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EXECUTIVE SUMMARY

A. BACKGROUND. The Weighted Guidelines (WGL) method is an approach to
assure the proper usage of various factors in deriving profit objectives
for negotiated contracts. The DAR states that each contractor proposal

is to be evaluated with respect to its individual merits and a profit
objective is to be determined with consideration given to the various
profit items. Yet it has been observed that the entire range of allowed
profit is not being used. Previous research suggests that the weights
(profit items) which make up Government's profit objective tend to cluster
closely around certain values, making costs and prices insensitive to the
allowable values and therefore more predictable by the contractor.

B. OBJECTIVES. The objectives of this report are:

1. To determine whether there is clustering of individual profit items
around medians of allowable ranges.

2. To identify the relationships of the various factors used in the
Weighted Guidelines process which tends to make negotiated outcomes
predictable.

3. To identify those profit factors which cause (or explain) variations
in percent profit.

4, To make inferences and recommendations on the use of the Weighted
Guidelines policy based upon the results of the objectives above.

C. STUDY APPROACH. A literature search and review of previous studies in
the profit policy area was made. A model of the policy-making process was
developed to illustrate the different parts of the process. Interviews of
contracting officers and price analysts were conducted as part of the pre-
paration for this study. Based upon the interviews and data on Army
negotiated contracts for fiscal year 1977 through 1979, a set of computer
programs was developed. Based upon the interviews, analysis of data, and
various observations made, conclusions and recommendations are made.

D. SUMMARY AND CONCLUSIONS. The policy to derive objectively negotiated
profit 1s being carried out when viewed from the averages of the weights
alone. However, the intent of the policy is not being adhered to in view
of the narrow range of weights being used despite the allowance in the
policy for a much broader allowable range. Consequently, negotiated cost,
price, and profit become a predictable function of the contractor's proposed
cost. Despite the presence of several factors which are to be considered
in determining percent profit, the actual percent profit depends upon
whether the contract is a cost-type or price-type contract. The analysis
also indicates that a target percent profit exists which tends to prevent
the intent of the policy from being realized. Finally, there appears to
be a threshold of percent profit for cost-type contracts which causes pro-
posals which exceed it to be scrutinized more than others.
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CHAPTER I
INTRODUCTION

A. BACKGROUND.

Recent analyses of Army contracts indicate that a narrow range of
percent profit is being negotiated. However, wider ranges of profit are
allowed in the Defense Acquisition Regulation (DAR), the basic document
which sets forth the policy on profit negotiations for the Department of
Defense. The Weighted Guidelines (WGL) method is the technique set forth
by the DAR to prescribe certain allowable profit items and the allowable
range of profit for these items for negotiated profit. The method is
designed to insure objective negotiation in deriving profit objectives.

The same research that detected a narrow range of negotiated profit
revealed a strong relationship between contractor proposed cost and the
Government objective. Experienced Government contractors can use this
observed relationship to predict Government cost and price objectives and
thereby influence the outcome of the negotiitions. It has been suggested
that negotiators tend to cluster the various items which make up the Govern-
ment's profit objective closely around the average of the allowable spread
of values. This makes costs and prices insensitive to the allowable weights
and therefore more predictable by the contractor.

Another potential problem associated with the present system of profit
determination is the implementation of policy changes. From FY74 to FY79
there has been a very small increase in percent profit negotiated on a
sample of negotiated Army contracts. With the current emphasis on higher
profits to stimulate {ndustry, one might expect this irncrease to have been
larger. From FY74 through FY79, the ranges of Weighted Guidelines have




remained constant. However, in 1979, a change in the Weighted Guidelines

policy has substantially increased the allowable range on the profit item

concerning facilities investment. It may be desirable to predict how the a
change in policy will affect the negotiated profits after 1980. In order

to determine the effects of this and similar changes in Weighted Guidelines

policy, it will be necessary to 1ook at the individual factors and items

|

|

. i

which cause variations or changes in price, cost, profit, and percent profit. {

B. OBJECTIVES. 5
- !
The objectives of this report are: i

1. To determine whether there is clustering of individual profit
jtems around medians of allowable ranges.

2. To identify the relationships of the various factors used in the
Weighted Guidelines process which tends to make negotiated outcomes
predictable.

3. To identify those profit factors which cause (or explain) variations
in percent profit.

4, To make inferences and recommendations on the use of the Weighted
Guidelines policy based upon the results of the objectives above.

C. STUDY APPROACH.

A literature search of the studfes contained in the Defense Logistics
Studies Information Exchange (DLSIE) was made to determine if related studies
have been conducted. The 1iterature survey also considered the various
regulations pertaining to procurement functions, especially those relating

to Wetghted Guidelines. Negotiated data on non-competitive acquisitions for

fiscal years 1977 through 1979 were obtained from DD Form 1499, Report of
Individual Contract Profit Plan.
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Field data includes interviews with highly experienced individuals
from the DARCOM Research and Development community. These interviews
provided insight into the implementation of the policy on Weighted Guide-
lines as seen by officers and other individuals involved in determining
the Government's pre-negotiation objectives. These individuals confirmed
the earlier observations of the use of narrow range of negotiated percent
profit and the relationship between contractor proposed cost and the
Government objectives. The interviews suggested specific reasons for
these relationships which were used in the empirical contract data.

Following these interviews, hypotheses were re-formulated, data was
gathered on the DD 1499's, and a set of computer programs were developed
by APRO to analyze the data. Based upon the analysis, interviews, and
various observations made while analyzing data, conclusions and recommenda-
tions were made.

E. ORGANIZATION OF THE REPORT.

Chapter Il discusses a brief model of the acquisition policy process
from the standpoint of a feedback system consisting of input, feedback,
and .integration of feedback and input to form the output at three stages:
goals and policy formulation, implementation planning, and implementation.
This model is the basis for the analysis of the WGL policy.

While Chapter II attempts to describe what the process should be and
this chapter suggests some problems which describe how the process appears
to be, Chapter IIl examines the policy and the actual behavior of the
process by analyzing output from one of the management information feedback
systems, the DD Form 1499. Chapter III will present the findings of the
interviews which confirmed the early observations about the use of

Weighted Guidelines. Chapter III establishes nomative data which describes

P RS g




how average contracts look with respect to various factors: type of con-
tract; breakdown of overhead, labor, etc.; and the commodity (aviation,
electronics, etc.).
Chapter IV examines the probable changes in implementation as a result
of changes in policy. It illustrates how predictions of Government posi- . ;
tions on cost, price, and profit can be made with a good degree of |
accuracy depending on contractor proposals and the significant factors
identified in Chapter II1I. Chapter IV concludes with an example which
illustrates the consequences of using the present system which is so
predictable by the contractor or the Government.

Finally, conclusions and recoomendations are presented in Chapter V.




CHAPTER 11 I

THE WEIGHTED GUIDELINES PROCESS ;

A. INTRODUCTION.
Since their establishment in 1964, Weighted Guidelines have been re-

peatedly analyzed, criticized, and changed. Over twenty studies on !
Weighted Guidelines are registered in the Defense Logistiﬁs Studies
Information Exchange (DLSIE)alone. Additionally, many articles, some of
which are referenced here, deal with various aspects of Weighted Guidelines.

In addition to the empirical data which was sampled and analyzed, this

report presents a synthesis of past research encountered. Later chapters
will present analyses of data in terms of the model described here. These
chapters will provide a basis for confirming the relationships between

the WGL policy and practice and between the contractor proposal and the
Government objective cited in the first chapter.

B. A MODEL OF THE ACQUISITION POLICY PROCESS.

The purpose of this section is to model the acquisition policy process
in terms of a feedback contro)l system. As shown in Figure 1, that portion
of the acquisition policy process of concern for this study consists of
four parts: goals, resultant policy, implementation plan, and implementation.
The model indicates that each part is comprised of three attributes: input,
feedback and output. The output of one part becomes the input to the next,
and feedback is the perception of the behavior of the process by the
various parts. Thus, policy, for example, incorporates various goals which
are external to the organization, feedback from other parts of the process,
and various organizational or internal goals {e.g., directives and higher

policy). These inputs are integrated as shown by the circle in the diagram




and the result is a policy which becomes the input to the organizations
which formulate the implementation plan.

Standard Operatin Standard 0 i
Goals(internal) Procedures s Proced p:;at1ng

1 eme!
ntatigﬂbﬂcquisitior

FEEDBACK

FIGURE 1. ACQUISITION POLICY MODEL

The basic document which articulates the acquisition policy is the Defense
Acquisition Regulation (DAR). This document contains the policies and
procedures as established by the DAR Council on behalf of the Secretary of
Defense. As the model indicates, the policy is an accumulation of many
sources. The Armed Services Procurement Act is the primary source of
what is labeled external goals in the model. As explained in May 1974
1sshé of the Commander's Digest (1)* there are also other statutes and
sources which are implemented in the DAR. These include:

@ Congressional meetings, proposed legislation, and other indications
of Congressional interest (Small Business Committees, to name a few).

e GAO reports, opinions, and decisions.

° Deciﬁions by the courts and boards (Armed Services Board of Contract
Appeals).

*Numbers in parentheses denote reference number in the 1ist of references.




o Executive orders and other statements of national policy (Buy

American and Equal Employment Opportunity, for example).

@ Regulations from other agencies impacting on procurement (such as

the Labor Department determinations on wage and workmen's compensation,
EEO, and EPA regulations). i

While the above list is in no way exhaustive of all of the sources of |

external goals, it does indicate a rather broad spectrum of sources from
which policy is formulated. As the model indicates, there are also other
sources which are incorporated into policy. The internal goals would
include directives from the Secretary of Defense. For example, in the
mid 60's, Secretary of Defense McNamara directed a change in the policy of
cost reimbursement type contracts to be converted to fixed price type
contracts (2). To "put teeth" into his contract conversion program, he
requested that the Military Departments and Defense Supply Agency set
specific targets for several years. It was Secretary McNamara's belief on
the one hand that defense contractors should enjoy higher profits and
congressional committee criticism on the other hand which led to the
establishment in 1964 of what is now called "Weighted Guidelines." Thus,
policy resulted from a DOD reexamination of contractor profit. This
reevaluation led to the internal goal which was integrated with the
external goals of a congressional committee to become a policy which is the
area which the current study will investigate.

In eddition to the external and internal goals, the model shows that

policy incorporates various feedbacks. For example, the Commanders Digest

(1) states that other sources for the policy in the DAR are the deficiencies

in regulations noted by contracting officers, contractors, and others. These

sources of feedback result from the implementation of policy, from the




organizations responsible for developing the implementation plan, and from
internal review as well (e.g., GAO audits of contract files).

It is important to note that what has been called policy is not re-
stricted to the DOD level. Indeed, policy is formulated by the various
Military Departments and the Defense Supply Agency, even though the DAR is
the primary policy source. The Military Departments supplement the DAR
with various internal operating procedures and policy but may not restrict
the policies in the DAR. Where required, these supplements take the form
of regulations and other policy directives based upon the interpretation
of the higher policy directives and specific goals and circumstances.

To assure compliance of the directives and to monitor the process,
various feedback mechanisms are incorporated in the policy. One such
feedback mechanism is the DD 1499 (Report of Indtvidual Contract Profit
Plan). The DD 1499 form has been designed to collect various contractor
cost, profit, and price data as well as the Government objectives and
actual negotiated costs, profit, and price. The DD 1499 Form has been
automated, with data available on magnetic tapes through the DOD Contract
Finance Committee, Office of the Under Secretary of Defense (Acquisition
Policy), the Pentagon. The data on DD 1499's is the source for the
Weighted Guidelines research contained herein. A discussion of the
principal components of the form is in the section of this report called
"Data Source Description.”

As shown in Figure 1, the set of policies form an input into the area
called implementation plan. Additional inputs consist of the internal
organizations's standard operating policy (SOP) and feedback from the
implementers (contracting officers). The implementation plan consists of

the organizational structure and internal policies necessary to implement

’—"'—'-'—'——_—'——'—1
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the policies in the DAR. When policies change, a reorganization may also
be required. Part of the implementation plan consists of the various
military specifications, military standards, and standard contract clauses
which assure conformity to the policy.

The final segment of the model in Figure 1 is the implementation itself.
After all of the goals are articulated or made into laws, after all of the
policy is formulated and promulgated in the various regulations, after all
of the implementation plans are designed, the implementation lies with the
contracting officer and supporting cast. Discharging the pricing
responsibility depends upon the requirements, procurement situation,
organization and the contracting officer's abilities (3). The contracting
officer uses evaluations from price analysts, cost analysts, and technical
analysts; taking into account the goals, directives, policy, and situation
when making a decision. The contracts are subject to reviews and audits
and are under surveillance of the headquarters concerned with the overall
contract administration. These reviews and audits form the feedback loops
to the policy makers, implementation planners, and the individual's
organization.

It is important to note that this model is a dynamic model, changing as
circumstances (or perception of circumstances) change. For example, in the
60's and early 70's the major policy was concerned with fixed price
contracts. Aerospace Industries Association reported the following reasons
for this policy (4):

1. Statutory preference for advertising.

2. Preference for fixed price in ASPR's and other DOD documents.

3. Fears by the Govermment that cost reimbursement would lead to

contractor inefficiency. This was based upon fear without foundation,
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according to Aerospace Industries Association.

4. The belief that technical uncertainties could be eliminated
through paper studies.

S. DOD strength arising out of its monopsonistic position.

6. DOD desire to shift financial risks to the contractor.

Many studies during the 70's concluded that this policy of transferring
risk from the Government to the contractor was having a negative effect on
the industrial base. The feedback mechanisms were very evident in this
self-correcting process. These feedback mechanisms consisted of a large
number of studies which emphasized the need for selecting the right type of
contract, depending upon the specific circumstances. Aerospace Industries
Association (4) recoomended that "Policy should emphasize the importance of
choosing, from the existing spectrum of contract types, that type or com-
bination of types best suited to the particular procurement. Criteria
governing selection of contract type should emphasize judgmental assessment
of technical uncertainties and program risks." DOD responded to the problem
through various studies, including "Profit '76" which allowed contracting
officers to negotiate profit objectives based upon the cost risk the
contractor assumes, the extent to which the contractor is providing its
own facilities and financing, the productivity of the contractor, and the
amount of effort used by the contractor to promote foreign military sales
(5).

The above discussion illustrates that the acquisition process model is
self-correcting. However, this self-correction mechanism 1s also time-
consuming. Many studies in the 1976 time-frame have shown repeatedly the
shrunken industrial base (see Reference 6 for discussion). For example,

when the decision to procure more M60 tanks was made, only one contractor

10




was found with the ability to build the turret castings (5). This
contractor was reluctant to take the contract and did so only after certain
financial assurances were made. The need to stimulate capital investment
has been recognized and the Weighted Guidelines policy on Facility In-
vestment has been changed in Fiscal Year 1980 to allow a higher profit on
invested capital. The point to be made is that this feedback system, like
most other feedback systems, is a self-correcting system with a built-in
time lag. The system begins to correct itself when differences between
expected behavior (goals and policy) and actual behavior ( implementation)
are observed.

This research will 1ook into the process just described. The results
of the analysis will be compared to various profit policies (7). Later
chapters will develop a predictive model to see how changes in policy may
effect changes in implementation. The next section will describe in more
detail the contents of the DD Form 1499. For those individuals who are
familiar with the form, the next section can be scanned with no loss of
information.

C. . DATA SOURCE DESCRIPTION.

The empirical data for this study was taken from magnetic tapes con-
taining DD 1499's. As mentioned in the previous section of this report,
the Weighted Guidelines have been used since the early 60's. Although data
on DD 1499's from FY74 to present {s available, because of major changes in
the form in FY76, only FY77-FY79 data is used in this report.

The DD 1499 form is prepared on all negotiated contracts over $500,000.
It contains information on the contractor (name, location, etc.), on the
procurement activity, and similar information about the contract. The form
is submitted when the contract is first negotiated (Initial Award) or upon

N




subsequent changes in cost or profit. This report analyzes both: initial
award and updated DD 1499's.

The form also allows for specifications of the type of contract. This
can be any one of the following:

FFP - Firm Fixed Price

FP(E) - Fixed Price with Escatation

FPR - Fixed Price Renegotiable

CPAF - Cost Plus Award Fee
CPIF - Cost Plus Incentive Fee
CPFF - Cost Plus Fixed Fee

These contract types are traditionally arranged in the order of con-
tractor cost risk, from firm fixed price (maximum contractor risk) to cost-
plus-fixed-fee (minimum contractor risk) (4). Selecting one of these
contract types also conmits the contractor and Government to DAR specified
standard terms and conditions (payment, Government property, data, etc.).
Additionally, selection of a contract type will affect the allowable limits
on profit on certain factors (as explained later).

In addition to the type of contract, the contract is categorized as
Manufacturing, Research and Development (R&D), or Services. There are
fouf factors of the contract which are evaluated and assigned weights
(percentages reflecting profit). These factors are:

A. Contractor Effort

B. Contractor Risk

C. Facilities Investment

D. Special Factors

Within each of the four factors above, several subfactors may be found.
The actual weight assigned depends upon the subjective assigmment of the

individual contractor-proposed data. Weights are assigned, depending upon
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the type of contract and the classification according to the following

Weighted Guidelines published in the DAR.
TABLE 1. WEIGHT RANGES
Manufacturing R&D _ Services

A. CONTRACTOR EFFORT
Material Acquisition

Subcontract Items 1 to 5% 1 to 5% 1 to 5%
Purchased Parts 1 to 4% 1 to 4% 1 to 4%
Other Material 1 to 4% 1 to 4% 1 to 4%
Engineering
Direct Labor 9 to 15% 9 to 15% N/A
Manufacturing
Direct Labor 5 to 9% 5 to 9% N/A
Services
Direct Labor N/A N/A 5 to 15%
Overhead N/A N/A 4 to 8%
Other A
General Mgt 6 to 8% 6 to 8% 6 to 8%
B. CONTRACTOR RISK 0 to 8% 0 to 7% 0 to 4%
C. FACILITIES INVESTMENT 16 to 20%* N/A N/A
D. SPECIAL FACTORS
Productivity See DAR N/A N/A
Independent Devipmt 1 to 4% 1 to 4% N/A
Other -5 to +5% -5 to +5% -5 to +5%

*Prior to FY 80, Factor was 6 - 10%.

The Weighted Guidelines Profit/Fee Objective (DD Form 1547) is used to
facilitate the calculation of the profit objective. The DD 1499 form also
contains the cost/profit proposed by the contractor (called the measurement
base), the pre-negotiation cost/profit objectives, and the negotiated cost/

profit.
A computer program was written to facilitate the analysis of the

DD 1499 data. It has the capability to select the various contract types
(or combination of types), commodity, type of award (initial or modification)
or classification (R&D, etc.).

The next chapter will discuss the results of the computer aided analysis

of DD 1499 data.
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CHAPTER 111 1
ANALYSIS: THE POLICY AND ACTUAL BEHAVIOR
A. INTRODUCTION.

The discussion in Chapter II might lead one to conclude that a wide |
range of weights are assigned to the individual profit factors of Table 1.
The intent of the policy is that each contract should be evaluated with
respect to its individual characteristics and weights assigned accordingly.
However, Chapter I indicates that the intent of this policy is possibly
not being carried out. What the interview results in the next section
indicate is a tendency to select factors which tend to cluster around the
medians of the allowable range of weights. This chapter will analyze
the Weighted Guidelines data to detemmine if there are any trends in the
use of Weighted Guidelines used in Army contracts. The analysis will
graphically portray the spread of weights for individual factors and
compare the medians to the values of Table 1 in Chapter I1. This chapter
presents, in general, the Analysis of Variance (ANOVA) model, the
computer-aided analysis program, the output of the program, and several
réferences which were used in the ANOVA model and computer program. The
chapter will conclude with a sumary of the observations. Some of this
information will be essential for the predictive model development of
Chapter 1IV.

B. FORMULATION OF INITIAL OBSERVATIONS.
As indicated in Chapter I, interviews with highly experienced

individuals from the DARCOM Research and Development community were
conducted. The results of the interviews tends to support a belief that
the medians of the ranges for the profit factors are used in determining
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weights for the various factors. The interviewees also generally felt
that it was difficult for them to adjust too far from the medians be-
cause of the lack of information on specific contractor proposed values.
The contracting officers said that they could not negotiate as effective-
ly as they desired due to a lack of specific data and recommendations on
cost and technical data. They generally felt that the guidance on the
process itself was not rigidly enforced through some command policy, was
sufficiently detailed, yet allowed enough flexibility in negotiation.
However, they also stated that they were not using all of the flexibility
due to the lack of specific information on the contractor's cost pro-
posal. This resulted in the use of medians of the allowable ranges of
the profit factors in many cases.

Additionally, many individuals pointed out that the contractors
usually had a more thorough understanding of the overall problem, in-
cluding the specific cost proposal, technical matters, and the Weighted
Guidelines process. Contracting officers, on the other hand, said that
thetir knowledge was restricted to primarily the Weighted Guidelines
process. It was thought that this placed the contracting officers at a
disadvantage in negotiating costs and profits.

Finally, several individuals felt that too much emphasis is placed
on the percent profit and too littlie emphasis is placed on the bottom
1ine (price).

C. DD 1499 FACTORS.

The data used in this report was taken from magnetic tapes containing
contract data for Department of Defense negotiated contracts for the period
of Fiscal Year (FY) 1977 through FY 1979. Stince the scope of this study
was limited to Army contracts, the total number of observations for the
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three fiscal years is 999 DD 1499's.

As shown in Table 2, the DD 1499 Form has certain factors which are
recorded for each entry. These factors shown in Table 2 and the Fiscal
Year, represent the DD 1499 items which will be analyzed in this report.
A1 tables and graphs which were generated by programs which were developed
by APRO to analyze the DD 1499 data will display the factor(s) and the
item(s) within a factor which are analyzed. Several items within various
factors have been grouped into an item called "OTHER". Examples of other
types of actions would be updates or changes. Additionally, the commodity
factor {tems have been combined into the classifications shown in Table 2.
For example, Armaments consists of the Research and Development and the
Readiness Commands in DARCOM which are primarily concerned with armaments.
The "OTHER" item in the Commodity factor would include all DD 1499 entires
not included in one of the six commodities 1isted.

D. GRAPHS OF WEIGHTS.

As Table 1 in Chapter II indicates, the weights for the categories
(manufacturing, R&D, and services) may vary, depending upon the category
of the contract. Additionally, the weights may vary, depending upon the
type of contract (FFP, FP(E), etc.). Because of the ability to select
varfous categories and factors, fifteen different graphs can be generated
for any combination of the five factors shown in Table 2. These graphs
can also be generated for each fiscal year. Because of this ability, a
very large number of graphs could be generated if desired. However, this
would make the report unnecessarily long and would not result in more new
information because much of the data remains the same regardless of the
fiscal year or subcategory. Accordingly, only those graphs which are
sufficiently different will be shown in Appendix A to this report. The
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TABLE 2. DD 1499 FACTORS

DEPARTMENT FACTOR

Army

Navy
Marines
Air Force
Other

TYPE_OF ACTION

Initial Award
Other Type

TYPE OF CONTRACT

FFP
FP(E)
FP1
FPR
CPAF
CPFF
CPIF

17

COMMODITY FACTOR

Armaments
Communications/Electronics
Tank/Automotive

Missiles

Troop Support

Aviation

Other

W.G. CATEGORY

Materials
Research & Development
Services/Construction




graphs for Fiscal Year 1979 will be used because they represent the base

period as well as being the most current data available. The Analysis of

Variance which will be performed later in this chapter will indicate that
for most categories and factors there has been no significant change in

the weights over the period of FY 1977 to FY 1979, thus supporting the . |

rationale to present only FY 1979 data. 1
Looking at the statistics at the bottom of the Figure Al, Material l

Acquisition Percent Profit, it can be observed that the range of percent %

profit is about 1-5% (smallest to largest value). This corresponds to the :

1 to 5% in Table 1 of Chapter II for Material Acquisition Subcontracted

Items. Recall that the interviews discussed in section B above indicated

that medians were used as a starting point and adjusted, depending on

available information. The solid 1ines enclosing the values in Figure Al

represents the weight ranges of Table 1. The solid 1ine through the graph

is the mid point of the range of values. Thus, it can be observed that

about 47% of the 147 records are within 0.5% of the median (each cell is

0.5% wide). Also, almost 75% of the 147 records are within 1% either side

of the median. Similar graphs were obtained (but not shown here) for the

three categories of Table 1: Manufacturing, R&D, and Services. Each of

the graphs displayed the same characteristics. Thus, one could conclude

that the category is not a determinant in assigning percent profit to the

Material Acquisition subfactor. Further analysis will substantiate this

observation (the ANOVA section will address the analysis by factor and

DD 1499 category).
The evaluation of percent profit continues with Figure A2, Engineering

Direct Labor. Note also that Figure A2 has the ranges of Table 1 for

Engineering Direct Labor enclosed in solid lines and the median of the range
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through the center of the graph. Again, graphs of Engineering Direct Labor
profit were obtained for the Manufacturing, R&D, and Services Category
with no apparent differences noted. Accordingly, the graphs of the sub-
category were not presented in this report.

Graphs of each of the factors of Table 1 were made and are presented
in Figures A3 through A7. For each graph, the profit for the Manufacturing,
R&D, and Services was graphed with no apparent differences noted. When the
subfactors of the Figures Al through A7 are combined, the results are shown
in Figure A8, Total Contractor Effort (Adjusted). The adjustment is a
multiplicative factor of 0.70 applied to the sum of the weights for the
contractor effort. The factor is obtained from the DD 1499 form. What
Figure A8 indicates is a range of profit of about 2 to 7% with an average
of 4.8%. The graphs does not enclose an area of the spread of values like
the first graphs did because this subfactor is a derived value.

The next major factor in profit weights is contractor risk. Figure A9
shows the distribution of weights for this factor. The allowable spread
for this factor is not determined by the category. Inspection of Figure
A9 at first suggests a departure from the pattern which has been observed
in the contractor effort. Upon inspection of the risk factor for the
three categories, the same type of graph was obtained as shown in Figure
A9. Thus, the risk weight does not appear to be related to the category
of the contract. It appears that at least two, possibly three different
functions have been presented in Figure A9 as evidenced by the distinct
"peaks" (.1304 and .1043). The next two figures identify the distinct
factors which have been observed in Figure A9, Fixed Price and Cost

Reimbursement, respectively.
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Figure A10 s..ows the graph of risk for only price contracts (FFP, FP(E),
FPI, and FPR). Reference to the DAR shows that the risk factor is to be
evaluated on the basis of the type of contract. Figure 10A shows the ranges
of FFP and FPI (Manufacturing only) contained in the DAR. It would appear,
from this graph, that much of the variation in risk is due to the type of
contract. Table 3 shows the profit averages for risk for FY77 through FY79
in order of decreasing risk (indicated in article in reference 4).

TABLE 3. PERCENT PROFIT FOR RISK

Type of FY 77 Fy 78 FY 79
Contract Average  Number Average _ Number Average  Number
FFP 6.44 52 6.56 36 6.66 49
FP(E) 7.30 2 6.40 5 5.00 1
FPI 4.86 10 4.99 13 4.66 23
FPR 3.70 2

CPIF 1.85 6 1.73 9 2.09 20
CPFF .66 16 .68 - 15 .75 22
CPAF*

A1l Cost .99 22 1.08 24 1.39 42
All Price 6.14 66 6.17 54 6.00 73

*No data available for this contract type.

Although the DAR breaks the profit out by contract type and category,
the graphs did not indicate any noticeable differences due to category alone.
This is perhaps due to the large differences in type of contract relative
to differences due to category. The next section will analyze both factors
more completely to determine if any significant differences exists in these
(and other) factors. It is also noteworthy to observe the "All Cost" and
"A11 Price"” 1ines in Table 3. Very clearly, risk is a function of whether
the contract is either a cost-type or price-type contract. The averages
for each of these two items closely correspords to the two "peaks" in
Figure A9.




The graph of the next factor, capital employed, in the Weighted Guide-
1ines is shown in Figure A12. As can be observed, the same "clustering”
around the DAR allowable spread of weights is present. Some variation in
the graphs as a function of type of contract was observed, but the
variation did not appear to be caused by the type of contract. Later
analysis will show if the variation is significant.

The next two figures A13 and A14 deal with Productivity and Indepen-
dent Development. Neither factor had a sufficient number of records to
make any observation or perform any statistical test regardless of fiscal
year. Figure Al15, Other Percent Profit, also had few values (relative to
the 50 or more most other factors had). These values were the most
dispersed for any factor. Looking at Table 1 of Chapter II, it can be
observed that the range .of profit should be from -5 to +5%. Figure Al5,
however, shows a range of .8 to 16.8% with most values from 0 to 4%.

Percent profit, the last factor to be illustrated, is shown in Figures
A16 through A18. Figure Al17 shows the distribution of only the price con-
tracts, while Figure Al18 shows the distribution of only cost contracts for
FY79. While comparing the shapes of the last two distributions, attention
is called to consider the change of scales in the second column of numbers.
Figure A17 has a cell width of 1.00 percent and Figure A18 has a cell width
of 0.50 percent. The indication from these graphs is that, as might be
expected, the most important factor in determining profit is whether the
contract is a price-type of cost-type. This observation (and others
discussed above will be formalized into hypotheses statements and statisti-

cally analyzed in a later section.

21




E. WEIGHTED GUIDELINES SUMMARY DATA.

Whereas the previous section has shown graphically how the distributions
for the various factors tend to cluster around the medians of the weight
ranges, this section will discuss the normative data - how the data looks
in general. To do this, the tables in Appendix B through E have been
prepared. The paragraphs which follow will explain how to interpret these
appendicies.

Several observations can be made on the basis of the tables in Appendix
B. First, the material type contracts tend to have the highest profit
objective, services next highest, with R&D category the lowest profit
objective. One of the major items contributing to this difference is risk.
Another item which shows a difference with respect to category is the {
Contractor Total Effort. Note, however, that the materials contracts have
the Towest value for this item and R&D has the highest value for this 1tem.
This appears to be a contradiction to the observation on category in
general (Materials highest profit and R&D lowest profit). This apparent
contradiction will be explained later by looking at the relative contribu-
tions of each item to the total when Appendix C is examined. Finally,
when the type of contract (price or cost) is considered, the major factor
contributing to differences in profit objective is risk. Since little
differences could be seen in the other factors, the analyses by these factors
were not included.

Appendix C displays the average PROFIT/SUBCOST in percentages for FY77
through FY79 for the various items of the DD 1499 form. These tables show
the contribution of the various factors to the total profit objective. For
example, in Table C1, the overall average total profit objective of 10.24
(next to the last item on the table) consists of 1.12% for materials, 0.87%
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for Engineering Direct Labor, 0.59% for Engineering Overhead, etc. for

FY77. The total contractor effort accounts for 3.90% out of the total

’ profit on the average; risk accounts for 5.34%, capital employed accounts for
| .89%, and other factors for a small amount of the average. The item

labeled “"TOTAL PROFIT/SUBCOST (SUM OF ABOVE)" has a value of 10.24 for

FY77 while the item labeled “TOTAL PROFIT/SUBCOST (ITEM 11.D/11.C)" has a
value of 9.89. (Items 11.D and 11.C are the lines on the DD 1499 where the
total profit and subcost, respectively, are entered. This table shows the

ratio of the two items.) The remaining tables in Appendix C illustrates the
PROFIT/SUBCOST for the various factors listed at the top of each table.

The information in Appendix C forms the basis for predicting perfor-
mance based upon policy changes. For example, Table 1 of Chapter II indi- ‘
cates that a change in FACILITIES INVESTMENTS will increase the rate from
the FY 1980 rate of 6-10% to 16-20%. Looking at the first table in
Appendix C, one would expect an Army-wide change of something less than 1%
in the average profit objective as a result in this policy change. Although
there appears to be variations in the entries for Capital Employed for the
three fiscal years and various factors, the most 1ikely change appears to
be around .6 to .9% on the average for Facilities Investment (also called
Capital Employed).

Appendix D gives the measurement base (in $000,000) for the three

fiscal years. The actual items which have been itemized represent the
cost objectives for the given {tem. Thus, for fiscal year 1977, the
average cost objective for 59 contracts (57 of which were not zero values)
for item 12.A(1) Materials was 17.73 ($000,000). The average contractor
total effort cost objective was 41.57 ($000,000). The patent observation

from these tables is that cost objectives have, on the average, been
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increasing. The same trend of increasing cost can be seen in the category
of contract, with material and R&D category having the highest cost and
services the lowest cost objective (on the average). The increasing costs
can al1so be seen when viewed from the type of contract point of view.

The final set of normative data is shown in Appendix E. The tables
show the ratio of the measurement base to the subcost for each item on the
DD 1499 form. Thus materials (Table E1) is 36.6% (on the average) of the
subcost. The subcost total is 100% of the Contractor Total Effort. Risk
is 89.83% of the subcost, Capital Employed is 13.54%, etc. (FY77).

To summarize the observations noted thus far, the percent profit appears
to be the same for Armmy initial or Army other actions (updates). However,
differences in percent profits are observed, depending on the category of
the contract. Differences in other factors (Risk, Capital, etc.) can also
be attributed to the category of the contract. Finally, the factor having
the most effect on percent profit (and Risk) appears to be the type of
contract (cost or price).

In addition to the factors which caused variations in the various
gréphs. it should be noted that about one half of all of the forms were not
completely "itemized." For example, Table C1 shows 93 entries were
evaluated for the Total Profit Objective (last 1ine), but only 59 entries
were evaluated for the Tine labeled 12.A(7) CONTRACTOR TOTAL EFFORT. The
difference between the two values is the number of DD 1499's which did
not "{temize” the individual profit factors (12.A(1) through 12.A(5)).

The completeness of {temizing will also be considered a factor and will
be analyzed in the section on Analysis of Vartance to determine if it can

explain some variations in the DD 1499 values.
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It should be noted here that the purpose of this section is to lay the
groundwork for the analysis which follows. This chapter has demonstrated
those factors which are given in the DAR for detemmining percent profit.

If the analysis which follows is to have any credibility, it too must have
the ability to determine whether these factors contribute to the variations
in percent profit. The analysis which follows will look at percent profit
to il1lustrate that analysis can, in fact, locate those factors which are
significant sources (or causes) of varfation in percent profit. This will
result in additional insights into the Weighted Guidelines use as well as
verify the model's ability to accurately locate the sources of variation.
The analysis will then be applied to the contractor proposed, Government
Objective, and negotiated costs, profits, and price. First, however, some
background information on the model is necessary.
F. THE ANOVA MODEL EXPLAINED.

The previous sections of this chapter have shoun some of the relation-

ships among the various factors and elements in the Weighted Guidelines

‘process. Although the information which was observed adds some insight into
the process, it does not address the significance of the relationships in

a sfitistical sense. The material which follows uses the same data as the
previous discussion. A computer program has been developed to perform an
Analysis of Variance (ANOVA) of selected factors and values. The list of
references contains several texts (8, 9) which deal with ANOVA, and
references on computer programs to aid in the automation of the analysis
(10,11). The material which follows will provide a brief explanation of

the ANOVA model, a discussion of the interpretation of the computer analysis,

and a summary of the observations and analysis of this chapter.
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The ANOVA model used in this report is commonly called a three fa_lctor
or three way Analysis of Variance. A factor is something which causes, or
is a source of, variation in measurements. For example, the previous

discussion suggests that a cause of the varfation in profit could be the

category of the contract, the fiscal year, coomodity, etc. What the ANOVA

model attempts to do is partition the total variation (or variance) into

assignable causes (or sources) of variation. If there remains a variation
which cannot be assigned to a specific source, this remainder of the
variation (often called the unexplained variation) is the experimental
error. The factors (or sources) are commonly called independent variables
and the measurement of the behavior of the performance is commonly called
the dependent variable (also called the response variable or criterion
varfiable).

To 11lustrate the concept of explained and unexplained variation,
consider the fiscal year factor._ If each fiscal year had exactly tﬁe same

value, there would be no variation in the criterion variable (percent pro-

fit, for example). Consider, however, the case where there is an increasing
trend due to the fiscal year (inflation for example, is a trend which

causes costs to increase from one year to another). If there were a

perfect linearly increasing trend, there would be a variation or change

in the criterion variable due to the fiscal year and no random variation
(unexplained variatipn). If, however, instead of all points falling on a
line, there is a general pattern of increase in the criterion varfable,

but not all of the points fall on a single straight 1ine, the results

would be both explained varfation (the trend) and unexplained variation

(the random points which are not on the f1ne). The random variations
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are referred to as the unexplained variation since there is nothing to

tell why the points did not fall on the straight line. Similarly, the

3 variation due to the trend is referred to as the explained variation since i

there is a source which explains this variation (the fiscal years).
Ideally, sample sizes (replications) should be the same for each combina-

tion of the levels (or items) in a factor. For the fiscal year factor,
there are three levels or three fiscal years (1977, 1978, and 1979). For
the type of contract, there are 7 possible levels (FFP, FP(E), etc.). The
number of replications in the 1977-FFP cell ideally should be the same as
the 1977-FP(E) cell, the 1978-CPFF cell, the 1979-CPIF cell, etc. (total

of 3 times 7 or 21 cells). However, in general, not all cells will have
the same number of replications. For example, there are more FFP con-
tracts than FPI contracts. When unequal sample sizes occur, a method of
ANOVA called "Unweighted Means" is used (see Chapter 17 of reference 8).
An experiment is usually designed in such a manner to assure that all
of the factors are present for every combination of the levels of each
factor. This results in what is called a completely crossed factorial

design. However, it is frequently the case that when data is analyzed
after the fact (with no specific design for data collection), missing

observations (cells with no data) will result. To overcome this, the
analyst can either eliminate the entire level of the factor where the
missing data exists or estimate the missing value and adjust the degrees
of freedom accordingly. The second method was selected for this report.
It was determined that the missing data did not occur in any specific
pattern and that although one cell may have no observations, nearby
adjacent cells may have several replications. Thus, by eliminating empty

cells, many other observations would also be eliminated.
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G. THE STATISTICAL ANALYSIS OF WEIGHTED GUIDELINES.

Using the computer programs developed for this study, the Analysis of
Variance of the DD 1499 data was performed. For ease of interpretation,
Table 4 summarizes the results of the significant analyses. The table
lists the DD 1499 profit 1;£ms And the factdrs an;iyzeﬁ By the ANOVA ﬁro--
gram. The numbers in the body of the table denote the "strength" of .
significance: the value of one being the most significant and the value

seven being the least significant. Those ftems and factors with no

number are never significant.

In Table 4, consider the risk item first. As discussed in Chapter II,
risk is a function of the type of contract and the category of the contract.
These factors are significant for any reasonable level of significance for
the risk item. The next area of concern is the Percent Profit Objective.

It has two significant factors (sources of variation): type of contract
and degree itemized (completely or incompletely). Notice, however, that
the category of the contract is not very significant for the Percent Profit

Objective even though it was significant for the risk and total contractor
effort. Also, other items have significant factors for various levels of

significance which are not significant for the Percent Profit Objective.
The final unanticipated result in Table 4 {s the presence of the very
significant factor: degree itemized. The ANOVA shows that the DD 1499's
which are completely itemized (have all items of the form completed) have
significantly higher percent profit objectives than those which are not
completely itemized (those which complete only the price, cost, and profit

portions).
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TABLE 4. SUMMARY OF SIGNIFICANT FACTORS

DD 1499 Fiscal Type of Category Type of Commo- Degree
Profit Item Year Contract of Contract Action dity I temi zed

Materials 4
Engr. Dir. Labor

Engr. Overhead

Mfg. Dir. Labor

Mfy. Overhead 5

Other

G8A

Total Cont. Effort
Risk

Cap. Employed
Productivity
Independent Dev.

% Profit ObJ. 1 7 7 5

NOTES:

~N~
—oe

~ = -
-t 3¢ ¢ 2L D€ ¢ D D€ DX I XX > XX

X - denotes not analyzed (these are "itemized" values)
1 - means always significant
7 - means marginally significant (borders on being not significant)

When the significant factors for the percent profit objective are
arranged according to the rank of significance, the results are shown in

Table 5.
The implications of the analysis of the percent profit objective thus

far are as follows: The type of contract is the single largest contributing

source of variation. In general, type of contract would be known before
estimates or predictions of the percent profit objective is determined.
Since type of contract is a significant factor, it would explain (or

predict) a large portion of the variation in profit objective. However,

degree itemized {s also almost as significant as type of contract. Thus,
knowing something about degree of itemizing of the DD 1499 form would also
enable one to predict the profit objective. To help in explaining the

reason for complete or incomplete itemizing, the ANOVA results for Degree
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TABLE 5. RANKING OF SIGNIFICANCE

Rank*  Factor
0 Fiscal Year
1 Type of Action
2 Category
3 Command
4 Degree Itemized

5 Type of Contract
*Larger rank means more significant. Rank equal to

zero means not significant for any reasonable level
of significance.

Itemized and Type of Contract suggests that certain types of contracts are
itemized or not itemized in a predictable manner. To test this hypothesis,
ANOVA's were run for Price Contracts and other ANOVA's run for Cost Con-
tracts. For the Price contracts, degree itemized is not a factor. How-
ever, for the cost type contracts, degree itemized is a very significant
factor. The ANOVA program was also used on the contractor proposed profit
and the negotiated percent profit to determine if any pattern could be
observed. The results of these analyses are summarized in Table 6.

TABLE 6. ANOVA OF ITEMIZED COST CONTRACTS

Completely Incompletely

Itemtzed [temized
Criterion Variable* Mean Mean
Contractor Proposed Percent 9.35 8.27
Government Objective Percent 6.84 7.16
Negotiated Percent 7.84 7.47

*Factors : Degree Itemized, Cost types (CPAF, CPFF, CPIF), and Categor;
Selected Factors: Ammy, Initial Actions
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An interpretation of Table 6 might be as follows: The proposals which
exceed a certain percent profit threshold are more closely scrutinized by
the Government by completely itemizing the profit objective. In this
case, the Government's objective is significantly lower than what it
would have been had it not been itemized. This reactionary process is
intended to give the Government more room to negotiate by forcing the
differences between the two positions to be very large. Yet, the
negotiated profit is still significantly higher than the profit for the
incompletely itemized proposal. However, the Government has achieved a
substantial reduction in the negotiated profit relative to the initial
proposed value.

An analysis of price-type contracts is summarized in Table 7. While
Table 6 had all three percent profits significantly different, none of the
percent profits of Table 7 are significantly different. It is apparent
in comparing Tables 6 and 7 that cost-type and price-type contract nego-
tiation is different. The difference is due to the substantial amount
of data available for cost-type contract negotiations as opposed to the
small amount of data available for price-type contract negotiations. In
those situations where sufficient data is available, when excessive
profit is proposed (e.g., exceeding a certain threshold), the proposal can
be more closely scrutinized, resulting in significant differences between
negotiated profit and contractor proposed values. On the other hand,
when lack of data is the case (as in the price-type contracts), no signi-
ficant difference {s noted in the negotifated outcome. This substantiates
the interview observations about data availability in Section B to this

chapter.
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TABLE 7. ANOVA OF ITEMIZED PRICE CONTRACTS

Completely Incompletely
Itemized Itemized
Criterion Variable* Mean Mean
Contractor Proposed Percent 13.43 13.75
Govermment Objective Percent 11.01 11.14
Negotiated Percent 11 72 11.86

*Factors: Degree Itemized, Price-types (FFP, FPI, FPR, FPE),
and Category.

Selected Factors: Army, Initial Actions.

H. COST, PRICE, AND PROFIT ANALYSIS.

Following the pattern of the analysis of Section D of this chapter, the
Weighted Guidelines program was used on the contractor proposed, Government
objective, and negotiated percent profit, total costs, total profit, and
total price DD 1499 data. The averages for these items are summarized in
Tables 1 through 4, respectively, in Appendix F. The data consists of
the FY79 DD 1499 s for the Army. It is given by contract type, all cost
typé contracts, all price type contracts, and all contracts. The data is
given for contractor proposed, Government objective, and negotiated values.
As observed in previous analyses, the data in these four tables also indi-
cates some variations by contract type. The objective of the analysis,
then, is to determine the significant factors (or sources) of variation.

To accomplish this, ANOVA's were performed in a manner similar to the

previous section. The results of those ANOVA's are summarized in Table 8.
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Item

Contractor
Cost
Profit
Price
% Profit

Government
Cost
Profit
Price
% Profit

Negotiated
Cost
Profit
Price
% Profit

NOTES:

1 - means always significant

TABLE 8.

Fiscal
Year

SUMMARY OF COST, PROFIT, PRICE ANALYSIS

Type of Category of Type of Commo-
Contract Contract Action dity

1 6

1 7 7 5

1 4 7

7 - means marginally significant (borders on being not significant)

As shown in Table 8, the major consideration for percent profit for the

contractor, Government, and negotiated values is the type of contract. The

pertent profit has several other almost insignificant factors. However,

for all costs, profits, and prices, none of the factors explain any

appreciable amount of variation in values. The Degree Itemized factor was

not presented in Table 8 because, as in tie previous section, it is signi-

ficant for the three percent profits.
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H. SUMMARY OF CHAPTER III ANALYSIS.
The graphs, figures, tables, and analysis of this chapter have shown

! that, although the Weighted Guidelines process appears to be working in
accordance with the DAR when judged solely by averages, the intent of the
DAR is not being followed. The anmalysis has identified some inconsistencies

and an unanticipated result. The major findings of the chapter follow:

o Using averages only, the policy of the DAR is being followed.

o The intent of the policy is not being followed as evidenced by the
closely clustered profit factors.

¢ The major significant factor in percent profit is type of contract.

® Various items making up total Percent Profit objective are signifi-
cant, but only type of contract is significant for the "bottom 1ine."

® For cost contracts, there appears to be a threshold of percent profit
which causes contractors who exceed this value to be scrutinized more
(DD 1499 form completely itemized).

e Cost, profit, and price are not related to any DD 1499 factor
(contract type, type of action, etc.), coomodity, or degree itemized.

- What this chapter has shown is that the predictions cannot be improved
upon by including any of the factors since they do not explain any signifi-
cant variations for cost, price, or profit values. The next chapter will
show that the contractor's cost proposal is the single factor which can

be used to predict the Government objective and negotiated values.
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CHAPTER IV
PREDICTABILITY: THE RESULTS OF THE PROCESS

A. INTRODUCTION.

The previous chapter identified those factors which explain or cause
variation in cost, price, profit, and percent profit. ANOVA was used to
eliminate any unnecessz:y analyses of the relationships among the various
costs, prices, and profits. The analysis shows that none of the DAR WGL
factors are significant sources of variation; thus, inclusion of them in
any prediction model would not improve predictability. The problem remains
then to determine whether significant relationships exist which enable one
to predict with accuracy the Government's objectives and the negotiated
values. This chapter will identify those relationships and depict graphi-
cally the prediction ability.

B. COST, PRICE, AND PROFIT PREDICTION MODELS.

As part of APRO 80-08, Profit Negotiations (12), an analysis of selected
factors was conducted to determine if there were any relationships between
contractor proposed values, Government objectives, and negotiated values.
That study identified a strong relationship among these three sets of
variables. However, because that report was limited to only initial Army
entries for price-type material contracts, the analysis is not adequate for
this report. However, the report shows that contractor proposed values,
Government objective and negotiated costs, profits, and prices are highly
related variables.

For the next several pages, a basic discussion of correlation and
regression analysis is presented to provide those not readily familiar with
the techniques an understanding of the prediction models to follow. In-
dividuals familiar with these statistical methods can skip this material
and go straight to the discussion which follows equation 3.
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When two variables are highly related, they are said to be dependent
or correlated. It was pointed out in the previous chapter that certain
relationships exist between cost contract percent profit and degree
itemized, for example, An alternative method for determining the “strength"
of the relationship is through a correlation analysis. This technique,
1ike ANOVA, determines variances which are explained, unexplained and the
total variances. A statistic, called the coefficient of determination, rz,
{s found by taking the ratio of explained to total variation.

A variation exists when a difference between a predicted value and actual
value exists. In this case, the vartation is unexplained since the predic-
tion model does not tell the correct (or observed) value exactly. However,
the measure of the vartation from the average to the predicted value is the
explained varifation since the prediction model causes values to move from
the mean. The model used for the prediction equation is called a regression
analysis, and the analysis of the variations in the regression model is

2

called correlation analysis (the square root of r® is called the correlation

coefficient and has the symbol r). The rl statistic has as its minimum

value zero and its maximum value is one. As defined above, one can see

that the only way for rz to be zero is when the explained variation is

zero. Thus, the model cannot predict any variation. Alternatively, when

r s one, the explained variation and total varfation are equal (thus,

the unexplained variation {s zero). For rl

2

values then, the model gets
closer to a perfect predictor as r” gets close to one.
In the regression model, there is one dependent varfable and one or

more independent variables. It is important to make a distinction at this
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point as to the choice of independent vs. dependent variable. Consider cost,

for example. The Govermment's objective and negotiated costs are in-
fluenced by the contractor's proposal. Thus, the contractor's cost pro-
posal can be used as the independent variable and the Govermment objective
and negotiated cost, price, and profit can be dependent variables. Be-
cause of the process used in determining the Govermment's objective and
the negotiated values, it should be expected that these variables should
be highly correlated. Additionally, it may be desired to also develop a
model which will enable one to predict one dependent variable with a
knowledge of another. The procedures which follow will develop such a
model.

For the anmalysis herein, a logarithmic transformation of the dependent
and independent variables was made because the linear model results in
some undesirable features due to the nature of the data. For example,
much of the data is found to be grouped around values in the million
dollar range. However, there is also a considerable amount of data con-
sisting of hundreds of millions of dollars. These high values tend to have
a disproportionate influence in the 1inear regression model. This causes
some predictions to have consistently unrealistic results for the smaller
values of the independent variables. The predicting model is shown in the
following equation:
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Y = AxE (1)
where Y = dependent variable

X = independent variable

A = value determined by regression analysis

B = value determined by regression analysis .
Equation 1 is not a linear equation. However, taking logarithms of both
sides ytelds a 1inear equation as shown in equations 2 and 3.

B
Log, OY = Log, o“ (2)

SOy = a+ bx (3)

where

ye Log1 OY
X = Log.I ox

as LogloA

and b=8

Equation 3 is a l1inear regression equation. Using the correiation
amiysis method (13, 14) and the logarithmic transformations of the data
extracted from the DD 1499's, Table 9 shows the correlation matrix for

the nine transformed variables. The nine varial'ﬂes in Table 9 are named

o - ———————

down the first column and listed by number across the top of the table.

The r2 for Variable 1 (contractor cost) and Variable 3 (negotiated cost),
for example, is .996. Only the upper diagonal values are shown since the
lower diagonal values are the same for the corresponding sets of values 1
(e.g., r2 for variables 1 and 4 is the same as r2 for variables 4 and 1).

From this table, then, it can be conclused that all of the variables are
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very strongly related, thus confirming the observation that the costs are
related to the contractor's proposal through the Weighted Guidelines process.

TABLE 9. CORRELATION ANALYSIS OF COST, PROFIT, AND PRICE

Variable 1 2 3 4 5 6 1 8 9

1 = Contractor Cost 1.0 .992 .996 .957 .949 .946 .999 .992 .99
2 = Cost objective ! 1.0 995 .946 .956 .941 .992 .999 .99%
3 = Negotiated Cost 1.0 .95¢ .953 .950 .992 .994 .999
4 = Contractor Profit 1.0 .973 .981 .963 .950 .959
5 = Profit Objective 1.0 .978 .954 .961 .957
6 = Negotiated Profit 1.0 .951 .946 .956
7 - Contractor Price 1.0 .992 .996
8 = Price Objective 1.0 .994
9 = Negotiated Price 1.0

Using the non-1inear model of equation 1, Figures G1 through G6 demon-
strate the distribution of the differences between predicted (forecasted)
values and actual values. A minus error (third column value) indicates that
the forecasted value was less than the actual and a positive error indi-
cates that the forecasted values was greater than the actual. The
prediction model, the variables, A and B parameters, R-square, and factors
are shown on the graphs. Using Figure Gl for example, one can observe that
the model correctly predicted the actual negotiated costs on 999 contracts
within plus and minus five percent 54.94% (.1541 + .3953 in X) of the time.*

*For Figure G1, the values .1541 and .3953 represent the frequency with
which the error was from -5% to (but not including) 0% and from 0% (but not
including) 5%, respectively.
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Similarly, the model was accurate to within plus or minus ten percent 84.06
(.0780 + .1541 + .3953 + .2132 in %) of the time. In order to facilitate
the comparison and discussfon of the graphs, some of the data has been
extracted and is shown in Table 10.

TABLE 10. PREDICTION MODEL SUMMARY

% Predic- %Predic-

Dependent Independent 2 tions tions
Variable (Y) Variadble (X) A B r-ow/t 5% w/i 10%

Negotiated Cost Contractor Cost 1.31395 .97628 .986 54.94 84.06
Cost Objective Contractor Cost 1.28653 .97451 .980 23.81 68.35
Negotiated Price Contractor Cost 1.41560 .97733 .985 53.34 83.26
Price Objective Contractor Cost 1.38370 .97521 .980 29.32 66.94
Negotiated Profit Contractor Cost 0.11230 .97885 .930 17.00 30.00
Profit Objective Contractor Cost 0.10155 .97700 .924 12.00 27.30
NOTE: Model is ¥ = AxB and X = Contractor Proposed Cost.
Using the prediction model in Table 10 for the negotiated cost, for example,
the model was accurate to within 5% ervor 54.94% of the time and it was
accurate to within 10% error 84.06% of the time. Notice, however, that the
accuracy of predicting the Government's cost objective is somewhat lower
than the accuracy of predicting the negotiated cost. Using the prediction
model for the negotiated price, the model was accurate to within 5% error
53.34% of the time and 1t was accurate to within 10% error 83.26% of the
time (for a total of 999 predictions). Accuracy of predicting profit, on

2

the other hand, 1s not as good, even though the r~ value is good.

It should be noted that use of this model (Y = AXB) results in a sliding
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scale of multiplicative percents which can be applifed to the contractor

cost proposals. The multiplicative percents are shown in Table 11.

TABLE 11. SLIDING SCALE COST FACTORS

NEGOTIATED  COST  NEGOTIATED  PRICE  NEGOTIATED % PROFIT

Wilon ractoh  DATORT  rhloR  TORT FACTOR  BacroR
A 100.00 95.93 109.04  104.01 8.80 7.79
.2 98.36 94.25 107.34  102.24 8.67 7.67
.5 96.25 92.08 105.13  99.95 8.51 7.51
.7 95.33 91.13 104.17  98.95 8.44 7.44
1.0 94.68 90.46 103.50  98.24 8.38 7.39
5.0 91.13 86.83 99.79  94.40 8.10 7.12
10.0 89.65 85.31 98.23  92.79 7.99 7.01
15.0 88.79 84.43 97.33  91.86 7.92 6.94
25.0 87.72 83.34 96.21 90.71 7.83 6.86
50.0 86.29 81.88 94.71  89.16 7.72 6.75
100.0 84.88 80.45 93.24  87.64 7.61 6.65
200.0 83.50 79.04 9.78 86.15 7.50 6.54
250.0 83.06 78.59 91.32  85.68 7.46 6.51
500. 0 81.70 .2 89.89  84.22 7.35 6.41
750.0 80.92 76.42 89.07  83.37 7.29 6.35

The interpretation of Table 11 is best explained by an example as follows:

If the contractor proposed one million dollars, the negotiated cost could be

determined by multiplying the sliding scale factor for negotiated cost by

one millfon and dividing by 100%.

For this example, then, the negotiated
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cost would be 94,68 times one million dfvided by 100%, giving $946,800.
Similarly, the Government cost objective would be 90.46 times one million l
dollars divided by 100%, giving $904,600. The price and profit values can P
be determined in a similar manner. The implication of this table is, then,

that the higher the cost proposal of the contractor, the lower the adjust-
ment (sliding scale factor). This adjustment is the percentage of the cost
which the Government did not reduce through the negotiation process. Thus,
the percentage reduction attributed to the negotiation (the savings due to
negotiation) is 100% minus the sliding scale factor. For the one million
dollar example, the savings due to negotfation is 100% - 94.68%, or 5.32%.

It should be noticed that some of the sliding scale factors are more
than 100%. Because the model uses contractor cost as the independent variable,
the factors greater than 100% simply means that the price resulting from a cost
proposal of $200,000, for example, would be negotiated for $214,680 (107.34%
times $200,000 divided by 100%). Caution should be exercised in using
these factors to assure that the predictions do not extend to contractor
proposed costs too far out of the range of costs shown in Table 11 because
the data of this analysis cannot substantiate the values outside of the
ranges shown therein.

The graphs of the differences between forecasted and actual values
have been included (and summarized in Table 10) to validate the prediction
ability. However, more validation will be provided in the next section to
11lustrate that the model returns forecasted values which are consistent
with the normative data {n Chapter III. This will be fllustrated with an

example in the next section.




C. AN EXAMPLE OF PREDICTION

To demonstrate that the prediction models are consistent with the data

of Chapter III, consider the following example:

1.

Contractor Proposed Cost = §1 milliion
Contractor Proposed Profit = $10Q,000
then Contractor % Profit = 10%
and Contractor Price = $1,100,000

From Table 11, the S11ding Scale factor = 94.68 for the Negotiated
Cost.

From Table 11, the S1iding Scale factor = 103.5 for the Neogitated
Price.

The Negotiated Cost Estimate is:

94.68 * $1 mill{on ¢« 100% = $946,800.

The Negotiated Price Estimate is:

103.5 * $1 millfon ¢+ 100% = 1,035,000.

The Profit Estimate is:

$1,035,000 - $946,800 = $88,200.

The Percent Profit is: 9.32%.

Thus, the contractor received 88200/10000%, or 88.2% of the profit
proposed.

An alternative way to determine percent profit is to use the
Negotiated Profit Factor of Table 11 (8.38). This results in a
profit of 8.38% times $1 million or 83,800.

The $83,800 from 8. is 83.8% of the profit proposed.
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The differences between the profit estimates in steps 5 and 8 of the example
are attributed to the errors of prediction shown in Table 10. As shown in
Table 10, when predicting profit, the prediction is within 10% of the actual
value in 30% of the predictions. However, the prediction in 5 is based
upon differences in price and cost predictions. The important thing to
remember is that price, cost, and profit are correlated variables. Errors
associated with one prediction is increased when arithmetic operations are
performed upon correlated variables. Step 3 represents the best estimate
of the negotiated cost. Similarly, Step 4 represents the best estimate of
the negotiated profit. However, this calculation involves the use of two
correlated variables, and therefore, the error in estimating the profit is
increased beyond the error of the individual terms. The predictions cannot
be taken as absolute. The purpose of illustrating the error temms in

Table 10 is to show that one should expect the actual values to differ from
the predicted values. However, the differences should be within 10% of

the actual value about 81% of the time for negotiated cost estimates (see
Table 10). The estimates are the most 1ikely estimate based upon the data
available.

Finally, inspection of Table 13 shows that there is a reduction in
percent profit ranging from 85 to 90 percent reduction due to the negotiation
process. In both sets of calculations (staps 7 and 9), the reductions of
contractor proposed profit to negotiated percent profit falls within this
range (88.2% and 83.8% for steps 7 and 9, respectively).

D. SUMMARY OF CHAPTER IV ANALYSIS.

The graphs, figures, tables, and analysis of this chapter have attempted
to demonstrate that the results of using the Weighted Guidelines process is
predictability of the Government objective and negotiated result. The major
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finding is that the Govermment's objective and the negotiated cost, price,
and profit are related to the contractor's proposed cost (Table 10). Having f

determined as appropriate predictive model, sliding scale factors were
developed which can be multiplied by the contractor cost proposal to predict ]

cost, price, and profit values of the Govermment's objective and negotiated

values. These factors are intended to simplify the calculations involved

in using the prediction model.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
A. GENERAL.

The Weighted Guidelines policy was intended to give the negotiator a
set of procedures which would provide a common methodology for determining
profit. The policy also provides an explicit evaluation methodology to
the contractor, thus providing the contractor with the same evaluation
criteria which the negotiator uses in evaluating a proposal. The logic of
the policy is simple: 1ist all of the factors which DOD wants to reward
with profit dollars, weight them using DOD's relative reward factors, and
determine a target profit objective for a given contract. However, the
policy also states that each individual contract is to be evaluated on its
individual merit and provides an allowable range of weights for each
profit factor. The negotiator then is to determine the appropriate
weight to be applied to each profit factor, depending upon the specific
circumstances of the proposal.

A problem in using the policy now begins to materialize. Previous
research and experts consulted in this research indicate that negotiators
are not taking full advantage of the flexibility of the WGL's in developing
profit objectives. Instead, it is claimed that negotiators start with a
target profit which can be arrived at by simply using the medians of the
allowable range of the profit factors and adjusting the values somewhat to
arrive at an individual set of profit figures. Whether developed by habit
or derived from the perception that the DOD does not actually condone taking
full advantage of the allowable profit ranges, the conservative practice
of starting from the medians of allowable ranges has led to narrow profit
ranges and predictability of results by contractors.
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This study set out to examine issues in terms of hard empirical
evidence of contractual results tempered by previous research and expert
opinion. The study has shed some 1ight on the hypothesized areas by a
rigorous analysis of the data. The following sections are the conclusions
which are supported by this analysis and the specific recommendations that
are suggested by the conclusions.

B. CONCLUSIONS.

1. The policy of Weighted Guidelines seems to be adhered to when
viewed from the average weights alone. However, the intent of the policy
is not being adhered to in view of the following evidence:

(a) From the figures in Appendix A, ovér fifty percent of the
weights for the individual profit items fall within 0.5% of the medians,
even though a much wider range of values is allowed by the DAR.

(b) Each individual contract is to be evaluated on its own merits;
yet, the percent profit objective is primarily a function of the type of
contract. Specifically, within various profit items, several factors are
significant, but when the total percent objective is arrived at, only type
of contract is significant.

(c) The analysis of "Degree Itemized" further supports the con-
tention of targets for percent profit in cost type contracts. If such tar-
gets do exist, this contradicts the intent of policy.

(d) The Defense profit policy is concerned primarily with profit
items, yet as Chapter IV shows, the Govermment's cost, price, and profit
objectives (and negotiated outcomes) are influenced more by the contractor's
proposal than the individual profit items of the DAR.

2. Predictability can lead to manipulation of negotiation outcomes.

The following example {llustrates this conclusion:
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3.

contracts).

The final negotiated costs can be predicted to within
+10% with a probability of about .84. Thus, the
contractor may raise his costs by about 10% to assure
that the negotiated costs come out where the absolute
minimum cost is desired. By doing so, the contractor
goes into negotiation with only an 8% probability
that the costs will go below what he wanted as a min-
imum. (1- .84 = .16 is the probability of costs being
higher or lower. Thus, the probability of going lower
is .16/2 or .08). By increasing costs by about 10%,
the contractor is not 1ikely to be found to have ex-
cessive cost estimates, but has assured itself of get-
ting the minimum amount. The point is, then, that

the Government is the only one who is negotiating what
part of the added 10% the contractor gets. Additionally,
the contractor will also get a predictable percent
profit, depending only on the type of contract. As
suggested in Chapter I, the contracting officers lack
specific information to effectively challenge these
costs. Also, for certain cost type contracts, this
policy encourages inefficiencies since the contractor
is "compelled” to spend the money. The problem:
predictability encourages manipulation to achieve
certain goals.

There is some evidence to suggest that certain "thresholds” of

percent profit exist in the minds of negotiators (at least in cost-type
Also, it appears that the DAR emphasizes percent profit to the
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detriment of concern for cost. However, as shown in Chapter III, the

cost, price and profit are relatively insensitive to the individual profit
items which were carefully developed to help negotiators make up their
pricing objectives. Controlling cost is a more effective means of

controlling price and profit than isolated emphasis on profit. (This is

also discussed in Chapter V of reference 6 and the conclusions in reference
15).

4. There appears to be not only a "threshold" of percent profit, but
also a percent profit ceiling in the perceptions of Army negotiators. For
example, it was observed in Chapter III that various profit items are
significant factors if considering them individually. However, when
considering the total percent profit, only the type of contract is signi-
ficant. This suggests that one element may be raised, while a compensating
lower value is used in another element. The result is, then, a percent
profit which is insensitive to all of the DD 1499 profi; items with the
single exception of type of contract. This observation was also seen
expressed by other reports (see Chart 7 of reference 16, for example). If
this percent profit ceiling is operating, it should be observed in the
FY80 data. Recall that Chapter II, Table 1, shows a change in the DAR

which significantly alters the percent profit for Capital Investment.
Unless the hypothesized ceiling is changed, it is expected that the capital

investment values will increase (on lhe average), but there will appear a

corresponding off-setting value elsewhere, resulting in the same percent

profits before the policy took effect.
C. RECOMMENDATIONS.
1. Policy makers should:




|

(a) Explicitly state their goals in the Weighted Guidelines policy.
As currently used, the concept lacks credibility because of the perceived
1imits on profit. The continued use of implicit goals results in pre-
dictability and circumvention of actual policy intent.

(b) Consider evidence, based upon analysis, to accomplish the
stated goals. It appears that many studies have shown difficulties in
implementing the policy (4, 5, 7, 16, 17, 18, 19, 20, 21, for example),
yet few significant changes have resulted. The feedback mechanisms (the
DD 1499 data base and various studies on WGL) appear to have 1ittle impact
on policy making. Additionally, it appears that changes are not brought
about in a timely manner as evidenced by the brief discussion in Chapter
I1 of the shrunken industrial base.

(c) Determine a better measure of effectiveness (or criterion
variable) than percent profit. This could be rate of return, for example.

(d) Analyze the FY80 data to see if the change in profit item
discussed in Chapter II actually results in the predicted change.

2. Procurement managers.

' (a) It is recommended that contracting officers and negotiators
have access to historical data which has been "scrubbed" to verify its
accuracy. This could be an automated data base on cost and pricing data
for items similar to those which the contracting officer is involved with.
COPPER IMPACT (22), a system which provides for the development of cost
proposal models, data banks of pricing information such as labor and over-
head rates, and analytical programs such as regression anmalysis, may be
the starting point to help in the automation needs of negotiation. Programs
and data bases should be configured for the specific user, incorporating the
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features of a data base management system with few (but powerful) instruc-
tions required to use the system.

(b) It is recommended that contracting officers have more direct
access to the specialists involved in the various fields that impact on
contracting. This would assist in obtaining specific information for
negotiating away from certain values depending on various interim nego-
tiation results. When accurate historical data and specialists are
available to the contracting officers, this will enable the contracting
officer to develop an independent estimate of costs and profiti. This
independent estimate could be used as a means of developing specific
objectives for negotiation if the contractor's proposal and independent

estimate are too different.
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APPENDIX F

COST, PROFIT, PRICE AVERAGES
BY
CONTRACT TYPE
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APPENDIX G

GRAPHS OF DIFFERENCES BETWEEN
FORECASTED AND ACTUAL VALUES
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[

;he Weighted Guidelines (WGL) method is an approach to assure the proper usage of various
factors in deriving profit objectives for negotiated contracts. The DAR states that
each contractor proposal is to be evaluated with respect to its individual merits and a
profit objective is to be determined with consideration given to the various profit
ftems. Yet it has been observed that the entire range of allowed profit is not being
used. The policy to derive objectively negotiated profit is being carried out when
viewed from the ayen?cs of the weights alone. However, the intent of the policy fis
not being adhered to in view of the narrow range of weights being used despite the '
allowance in the policy for a much broader allowable range. Consequently, negotiated i
cost , price, and profit become a predictable function of the contractor's proposed .
cost. Despite the presence of several factors which are to be considered in determining
percent profit, the actual percent profit depends upon whether the contract is a cost-
type or price-type contract. The analysis also indicates that a target percent profit
exists which tends to prevent the intent of the policy from being realized. Finally,
there appears to be a threshold of percent profit for cost-type contracts which causes
proposals which exceed it to be scrutinized more than othcrs\
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