classify and accouni for their direct and
indirect costs. This study does not adjuszt for these
differences. However, the Cost Accounting Standards Zollowed
by the contractors and periodic Defense Contract Audjgt Agency
reviews should help minimize cost accourting differcfces.

The cost data analyzed in this study pertains ti
contractor plantas. No attempt ig made to link these costs to
spacific government contracts. It 19 assumed that i. a
contractor’s costs grew cver tinme, he would recoup these costs
through contract price increases.

Finally, the period of this study ig limited to the years
1380 through 1986 becauza comparable cost data are not

avaliable for other years.

Summar

This chapter identifies the problem of weapon system cosmt
control as the specific issue of this thesis. It also pointg
cut the DOD contention that reductions in overhead costs are
an important cogt control initiativae. knowiedge of hiatorical

weapon system cost growth trends cen help managers control

costa. Thisg clkapter introducea the study's two hyvctheaas




that are tested to meet the thesis objectives of identifying
cost growth and overhead growth trends in the defense

aerogpace industry.

‘he next chapter digcucses the literature reviewed and

pregsenta the background for the atudy.

T




11, Background

Introduction

The concern for cost control in the defense industry wasa
previously identified as the agpecific issue of this thesis. A
major DOD coat control initiative ig the effort to have
contractors reduce overhead costs. Awareness of past weapon
system cost trends is nec: gsgary to better understand cost
incurrence and to help control these cosgts. Therefore, the
objective of this gstudy is to determine if "real” cogt growth
occurred in the defense aeroapace industry during the 1980s
and if the percentage of overhead cogta to total cost
increased during the same period.

This chapter pregents the study's background in four
sections. Firet, the term “cost® is delined and explained.
Second, the igsue of cost responsibility ig discussed. The
third section examines the perception of cost growth and cost
compogition in the defense industry. Finally, three empirical

studies of cost growth and compositicn are summarized.

Cost Defined and Exvplainedl.

The word “cogt”™ has d.fferent mezningas to different
people. Because cosi is such an ambiguoua term, it is
important to clearly define it and to apecify how it iasa

meagured. ThiAa is8 especially important for situations in

which the buyer agrees to reimburse the seller ior goods or
gervices bagsed on tha geller’'s cogt (1:107-108). This section
defines what “cost’ meang ag used in accounting for governuant

8



contracts aind explains the fundamental principles of measuring

and accounting for cost.

Cogt D-fined. The Federal Acquisition Regulation (FAR)

makes the following astatement about a contract cost:
In ascertaining what conatitutes a contract ccat, any
generally accepted accounting method for determining or
eatimating cosgsts that is equitsble and consisgstently
applied may be used, including standard costs properly
adjusted lor applicable variances (12:31-71].
Generally accepted accounting methods or principles are a
‘common set oi accounting concepts, standards, and
procedures . . . that act as a general guide for the
accounting profession™ (17:7). Accounting Principles Board
{APB) Opinions are one gource of generally accepted accounting
principles (17:6). APB Cpinion Number 43 defines cost ac
fcllows:
the price paid or consideration given to acquire an
agsget; it includes the applicable expendiiures and
charges directly or indirectly incurred in bringing
the asget to itas existing condition and location
(9:27525].
The definition of cost provided by the APB will suffice
for this study since neither the FAR nor the CAS provide a

gpecific¢ definition of cost. The next gubsection explains the

composition of weapon system coats.

Cost Explained. Weapocn system contract cosgts are made up fﬁ'
of two components--direct cogts and indirect coats (12:31-7).
The official government definition of the direct cost
component ag stated in Coat Accounting Standard (CAS) 402 and

the FAKR reads ag foilows: "a diraect cost is any cosgt which can

be identified gpecifically with a particular final ccst e




objective”™ (12:31-202). Direct costs, in turn, are
categorized as direct labor, direct material, and other direct
charges (35:287).

The direct labor cost category is the ceost asgociated
wi'h the time workers ugse to generate autput for the dpecific
cost objective. The direct material category is the cost of
raw maierials and purchagsed parts that are used for the final
cost objective (23:42). The other direct charges category
contains those costs other than direct labor o™ materials that
can be directly idantified to the cost objective (335:267).

The gacond cost composnent 13 indirect or overhead coats
(for this study, indirect and overhead are synonymous terms; .
The CASB provides the foilowing definition of indirect costs:
“any cost not directly identified with a single cousiy objsctivs
but identified with two or mcre final coat objectives or with
at least one intermediate objective® (7:5308).

Total overhead includes not only indirect manufacturing
and facilities coats incurred in the plant, but alss an
allocated portion of Feneral and administrative costs that are
incurred outside the plant by the home coffice (1:242).
Government contracts include an additionsl allocation of
indirect cost clagsified a2 Independent Research and

Pevelopment (IR&D) and Bid and Propousal (B&P) cosisa (3I5:277).

IR&D cogsta are the cogt of regsearch and development that are

not required in the performance of a contract but benafit the
contract to some degree. B&P coats are incurred in preparing

blds and/or propcsals for government contracts (7:5725-5726).
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Unlike the direct cost component which hasgs three atandard
categories (direct labor, direct material, and other direc*
charges), the overhead component has many categories which may
vary betwesen contractora (35:277). 1Indirect costs are also
agsgociated with more than one final cost objective. Indirect
costs mugt firat be accumulated into cost poolis, which are
management devices for collecting saimilar cogsts, and then
allocated to the cnst objectives (1:190).

"An zllocation is simply a proportional assignment of a
cost to cost objectives”™ 8:8F). These allocations are made

on a "“judgmental basis” by applying an overhead rate to the

cent pocl te arrive at the amounts to be allocated to the cost
objectives (23:30). CAS 418.4C states that “pooled costs
shall be allocated toc coat objscitivez in reazcnable proportion
to the beneficial or causal relationships of the pooled cosgtsg
tc cost objectives . . .7 (7:5697).

Figure 1 summarizes the composition of contract cost.
There are two cogt components--direct and indirect. Direct
cogts are identifiable to a particular cost objective and are
categorized as direct labor, direct materialg, and other
direct chargea. Indirect cogts are identifiable to two or
more coat objectives and are allocated to the applicable
objectives bagsed on some beneficial or casual relatiorship.

There are meny categories of indirect costs, but four

standardized categories are used in this study. These

categories are labor related costs, travel cosats;

deprociation, use, and cccupancy costs; and other costs.

11
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Cogt Contro!

Cosi Responsibility. Organizations employ a variety of

techniques to control and manage their cosgts. In addition,
large government contractors must follow a number of
reguiatory guidelines promulgated in the Cost Accounting
Standards and the Federsl Acquisition Regulations, and
raquirements in the DOD Cost/Schedule Control Systems Criteria
(35:164; 19:3).

An important aspect of cost management and
regpongibility is the igsue of contrellable and
noncontrollable costa. “An item of cost is controliable if
the amount of cost aggigned to a responsibility center is
gignificantly influenced Ly actions of the manager of the
regpongibility center. Otherwise it is nencontrcllable’
(1:591). Therefore, the clagsification of cogts as
controllable or noncontrollable depends on who iz responsible
for incurring the costs.

Cost and management accounting texts indicate that the
regpona3ibility for cogt management lies with the company
because the company has contirol over incurring ccstsg.
However . in the defense indusatry, the government seems to
asgume a portion of the regponasibility for cost contrel.
Trueger highlighta this contention by stating "the
governme®nt’s intengive and extensive participation in the
affairs of its ccocntractors has virtually no ccunterpart in the
commercial sector” (35:189). The government{ lays the ground

rulezs for contractor sslact.on; audits the contractors’

13




facilities, recordg, and books; establishes contract cost
principles and practices; mandates certain insurance
coverage; and may even dictate whether ¢ component of the
final product should be manufactured or purchased (35:1€9-
190) .

Riddell also recognizes that thse heavy influence oi
government in the defense sector makes the industry unique
from oth2v busines3s gectors (30:452-453). Riddell is
particularly critical of the "boom and bu3zt cycles’  generated
by congressional budgetary actionsgs that create weapon program
ingtability and generally drive up urit costs (30:456).

The above discussion indicateg that the responsibility
for cost control doea not lie solely with defense contractors.
Such an environment may not sSupport ei.ective codi management
becausze the responsibility for cost contreol is not well
defined.

Coat Control. Trueger explaing that direct costg are

eagily and economically traceable to a cogt objective. The

extent to which costs are directly identified and asgsigned to
the final coat objective i3 “"tempered by congiderations ot
expense, convenience, and practicabilivy” (35:2687). In other
wordg, there is a coat-benetit decision associatad with
clasgifying costs ag direct or indirect. Since direct costa
benefit a gingle cogt objective, they are not aag difficult to
control ag indirect coat: (1:531-592).

However, since indirect costas are allocated to more than

one cost objective, they are less controlliable than direct

14




cests (i:591). According to Deakin and Maher, indirect cost
are not only less controllatle than direct costs, buvn the
allocation c¢f there coasts to cost objectives ig often made on
a rather arbitrary bazig. Critics of cogt allocation claim
that it results in misleading financial reportzs and poor
management decisions (8-:87).

Miller and Vollman claim that resultvs of their 198%
survey of North American manufacturerg, show that moat
managers understand what generatezs direct labor and direct
material costs, but are much less aware of what genaerates
overhead cogts (22:143). For this reason, overhecad i3 often
misunderstocd and dehatad.

Trueger explains that allowability of indirect costs has
generated the most difficult problems and controversias in
accounting for government contracts. In fact, most of the
governmant coniract cost principles are dedicated to the
coverage of indirect costs (35:143).

The Ceor.ptroller General's "Report on the Fcagibility of
Applying Unitorm Cost Accounting Standards to Negotiated
Defenge Contracte”™ sgtates the following about indirect coats:

Indirect cosgts, in the aggregate, repragent the largeat

gingle class of expense incurred under Government

contracta. The allocation of indirect cogts is one of
the moat controversial in cogt accounting for Government
contractg and iz gubject to alternativ«. approaches. It
ig8 not a problem that can be gsolved by simple or rigid
rules,. Indirect cost assignmentd of necesgity cannot be
ag accurately determined as direct onas, but they =2till
must be based on gome demonstrable relationships between

tlie reasons why costa were incurred and the coat
objectives to which they are aasigned [35:280].




Perceptions of Cost Growth and Coat Compogitiorn

Many articleg exigt that address weapon system cost
growth and composition. The following sections provide a
brief review nf these articles. Tablea 1 and 2 gsummarize the
articles' key asgeriions cn cos% growth and zTost composition
reapectively.

Cost Growth. A 1985 survey conducted as part of the

President’s 3lue Ribbon Commisgion on Defenge Management
indicates that the American public belicve the defense
indugtry has experienced unacceptable cogt growth.
Additionally, thoase surveyed think the Defecnse department isg
wasting almogt #100 billion a year (28:285).

Some individuals who study the defense industry also
conclude tnat ¢ostg in the industry are “dramatically’

increasing. Olvery et al., in their book The Economics of

National Security (26}, state that ‘there i no doubt that the

price of weapon sysiems nave increased dramatically over the
past geveral decadea.” The authors see nc reversa. of this

trend in the rear future (26:229). Ganagler believes that

riging weapon aystem costs will continue to plague the DOO due

to a variety of factorsg peculiar to the defense :.ndustry
(11:226) .

Gansler citeg such problems as high excess industry
capacity luvelsg, insufficient levels of capi”al “nveatment,
and techrnologically complex weapon syadatems for the high rates
of cost growth. He also expects weapon system coats to

continue to increase because of the near term trends of
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smaller defense buidgets, fewer subcontraztors, dependence on
foreign raw materials, and increases in excess industrial
capacity (11:224-227).

Riddle argues many of the game points as Gansler and
explains that "the services’' emphasig on very high performance
gper~‘'fiations for technologically sophigticated weapon
systems disregards the importance of the cogt criteria’
(Riddle:454) .

However, recent studiea seem to contradict public
opinion. Cost growth in the defense industry may actually bhe
leveling off in the 19808 after cost overruns of 50 to 70
percent in the 19708 (Riddle:4%55). A 1986 Rand study
concludeg that coat growth in defense programa ia now no
greater than cogt growth in similar civil programs (18:24).
In addition. the Congressional Budiget Office has "estimated
that annual cost growth on selected major aystems has been
reduced from 14 percent in calender year 1980 to only one
per~ent by the end of calender year 1983° (34:21)

The literature indicates that weaposn systems experienced
significant cosgt growth in the 19603 and 1970z2. Some believe
that this trend continues in the 1980s. However, there gseemsz
to be some evidence that the gignificant cost growth of the
paast may be slowling in the 1980a. The next secivion presents
tha background on cost compoaition of the past five to ten

yeard,

Cost Compogition. Since the teginning of the industrial

revolution, machines have been replacing direct labor. Thao
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mechanization of the work force has been changing the
composition of cost (direct and indirect) and continues to
influence cost composition today. The direct labor conteat of
total costs has appreciably decreased in favor of indirect
costs (32:49).

Miller and Vollman explain that overhead coasts have been
steadily increasing ag a perrentage of total manufacturing
cogts for mcre than 100 years (22:142). Regults of a survey
adminigtered by Miller and Vollman indicate that manufacturing
overhead averages I5 percent of production costg in U.S.
industry (22:143).

Resultg of arother survey conducted by Harry Schwarzbach
ahows that levels of indirect costs range from 2 to 67
percent. Indirect cozts averaged 49 percent of totval
manufacturing cogsts for the 112 manufacturing companies
surveyed. Most companies reported direct materials ag the
largest cost component (31:47).

The perception of coat compogition in the detensge
industry varies among "experts.’ Daputy Sacretary of Defensge
Tait believes overhead coats make up about one third of the
price paid for weapon systeme (34:24). Bowman agserts that
"overhead comtg account for greater than 5C percent (and in

inflationary times has approached 75 percent) of total

contract completion costa' (5:1). Mahler states that overhead

coste are large and volatile and increase more as a function

0of time rather than contractor direct workload (19:13).




There iag little disagreaement, however, that overhead
co3ts are a problem in the defenge industry. Riddle believes
that the structure of the defense industry resgults in a
tendency for overhead costs to increase (Riddle:454). Gansler
points out that the industry’'s high levels of excesas capacity
drive up overhead costs. He predicts that as defense spending
decreascg, weapon system overheau costs and total costs will
increase (11:226). Deputy Secretary of Defense Taft
places "special emphasis”®™ on efforts to reduce overhead costs

because they are a significant cost control problem (34:24).

Empirical Studies

During the course of the literature review, a2 number of
cost studies were examined and three of the moat applicable
are dis:ugged in this gection. Table 3 provides a summary of

each study.

Martinaon Study (21). The earliest study, Clasgification

System for Indirect Costs of Defense Contractors in the

Aircraft Industry (21), was completed in 1969 by Mzjor Otto

Martinson. This study wasdg sponsored by the Office of
Agsaistant Secretary of Defense (Installations and Logistics).
The objective 0of the research was to develop a standard
claggification gystem for indirect costs to “provide an
improved methodoulogy for evaluating and forecagting indirect
cosgts .’ The need for such a clasgdification system was driven
by the problem of analyzing contractor overhead cost data when
thera exigtsgs such a lairrge variety of ovaerhead account
categories. The study covered the period 1962 to 1966,
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Tabie 3

Summary of Empirical Cost Studies Reviewed in the Jecond Chapter

Period

Study of Study  Sample

1. 1962-1966 11 Alrcratt
Manyfacturing

Planis

I, 1981-1977 21 Industries
ag Definud by

3i¢ Codes

111, 1977-1980 § USAF aircraft
Production

Trograne

Hote:

DL = Direct Labor;

I. Martingon Study;

I1.

DM = Direct Material;
Kaitz and Associates Study;

Coat Growth

Jot an vbjective of
the study

A. Ajrcraft industry
costs grew at an
annual rate of 8.61.

h. Cost Jrowth:
1078-1979: 11.9%
197€-1280: 17.6%

B. Contribution %o cost
growid:

78-719 79-80

DL

¥
OB

6.9%
49.71
2.4

6.0%
58.0%
34.2%

0B = Cvyrhead
.
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Overhead Costs
A. Total cost average
Direct Labor

Direct Matericl
Overhead

composition:

18.3%
45.9%
35.92

" "ot

B. Qverhead cost average compozition:
Labor Related = 57.1%

Facilities
Travel/Comm
Other

1

2

€.5%
KN 1
3.01

C. The 1 of Overbead Couis to
Total Cost rerained atable

over the period.

A. Total cost average cospogition in the
aircraft indvstry {rom 1961-1065:

Direct Labor

Nlo.ab

abnmla

dirseye !.w\: s‘l -

Overbead

162

sum

= 38%

B. Total cost average cowposition in the
aircra’t industry frox 1073-1977:

Direct Labor
Direct Matearial
Ovarhead

13%
45%
2%

A. Total cost average compodition:

Diesct Labor
Direct Matarial
(verkead

1978 1979 1960
19.41 10.47 10.01
39.1% 48.8%7 50.1%

40.41 40.91 39.9%

Overbead cost cverage composition:

Labor Relaved = 681

Other

Coopars and Lybrand Study

3 331




Population/Sample. The population of the gtudy is

the aircraft industry. Martinson’'s sample consigts of 11
contractor plants that produced aircraft products. Three of
the plants produced jet engines, two produced avionicse, and
gix produced airframes. During the study's time frame, these
11 plants employed about 41 percent of the aircraft industry’s
work force.

Summary of Methodology. The data coliection

irvolved field visits to nine cf the subject plants to gather
information on their cost accounting structures and indirect
cost clasgifications. The Defengse Contract Audit Agency
(DCAA) was employed to gather the cost and operating data from
each plant. Detailed instructions for collecting the coat
data were prepared by Martinson and provided to the resident
DCAA auditors at the contractor plants.

The analysis involvad two phases. The first was a
comparative analysis of the cost accounts and accounting
procedures uged in the plants to determine the best indirect
cost cliasgification mode 1o use. In other words, should cosgsts
be clasgified by the nature of the costa conaumed, by the
nature of the process consuming the costs, or by the
organizational unita consuming the coats? The second phasge
developed applications for the indirect cogt clagsgification
aygstem., Descriptive statistics of the zample’s costa wure
computed, a price deflator for overhead costg was constructed,
and a regressicn model was daveloped to demonstrate the

applicationg of the standard overhead clasgification system.
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Resgsultz. The primary result of thisg res< .rch was
the development of 11 st;ndardized overhead “cost modes” or
categories. These categories are indirect labor, employee
benefits, payroll taxes, employment, communication and travel,
production related, facilitiegs--building and land,
facilities--tfurniture and equipment, admianistration, future
businegs, and other miscellaneous.

The descriptive gtatigtics showed that direct labur
compriged 16 parcent of total cost; direct material 48
percent; and overhead 36 percent. 57 percent of total
indirect costs (2] percent of total costg) are compoged of
labor related expenses--indirect labor, employee benefits, aaid
payrcil taxes. Facilities costs are the second highest,
averaging 16.5 percent of total annual 1ndirect% costs. The
coat categoriez of communication and travel, administration,
tuture business, and other miscellaneoua make up the remaining
26.5 percent. Indirect costs as a percentage of total costs
increased by 1.5 percent from 1962 to 1966.

Kaitz and Associates Study (27). Thig study is entitled

Overhead Costg and Rates in the U.S. Defense Industrial Base

(27) and wag completed by Edward M. Kaitz and Associates (KA)
for the Office of Naval Research in October 1980. It was
performed to "explore the structure of overhead cogts and
rates within U.S. industry in order to provide the military
acquisition manager with a better understanding of the
organization and dynamics of the industrial gtructure on which

he relies.” Tl.e gtudy covers tha years 1961 to 1977.
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Population/Sample. The population of this study is

the defense aerospace industry. The KA regearchers obtained

their sample data from the Department of Commerce. Twenty-one
different industries are included in the study ags defined by

their Standard Industrial Clasaification (SIC) code. A

detailed analysia of the aircraft indugstry (SIC codes 3721--

aircraft and 3724-- aircraft engines) was completed as part of

this study. <

Summary of Methodology. The cogst data are collected

by SIC codes. As such, the cust cata are highly aggregated

and contain no gpecific information on either overhead cosgts

or rateg. To facilitate their investigation, given the

available data, the researchers use the following definition ﬁ

vVer

-~

+ o b o
1 O3 v .

- £ - - X
i [R -4 3}

Overhead Cogst = Sales - (Direct Labor + Direct Material) (1)

Note that the study's definition includes profit as a
part of overhead. KA justify their definition by arguing that
mogt accounting systemsgs are uniquely tailored to an individual
company. By establishing a more broad definition of overheaaq,
the study portrays "more general induastrial and economic
trendg. "

The cost data are organized around the concept of the

"satatistically average production liise worker® and the
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regources used to support him. This technique resultg in a

total cost per production worker computed as follows:

Resources Used = Total Industry - Total Direct (%)
Per Worker Sales Labor

KA then break the °“resources used per worker  figure into 1)
workers wages; 2) material; and 3) overhead (including
profitl.

Resul ts. The study’'s aircraft industry data show
that for the years 1361 to 1965, 17.5 percent of every sales
dollar is attributable to direct labor, 46.8 percent to direct
materials, and 35.6 percent to overhead and profit. However,
for the last five years of the study (1973 to 1977) the cost
compogition changes. Direct labor drops to 12.7 percent of
every 8ales dollar, direct materials remain relatively steady
at 45 percent, and overhead and profit increase to 42.24
percent. Energy costs, supplementary wage costs (fringe
benefita and payroll taxes), and corporate profits were found
to be increaging the fastest over the period 1961 to 1877.

The data indicate that costg in the aircraft industry
grew at an average annual rate of 8.6 percent. Of thisg
increase, direct labor contributed 24.3 percent, direct
matearials 34.3 percent, and overhead 41.3 percent.

KA concluded that, for the period studied, the increase
in overhead ratea (overhead divided by direct labor) were
greater than they anticipated. They believed that factors of

production c¢ther than indirect labor drove up overhead costs.
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Further, they thought that production line wages had a minor
impact on industry cost growth. Other costs such as overhead
and material cogts rose much more rapidly and should be
regarded as key factors in driving up unit prices in the
aerospace industry.

Coopers and Lybrand Study (29). This gtudy, Review of

Price Changes in Department of Defense Weapon Systems (29),

was a subcontracted effort by Coopers and Lybrand (CL) for The
Analytical Sciences Corporation (TASC). It wag directed by
the offices of the Undersecretary of Defense (Research and
Engineering) and the Assistant Secretary of Defense
(Comptroller). The stu’y reviewed price changes in DOD weapon
aystems over the period 1972 through 1980 and was gpecifically
engaged to provide the following:

1.) Docnmentation of weapon gygtem end item prices during
tigcal years 1978 through 198C

2.) Determination and analysis of causal factors
underlying any observed price changes

3.) Aasessment of the probable duration of facters which
may be causing extraordinary upward price preasures.

Population/Sample. The population of thig study is

the defenge industry. The systema selected for a complete

review were mature, stable programs. These programs did not
involve any research and development costs and did not have
many design or requirement changes. CL justify their sample
ag fo.lows: ‘the gelection criteria utilized were necessary
to maximize comparability of data acrosgss gsystems and across

fiacal years.’
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Summary of Methodology. The researchers’ approach

L0 measuring weapon system price changes was accomplished by
documenting the contract billing pricesa by system for each
fizcal year in the study. The contract bil.,ing prices and
other information were collected via a questionnaire/worksheet
that. was completed by the contractors. This information was
then used to construct and analyze the contractors' direct and
indirect costs elements. Adjustments were made to the cost
data to separate cost increagses due to inflation from those
cauged by quantity increases or decreases and requirement
changes.

Regults. Table 4 summarizes the CL results. Direct
lahor averages 10.3 percent of total coztas, direct materials
49.3 percent, and overhead comprises 40.4 percent. Labor
related expenses make up 66 percent of overhead costsa. The
regults also gshow that contract billing price rates increased
by 9.9 percent for 1978-1979 and 14.9 percent for 1979-1980.
Direct material cogts account for 49.7 percent of the 1978-
1979 increasgse and 58.9 percent of the 1979-13580 price
increase. 2verhead coszta account for 43.4 percent of the
1978-1979 and 34.2 percent of the 1979-1980 price increases.

The research reaults also indicate that direct material
price incraeases ouvt-paced inflation in tha 1979-1980 period
with a rate of growth of 19.2 percent. Overhead costszs grew at
about the same rate as inflation for both periods. However,
the overhead cost categoriez of “labor fringe benefits”™ and

"utility” chargesa grew at a faster rate than inflation.
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Table 4

Summary of the Coopers and Lybrand Results

Price Changes:

1. Aircratt Price Changes
Unadjusted

2. Aircraft Price Changes
Adjusted

3. Producerg Price Index
Incrasase

4 Grogss National Product

Deflator Increase
Price Increase by Coust Element
1. Direct Material
2. Direct Labor
3. Overhead and Otne-

Contribution to Total Price
Increase

1. Direct Material
2. Direct Labor

3. Overhead and Other

Composition of Total Price
1. Direct Material

2. Direct Labor

3. Overhead and Cther

bY1978-79 FY1979-80
11.9% 17.6%
9.9% 14 .9%
10.1% 13.4%
8.67% Q.1%
9.9% 19.2%
5.4% 10.6%
10.5% 13.3%
40 . 7% 6568 .9%
6.9% 6.9%
43. 4% 34.2%
FY 1978 FY 1979 'y 188¢
49.1% 48. 8% 50.1%
10.4% 10.47% 10.0%
40.4% 40.9% 39.8%




CL concluded that the def{enge sector will be
digtinguished from industry as a whole due to economic factors
that are unique to it. These factors include rising energy
costs (aerogpace macerials are enargy intensgive), scarcity cf
certain critical raw materials, and a limited suppl, and
capacity to produce certain critical parta. They believed
thegsa factors will have a significant impact on future weapon
sygtem »>rices (29:5).

The scope of the three studies reviewed in this section
are somewhat different. The KA study usesg Department of
Commerce dava from 21 Standard Industrial Claassification codes
to construct a picture of defense industry coat composition

and trends. Martingson Lhas a narrower range of data in hig

dtudy with 11 apecific aircraft plants. CL uzse an even
smaller data basge with only five major weapon aystems included
in the complete review.

Wtile the KA and the CL atudies both acknowledge cost
growth, they arrive at different cost categoriea as being
primar: / regponsible for the growth. The KA results indicate
that ov« *head is regponsgible for most of the cost growth (41.3
percent:, and the CL results show that the direct materials
categor; 18 mostly responsible (54.3 percent) for cost growth.
Howaver, all three studies arrive at very similar conclusions
about total cost composition. Total cost i8 48 t» 59 percent
direct material, 1C Lo 16 percent direct labor anu 6 to 40
percent cverhead. Each study also conciudesg that labor

related costs (indirect labor, fringe benefits, and payroll
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taxes) and energy costs comprigse the largest proportion of

cverhead and are primarily respongible for overhead grcwth.

Summary

Cost and its various componeatz2 are defined in this
chapter. How cost isgs accounted for and controlled, the
parties respongible {or controlling costs, and the jrerception
of cogt growth and cost composition in the defense industiry
are alsgo digcussed. The last gection of this chapter presents
empirical gstudies of cost growth and cost composition in the
1960s and 1970s.

Cost growth eristed in the defense industry over the past
two decades. Recent manufactiuring industry trends (over the
past five to ten years) involving technoclogical modernization
and automation may be ahifting the composgsition of cogt from
direct to indirect costs. Alsc, th2 intenze participation of
government in the defense industry, with ite smphasis on
‘high-tech® weapon systems, may be contributing to indirect
and total cosgst growth.

The literature indicates a belief tnat defense industry
co3tas have been increasging since the 19603 and that the
relationghip of overhead cogts to total cesta may also be

increaging. The next chapter axplaing the methodology usged to

test the study’'s hypotheses that addrags these two issues.




IIY. Methodclogy

Introduction

The previoug chapter provides a review of the literature
on cogt compogition and cogst trends in the manufacturing and
defense industries. There are assertions made in *%this
literature that costs are increasing in the defense industry
and that indirect costs are growing relative to total costs In
the manufacturing industry. These assertiona form the basis
for this study's hypotheses. The first hypothesis is that
costg increased in the defense aerospace industry during the
perioca 1980 through 1986. The 3secoid hypothesis states that
the percen’age of overhead costs to total cogt increased in
the defenss asrospace indugtry during the z2ame period,

This chapter explains the methodology employed to test
the study's2 two hypotheses and is divided into three gectionsg.
The first section describes the population and the study's
sampie. The next section explains the data collection prccesa
and data base. The third gsection explains the data analysis
phase which includes the following: (1) the gtandarvization
! overhead cost categories; (2) the conversion of costs to
congtant dollars; (3) %the selection ¢f financial measures for
uge in the statiatical analysia; and (4) the atatigtical

analygig which tests the study's two hypotheses. Figure 2

presen%ts a flow diagram of the g2tudy’'s methodology.
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Population and Sample Size

Population. The population for thig study consgistes of

all defenge aerogpace contractors classified by the following

Department of Commerce Standard Industrial Classification

(SI1C) codesa: 3721, Aircratt; 3724, Aircraft Engines and

Engine Parta; 3728, Aircraft Equipment; 3761, Guided

Miggiles and Space Vehicleg; 3764, Space Propulsion Units and

Partg; and 3789, Sprace Vehicle Equipment (36:33-1).

Sample Size. The sample is composed of 16 aerospace

contractor plants. The plants are under Headquarters Air

Force Contract Management Division (HQ AFCMD) cognizance and

are located throughout the United Stateas. During the period

1980 to 1986, the sample’'z total cost averaged 32 percent of

aerogpace indugtry gales. Table 5 presents the annual

percentage of the sample’'s total cost to industry cales.

The contractors in the sample were not randomly selected.

based on the percentages in Table 5 and the fact that

However,

the planta produce a broad range of aerospace products such as

aircraft, aircraft enginesa, aircraft equipment, guided

misgilea and space equipment, it is assumed that the sample is

representative of the population.

Data Collection

The cogt data were obtained from HQ AFCMD'g Business

(BMO). The BMO igs responsible for

Management Office

collecting cogt data from each plant under Air Force

cognizance. The cogt data are collected annually via the

Buaineas Management Intformation Report (BMIK), Report




Costeg for
Selected
Contractors
(i35 Milliong)

Total
indugteyv
Salesg

(2 Mjillions)

% of Coats
to Sales

Table 5

Percentage of Sample’s Total Cost to

Aerogpace Indusgtry Salesg

1980 1981 1982 1983 1384 1985 1986
23672 295297 25246 26402 31954 34179 40017
69624 72852 86900 92930 104863 110450 110836
35.47% 34.7% 29.0%4 28.4% 30.5% 35.0%4 36.1%




Control Symbol (RCS):CMD-TM (A/R) 7801 (AFCMDR 70-1:38). The
BMIRg for the perind 1980 through 1986 are the source
documents for the cost data used in thig study.

The Air Force Plant Representative Offices (AFPRO) at the
contractorg’ facilities complete the BMIRz in accordance with
AFCMD Regulation 70-1 and additional instructions provided by
the BMO. In short, the BMIR is completed by compiling cost
data directly from the contractors’ cogt accounting systems.
The result is a record of the contractors' annual costs by
cost category--direct labor, direct material, other airect
charges, anc overhead. The overhead category i3 further
broken down and reported by sub categories.

A number of price indexes were geiected to convert the
coat data to constant dollars. All but two oi the price
indaxeg ugsed in this study were obtained from the Comrmerce

Department’'s Survey of Current Businesg 1988 (3€}. The two

exceptiong are the Industry Shipmentg Price Indax for the
aerwgpace industry and tae figures us:d to compute the Average
Hourly Wage of Aerospace Froduction Workers Index, both of
which were obtained from the International Trade

Adminiatration's U S Industrial Qutlook 1986 (37). The

cationale for uging the gelected price indexes and a list of

the index values are pregented later in this chapter (page

38) .

Data Analysis

This sectiorn explajina the (l) atandardization of overhead

cogt categories; (2) conversion of coata to conatant dollars;
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{3) selection of financial measures for uge in the gtatistical
analysis; and (4) the statistical %ests for the study's two

hypotheses.

Standardization of Overhead Cost Categories.

Before any analysid cf the cost figures in the BMIRs can
be conducted, the contractora’ overhead cost categories must
be standardized. The standardization simplifiea the data
analysis and makes the coat data more comparable betwsen
years. HQ AFCMD recognized the need to standardize contractor
overhead cosat categories reported in the BMIFs. 1In 1987, the
Bugsinedg Management Office provided instructions to the Air
Force Plant Repregentative QOffices (AFPROs) to group
contractor overhead cogts into nine standardized categories

LN - noc
v

ST S S ) e s i —_
beginning wiih the 188 MIR {

DMIRs {14). These nine cotegorics are
listed and explained in Appendix A,

The overhead cost categories are combined into four
standard groupings for this gtudy. The study limited the
gstandard overhead cost groupings to four categories because of
the dAiffizulty in objectively fitting the contractor overhsasad
cost categorieg reported in the 1980 through 1684 BMIRs to the

atandardized overhead categoriey reported in the 1985 and 1986

BMIRs.

The four standardized overhead coat categorizs used in

thig 3tudy are as followsa:

(1) Laltior Related includey all overhead accounts in
which the majority of the costsg relate to the
compengation of indirect employees. Thig grouping
includesg, but is not limited to, indirect labor,
fringe benefits, payroll taxes, and payroll
exXpenses.
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(2) Travel includes all overhead accounts identified
ags travel expense.

(3) Depreciation, Use, and Occupancy includes all
overhead accounts related to the contractor's
plant and operating supplies. This grouping
includes, but is not limited to, depreciation
expense, office supplies, utilities, leasdge or rent
expense, and expendable equipment.

(4) Other includes those overhead accountsg that are
not included in the above categorjies. This grouping
includes, but is not limited to, computer exgensges,
hazard insurance, corporate taxes, communication,
corporate allocationg, miscellaneous trangsfers, and
other expenses.

The result of classifying the BMIR overhead cost categories
into the four standardized groupings is contained in Appendix
B. The appendix lists each overhead cogt category contained
in the 1980 through 1986 BMIRs2 by the appropriate standardized
overhead grouping.

. Convergion to Constant Dollars. The then-year or actual

dollars contained in the BMIRa are deflated by price indexes
to obtain a real or conatant dollar estimate of the costs in
1980 dollars. Once this adjustiment ig made, comparison of
costs betwean yvears can be made.

To mitigate the efiect of any bias that may be introduced
by the subjective gelection of price indexes, three approaches
are taken to convaert tne cogst data to constant dollars. The
result is the creation of three constant dollar data bases tor
use in generating the financial measures for the gtatigsctical

analysig. The condtant dollar da%a bases are labeled Data

Seta A, B, and C and are adjusted using the following indexes:

Data Set A: Producer’s Price Index (PPI), Industrial
Commodities-~-Transportation Equipment
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Data Set B: Industry Shipments Price Index--Aerospace 5 
Data Set C: Adjusted by a composite of the following:

(1) Direct Labor: Average Hourly Wage of
Production Workerg--Aerospace

(2) Direci Material: Producer Price Index (PPI),
Intermediate Material

(3) Other Direct Charges: PPI, Industrial
Commoditieg--Trangportation Equipment '

(4) Overhead--Labor Related: Employment Cost
. Index--White Collar Workers

(5) Overhead--Travel: Consumer Price Index (CPI),
Public Trangportatction

(6) Overhead--Depreciation Use, and Other: Average
of:

(a) PPI, Industrial Commudities--Equipment and
Machinery

(b) PPI, Industrial Commoditieg--Capital Equipn

(e} CPI, Fuel And Utilitiegs--Piped Gas and
Flectricity

(7) Overhead--Other: FPI, Industrial Commodities--
Trangsportation Equipment

The rationale for gelecting the price indexes for each data

get is presented in Apouendix C. Table 6 ligts the price index

values for each year and data set with 1980 as the base year.

The table lists these index values in the same format as above

For aexample, "Data Set C (1)° lista the price index values for

direct lator. Apprendlx D presents the sample's direct and ;ﬁ
indirect conatsa in than-vear and constant dollara (Data Sets A,

B, and C) for years 1980 through 1986.
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Year

Data

Data

Data

Set A

Set B

Set C (1)
(2)
(3)
(4)
(S)
(6a)
(6b)
(6c)

(7)

Table 6
Price Index Valueg for Data Sets A, B, and C
(Bage Year = 1980)

1980 1981 1682 1983 1984 1985 1986
100 113.7 120.6 124.0 126.9 130.2 133.3
100 112.6 124.5 130.6 136.0 137.4 139.5
100 113.0 123.4 132.1 133.7 140.2 144.8
100 1¢6.2 110.7 111.4 1)4.2 113.7 106.7
100 113.7 120.6 124.0 128.9 130.2 133.3
10¢ 108.3 116.7 124.5 132.3 139.0 145.4
100 112.1 116.7 118.% 124.8 128.1 129.8
10¢ 109.7 116.3 119.4 122.2 124.6 126.5
160 110.2 116.5 119.8 122.6 125.3 127.7
100 114.6 130.5 142.0 147.5 150.0 148.0
100 113.7 122.6 124.0 126.9 130.2 133.3
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Financial Measures. The financial measures explained in

the following paragraphs are used to test the study's two
hypotheses. The financial measures congist of (1) an activity
base used to represent industry output; and (2} financial
ratios used as dependent variables in the atatigtical testsg.

Activity Base. An activity base that meagures

indugtry output must be selected to provide a relative measure
of cost growth during the period 1980 to 1986. This activity
base i3 necessary in order tc identify cost growth that is not
agssociated with sales growth. Figure 3 is a graph of the
sample’'s total cogts and total direct labor, direct material,
other direct, and overhead costs in then-year dollarg for 1980
through 1966. Figure 4 ig the same graph in constant dollars
(Data Set C). It ig impossaible to interpret trom either graph
the portion of cost growth driven by increased saleg from that
portion driven by other factors. To help eliminate this
problem, an activity base that allows costs to be expressed in
a cost per unit measgsure is required.

Units produced probably provides the most accurate
measure of industry output. However, sucl. a measgure ig not
readily available for thig study. Inatead, twu other measures
are used ag activity basgsesda to Zauge industry output. These
measures are direct labor hours and direct labor dellars.

The use of these activity bages as surrogatewn for output ig a

legitimate option because, in general ., ag output increazeg or

dacreases 80 does direct labor (4:122).
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The direct labor hours are computed for eacnh contractor
by dividing the contractor's direct labor costszs by the averasge
hourly wage of aerogspace production workersa. The average

hourly wage data are contained in 11 S Industrial Outlook 1988

(27:39-2,39-2) .

Finsncial Ratioa. Financial ratios are regquired to

gserve ag dependent variablesg in the statistical testa. These
ratios measure certain financial characteristics of the
3ample.

The ratios of Cost Per Direct Labor Hour (Cost/DL Hr) and
Cogt Per Direct Labor Dollar (Cogt/DL #) are uged to test
hvpothezid number one. It is aggumed that increasgsesa in these
ratios indicate that costa in the industry have increasged,
while decreases 1n vhe ratios indicatve the opposite. DBoth
measureg are ugsed in the test of hypothesis number one to see
if like results are obtained. Like results will help
substantiate the conclusions assuming that each ratio
accurately measuresg industry cost growth for the geven year
period.

The ratio of Overhead Costa to Total Costa (OH/TC) is
uged to test hypothesis number two. It is8 aggumed that an
increase in thig ratio indicates that the percentage of
overhead coata to total coat has increaaed and a decrease in
the ratio irdicates the opposite.

All three financial ratios are expressed in constant
dollars for usge in the hypothesis tazts. Table 7 providedg a

summary of the financial ratiog and how they will be usged in
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Table 17

Financial Ratios Jzed as Tependent
Variables in Statistical Analyais

Hypothesgis No. 1 Hypotnesis Hec. 2

Davzw Set oependen: Variatle Depencdent Varjable

A Cost per DL Houx

B Cogt per DL Hour

Cc Cost per DL Hour

Then~-Year # Cost per DL Dollar

C Ccsat pwr DL Dollar

Then-Yeay & Overhead/Total Coat
. C Overhead/Totzl Cost

4%




the hypothesis tests. Appendix E provides a liat of the
financial ratio values by contractor an. year for Data Seta A,
B, and C and the Then-Year doliars Data Set.

Tt should be noted that a ratio of a cost to a cost is
cecmputesd only in then-year dollars and for Data Set C. Datae
saets A and B are each adjusted to constant dollars uaing ona
price index and, therefore, the cost to coat ratio does not
change. For example, the ratio of cverhead cogts to total
cost L3 the gzme for the Then-Year Lollars Data Set, Data Set
A, and Data Set B.

Statistical BAnalysis. Statigtical analysis is uged in

this study because the available coast data are but a sample of
the detienge aerospace industry population. By apwnlying
gtatistical {echniques, a conclusicn may be drawn about the
pepulation from the gample irnformation (24:5).

The =statistical technique chosen for thia study is
regreggion analyzia. A line of best fit is computed through
the data points by a method called ‘ordinary leasgt agiares’
(OLS). OLS is a statistical tool that is used to determina
the existence of a reiationghip bebtween two or uswore
quantitative variableas ((25:23).

In thig gtudy, the relation between the indepencven’.
variable “year”  and the dependent variable ‘“financial ratio’

{listed in Table 7) i3 determined. The ganersl regreusion

model isg:




where

= the dependent variatle

= the Y inte.cept

the slope of the regression line
= the independent variable

= the random error term

o X 7e <
i

The study’s r. gression model ig:

Financial R2tio = a + b(Yaar) + a (4)

The financial ratiog for each contractor are used as the
dependent va=~iables in the regresgion analysis. Thig yields
18 observations for each year or a total of 112 observations
(16 contractora * 7 years) for the 3ample.

Thig statistical analysis testa whether the slope of the
iitted regreggion line ig ¢gignificantly greater than zero. I1f
the test concludes that the slope is zignificantly greater
than zero, then the financial ratio has increasged during tbte
pericd 1980 %o 1986,

A3 an aid in the fo.lowing discussion on the hypothesgais
tegta, the reader ig reterred o Table 8 on page 48. The
statigtical tests for hyvpotheussg one arnd two are the same.
The null (llo) and alternative (Ha) hypctheaes tor each tegt

are stated as follows:

Ho: The sglope of the regressaiorn line (b) equals zero

Ha: Tha sloupe of the ragresgion line ig greater than zero




Table 8

Suzmary of Hypothesis Tests

Byvothesis Yo. 1 Hypothesis Yo. ?
¥ull and Alternative
fypotheses Ho: b = 0 Bo: b =0
fa: > 0 Ba: b)) 0
Regression Wedels
Data Set A Cost/OL Hour = a + b(Tear)
Data Set B Cogt/DL Bour = a + b(Vear)
Data Set C Cosv/Ol owr = a v Sifear
Then Tear Doilars Cogt/d% Dollar = a + d(Tear) 0B costs/Total Cost = a ¢ b(Tear)
Jata Set C Cozt/OL Dollap = b + H(Tear) 08 Costs/Tatal Cost = a + H{Tear)

Level cf Significince

Decision Bule If the calculated t value ¢ 1.66, the calculated t value ¢ 1.88,
then Ho cannot be rojected. then do cannot be rejected.

It the calculated t vaiue ) ].68, the calculated t value ) 1.56,

then reject He. taen reject Ho.

Conclusions 1f Ho ig rejected, then Hypothesis Ho is rejected, then Bypothesis
Buaber 1 13 true. Number 2 is true.

It Ho 13 not rejected, then Hyputhesis Ho is not rejected, then Hypothesis
Junber 1 iz not true. Husber 1 13 not true.




According to Hamburg, selecting tre level of significance
of the test depends on the risk the researcher ig willing to
accept of rejecting the null hypothesis when it is true.
"Significance levels such as 0.05 and 0.01 are very frequently
ugsed in claasical hypothegis testing” (15:265). For this
gtudy, the significance level is set at 0.0S.

The critical %+ value ig 1.66 for thisg one-tailed
hypothesig test, with 110 degrees of freedom (112 observations
legs two parameter egtimateg). The critical t value is
obtained from a table of percentiles of theg t distribution
((25:518). The critical t value is compared to the calculated

t value which i3 computed as follows:

where

b = the glope of the sample regression line.

B = the true galope of the populaticn regression line
hypothegized to be zero for this vesw.

Sx = the estimated standard error of b.

It the calculated t value is greater than the critical t

value, then it is agsumed that the slope of the pcpulation

regresggion line is greater than zero.




Using the information in this and the previous paragraph, the

decision rule for both hypothesis tests ig stated ag follows:

Jf the calculated t value ( 1.86, then Ho cannot be
rejacted.

If the calculated t value > 1.66, then reject Ho.

Rejection of the null hypothesis infers that the slope of
the population regregsion line is grsa%er than zero and that
the financial ratio has incrcased during the periocd 1980
through 1986. Such a regult would support hypotheges one and
two. However, if the null hyvpothesis cannct be rejected, it
is inferred that the glope of the population’'s regresaion line
ig zero and the gtudy’'s two hypotheses would not be supported
by thig statistical analysgisg.

Two agsumptions of regresgsion analysia are that the
regiduals or error terma are normally distributed and
independent of one anothar. Therefore, the sample data are
tested for normality and the existence of autocorrelation.

The Kolmogorov-Smirnov (K-S) “goodnega-of-~-fit® test is
employed to test “the null hypothegis that the sample and
theoretical distributions are equal® (24:458). For this
gtudy, the theorctical digtribution ig the normal
digtribution. The following test statistic, denoted as "D° is

coimputed.

D = maximum ' F




where

F = The cumulative relative frequencies of the
theoretical distribution.

S = The comparable relative frequencies of the
gsample data.

The computed D value is compared to the critical D value
obtained from a table of K-S critical values for one sample
tests. For thig test, the number of obgervations is equal to

112 (18 contractora * 7 yearsg) and the level of significance

is 0.01. Therefore, the critical D value is equal to: *
1.63
D ¢critical = = 0.1£402C5 (7)
112

The null hypothesis (Ho) and accompanying decigion rule are as L

follows:

Ho: The gsample and theoretical distributions are equal.

Ha: The sample and theoretical distributions are not

squal. _
Decigsion Rule: I1f the computed I’ value < the critical D .
value, accep: Ho and conclude that the sample °

distribution reprerfents a normal digtribution.

"The Durbin-Watgon test provides the atandard test for
autocorrelation® (24:555). The tegst is accomplighed by

computing the following teast statistic denoted as °"D’. kRN
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a= (8)
D =
n
N 2
:EJ (e¢) a
a=1
Where
e = the residualg of the regression model
a = the sequential position of a particular e
b =a -1

H

n thea ..umber of observations.

Upper (du) and lower (dl) bounds are obtained from a
table o{ Lurbin-Watson test bounds ((25:531) with the level of
gignificance set at 5% and a sample size of 112. The teat for

positive one period autocorrelation is:

Ho: p = 0
p » 0

Ha:
I¢€ D> 1.56 (du), then Ho cannct be rejected

If D < 1.52 (d1), then reject Hc and conclude that the
ercor termg are positively correlated

If 1.82 ¢ D ¢ 1.56, the test is inconclusive

The test for negat.ve one period autocorrelation is:

Ho: p = 0O
Ha: p ¢ O

If (4-D) > 1.56, then Hu cannot be rejected




rf (4-D) ¢ 1.5%2, then reject Ho and conclude tuat the
error terms are negatively correlated

If 1.52 ¢ (4-D) < 1.56, The test is inconclusive
where X3
= autocovrrelation parameter

P
du = The upper Durbin-Wataon test bound
dl = The lower Durbin-Watson test bound

Summar
This chapter explains the methodology employed to test
the study's two hypotheses. The pcpulation for the study is
the defense aerogpice industry. The sample is comprised of 16
aercgpace contractor plantg znd the BMIRs from thege plants
serve ag the source documentg for the cost data. The m:
.;\ contractor cogts are discounted to congtant dollara from which fﬁ
three financial raticsg are computed. These ratioz are used in
the hypothesis testa to determine whether costas have increased
!. in the defense aerospace industry from 1980 to 1986; and to
determine whather the percentage 0f overhead costs to total
cost increased in the industry over the same period.
The next chapter contains the regults of the hypothes.ise
tests, presents descriptive statistics that help to further
degcribe the gample’s cost compogition and trends, and

inciudes the corollary findingg of this gtudy. Q




IV. Data Analysiz and Findings

Introduzticon

The previous chapter describes the methodology used to
te8t the study’'s two hypotheses. This chapter containa the
primary results of the data and statistical analysis and is
prezented in four sactions. The first section presents and
explaing the regults of the hypothesis tegts. Next, the
outcomes of the Kolmogorouv-Smirnov “~goodneas-of-fit"® test for
normality and the Durbin-Watson test for autocorrelation are
pregented. The third section provides some desgcriptive
statigtics which further describe the sample’'s ccut
composgition and trenda. Finally, tas fourth dection presgents

the corollary findings of thiz study.

Hypothesis Tests

The primary regultg of tegting the study's two hypotheses
are predented i1n thig dection. The parameter estimategs for
each test are digcussed in the following waragraphs. 1In
particular, vhe parameter eatimates for the indesmendent
variable are examined since thege eadtimates provide gtatistics
about the sicpe (b) of the regrezsion line.

Hrypotihesig xwumber One. Costs incresssd in the defenae

s¢rorpaca industry during the period 1880 through 1088,
Te tegt the firast hypothegis, tas dependent variables of

Cogt Ver Direct Labor Hour (Cocgt/Dl. Hr) and Cost Per Direct

Lavor Dellar (Cost/DL #) avo regrosgsed againgt the independent




variable ‘year®. The use of two dependent variables yield the

following two regression models:

Cogt/DL Hr = a + b(Year) + e (9)
Cogt/DL 8 = a + b(Year) + e (10)
Parameter egtimates are calculated for each model. Table :

9 containg the statistical results when Cost/DL Hr is used asg
the dependent variable. The table ligts the parameter ;5
estimates (coe¢ ficients, standard errors, and t values) for
the intercept and ind¢pendent variable “year”  for the three
Conatant Dollar Data Sets. For each data sget, the computed t
value for the variable “year” ™ is less than the critical t-
value of 1.66 when tegtad at the 5% level of aignificance.
The largegt t value is 1.29 for Data Set C and the smallest t
value igs 0.540 for Data Set B. Baged on ths decision rule f:
detfined on page 50, the null hypothesia cannot be rejected.

Figures 5, 6, and 7 present scatter plots of the
dependent variable Cogst/DL Hour for Constant Lollar Data Sets
A, B, and C, respectively. The X axis plots the yeaurs 1980 i
through 1986 with 16 tick marks for each year repragenting thLe
16 contractorg. A trend line ig also fitted through the data
peinte which provicas a visual representation of the
significance of the slope of the regression line.

Table 10 provides the statistical results when Cost/DL # :\
ig ugsed as the dependent variable. This table lists the

parameter eastimates for the intercept and the independent &

%5




Table ¢

Summarv of Statistical Results--Hypothesis

Coat/DL Hour Ratio

Constant Dollars, Data Set A

Parametzpr Estimales:

Number One,

Variable Coefficient 5td. Error t Value
Intercept -2251.846A81 2058.01399 -1.09
Year 1.16435 1.03783 1.12
Constant Dollars. Da%a Set B

Parameter Estimates:

Variable Coaelftficient Std. Error t Value
Intercept -1025.43842 1984 .38988 -0.52
Year 0.54488 1.00007 0.54
Constant Uollars, Data Set C

Parameter Estimates:

Variablae Coafficient Std. Error t Value
Intercept -2731.81467 2170.67108 -1.26
Year 1.40712 1.00464 1.29
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Table 10

Summary of Statistical Resultas--Hypothegis Number One,
Cost/DL # Ratio

C

(o)

ngtant Dollars, Data Set ¢

Parameter Est’ mates:

Variable Coefticient Std. Evror 4 Value
Intercapt -275.60862¢% 21.22173 -2
Year 0.14146 CL1i08% 1.%7

Then Year Dollars

Parameter Egstimates:

Variable Coefficiunt  Std__irror ¢ Value

Intercept -48.47661 LG .0R802 ~0.2%

Year 0.02723 0.16040 .27




variabie “year® in then-year dollars znd for Data Set C. As =i *
axplained on page 43, Cost/DL $ is a cost to cost ratic

and, therefore, has the same value twwhen computed in then-year
dollars as that computed with Lata Sets A& and B.

For thzr-year dollars and Data Set C, the t value for the
variable “"year® 18 leoge than the critical t value of 1.66.
Data Set C hay the higher ¢t value c¢f 1.28; the Then-Year
Dollarg Data Sat hag a t valuwe of 0.27. Again, the null
hypothegis cannot be rejected.

Figures & and 9 present scatter plots of the dzpendent
variable Cost/DL # {or Constant Dollar Data Set T and the
Then-Year Dollara Data Set resgpectivaly. A %trend line is
fitted through the data pointe which provides a viszual
represdentation of tae significance of the slope of the
regression line. . b=

Rouh the Cogt/DL Hr and Cest/DL % variables yield resulis
that infer that the siope of the population regreggion lire .8
zera. Thia indicaztes that the financial ratiog Cost/DL Hour .;';
and Cogt/DL 8 did not increase during the period 1980 to 1986.
Since these ratios are ugsed by the study to measura cosgt
growth, the study's first hypothezi¢ is8 not supported by the f.
gtatistical analysis.

It is alac interesting to note that the Consgtant Dollar
Data Sets A, B and ¢ yleld the same results; that is, the null
hypothesis cannct be rejected. Thle fact that the Constant
Dollar Data Saets do not provide conflicting outcomes helps

gubgstantiate the resulta of this hypothesia tesatl.
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Hypothesis Number Two. The percencage ¢f overhead costs

to total cocat increased in the defense aercgspace industiry
during the period 1980 through 190806.

To test the first hypothesis, the dependent variable
OL/TC is regressed against the independent variable “year”.

The regression model i8 as follows:

OH/TC = a + b(Year) + o (11)

Table 11 containg the statistical results wnen OH/TC is
used as the dependent variable. The table ligts the parameter
estimates for the intercept and the independent variable
‘year® in then-year dollarus and for Data Set C. For then-year
dollare and Data Set €, the t value for the variahbhle “vear® is
less than the critical t value of 1.6¢. Data Set C has the
highar ¢t value of -0.28, while the then-year dollars’ t value
is -1.37. Basged on the decivion rule for this hypeothesis
tegt, on page 50, the null hypothesis cannut be rejected.

Figures 10 ard li present gcatter plot3 of the dependent
variable OH/TC for Conetznt Do’lar Data Set C and the Then-

Year Dollars Data Set. A trend line is fitted through the

data pwintge which providey a visual representation «f tne

significance of the g2lope of the rangregaion line.




Table 11

Summary of Statistical Results--Hypothegsis Number Two,
OH/7TC Ratio

Constant Dollarg, Data Set C

Parsmeter Egtimates:

Variable Coefficient Std. Error t Value
Intercept 3.08809 9.67902 0.32
Year ~0.00137 0.00488 ~0.28

Then Year Dollars
Parameter Estimates:

Variable Coefficient Std. Error t Value

Intercept 14.05485 10.01793 1.40

Year -0.008309 0.00305 -1.37
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The regullis infer that the alope of the population
regression line is zerc. Thig indicateg that the ratio of
Overhead Costs to Teotal Cogt did not increase during the
period 198C to 198€6. Therefore, the study’'s second Lkypothesgisz

is not supported by the statistical analysig.

Goorlness-of~-Fit and Autocorrelsilor Test Results

The computed D values for the K-35 “gocdnaags-of-fil' test
for normality and the Durbin-Watson test for autocorrelation

are presented in Table 12,

All of the K-S computed D' values are less than the
critical D value of €¢.154020%. DBased or the decision rule
(page S51), these regultg indicate that the cost data are
normally distributed. In addition, the Durbin-Watdgon computed
D values for positive and negative autocorrelation are larger
than the critical D value of 1.5€. Based on the decision rule
(page 52), it is assumed that no serious autocorrelation

exigte in the regresgion models.

Degscriptive Statigtics.

Table 13 providesa the sample’'s average, high, and low,
values for “he Cost/DL. Hour ratio for each year in then-year
dollarg and for Conatant Dollar Data Sete# &, B, and C. The
average i3 calculated by dividing the sample’'s annual total
cogtg by total annual direct labor hours.

Figure 12 containa a graphical representation of the data
in Table 13. The bold line charts the cosgt per direct labor

hour in then year dollarg and indicates a definite uypward
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Table 12

Kolmogrov-Smirnov and Durbin-Wataon Computed D Values

Models

Cosat/DL Er = be + bi(Year)
(Data Set A)

Cogt/DL HR = bo + bi(Year)
(Data Sat B)

Cost/DL Hr = beo + bai(Year)
(Data Set ()

Cogst/DL 8 = by, + bi{Year)
(Then-Year Dollars)

Cost/DL 8 = be + bi{(Year)
(Data Set C)

OH/1C = by + bi(Year)
(Then-Year Dollars’

QH/TC = be + bi(Year)
(Data Set C)

D-W

K-S D 4 - D
0.127525 2.254 1.746
0.138284 2.245 1.755
0.129008 2.260 1.740
0.111763 2.242 1.758
0.129146 2.260 1.740
0.138094 2.037 1.963
0.098307 1.579 2.421

€0
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Table 13

Descriptive Statistics
Cost/DL Hour Ratio

Coat Per Direct Labor Hour--Constant fJollars, Data Set 2

1980 1961 1982 1983 1684 1985 19835
AVERAGE 59.2% 54.39 50.79 56.81 61.22 55.82 680.08
HIGH 97.47 94.02 121.88 178.12 9l.14 105.44 10€.16
Low 26.80 21.10 24.65 26.%6 26.72 29.46 30.46

Cogt Per Direct Labor Hour--Constant Dollars, Data Set B
1980 1081 1962 1683 1984 1985 1986
AVERAGE 59.25 54.92 349.20 53.94 £7.21

HIGH 97.47 94.94 118.086 166.27 85.04
Low 26.80 21.30 23.68 25.22 24.93

Cogt Per Direct Labor Hour--Constant Dollars, Data Set C

1980 1981 1982 1983 1984 1985
AVERAGE 59.25 55.59 52.66 58.52 62.72 57.05

HIGH 97.47 96 .88 127 .41 183.91 93.27 109.19
LOW 26.50 21.51 25.00 268.44 26.49 29.07

Cost Par Diraect Labor Hour--Then Year Dollarsg
1980 1981 1982 1083
AVERAQE 59.25% 6l.F4 51.26 70.45

HIGH 97.4"7 106.91 146.99 217.18
LOW 28.80 23.99 29.73 32.63
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trend fcr the pericd. The bars represent each of the Constant ’;f
Dollar Data Sets. AS can be sesn from the graph, costs -!W
remained rather stable, relative to direct labor hourg, when
adjusted to constant dolliars.

Table 14 presents the sample’'s average, high, and low
valueg for the Cost/DL # ratio for each year in then-year
dellars and for Constant Dollar Data Set C. The data in Table
14 bagically gunport %thosge in Table !3. That is, that no
clear i1ncreasgsing trend exists in the data. Ry

Table 15 provides the composition of total cost by each
of its majer categorieg--direct labor, direct material, other
direct charges, and o .rhead for each year. These figures are

given for Constant Dolliar Data Set C and the Then-Year Dollars

=

ata Set. The "direct material” category has the largest share
of total costs averaging 42.41% and 39 72% for the Constant
Dollar and Then-Year Dollars Data Sets regpectively.
*Overhead” cosats comprise the second largest portion of total
costs averaging 31.69% for Data Set C and 32.91% for the Then-
Year Dollars Data Set.

Figure 13 is a graph of the constant dollar (Data Set C)
averagas presented in Table 19%. Each cost category is plotted
on the graph displaying its relative percentage of total cost
over the period 1980 to 1986. The graph showe that the
sample’'s total cost compogition remained relatively stable for

the seven year period.
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Table 14

Deacriptive Statistics
Cost/DL $ Ratio

Cogt Per Direct Labor Dollar--Constant Dollars, Data Set C

1880 1881 1982 1863 1984 1985 1946
AVERAGE 5.98 5.65 5.32 5.91 6.33 5.76 6.42
HIGH 9.85 9.78 12.87 18.57 9.42 11.03 11.49
Low 2.71 2.17 2.52 2.87 2.68 2.94 3.07

Cost Per Direct Labor Dollar--Then Year Dollars
1989 1981 1982 1983
AVERAQGE 5.98 5.53 5.01 5.39

HIGH 9.85 9.55 12.03 16.60
LOwW 2.71 2.14 2.43 2.82
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Table 15

Total Cost Composition

Constant Dollars, Data Set C

1960 1981 1962 1983 1954 1985 1986 Avg
DL/T 18.71% 17.66% 18.81% 16.92% 15.79%4 17.35% 15.57% 16.98%
DM/TC $8.7T%4  41.27% 40.23% 41.37% 39.91% 3R.50% 46.00% 42.41%
ODC/TC 5.28% 8.22% 8.10% 9.10% 13.17% 10.43% 8.144 8.93%

OH/TC 29.24% 32.83% 32.86% 32.61% J31.10% 33.67% 29.%0% 31.69%

1

Then-Year Dollars

1680 1981 1982 1983 1084 1985 1986 Avg Ef
DPL/TC 16.71% 18.09% 10.95% 18.57% 17.02% 19.10% 17.90% 16.18% %
DM/ TC 48.77% 40.80% 38.28% 38.28% J36.74% 34.36% 40.73% 39.72% |
onc/TC $.28% 8 481 8.404 9.37TX 13.47% 10.71% 8.62% 9.1S8% :
ulH/TC 29.24% 32.65% 33.374 33.78% 32.78% 35.83% 32.70% 32.91% ’
Vote:
DL = Direct Labor; DM = Direct Material; OPNC = Other Direct Charges; i

OH = Overhead; TC = Total Cost
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Table 16 presents the compossition of overhead costsg for
the Constant Dollar Data Set, C and the Then-Year Dollarsg Data
Set. "lLabor related’ coats are the largest portion of
overhead cost3 averaging 6C.45 percent and 60.83 percent fcr
the Constant Dollar and Then-Year Dollars Data Sets
respectively. However, the °“labor ralated”™ cost category
decreased relative to total overhead costys during the period,
while the ‘other” cost category exhibits a steady increase.

Figure 14 is a graph of the constant dollar averages
presented in Table 16. Each overhead category is plotted on
the graph ghowing 1ts relative percentage of total overhead
cogty cver the period 1989 to 1986. 1t is plain from the
graph that “labor related’ coste decrease while “other’ costs
increase during the period.

Finally, Figure 15 presents a set of pie chartg that
display the ¢omposition of total cost and overhead cosgts for
1980 and 1986. The figure provides a comparison of ccat
composition at the beginning and end of the study’'z time
frame. The charts show that total cost composivion is almost
identical for both years. The pie charts alsc gzhow that

overhead cost composition changed little except that the

“labor related”™ cocst category lost 12 percentage points to the

"other”® overhead cost cataegory.




Table 16

Cverhead Cost Composition

Constant Dollars, Data Set C

1980 1981 1982 1983 1984 1985 1986 Avg
L/0H 63.43% 65.61% 63.51% 63.30% 60.10% 55.96% 51.35% 60.46%
T/0H 2.18% 1.59% 1.48% 1.62% 1.19% 1.90% 2.11% 1.72%

DUO/OH 15.56% 14.12% 14.36% 14.26% 12.77% 15.83% 15.57% 14.65%
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Then-Year Dollars

1880 1081 1682 1983 1984 1685 16886 Avg
L/OH 63.43% B4.70% 62.73% 63.21% 60.87% 87.37% 53.50% 60.83%
T/0H 2.16% 1.62% 1.46% 1.56% 1.13% 1.79% 1.967 1.67%
DUO/OH  15.56% 14.33% 14.72% 14.53%4 12.78% 13.66% 14.97% 14.65%
OTHR/OH 18.85% 19.35% 21.09% 20.70% 25.21% 25.18% 29.58% 22.85%
Note:

L = Labor; T = Travel; DUO = Depreciation, Use, and Other;

OTHR = Other; OCOH = Overhead
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Corollary Findings

Thigs research focuses on testing the study's two
hypotheses ugsing the sample data as a whole. As discussed
earlier, the tegat results do not support either of the
hypotheses.

However, when the same hypothegis test (page 50) is
applied to individual contractors uging the dependent
variables Cost/DL Hour and Cost/DL 8, different result: are
obtained. Table 17 presentz these results. Each contractor
(A throcugh P) ig listed with 1its corresponding computed ¢t
valueg by applicable dependent variable and by the appropriate
congtant dollar or then-year dollar data get. Nota that the
critical & value i3 2.015 for a one-tailed test at the 5%
level of significance with f.ve degrees of freedom (seven
observationg legs two paraneter egtimates). The asterisks
identify those contractors with ¢ values that exceed the
critical t value. The "ALL" row at the bottom of the table
allowa for a comparison to the t values from the primary
results pregented in Table 9 on page 56.

Eight ot the aixteen contractors have at leagt two
computed t values that exceed the critical t valuea. The

Then-Year Data Set produces the fewest zignificant t values

{four) and Data Sets A and C produce the most (seven and eight

regpschively) . Data Set B producesg five gsignificant t values,.
Thege resulta indicate that ag many as half of the
contractorg In the sample experienced g8ignificant increases in

the ratioz that are uged by this study to measgure relative
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Table 17

Corollary Findings,
t Values for Individual Contractors,
Test of Hypothegiz Number One
{Critical ¢ Value = 2.015)

Cost/DL Hour Cogt/DL &
ata Set Data Set Data Set Data Set Then-Year
KTR _A B _Cc_ C Dollars
* A 3.611 2.934 3.385 3.402 2.913
B 0.775 0.438 1.128 1.:127 0.272
c -6.358 -7.193 -8.024 -8.005 -8.967
D 1.060 0.418 1.473 1.471 0.185
*» E 2.491 1.790 2.456 2.448 1.547
F -0.2286 -0.792 -0.343 -0.344 -0.925
* G 1.910 1.444 2.106 2.101 1.241
H .592

.483

.612

Note:

KTR = Contractor; # Identifieg gignificant t values




cogt growth. This is surprising given that the results of the
original test for Lhypothesis number one indicate that the
ratios did not experience gignificant increases during 1980 to
19886.

Appendix F contains a more complate set of hypothesis f
test results for the corollary findinga. The parameter
egtimated &e listed for the intercept term and the
independent variable “year' by independent variable, constant

dollar or then-year dollar data set and by contractor.

Summar

118 chapter pregents the resulta and findings of the
study's data and statistical analyses. The primary results
of the hypothesis tests do not support either of the study’s
two hypotheses. In addition, the K-S “goodness of fit® test
result indicates that the sample’'s data comes from a
population with a normal digtribution. Also. the Durbin-
Watgon test produéed results that indicate that no serious
autucorrelation exists in the regression models. Descriptive
statistics that further explain the sample’'s cost composgition
and cogt trends are algo pregented. Finally, corollary
findings about the coast growth behavior of individual
contractors are inciuded at the end of the chapter. The next
chapter discusaes the study's conclusions baged on this
chapter'y findings. The last chapter also contains
recommendaticna for additional research in the area of defense

aerogpace industry cogt trends.
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V. Conclusion

Introducticr

‘The previous chapters dsscribe the prcblem of weapon
system cost growth and explain the composition and control of
these costs. The objectives or this study are to determine if
‘real” cost growth occurred in the industry during the period
1980 through 1986 and if the percentage of overhead cost teo
total cost increased during the same period. Based on these
objectives, this study propoges the following hypotheses:

Hypothewis Number One, coats increased in the
defense aerospace industry during the period 1880

through 16886.

Hypothesis Number Two, the percentage of overhead costs

to totul cost increased 1n tho defense aerospacc industry
A et bha -‘-lnd 100(\ th Al 1CQQOA

QUFLllp vas pSTi 1* =14 D& S ww e

The remainder of this chapter is divided into three
sections. The first gection summarizes 1) the primary resgults
of the hypothesis tests; 2) the sample’'s descriptive
statistica; and 3} the gtudy’'s corocllary findings. T“he
gsecond gection discusses the gignificance of the study's
results and defends the study's key agsumption., The final

gaction provides reccmmendationg for future research.

Summary of Regultag

The literature review presented in the second chapter
ijdentifies assertionz that 1) cogts in the dafense indusgtry
are increasing and 2) overhead costs are increasing and
comprige a subgtantial portion of total weapon system cost.
The empirical 3tudieg gummarized in the literature review
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present c¢cat growth and cost composition trendg ot the 1960s
and 19703 that bagically support the cited assertiong. The
primary results of thig study inadaicate the opposite tc be true
for total cost and overhead growth in the defanse aerocspace
indusgstry during the 1980 to 1986 time frame.

Hypothesis Number One. Coste increasod in the defense

asrozpace indusiuiry during the period 1380 through 1988. Ths
hypothegis test did not regult in the rejection of the null
hypothesis that the sicope of the population r graession line is
zero. This indicates that costs did not increase in real
termg in the defense aerospace industry during the period 1980C

to 1986.

Hypothegis Number Two. The percent e of overhesad costas

10 tntal ocost increased in the defense serospace industry
during the period 1680 through 1988. The nypothesis test did
not result in the rejection of the null hypothegis that the
slope of the population regression line ig zero. Thig
indicates that overhead costs did not increagse in relation to
total coats in the defenzge aerospace industry during the
period 1980 through 1986,

Dsgcriptive Statistica. The descriptive statistics

indicate, however, that the overhead cogt component ig a
subgtantial per.ion ot total cost in the induatry. In the
sample tested, overhead is the second largest component of
total cost averaging 31.7% for the gseven year period. Direct
material is the largest with a 42.4% average share of total

cost. Direct labor is third at 174 and other direct charges
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has the smalle=st ghare averaging 8.9%. £.1 ol the abnve
percentages were computed ugsing Congtent Do.lar Data Set C.

The overhead <ogt component is mainly composed of "labor
related’ expensges which average €0.E6% of its total. "Other’
cogta averapge 22% of total overhead; °“depreciation, use, and
occupancy”  costs average 15.6%4; and “travel® expenses average
only 1.6%. Again, all of the percentages were computed uzing
Congtant Dollar Data Set C.

Corollary Fincings. The corollary finaings indicate that

ag many s half of the sixteen contractors in the sample
axperienced significant cost growth during the seven year ;ﬁ
period. When the hypothesis test is applied against

individual contractors, *he null hypothegis ig rejected in

e1ght of the sixtean testa under Conatant Dollar nata Set C

for the dependent variables °“Coat/DL Hour® and °"Cest/DL &7,

Constant Dollar Data Setg A and B, with the dependent variable

“Cost/DL 8, produce seven and five null hypothesgia r1eiectiorns
regpectively and the Then-Year Dollars Data Set produces only i

four null hypothesiyg rejections.

Discussion of tha Study's Resultg

The study's primary resultg indicate that there is no "
"real” cost growth in the defense aerospace industry, twhen
taken as a whole, during the period 198U tc 1986. In
addition, the percentage of overhead costs to total coat did
not 1acrease in the industry. The resultyg are baged ova cosgt
data generated during a period of increasing activity in the

indugtry. These cout trendr occur during a time when defense s
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aerospace 3svending increased (ITA-85:37-1 ani AWRST:18-13) and
the industry's excess capacity decreased (ITA-85:37-1). Cost
growth and cost composgiticon may exliibit different trends when
industry activity ig stagnant or decrezsging.

The corollary findingg prove interegting because they
jndicate that ag many ags eight of the contractors in the
sample experiencud 2 gignificant in:rease 1n the ratvios
Coat/DL Hour and Cogt/DL #. Since this gtudy assgsumes that
thegse ratios are a viable measure of indusitry cogi sgrowth, the
regults indicate that half of the contractors in the gample
experienced significant cogt growJh.

Lt ia surpriging that such a large number cf coniractors
in the sample produce resgults that contradist the vrimary
1indings. A reason for such confilcting vossgulty may he the
wide digpersion of the data poinis (Coat/DL Heour and Ccst/DL &
ratiog). Figures 5 through 9 in the fourth chaptar display
the extent of this dispersion. The wide disgpersion ={ data
pointa may be caused by the var.ous segments of the aerospace
induatry. For example, the aircraf{t industry fegment may be
subject to a differant gset of factoras that affect ¢ogt than
the guided misailea and space vehicles sgegment.

However, gince “his atudy’'a hypotheses are based ou
¢efense aercgpace induatry trends rather than individual
contractors or industry sgeguente, it is moure apypro, atbe to
bage any conclugsiong on the primary resultg. Therefove, 1t is
inferrad from the primary resulta that there was no

significant real coat growth or overhead coat Jdrowth ruelative

83




ve total ‘. in the defdarnge azvrosgpa~e i.4dusgt 'y dovring the
saven period 1290 to 198€.

The resultes 2'zo show chat tne ovechead -cgt ~ownpo..ent
hag the second largestc share of total cogt. Thiz finding iz
tne 2ame ag the findings of the three wmpirical studies
reviewed in the gacond chapter. These empirical studica show
raw material costs comprising the largest share of total cost
followed by overhead. Over time (1961 t< 1986), it appears
that, cost compogition hag remained remarkably stable with the
major codt catogories compriging aboul the same share of total
~ost.

This stability wag not asxpected at the start of the
study. 7The DOD initiative to "modernize’™ the defense
indugtrial bawe to make it more automated and efficient (6:37)
should have a measurablia impact oa toval coat composition.
Much of the literature on factory modernization atates that as
factories automate, overhead coaty grow and direct costs
(epecificaily direct laber) shrink in relation to total cost
(22:142 and 31:47). The results of this 3study indicate that
any modernization nf defense zerogpace factories that occurred
before 1986 wag not gignificant anough to generate changes in
~oat compegition.

The cuomposition of overhead costs have not remained as
stable as the compogiticon ¢f totsl cortg. Basically, “labor
related’ costz have ateadily decreaszed while “othar’ costs
have increaged. This ctatistic nmnay be misleading, however,

gincea labtor cosbts, in the form of gevvicaes, maks up a
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substantial portion of the “other® cost cavegory. Perhaps a
more meaningful breakout of overhead categories should include
a category for service costs2. This category would contain the
costs of all interdepartmental and outaide services. Such a
categorization would be beneficial becauge these costs 3eem to
be growing faster than the other overhead categoriea and for
this reason require more visibility.

In the defengse asrospace industry of the 19803, overhead
ig an important component of total cogt not only because of
its relative size, but alsoc becauge it is not as controllable
as direct coats. Although the results of this study indicate
that the percentage of overhead costa to total cost did not
increase during the period 1980 to 1986, these costa 3till are
a gignificant component of total industry cosgts.

Future defenge gpending i3 expected tuv decreame (11:170).
A decrease in defense business will likely lead to increases
in the aerosgpace industry's excess capacity which can result
in higher cverhead costgs (27:24 and 11:170) . Therefore, the

DOD’a initiative of overhead cost control zhould continue.

Study'a Key Agsumption

The findings of thisg study depend on the propriety of
uaing financial ratics as *the derendent variables in the
hypothegsis testg. In particuiar, are direct labor hours and
diract labor dollars reliable surrcogates for indusairy output?

The s8tudy required an adequate measure of output to
arrive at a relative measure of cost growth in the form of a

coat per unit figure. Sincv antual industry output measgsured
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by ‘unitg produced” was not available, a surrogate measure of
output was adopted. Thig surrogate wag direct labor: direct
labor hours and direct laber dollars.

It 138 aggumed that direct labor fluctuates with saleg and
is actually a function of sales., Further, production activity
and production cosats are generated by saies. This iy
especially true in the aerospace industry, where, because of
the cost and uniqueness of the products, production is based
on specific sales orders.

There ig8 some evidence in the aerospace .:ndustry to
support the contention that direct labor is a function of
sales. During the 1982 to 1983 time frame, the industry
experienced a noticeablie decline in sales. The indusitry's
direct labor employment declined over the same two vears. In
addition, the direct labor hourg used in this study are at
their lowest level in 1983.

Algo, other studies have used laber as a surrogate ‘
meazure for output. For example, the Kaitz and Associates
study that was reviewed in the second chapter used employment
levels "as an approximate surrogate for capacity utilization
rates” in an indusgtry (27:26).

If the above agsumption is true, then using the Cost per
Direct Labur Hour and Cost per Direct Labor Dollar ratios as a
ralative measure of cogt growth should be a legitimatae option.
It i8 a legitimate option because ag sgales fluctuate
production and diract labor will fluctuate. Tnerefore, the

amount of direct labor hours or direct labor dollars should
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provide an indication of the level of output. As the ratios
increase, more costs are being incurred in the production
effort that are due to factors other than sales growth.

However, changes in the level of direct labor caused by
factors other than caleg fluctuations is a posaibility and may
influence this study's results. For example, high levels of
capital investment that increases a plarl’'s automation may
increase labor productivity. This gituation may reduce the
number of direct labor hours used to produce the same amount
of output and also increase ovarhead costs. The result i1s an
increase in the cost per direct labor hour while unit costs
decrease or remain the same. Howaver, the aerospace has a
history of low levels of capital investment and high levels of
labor intengive work (11:224-227). Therefore, the impact of
factory automation as deacribed in Lhe preceding example
should not have had a significant impact on the atudy's

results.

Recommendations for Future Regearch

Many areas exigt for further regearcn of weapon sygtem
co8t grcwth and compoaition. Thigs section recommendes a few
areas for future gtudy.

Industry operating ' ariables such ag excessg capacity
levels, plant size, levels of capital investment, and
employment levels ahould be investigated to determine their
relationship tc coat growth and composition., Thias study would

be benzf{icial because identifying operating variableso that
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gigniticantly influence cost would help locus efforts to
control costsa.

A cowmpariscn of the coats oi planta that are considersad
to be "highly” ™ automated to the costs of plants that are more
labor intensive, but which manufacture similar items would be
beneficial. Information on how cost compogition differs
between automated and labor intensive factorieg may identify
gignificant cost generators for each type of factory. Some
interesting comparisons could probably be made on how the
composition of costs change between automated and less
automated plants.

Repeat this =study or a similar gtudy in the 1990s to
determine if the predicted decrease in defense spending or if
industrial modernization initiatives have bhad any impact on
industry costs. Although a time span of ahout sgseven to ten
yearz i3 necegsary before the 3tudy can be completed, it
should provide interesting results that can be compared to
this study's findings.

Confine thig gtudy or a g8imilar s8tudy to certain
aarospace industry segments. Some ¢f the segments are the
aircratt industry (SIC code 3721), the aircraft engines and
engine parts industry (SIC code 3724), and Lhe guided misgsgiles
and sgpace vehicles industry (SIC code 3726). Cost behavior
may be very different between the induatry segmenta than
reflected for the incustry as a whole.

Seloct a gample of 1980 to 1986 aerogpace weapon system

contracts and see if the vegults of thia study can be
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replicated. The results of thig scvudy make inferences about
the defense aerospace industry. It would be interesting to
note whether the same conclugiona can be drawn about aerospace
contracts during the same saven year period.

Finally, an invesgtidatic.. of nonlinear models to forecast
aerogpan~e industry costs would be beneficial. Such a model or

mcdels may help managers better plan future acquisition

budgeta.




Appendix A: gg AFCMD St.andardized Breakout
of Overhead Cost Categories {(14)

Indirect Labor: All wagesgs/salaries paid to personnel
clazsified ag indirect, including overtime or premium pay
for indirect persornel and any overtime or premium pay
for direc* personnel that may be charged indirect. Also
wages/salaries paid to persgonnel clasgsified ag direct tut
charging indirect (divigionary or crossover labor).

Payroll Taxes: Federal and state statutory employment tax and
insurance payments. If such costs 2re claggified as a
direct charge at your location for direct labor, report
the amount as a separately identified subset of this
category.

Fringe Benefitas: Employer-provided group insurance costs
(health, Jife, etc.); 8ick, vacation and holiday leave
plan costg; savings and retirement/pension plan costs.
If such cogts are clasgsgsified az a direct charge for
direct labor, report the amount a3 a separately
identified subset of this category.

Travel: All non-labor travel expenses other than direct
charge travel and travel via contractor-owned, leased or
chartered ajircrafs.

Travel via Contractor-Owned, Leaged, or Chartered Aircraft:
All acquisition or depreciation, maintenance, supply,
refurbishment and operating costs; all non-labor
pilot/crew cogtg including training and certif.cation;
all non-labdor airpcert/runway conatruction, depreciation,
and maintenance costs.

Depreciation: Al)l depreciable assets (other than
aircraft/aivrport agsetsa) including bulldings, capitalized
renovations, industrial plant equipment, furnishings,
capital leages and other capital assets.

Use and Occupancy: Al) utilitieg; non-lzbor remodeling,
relocation and moving expendes; non-labor sgecurity costs;
maintenance and houseckeeping supplies and materials; non-
capital leases/rentals.

Taxes and Ingurance: All property taxes, federzl and state
income/grosg receipcs taxes, franchise taxes, product
liability insurance, fire/hazard insurance, other non-
employement taxes and insurance costs.

Other: All otker non-labor costg not otherwige inclvded
above. Any significant gubsat (i.a. 30% or more of the
total "other® category! ghould be separately identified.
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Appendix B: Classification of Qverhead Cost Categories

LABOR RELATED

Indirvect Salaries
Out=zide Sarvices
IR&D/Bid and Proposal
Direct Non-Worked
Profegsional Services
Plant Engineering
Controllable Expenses
Administrative Services
Employment

Secruiting

Production
Administration

Future Buainess
Saiaries and Wages
Payroll Allowances
Other Indirect Labor
Marketing Expense

Sales Promotion Expense
Service Allocation
General Allocation
Legal

Selling Expenses
Services Purchaged
Accrued Salary Allowances
Management Services
Diverted Labor

Labor Premium

Indirect and Direct Employees
Redistributed Services

TRAVEL

Travel
Commuriication/Travel

Program/Project Management
Divigion Services

Central Services

General and Administrative
Payroll Taxes

Fringe Benefits

Severance Pay

Employee Benafits

Labor Benefits

Ret rement Group Medical
Incuntive Compensation
Direct Fringe

Insurance Retirement
Career Service Plan
Incentive Compensaticn
Indirect Hourly

Indirect Salary

Building Support Services
Service Fool

Common Support

Pearasonnel Services

Payroll Expenses

Plant Services

Indirect Payroll Expense
DSC O/H Staff

0SG O/H Staff

Staff Allocation
Maaagemant Fees Allocation




DEPRECIATION, USE, aand OCCUPANCY

Facility Distribution
Overhead Redistributed
Depreciation and Amortization
Facility Related

Corporate Exp.--Environmental
Contemp Environment
Facilities Equipment
Facilitieas: Bldg/Lancd
Facilities: Furn/Equip
Operating Expenge
Depreciation, Insurance
Equipment Depreciation
Operational Supplies

Of fice Supplies

Rental and Leasges

Relocation

Rent

Utilities

OTHER

Iinguran-e

Franchise Tax

Taxes

Product Liatilily Indurance

Conferernce and Technical Meeting

Other

Value aaded
Commurniication

Computer

Miscallansous Trangtfers
OLthner Controliable
Corporate Expense

Otber Nojncoatrollatle
Recruviting

Tmlephone % Telegraph
Ocvlier Departmental
Allocat cng--Corporate
Allocations=z

C0SC (computer)
Potential Unallowable
Credits

Other Operating Expensges
Agsesged Expensasg

Within Group

Within Group--Transfsr Out
Produciion Related

CITE

Voluntary Deductiona--Credits
Rep Commission

Site Regtoration
Material Allocation
Indirect Supplies
Perishable Tools/Equipment
Indirect Material
Fixed Exvenses

Sundwry

Ma.erial and Supplies
Fixed and Semi-Fixed
Repair and Maintenanco
Equipment Rental
Energdy Expense

Heat, Light, and Power
Oczupancy

Usage Material

Space Occupancy
Equipmgnt Expense
Meterial Burden

Other Assigned Expenses
DGO Expensge

Micro Electronics Center
Frovisional 3il1ling Hold
O5G Aliocation
MICP-~Incentive
Computing

International
Pirocur~ment

Log:st.c Support Rate
Preservice and Package
Indirect Data Processing
ADPE

Cervicag Credited
Packing/Crating/Freight
Trangfers, Allocations
Indirect Mixed Accounts
Information Systems
Talacommunications

Q0ff Book Adjustment
Trandferg to Other Pools
Direct Diversions

Period Costs

General

droup Espenses

Other Allocated Expenses
Technical Mktg Authority
Charges from ISC

Other Assigned Expensas
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appendix C: Rationale for Selected Price Indexes

The following is an explanation of the rationale for

selecting the price i1indexes used to compute the constant

do!lar Data Sets A, B, and C.

Data Set A i3 digscounted by the Producer Price Index (PPIl) for

Data

Data

Industrial Commodities--Trangportation Equipment
(36:27). This price inaex is computed by the

Bureau of Labor Statistics (BLS) based on price level
changes in the transportation equipment industry. The
Department of Commerce classgities the aerospace as
belonging to the trangportaticn industry. Therefore,
defenso aerospace industry cosgsts should be gubject to
about the zsame price level changes as thoge reflected in

thia index.

Set B is discountaed by the Industry Shipmente Price Index
for the aerospace industry (37:39-2,39-3). This price
index is computed by the International Trade
Administration of the Commerce Department based on price
level changers in the aerospace industry. Defensae
aerosapace industry price changes should corresgspond to

thoge reflected in thias index.

Set C is discounted by a number of price indexe:¢ baged

on the cosi categoury involved in %he Conversion. Ths

L {
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rationale for such a procedure is that each cost
~ategory i3 influenced by diitferent inflaticnary
pressures which result in different price level changes.
The following ig a list 2f eath cost category and its

applicable price indlex with accompanying explanation.

Direct l.abor Costs are digcounted by an average hourly
wage rate for aevospace production work~ers index.
This index is computed bazed on the av:.age hourly
wage rateg lcr aerospace production workers
published in U1 § '‘ndustrial Ou.look 1983 (37). As
gsuch, it ghould a :urately refleci the price lewvel
changes of aerospy ‘e industry production workers.

Direct Material Costs » & discounted by the Producer
Price Index (PPI) tor Intermediate Materials
(36:27). The argument for uging this
index is that very little of the material used by
the contractorsg in this study is raw material. Most
ot the material is preprocegased. Therefore, this
insdexw shouwld adeguately refilect the price changss
for direct material.

Other Direct Charges ares discounted by the PPI for
Indug rial Commodities--Transportaticn Equipment.
(38:%: . Since Other Direct Chargey include both
labor -aterial expenses and labor charges, a more
generic price index 18 used to discount the costs.

Overhead--Labor Relat=zd costs are diacounted by the
Employment Cost 1.sdex for White Collar Workersa
(36:60). This price index 18 computed based on
price level involving the compensgation of
profaggional, gpsecrialty, and technical occupations:
exccutive, administrative, and managerial
occupationg; sales occupationg and administrative
aupport occupations including clerical (36:71).
Thegse gsame occupations make up the Labor Related
category of ovaorhcad coztq

Overhead--Travel cogis are discounted by the Consumer
Price Index (CPI), for Public Tranaportation
(36:25). Mosgt traval evraensaa include public
transportation costa. Therefore, this price
index gshould adequately reflect the price level
changesg for the travel category.
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Cverhead--Depreciation, Use, and Occupancy cogtg are
diaccunted using an average of three price indexes.
These indexes are the PPl for Industrial
Commodities--Machinery and Equipment; the PPI for
Industrial Commodities--Capitali Equipment; and
the CPI for Fuel and Utilities~-Piped Gas and
Electricity (36:25, 28). These indexes wera chosen
baszed on the composgition of cogts in the
Depreciation, Use, and Qccupancy categovy.

Overhead--Other costs are discounted uging the PPI for
Induatrial Commodities--Transportation Equipuent.
Since the Other category contains a variety of costs
inciuding labcr related, materials, and servicesz, a
more generic price index is vsed to discount the
cogts,




Appendix D: Sample’'s Annual Costs by Cost Category
in Then-Year and Constant Dollars
{In Milliona of Dollars)

Then-Year Dollars

YEAR 1980 1981 1982 1983 1984 1985 1986
DL 4,123 4.577 5,036 4,902 5,437 6,527 7,164
DM 12,032 10,322 9,665 10,107 11,739 11,745 16,319
. oDpe 1,303 2,140 2,120 2,475 4,304 3,661 3,448
OH
LR 4,576 5,542 5,285 5,637 6,375 7,026 7,000
TRAVEL 158 134 123 139 119 220 257
Drsus0 1,122 1,184 1,240 1,295 1,339 1,918 1,958
OTHER 1,360 1,598 1,776 1.846 2,641 3,083 3,870

OH TOT 7,214 8,259 8,424 8,917 10,473 12,246 13,085

TOT COST 24,672 25,798 25,246 26,402 31,953 34,178 40,017

Constant Dollars, Data Set A:

YEAR 1980 1981 1982 1983 1984 1885 1989
DL 4,123 4,028 4,176 3,953 4,285 5,013 5.375
LM 12,032 Q,078 2,014 6,151 9,235 ©,020 12,242
opcC 1,303 1,882 1,758 1,996 3,322 2,812 2,587
OH
LR 4,876 4,699 4,382 4,546 5,024 5,396 5,451
TRAVEL 15€ 118 102 112 93 169 193
D/U/0 1,122 1,041 1,028 1,045 1,055 i,473 1,469
OTHER 1,360 1,405 1,473 1,488 2,081 2,368 2,903

CH TOT 7,214 7,263 6,985 7,191 8,253 9,405 9,816

TOT COST 24,€£72 22,250 20,933 1,292 25,180 26,251 30,020

Note:
DL = Direct Labor
DM = Direct Material

ODC = Other Direct Charges

OH Overhead

LR Labor Reiatea

D/U/0 = Depreciation, Use, and Occupancy

99




Conagtant Dollars, Data Set B:

YEAR 1980 1981 1982 1983 1984 1985 1986
DL 4,123 4,065 4,045 3,754 3,938 4,751 5.136
DM 12,002 9,167 7,763 7,739 8,632 8,548 11,698
obc 1,303 1,901 1,703 1,895 3,165 2,664 2,472
OH
LR 4,576 4,745 4,245 4,216 4,088 5,113 5,108
TRAVEL 156 119 99 1068 87 160 184
Ds7U/0 1,122 1,051 996 992 Q84 1,386 1,404
OTHER 1,360 1,419 1,427 1,414 1,242 2,244 2,774

OH TOT 7,214 7,334 6,767 6.828 7,701 8,913 9,380

TOT COST 24,672 22,4768 20,278 20,216 23,495 24,875 28,686

Congtant Dollarsgs, Data Set C:

YEAR 1380 1961 1982 1983 1984 1985 1986
DL 4,123 4,051 4,081 3,711 4,067 4,656 4,948
DM 12,032 9,452 8,731 9,073 10,279 10,329 14,876
oDC 1,303 1,882 1,758 1,968 3.592 2,812 2,587
OH
LR 4,576 4,934 4.529 4,528 4,319 5,054 4,814
TRAVEL 156 119 106 116 95 171 198
bsus0 1,122 1,062 1,024 1,020 1,024 1,439 1,460
OTEER 1,360 1,405 1,473 1,489 2,081 2,368 2,903

OH TOT 7,214 7,520 7,131 7,183 8,018 9,032 9,376

TOT COST 24,6872 22,905 21,701 21,833 25,7%6 26,829 31,786

Ncetao:

DL = Direct Luxbor

DM = Direct Materials

ODC = Other Direct Charges

OH = Qverhead

LR = Labor Related

D/U/0 = Depreciation, Uge, and Occupancy




Aprendix E. Financial BRatios Used
In the Statistical Tests

Cost Per Lirect Labor Hour--Congtant Dollars, Data Set A

KTR 1980 1981 1982 1983 1984 1985 1934
A 41.29 45. 24 53.76 54 .77 46.91 65.71 64.52 i
B 66.40 54.30 47.10 5%.63 T85.70 56.23 69.39 o
C 83.55 78.54 65.71 66.'9 57.81 57.42 52.06 :

' D 97.47 94.02 82.64 84 34 87.27 105.44 105.16
E 26.80 21.10 24 .65 26.56 26.72 20.46 30.46
F 46.10 41.34 43.79 52.92 51.51 46 .91 ag.~" P
G 62.66 72.85%5 57.60 55.76 84.27 81.83 6..23 tLy
H 37.355 39.71 39.78 39.62 44.08 42.13 44.599 s
I 86.29 83.85 121.88 175.12 91.14 L7.01 73.54
3 71.04 51.16 53.39 57.60 60.87 56 .96 57.91 S
K 50.65 64.52 69.53 70.59 62.94 $9.26 65.53 .
L 32.97 33.38 37.78 48 .31 62.83 €l.14 30.14 :
M 33.40 38.76 3¢.77 40.51 41.72 40.31 43.02
N 37.10 46 .36 48.18 47.88 53.41 49.67 46.53
Q 33.82 30.03 41.71¢ 58.56 53.51 5€.56 49.17 s
P 41.20 43.85 44.28 44.91 45.42 51.95 52.21 o

Cost Per Diraect Labor Hour --Condgtant Dollaprg, Data Sat B

KTR 1980 1981 1982 1983 1984 1985 1985

A 41.29 45.68 52.08 §2.01 43.77 62.27 61.65

B 66.40 54 .83 45.63 52.82 70.63 53.28 66.78

C 83.5¢ 76.31 63.65 62.84 53.65 54.41 49.74

D 37.47 04 .94 80.05 80.07 81.43 99.92 101.44

E 26.80 21.30 23.88 25.2% 24.93 27.92 29.11

7 46,10 41.7% 42.42 50.24 43.06 43 .50 36.50

e} 6%.66 75.586 55.79 52.94 78.63 77.54 78.58

o 37.35 49.10 38.53 37.61 41.13 39.92 42.681

1 86.%9 8% 87 118.06 166.27 85.04 54.02 70.27

J 7..04 81.76 51.72 54 .69 56.80 53.97 55.34

K 50.85 65.15 57.35 67.02 58.73 65.63 62.61

L 32 97 33.71 38 .60 45.87 58.62 57.93 76.58

M 33.40 39.14 38.52 38.46 38.93 38.20 41.11 3
N 3T 46 .8) 43 .68 45 .46 49.04 47.0€ 44.46 e

0 59,82 39.47 40.41 565.61 49.903 53 .50 46.99 B
» A41.29 44,28 42.89 12.64 42.33 49.23% 49.89 N
Note: L

KTR = Contractor
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Cogt Per Direct Labor Hour--Constant Dollarsg,

KTh 1

41

97

86

71
50

33
41
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€6.
83.

26 .
46.
62.
37.

32.
38.
37.

980

.29
40
85
.47
80
10
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35
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.04
.68
97
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10
.82
.20

1
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€5.
al1.
96.

21

42,
75,
40.
86.
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66.
24,
39.
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40.
45.

931
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88
01
88
.51
47
44
87
52
93
65
30
66
.50
09
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1

55.
49.

é9

86.
25.
45.

59
41
i27

55.
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38.
40.
49,
42,
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982

40
o7
.04
15
Qo
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.24
.41
07
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56
56
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.80

1

56.
58.
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87.
26.
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58.
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40.
49.
59.

45

683

43
03
27
31
44
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97
42
91
24
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.41
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37
84
.88

1

47

78.

59

89.
28.

51
87

45.
93.

61

62.
62.

41

54 .
54 .
46.

084

.09
69
.87
51
49
.77
.94
25
27
.31
84
5
.97
53
32
10

1

65
58
59
109

29.
45.

85

43.

56

57.
68.

€1

40.
49.

56
52

Cogt Per Direct Labor Dollar--Congtant Dollars,

KTR 1980 1981
A 4.17 4.69
B 6.71 5.64
C 8.44 8.18
D 9.85 9.78
E 2.71 2.17
F 4.68 4.29
G 6.33 7.62
H 3.77 4.13
I 8.72 8.74
J T7.18 6.36
K 5.12 6.73
L 3.33 3.46
M 3.88 4.00
N 3.75 4.80
0 3.42 4.05
P 4.16 4.5%5
Note:

KTR = Ccntractor

1982

.59
.96
.97
.70
.52
.56
.98
.16
.87
.56
.25
.89
.10
.02
.28
.62

P I S RN RS RS RN B Vs e B

1983

.70
.86
.00
.82
.67
.49
.85
.08
.87
.88
.23
. 89
.11
.99
.04
.83

D DDA ROV DIAN
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1984

.76
.95
.08
.04
.68
.23
.88
.57
.42
.19
.35
.34
.24
.51
.49
.65

AR OPDODRANDODNI>

Data Set C

985 1986
.80 6S.u2
.93 76.52
.58 56.62
.19 113.77
o7 30.39
98 37.98
.36 813.47
26 46.83
.54 79.54
84 $59.33
41 65.15
.09 89.16
31 43.99
99 48.05
.23 49.62
.94 54.31
Data Set C
1985 1986
6.65 6.63
$.95 7.83
§.02 5.72
1.03 11.49
2.94 3.07
4.64 3.84
8.62 8.93
4.37 4.73
5.71 8.03
5.84 5.93
6.91 6.58
6.17 9.00
4.07 4. 44
5.05 4.85%5
5.68 5.01
5.3% 5.48




Cogt Per Direct Labor Dollars--Then-Year LCollars

KTR 1980 1981 1982 1983 1984 1985 1986
A 8.00 4.60 5.31 5.19 4.50 6.16 6.00
B 6.71 5.52 4.65 5.27 7.286 5.27 6.50
c 8.44 7.98 6.49 6.27 5.54 5.39 4.34
D 9.85 9.55 8.16 8.00 8.36 9.89 9.87
E 2.71 2.1¢ 2.43 2.52 2.56 2.78 2.83
F 4.66 4.20 4.32 5.02 4.94 4.31 3.55
G 6.33 7.4" 5.68 5.23 g8.08 7.68 7.64
H 3.77 4.04 3.93 3.76 4.22 3.95 4.14
I 8.72 8.52 12.03 16.60 8.74 5.35 6.84
J 7.18 6.21 5.27 5.46 5.83 5.34 5.38
K 5.12 6.56 6.86 6.69 6.03 6.50 8.09
L 3.33 3.39 3.73 4.58 6.02 5.74 7.45
M 3.88 3.91% 3.92 3.84 4.00 3.78 4.00
N 3.75 4.71 4.786 4.54 5.12 4.66 4,32
0 3.42 3.97 4.12 5.8%¢ 5.13 5.31 4.57
P 4.16 4.46 4.37 4.26 4.35 4.87 4.85

Percentage of Overhead Costs to Total Cost--Constant Dollars,
Data Set C

KTR 1980 1961 1982 1983 1984 1985 1986

A 38.69%4 37.80% 38.73% 38.14% 39.68% 49.66% 46.08%
B 18.66% 22.29% 21.30% 20.40% 18.51% 21.14% 22.65%
c 18.31% 17.66% 20.05% 20.26% 23.3%5% 27.14% 19.77%
D 36.71%4 40.37% 38.32% 40.52%4 42.16% 40.81% 31.77%
E 36.59% 33.07%4 39.01% 40.48% 40.54% 41.23% 40.65%
F 40.43% 35.61% 39.69% 36.62%4 40.85% .0.45% 38.00%
G 45.774 63.79% 43.22% 44.36% 28.86% 32.53% 28,98%
H 31.27% 26.57% 27.62% 29.09% 23.82%4 24.8G% 27.78%
1 29.72°% 31.52% 35.70%4 34.08% 34.12%4 55.03% 29.05%
J 39.60°. 40.97% 41.92% 49.14% 39.72% 40.93% 37.12%
X 52.89% 61.11% 60.88% 61.00% S©9.2€%4 G60.40% 55,44%
L 54.96% 61.22% 50.68% 42.18% 35.504 31.49% 21.45%
M 51.56% 60.04% 50.41% 49.35% 41.58% 43.24% 43.82%
N 40.91% 32.38% 32.61% 28.64% 27.23% 29.54% 28.83%
" 45.26% 44.38% 44.46% 38.68%Z 37.36%4 38.95% 37.50%
P 38.22% 40.91% 40.46% 41.82% 41.73% 41.32%~ 38.68%

Note:

KTR = Centractor
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Percentage of Overhead Costs to Total Cost--Then-Year Dollars

KTR 1980 1981 1982 1983 1984 1985 1586

A 38.69% 37.59% 39.26% 39.55% 41.04% 651.87%4 49.09%

B 18.66% 22.21% 21.76% 21.40% 19.72% 23.9%1% 25.56%Z

c 18.31% 17.60% 20.62% 21.31% 24.90% 29.55% 22.53%

D 26.71% 40.43% 39.268% 42.15% 44.37% 43.72% 35.88% :
E 36.59% 32.88% 38.98% 40.53% 41.25% 42.53% 42.72% S
F 40.43% 35.32% 40,13% 37.86% 42.42% 42.15%4 39.74% e
G 45.77% 63.21% 43.17%4 44.78% 31.25% 35.75% 32.83% ’
H 31.27% 26.%27% 27.89% 29.84% 25.35% 26.98% 31.01%

I 29.72% 31.33% 36.50% 36.02% 36.07% 56.96% 32.96% _

J 39.60% 40.77% 42.34% 49.86% 41.22%4 43.12% 39.77% ‘o
K 52.89% 14.73% 14.85% 18.224 19.24% 22.74% 58.78% -
L 54.96% 60.66% 50.64% 42.50% 36.34% 32.41% 24.69% oo
M 51.55% 49.86% 50.54% 49.72% 42.95% 44.78% 45.87% L
N 40.91% 31.98% 32.96% 20.83% 28.81% 31.11% 31.23% :
0 45.26% 43.91% 44.31% 37.62% 38.98% 40.46% 39.05%

P 38.22% 40.87% 41.12% 42.92% 43.42% 43.7C% 42.21%

Note:

KTR = Con%ractor
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Cogst Per Direct

CONTRACTOR

YEAR
KTR=A

INTERCEP
YEAR

KTR=B

INTERCEP
YEAR

KTR=C

INTERCEP
YEAR

KTR=D

INTERCEP
YEAR

KTR E

INTERCEP
YEAR

KTR=F

INTERCEF
YEAR

KTR=G

INTERCEP
YEAR

KTR=H

INTERCEP
YEAR

KTR=1

INTERCEP
TEAR

Appendix F.

For Hypothesia Number One

Labor Hour,

PARAMETER
ESTIMATE

-7296 .68
3.70642857

-2979.61
1.53321429

10307.38393
-5.16464

~3697.87
1.91214286

-2081.82
1.06321429

530.10000000
-0.244286

-7247.€6
3.69071429

-2144.51
1.10214286

8786.06893
-4.38107

Data Set A:

STANDARD
ERROR

2035.67205
1.02656128

3922.25336
1.97793816

1225.556886
0.61793053

3578.83317
1.80475610

846.42329035
0.42683957

2141.81795
1.08008919

3832.32681
1.93258944

474.29489831
0.23918036

15580.00058
7.85677894
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t VALUE

-3.584
3.611

-0.760
0.77%

8.412
-8.358

-1.033
1.0890

-2.460
2.491

0.248
-0.226

-1.891
1.910

~4.521
4.608

0.564
-0.558




CONTRACTOR
VARIABLE

KTR=J

INTERCEP
YEAR

KTR=K

INTERCEP
YEAR

KTR=L

INTERCEP
YEAR

KTR=M

INTERCEP
YEAR

KTR=N

INTERCEP
YEAR

KTR=0

INTERCEP
YEAR

KTR=P

INTERCEP
YEAR

PARAMETER
ESTIMATE

2014.65893
-1.43964

-3301.43
1.69750000

-15677.1
T.93142857

-1298.88
0.67535714

-27935.79
1.43357143

-6525.45
.314642886

-3521.02
1.79882857

Coat Paer Direct Labor Hour,

KTR=A

INTERCEP
YEAR

KTR=8B

INTERCEP
YEAR

KTKR=C

INTERCEP
YEAR

-6035.85
3.06064288

-1573.1
0.82285714

11461.21393
~%.7475

STANDARD
ERROR

1902.39940
G.95935272

2366.29542
1.193294507

20238.99138
1.02823467

286.81469059

0.1446366¢

1602.9428.
0.80834196

25235.42833
1.274047829

649.36834427

0.32761877

Data Set B

2074.43406
1.04610842

3738.72193
1.88538579

1584.59846
0.7990610%
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VALUE

.532
1.501

.395
.423

.689

ilé

.529
. 669

.T44
L1733




CONTRACTOR
VARIABLE

KTR=L

INTERCEP
YEAR

KTR=E

INTERCEP
YEAR

KTR=F

INTERCEP
YEAR

KTR=G

INTERCEP
YEAL

KTR=H

INTERCEP
YEAR

KTR=1

INTERCE?
YEAR

XTR=J

INTERCEP
YEAR

KTR=K

INTERCEP
YEAR

KTR=L

INTERCEYD
YEAR

KTR=M

INTERCEP
YEAR

PARAMETER
ESTIMATE

-1555.84
0.83035714

-147T7.24
0.75785714

1436.43071
-0.702143

-5495.2
2.80571429

-1236.59
0.64357143

10178 50071
~t 085

4137.21714
-2.05714

~1936.13
1.00785714

-14206.7
7.18882857

-432.705
0.23785714

STANDARD
ERROR

3956.03126
1.99497189

839.682652G69
0.42344036

17£8.058¢8
0.88656463

3854.26219
1 94365115

538.48051683
0.2715482¢

14475 .19086
7.29963868

1988 .46595
1.0027559¢

2291.56802
1.1556¢608

1983.80899
1.00040748

351.79781068
0.17740877
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t VALUE

O
-0

.393
.416

.759
.790

.817
.792

1.426
444

. 2986
.370

.703
697

.081
.051

.845

872

.161
.186

. 230
.341

R




CONTRACTOR
VARIABLE

KTR=N

INTSERCEP
YEAR

KTR=0

INTERCEP
YEAR

KTR=P

INTERCEP
YEAR

FARAMETER
ESTIMATE

-1777.86
0.91928571

--5426.68
2.75964286

-24606.68
1.26642857

Cogt Per Direct Labor Hour,

KTR=A

INTERCEP
YEAR

KTR=B

INTERCEP
YEAR

KTR=C

INTERCEF
YEAR

KTR=D

INTERCEP
YEAR

KTR=E

INTERCEP
YEAR

KTR=F

INTERCEP
YEAR

KTR=G

INTERCEP
YEAF

-7270.34
3.66357143

-4404.2
2.25285714

9477.75214
-4.745

-5347.57
2.745714%9

-1912.5886
0.97785714

808.30285714

-0.384286

-8852.76
4.50142885"7

STANDARD
ERROR

1423.94659
0.718076658

2215.22529
1.11710750

884.54506645

0.44606385

Set C

2164.08620
1.09131876

39565.095656
1.99651717

1172.59935
0.59132569

3696.42402
1.86405554

789.67552687

0.39822245

2223.42875
1.12124439

4239.15834
2.13774896

108

VALUE

.248
.280

. 450
.470

.789
.839

.360
.385

112
.128

.083
024

. 447
. 473

. 422
. 456

. 364
. 343

.088
.108




CONTRACTOR

VARIA3LE
KTR=H

INTERCEP
YEAR

KTR=1

INTERCE?
YEAR

KTR=J

INTERCEP
YEAR

KTR=K

INTERCEP
YEAR

KTR=L

INTERCEP
YEAR

KTR=M

INTERCEP
YEAR

KTR=N

INTERCEP
YEAR

KTR=0

INTERCEP
YEAR

KTR=P

INTERCEP
YEAR

Coat Per
KTR=A

INTERCEP
YEAR

PARAMETER
ESTIMATE

-2594.51
1.32964286

8200.35607
-4.G68393

2834.90536
-1.39883

-2628.74
1.35857143

~-17393.7
8.79788714

-13348.81
0.69571429

-2973.92
1.52392857

~-6443.45
3.27357143

~-3869.8
1.97536714

Direct Labor Dollar,

~736.04°8%
0.37392857

STANDARD
ERROI

574.17010300
0.28954605

16777.50022
8.46066146

1720.40761
0.86757773

2718.38621
1.37084459

2800.60353
1.412305658

388.43439588
0.19588210

1720.29449
0.86752073

20629.12575
1.32583178

738.96563250
0.37265015

Data Set C

217.9%873846
0.10001358
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VALUE Ca

.519 e
.592 S

.489 s
483 8

1.648

.967
.991

.237 -
.301 R

.612

.447
.552

.729
-757 X Ve

.451
. 469

377
.402




CONTRACTOK
VARIABLE

KTR=B

INTERCEP
TEAR

KTR=C

INTERCEP
YEAR

KTR=D

INTERCEP
YEAR

KTR=E

INTERCEP
YEAR

KTR=F

INTERCEP
YEAR

KTR=G

INTERCEP
YEAR

KTR=H

INTERCEP
YEAR

KTR=1I

INTERCEP
YEAR

KTR=J

INTERCEP
Yean

KTR=K

INTERCEP
YEAR

FARAMETER
ESTIMATE

~444.747
0.2275C000

955.91857143
-0.478571

-539.759
0.27714289%5

-194.204
0.09928571

81.86821429

-0.03894Y80

-892.002
0.45357143

~262.733
0.13464286

830.40642857
-0.413571

288.012142886
-0.142143

-265.359
0.137142886

STANDAKD
ERROR

400.54303392
0.20188748

118.55775471
0.05973704

373.53364741
0.18836786

8G.44270950
0.04086615

224.22013055
Q.11307111

428.11185797
0.21589089

58.26932568
0.02938442

1693.72810
0.854123867

174.42796207
0.08796161

273.28350513
V.13781309

VALUE

111

1.127

.063
.005

.445
.471

.414
.448

.365
.344

.084
.101

.509
.582

. 490
.484

.651
1.616

.871
.995




CONTRACTOR

VARIABLE

KTR=L

INTERCEP
YEAR

KTR M

INTERCEP
YEAR

KTR=N

INTERTEP
YEAR

KTR=0

INTERCEP
YEAR

KTR=P

INTERCEP
YEAR

Cogt Per

KTR=A

INTERCEP
YEAR

KTR=B

INTERCEP
YEAR

KTR=C

INTERCEP
YEAR

KTR=D

INTERCEP
YEAR

Direct

PARAMETER
ESTIMATE

-1756.74
0.88857143

-298.671
0.15321429

-649.537
0.33000000

-391.115
0.19964286

Labor Dollar,

-547 . 274
0.27857143

-98.9329
0.05285714

1205.42821]
-0.6804643

~-57.475
0.03357143

STANDARD
ERROR

282.50799415
0.14251531

39.16113213
0.01974842

174.10877684
0.08780065

265.02902310
(.13365047

75.18358475
0.0379039%

Then-Year Dollars

189.63232380
0.09562896

385.32500385
¢.19451407

133.70634866
0.06742626

320.12055639
0.18109953

LN

VALUE

.216
.235

.439
.545

L7117
.745

.451

2.469

.204
LX6T

.£86
.913

. 257
.272

.087
.867

.16¢
.185




CCNTRACTOR
VARIABLE

KTR=E

INTERCEP
YEAR

KTR=F

INTERCEP
YEAR

KT¥R=G

INTERCE?
YEAR

KTR=H

INTERCEP
YEAR

KTR=1

INTERCEP
YEAR

A
KTR=J

INTERCEP
YEAR

rnTR=K

INTERCEP
YEAR

KTR=L

INTERCEP
YEAR

KTH=M

INTERCWP
YEAR

KTR=N

INTERCEP
YEAR

PARAMETER
ESTIMATE

~-119.957
¢.06178571

180.77392857
-0.0889286

-481.088
0.24607143

-82.4293
0.04357143

1090.98607

cARTTITE"Y
-  PBLD I

471.81500000
-0.235

-132.%546
0.07

-1365.5
C.89107143

-4.59
0.004285714

-134.967
0.07035714

STANDARD
ERROR

79.19283911
0.03993585

190.60502213
¢G.09611948

395.13798123
0.19825405

60.22739228
0.03037688

191.88618080
0.0967655%

233.22530910
0.11761239

191.53114847
0.05658651

33.25442987
0.01676975

164.30060827
0.08285453

VALUE

.518
.547

.948
.92%

.224
.241

.268
.434

.752
.746

.49
. 429

.568
.595

. 129
. 156

.821
.849




CONTRACTOR

VARIABLE

KTR=0

INTERCET
YEAR

KTR=P

INTERCEP
YEAR

Note:

INTERCEY

PARAMETER
ESTIMATE

~-501.084

.25500000

-198.783

. 10250000

intercept,;

STANDARD
ERROR

230.0028C85564
0.11603527

70.06888307
0.03533477

KTR = Contractor

t VLAUE

-2.178
2.198

-2.837
2.901
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The objective£ of this,study were:.to determine if "real' cost .
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1980 to 1986 and if the percentage «f overhead costs to total cost i
increased during the .Same period. Cost data frot{%ixteen defense
aerospace plants were, “used in this studV. ~The- results of the hypothesis
tests jndicate that there was no "real' cost growth in the industry
during. the ‘period 1980 ro 1986: and that overhead costs did not increase
relative zo total cost,@pring the same veriod.

However, when contractors in the sample were tested individually,
the results indicate that eight of che sixteen contractors exper.ienced _
significant coct growth. The confiicting results may be due to the v .
wide dispersion of the data points used in the statistical tests; In
turn, this wide disnersion may be caused by the differing variety of
aerospace industry segments.

Descrivotive statistics computed for the study's sample show that the o
vercentage of direct labor, direct material, other direct charges, and [
overhead to total cost remained stable over the;,Seven:year cteriod. o
Although overhead costs were not found to be increasing relative to totczl
cost, they still make up the second largest component of total cost (32Z3)
behind direct materials (42%). The size of the overhead cost cumponent
combined with the perception that these costs are less contro.lable than
direct coste, provides support for the-Department of Defense initiative
to have contractors reduce their overhead costs. '. _ _
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