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I. EXECUTIVE SUMMARY

Purpose of Study

The overall goal of this study (Phases I-V) is to identify and develop
"productivity" measurement and evaluation methodologies and models that will
effectively integrate with government to contractor incentive methodologies.
The government (client/customer) undertandably wants/needs to improve the
performance of defense-related systems (i.e. reduce costs, increase quality,
improve responsiveness, improve design to production to delivery tramsitions,
etc.) for acquisitior purposes. The contracting firm understandably
wants/needs to improve its performance (i.e. increase profits, reduce costs,
increase quality, improve productivity, improve efficiency, spark innovation,
etc.) so that it will be competitive, grow and survive in both the short~ and
long~-term. Government to contractor incentive/(gain sharing) methodologies
such as IMIP are viewed a8 a way to create win-win situations for both the
government and defense contractors, thereby satisfying the goals of each. The
primary benefits of such improved performance systems are reduced costs, while
maintaining or improving the quality of these systems. Examples of secondary
benefits are: increased production capacity due to exparnded or modernized
facilities, shared savings to offset lost profits to the contractor,
technological innovation that may have otherwise been prohibitively expensive,
proactive producticity management efforts, etc. There are fairly obvious
company specific benefits as well as defense contractor system-wide benefits.

A program of the scope and character of incentive methodologies such as
IMIP is obviously complex. There are many elements of an overall program that

must work together successfully in order for the intended desired outcomes



to be achieved. Critical elements involved are those of measurement and
evaluation. Why? First, it is implicitly clear that one cannot manage what
cannot be wmeasured. Secondly, it is <clear that the government
(client/customer) cannot share benefits unless these benefits can be verified.
We must be able to validate that productivity improvement interventions
(manufacturing improvements) have the positive impact they were projected
(cost-benefit analysis) to have. Thirdly, measurement and evaluation systems
should be designed so as to motivate, promote, and encourage proactive
productivity improvements. We need to measure in order to provide positive
feedback to the system. We need improvement-encouraging measurement systems
to ensure that productivity improvement is an integral, and continual, part of
the contractor's management process. This ensures that improvement efforts go
beyond the major, project-oriented, manufacturing investment projects
currently supported by Industrial Modernization Incentives type prograus.
Fourthly, we need to measure and evaluate so that we can control improvement
implementation, and ensure effective and efficient execution of productivity
improvement interventions.

The purpose of the Phase III part of the overall study (Phases I-V) was
to investigate selected productivity measurement/evaluation models. Further,
the purpose of the Phase III study was to evaluate these models (or
methodologies as the case may be) in terms of their ability to satisfy the
four basic goals of measurement 1listed above. Three models and one
methodology were investigated by a "paper test.” The three 'models' were:
(1) the Multi-Factor Productivity Measurement Model (MFPMM), (2) Price
Waterhouse's Automated Cost Baseline Generator (ACBG), which is the software
tool that accompanies their Cost Definition tlethodology (CDEF), and the
Discounted Cash Flow/Shared Savings Model (DCF/8SA). The one methodology
investigated was the Ling-Temco-Vought, Vought Aerospace Products Division,
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integrated productivity measurement system (LTV/VAPD). The distinction
between the terms, model and methodology, are clarified in Section III of this
Final Report.

Report Contents

The Final Report consists of three volumes: Volumes I, II, III. Volume
I is a detailed summary of the Phase III Study, Volume II presents a detailed
analysis of the models tested (i.e., the results of the "paper tests"), and
Volume III consists of the Final Report briefing materials presented to DoD on
January 17, 1986, at the Defense Systems Management College in Ft. Belvoir,
VA. The total Final Report is divided into eight sections with selected
appendix material (Volume I -Sections I-VI; Volume II -Section VII; Volume IIL
-Section VIII). This current section, the Executive Summary, is intended to
provide guidance as to how the Final Report can best be used, and to summarize
the basic findings. Sectiom II provides the reader with background material
as to the goals and objectives of the overall study (Phases I-V) and the
results of earlier completed Phases (I&II). Section III provides the reader
with a little more detail on Phase III and the results of the six-month study.
Section IV provides a ficld site description for LTV/Vought Aero Products
Division and for a typical aerospace and defense contractor. The intent of
this section of the report is to acquaint the reader with the field site for
the study (i.e. where the paper test of the three models were completed). The
section also provides a description of a "typical" defense contractor so that
the reader may compare and contrast LTV/VAPD with that description. This
comparison is important if the study results are to be broadly interpreted and
applied. Section V presents the general approach taken in the Phase IIl study
and the results achieved. The section 1is lengthy and quite detailed, with

the general approach taken being described in subsection V.A. and each model



described in some detail in subsection V.B.l-4. Applications of each model
are discussed 1in subsections V.C.1-3. Also, criteria used to evaluate each
model from the perspectives of productivity measurement and an incentive

methodology are presented in Subsecticn V.D. Each model is evaluated against
these criteria in subsection V.E., and then the LTV/VAPD integrated
methodology is also evaluated in Subsection V.F. Section V of the Final
Report 1is a very important section and should be studied carefully by the
serious reader/evaluator.

Section VI provides specific recommendations and conclusions that are
based upon the Phase III study. Recommendations relative to Phases IV & V are
also included in this section. Appendix A includes a detailed description of
each model/methodology investigated. Appendix B contains a Bibliography
(updated from the Phase II Final Report - 1983).

Section VII (Voume II) provides a very detailed analysis of each model.
It representé the paper test itself and responds to all the specific questions
raised in the RFP and identified in the objective set (i.e., objectives 2 and
4). Section VIII (Volume III) includes copies of all the materials used by
members of the research team to present a Final Report Draft briefing to DoD
representatives on January 17, 1986, at the Defense Systems Management College
in Ft. Belvoir, Virginia, and also a briefing presented to the Deputy
Assistant, Secretary of Defense, on February 18, 1986, at the Pentagon.

Major Assumptions/Study Constraints

This project began with a broadly stated scope of objectives. Due to
budget constraints and the number of models to be tested, the scope of the
study was delimited significantly from the original intent of the RFP to the
finally accepted proposal. Therefore, we feel it is important to state
implicit assumptions and study constraints. The intent 1is to recognize the
limitations upon our ability to extrapolate findings from this study to the

4



entire defense contractor environment. We do not wish to mislead readers as
to the extent to which these findings are widely applicable in all contractor
settings and applications. We only utilized one field test site, although the
research team has broad and extensive experience with other defense
contractors. Our data, therefore, comes primarily from one site, while our

experience is much broader.

We assume that the LIV/VAPD is a fairly representative defense
contractor. However, we recognize that there are many dimensions over which
contractors will vary (i.e., commercial vs. government business mix, prime
contractor vs. subcontractor, management style, technology employed, line of
business, size, etc.). We have attempted to describe the field test site as
well as possible in Section IV-A. We also attempt to describe a '"typical"
aerospace and defense contractor/subcontractor in Section IV-B. The inteant is
to allow the reader to conclude whether conclusions drawn from our field test
site are transferable to other sites.

We are confident that the models themselves can and do work 1in this
environment. They each perform the tasks they were designed to accomplish.
What we are unsure of, due to the limited scope of testing done due to study
budget constraints, is the extent to which these models will be endorsed by
the contractor community and can be developed into a management system (i.e.,
a productivity management methodology).

We do not assume that these three models represent the universe of models
available to accomplish the desired objectives of the government. They
certainly do not represent necessary or sufficient tools that a government
contractor must use to succeed in business. They do, however, represent three
state-of-the-art approaches to measurement and evaluation of performance in

this environment. LTV has shown that, when combined into an integrated system,



they represent a sophisticated and useful management system.

Major Findings

l.

None of the three models tested will accomplish all
of the objectives desired by the government or by
contractors.

A methodology which incorporates the use of a
variety of measurement and evaluation models, such
as the MFPMM, CDEF, and discounted cash flow models,
is required if all the desired objectives of both
the government and contractors are to be satisfied.
Each of the three models tested has '"soft spots" or
current developmental problems that need to be, and
are being, worked on. All of these models are
relatively new developments that do have excellent
potential.

Variances in operating systems, management styles,
pressures and priorities, perceived problems and
opportunites, and skilled/competent productivity
management personnel will very likely make it very
difficult to translate and transfer models and
methodologies from one company to the next. The
issue/problem of translation and effective transfer
needs to be thought through very carefully.

Each of the models that were paper tested was
initially designed to accomplish objectives that the
project team recognizes as subsets of a total

productivity managment program. The challenge,



then, will be to identify the areas relating to a
total productivity management program where the
models overlap and the areas which the models do
not address.

The Final Report presents a preliminary perspective
on how these models can be combined into an
effective productivity management methodology. This
effort will be enhanced through a case example of a
defense contractor that has developed an integrated
productivity methodology.

Of the three models tested, only the MFPMM actually
measures total input-output productivity. The
DCF/SSA model 1is an analysis tool designed to help
management and the government evaluate the merits of
selected productivity improvement interventions. It
is best described as an analysis and decision-making
tool for planning and forecasting purposes.

Price Waterhouse's Cost Definition Methodology
is an approach developed to prepare performance and
cost baseline data in support of commercial factory
modernization or Department of Defense IMIP's. CDEF
utilizes a top-down analysis technique which
facilitates the identification of appropriate
performance and cost measurement criteria, selection
of improvement opportunites, and economic
justification of identified investments. CDEF

(particularly the cost-benefit tracking portion)



evaluates project productivity strictly from the
expense perspective, and does not include an
analysis of the revenues generated by the project.
Each of the three models was designed to accomplish
an important part of the overall goal that DoD and
contractors have established in IMIP-type programs.
These three models, when viewed together,
constitute a potentially satisfactory methodology
which can  accomplish what the government and
contractors want to do. Independent of other models
and systems, each model 1is not sufficient to
accomplish the overall goals desired by the
government and defense contractors.
There are deficiencies in the software developed by
the Logistics Management Institute to implement the
DCF/SSA wmodel. These are identified by LTV in
subsection VII-D-2 of the Final Report.
Westinghouse also found deficiencies in this model
and have developed their own version of the DCF/SSA
model. From the perspective of LTV, the
Westinghouse version also has some shortcomings (see
subsection VII-D-3). As a result, LTV 1is in the
process of designing their own version of the
DCF/SSA model.
The MFPMM must be modified rather significantly CO.
function in the defense contractor environment. LTV

has successfully made this conversion and have found



9.

the model useful as an integral ccmponent of their
productivity management methodology. There are some
developmental issues associated with the model that
still need to be resolved.

The Price Waterhouse model performs well against the
criteria for which it was designed. The up-down
activity structure required for data analysis may
differ from a company's organizational structure;
therefore, a node~tree structure must be developed.
The effort required to execute this step will depend
upon the complexity of the processes or activities
performed by the company.

The Price Waterhouse model is being implemented
on numerous IMIP and ManTech projects, with ACBG
being used on several of these efforts. Due to the
complexity of the LTV operations, LTV perceives the
cost to implement the complete CDEF methodology to
be high relative to their current method of
performing cost-benefit analysis and tracking.
Section VII-F contains a respornse from Price
Waterhouse to many of the issues raised by LIV,

10. It is believed that each model tested will
work in the defense contractor environmeant. They
each were designed to accomplish specific objectives
and are useful for those purposes. In order to
develop a comprehensive productivity management

effort; however, a combination of performance



measurement and evaluation techniques are required.
The analogy of a crown of jewels might be used to
illustrate the relationship. The models tested
represent the jewels and are valuable in their own
right. However, when the jewels are placed in the
crowa (models built into an integrated methodology),
they take on added value.

Recommendat ions

We believe there is a need for a more systematic and disciplined
productivity management effort in the defense industry. Improved measurement
and evaluation systems must play a key role in this effort. Measurement and
evaluation is complex in this industry and no single model will suffice. Each
of the three models tested in this study can, and have, played a significant
role in productivity management efforts within the industry. We believe
further development of the three models is therefore necessary. Perhaps more
importantly, a generic methodology for productivity management efforts within
the industry needs to be further developed and communicated. The role that
these three models, and others, play in that methodology needs to be
understood by a broader audience within the industry if any real impact 1is to
be made.

There 1is a reasonable consensus among the research team as to how to
proceed during Phases IV and V of the overall study. It has been agreed that

proceeding with a field test for the CDEF model, as outlined in the original

proposal, is not economically feasible without significantly reducing the
scope of the application. Since LTV is developing their own version of the
DCF/SSA model, field testing that model, per se, does not make sense. The
MFPMM would stand to benefit most from a field test as outlined 1in the

proposal.
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The general recommendation regarding a continuation of the research is to
combine Phases IV & V into a single, 18 month project which would develop and
test a comprehensive productivity management implementation guide. The effort
would focus on resolving specific developmental needs of the three models via
a modified, scaled~down field test at LTV/VAPD. We would additionally, "field
test" the methodology, and the models, with representative defense contractors
in an intensive workshop setting. A detailed analysis of responses from
sampled contractors would be made to assess points of resistance and
implementation barriers. A draft implementation guide would be reviewed
during these workshops to ascertain the level of industry
resistance/acceptance. A final implementation guide would benefit from
expanded exposure to other contractors beyond LTV/VAPD and our industrial
advisors. The models and methodology would benefit from continued detailed
analysis and development with LTV/VAPD to the extent necessary.

Conclusions

The paper tests of the three models have provided valuable information
for developmental purposes. The details of the paper tests in Section VII
identify specific developmental needs and describe how the models apply (or
might apply) 1in a defense contractor setting. With respect to serving as a
productivity measurement/evaluation/support tool for incentive methodology,
each model has strengths and weaknesses. Such ambivalence 1is simply due,
first of all, to the fact that a productivity "model" is only a component of a
productivity program or methodology. It is believed that only a broad-scope
productivity program can satisfy the joint goals of the DoD and defense
contractors as specified by IMIP requirements. Thus, to expect a single model
to satisfy these joint goals and to meet all the specifications for an

incentive methodology is probably unrealistic.
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An attempt has been made in this Final Report to evaluate each of the
three models against a generic set of criteria in order to depict the relative
strengths and weaknesses of each model as directly related to the intended
application (see Subsections V.D. and V.E.). The reader is cautioned against
viewing the term weakness as a weakness of the model itself. Rather, the
issue of weakness for a particular model relates to the model's performance
against a criterion established for an application for which the model may not
have been initially designed.

The paper test has revealed the critical need to develop a productivity
management methodology for defense contractors that represents a '"Grand
Strategy,”" which can then be tailored to suit specific situations and
circumstances. Within this 'Grand Strategy," there will be planning,
measurement, evaluation, control, and improvement needs. Defense contractors
and the DoD need to have a clearer understanding of how these three models fit
into an overall productivity management methodology. The research team offers
an initial version of the Grand Strategy in Section III. However, much more
development should be done in Phases IV and V of the overall study.

A bottom-line conclusion is the belief that the goals these three models
were designed to meet, and information they were designed to provide, are
essential to executing an effective incentive methodology in the defense
industry. The paper tests have succeeded in collecting the information they
were supposed to collect. Assuming LTIV/VAPD 1is a typical aerospace
contractor, more is now known about how these models can and will work 1in the
defense industry. The key questions to be answered next relate to translation
in the form of an Implementation Cuide and the transfer of this information to
the general defense industry community. Subsequent development and refinement
of the models should proceed simultaneously with the design of a process to

address the translation and transfer questions.
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II. BACKGROUND

Overall Project Goals (All Five Phases)

Productivity in the defense industry can be and needs to be
improved. Additionally, the deteriorated condition of the defense
industrial base has prompted increased concern over its capability to
respond to mobilization requirements.

Initiative Number 5 of the Acquisition Improvement Program was
directed at encouraging capital investment to enhance productivity.
In addition to contract financing improvements, several productivity
actions have emanated from the spirit of the Acquisition Improvement
Program. A newly established Industrial Productivity Directorate
within 0OSD has the responsibility of providing leadership in the
productivity area. They serve as a focal point, facilitator, and
advocate on productivity issues. Also, a DoD Industrial Modernization
Incentives Program (IMIP) was initiated which targets industry
through incentives to substantially increase its capital investments
with its owu financing in modern technology, plant and equipment for
defense work.

A requisite for productivity rewards (sharing) is the ability to
accurately measure and track a contractor's productivity gains. At
present, contractor efficiency and productivity cannot be readily
measured and related to a contract. A practical method of measuring
productivity and effecting rewards must be developed to stimulate

improved productivity.
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(Taken from final report entitled Contractor Productivity Measurement,

APRO 83-01, Final Report, APRO, Fort Lee, VA 23801)
1. Study Scope

Phases I and I1 of the overall study investigated ways of
measuring contractor productivity and relationships between possible
measurement techniques and associated potential productivity
incentives. Alternatives for measuring productivity, the type of
productivity data needed, the type of data currently available, and
the degree to which the data would be verifiable and suitable as a
basis for appropriate contract incentives were explored. The study
also looked at proposed 1incentives from the standpoint of
productivity related information needed to support the incentives.

2. Study Objective

The objective of this study was to develop and test measurement
systems vwhich (1) are designed to complement IMIP by providing a
productivity measurement and tracking system and, (2) may provide a
basis for contract incentives to motivate contractors to improve
their productivity through methods changes, management improvements
and other means in addition to capital investment. Specific
subobjectives proposed to accomplish this were:

Phase 1. Develop specific definitions of contractor

productivity appropriate for the products concerned and the

contracts involved.

Phase II. Design measurement techniques that allow for

establishiny a baseline, tracking performance, and showing

auditable results. Synthesize the definitions, measurement

techniques and reward mechanisms.
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Phase III. Relate these measurement techniques to incentives and

revard mechanisms.

Phase III & IV. Test the proposed methodology on representative

contracts and contractors to determine the suitability for DoD

implementation.

Phase V. Based upon the test results, recommend DoD policy and

procedure coverage, as appropriate.
3. Study Approach

A study that addresses defense contractor productivity
measurement is a high-risk effort in terms of probability of success,
but it has tremendous potential benefits to be shargd by all. To
reduce the risks and improve the probability of success, top-level
management within DoD and each of the wilitary services has supported
this effort. To improve the chances for system acceptance and to
establish credibility throughout the defense community, DoD and the.
defense contfnctora have been involved in system development.

The study team for this DoD effort supporting IMIP included
representatives from the following organizations: Defense Systems
Management College (DSMC), Army Procurement Research Office (APRO),
Naval Office for Acquisition Research (NOAR) and Air Force Business
Research Management Center (AFBRMC). The representatives shared the
responsibility for completing the following actions to meet the study
objectives:

(a) Review pertinent literature and current policy relating

productivity.
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(b) Design a contractor survey and distribute it to defense

contractors through an industry association.

(c) Analyze literature and survey responses.

(d) Contact Government personnel in thooe functional areas
impacting productivity measurement for insights into
relationships.

(e) Visit selected contractors responding to the survey for
detailed follow-up discussions.
(€) Synthesize proposed productivity measurement
methodology based upon analysis and findings.
(g) Design test plan.
(h) Conduct test.
(i) If warranted, develop implementation guide.
Actions (b)-(e) constituted Phase I of this five-phase project.
This phase was directed and coordinated by APRO. Action (a) and (f)

constituted Phase II of the project entitled The Development

of a Taxonomy of Productivity Measurement Theories and Techniques.

This phase was executed by Dr. Scott Siak (P.I.), then at Oklahoma
State University as Director of the Oklahoma Productivity Center, and
Dr. Thomas Tuttle, Director of the Maryland Center for Productivity
and Quality of Working Life. (Sink, Tuttle, DeVries, and Swaim,
1983).

Action (g) constitutes Phase III of this project and is the focus
of this final report. Action (h) constitutes Phase IV and Action
(i), Phase V. Phases IV and V are optional and contingent upon the

results from Phase IIl and funding availability.
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Phases I and II Results

We will not attempt to replicate what was reported in the 1984
(June) APRO Final Report or in the 1983 (November) Oklahoma State
University/Oklahoma Productivity Center (OSU/OPC) Final Report.
However, it may be beneficial for the reader to see a summary of the
results from the first two phases of this project.

l. Phase I Results

The need to improve productivity within the defense industry is
clear. Escalating weapon systems production costs, & deteriorating
defense industrial base, and foreign competition provide the
unmistakable evidence. DoD's Industrial Modernization Incentives
Program (IMIP) was initiated to address this need by incentivizing
defense contractors to 1improve productivity. This research

complements the IMIP effort.

(a) Productivity Measurement Practices.

Research conducted to date has identified current contractor
productivity measurement practices. Contractors responding to a
survey of measurement practices ranked profitability most
important on a list of organizational performance evaluation
factors. If used at all, productivity was usually ranked fifth,
after profitability, effectiveness, quality and efficiency.

Problems encountered by the contractors measuring their
productivity were usually due to the complexities of quantifying
and relating the various input and output factors involved.
Also, meaningful indices were not readily available to identify

productivity impacts on fuanctions other than pruduction.
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The respondents indicated a desire to keep any proposed
productivity measurement system simple and to base the reward
for productivity gains on the cost difference between a baseline
and achieved cost, adjusted for inflation. This is basically
the way DoD currently attempts productivity measurement and its
associated profit reward in the weighted guidelines methodology,
but it has not been successfully implemented as curreatly

structured.

There was no evidence of a total factor productivity
measurement system implemented by the survey respondents,
although some attempts were being made to develop such.
Multiple indices were often used; however, they were not
integrated as required in a total factor approach. The most
popular productivity or performance-related indices being
tracked by defense contractors were value added/employee and a
comparison of standard hours to actual hours for work performed.
Some confusion existed as to whether an index was a productivity
measurement (i.e., output/input) or some other performance
measurement.

Production cost visibility varied widely among the
contractors visited, but all could provide direct labor and
material costs through work center tracking. Unfortunately,
direct costs constitute a small and decreasing percentage of
total cost, and therefore are becoming less useful as the sole
basis for productivity measurement. Indirect costs are

substantial and must also be addressed.
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Tracking the impact of an investment for productivity
improvement in the indirect areas gets obscure, and these areas
frequently increase with a decrease in direct costs. The
multiple product, plant and customer environment found at most
contractors visited further inhibits accurate cost tracking of
the impact of investments in productivity enhancing equipment.
Also, the follow-up verification of productivity gains was
somewhat lax, especially in the indirect areas.

From the discussions with the contractors visited, it
appeared that investments were mostly for competitive and
technological reasons rather than simply for cost reduction on
the current contract. Contractors tended to plan ahead to other
contracts and products and make investments accordingly to

improve their long run situation.

2. Phase Il Results

This research also identified a number of available tools to
measure productivity and to help bring about required improvements.
The report identified, explained, classified, and evaluated existing
productivity measurement practices, theories and techniques. These
techniques included both productivity and surrogate measurement
systems. Surrogate, or substitute, measures are thos~ which measure
variables that are related to productivity (e.g., scrap reduction,
cost reduction), but do not measure productivity (output/input)
directly. Productivity improvement efforts and accomplishments can
be, and are being, measured without the aid of productivity

measurement and evaluation techniques.
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While any of the measurement tools identified can be, and
should be, used by defense contractors to measure and improve their
productivity, only three have the potential to ditegtly complement
IMIP. These are the Multi-Factor Productivity Measurement Model
(MFPMM) and two surrogate techniques - the Cost Benefit Analysis/Cost
Benefit Tracking (CBA/T) methodology and the shared savings
techniques. Only the MFPMM and CBA/T can provide a basis for
determining savings (productivity gains). The output (savings) is
used to drive the DCF Model that calculates the shared savings needed
to achieve an acceptable rate of return. However, net savings that

can be passed on to the customer (e.g., Dept. of Defense) through

price reductions needs to be in compliance with the estimating
methodology (i.e., rates and factors) defined in the contractor's
disclosure statement.

Productivity measurement technology is currently able t;
provide accurate productivity data to business managers. Although
the technology does exist, there are several reasons why industry, in
general, 1is not taking full advantage of state of the art
techniques.

(a) Knowledge of the existence of specific productivity
measurement techniques is generally not widespread. The body of
industrial engineers, productivity managers, and other
individuals interested in productivity measurement is growing;
however, discussion of productivity methodologies outside this
relatively small group is rather limited to the general category

of input and output.
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(b) The state-of-the-art techniques are less complex than
they appear, yet they do require substantial effort to actually
implement. Management information systems are required to
generate, organize, and interpret data and track productivity
improvements. Many smaller organizations might consider gross
indicators of cost and output as an acceptable alternative to
establishing an entirely new area of effort and personnel
devoted to researching and implementing a complex productivity

measurement system.

(¢c) Some of the macro-measurement and other surrogate
techniques may be adequate for individual manager's needs.
Small job-shop operations, speciality business, and other low
volume or less complex organizations do not require the
elaborate measurement techniques that a large, complex,
‘multi-product, high-volume organization requires to remain
competitive.

The above comments are as appropriate for a defense
contractor as they are for industry in general. Results of the
industry survey indicate that productivity factors were ranked
low relative to other measures of organizational performance.
The defense contractors' inattention to productivity measurement
is understandable for two reasons.

(1) Defense contractors are generally not motivated to
improve productivity because productivity improvements reduce
cost and defense contractor profit opportunity is cost based.
As long as this negative incentive exists, contractors cannot be

expected to voluntarily initiate a unilateral program to improve
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productivity. As one attendee remarked at the 1984 Aerospace
Division Conference of IIE, the government's profit policy .as
"incentivized contractors into stagnation."

(2) State-of-the-art productivity measurement
methodologies require data analysis. Existing management
information systems may not be sufficient to provide the data
required in terms of type, degree, or format. One example is
the indirect cost contribution of a new item of capital
equipment to one of many products or other cost objectives.
Without specific government direction and corresponding
consideration, it 1is not reasonable to expect defense
contractors to initiate changes to accounting systems and
information systems in order to implement a productivity
measurement system. This is especially the case if the end
result 1is a reduction of their cost base for profit

opportunity.

The DoD is committed to improving the productivity of
industrial firms which develop, build, and maintain weapon
systems, sub-systems, and spare parts for the armed forces.
Manufacturing Technology (MANTECH), Technology Modernization
(TECHMOD), multi-year contracting, and accelerated depreciation
are only a few of the programs which have been instituted by DoD
to motivate subcontractors to achieve higher productivity. The
Government is also sharing the cost of new equipment and
processes and cost savings with Contractors. The primary

element lacking in the program is a productivity measurement
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methodology for assessing a contractor's productivity over time
and, in some instances, between firms or the various plants or
profit centers within a firm. This methodology should be valid,
simple, consistent, reliable, and obtain data from existing
systems or sources (Section C.3.0, Background, Statement of Work
for Taxonomy of Productivity Measurement Theories, RFP
F33615-83-R-5071).

Investigations of productivity measurement theories and
techniques in the literature (and in practice), and
investigation of IMIP, MANTECH, and TECHMOD policies and
procedures lead to the belief that there is a fundamental
confusion between the concepts of '"productivity measurement,"
and '"productivity improvement measurement, evaluation, and
verification." The mission of the Phase II study was to
present, describe, analyze and assess existing productivity
measurement theories and techniques. The techniques presented
in the Phase II Final Report (MFPMM, MCP/PMT, NPMM, and
Surrogate measures) are, in practice, customized to suit the
needs/characteristics of the organizations implementing them.
Still, the application of each productivity measurement/
evaluation technique (however customized) can fundamentally

cause and/or facilitate productivity improvement and control.

Productivity improvement efforts and accomplishments,
regardless of their source can, and should be, measured and
evaluated. However, productivity improvement efforts and
accomplishments can be measured and evaluated without the aid of

formal productivity measurement and evaluation techniques.
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This distinction is at the heart of the relationship between
the Phase II study and IMIP. Specific productivity improvement
and cost reduction measurement, evaluation and verification
procedures can be, and are being developed. They utilize cost
accounting systems, work standards data, engineering economic
analysis, and conventional contracting procedures. Further,
these procedures can be customized specifically to track
projected and actual savings. If adequate incentives on both
sides of the contact process exist then we can assume that each
side, ‘Government and contractor/sub-contractor, will work
diligently to develop valid, effective, and efficient
measurement, evaluation and justification systems and
procedures.

At the conclusion of the Phase II study, it was not clear
how the existing productivity measurement and evaluation
techniques could, would or should interface with needed
productivity improvement and cost reduction measurement,
evaluation, and justification procedures. This was, in the
opinion of the researchers, the next logical step to take in the
development of IMIP measurement, evaluation, and justification
procedures.,

3. Implications for IMIP

In addition to identifying the above techniques, a number of
insights were gained that impact application of productivity
measurement systems in IMIP. First, it is important that any system

address indirect as well as direct costs. Indirect costs, such as
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for “information workers," constitute a large and increasing
pexcentage of total contract cost and must be assessed directly
rather than through burdening mechanisms on direct costs.

Current cost and financial accounting systems are not directly
providing the cost visibility required for productivity comtrol. It
is important that productivity be related to profit and manufacturing
managers use productivity information feedback to manage and to
direct changes and improvements. It may be that either minor
restructuring of expense accounts or simply tracking and extracting
pertinent cost factors through the more sophisticated cost accounting
systems will provide the desired visibility. The manufacturing costs
are the same - they are just sliced differently to reflect
specifically where costs occur and to show how they change.

The degree of change required to provide the cost visibility
depends on the existing accounting system and desired visibility.
The MFPMM, which is already accounting system based, can provide the
desired visibility depending upon the input and output factors
selected for tracking. While the CBA/T methodology presents a new
accounting perspective, it is not necessarily compatible with
classical accounting. If radical restructuring is not possible or
desired, templates or links could be established to extract the cost
information from existing systems into a format more suitable for
productivity and manufact iring cost analysis.

DoD's focus on contractor productivity is best made at the macro
level of profitability and productivity as it relates to specific
contracts. The micro look at cause and effect of productivity

changes from period to period shouid be left to the contractor. This

l
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does not mean the productivity measurement system must attempt to
address all factors of production. This may become too complex and
costly to maintain. Rather, an attempt should be made to minimize
the cost of the measurement and tracking while considering the
benefits received. The system should, though, be detailed enough to
accurately identify areas for productivity changes.

Although the defense industry in general 1is not currently
motivated to take advantage of state of the art productivity
measurement techniques, contractors operating under (or considering
involvement with) IMIP procedures are highly motivated. The IMIP
provides for sharing of cost savings due to productivity improvements.
Measurement and tracking are crucial to credible development of the
amount of savings to be shared. Since profit in this case is not cost
based in the traditional manner, contractors are not wnegatively
incentivized. Additionally, the implementation of a productivity
measurement system or methodology in itself should be considered a
productivity improvement. The «cost to implement a system
(investments) could/should be treated as an initial offset from
calculated savings prior to *' .ring, and the maintenance of the system
could/should be treated as an indirect expense, and included in the
rates and factors used. As a minimum, the implementation should
be negotiable for on-going programs and considered in the business
arrangement for new entrants to IMIP.

Since techniques are available to measure productivity
improvemeuts, the issue of concern to IMIP is which technique or
combination of techniques will provide data to satisfy both the

government and industry?
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4, Recommendations from Phases 1 & II

(a) DoD should test the following selected techniques in a
defense contractor environment:

(1) Multi-Factor Productivity Measurement Model
(2) Cost-Benefit Analysis/Tracking Methodology
(3) Discounted Cash Flow Model |

The tests should be conducted at multiple sites with a paper
test preceding a live test. The tests will serve to verify the
applicability of each technique to the defense industry and to
identify areas needing correction or enhancement before widespread
implementation. The tests should also allow for a variety of
comparisons among the different techniques in such areas as accuracy,
consistency, efficiency, and sufficiency.

(b) Recognizing that no single productivity measurement system
will meet every DoD and contractor management need for productivity
information, it is recommended that criteria be established which a
contractor's system must satisfy rather than dictating a universal
system that all must adopt. This concept is similar to that used for
the Cost/Schedule Control System Griteria (C/SCSC) and' allows the
contractor considerable flexibility. The criteria will provide the
basis for determining whether a contractor's productivity measurement
system is acceptable. It will set forth characteristics which a
contractor's system must possess and specify the type of information
which can be derived from the system. It may be possible that the
productivity measurement system criteria could be integrated into a

broader information reporting system such as C/SCSC.
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(c) This research has identiiied a number of productivity
related areas that need further .developnent. Two of particular
importance are (1) capacity utilization and how it relates to
productivity\and (2) productivity measures for indirect labor (i.e.,
infornasioa/knowledge workers). Productivity and efficiency measures
for indirect labor are becoming increasingly pertinent, yet they are
not nearly as well defined as for direct labor.

Phase II1 Goals

G(Phase III): to execute a '"paper test" of the three basic
models that takes generic and/or very specific descriptions of the
models and evaluates model applications at a selected field site.

Objectives are:

0;--Evaluate .the ease of measuring and evaluating
“productivity" using the three models in "paper-test" fashion.

0y--Develop a comprehensive description of inputs and
outputs for each model as applied in "paper-test" fashion.

O3--Attempt to compare results of paper test from the three
models.

O4--1dentify and describe in detail the data required to

“"drive" each model. Compare and contrast data requirements for

each model.

O5—-Describe the level (unit of analysis) for which
productivity was measured and evaluated in the field paper
tests. Describe the most appropriate unit of analysis(es) for

each model.
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06--Evaluate the abilities of the models, in paper test
application, to satisfy the overall project goal.
07--Describe incentive/reward system(s), if any, used by the
field test site participating in this evaluation.
Og--Recommend (not develop) madifications, if any, to any or
all of the three mpdela that would make them:
(a) easier to use
(b) easier to comtrol
(c) easier to administer
(d) easier to obtain information
(e) easier to use incentives/reward applications.
Og--Recommend whether to conduct a field test (i.e. Phase
IV). Justify recommendation. Identify the company(ies) that
will participate and provide evidence of their willingness to do
so.
Project Management Objectives are:
0jp0——Develop a detailed plan for Phase III execution. Review
plan with the DSMC (COR) and review team at DSMC, Ft. Belvoir,
Va. one week after contractor award. Agree upon plan.
0)1--Submit a written report summarizing decision reached at
Initial Phase III planning meeting within two weeks after that
meeting.
0j12--Submit monthly Progress Reports. (Note that we have
altered the frequency of these progress réports to better fit
project milestones, see project timetable for frequency and
anticipated sequencing).
0}3--Make monthly progress briefings, which follow, by
approximately 2 weeks, the written progress reports. (Note same
change in frequency as for 0y,.)

29



0j4—Execute paper test. We will not detail the specific
activities here as they wiil be developed during the initial
planning session. We have, however, indicated estimated travel
and meeting times for on-site work by investigators.
015--Provide a draft report summarizing the paper test 18
weeks after contract approval. |
O1¢——Review comments and revisions for draft report.
Pre-pare and submit final report on or before the 26th week
after contract approval.
D. Phases IV & V Goals
Phase IV goal is to execute a field test of the three models to
further evaluate and develop model applications. Objectives for
Phase IV are:
0)--Develop a field test plan acceptable to the COR.
0p--Measure productivity (or evaluate cost changes) over a
period of time at the various field test site wusing these
models. (One field test was requested by DSMC at budget
negotiation phase).

O3--Ensure that sufficient test data points are included in
the measurement tests to ensure as much validity in conclusions
and inferences to be drawn as possible.

04 — Field test all three models (MFPMM, CBT/A, and IMIP

(DCF/SSA)) .

O5 -- Prepare and submit a report on the results of each
field test. Report must address the following:
(a) ease of measuring productivity and tracking costs in

field test for each model.
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(b) description of the inputs and outputs for field
application of the models.

(¢) compare and contrast, where appropriate, the results
of field test with the three models.

(d) identify and describe data required for field
applications of the models. Compare and contrast
data requirements for the three models.

(e) identify and describe the level (unit of analysis)
for which productivity was measured and evaluated in
the field application tests. Describe the most
appropriate unit of analysis(es) for each model.

(f) evaluate the abilities of each model, in field
applications, to satisfy the overall project goal.

(g) describe the field site incentive/reward systems.
Evaluate the effectiveness of the site incentive/
rewvard systems.

Og——Evaluate an integrated productivity measurement system
utilizing all or elements of the three models tested as an
alternative measurement and evaluation approach to support an
incentive methodology such as IMIP.

O0y--Recommend approaches the Services should pursue relative
to measuring productivity and offering incentives and rewards
for productivity improvement.

Phase IV Project Management Objectives: (Same objectives as for
Phase III with exception of deadlines for draft and final reports.

See project timetable.)
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Phase V goal is to prepare an implementation report/manual

that guides others in execution of recommendations and alternative

approaches identified in Phases III and IV. Objectives are:

0;--Develop and submit an implementation report that covers

the following topics:

(a)

(b)

(c)

(d)

(e)

(f)

What does each technique measure? Is there a clear
understanding of the measurement? Can productivity
be measured continuously, or must it be measured at
specific intervals?

What data are needed for the measurements? Are the
data collected by a specific data collection system?
Is there a general data collection system available
or are data collection systems unique to each
company?

Are there data elements common to the difference
measurement models? If so, to what extent are they
common?

Are there known relationships between unit price and
area of productivity improvement by technique? What
are the attributes that can be measured?

What kaowledge/experience do we have about the
interaction of elements within a measurement
technique? 1Is it possible for some element to show
negative relationships?

At what level (product line, organizational unit)
should productivity be measured? How is this scaled

to incentives and rewards?
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(g)

(h)

(j)

(k)

What is the range of incentives and rewards? Are
the only funds available for rewards those funds
that result from productivity improvements?

How can the range of rewards be scaled? How should
rewards be related to a company's risk, i.e., should
the company be awarded the same amount for reducing
overhead as for a major capital investment when the
unit price declines by the same amount?

What is the time scale for making productivity
improvements? Does it vary for different
organizational initiatives? How should the value of
such improvements be determined?

Who validates productivity improvementp? Should the
company state the improvements, and a Government
agent validate them, or should an automatic system
that allows an improvement to be measured on a
continuous or random basis by the Government be
used? Should a committee be used to validate
(mainly from a subjective mode) improvements?

Should the Government develop a technique that will
measure the ratio of input to output, or should the
Government consider productivity as it relates to
reducing life cycle cost? Currently, productivity
models do not seem to include the more global
concepts of relaibility improvements, maintainabili-

ty or reduced life cycle costs.
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(1) Other considerations that should be taken into
account under the subject of 1incentives and
rewards:

a. Sole Source

b. Leader-follower

c¢. Production lst run

d. Production Nth rum

e. Competition

f. Multi-year

g. Multi-agency

h. Multi-product

i. Multi-location

j» Commodity/industry

k. GOCO operations

1. GFE/CFE

m. Integration

n. Subcontractors
(Objectives O; and O3 added by Principal Investigator)

Oy--Develop & description of an approach for developing a

strategic plan for an overall, comprehensive productivity
management effort. Incorporate methodology for development of a
comprehensive 2-5 year plan for productivity measurewent and
incentive methodology for Defense contractors and

subcontractors.
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03 -- Develop a description of what a comprehensive,
integrated productivity measurement and evaluation effort would
look like that incorporated wuse of all three models tested in

this project.

Phase V Project Management Objectives: (Same objectives as for

Phases 1III and IV with exception of deadlines for draft and

final reports. See project timetable.)
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III. INTRODUCTION: PHASE III RESULTS

Results: Research Goals and Objectives Accomplished

The goal of the Phase III study was to execute a 'paper test'" of the
three models that takes generic and/or very specific descriptions of the
models and evaluates model applications at a selected field site. The
objectives were:

01--Evaluate the ease of measuring and/or evaluating.productivicy
using these three models in paper test fashion.

09--Develop a comprehensive description of inputs and outputs for
each model as applied in paper test fashion.

03--Attempt to compare results of the paper test from the three
models.

04--Identify and describe in detail the data required to "drive"

each model in paper test application. Compare and contrast data

requirements for each model.

Og--Describe the level (unit of analysis) for which productivity

was measured and evaluated 1in the field paper test. Describe the

most appropriate unit of analysis(es) for each model.

Og--Evaluate the abilities of the models, in paper test
application, to satisfy the overall project goal.

O7--Describe incentive/reward system(s), if any, used by the
company (field test site) participating in this evaluation. (Note:

the RFP seemed to infer that the company was to be evaluated. We do

not agree. The measurement and evaluation methodologies were

evaluated. Our field site would probably not have participated if

they felt they were being evaluated.)
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Og--Recommend (not develop) modifications, if any, to any or all
of the three models that would make them:
(a) easier to use
(b) easier to control
(¢c) easier to administer
(d) easier to obtain information
(e) easier to use in incentives/rewards applications.
Og--Recommend whether or not to conduct a field test (i.e., Phase
IV). Justify recommendation. Confirm that LTV, Vought Aerospace
Products Division, will participate in the field test and provide
evidence of their willingness to do so.
This goal has been accomplished and the results are presented, with
considerable detail, in Section VII. There were nine sub-goals or objectives
for Phase III‘(see Section II-C) and they have each been accomplished.
Objectives 1, 8, and 9 are addressed.in Sections VI & VII. Objectives 2 and 4
are detailed in Sections V and VII. Objective 5 is specifically addressed in
Section V and Section VII, subsections A thru E.3. Objectives 3 and 6 are
dealt with in Section V.-D., E., and F. Finally, Objective 7 is addressed in
Section IV, There is a direct translation of goals and objectives, as spelled
out in the RFP, to those identified in the proposal and finally, to those
accomplished in the research and documented in this Final Report.

Productivity Management Methodology for the Defense Contractor Industry

During the course of the research, the study team wrestled with the
distinction between the concept of a methodology versus a model. Perhaps the
Price Waterhouse da2velopment (CDEF) is a very good example of this

distinction. There is a CDEF methodology that is spelled out quite clearly in
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Section V. It represents an approach, a process, designed to assist
management in gaining the support of DoD Industrial Modernization Incentives
programs. The CDEF methodology is designed to 1integrate with existing
management practices, while simultaneously preparing necessary information
required to successfully execute IMIP-type efforts. The CDEF methodology is
comprised of a specific set of wmodels and techniq;es (i.e., CBA, CBT, ACBG).
One must first understand the methodology in order to completely benefit from
application of the models.

The same aanalogy holds true at a slightly more macro level relative to
this study. One must understand a productivity management methodology or how
to develop such a methodology in order to fully benefit from an application of
the three models which were paper tested in this study. It was not within the
scope of the contract to develop such a methodology, however, the research
team found the process of developing a very rough first-cut methodology to be
beneficial. Figure III-1 depicts the team's conceptualization of a generic
productivity management methodology relative to the defense industry.

Note 1in this depiction of a methodology that each of the three models
tested in this study can be identified within the methodology in terms of
where they are most relevant and applicable. For example, the MFPMM is used
by LTV as a STAGE 1 management support system. The Discounted Cash Flow
models, such as the LMI and Westinghouse versions, are primarily STAGE 5
focussed. The Cost Benefit Tracking elements of the CDEF and MFPMM models are
STAGE 9 focussed. The CDEF methodology is designed to interface with many of
the stages in a productivity management effort as shown in Firgure III-1. The
methodology depicts the process of identifying, selecting, paying for,

implementing, and tracking performance for specific  productivity
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improvement interventions in relationship with corporate or division strategic
planning. One should compare and contrast this productivity management

methodology with the one presented in Sink, Productivity Management:

Planning, Measurement and Evaluation, Control and Improvement, 1985, John

Wiley and sons.

FIGURE III-l
Generic Productivity Management Methodology
as Related to Defense Industry

(———3| Corporate Strategic Plan| STAGE 1

® Disclosure Statement
® CDEF
e MFPMM (LTV)

+

|Factory/Division/Project Analysis| STAGE 2

Incentives ® Developmental Plans
. ® Challenge Budgets (LTV)
® Cost Driver Analysis (LTV)
® Top Down IDEF, Node Structure
Macro

+

Identification of Projects | STAGE 3
MEP vs. MIP |

Nominal Group Technique (LTV)
iDEF (CDEF)
ROM Potential Savings/ROI

o0 ¢

+

|Selection of Projects| STAGE &4

® Decision Analysis
e MCP/PMT (LTV)
o CBA

+
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Figure III-1 (cont.)
Generic Productivity Management Methodology
As Related to Defense Industry

| Sources of Funds |

® Man Tech @ Budget ® IR&D e IMIP ® Profit

7

N

Various Return Analysis/Decision Analysis
Techniques Depending Upon
Audience/Funding (i.e. LMI, CBA, Westinghouse, DCF)

+
Different
Source of
Funds (Lost
Profit in

+ GO Case of no
go IMIP)

| IMPLEMENTATION |
+

|Cost-Benefit Tracking|

+

Shared Savings Approach
Incentive

® Rates and Factors Issues

® Projects vs. Overall Improvement
Issue

® Validation Issues

e CBT

+

Satisfaction of Government]
Objectives |

Improved Productivity
Improved Competitiveness
Improved Performance
Reduced Costs; Improved
Quality, Improved
Overall Acquisition

for Government
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An example of how a specific defense industry contractor has taken this
generic methodology and developed a disciplined application is depicted in
Figure III-2,

FIGURE III-2

Depiction of LTV/VAPD's Basic Approach
to Productivity Management

Project Cost-Benefitl IMIP |
Incentives Anal /Track. §S_Negot .
(i.e. IMIP) Use the "|DCF_Model |
MCP/PMT
Strategic ' Deve lopment | Budgets | lperformancel—i Profits
Plan Plan Productivity
(Productivity ® Projects Targets MCP/PMT
Targets)

@ Mkt. Share
Targets

I I Learning Curves*

I Future Bids

Comments: @ Process should be self-motivated
® IMIP utilized to minimize lost profit impact
@ If there were overall total productivity improvement
incentives the company would likely do what Government
is after anyway and with less difficulty than by way
of project focussed incentives.

Key for Figures III-]1 & 2

CDEF = Cost Definition Methodology IDEF = An ICAM Definition Language

MFPMM = Multi-Factor Productivity (Modeling Techniques)
Measurement Model MEP = Modernization Efficiency Projects
ROM = Rough Order of Magnitude MIP = Modernization Investment Projects
ROI = Return on Investment IRGD = Investment Research & Development
MCP/PMT = Multi-Criteria Performance/ IMIP = Industrial Modernization
Productivity Measurement Incentives Program
Technique LMI = Logistics Management Institute
CBT = Cost/Benefit Tracking DCF = Discounted Cash Flow
CBA = Cost/Benefit Analysis SSA = Shared Savings Approach
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In this figure, note that the same basic process, as portrayed in Figure
III-1, is followed but the specific models used are different. The goals are
the same, but the paths are slightly different based upon specific systems,
management style, culture, and situations. It is doubtful that many defense
contractors could explicate their productivity management methodology nor
demonstrate consistent, disciplined, and systematic use of state-of-the-art
productivity measurement models and techniques,

Results of the Phase IIl study suggest that models and techniques applied
in the absence of a methodology, a strategic plan, or a "Grand Strategy"
seldom accrue the potential benefits available from their application.
Although that which follows are the results of paper tests on three specific
models, the reader is cautioned to not lose sight of the forest for the trees.
The "forest'" is the Productivity Management Methodoloéy and the '"trees" are

the individua! models.
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IV. FIELD SITE DESCRIPTION

The three productivity-related models were "paper tested" at only one
field site; namely, the LTV/Vought Aero Products Division in Dallas, Texas.
From an experimental research perspective, a sample of one may therefore lead
to some bias in the experimental (or paper test) results. Thus, in this
Section IV of the Final Report the project team has attempted to define the
general environment at LTV/VPAD and secondly, to describe a "typical"
aerospace and defense contractor. It is belived that LTV/VAPD has an advanced
productivity management effort underway and, in this regard, may not be a
"typical" aerospace and defense contractor.

A. LTV/Vought Aero Products Division

The LTV Corporation consists of three companies: LTV Aerospace and
Defense Company, LTV Steel Company, and LTV Energy Products. Within the LTV
Aerospace and Defense Company, there are four divisions: AM General Division
(Livonia, Michigan), Sierra Research Division (Buffalo, NY), Vought Aero
Products Division (Dallas, TX), and the Vought Missiles and Advanced Programs
Division (Dallas, TX).

The AM General Division 1is the world leader in military trucks and
tactical mobility. Over a 40-year history, AM General has built nearly
1,000,000 military trucks for the U.S. Armed Forces and over 100 friendly
foreign nations. AM General offers a wide selection of tactical wheeled
vehicles ranging from 1/4-ton to 5-ton trucks.

The Sierra Research Division is a leading developer and manufacturer of
electronic systems for wilitary, civil and commercial applications.
Innovative achievements in advanced electronic, avionic and digital computer
technology include precision guidance and position-tracking radar, aircraft
stationkeeping, tactical data links, flight inspection and air navigation.
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Targeted for future development are electronic surveillance, position
location, integral data transfer and all weather flight aids.

The Vought Missiles and Advanced Programs Division designs and builds
rockets, missiles and space systems and is an aerospace industry leader in
advanced technology research. The division traces its history back to the
Navy Regulus, a submarine-launched missile it developed in the 1950's to give
the United States an intercontinental attack capability. Today, its Multiple
Launch Rocket System is deployed with the artillery forces of the U.S. Army
and will also be fielded with the armies of West Germany, the United Kingdom,
France and 1Italy. The division's Lance missile serves as the primary
battlefield artillery weapon for the United States and a number of other NATO
countries. Other major programs include an anti-satellite weapon, a candidate
for the Joint Tactical Missile System-Army, the Hypervelocity Missile, the
Scout space launch vehicle and components for the U.S. space shuttle orbiter.

The Vought Aero Products Division was the actual site for the "paper
test" of the three productivity measurement/evaluation models. The division
operates facilities consisting of over 6.7 million square feet, principally in
Dallas County, Texas. Employing in excess of 14,000 skilled employees, this
68-year old airframe manufacturer has produced more than 15,000 military
aircraft and hundreds of major subsections of both military and commercial
aerostructures operations.

The division operates from a business base of 80% government products
centered on the AFT and AFT-intermediate fuselage sections of the B-1B Air
Force bomber, tail and refueling boom components for the KC-10 tanker and
renovation of its own A-7 Corsair II attack aircraft for sale to friendly

foreign nations. Commercial applications of Vought technology are found in
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tail sections for Boeing 747, 757 and 767 airliners as well as engine nacelles
for the Canadair CL-601 commecial jet aircraft.

The division's strength lies in its highly productive material handling
and fabrication techniques. Through extensive innovation in manufacturing
technologies, Vought Aero Products has been able to break new ground in
production cost-effectiveness and productivity improvement techniques.
Practical application is found in the Flexible Machining Cell, an automated
mini-factory, considered the most advanced installation of its kind in the
world.

Recognition of the need to improve competitive position and modernize
facilities, equipment, and systems has induced productivity improvement at
Vought Aero Products Division. Productivity improvement at VAPD results from
Division Management's proactive support. This support is manifest in an
integral part of the Division's annual Development Plan, a detailed
Productivity Plan.

Within the Vought Aero Products Division, an integrated productivity
measurement, evaluation, control and improvement program is organized under
the Vice-President for Manufacturing Development and Support.
Organizationally, this function reports to division-level top management. The
Manufacturing Development and Support function includes five sub-functions:
Facilities, Industrial Engineering, Industrial Modernization (IMoD),
Manufacturing Engineering, and Tool Fabrication.

The Industrial Modernization Group is responsible for the development and
management of the Productivity Plan that outlines specific targets and
projects for implementation to achieve stated objectives and committed
productivity improvement. This plan finds concurrence from functional vice

presidents and continued progress monitoring via periodic Productivity Council

45



reviews. In this manner, productivity improvement is supported and encouraged
in a continuing fashion.

The Director of the IMOD sub-function is reponsible for eight lower level
functions, among which 1is Productivity Requirements. The manager of
Productivity Requirements, in turn, has operational responsibility for five
major productivity-related tasks: factory analysis, productivity measurement,
productivity control, cost/benefit tracking, and IMIP planning/implementation.
Thus, at the LTV Aero Products Division, the operational responsibility for
the design and execution of an integrated productivity measurement,
evaluation, control and improvement program occurs at the departmental level
in the division's organizational heirarchy.

The cost structure of Vought Aero Products Division is similar to that
found in other aerospace companies. Direct and Overhead Costs are collected
into pools for Materials, Manufacturing, Engineering and Logistics. Indirect
Costs that support direct functions and activities are collected in overhead
accounts. Other Direct Charges, those costs that are directly chargeable to
contracts but are not classified as either Direct Labor or Direct Material,
are collected into separate accounts. Manufacturing cost additions are
defined as the sum of other Direct Charges, Direct and Overhead Costs minus
Independent Research and Development Costs. The General and Administrative (G
& A) expense pool consists of indirect costs incurred by support
organizations. The G & A rate is the ratio of G & A expenses to manufacturing
cost additions. Human Resources, Facilities, and Data Processing costs,
collected into cost centers, allocate their costs to the pools as indirect

costs.
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B. Typical Aerospace and Defense Industry Contractor/Subcontractor

There are certain characteristics of a typical Aerospace and Defense Industry
Contractor/Subcontractor that influence aspects of the total productivity
management process, particularly productivity measurement and incentive
methodology, the prime focus of this study contract. These characteristics
can be summarized into three main categories -- Products/Technology,

f1nanc1a1/€ontract1ng. and Management.

Product/Technology

The aerospace and defense industry covers a broad range of product/technology
from missiles to aircraft, turbine engines, avionics systems, ground based
radar, electronic countermeasure devices, ammunition, vehicles, space systems,
oceanic systems, ships, guns, etc. Furthermore, this range of products
represents manufacturing quantities from one of a kind or 1imited production
of most products up to manufacturing millions per year of ammunition type
products. The government 1s the initlator of the product requirements,
controls much of the engineering design and specifications, yet manufacturing

of these complex products for the most part is done by private industry.

There 1s much less program stability compared to commercial industry since the
Congress controls the defense budget which is established yearly. Multi-year
program procurement is too 1imited and s further hampered by lengthy
implementation periods. Thus, it 1s more difficult to develop a definitive

long term strategi. plan, whether for DoD or private industry, than in
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commercial industry. For the most part, production volume and rates of
aerospace and defense industry production are much less than in commercial
industry. Furthermore, commercial product and process technology, and
specifications are much less complex than in the aerospace and defense
industry. The mission of aerospace and defense industry products, for the
most part, requires the use of state-of-the-art materials and manufacturing
processes to fit more engineering functionality into a smaller space of
1ighter weight and greater strength and with higher reliability,

maintainability and survivability than in commercial industry.

The extensive 1ife cycle through research, design and development of the
product complexity of aerospace and defense products necessitates, for the
most part, manufacturing initial production prior to completing Full Scale
Development (FSD). This practice, in turn, generates numerous and continuous
engineering changes that have a significant impact on manufacturing. From
DoD's point of view, weapons system requirements are continuously reviewed and
improved as new technology or an identified foreign threat changes. These
engineering changes often require manufacturing process changes which then

nust be developed and refined.

"inancial/Contracting

'he DD633 format required by DoD as an input for price visibility from
.ontractors for major systems procurement provides for the following specific

:ost account categories:
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1. Purchased Materials and Services
a. Purchased Parts
b. Subcontracted items
¢c. Development materials
2. Procurement Burden
3. Interdivisional Transfers
4. Engineering
a. labor
b. overhead
5. Factory
a. labor
b. overhead
6. Other Costs
a. computer
b. travel
c. tooling

d. miscellaneous

Productivity improvement can be reflected in any of the above cost account
categories. Factory labor costs, for the most part, are established by work
measurement standards and/or parametric estimates. Engineering labor 1is
estimated based on engineering judgment. Purchased materials and services are
mostly based on vendor quotations and/or parametric estimates. Rates and
factors for labor and materlal are negotiated yearly based on department
budgets. Those non-direct cost department budgets are allocated to direct
cost centers and/or purchased material and.reflected in the negotiated rates

and factors.
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The cost of goods sold for Direct Manufacturing Labor %s made up of many
process demands that comprise work centers, that collectively organize into
budget centers that summarize to be cost centers which 1s the organization
level at which pricing 1s applied. These cost centers at which pricing 1s
applied further aggregate to the total business unit Cost of Goods Sold. The
summary of the total budgeted labor hours at the level that the overhead rate
1s established times the costing rate 1s the total budgeted cost of goods sold
for the business unit. Individual products and/or services that are sold are
priced at specific hours times the composite costing rate and/or material plus
material burden rate. Actual realized costs for any given process are that
which are incurred at each work center, based on individual budget center

rates and factors not the composite rates and factors used for pricing.

The historical philosophy of Aerospace Defense Contractors approach to cost
accounting has been to collect and allocate projects costs at the macro
level. This approach ylelds aggregate costing rates which tend to neutralize
manufacturing process cost realization from a wide range of resource
utilization. To provide a most effective evaluation of IMIP project

implementation, a more specific allocation of resource utilization 1s proposed.

The typical contractor might have two hundred budget centers that are summed
to six cost centers to yleld so-called homogeneous labor rates. Examples of
categories within the factory are: test, assembly, fabrication, reliability,

support and so on.

50



BUSINESS

UNIT
] i
| COMPOSITE | | COMPOSITE | | COMPOSITE |
| ASSEMBLY | | TEST | | FABRICATION |
| RATE | | RATE | | RATE |
| | | | | |
¢ Simple ® Simple ¢ Simple
Average ¢ Average ® Average
® Complex ¢ Complex ® Complex

Sample Business Unit Rates Breakdown
Most Aerospace companies have separate costing rates for at least Machine
Shop, Assembly and Test Manufacturing Labor as well as Manufacturing Support
and Engineering. Within each function are simple, average and complex
categories of complexity. In the Machine Shop, a simple workcenter would be a
dri1l press versus turret lathe (average workcenter) and NC machining (complex
workcenter). In Assembly, a simple department would be cable assembly versus
Printed Wiring Assembly (average complexity department) versus microwave
module assembly and/or final assembly (complex department). Similarly, test
department complexity ranges from a simple GO-NC GO gest to complex test and

tune calibration.
In aqdition, whether 1t be machine, assembly and/or test labor, a contractor

can submit an IMIP to automate a manual process for simple, average and/or

complex machine shop, assembly and/or test labor.
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In general, DoD contractors allocate costs on the basis of budgeted labor
hours. Items of cost such as deprectation, utilities and space are allocated
as indirect costs on the basis of budgeted labor hours and are quoted at the
same rate for each budget center in the business unit. Technical views of
specific cost driving elements are not necessarily synonymous with a business

unit's pricing methodology.

Factory overhead rates are composed of accounts that are common to every
factory functional area. They will differ with the specific process area

level of allocation (in dollar value).

The average factory overhead rate might include the following categorization

of accounts:
Direct Labor Costs
- Holiday

-  Vacation

- Benefits
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Direct Labor Overhead Costs

- Meetings

- Travel

- Training

- Supervision

- Administration
- Dept Support
- Equip. Deprec
- Utilities

- Maintenance

- Space

- Expendables

Allocation Costs

- Management

- Materials

- Technical

- Prod Assurance
- Computer

- Finance

- Miscellaneous

The contractors negotiated rates and factors, estimating and pricing

methodology, and cost accounting format need to meet Cost Accounting Standards
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(CAS) and specific military specifications and/or standards such as DoD
7000.2 C/SCSC, M11-Std 1528 Production Management, Mi1-Std 1567A Work
Measurement, M11-Std 150 Corrective Action and AFCMD R178.1 CMSEP. The
specific methodology used by contractors needs to be specified in the

Contractors Disclosure Statement.

Management

There 1s a broad range of types and size of companies ranging from small job
sites of less than 100 people manufacturing a single product for a single
customer up to divisions of most of the Fortune 500 companies manufacturing a
full range of products for many DoD customers -- Air Force, Army, Navy, NASA,
Department of Energy, etc. Thus, a broad range of management leadership,
style and culture prevails both within government and privaie industry.
Intensive regulations (DAR and FAR) define the acquisition process. One
overriding regulation is the weighted guidelines that control profit by
contractors to a fixed percentage of the cost of goods sold. Thus, there is a

negative incentive to reduce costs.

There are extensive auditing functions within government DoD to assure that
the numerous regulations and standards are being followed. Certainly from a
productivity management standpoint, these characteristics have a significant
impact on the motive for productivity measurement. There needs to be a
champion(s) for productivity improvement both within the
contractor/subcontractor, as well as DoD,if significant gains are to be

realized.
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Increasingly, managers must learn to be situational leaders. There 1s no one
best style or way to manage. The preference for possible outcomes, belief
about cause and effect, and standards of desirability vary significantly
within and between organizations. 1In the aerospace and defense industry, much
of the performance criteria are controlled by regulations, specifications and
are subject to extensive and varied interpretation that makes 1t difficult to
know the right things to be devoting resources towards, know how to accomplish
these goals and objectives, and know if and how well these goals and

objectives are being accomplished.
TV/Vought Aero Pr ts Division

LTV/Vought Aero Products D\vis\oﬁ (LTV/VAPD) 1s considered to be a large
subcontractor manufacturing a wide range of products to all three services.
From a product/technology standpoint, LTV/VAPD are manufacturing a wide range
of products, of varying product volume and rates of production, of average
product complexity. From a manufactur\ng standpoint, LTV/VAPD have been an
industry ]eader in incorporating 1ts highly productive material handling and
fabrication techniques. LTV/VAPD has been an industry leader in the Air Force
ICAM program serving as prime contractor for the ICAM conceptual design for

computer-integrated-manufacturing project priority 1105.

From a financial/contractor standpoint, LTV/VAPD very much represents a
typical aerospace and defense industry contractor. However, from an internal
management standpoint, LTV/VAPD are more active and committed to productivity

management than the typical aerospace and defense industry contractor. In
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particular, their application of integrated structured productivity
measurement, evaluations and control approach to process selection for
productivity improvement. However, they face external factors greater than

average in working with their customer(s) to implement their strategy.
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V. APPROACH AND RESULTS

General Apptgach

Our general approach taken to accomplish the goals and
objectives of Phase III was to allow each subcontractor to
autonomously coordinate and execute the "paper test" for his
specific model. Per our proposal response to the RFP, we decided to
actually paper test four models or approaches. Figure V.I indicates
the models tested and the researcher/research team responsible for

the specific test.

Model or Approach Researcher/Research Team Responsible
CDEF Thayer/Price Waterhouse
DCF/SSA Engwall/Westinghouse

Agee/VPI-VPC
MFPMM Sink/VPI-VPC
LTV/VAPD Dhir/LTV-VAPD
Integrated Sink/VPI-VPC
Approach

Figure V.I Breakdown of Responsibilities for Paper Tests

(NOTE: LTV-VAPD also independently 'Paper Tested' each of the
three prescribed models.)

Overall project coordination was provided by Dr. Sink and the
VPC staff with support from Dr. Tuttle of the MCPQWL. Dr. Agee
(VPC) specifically worked with Mrs. Thayer, Mr. Engwall and Mr. Dhir
to coordinate the paper tests for the CDEF and DCF/SSA models. Dr.
Sink, 1in addition to providing overall project coordination and
management , specifically worked closely with Mr. Dhir and his staff

to paper test the MFPMM and the Integrated LTV approach.
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Project milestone charts for the overall effort and each model
paper test appear in Tables V.25, Two progress reports were
generated and distributed to the research team, project director,
and advisory committee (24 September 1985 and 14 November 1985).
Three joint working sessions with all research team members in
attendance were held over the six month contract period (26 July
1985, Ft. Belvoir, VA; 14-15 August 1985, LTV, Dallas, TX; 16-17
December 1985, VPI-VPC, Blacksburg, VA). Our first meeting at LTV
was designed to develop a plan of attack and to establish some
ground rules for the project team to follow. We outlin;d the final
report, established dates for progress reports from the
subcontractors, discussed fundamental issues relative to the goals
and objectives of the project, and establisaed specific
accountabilities and deliverables. In particular, we spent
considerable time discussing the difference between a 'paper test"
and a "field test." Our conclusion was that the paper test should
evaluate the models, on paper, addressing specific questions raised
in the RFP. We did not view development or extensive data analysis
with the models as within the scope of Phase III.

The details of our general approach are reflected in what

follows.
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B. Description of Each Model

1. Description of Price Waterhouse's Cost Definition Methodology

\CDEF)

Price Waterhouse has developed its CDEF Methodology as an
approach for preparing performance and cost baseline data in
support of commercial factory modernization or Department of
Defense Industrial Modernization Incentives Programs - IMIP's.
CDEF utilizes a top-down analysis technique which facilitates the
identification of appropriate performance and cost measurement
criteria, selection of improvement opportunities, and economic
justification of identified investments. The CDEF methodology
has been developed as a result of work performed for several
Price Waterhouse clients; therefore, it has been field developed
and found workable.

The CDEF Methodology has been tailored to accommodate several
objectives: :

o Provide an auditable, consistent approach for performance and
cost-benefit analysis and tracking.

o Identify the true costs of a manufacturing process to clearly
establish savings criteria.

o Provide outputs that remain reliable when product mix and
volume changes over time.

o Provide a mechanism for evaluating project and compensating
for project risk.

Price Waterhouse has developed nine criteria that form the basic
elements of the CDEF Methodology. In addition to these nine
criteria, a software tool, the Automated Cost Baseline Generator
(ACBG) has been developed to ease the level. of calculating that
must be performed when developing cost and performance baselines.
The nine criteria are as follows:

1) Has a functional structure been used?

The node tree diagram shown in Figure V.l represents a typi-
cal aerospace "top-down" approach for identifying manufactur-
ing activities. By documenting all manufacturing activities
within a project's scope, greater assurance is provided that
total cost is captured and that significant performance
measurements are identified.

2) Have Function Groups been identified?
Function Groups are defined as the group(s) of low level

nodes that are impacted by ¢ given technology improvement
program.
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3)

4)

5)

6)

7)

8)

9)

Have the total costs for the baseline period been '"mapped"
against the functional (top down) structure?

The overlay of the total operating costs against the
functional structure establishes input/output cost measures.

Has a comprehensive Manufacturing Cost Model been identified?

A typical manufacturing cost model groups cost by material
segments, labor segments and overhead and support segments.

Have Critical Success Factors and the related performance
measures been identified?

Critical Success Factors are defined as those performance
measurement criteria that must be satisfied if the expected
goals of a given project are to be attained.

Have "As Is" and "To Be" cost and performance baselines been
established?

The primary reason for developing baselines is to provide a
mechanism for monitoring and analyzing cost and performance
behavior pattern changes as a given technology 1is
impiemented.

Has project risk been considered?

By identifying and documenting the risk aspects of the pro-
ject, alternative scenarios for controlling it can be
prepared.

Have the synergistic impacts of the technology improvements
been considered?

The concept of synergistic identification is applicable when
multiple projects with multiple technologies are being

-implemented simultaneously within a single program.

Has a benefits tracking plan been developed?

The benefits tracking plan '"closes the loop" of the cost-
benefit process and helps assure that what was planned is
realized.

Additional information regarding the details of CDEF is provided
in the appendix to this volume.
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2. DCI-/sSh

The objective of the DCF/SSA is to provide a basis for analyzing a proposed
Industrial Modernization Incentives Program (IMIP) business arrangement for
the contractor, the Department of Defense (DoD), and the Government.

There are two versions of application of the DCF model philosophy included
nerein: the Westinghouse version and the Logistics Management Institute (LMI)

version.

Fhe Westinghouse DCF/SSA model was developed for implementation of the USAF
Zlectronic Systems Division/Westinghouse Get PRICE Program which was initiated
July 31, 1981. The LMI DCF/SSA model was prepared pursuant to DoD Contract
Vo. MDA903-81-C-0166 January, 1984 for performing discounted cash flow
analysis of IMIP proposals.

vhile the internal rate of return (IRR) calculation method utilized in both
nodels is basically identical, the two have inherent disparities in the
approach to the net cash flow calculations. However the net affect of each
nodel will -yield similar results given identical input.

rhe purpose of the DCF/SSA is to provide an evaluation tool for capital
investment decisions by measuring a projected rate of return of proposed
investment projects. An acceptable return rate is compared to the calculated
ret cash flow rate of return projection to ascertain financial feasibility."

INPUT
Required inputs include projected investment and savings applicable to the
oroject. Investment will include:
Project expense - annual expenditures for design, development, support,
follow, etc.
Project capital - annual expenditures for the various categories of
equipments as well as land, buildings, etc.
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Savings will include three categories and must be identified in annual

increments :

- Total Government savings
- Savings applicable to programs identified as participants in

sharing.

- Commercial program savings

OUTPUT

The salient output feature of the DCF/SSA model is the Net Cash Flow per

annum.

1)

2)

3)

4)

5)

The output elements of the model's net cash flow line are:
CAS 409 Depreciation Recovery - straight line depreciation recovery
(CAS409) .

Expense Recovery-
- The model accounts for Recovery through labor rates of Expenses
invested, discounted for a level of Commercial Business included
in the business base.

Cost of Money (CAS 414)

Utilizing the U.S. Department of the Treasury published rates, the
model accounts for the facilities capital investment cost recovery
discounted by the level of commercial business included in the
business base.

Profit on Recoverables

The model allows for a percentage recovery of costs recovered at the
direct cost level discounted for commercial business in the business
base.

Loss on Savings

The Model accounts for the level of profit not realized due to the
substantial level of savings generated. The average government
savings per year times the negative value of the appropriate weighted
guide lines profit level yields this value.
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6) Retained Savings
The model provides for retention of savings allocated to any in
process fixed price government contracts as well as any commercial
business included in the business base.
Refer to the Appendix of this Volume I for detailed descriptions of each of the

two models.
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3. Multi-Factor Productivity Measurement Model (MFPMM)

The Multi-Factor Productivity Measurement Model is designed as a
decision/management support system to provide management with data
and information about how a system is performing. For information
on the background, development and evolution of the model see Sink,
1985. The model can be and is being utilized: (1) to obtain an
overall, integrated measure and trend for productivity at the firm,
division or plant level; (2) to provide an analytical audit of past
performance; (3) for budget control, analysis, and projection
evaluation; (4) for common price financial statements; (5) to assess
and evaluste bottom-line impact on profits of various productivity
and price-recovery intervention; (6) to track the impact of various
specific productivity improvement interventions; (7) to provide the
measurement tool and base for gainsharing systems, (8) to assist in
setting and achieving productivity objectives and to integrate with
general strategic planning, relative to capacity utilization,
efficiency, marketiag efforts, cost management, resource
utilization, etc.

The basic model, over the years, has been and is known by many
names. For example, various versions are called: REALST, Total
Factor Productivity Measurement Model, Total Productivity Model.
The specific model tested in this project is a version called the
Multi-Factor Productivity Measurement Model developad by Dr. D.
Scott Sink and associates over the past seven years.

The description of the MFPMM that follows is extracted from a
recently published book written by Dr. Sink. The excerpt is

ceprinted with permission from John Wiley and Sons.
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MFPMM Basics

As we have mentioned earlier, productivity measurement can be impeded by
product variety and the multiplicity of various resources utilized. Person-hours
cannot be combined with tons of steel, dollars of capital equipment, kilowatt-
hours, and so forth for a resource total. Nor could a Westinghouse or a General
Electric add up the number of motors, refrigerators, electrical components, and
so forth to get a measure of total product. The dollar, in the case of the United
States, is a convenient common denominator.

Since productivity gains or losses are distributed via the price system (the
customer, stockholder, owner, and employee benefit or lose according to shifts
in productivity), it seems appropriate to use the yardstick of that system—
money—to analyze the distribution. However, the dollar or any other currency
is, particularly in the current economic period, a variable standard. Therefore,
in order to use the dollar as an aggregating measure, the variability needs to be
taken out (Davis, 1955). One major characteristic of the model to be presented
is a requirement for and incorporation of a “revaluing,” devaluing, or indexing
mechanism. In essence, the model “partials out” or holds constant price and
cost changes over time. This is accomplished either with the actual revaluing of
outputs and/or inputs prior to use in the model or by selecting a base period
for the model and “automatically”’ indexing prices and costs back to that period.

The basic concept of productivity measurement utilizing constant value prices
and costs is presented in Table 5.2. As one can see, by revaluing or indexing to
base year values, the analysis simply partials out or removes the influence in
price and cost changes from the base year or period to the current year or period.
- What remains is the constant dcllar value of output and input resources con-
sumed. When these two values are compared for the base year, we establish a
productivity ratio labeled output per dollar of input. When the current year or
period productivity ratio is compared to the base year or period, we establish a
productivity index. This table and these measures of productivity are consistent
with the development presented in Chapter 2.

From a pragmatic business sense, the underlying purpose of productivity
measurement and evaluation is to improve business operations and competitive
position so as to enhance accomplishment of longer-term goals of survival,
profitability, missions, effectiveness, and so forth. “Without productivity ob-
jectives, a business does not have direction. Without productivity measurement,
it does not have control” (Drucker, 1980). The MFPMM can be utilized to measure
productivity change in labor, materials, energy, and even capital, although it is
not explicitly treated in this book. It can also be used to measure the effects of
these changes separately as well as in aggregate on corresponding change in
business profitability or, in the case of public-sector nonprofit firms, in budget
maintenance. As van Loggerenberg and Cucchiaro (1982) point out, this “new”
technique can be utilized to

1. *Monitor historical productivity performance and measure how much, in dol-
lars, profits were affected by productivity growth or decline

2. Evaluate company profit plans to assess and determine the aceeptbility and
reasonableness or productivity changes in relation to those plans
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Table 5.2 Hllustrative Calculation of Productivity Change Using Output and Input
Data Revalued at Constant Prices
(Output and input totals in millions of dollars)

GIVEN YEAR REVALUED

ITEM BASE YEAR AT BASE-YEAR PRICES
Case A. Increase in Productivity: Profits Earned Both Years
Value of output $200 $275
Cost of input (including profit at base-year rate) $200 $250
Qutput per dollar of input $ 1.00 $ 1.10
Productivity change, given/base year:
Percentage + 10 percent
Per dollar of input ’ +$ 0.10 percent
Total dollars ) +$ 25
Case B. increase in Productivity: losses Incurred Both Years
Value o output $170 $252
Cost of input $200 $280
Output per dollar of input $ 085 $ 0.90
Productivity change, given/base year:
Percentage + 5.9 percent
Per dollar of input +$ 0.05
Total dollars +$ 14
Case C. Decrease in Productivity: Profits Earned Both Years
Value of output $200 $228
Cost of input (including profit at base-year rate) $200 $240
Output per dollar of input $ 1.00 $ 0.95
Productivity change, given/base year:
Percentage - 5 percent
Per dollar of input -$ 0.05
Total dollars -$ 12

source: H.S. Davis, Productivity Accounting. 1955. Reprinted with permission.

3. Measure the extent to which the firm’s productivity performance is strength-
ening or weakening its overall competitive position relative to its peer group(s)

These three uses for the MFPMM in addition to the eight additioral uses men-
tioned earlier represent significant benefits accruable from this model.

An organization’s financial performance (one of the seven measures of per-
formance previously mentioned) is a result of interactions of a wide variety of
controllable and uncontrollable factors. Managers in organizational systems at-
tempt to improve performance by managing (allocating, utilizing, controlling,
delegating, and so forth) resources under their control while being constrained
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or influenced by the uncontrollable factors. Typical uncontrollable factors are

* economic environment

* industry/market growth or decline

* resource prices (costs), particularly in an inflationary period
* rates of inflation for product prices versus resource costs

* budget allocation

* organizational processes and procedures

Typical controllable factors are

* technological innovation

* resource substitutions

* training and motivaton of employees
* asset redeployment

* resource quality

It is interesting to note that a number of variables will influence or determine
which specific factors a given manager preceives as controllable: or uncontroll-
able. Such variables as position with the firm, personality type, leadership style,
and locus of control will shape the manager’s perceptions. It would seem rea-
sonable that a manager’s actual behaviors are affected more directly and strongly
by perceptions than “reality.” Managers today view themselves as being sig-
nificantly constrained by uncontrollable factors. This is a potentially conse-
quential dilemma with respect to prospects for productivity improvement.

The MFPMM makes it possible to measure explicitly, in terms of dollars the
profit impacts of these uncontrollable as well as controllable factors and to de-
termine and analyze how various management strategies could increase or de-
crease profitability. Fundamentally, profit change comes about because of a
difference between revenues and costs. If revenues increase faster than costs,
there would obviously be a positive change in profits (see Figure 5.1). Yet rev-
enuesand costs do not always present a complete picture because of underlying
complex relationships between controllable and uncontrollable factors. There-
fore, as Davis, and Scott (1950) before him, pointed out, “[t]he net profit figure
alone is an inadequate basis for judgment as to whether industrial operations
are being carried out efficiently and labour and materials utilized effectively; it
may merely tell us that a satisfactory balance has been struck between the value
received and the value given.” With essentially the same basic accounting in-
formation used to calculate revenues and costs, however, it is possible to use
the MFPMM to gain additional and significantly more detailed insight into what
is driving profits.

Column 1 of Figure 5.2 depicts, as presented in Chapter 2, the basic produc-
tivity index rclationship, a change in output quantities over a change in resource
quantities. In every organizational system, there exists a unique productivity
index for each resource. Column 2 depicts what has been called a “price recovery
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Figure 5.3 Basic Factors anJ Interrelationships Contributing to Performance
(Adapted from B. ). van Loggerenberg and S. ). Cucchiaro, ’Productivity Meas-
urement and the Bottom Line,”” National Productivity Review, Winter 1981-82)

index.” The price recovery index is a change in output prices over a change in
resource costs (prices). Column 3 reflects the profitability index, a change in
revenues over a change in costs. Note that if all other factors are held constant,
namely prices and costs, a positive change in the productivity index will cause
or translate into a positive change in profits. Similarly, if quantities are held
constant and the price recovery index is positive (output prices increase at a
faster rate than resource costs), then profits, at least in the short run, will be
positive. Figure 5.3, adapted from van Loggerenberg and Cucchiaro, is another
representation of these relationships.

The MFPMM reflects an attempt to add to and enhance conventional profit
analysis represented by Column 3. The ability to evaluate profitability changes
in terms of where they come from and how they were caused is increasingly
coming to be viewed as an important control svstem element. Similar to rede-
signing the control panel for an aircraft, we are beginning to see management
in the United States reevaluate the instruments, dials, knobs, and controls in
the control system for organizations.

Description of the MFPMM

Table 5.3 depicts the format for the MEPMM. The casiest way to describe the
maodel is to work through the format with an examiple, moving from lett to right
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or from Column 1 to Column 19. For the purpose of instructional clarity, a
simple example involving a fiberglass boat manufacturer is utilized to explain
and “teach”the workings of MFPMM.

Columns 1-6

The first six columns of the MFPMM are data input. Column 1 represents quan-
tities of outputs the organizational system produced and/or sold and quantities
of input resources consumed in order to produce those outputs for period 1. As
mentioned previously, period 1 in this model will be designated as a base period.
Selection of a base period is primarily a matter of selecting a representative
period in time against which you wish to compare current period performance.
It might be a period of time in 1967, which just happens to be the base year
utilized in the consumer price index. Or it might be a unique period in time
representative of current business conditions. The base period designation can
be “standards” or even simply last period. However, note that if one selects
the last period as the base period and hence allows the base period to change
each time the current period moves ahead, then the built-in indexing mechanism
in the model is negated. In such a case, an external indexing mechanism will
have to be imposed. This insolves utilizing a published index, such as the
producers price index or the GNP index. For more detail on indexing, refer to
Anderson, Sweeney, and Williams (1981) and American Productivity Center
(1978).

Recall also that the organizational system boundaries or unit of analysis for
this model are flexible. A productivity process modeling exercise should precede
any attempted development of an application of the MFPMM. This will ensure
accurate definition of unit of analysis, inputs, outputs, and outcomes. Another
parameter to be determined prior to application of this model is the length of
the analysis period. Depending on decision-maker needs and interests, data
availability, product cycle time, and so forth, the length might be almost any
period of time (weekly, monthly, quarterly, semiannually, annually). When
determining the length of the period, keep in mind your data collection needs
and data matching requirements. The goal is to match outputs produced during
a given period to the input resources utilized during that same period in time.

So, Column 1 represents quantities of outputs produced during the base period
and quantities of inputs utilized to produce thosc outputs during the same base
period. Table 5.4 depicts data for the base period of our boat company example.
Note that in period 1 (base period) the company produced 50 Boat As and 30
Boat Bs, and utilized 320 units (in this case, hours) of management labor, 800
units (hours) of fiberglass labor, 1120 units (hours) of assembly labor, 2200 units
of fiberglass, 750 units of wood, 8000 units (in this case, KWHSs) of clectricity,
and 100 units (in this case, MCF) of gas. Note also that the scale or units utilized
for outputs and inputs is a decision that can be made by the analvst. In addition,
the number and class of categories, types (subcategories), and levels (sub-sub-
categories) in inputs and outputs (the rows in the model) is a decision that can
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Table 5.4 LINPRIM Boat Company Example (VPI/VPC Version MFPMM): Period
1 (Columns 1-6)

200156, 00010
R e T P !

H FPERIOD 1 H PERIOD 2 H

H 1) : ) H ) H (4) : (§-3) H 6) H

! QUANTITY! PRICE ! VALUE ! OUANTITY! FRICE ! VALUE !
.................. |emeccccan lcnacanna | ccccrmccann | cecnmcccalccncccanlccnnacmcaa]
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be made 'by either the analyst, decision maker(s), or uther users of the model.
For example, one could break out, by level, management labor (president, su-
pervisor, plant manager, and so forth). The model will accommodate at least
three levels (class, type, and level) of output and input. Since the model is
computerized, it can handle, depending on how it is programmed, almost any
number of rows. For example, the VPI/VPC version of the model for a HP3000
system is programmed to accept up to 100 row elements for each category
(output, labor, energy, materials). Minicomputer programs of the model, such
as on the IBM PC with 126K storage, have capacity for slightly more than 50
total row elements.

Column 2 represents the unit price for outputs and unit cost for inputs during
period 1 (base period). From Table 5.4 you can see that Boat A sold for $5000,
and Boat B sold for $10,000; management labor cost $20.00 per unit (hour);
fiberglass labor cost $8.00 per unit (hour); assembly labor cost $6.00 per unit
(hour); fiberglass cost $50.00 per unit; wood cost $3.00 per unit; electricity cost
$.10 per unit (KWH); and gas cost 54.00 per unit (MCF). Note that since the
analyst or user of the model can define the unit of measurement to be utilized
for each output and input, the unit price and cost is also controllable. For
instance, labor cost can reflect base salary, or wage rate plus bonuses or benefit
calculations. The only requirement is that the unit cost remain consistent with
the units of quantity.

Column 3 reflects the value (quantity x price) for each row element (outputs
and inputs). Therefore, column 3 represents revenues for outputs and costs for
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inputs. This column is calculated automatically by the programmed version of
this model. So, from Table 5.4 you can see that this company had revenues of
$250,000 from sales of Boat As and $300,000 from sales of Boat Bs for a total
revenue figure of $550,000; at the same time, cost for management labor was
$6400; fiberglass labor, $6400; assembly labor $6720; fiberglass, $110,900; wood,
$2250; electricity, $800; and gas, $400. Again, Column 3 is automatically calcu-
lated in the programmed version of this model.

Columns 4-6 are the same as columns 1-3 except that they are data for period
2 or the current period. Again, columns 4 and 5 are the data input requirements
and column 6 is simply column 4 X column 5. From Table 5.4 you can see the
following:

1. Boat A production went from 50 in the base period to 70 in current period;
the price for Boat A went from $5000 in period 1 to $5500 current period.

2. The company utilized 16 less units (hours) of management labor but increased
the cost for that category of labor from $20.00 to $22.00.

3. Fiberglass utilization increased by 800 units, and the unit cost rose from $50.00
to $85.00.

Interpretation of other changes should by now be evident and self-explanatory.

These first six columns of the MFPMM, in particular Columns 1, 2, 4, and 5,
reflect data input required to “run” the model. Data availability appears not to
be a critical roadblock to successful implementation of this model. Experience
suggests that the basic data required to run this model are typically available
from most accounting or comptroller departments. Many decisions and finer
points to the actual development of an application of this model could be dis-
cussed now. However, it may be more effective to continue this tutorial on this
simple example and reserve discussion of finer points until later in this Chapter.

Columns 7-9

The next three columns in the MFPMM are titled ““Weighted Change Rativs.”
Th2 basic purpose of these columns and, in particular, the formula calculations
is to determine:

Column 7: Price-weighted and base period price indexed changes in quantities.
Essentially, Column 7 partials out or holds constant the effect of prices and just
examines the price-weighted changes in quantities ot outputs and inputs. (Sec
Figure 5.4 for the tormula for Column 7.)

Column 8: Quantity-weighted and current period indexed changes in unit prices
and unit costs. Essentially, Column 8 partials out or holds constant the changes
in quantities of outputs and inputs and just examines the changes in unit prices
and unit costs trom period 1 to period 20 (See Figure 5.4 for the formula for
Column &)
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Figure 5.4 Weighted-Change Ratio Formulas for Outputs and Inputs

Column 9: Examires the simultaneous impact of changes in price and quantity
from period 1 to period 2 for each row in the model. (See Figure 5.4 for the
formula for Column 9.) ‘

From Column 7 (Table 5.5) it can be seen that
1. In period 2, 40 percent more Boat As were produced than in period 1.

QP* _ 70(5000) _
QP, " 50(5000)

1.40

2. In period 2, 16.67 percent more Boat Bs were produced than in period 1.

35(10000) _
3o(i0000; = 11667

3. In period 2, 27.27 percent more boats of types A and B were produced.

QP 70(5000) + 35(10000)
QP 50(5000) + 30(10000)

= 1.2727

4. In periad 2, 5 percent less labor was utilized than in period 1.

304020) = 760(8) + 1064(6)
320020) « 800E) - 1120(6)

= (LY5

*Shorthand toemula noetation
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Table 5.5 LINPRIM Boat Company Example (VPI/VPC Version MFPMM): Columns
7-11

H WEI1GHTED COST/REVENUE ! PRODUCTIVITY
t CHANGE KATIOS RAT10S : RAT10S

H (7 @ t (" (S Lk S S & 5 O I A 93 B A 3 99
()

QUANTITY! PRICE ! VALUE !PERIOD 1!{PERIOD 2!PERIOD 1!PERIOD 2

$ !

$ !

$ !

BOAT A ! 1.4000 ! 1,1000 { 1,340 ! ! ' H H
BOAT B t 1.1667 ¢ 1,2000 ¢ 1,400 ¢ ! ' ' H
$ ! $ ! $ $ H :

TOTAL OUTPUTS P 1.2727 1 1.1300 1 1,464 ¢ ! H t $
sssssessSSsssess | sse | [ L ¥ s |seeessns {nessasss |Sessssanissssesss
LABOR MANAGEMENT! 0.9500 ¢! 1.1000 ! 1,045 { 0.0116 ! 0,0083 ¢ 83.94 ! 115,13 !
LABOR GLASS 10,9500 ¢ 1.12%0 | 1.069 | 0.0116 ¢! 0.0083 ¢t ©6%.94 ! 115,13 ¢
LABOR ASSEMBLY ¢ 0.9500 ! 1.1667 ! 1.108 ! 0.0122 ! 0.0093 ! 81.85 ! 109,65 !
—eecccscescaneeeon | oce H ] ] ] - H 8
TOTAL LABOR P 0.9500 ! 1.1311 1 1,073 1 0.0338 ! ©.0261 ! 2B.18 ¢ 37.75 ¢
H ' ! ! $ ! $ '

FIBERGLASS P 1.3636 1 1.7000 ¢ 2,310 ¢ 2000 ! 0.3168 ! S.00 ¢ 4,67 ¢
wOoD t 1.3333 1 1.0000 1 1.333 ¢ 0 0041 | 0.0037 t 244.44 | 2373.33 ¢
P L T L e 2 B ] { - ] ! ! '
TOTAL MATERIALS ! 1.3630 ! 1.6863 ! 2,298 ! 0. 2041 ¢ 00,3208 ! 4,90 ! 4,98 !
$ $ $ $ {= $ { H

ELECTRICITY { 1.0250 ! 1.0000 ¢ 1,025 | 0,001S ! 0.0010 ! 687.%0 ! 85T.66 !
NATURAL GAS I 0.9000 { 1.0000 | 0.900 | 0.0007 ! 0,0004 11375,00 11944,44
$ ! ! $ { $ ! $

TOTAL ENERGY ! 0.9833 ¢t 1.0000 | 0.983 ! 0.0022 ! 0,0015 | 458,33 ! 293,22 !
t= $ ! $ $ $ $ !

TOTAL INPUTS 1 1.2990 | 1.6220 ! 2,107 § 0.2418 ¢ 0.3480 ¢ 4,14 ! 4.0 ¢
t $ $ { H :

5. In period 2, 36.36 percent more fiberglass was utilized than in period 1.

QP _ 3000(50)
QP; ~ 2200(50)

= 1.3636

6. In period 2, 33.33 percent more wood was utilized than in period 1.

1000(3) _
T

7. In period 2, 36.3 percent more materials were utilized than in period 1.

3000(50) + 1000(3)
2200(30) + 750(3)

= 1.3630

*Shorthand tormula notation
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8. Total price-weighted and indexed change in inputs utilization was 29.90 per-
cent.

304(20) + 760(8) + 1064(6) + 3000(50) + 1000(3) + 8200(.10) + 90(4)
320(20) + 800(8) + 1120(6) + 2200(50) + 750(3) + 8000(.10) + 100(4)

Hence, Column 7 simply tells us the rate of price-weighted quantity change
with prices and costs held constant at period 1 levels.
From Column 8 it can be seen that

1. The prices of Boat A went up 10 percent.

Q:P;* _ 70(5500) _

= = 1.10
Q:P,  70(5000)

2. The quantity-weighted average price change for Boats A and B was 15 percent.

Z2Q.P* _ 70(5500) + 35(12000) _

SQ:P,  70(5000) + 35(10000) Lo

3. Management labor unit cost increased 10 percent

304(22)
304(20)

4. Quantity-weighted average cost increase for labor was 13.11 percent.

=110

304(22) + 760(9) + 1064(7)

304(20) + 7608) + 1064(6) ~ 13!

5. Fiberglass unit cost increased 70 percent

3000(83)
3000030)

*Shorthand formula nolation.
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6. Quantity-weighted average cost increase for materials was 68.63 percent.

3000(85) + 1000(3)

3000(50) + 1000(3) 16863

7. There were no changes in the price of gas or electricity.

8200(.10) + 90(4)

8200(.10) + 90(a) ~ 10

8. Total quantity-weighted change in input costs was 62.20 percent.

304(22) + 760(9) + 1064(7) + 3000(85) + 1000(3) + 8200(.10) + 90(4)
304(20) + 760(8) + 1064(6) + 3000(50) + 1000(3) + 8200(.10) + 90(4)

Hence, Column 8 simply indicates the rate of quantity-weighted price and cost
change with quantities of o.atputs and inputs held constant at period 2 levels.
From Column 9 it can be seen that

1. Revenues from Boat A increased 54 percent.

QP _ 705500) _

Q.P; ~ 50s000) -

2. Combined impact on revenue change from period 1 to period 2 from both
Boat A and Boat B was 46.36 percent.

ZQ.P" = 70(5500) + 35(12000)
ZQ,P,  50(5000) + 30(10000)

= 1.4636

3. Total labor cost increased 7.46 percent from period 1 to period 2.

304(22) + 760(9) + 1064(7)

*Shorthand tormula notation.
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4. Total input costs increased 110.69 percent.

304(22) + 760(9) + 1064(7) + 3000(85) + 1000(3) + 8000(.10) + 90(4)
320(20) + 800(8) + 1120(6) + 2200(50) + 750(3) + 8000(.10) + 100(4)

Hence, Column 9 simply indicates the rate of change of revenues and costs
(simultaneous changes in prices, costs, and quantities of outputs and inputs).

Columns 10 and 11

Columns 10 and 11 are labeled “Cost/Revenue Ratios.” They indicate the ratio
of input row elements for Columns 3 and 6. The formula for these columns
appears in Figure 5.5. Note that Column 10 is the cost-to-revenue ratio for period
1 and Column 11 is the cost-to-revenue ratio for period 2.

From Column 10 one can observe that management labor costs (Column 3)
represent 1.16 percent of total revenues in period 1 (56400/$550,000). Similarly,
total labor costs represent 3.55 percent of total revenues, fiberglass costs reflect
20 percent of total revenues, and total input costs reflect 24.18 percent of total
revenues. Note that since this model is not attempting to be a total factor pro-
ductivity measurement model, there is no way to tell directly whether the 75.82
percent of remaining revenues is all profits or consumed by other input resource
costs not captured in this model. Note also that the information in these two
columns will very likely be already available and familiar to most managers.
Most managers are knowledgeable about certain cost categories as a percentage
of either total costs, total revenues, or some other aggregate budget number.

The purpose of these two cciumns is not to provide new information but to
integrate this information into the MFPMM so as to provide a manager with

1if, Input elements, column 3
Coianill = Total, column 3
>0 i
N }
lij input elements, column 6
Column 11: = = -
O Total column 6
O O
)
N (O _
= Total, column 3
Column 12: =
top Input elements, column 6
N o

Base period price weighted otal, column 6

Column 1. — = - -
doup Base period price wezhted input elements, column 6

Figure 3.5 Cost Revenue Ratio Formulas
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insights as to where leverage exists. If Columns 10 and 11 are rank ordered, the
manager can then invoke Pareto’s Principle and make productivity improvement
decisions, in terms of cost reduction, on the higher priority input resources.
From this example one can easily see that a manager’s leverage is with fiberglass
and, in particular, with fiberglass prices.

From Column 11 it can be observed that labor costs are now (in period 2 or
current period) 2.61 percent of revenues, a decrease from 3.55 percentin period 1.
Fiberglass costs are now 31.68 percent of revenues, an increase from 20 percent.
And total costs are now 34.8 percent of revenues, up from 24.18 percent.

Columns 12 and 13

Columns 12 and 13 are titled ““Productivity Ratios.” Column 12 reflects the
output-to-input ratios for period 1, while cclumn 13 reflects the output-to-input
ratios for period 2. This is a relatively new edition to this model and exists only
on certain versions of the software for this particular productivity measurement
technique. The formulas for these two columns appear in Figure 5.5.

Columns 14-16

Columns 14-16 (Table 5.6) are titled ’Weighted Performance Indexes.” Column
14 reflects price-weighted productivity indexes. Column 15 represents quantity-

Table 5.6 LINPRIM Boat Company Example (VP1/VPC Version MFPMM): Columns
14-19

' We: IGHTED H H
¢ FERFORMANCE IMDEXES ! DOLLAR EFFECTS ON FROFITY |
: (14 ! (1%) | (16) (” ! (13 H (19} H
: CHANGE IN t CHANGE | CHIWNGE ¢ CHANCE
(FRODIIC~-! FRICE (FROFI1T=!IN FRODUC=-: Inm FRICE | IM FROFIT
PTIVITY (RECVRY ABILITY! TIVIFTY § RECOVERY | AkILITY

GONT A H H

BT I H H

TOTaL QUIFLTS

BT ERSF LI IUr TR (AXALCR | LMCOSL NN aAR | TASSRES — N = y

Lol MAMNGEMENT D 1, Ta0 0 1,045 1 1,401 0 Juab, 45 3 I R e,

LK LS R L O T e N A A AT -3 T L a1y 0%05° 90 o

LAtk AaSheMBLY 1 1. Sd0 0 0,995 0 1, 121 0 168,77 SIH L AT e

FOLAL | RBlK F WY TH I RS 194 1,762 1 el oa 1.024.74 (AP A

[ L RY 1A A TRV HEE T B S U PR A N RS WY T BEETS N X TN IR R TR ORI Y] 3

vl 8 0oghfh [ X0 1oriten 0 ook RIS

10 el MATEELA HEE PR A | gl T 1ol Jo. H ton el ’ o

ELECIRICH e T LTI (I forll®? Pose,t te, 7 e,

Ha AL Gy (IS A TR 108 o° ta e, Tl ‘

T EMEE 1. "4 . ROARTS! a, L et

i 1h ot [ . L “

80



weighted price recovery indexes. And Column 16 depicts profitability indexes.
The formulas for these three columns appear in Figure 5.6. Note that there are
no entries for the cells corresponding to the output row elements. This is because
Columns 14-16 are now calculating output over input indexes, or changes in
performance ratios, from period 1 to period 2. The essence of the MFPMM
appears in Columns 12-19.

As discussed in Chapter 2, there are at least four generic types of productivity
“measures”: (1) partial factor, static ratio; (2) total factor, static ratio; (3) partial
factor, dynamic index; and (4) total factor, dynamic index. Recall that a dynamic
productivity index is essentially a productivity ratio at one period in time, say,
period 2 (current period), over that same productivity ratio at a previous period
in time, say, period 1 (base period). Columns 14-16 calculate and depict dynamic
performance indexes. Column 14 calculates and depicts dynamic productivity in-
dexes. Figure 5.7 conceptually depicts what the MFPMM is doing.

In Figure 5.7, formulas and development of static productivity ratios are de-
picted. We take a snapshot of the organizational system for a given period of
time and place some or all of the outputs in the numerator and one, some, or
all of the inputs in the denominator. For a decoupled, disaggregated system,
such as the NPMM, we do not necessarily need to use indexed prices and costs
as a common denominator. For an aggregated system, such as the MFPMM,
indexed prices and costs are necessary.

> (0.)p.)
“t———— = Column 7 for total outputs
2 (0,)pa)
Column 14: et Productivity
(ij:Xp.) Column 7 for each individual
ij,)pa) input
Column 15: Column 14/Column 12
or
S 0.Mp.y)
~——— = Column 8 for total outputs
S 10.pyi
: Price recoven
tifnp ) :
M- = Column 8 tor each input
i npy)
N oo
— = Column 9 {or 1atal outputs
Swoap

Column 1 Prontabihity
TR

Column 9 tor cach input
Iy npy

Figure 3.6 Weighted Performance Indexes
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Figure 5.7 also depicts formulas and development of dynamic productivity
indexes. A snapshot of the organizational system’s partial, multi-, and perhaps
even total static productivity ratio is developed for period k (period 2, current
od). An equivalent snapshot of the organizational system’s partial, multi-,
or perhaps even total static productivity ratio is developed for period j (period
1, base period, budget, standards, another comparable svstem, and so forth).
productivity ratios for period k (period 2 or current period) are then divided
by the productivity ratios fur period j (period 1 or base period). The resultant
7, and it is this calculation that is depicted

peri

The

formulation is highlighted in Figure 5
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Figure 5.7 Price-Weighted and Aggregated Multlfactor Productivity Measure-
ment Model

in Column 14 of the MFPMM.
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From Column 14 the following observations can be made:

1. Labor productivity increased by 34 percent.

Column 7 for total outputs = 1.2727 -
Column 7 for total inputs = .95

1.34

(Note that Column 7 is the price-weighted changes in quantities for outputs and
inputs. As an exercise, see question 13 at the end of this chapter to convince
yourself that

on/ Qlo o Qlo/ QI’
QA" Q0Q

0
1

This tells us that price-weighted change in outputs from period 1 to period 2
went up 27.27 percent while labor input went down 5 percent creating a cor-
responding gain in productivity of 34 percent.

2. Materials productivity decreased 7 percent.

Column 7 for total outputs = 1.2727
Column 7 for total materials = 1.363

0.93

3. Total inputs productivity declined by 2 percent. Again, total price-weighted
and indexed outputs from this company increased by 27.27 percent, while total
price-weighted and indexed input quantities increased by 29.9 percent. Hence,
1.2727/1.299 = 0.98 and the calculated 2 percent decline in productivity for all
inputs measured in this model formulation.

Column 15 depicts rates of change for quantity-weighted and indexed prices
over costs. It reflects rate of price increases in relation to the rate of cost increases.
In a sense it reflects the degree to which the organizational system was able to
increase its price in relation to elemental input costs. It is simply termed price
recovery.

From Column 15 it can be observed that

1. Price recovery for management labor was up 5 percent.

Column 8 for total outputs = 1.15
Column 8 for management labor = 110

= [.045



This indicates that the organization was able to raise prices approximately 5
percent faster than management unit prices (costs) increased.

2. Price for fiberglass increased approximately 32 percent faster than manage-
ment was able to raise the prices of boats.

Column 8 for total outputs = 1.15

Column 8 for fiberglass input = 1.7 3L
3. On the whole, price recovery fell off by 29 percent.
Column 8 for total outputs = 1.15 _ 0.71

Column 8 for total inputs = 1.622

Changes in output prices were 71 percent of the changes in input costs. The
company was not able or did not (for whatever reason) raise prices fast enough
to compensate for in-reases in costs. (Note: Fiberglass price under-recovery was
the major source of  he relatively poor price recovery ratio of .71.)

Columr 16 indicates profitability indexes, which reflect rates of change for
simultaneous changes in price and quantity. The simplest way to think about
Column 16 is that it is revenues/costs (a measure of profitability) for period 2
divided by revenues/costs for period 1. Hence, Column 16 is in reality a prof-
itability index.

From Column 16 it can be seen that labor contributed to a 36 percent increase
in profitability from period 1 to period 2. That is, revenues went up 46.36 percent
from period 1 to period 2 (Column 9 for total outputs), while total labor costs
increased by 7.46 percent (Column 9 for total labor) creating a 36 percent (1.4636/
1.0746 = 1.3619) labor relative increase in profitability from period 1 to period
2. Materials created a period 1 to period 2 relative drain on profitability of 36
percent. Revenues changed at a rate of 46.36 percent, while material costs in-
creased at a rate of 129.84 percent. Note that most of this drain on potential
profits, which could have been achieved from the 46.36 percent increase in
revenues, was caused by the 131.82 percent increase in fiberglass costs (both
increased unit cost and increased quantity usage).

Overall, Column 16 depicts a 31 percent decline in potential profitability. This
company was 31 percent less profitable in period 2 than it was in period 1. The
company may well have made protits, but it could have made 31 percent more
profits had certain price under-recovery situations not occurred. It should by
now be clear that a number in Columin 14, 15, or 16 that is greater than 1.00
reflects a positive change and a number less than 1.00 reflects a negative change.
Therefore, our overall evaluation of this particular organization’s productivity,
price recovery, and protitability performance on a period 1 to period 2 basis is
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not favorable. In particular, management or an analyst could be concerned about
fiberglass cost recovery.

Columns 17-19

Columns 17-19 reflect the dollar equivalence of corresponding cells in Columns
14-16. In other words, these columns indicate what impact an increase in pro-
ductivity (Column 17) or price recovery (Column 18) has on profits. The total
impact on profits from productivity and price recovery is indicated in Column
19. The formulas for these columns appear in Figure 5.8. From these columns
we see the following.

1. Column 17: Management labor productivity contributed $2065.45 to profits
from period 1 to period 2.

(1.2727 - .95)56400 = $2065

Column 18: The model does not directly calculate Column 18, effect of price
recovery on profits. Column 18 values are calculated by subtracting Column 17
values from Column 19 values. In other words, Column 17 + Col-
umn 18 = Column 19.

Column 19: Management labor contributed pesitively to profits between period
1 and period 2 to the tune of $2679. About $2065 came from productivity gains
and $613 came from price recovery gains.

(1.4636 — 1.045)56400 = $2679

Column 17:
(lig (P} _
C l(":m 3 2 Q) Column 7 Ui )ip.) Column 7
"::ruc wh ~ or fortotal | - m or for each
o D oulputs P tnpul
corresponding = (Q:p uip / ¥
input
Column 18: Column 19 = Column 17
Column 1Y:
thyp )
or NiQop ¢
P, olumn 9 o Column Y
X q = . thy np .
(‘nlumnl ) ' ar dor wotal - (-’I—'~ or tor each )
tor cach N ) outpuls LERY inpul
corresponding = :
mpul

Figure 5.8 Weighted Performance Indexes, Inuividual Effects on Profits

85



2. Total materials Column 19: Low productivity in materials utilization created a
drain on profits from period 1 to period 2 of —~$10,136. About $10,000 of this
decline came from low fiberglass productivity alone.

(1.2727 - 1.363)8112,250 = —$10,136

Total materials Column 19: Very poor price recovery on fiberglass and low pro-
ductivity created a —$93,706 drain on profits for this company from period 1 to
period 2.

(1.4636 — 2.2984)5112,250 = —$93,706

This reflects the drain on profits caused by an inability to recover rising costs
from period 1 to period 2. As one can see, the biggest source of lowered profits
from period 1 to period 2 is this category.

3. Overall, this boat manufacturing company was $85,536 less profitable in pe-
riod 2 than in period 1 I'ad nothing changed in the company. About $82,047 of
this decline in profits is attributable to relatively poor price recovery. And, as
indicated, very poor fit 'rglass price recovery is the major source of this total
decline in profits.

This completes the description and example for the MFPMM. There are ob-
viously many fine details, application and implementation issues, and refine-
ments that could be discussed. Some of these points will be dealt with in this
section. However, at this point, the reader should have a good grasp of the
basic character of the model. It is a relatively simple model and yet it has
tremendous potential as an integrative decision support system. There are ap-
plications at the end of this chapter that can be utilized to develop more skill
and a deeper understanding of how to interpret program output. Those desiring
to purchase the model software can experiment with the model quite painlessly.
You might even wish to collect data from a specific example of your own and
run the program. Like any decision support system, the model itself is a critical
but rather minor component of an application. Integrating the model into an
existing control system, collecting the data, getting management to accept and
feel comfortable with the system, and selling the system based on benefit-to-
cost projects are all activities that actually plav a more critical role in successful
implementation of such a system.

In an attempt to improve the decision support capabilities of the model, staff
at the Oklahoma Productivity Center and now at the Virginia Productivity Center
have developed a simple simulation routine to allow management to project the
impact of productivity improvement interventions on protits. This development
is the focus of the discussion in the next section.
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4. LTV Integrated Approach

LTV Aerospace aud Defense Company's Vauuhr Awro Producte Divigion (VAPD) has
developed a comprehensive productivity improvement program that operates at

different levels of business activity, from total corporation down through

departmental levels. The program assimilates productivity improvement themes

into the routine operations of the coupany by focusing at“ention on the

following:

l. Strategic Plan: establish competitive productivity targets

2. Development Plan: select projects with employee participation

3. Budgets: synchronize budgetary controls with productivicy

targets

4. Operatioms: use measurements to monitor performance

5. Profits: apply Department of Defense (DOD) inceatives to

generate savings and profits

Competitive Targets

Companies can establish competitive targets for productivity improvement with
the aid of a mathematical relationship that exists between profitaoility,

productivity and price-recovery:

COST = RESOURCE QUANTITY | X RESOURCE PRICE
SALES PRODUCT QUANTITY PRODUCT PRICE . . (1)
PROFITABILITY = PRODUCTIVITY X PRICE-RECOVERY

Here profitability is the ratio of "cost" to "sales". Productivity is the
"input:output" relation of resources consumed and products or services
produced. Price-recovery deals with relative inflation, or the extent to

which increases in the cost of resources are recovered through product price

changes. The mathematical relationsnip remains just as true for a wnol=

induscry as tor individual corporacions.
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Since forecasts of industry sales, profits and inflation are commercially
available, it 1is possible to calculate an industry's anticipated productivity
improvement. Companies can, therefore, compare their own potential for
improvement with the industry and select a competitive productivity target

which will produce, over time, a strategic advantage in pricing (Figure 1).

Productivity Projects

Proauctivity is not a new imperative. It has been relevant since the start of

the industrial revolution. In the early years of industrialization,
production methods were labor intensive. Therefore, the effort to improve
operations was focussed on 'production efficiency". This started a tradition

which narrowly associated productivity with production labor. That

single-ninded attention to production is undergoing a change. Improvements in

manufacturing technology have modified the cost structure of products. The

cost drivers have shifted from production to support and overhead areas

(Figure 2). 1In the context of total company modernization, :herefore, a local

focus on manufacturing is insufficient. Manufacturing modernization, by

itself, cannot fulfill the goal of competitive improvements in productivity.

Productivity goals must, therefore, be broadened. To appreciate the diverse
applications of new projects for productivity improvement, consider the list

in Table 1. The cited projects are a small selection from the wide range of

modernization initlatives being taken at Vought Aero Products Division.

They nevertheless demonstrate that it is feasible to simultaneously address

all facets of company costs.

Total modernization of a company is a substantial task and it is helpful to

accomplish it in a cooperative effort by all employees. VAPD utilizes the

A . 1,2 .. . .
Nominal Group Tecanique '~ ro conduct employee participacion meetings and

generacte ldeas Ior productivity improvement. Zmployees vote on their ideas
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TABLE 1 PRODUCTIVITY PROJECTS

PROGRAM focus
L. . ____________________________________________________}
o FLEXIBLE MANUFACTURING PRODUCTION
o COMPUTER-AIDED DESIGN ENGINEERING
o COMPUTER-AIOED SUPPORT
MANUFACTURING
INVENTORY REDUCTIONMUST-IN- OVERHEAD
TIME
AUTOMATED PROCUREMENT MATERIALS
OFFICE OF THE FUTURE WHITE COLLAR
EMPLOYEE BADGE DASED AUTO- SECURITY AND
MATION (ENTRY, ATTENDANCE, FINANCGE
PAYROLL)
ENERGY MANAGEMENT SYSTEMS ENERGY
ARTIFICIAL INTELLIGENCE BASED SALES
B8I0S AND PROPOSALS
AUTOMATED WAREHOUSING WAREHOUSING
SYSTEMS
EMPLOYEE MOTIVATION AND GENERAL
GAINSHARING
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Ro eveate a4 ranked list, Higher ranked ideas are-packaged intd projects and
cost analyzed for review by deparrmental management (Table 2). By this
process, each department develops a long-range productivity improvemenc
program for implementation in its area.

Budgecs and Conctrols

Competitive productivity improvement is a demanding objective. For a company
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