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ABSTRACT

The purpose of this research project is to examine the

problem of how to measure and enhance productivity on U. S.

Navy ships. Productivity measurement and enhancement is

discussed in terms of analytic models , benefits and costs,

factors affecting productivity, and output and input measures .

A study was conducted with 26 U. S. Navy ships in which it

was found that (1) the average number of men assigned was

significantly more important than the amount of OPTAR con-

sumed for repair parts in affecting the number of planned
* maintenance actions accomplished , (2) labor and material pro-

ductivity ratios could be computed with P145 (maintenance) ,

personnel , and OPTAR cost data , (3) ships with high labor

productivity ratios tended to have high PMS accomplishment

rates, and (4) four factors related to the level of produc— 3
tivity were adequacy of tools, adequacy of supplies, extent

of teamwork, and adequacy of planning. A shipboard produc—

tivity improvement program including a ship efficiency

questionnaire and a computer—based ship productivity report

are presented.
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I. INTRODUCTION

Productivity or efficiency is the relationship between

an organization’s output to its input. The terms productiv-

ity and efficiency are synonomous. Improving productivity

is an objective endorsed by near ly every commander and com-

manding officer in the United States Navy. The following

are statements made by high—ranking civilians and officers

in the United States Navy relating to productivity. On

18 March 1975 the Honorable J. William Middendorf , II , Secre-

tary of the Navy, stated before the United States House of

Representatives Appropriations Committee, “Achieving maximum

* force readiness within the manpower resources and budget con-

• straints directed by Congress is our goal.”1 Before the same

committee on the same day Admiral James L. Holloway, United

States Navy , Chief of Naval Operations stated, “Our most im-

portant challenge is that of maximizing our readiness to

meet the Navy’s undiminished force levels.... ...I am empha-

sizing that our attention and energies must be focused on

maximum readiness within the limits of resources available
~~~

* 
- 1Nin.ty Fourth Congress, Departsient of Defense Appropria—

tio~s ~or 1976. Hearin gs before a Subcommittee on Appropria—
tioms b UgS of Rspres•ntatives, 1976.
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Admiral Cousins , Commander—in—Chief , United States

Atlantic Fleet in January 1975 stated ,

“Most Atlantic Fleet personnel are working hard
with commi tment and dedication to our Navy . However,
a combination of attitudes and misconceptions appears
to be limiting the productive work of some of our
people . There are cases in which fleet personnel
are simply not being required to support a reasonable
working day. In other instances time spent on the
job is inefficiently used , largely because of inade-
quate management. Such waste of valuable manpower
could not be afforded in business or industry and is
unacceptable in the Navy . We cannot be satisfied
until we are getting the full potential from every-
one in the Atlantic Fleet — the full potential in
leadership and a full day’s work from all hands.”3

These statements indicate the importance of productivity

on U. S. Navy ships. The basic purpose of this research has

been to examine the problem of “how to measure and enhance

• productivity on U. S. Navy ships.” In the author’s opinion

there are three stages of productivity measurement and en—

hancement in organizations like U. S. Navy ships. These re-

present three levels of managerial sophistication. The

levels are:

— Level I — Productivity improvement is vitally needed

in our organization.

— Level II — Productivity improvement is vitally needed

in our organization. We are implementing these “x” actions to

improve our productivity.

— L vel III — Productivity improVement is vitally needed

• in our organization. We are impi~~~nting these “x” actions

3ltateuient made in regards to CINCLANTFLT objective for
improved work productivity.

8
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to improve our productivity. We are monitoring these produc-

tivity measures to determine if these actions are improving

our productivity.

In this author ’s opinion 95 per cent of all officers and

• petty officers on U. S. Navy ships are at Level I. Productiv-

ity improvement on U. S. Navy ships receives “much talk but

little action and very little measurement .”

In the author ’s opinion productivity measurement and en-

hancement is important on U. S. Navy ships for the following

reasons:
— the increasing interest of Congress and the American

people that all government organizations produce a maximum

of services for each tax dollar collected,

— the increasing cost of personnel and materials on U. S.

Navy ships,

— the increasing scarcity of certain materials, such as

special lubricants, special alloy repair parts, etc.,

— the increasing sophistication of naval weapons systems

and the greater need for skilled maintenance on them,

— attitudes of personnel on U. S. Navy ships which fre-

quently are oriented towards increasing the input of resources

vic, maximizing the output of services,

— ~
• — the lack of a means to quantitativel y support subjec—

tiv. judgments on the following:

— the d gr.e of efficiency with which an officer or

petty officer uses his resources (men and material) ,

9
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— the determination of the optimum allocation of re-

0 sources among departments and work centers on U. S.

• Navy ships,
• 

— the determinat ion of when a department or work
• center requires more resources to accomplish a given
• 

mission.

There are five major purposes of this study:

Cl) To present a usable productivity measurement and enhance-

ment program for U. S. Navy ships . The program is presented

in Appendix A. The program is the end product of this re-

search. it is considered the major contribution of this re-

search.

(2) To present a usable attitude survey questionnaire which

measures key attitudes and perceptions of enlisted personnel

• which affect productivity. The questionnaire is presented

in Appendix A. The analysis of the 2212 responses is con-

tained in Appendix B.

(3) To present quantitative data to support the opinion that

a productivity measurement and enhancement program is both

feasible and desirable on U. S Navy ships.

(4) To present an overview of current U. S. Government and

Department of Defense efforts in productivity measurement

and enhancement which could support U. S. Navy efforts in

productivity measurement and enhancement. Research, program

implementation, publications, training requirements, and

• measurement activities are discussed. .

10
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(5) To present a list of recommendations which could improve

productivity measurement and enhancement efforts on U. S.

• • Navy ships.

A. OBJECTIVES AND EXPERIMENTAL PROCEDURES

As stated earlier, the major objective of this research

was to examine the problem of “how to measure and enhance pro-

ductivity on U. S. Navy ships.” The problem was examined

from a management point of view vice an engineering point of

view. There were 1]. specific objectives of the research.

(1) Review past and current research on productivity measure—

ment and enhancement on U. S. Navy ships.

(2) Review existing and planned productivity measurement and

enhancement programs in the U. S. Federal Government, the

Department of Defense, and the Department of the Navy.

(3) Review and develop analytic models to explain productiv—

ity concepts.

(4) Examine factors affecting productivity on U. S. Navy

ships.

(5) Formulate output, input, and productivity measures for

U. S. Navy ships.

(6) Measure productivity on 26 U. S. Navy ships participat—

ing in the U. S. Navy Pacific Fleet Equipment Maintenance

and Related Maintenance (EMRM ) Project during the time per—
• iod 1 November 1975 to 30 April 1976.

(7) Evaluate the productivity measures computed on the 26

U. S. Navy ships to estimate their d gree of validity,

accuracy, and usefulness.

U

____ ____ -- 

m ~~~~~~
• •

• • - - • • • - • ~~ - ,- —— 1- - - ••—-- - - • — • • - • • 

—



(8) Develop and administer an attitude survey questionnaire

for e’,listed personnel on the 26 U. S. Navy ships. The pur—

pose of the survey was to ascertain attitudes and percep—

tions of shipboard personnel regarding factors affecting pro—

ductivity.

• (9) Develop a usable productivity measurement and enhancement

program for U. S. Navy ships.

(10) Develop a usable automated (computer—based) ship produc-

tivity report for general use for U. S. Navy ships.

(11) Develop a set of recommendations which could improve

productivity measurement and enhancement efforts on U. S.

Navy ships.

The experimental procedures in this research included

methods and techniques from microeconomics, organizational

development and statistics. Microeconcinic concepts were

used for the following:

— calculation of production functions using the number

of planned maintenance actions accomplished as the output

measure,
— calculation of average and marginal productivity ra-

tios using maintenance, personnel, and OPTAR cost data,4

— calculation of elasticity coeff icients to determine

the effect of personnel and repair part expenditures on the

number of planned maintenance actions accomplished.

4OPTAR costs are expenditures approved by the ship’s
commanding officer for day~to~day equipag e, repair part,
and other operating expenses. They do not include fuel,
utilities, major shipyard repairs , or personnel expenses.



Methods of Organizational Development were used for two

major purposes. The first was to design the attitude survey

questionnaire. The second was to explain effects of gather-

ing and disseminating productivity information. The theory

• of cognitive dissonance was used to explain this effect.

Statistical methods and procedures were used throughout

this research. Specifically the following methods were used:

— descriptive statistics to display means, medians,

standard deviations, etc. of data collected,

— hypothesis testing using both parametric and non-

parametric tests to determine differences between high and

low productivity ships,

— correlation analysis to determine the strength of

relationships of factors affecting productivity measures,

— simple and multiple linear regression to develop

models to predict output measures with input measures, to

predict productivity measures with attitude survey results,

and to predict effectiveness measures such as PMS5 accom-

plishment rates with attitude survey results,

—factor analysis to determine underlying dimensions

measured by the attitude survey questionnaire.

The majority of the statistical analysis was done using the

Statistical Package for the Social Sciences (SPSS) computer

subroutines on the Naval Postgraduate School IBM 360/65

• 5PMS is the U. S. Navy Planned Maintenance System which
is the maintenance system used on U. S. Navy ships. The PMS
accc.plishm.nt rate is th. ratio of ~~ ‘s (Maintenance Re—
quiremints) accomplished to MR ’ s scheduled..

13
____— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  _______



computer. Some analysis was èone using the Biomedical Corn—

puter Programs (BMD P Series) • The maintenance data was
• sim~*rized using computer programs written in ANSI COBOL

(American National Standards Institute Common Business
• Oriented Language).

I
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II • BACKGROUND

A • SURVEY OF LITERATURE: PAST AND CURRENT RESEARCH ON PRODUC-
TIVITY MEASUREMENT AND ENHANCEMENT ON U. S • NAVY SHIPS

In conjunction with this research project a literature

search was conducted on the subject of productivity measure-

ment and enhancement on U. S. Navy ships. The formal search

was conducted through the U. S. Naval Postgraduate School

Library, Monterey, California 93940, the Defense Documenta—

tion Center, Cameron Station, Alexandria, Virginia 22314,
and the Defense Logistics Studies Information Exchange
(DLSIE) , U. S. Army Logistics Management Center, Fort Lee,
Virginia 23801.

It was found that there were no reports or research di-

rectly addressing the subject of productivity measurement

and enhancement on U • S • Navy ships.

Numerous reports and studies were found that M~direct1y
addressed productivity on U. S. Navy ships. These reports
were classified in the following subject categories: manage-

ment, maintenance, training, manpower, management information

systems, resource allocation, costs , systems analysis , man—
power requirements, work analysis, material condition, ship

ov•rhaul , work measurement, production , planned maintenance

• system, repairs, supply support, operations analysis, per-
formance analysis , leadership, attitude measur ement , output
measurement, economic analysis, motivation, cost reduction,

_____ ___________________ 
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methods improvement, performance evaluation, organizational

development, Human Resources Management Program, informa—

tions systems, data systems, command and control, etc.

Additionally, an informal literature search was conducted

by telephone to numerous Department of Defense and Department

of the Navy organizations to ascertain if they had sponsored

or conducted any recent research on the subject of productiv-

ity measurement and enhancement on U. S. Navy ships. The

following organizations were informally contacted: Navy Man—

power and Material Analysis Center Atlantic, Navy Manpower
• and Material Analysis Center Pacific, Center for Naval Analy-

ses, Office of Naval Research, Office of the Chief of Naval

Operations (OP—Ol, OP—03, OP—04, and OP—92), Office of the

Comptroller of the Navy, Office of the Chief of Naval Material,

Office of the Commander Naval Sea Systems Command , Office of

the Assistant Secretary of the Navy for Financial Management ,

and the Office of the Assistant Secretary of Defense for In-

stall ations and Logistics The informal search found numerous

reports and studies indirectly related to the subject but

none directly relati ng to the subject of productivity measure—

meat and enhancement on U • S • Navy ships

There ar . four major studies on shipboard maintenance
that were used for background mat•rial for this research .
Thes, studies addressed the problem of how to improve maint.—
nance on U. 8. Navy ships. They discussed maintenance prob-

lems, anagement concern s regarding maintenance , and factors
affecting th . level of maintenanc e accomplishment on U. S.

ships . These four studies were :

-
~~ • 
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(1) Production by Ship’s Force During Overhaul, Report #82,

Navy Manpower and Material Analysis Center, Atlantic, Norfolk,

Virginia 23511, January 1973,

(2) Improvement of Planned Maintenance Accomplishment within

• • the Pacific Fleet, Report #138, Navy Manpower and Material

Analysis Center, Pacific, San Diego, California 92132, August

1974,

• (3) Improvement of Planned Maintenance Accomplishment within

the U. S. Pacific Fleet (Phase II), Report #l38A, Navy Man—

• 
power and Material Analysis Center , Pacific, San Diego, Calif—

ornia 92132, March 1975,
(4 ) Maintenance Personnel Effectiveness in the Navy, Profes-

sional Paper #143, Center for Naval Analyses, 1401 Wilson

Boulevard, Arlington, Virginia 22209, January 1976.

In FT 1976 the Equipment Maintenance and Related Mainte-

nance (EMRM) Project was conducted in the U. S. Atlantic and

Pacific Fleets. The project investigated the impact of in-

creased funding for repair parts on maintenance accomplish-

ment. The project involved nearly 100 U. S. Navy ships in

both fleets. The EMRM Project in the U. S. Navy Pacific Fleet

was the major source of data for this research on productivity

measurement and enhancement on U. S. Navy ships.

B • PROD(~~TIVITY MEASUREMENT AND ENHANCEMENT PROGRAMS IN
THE U. S. FEDERAL GOVERNMENT

• 1. Federal Agencies

There are numerous agencies and programs in the U. S.
Federal ~ov riaent which hav e resp onsibilities in produc tivity

17
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management and enhancement.6 Some of these agencies are

oriented toward improving productivity in the economy, in

• 

- 

industries, in industrial organizations, in state and local

government organizations, and in other profit and non—profit

• 

• organizations. Other of these agencies are oriented toward

• improving productivity in U. S. Federal Government as part

of the Federal Productivity Program. 
-
~

These agencies represent an excellent resource for

• assistance, training, and information for individuals and

organizations interested in productivity measurement and en-

• hancement in their organization. Appendices D through I

- 
list some of the publications, instructions, services , and

research activities of these agencies. Appendix D lists

• various publications on productivity available from govern-

ment agencies. Appendix E contains sample newsletters and

bulletins on productivity available from federal agencies.

Appendix F shows examples of training courses and seminars

available from federal agencies. Appendix G shows an exam-

ple of the research being conducted on productivity by the

National Science Foundation. Appendix H is a policy state-

ment regarding the Federal Productivity Program. Appendix I

contains excerpts from the Annual Report to the President

• 
• 

and the Congress on Productivity Programs in the Federal

• ____________

6~~~ majority of the information in this chapter concern-
ing federa l agencies and federal programs was gathered from

• verbal statements and handout material pres ented at the Pro—
ductivity Through Measurement Seminar held on 23 June 1976

• in Washington, D. C. The seminar was sponsored by the
National Center for Productivity and Quality of Working Life.
Permission was received, to reprint all in the Appendices.

18
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I
Government FT 1974. These appendices are included in this

report to show the wide breadth of activity in the U. S.

• Federal Government oriented towards productivity improvement

and to list government sources for further information on

• - 

productivity measurement and enhancement.

The three major U. S. Federal Government agencies

which have responsibilities for productivity measurement and

enhancement in the United States as a whole are the National

Center for Productivity and Quality of Working Life, the

Bureau of Labor Statistics within the Department of Labor ,

and the U • S. Department of Commerce • The National Center

was authorized on 28 November 1975 by the 94th Congress. It

affirmed the government ’ s commitment to a long—range program

to promote continued productivity growth. The National Cen—

• ter ’s enabling legislation (Public Law 94—136) enunciated a

national policy to encourage productivity growth consistent

• with the needs of the economy , the natural enviror ent, the

needs, rights, and best interests of management, the work

force , and consumers. N The National Center ’ a purpose is to

stimulate national efforts consistent with this policy. The

National Center has been active in publishing productivity

manuals and reports and conducting productivity seminars.

The National Center grew out of the National Commission on

Productivity and Work Quality composed of leading business,

labor , government, and public representatives. The National

• commission was headed by Vice President Nelson Rockefeller.

Within the U. 8. Department of Labor, the Office of

Productivity and Technology of the Bureau of Labor Statistics

19
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is responsible for compiling productivity statistics and pub—

lishing productivity reports. These reports cover a]]. sec-

tors of the U. S. economy including the U. S. Federal Govern-

ment. The Office of Productivity and Technology has responsi-

bility for four major research programs. The productivity

research program provides comprehensive statistics for the

U. S. economy and its major component sectors and individual

industries. The technological studies program investigates

trends in technology and their impact on manpower and produc-

tivity. The international labor statistics program compiles

and analyzes statistics on trends in productivity and related

factors in foreign countries. The construction labor require-

ments program deals with the construction industry.

Within the U. S. Department of Commerce, the Domestic

and International Business Administr ation , Bureau of Domestic

Commerce, Office of the ~~budsman for Business publishes the

Productivity Series Bulletin shown in Appendix D, productivity

reports, and productivity articles. Additionally, within the

Department of Commerce several organizations carry on acti-

vities related to productivity. Two such organi zations are

the Economic Development Administration (EDA ) and the Nationa l

Bureau of Standards.

2. The Federal Productivit y Pro gra m •

Ther. are many federal agencies which have responsi-

bilities to oversee , monitor, or provide assistance for pr o-

• ductivity measurement and enhancement programs within the

U. 5. Federal Government . These agencies include the Office

- • 

J 
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of Management and Budget, the General Accounting Office, the
General Services Administration, the Joint Financial Manage-
ment Improvement Program, the Bureau of Labor Statistics, and

the Civil Service Commission.

Each of these agencies has specific responsibilities.

• The Office of Management and Budget has overall responsibili-

ty for the Federal Productivity Program. The General Services

Administration provides technical guidance in developing and

using work measurement and productivity measurement systems.

It assists agencies in developing productivity improvement

programs with respect to procedures improvements and mechani-

zation projects. The Civil Service Commission provides

policy guidance and technical assistance to agencies on the

personnel management aspect of productivity. This includes

manpower planning and utilization, training, executive develop-

ment, labor relations, pay and incentives, job design, per-

sonnel management research, and the integration of these

functions with overall productivity improvemónt programs.

The Joint Financial Management Improvement Program

(JFMIP) is a joint and cooperative undertaking of the Office
of Management and Budget, the General Services Administration,

and the Civil Service Commission. The overall objective of

JF!41P is to improve and coordinate financial management
policies and practices throughout the government so that they

will contribute significantly to the effective and efficient

planning and operation of government programs. Specifically ,
JFMIP has the responsibility , with the assistance of the
Bureau of Labor Statistics , to analyze the factors which have
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caused productivity changes and prepare an annual report on

productivity programs in the Federal Government. JFMIP seeks

• opportunities to expand the coverage of productivity indices

and to improve the representativenees of the measures.

The JFMIP Annual Report to the President and the Con-

gress on Productivity Programs in the Federal Government FT

1974 of June 1975 is a comprehensive document summarizing

productivity programs and productivity trends in the U. S.

Federal Government

This annual report indicated that productivity measure-

ment data was collected on over two million workers engaged

in federally funded activities. In FT 74 data was collected

on approximately 65 per cent of the Federal civilian work

force . In the Department of Defense 361,500 staff—years were
• measured out of a total of 1,039,900 staff—years (34.8 per

cent) • The report cited that productivity gains were most

often tied to use of capital equipment, automation, work sim-

plification, reorganization, revised procedures and work

flow, and technological improvement.

The annual report set forth general guidelines for

federal agency productivity improvement programs • The seven

basic ingredients include :
(1) C~~~itaent — both real and visible support from top

• ~anaqI ent.

(2) Involvement — by personnel at all levels of the organize-
• tion in productivity planning and analysis.

(3) Incentives — opportunities for individual b.nef it from
accomplishing productivity improvement.

• 
-—— —

~~~~~~~~~~~ 
— 

~
---i .3

~~
_;•

~~
•
~•~

• • 
~~~~~~~

•

~~~
• •

•
• 

• •• ••

~~~~

•—.•——-• •- •—*

~~~~~~~~~ 

I
S.- ~~~~~~~~~~~~~~~~~~~~~~~~ 

‘
I
~?~~

S
~ ,,~~.



(4) Goals and objectives — should be defired for the organi—

zation in terms of output products.

(5) Analytical capability — to analyze data and situations,

identify alternatives, and recommend changes.

(6) Measurement and reporting systems — should be systematic

methods of collecting, analyzing, and reporting productivity

data along with other measures of effectiveness and work

quality.

• (7) Evaluation — should be provisions for independent reviews

and audits.

The annual report cited many lessons and recommenda—

tions for future actions regarding measuring and enhancing

Federal productivity. Important lessons learned include:

(1) Productivity data represents a powerful management tool

but must be used in conjunction with other measures of per-

formance.

(2) Some types of work, such as research, cannot at present

be measured using conventional productivity techniques.

(3) Innovative approaches to total performance measurement

are needed.

(4) Caution should be exercised when making comparisons of

productivity indexes, even for similar functions

(5) In analyzing productivity data, long—term trends are

more significant than short—term changes.

(6) Improvements are needed in th~ analysis of reasons for

• productivity increases and decreqLsea.

(7) Productivity improvements or declines do not just happen

but result from specific actions. Identification and

• S.- — ~~~~~~~~~~~~~~~ .— — .• —



analysis of such actions are the real payoff from productivity

measurement. Without identification and analysis, measurement
• 

• is meaningless.

For the future the following are four major objectives
• for the Federal Government:

• (1) Expand and improve coverage of productivity and perform-

ance measurement systems.

(2) Strengthen productivity improvements throughout the govern-

ment.

(3) Improve interchange of productivity ideas.

(4) Respond to the national need to improve productivity

focusing on manufacturing technology, capital acquisition,

motivation and work quality, measurement technology, and

government regulations.

In the Department of Defense the guidelines and report-

ing instructions for the JFMIP are being implemented through

DOD INST 5010.34 of 4 August 1975 entitled “Productivity

Enhancement and Evaluation, Operating Guidelines and Reporting

Instructions.” This instruction covers the DOD Productivity

Program and encompasses many previously implemented programs

such as Standardization of Work Measurement, DIMES, and

Economic Analysis. The Assistant Secretary of Defense for

Installations and Logistics has the overall responsibility

for the DOD Productivity Program. Goals for the DOD program

include increasi ng the percentage of the DOD civilian force

covered by productivity measurements and to increase produc-

tivity 1.5 per cent annually. The Defense Supply Agency ’s

24
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Performance Reporting System is one of the most comprehensive

and functional productivity measurement systems in the Depart-

ment of Defense.

In the Department of the Navy the Assistant Secretary

of the Navy for Financial Management has overall responsi-

bility to implement the Department of the Navy Productivity

Program in accordance with DOD Instruction 5010.34 of 4

August -1975. Personnel in Office of the Comptroller of the

Navy and in the Office of the Chief of Naval Operations COP—

92) have specific responsibilities for this program. The

Department of Navy Productivity Program is oriented towards

the support forces vice the operating forces of the U. S.

Navy. The Naval Supply Systems Command’s Activity Manage-

ment Report (AMR) is one of the most comprehensive and func-

tional productivity measurement programs in the U. S. Navy.

It covers the Naval Supply Centers and Fleet Material Support

Offices in the Naval Supply Systems Command. The AMR is an

automated report which is used principally to detect problem

areas, to reallocate resources, and to support budget deci-

sions.

25
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III. THE PROBLEM

The problem of productivity measurement and enhancement

on U. S. Navy ships will be discussed in terms of concepts

of productivity analysis, factors affecting productivity,

benefits and costs of a productivity measurement and enhance-

ment program, and the formulation of productivity measures

for U. S. Navy ships.

A. CONCEPTS OF PRODUCTIVITY ANALYSIS

There are many analytic frameworks or models which could
be used to describe productivity, factors affecting produc-

tivity, and related concepts such as economy and effective-

ness. Two models will be presented in detail in this

section : the production function and the elements of an

organization.

Productivity is the ratio of a measure of output to a

measure of the input required to produce the output. It can

be expressed as follows:

I t M  — Productivi ty Measure

There are different type s of productivity depending upon

the input. The most common productivity discussed in the

literature is labor productivity. This is the ratio of out—

put to a unit of labor input such as man—hours, man—years,

staff—years, etc. Capital productivity, raw materials pro—

ductivity, and power productivity are frequently computed in

_ _ _ _ _ _  
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industry. Productivity is also described in terms of aver-

age productivity and marginal productivity. For U. S. Navy

ships two simple average measures of productivity could be

computed assuming a suitable output measure could be defined.

• • - The first is a labor productivity measure based on man-hours

or men assigned. The second is a materials productivity

measure based upon the amount of OPTAR expended.

To analyze the productivity of an organization, it is

frequently desirable to utilize one or more methods of analy-

sis. One method of analysis is to compute the organization’s

production function. The production function shows the rela—
• tionship of the output of the organization and the input

required to produce the output. Another method is to list

or diagram the elements of an organization to determine how
I 

- 
they interact in affecting the productivity of the organiza-

tion. A third method of productivity analysis is to investi-

gate the attitudes and perceptions of personnel in the

organization concerning factors affecting productivity. A

fourth method is to graph output levels and productivity

levels over a period of time. Changes, fluctuations, and

trends can be readily seen on a time—series plot. Then rca—

• sons for the changes can be investigated to isolate problem

• areas. A fifth method of productivity analysis is to compare

output levels and productivity levels of one organization

with similar organizations. All of these methods have been

used in this study .
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1. The Production Function

P~ One of the most useful methods of productivity analy-

sis is the computation of a production function. A produc-

tion function is a table, graph, or equation showing the

relationship between output and input. Typically, a produc-

tion function has the form shown in Figure 1 when only one

input variable is present. This production function is

characterized by the “law of diminishing marginal returns.”

According to this economic law, the amount of output per unit

of input decreases as the amount of input increases. This

production function could be described by an equation in the

form 
~ 

,~b Data points for this production function

appear as a straight line when plotted on logarithmic (log-

log) graph paper. The equation for a production function in

this form can easily be computed using a hand—held program—

mable or preprogrammed calculator.

Figure 1. Typical Production Function

Output
y

• Input
x
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The simplest production function is a straight line

as shown in Figure 2. The form of the equation for this pro-

duction function is y — a + bx. Data point s app ear as a
straight line when plotted on regular graph paper. An easy

way to determine the equation describing the production func-

tion is as follows: First, list the output and input values

• in a table • Second, plot the output and input values on

regular graph paper. If there is a general form of a straight

line, then the equation describing the production function can

be computed using a linear regression routine on a program-

mable or preprogrammed hand—held calculator. The equation

can also be computed using a linear regression computer pro-

gram such as SPSS (Statistical Package for the Social

Sciences) or BII’IED (Biomedical Computer Programs) .

Figure 2. Simple Production Function

• I Output

Input
x
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After the production function has been plotted and

the equation computed, the following productivity ratios ,

output values , and other coefficients can be estimated:
(1) An average productivity ratio which is equal to the y

value (output) divided by the corresponding x value (input).

(2) A marginal productivity ratio which is equal to the

change in y (output) resulting from a change of one unit of

x (input).

(3) A predicted value of y (output) which is equal to the

value of y (output) given a specific value of x (input) .

(4) An elasticity coefficient which is equal to the percent—

age change in y (output) divided by the percentage change in

x (input) (Pindyck and Rubinfeld, 1976).

(5) The coefficient of determination Cr2) which indicates

the per cent of variation in y (output) which is explained

by the variation in x (input) (Pindyck and Rubinfeld, 1976).

In the Department of Defense the terms efficiency,

economy, and effectiveness frequently take on special conno-

tations • These connotations are discussed in terms of the

production function shown in Figure 2. Efficiency frequent—

ly connotes an increased level of output with a fixed level

of input. Economy frequently connotes a reduction in the

level of input without a reduction in the level of output.

Effectiveness frequently connotes a measurement on the output

• scale and is frequently expressed as a percentage .
2. E1e.ents of an Organization

Another method to analyz. the productivity of an
organization is to examine the 

:
~~~~~

1

~

t5 of the organization.
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- 
An organization could be described in terms of three variables

0 (Lyden and Miller , 1972): objectives, activities, resources.

Figure 3 depicts an organization in terms of planned and
• actual elements. 

-

• 
Figure 3. Elements of an Organization

Planned Elements

Planned Planned Planned
Resource Activities Output
Expenditure

Actual Elements

E~~~:ure 
> Ii~~}~ I I

A productivity ratio in this example is “Actual Output”

divided by “Actual Resource Expenditure”. The inverse of this

product ivity ratio is the average cost ratio. The average

cost ratio is the “Actual Resource Expenditure” divided by the

“Actual Output”. A measure of effectiveness is “Actual

Output” divided by “Planned Output”. A measure of resource

expenditure is “Actual R source Expenditure” divided by

“Planned Resource Expenditure”.
*
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Using this framework, a U. S. Navy ship could be de-

• scribed in terms of resources, activities, and objectives as
shown in Figure 4.

Figure 4. organization Elements on a
U. S. Navy Ship

Resources Activities Objectives

Men Training Combat• I ( Readiness
Materials

? 
Equipment Maintenance

Services J Logistics/Support J
Each component of the resources , activities, and ob—

jectives listed above is measured aboard U. S. Navy ships.

Records are kept on the number of men assigned , the amount

of materials consumed in terms of OPTAR funds expended, the
amount of services received by the ship which required OPTAR

funds, the number of training activities conducted, the
amount of equipment maintenance conducted, the amount of
logistic or support activities such as spare parts, laundry,

ccemissary, etc . and the level of combat readiness achieved.

Data is readily available for “Planned Resource Expenditure”,

“Actual Resource EXpenditure”, “Planned Activities”, and

“Actual Activities”.

• Data is available to compute “Planned Output” and
“Actual Output” • However , the output data on combat readi—
ness is subj ective based on th. commanding officer ’s assess-
ment of how combat ready his ship is. Only the ratios
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“Actual Resource Expenditure” divided by “Planned Resource

Expenditure” and “Actual Activities” divided by “Planned

Activities” are frequently computed aboard ships. These are

computed for individual components such as men or training

vice total resources or total activities. In general, no

measure of a ship’s productivity such as “Actual Output”

divided by “Actual Resource Expenditure” is computed for

U. S. Navy ships.

An organization such as a U. S. Navy ship could be

described as a system which converts inputs such as resources

into outputs such as services. A U. S. Navy ship could be

described as shown in Figure 5.

Figure 5. U. S. Navy Ship as a System

Inputs System Outputs

Available Combat
Resources Readiness

U. S. Navy Mission
Ship as a Accomplishment
System

Tasking Effectiveness

The process by which inputs are converted to outputs could

be called “thru—puts.” As shown in Figure 6 “thru—puts”

consist of what is to be done (content) and what methods are

to be used (process) .7

7Figur es 6 and 7 were provided by Norman Kjono, U. S.
• Navy H~~~aTl Resources Management Center, San Diego, California

from an unpublished paper.
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Figure 7 displays individual system elements for a

U. S. Navy ship. This figure suggests that many productivity

measures (output versus input measures) are possible for U.S.

Navy ships. The major problem is to quantify the output

measure in a manner that is meaningful and acceptable to the

ship’s c~ n’~~nding officer and higher authority.

Figures 6 and 7 address the question “what is the im-

pact of internal and external feedback of information?”

Specifically, an important question in productivity analysis

is “what is the effect of the feedback of productivity infor-

mation on managers and subordinates?” The effect of the feed-

back of productivity information can be explained in terms of

“cognitive dissonance”. The theory of cognitive dissonance

was first postulated by Dr. Leon Festinger. Cognitive dis-

sonance is an unpleasant reaction or tension which results

when internal conflicts or inconsistencies appear (Pestinger,

1957). The existence of the dissonance will motivate a person

to try to reduce the dissonance to achieve consonance and to

avoid situations and information which would likely increase

the dissonance.

For example , productivity information when provided

to a commanding officer or department head could cause dis-

sonance if the information suggests his work centers are not

as productive as he thinks they are. This would be true if

the productivity information i. not in agreement with his

attitudes and beliefs. The dissonance causes the coimnanding

officer or department head to either reject the information

as

~~~~~~ •
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• as being false and inaccurate or to investigate problems

suggested by the productivity information.

Figure 8 shows the possible effect of the feedback

of productivity information. Cognitive dissonance occurs

whenever the information is not in agreement with previously

held attitudes and beliefs. In the author’s opinion the

feedback of productivity information can have the following

effects :

— cause cognitive dissonance leading to the rejection of

the information or to the constructive investigation of

pc ssible problem areas,
— motivate managers to eliminate problems suggested by

the productivity information,

— motivate workers (maintenance personnel on ships) to
• improve their performance so future productivity reports

• will show improved performance.

Figure 8. Effects of Feedback of
Productivity Information

Potential
Productivity

Perception Action Change in
Type of of of the Organi—

Information Receiver Receiver zation

• Favorable Good data ; tells Positive Possible
report me where I am behavior improvement
Favorable *Bad data; not a No action No effect
report valid measurement 

-• Unfavorab le *Good data ; identi— Positive Possib le
• report fies possible behavior improvement

problia area
Unfavorable *Md data ; data Data denial No improve—
report is no good or cover—up ment and

possible
adverse

* 
effect

Cognitive dissonance may occur.
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Figure 8 shows possible alternative perceptions of

productivity information . Cognitive dissonance, an un—

pleasant reaction or tension resulting when an internal con—

- 
flict or inconsistency appears, can be present when either

a favorable or unfavorable productivity report is received.

B. FACTORS AFFECTING PRODUCTIVITY

• There are many factors which affect the level of produc—

tivity in organizations. In the most general sense the

factors could be classified into two categories: physical

factors and human factors . In thi s section factors will be

examined from two points of view. First , factors affecting

productivity in organizations in general will be examined .

• Second, factors affecting productivity on U. S. Navy ships

will, be examined.

• .~.. Factors Affecting Productivity in Organizations

In terms of factors affecting productivity in organi—
• rations in general, the International Labor Office ’s Measur—

• ing Labor Productivity contains a comprehensive list of

factors affecting labor productivity (International Labour

Office , 1969) . As shown in Table I the factors are classi-

fied as being general factors, organizational and technical
factors , and human factors. The value in examining factors

affecting productivity is that changes can be made in the
• factors to improve productivity.

The Annual Report to the President and the Congress
on Productivity Proqraas in the Federal Government F? 1974

cited many factors which affect productivity in organizations.

38
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Table I. Factors Affecting Labor Productivity8

General Factors
Climate
Geographical distribution of raw materials
Fiscal and credit policies
General organization of the labor market
Proportion of the labor force to the total population,

degree of unemployment , of labor shortage , and of
labor turnover

Technical centers and informat~on concerning newtechniques • -

Commercial organization and size of market
General scientific and technical research
Variations in the composition of the output
Influence of low—efficiency plants and their varying

proportion in total output

Organization and Technical Factors
Degree of integration
Percentage of capacity used
Size and stability of production
Quality of raw materials
Adequate and even flow of materials

• Subdivision of operations
Balancing of equipment
Multiple machine systems
Control devices
Quality of output
Rationalization and standardization of work and material
Layout and location of the plant
Maintenance and engineering services: safety, sound,

ventilation, air conditioning, telephone, etc.
Availability, fitness and accessibility of tools
Wear and tear of machines and tools
Amount of machinery (or power) available per worker
Proportion of maintenance labor to operating labor
Length and distribution of working hours
Selection of personnel

• Human Factors
Labor—e~anagement relations
Social and psychological conditions of work
Wage incentives
Adaptability to, and like for, the job
Physical fatigue
Composition (age , sex , skill , and training) of the labor

force
Organization of the spirit of emulation in production
Trade union practices

8tnternationa]. Labour Office, Measuring Labour Productiv—
~~~~~~ 

p. 13, Presses Centrales, Lausanne, SA, 1969.
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Many factors are shown in Figures 9 and l0.~ The importance

of human factors as indicated by employee attitudes is shown

in Figurt~s 9 and 10. Concerning attitude measurement, the

annual report stated:

“Attitude measurement, properly administered, and
used, gives an added dimension to performance assessment
and problem diagnosis that is powerful in identifying
significant targets of opportunity for performance im-
provement. The major objective of employee attitude
measurement is to provide top management with the infor—
nation needed to improve the human side of productivity
and effectiveness.” -

2. Factors Affecting Productivity on U. S. Navy Ships

Table II is a list of factors which affect the level

of productivity on U. S. Navy ships.

Table II. Factors Affecting Productivity
on U. S. Navy Ships

Physical Factors Human Factors
Tools Supervision -• Test equipment Performance evaluations
Lighting Praise
Supplies Rewards
Technology Reprimands
State of equipment Penalties

maintenance Motivation
Age of equipment Job skills
Temperature Experience
Sound Training

• Ventilation Working hours
Work measurement Job satisfaction
Space to work Number of personnel -

Disruptions
Goals and objectives
Fatigue
Attitudes
Theft and pilferage
Information

9rigures 9 and 10 are publi shed in the JFMIP Annual Report
• to the President and Congress on Productivity Programs in ‘the

U. S. Federal Government FT 1974. Permission was received
from J’FMIP to reproduce these figur es and other portions of
the annual report.

41

_____  
• 

- - 

• ~~~~~~~~~~~~~~~~ 
-

• • :~~~~
- - ‘ : ‘ ~ -- I 

_ _  _ _ _ _ _ _



•1 

• -

• • 

• - - •

• 

-
-

i- -i-- • [I]— • 
.111

I 1 1 .cfl-
4

H 
_ _

L

• 42 4
r



Figure 11 shows the author’s opinion of ‘
how the gen—

0 eral factors of technology, resources, and personnel perform-

ance affect productivity on a U. S. Navy ship, the material
• 

- 

condition of the ship, and eventually the combat readiness
• 

• 
- of the ship. Figure 11 also lists coimn~~d or management

actions which could favorably impact on the productivity of

the ship.

The enhancement of productivity is accomplished prin-

cipally by implementing management changes and policies which

favorably affect the input factors shown in Figure 11 or

which eliminate weaknesses and impediments to higher productiv—

ity in the organization. For example, a commanding officer

or department head could implement policies to improve the

level of technology, the availability of resources used in

work such as tools and supplies , and the creation of favorable

work attitudes among the personnel.

Additionally, in the author’s opinion there are seven

major factors which positively affect productivity on U. S.

Navy ships. These are:

(1) The statements and objectives concern ing productivi ty and

efficiency by high—ranking officers and civilian personnel

throughout the Navy .

(2) The requirements stated in U. S. Navy Regulations, 1973

and other publications and instructions.

(3) The high level of experience , competence , and motivation

of Navy personn el.

(4) 
~~~~~~~~~~~~~ 

set by superiors regarding personnel manning, steam-
ing hours, equipage allowances , OPTAR spending levels, etc.

‘
I 
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Figure 11. Factors Affecting Shipboard Productivity

Equipment Design
• Features

Labor Saving Technology• Devices
• State—of—the--Art

- Developments

• Tools• Test Equipment• Supplies Material Combat
Materials Resources 4’ Productivity ’~)’ Condi— ~~ Readi—

• Lubricants A tion of ness
• Personnel Ship of

Ship

Teamwork /  

comman i Actions
Job, Satisfaction I Commitment
Performance I Involvement

Evaluations I Goals and Objectives
• Supervision Measuring and

Motivation Personnel Monitoring System
Training Performance Incentives
Confidence in PMS Analytic Capability
Group Goals Periodic Evaluation
Management
Assistance from

Supervisors
Assistan ce from

Others

‘~~~~ -~~~~~~~~

Input Output

Note: An effective way to provide an increased level of out—
put without an increased level of input is through in-
creased productivity. Th. focus of the effort should
be toward the development of specific command actions
involving any of the input factors w~kiich result in animproved level of productivity.
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(5) The 3M/PMS System.

(6) The Human Resources Management Program.

(7) The knowledge of navy managers that a higher degree of

attainment of objectives can be achieved through greater pro—

ductivity and efficiency.

In the author ’s opinion there are 12 major factors

which adversely affect productivity on U. S. Navy ships.

These are:

(1) Inability to measure productivity.

(2) An evaluation system for personnel performance for off i—

cer and enlisted personnel which does not emphasize the

importance of productivity.

(3) Personnel who lack job satisfaction who are consequently
• dissatisfied, disinterested, and unmotivated.

(4) Inexperienced and untrained personnel.

(5) Frequent crisis environment to effect equipment mainten-

ance due to equipment breakdowns, impending operations, etc.

(6) Inadequate tools, test equipment, and supplies.

(7) Training which does not promote the learning of skills

to improve productivi ty and efficiency.

(8) Lack of awareness of total costs, i.e. , personnel , fuel ,

utilities , repair services , etc .

(9) Theft and pilferage of tools and materials.

(10) Attitudes such as w must spend everything we have or

we won’t get this much next quarter and ~the more we get,

the better we’ll be .’

(11) Negative attitudes about PIS, the coemand, and the Navy.
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(12) Lack of incentives to motivate personnel to improve pro-

ductivity.

In the author ’s opinion the lack of a clearly defined

measure of productivity is a principal impediment to achiev-

ing higher levels of productivity. While the general goal of

productivity and efficiency is expressed by practically every

c~~~~nder and commanding officer in the U. S. Navy, no

specific, quantitative goals can be expressed without a

clearly defined measure of productivity or efficiency.

Again, in the author ’s opinion th. lack of emphasis

on evaluating productivity or efficiency on officer and en-

listed personnel evaluation forms is a principal impediment

to achieving higher levels of productivity. The present

evaluation system does not adequately measure, reward, or

provide incentives for improved productivity.

C. BENEFITS AND COSTS OF A PRODUCTIVITY
MEASUREMENT AND ENHANCEMENT PROGRAM

Many persons in the Department of Defense and the Depart-

ment of the Navy pose the questions:

— Why worry about productivity measurement?

— What is the benefit of measuring productivity?
— Is productivity measurement worth the cost of collect—

• ing all the required data?

— Is productivity measurement applicable to U. S. Navy
ships?

These are reasonable questions. The answers are not simple.

In most cases only the on—scene manager can answer them .
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However, in general, organizations can improve their perform-.

ance and mission accomplishment with a productivity measure—

ment and enhancement program. The program must be tailored

to the specific mission and needs of the organization. The

program can be simple or complex. With such a program an

organization can improve its productivity and can accomplish

its objectives and missions with less resources than were

previously required . This is becoming increasingly important

in a world of shrinking resources. Getting more done with

less resources is the essence of effective management.

The literature is full of reports by profit, non—profit

and government organizations which have successfully employed

productivity measurement and enhancement programs • These 
-

• programs have improved their levels of profit, services , and

accomplishment. The Department of Commerce Situation Report

Productivity Series Bulletin No. 3 (Appendix D) reports :

‘Productivit y measurement serves as a tool for produc—
• tivity enhancement in four ways. First, the installation
of a measurement system and the discussion preceding it
heighten staff awareness of the importance of raising out—
put per unit of input for the maintenance of profitability.
Second, observed changes in the numbers often have diag—• nostic value , pointing to bottlenecks and other impediments
to superior company performance . Third, the changes in the
numbers also allow assesement of the consequences of in-
tended remedial actions. Fourth, continuing discussion of
the validity of the measurem ents promote s productivity—con-
sciousness, contributing to an atmosphere congenia l to
operation al as veil as statistical improvement .

‘Even crude initial productivity estimates can prove
beneficial to a company ’s performance. Their availability

• and use provide occasio n for serious communication between
management and pioy.es on matters of mutual concern. In
the course of such interaction, illuminating insights are
often generated and transmitted.’
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However, it should be noted that productivity measurement

and information are stri ctly an aid to good management. They

can have beneficial effects. If abused, such as using pro-

• ductivity information solely without other information, pro-
• • • ductivity information can have adverse effects on an organi-

zation.

A productivity measurement and enhancement program on

U. S. Navy ships using maintenance , personnel and OPTAR cost
informatio n can have favorable and unfavorable effects depend-

ing upon the way it is implemented and operated. Some of the
favorab le effects are:
(1) The program can result in greater accomplishment of P145

• and therefore improve the material condition of the ship.
(2) The program can result , in a decrease in the consumption
of resources. Jobs could be done with fewer personnel and

less expenditure of OPTAR funds .

(3) The program can result in increased motivation of work

center personnel to be efficient and to be less wasteful of

time, material, and supplies . It can increase their motive-

tion because of stated goals, a set measurement procedure,

incentive s, and feedback of information.

(4) The program can result in greater awareness of efficiency,
cost—consciousn ess, and time—consciousness by work center
personnel.

• 
- 

(5) The program can extend and improve the P148 system.
(6) The program can result in improved management decisions.

The program can provi de excellent and useful management

48

I
, 

—-• • • - T
—



information. This information in the form of productivity 
-

indices can be used along with quantitative, qualitative, and

subjective information to make management decisions on allo-

cation of resources, scheduling of work, submitting requests

for additional resources, and evaluating work center perform-

ance. The productivity indices, when used with other informa-

tion, can be used to detect problem areas and unfavorable

trends. The indices can be used as a basis for granting

awards and rewards for superior performance. The indices can

be used to support requests for additional resources when it

can be shown that it would be impossible to achieve a given

output with present resources.

Additionally, the program, if not properly implemented
• and administered, could produce unfavorable effects. Some of

these are :

(1) The program could result in generating excessive paperwork.

(2) The program could result in poorer quality of work if

work center personnel perceived that quantity not quality

of work was desired. To avoid poorer quality of work, work

center supervisors and above should continue to closely super-

vise the accomplishment of PItS. They should rigorously ensure

that each maintenance action is properly accomplished with

the proper tools, with the proper materials, by doing every

step on the NRC (Maintenance Requirement Card), and by accom—

pu shing th. maintenance action on each piece of equipment on

the EGL (Equipmsnt Guide List) as applicable.

(3) The program could result in a misuse of the productivity

data. The productivity indices alone are not useful without
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other information such as subjective opinions. •A statement

such as ‘Work Center A is better than Work Center B because

Work Center A has a higher productivity index than Work Cen-

ter B’is a highly inaccurate, misleading, and false statement.

The statement is a misuse of productivity data because it

doesn ’t include information on possible. reasons for differ-

ences such as differences in personnel, mission requirements,

availability of resources, and other factors. Productivity

indices must be used with other data and information to make

valid statements, j udgments , and decisions . 
-

(4) The program could generate adverse or negative attitudes

and emotions among work center personnel. Some individuals

may feel that measurement of productivity ‘can ’t be done on
a ship’ and is therefore “unfair”. Some individuals may feel

frustrated if they feel that productivity goals are set un-

realistically high. Additionally, a department head who

says ‘working hours will be extended one hour per day until

the productivity indices improve’ will generate a great amount
of ill feelings toward the program. To avoid generating

adverse or negative attitudes and emotions work center super—

visors and above should stress the positive benefits of the

program and use the productivity indices in a positive manner.
(5) The program could provide information which is inaccurate.

Relating the amount of PMS accomplished in a work center with

the number of men assigned and with the amount of OPTAR spent

• may not be a useful measure in some departments and work

centers . This is true if a large portion of the personnel
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and OPTAR are used for activities not related to PMS accom—

plishment. To avoid this, an output measure should be

• selected which is representative of the activi ties of the

work center. Another solution to this problem would be to

submit feedback forms to include more work center activities

in the PMS system. This would have the beneficial effect of

• 
- 

extending the system.

D. FORMULATION OF PRODUCTIVITY MEASURES FOR U. S. NAVY SHIPS

The process of formulating productivity measures is a
simple process of dividing an output measure by an input

• measure. What is difficult is defining and measuring the

output and input measures . In attempting to formulate pro-

• ductivity measures for U. S. Navy ships the following four

steps are followed:

• (1) Define the purpose and uses for the productivity measures.

(2) Define output measures.

(3) Define input measures. •
(4) Define productivity measures utilizing the most suitable

output and input measures.

Four major purposes and uses of productivity measures

for U. S. ships are envisioned . These are :

(1) To provide an aid for shipboard management to provide in-

formation which may be useful in planning, resource alloca—

• tion, and control.

(2) To prov ide an incentive for shipboard personnel to achieve

higher levels of productivity.
(3) To provide a means to promulgate productivity goals.

5 ]
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(4) To provide a means to present information to officers and

enlisted personnel to compare planned performance with actual

performance.

The problem of defining a suitable output measure is by

far the most difficult aspect of formulating a productivity

measure for U. S. Navy ships. A ship has no readily measur-

able output such as a factory or store would have. The out-

put of a ship is its ability to fight and to accomplish its

• assigned missions in a hostile environment. Its output is

• • :its combat readiness. There is presently no accepted method

to physically measure the combat readiness of a ship. The

best one can do is to utilize a subjective evaluation of the

combat readiness of a ship or to use some measure of a ship’s

activities such as equipment maintenance or training. The

• • following are a number of possible output measures for U. S.

Navy ships :

(1) Number of underway days.

(2) Number of pieces of equipment fully operational.

(3) Number of maintenance actions completed.

(4) Maintenance actions completed multiplied by a weight

(importance) factor.

(5) Number of P08 (Personnel Qualification Standards) points

achi eyed .
(6) C ’%ding officer ’s subjective estimate of the overall

combat readiness of the ship .

Each of these output measures is unsatis factory in one or

more ways. There ia no perfect output measure. There is no
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output measure which everyone will accept. The best one can

p do is to select an output measure with the most positive

features and the least negative features.

Next , the input measures are defined . The following in—
• put measures could be used for U. S. Navy ships:

(1) Number of personnel assigned.

(2) Number of man—hours used.

(3) Amount of OPTAR consumed.

(4) Amount of OPTAR obligated.

(5) Total resources used (OPTAR funds, repair funds, personnel

funds, etc.) -

Finally , possible productivity measures are formulated

by selecting the most suitable output and input measures . In

the author ’s opinion the following are the two simplest and

most suitable productivity measures for U. S. Navy ships:

(1) Personnel Productivity Index — number of planned mainte-

nance actions accomplished/number of personnel assigned.

(2) OPTAR Productivity Index number of planned maintenance actions

accomplished/amount of OPTAR consumed.

For example, a ship which completed 1000 planned maintenance

actions in a quarter with 250 men assigned and spent (consumed)

$10,000 in OPTAR would have the following indices:

(1) Personnel Productivity Index — 1000/250 — 4.0 planned
maintenance actions per man.

(2) OPTAR Productivity Index — 1000/$lO,000 — .10 planned

maintenance actions per OPTAR dollar consumed. -.

- 
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The numerator of the productivity indices is the output

measure of planned maintenance actions accomplished. This

output measure was selected by the author for the following

reasons:
• (1) It is easily computable on U.S. Navy ships by counting

X’s and circles on PMS schedules which indicate the comple-

tion or non—completion of scheduled or non-scheduled mainte-

nance actions.

(2) It is a measure used in the 3M/PMS System to compute the

PMS Recorded Accomplishment Rate in accordance with OPNAVINST

4790.8 of 20 June 1975, entitled ‘Measuring PMS Performance

Rate’. The output measure is the numerator in the formula

for computation of the PMS Recorded Accomplishment Rate. The

formula is:

# of MR’ s recorded 
~ ~

# of MR’s recorde~as fully + ~ Jas partially
PMS Recorded accomplished & Lacccmplished

• Accomplish—
ment Rate # of MR’s scheduled .

An MR (Maintenance Requirement) is a maintenance action listed

on an NRC (Maintenance Requirement Card). An example of an

MR is the lubrication of a pump or the adjustment of a fan

belt. If a ship recorded 60 MR’s fully accomplished and 40

MR’ s partially accomplished, and scheduled 100 MR’s, the ship

would have a PMS Recorded Accomplishment Rate of .80. This

was computed as follows : (60 + ~(40))/100 — .80.

(3) It is understandable by shipboard personnel since the

• 3M/PItS System is the maintenance system used aboard U • S.

Navy ships .
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(4) It is not limited by definition as many of the other out—

put measures are such as underway days per month .

(5) It assumes that planned maintenance actions are accom-

plished whenever corrective maintenance is required. It is

the Fleet Commander’s and Type Commander ’s policy in both
• the Atlantic and Pacific Fleets that planned maintenance

actions be accomplished whenever corrective maintenance is

required. Fo~ example, when a pump breaks down, the proper

procedure is to check the applicable MCR ’ s (Maintenance Re-

quirement Ca~as) and accomplish all the MR’s (Maintenance

Requirements) that are required arid related to correcting the

casualty.

The output measure of planned maintenance actions accom—

pu shed has the following limitations:

(1) Different MR’s (Maintenance Requirements) have substan-

tially different time and material requirements. For example,

one MR can be completed in five minutes while another MR

could only be completed in five hours.

(2) Different ships have different policies regarding the

scheduling and recording of MR’s. For example, one ship may

have one line on ~ PMS schedule for all the small diesel

engines on the ship while another ship may have a separate

line for each small diesel engine on the ship. A completed

MR on the first ship would be for all the small diesels; a

• completed MR on the second ship would be for only one small

diesel .
(3) The proble m of inaccurate or false reporting of the nun—

ber of planned maintenance actions accomplished is present .
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Inaccurate or false reporting could include exaggerating the

number of planned maintenance actions accomplished or report—

• ing planned maintenance actions accomplished on equipment

• that, in fact , was not accomplished. In the U. 8. Navy false

reporting of planned maintenance actions accomplished is fre-

quently referred to as ‘gundecking’. Adequate supervision ,

emphasis on accurate reporting , and cautious use of productiv —

ity information for personnel evaluation pur pose s can minimize

the problem of inaccurate or false reporting.

(4) The output measure of planned maintenance actions accom-

plished does not take into account the quality of work

performed.

The output measure of planned maintenance actions accom—

plished is considered to be a usable output measure for U. S.

Navy ships even with its limitations. A substantial improve-

ment in this output measure would be to weight each MR in

0 
some manner as to its importance, its time requirements, its

0 
• materials requirements, or by some other 9a~tor .
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IV. THE STUDY

A. OVERVIEW OF TEE STUDY

In conjunction with this research project, a study was

• designed to actually measure productivity on 26 U. S. Navy

ships . These 26 ships were parti cipati ng in the U. S. Paci-

fic Fleet Equipment Maintenance and Related Maintenance (EIIRM)
• Project.1° The majority of the data required for the study

was already being collected for the EMRM Project.

The objectives of the study were as follows:

— determine if productivity could be measured on U. S.

Navy ships ,

— compute productivity ratios for 26 U. S. Navy ships,

- 
I - — identify differences between high and low productivi ty

ships.

There were two purposes in identifying differences between

high and low productivity ships. The first purpose was to

determine if high productivity ships were superior ships. If

high productivity ships, in general , were superior ships in
other areas as shown by inspection results, awards won, etc.,

• this would indicate that the productivity measurement was
reasonably accura te and valid . However , if the high produc-

tivity ships were not superior in other areas , this would

lO~~~ 26 ships were the control group for the U. S. Paci-
fic Fl et Equipment Maintenance and Rela ted Maintenanc e (EMRM )
Project. The U. 8. Pacific Fleet EMRM Pro j ect was coordinated• by the Coem.~iding Officer, Navy Manpower and Mat erial Analysis
Center, Pacific.

-I
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suggest that the productivity measurement was not accurate,

not valid, or not meaningful. The second purpose in identify-

ing differences between high and low productivity ships was

• to identify factors which were related to the level of produc—

tivity on the ships. These factors were identified by admin-

istering an attitude survey questionnaire, the Ship Efficien—

• cy Questionnaire, developed at the Naval Postgraduate School.
The questionnaire is shown in Appendix A. Each of the 16

questions on the questionnaire measures an atti tude or a per-

ception regarding a factor which might be related level of

productivity on the ships, such as adequacy of tools, extent

of praise, etc. The questions are grouped together to form

five indices:

— adequacy of management,

— adequacy of resources, 
-

— extent of teamwork,
— extent of positive leadership, and

— extent of negative leaders hip.

There were 2212 responses to the questionnaire. The adequacy

of tools, adequacy of supplies, the extent of teamwork, and
adequacy of planning were found to be important factors re-

lated to the level of productivity on the ships . It was found

that nearly 40 per cent of the resp ondents felt that they did
not have adequate tools end supplies to work efficiently.

This suggests a possible problem on many ships.

• For this study data was collected over a nine month period

from 1. November 1975 to 31 July 1976. There wer e three

______ 
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principal categories of data collected. First maintenance,

personnel, and OPTAR cost data (repair part costs) were col—

lected. The purpose of collecting this data was to compute

productivity ratios for each of the 26 U. S. Navy ships.

• This data was collected using a weekly maintenance report

from the EMRM Project shown in Appendix 7. This data was

collected for the six month period 1 November 1975 to 30

April 1976. Second, performance data on inspections and

awards won was collected • The principal purpose in collect-

ing this data was to determine if ships with high productiv—

ity ratios were superior ships as measured by other means.

This data was collected for Fiscal Year 1976 which included

the period of tim, maintenance data was collected. Third,

enlisted personnel attitude data was collected utilizing the
- 

- 
Ship Efficiency Qu.stionnaire. The purpose of collecting

this data was to identify factors related to the level of

productivity on the ships.

As shown in Table III over 5000 documents, reports, and

questionnaires were reviewed and used as sources of data in

this study . These documents , reports , and questionnaires

contained over 300,000 individual data elements which were

used in this study . In compiling , di splayin g, and analyzing

this data over 100 computer programs were written and run

with this data .

_ _ _  
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TABLE III. Documents , Reports , and Questionnaires
Reviewed and Utilized

Type Approximate Number

Maintenance 2000
Personnel 150

• Inspection Results 50
Awards 200

• NAVFORSTAT Reports 600
OPTAR Reports 150
Attitude Questionnaires 2212

Total 5362

Data was collected on the following U. S. Navy ships:

MARS (AFS—l), SHASTA (AE—3 3) ,  PONCHATOULA (AD—148), KAWISHIWI

(AD—146), WICHITA (ADR—1), ABNAKI (ATF—96) , TAWAKONI (ATF—

114), MOLALA (ATF—106), REEVES (CG—24) , STERETT (CG—31) ,

TOWERS ( DDG—9) ,  HOEL ( DDG—l3) ,  LANG (FF— 1060) , BADGER ( FF—

1071), KIRK (FF—l087), COOK (FF—l083) , MOBILE (LKA—ll5),
• DENVER (LPD—9), DULUTH (LPD—6), TRIPOLI (LPII—lO), PT. DE-

FIANCE (LSD—3l), MT. VERNON (LSD—39), FRESNO (LST—l182) ,

TUSCALOOSA (LST—ll87), BARBOUR CTY (LST—ll95), BRISTOL CTY

• (LST—1198).

These ships represent a cross section of U. S. Navy ships .

The displacement of these ships ranged from approxima tely

1800 tons for the ATF’s (Fleet Tugs) to approximately 18,000

tons for the LPH (Amphibious Assault Ship) . The number of

personnel assigned to these ships ranged from approximately

60 men for the ATY’s to approximately 500 men for the LPH.

In addition to the findings and recosmendations from the
• study , three ‘productivity items’ were developed for use

aboard U. S. Navy ships as desired by individual cc~’~ar~ding

U ________ 
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officers. The first ‘productivity item’ is the Shipboard

Productivity Improvement Program shown in Appendix A. It is

written in the form of a U. S. Navy instruction. The second

• ‘productivity item’ is the Ship Efficiency Questionnaire

• shown in Appendix A. It is considered a valid instrument to

measure attitudes and perceptions of enlisted personnel

aboard U • 8. Navy ships regarding factors related to the

level of productivity. The third ‘productivity item’ is the

Ship Productivity Report shown in Appendix C. It is the

format for an automated (computer—based) report that contains

productivity information.

• •

B. P DUC?IVITY )‘~ ASUR~~~NT ON 26 U. S • NAVY SHIPS
—— 1. Input and Output Measures

The first step in measuring productivity in an organ—

ization is to measure inputs and outputs in the organization.

For the 26 U. S. Navy ships in this study, the following in-

put and output measures were used:

Output — planned maintenance actions accomplished ,

Input (personnel) — average number of men assigned,

Input (materials) — amount of OPTAR consumed for repair

par ts .

These output and input measures were computed as

follows:

— planned maintenance actions - accomplished — number of

MR ’s (Maint enance Requir ements such as lubricating a pump)

recorded as being fully accomplished + 1/2 the number of

ER’ s record .d as being partially accomplished ,
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— averag e number of men assigned — number of enlisted

men assigned to the ship on the first day of the month + the

number of enlisted men assigned to the ship on the last day

of the month +2,

— amount of OPTAR consumed for repair parts - the cos~~~~~~~~—

of all the repair parts used during the mo~~h—in intenance.

Table IV is xy—of output and input measures

for 26~~~~ S.—NaV~~~i~~ps. The actual names of the ships are

_— not listed to provide confidentiality for individual ships.

As can be seen in Table IV, the average outpu t of planned

maintenance actions accomplished for the 26 ships was 3026.7

actions per month, the average number of men assigned was

264.5 men per month, and an average amount of OPTAR consumed

for repair parts was of $6876.68 per month.

Frequently it i. desirable to examine changes or

trends in the output and input measures. Figure 12 is a time—

series plot of the output measure planned maintenance actions

accomplished for the six month period from 1 November 1975 to

30 April 1976. As can be seen in Figure 12, the number of

planned maintenance actions accomplished per month fluctuated

rather markedly. Reasons for these fluctuations were not

determined in this study .

Examination of the data in Table IV and Figure 12

suggest the following:

— there is substantial variability among the ships and

the types of ships in terms of output and input measures ,

— output and input measures can be computed for U • S.

Navy ships once they ar , clearl y defined ,
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Table IV. Output and Input Measures for 26 U.S. Navy Ship~~~~
_—~~~(Average per Month) — ——

~~~ 
•

P1ars~ d — Average (PrAR $
• 

- )~ intanancs tam~er of Conmd for
~~ti~~~ M~~

~~~~
— ~gp ~~o~~~lished AnI~ned Parts

• ~~~~atm~t Type ~~ an) 3218.3 274.5 $11723.10
01 3861.6 368.8 22220.66
02 3395.8 .290.3 8284.50
03 2410.8 208.3 8133.50
04 2394.3 227.2 9623.50
05 4502.7 349.2 14410.83
06 3398.4 299.3 10510.50
07 2877.9 236.5 12471.16
08 2905.3 216.8 7930.00

~~ hibit~~ Type(nman) 3233.2 294.0 $ 5714.63
09 2759.4 316.8 4198.83
10 4913.5 389.3 5355.83
11 4518.3 511.7 9013.33
12 2874.0 282.5 5537.33
13 2606.9 201.2 4517.66
14 4008.9 390.7 6832.50
15 3066.3 285.3 7872.66
16 2206.5 187.7 2322.83
17 2202.1 184.0 6159.83
18 3176.3 191.7 5335.50

Service Type (mean) 2576.9 217.4 $ 3482.85
19 5609.5 353.5 5875.66
20 1954.8 276.2 3914.67
21 4206.5 345.5 5160.50
22 875.8 61.7 2567.17

• 23 3795.9 301.0 4917.66

24 2396.9 270.2 2996.83
25 805.1 66.2 825.83
26 970.8 64.8 1604.50

Ibtal (maan) 3026.7 264.5 $ 6876.68

Standerd deviation 1268.0 104.8 $ 5666.26

J
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— output and input measures alone without other informa-

tion provide little useful information to evaluate perform-

ance or to identify problem areas,

— output and input information must be used with other

information such as output and input objectives and targets

for- them to be useful,

— changes in the output and input measures can be best

seen on a time—series plot ,

— the level of output of planned maintenance actions ac—

complished is greatly affected by variables other than input

variables such as number of working days in the month, num—

• ber of holidays, number of underway days, number of planned

maintenance actions scheduled, number of equipment casualties

requiring corrective maintenance, etc. 
-

• 2. A Production Function

Once output and input information has been collected

for an organization, it is relatively easy to plot and com-

pute production functions. A production shows the relation-

ship between output and input. In this study a production

function for the 26 U. S. Navy ships is shown in Figure 13.

The regression equation for this production function was corn—

puted utilizing a linear regression computer program and

verified using a linear regression program on a hand—held

progr~~~~hle calculator.

For this production function, average productivity

ratios, a marginal productivity ratio, and elasticity coeff i—

cients can be estimated. For the 26 ships in this study the

following estimates were calculated :
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Figure 13. Production Function of Planned Maintenance
Actions Accomplished for 26 U.S. Navy Ships
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(1) Average productivity 
— 
Output 

— 
3031 planned maint actions-rat o o r a s  

~ In ut 265 men assindwith 265 men assigned
— 11.44 planned maintenance

• actions per man

(2) Marginal produc— Change in output
tivity ratio Change in 1 unit of input

— 
9.88 planned maintenance actions
1.0 men assigned

— 9.88 planned maintenance actions
per man

(3) Elasticity of output % chan~~ in output .88
~~~~~re5~~ ct to — 

]% c~hange in input 
= 1.00

— .88

I
The estimates for the 26 ships in this study indicate for a

ship with 265 men assigned, each man accomplished 11.44

• planned maintenance actions per month on the average. The

addition of one extra man would result in an estimated in-

crease of 9.88 planned maintenance actions accomplished per

month.

The elasticity of output with respect to input of

.88 indicates that for every one per cent change in the input

of average men assigned, there will be a .88 per cent change

in the output of planned maintenance actions accomplished.

The regression equation for this production function

is linear in the form y — a + bx. The regression equation is

‘1 — 412.70 + 9.88X, where

Y — planned maintenance actions accomplishe d , and
• 

x — avsr$ge number of men assigned.
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Relevant statistics of this regression equation are as fol—

lows:

• r 2 — .76

Standard Error of Estimate — 606.33

t statistic - — 8.67

F statistic — 74.88

n —  26

These relevant statistics indicate that the regression equa-

tion is a reasonable model to describe the relationship of

the data collected on the 26 ships. The r2 of .76 indicates

that 76 per cent of the variation in output can be explained

by the variation in the input (average number of men as-

signed). The Standard Error of Estimate of 606.33 indicates

that 95 per cent of all estimates of output will be within

• • 
plus or minus 1.96 times 606.33 planned maintenance actions

accomplished. The t and F statistics indicate that the re-

gression equation and the b coefficient (9.88) are signif i—

cant and contribute to the explanation of the variation in

output. The n of 26 indicates there was one data point for

• each of the 26 ships.

To test this regression equation, the data for Ship

15 was used to determine how closely the actual number of

planned maintenance actions accomplished could be estimated

for the average number of men assigned for Ship 15 using the

model. Using the model , the estimated number of planned

• maintenance actions accomplished was 3232.9 with 285.3 aver—

age number of men assigned . The actual value for Ship 15

• •
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with 285.3 average number of men assigned was 3066.3 planned

maintenance actions accomplished. The difference between the
p 

• estimated value and the actual value was 166.6 planned mainte-

nance actions accomplished which is approximately a five per

cent difference.

The production function shown in Figure 13 could be

used for sensitivity analysis to answer “what if “ questions

regarding what would happen to the level of output with

various changes in the level of ~‘wut. For example, what

would happen to the level of output if the level of input was

changed on Ship 15 from 285 men to 250 men. Using the model,

it could be estimated that the output of planned maintenance

actions accomplished would drop from approximately 3233 to

2884 actions per month. This would be a decrease of approxi—

mately 1]. per - cent in the number of planned maintenance

actions accomplished per month.

This 11 pe.~. cent decrease in output of planned mainte-

nance actions accomplished could also be estimated using the

computed elasticity coefficient of .88. In this case with

Ship 15, the level of input was to be reduced from 285 men to

250 men (12 per cent). The estimated decrease in output could
• be calculated by multiplying .88 times 12 per cent which

equals 11 per cent .

A production function showing the relationship between

the output of planned maintenance actions accomplished and the

input of amount of OPTAR consumed for repair parts was also

computed. However , the relationship between the outpu t and
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this input was found to be not strong enough to make accurate

estimates of productivity ratios or for sensitivity analysis.

• The input of average number of men assigned is strongly corre—

lated (r — .87) with the output of planned maintenance actions

accomp1ished
~~ 

The input of amount of OPTAR consumed for re-

pair parts is less strongly correlated (r — .45) with the

output of planned maintenance actions accomplished.

Additionally, it was found that the partial—correla-

tion coefficient showing the relationship between the amount

of OPTAR consumed for repair parts and the number of planned

maintenance actions accomplished holding the effects of the

average number of men assigned constant was .10 which was not

statistically significant at the .05 level of significance.

This suggests that there is little relationship, if any, be-

• tween the amount of OPTAR consumed for repair parts and the

number of planned maintenance actions accomplished . Addi-

tional information on the relationship between output and

input on the 26 ships is provided in Appendix J.

3. Productivity Ratios

Utilizing the output and input information collected

for the 26 ships in this study , it was possible to directly

compute productivity ratios • Two productivity ratios were

• 
• 

11A Pearson correlation coefficient r of +1.0 or —1.0
indicates a perfect relationship. A Pearson correlation
coefficient r of 0.0 indicates no relationship exists .
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computed for each ship. A labor productivity ratio — planned

maintenance actions per man was computed. It was computed as

- - 
follows:

~~~~~:~~nce — 
planned maintenance actions accomplished

actions average number of men assigned

• per man 
-

A materials productivity ratio — planned maintenance actions

per OPTAR dollar was computed. It was computed as follows :

~~~~ance — 
planned maintenance actions accomplished

actions per amount of OPTAR consumed for repair parts
• OPTAR dollar

Table V displays the productivity ratios for the 26

U. S. Navy ships. In examining this table it can be seen that

the average labor productivity ratio is 11.81 planned mainte-

nance actions per man. The average materials productivity

ratio is .92 planned maintenance actions per OPTAR dollar.

Frequently it is desirable to examine changes or

trends in productivity ratios to determine if productivity is

improving or declining. Figure 14 is a time—series plot of

• ~
• the labor productivity ratio planned maintenance actions per

man per month for the six month period 1 November 1975 to 30

April 1976. It shows there is substantial changes from month

to month. Determination of the reasons for these changes was

not accomplished in this stud y. D termination of reasons why

productivity ratios chan ge from month to month is an impor-

tant aspect of productivity analysis.

• Examination of the data in Table V suggests the

following:

• •
- 
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Table V. Productivity Ratios for 26 U.S. Navy Ships12

• (Average per Month)
Planned Planned
Maintenance Maintenance

- Actions per Actions per
Shj,p Man OPTAR Dollar

• Combatant Type (mean) 11.77 .42
01 10.52 .20
02 11.71 .43
03 11.60 .76
04 10.51 .27

• 05 12.89 .35
06 11.36 .36
07 12.20 .24
08 13.40 .78

• Amphibious Type (mean) 11.48 1.07
• 09 8.73 .93

10 12.63 1.19
11 8.83 .55
12 10.12 .72• 13 12.96 .75
14 10.28 .88
15 10.74 .62
16 11.81 3.81
17 12.07 .41.
18 16.58 .85

• Service Type (mean) 12.26 1.23
• 19 15.86 3.10

20 7.06 .54
21 12.17 .95
22 14.23 .45

• 23 12.63 .88
24 8.88 1.32
25 12.18 1.70
26 15.03 .91

Total (mean) 11.81 .92

Total standard
deviation 2.73 1.8].

• 
• l2

~~~ productivity ratios were computed by averagi ng six
monthly prod uctivity ratios. They were not computed using
the data in Table IV.
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(1) Productivity ratios can be computed for U. S. Navy ships

once the productivity measure, output measure, and input

I - measure have been defined.

• (2) There is substantial variability between the ships in

terms of each productivity measure, With the measur e planned mainte-

nance actions per man the ratio for the highest ship is more

than double the ratio for the lowest ship . For the measure planned

maintenance actions per OPTAR dollar the ratio for the high—

est ship is nearly 20 t imes the ratio for the lowest ship.

(3) Productivity measures must be used with other management

information to be useful in identifying and diagnosing
potential problem areas.
(4) A major value of computing the productivity ratios is
that they provide an awareness of the relationship between

• output and input, suggest possible problem areas , and suggest

possib le favorable or unfavora ble trends.

4 • Average Cost Ratios

• Once output and input information has been collected,

• average cost rati os can be computed . Aver age cost ratios

are the inverses of pr oductivi ty ratios . Avera ge cost ratios

are computed as follows:

Average Cost 
- 
Input Measure

• Ratio Output Measure

In this study three average cost ratios were computed for
• each of the 26 ships. The following average cost ratios

were computed:
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— man—hours number of man hours expended on planned
per planned 

— 
maintenance actions

maintenance number of planned maintenance act ions
action accomplished

— OPTAR cost amount of OPTAR consumed for
• p.r planned 

— 
repair parts

• - maintenance number of planned maintenance actions
action accomplished

— personnel & estimat.d personnel & repair
repair part 

— 
part costs

costs per number of planned maintenance actions
planned accomplished
maint action

These avera ge cost ratios are listed in Table VI.

Examining this table, it can be seen that on the averag e 1.15

• man hours were expended on each planned maintenance action

accomplished, $2.34 was spent for repair parts for each

planned maintenance action accomplished, and there was an
• estimated $92.11 in personnel and repair part costs for each

• planned maintenance action accomplished. The average cost

ratios are listed to demonstrate how avera ge cost ratios can

be computed with output and input information on U. S. Navy

• ships.

EXamination of the data in Table VI suggests the fol—

loving:

(1) There is substantial variability between ships.

( 2) when computing estimated personnel costs and OPTAR costs

for repair parts, estimated personnel costs are approximately

40 times the OPTAR costs for repair parts.

(3) Average cost ratios can be easily computed and understood.
- 

•
~ (4) One of the principal values of average cost ratios is the

s
~~~ 

as productivity ratios — they provide an awareness of

the relationship between output and input. j
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Table VI. Average Cost Ratios for 26 U. S. Navy Ships
(Average per Month)

Z~ n-hours C~TAR Cost Personnel
Per Plam~ d Per Plam~ d & fiEçair Part
I!’~intenance Meimtenance Costs per Planned_ 
_ _ _  _ _ _  

Meint Mticn 13

~~ batant Type (mean) 1.23 $3.71 $90.89
• 01 1.13 5.82 102.50

02 1.45 2.44 88.37
03 1.52 3.66 91.97
04 1.48 4.10 103.91
05 1.11 3.20 81.37

• 06 1.08 3.28 94.03
07 1.30 4.35 87.14
08 .75 2.80 77.80
~~~hib4oum Type (mean) 1.15 $1.85 $94.51
09 .99 1.49 121.29
10 1.06 1.07 87.85
11 1.07 2.05 116.37
12 1.89 1.98 104.09
13 .87 1.84 80.39

• 14 1.40 1.69 101.04
15 1.11 2.57 96.36
16 .91 1.09 86.96
17 1.19 2.98 88.51
18 .99 1.70 62.22
Service Type ~~ssn) 1.08 $1.58 $90.34

19 .64 1.01 64 .60

20 1.79 2.03 145.62
21 .96 • 1.27 83.96
22 .95 2.84 76.13
23 1.02 1.32 81.31
24 1.41 1.33 117.25
25 .89 1.06 83.98

• 26 .97 1.83 69.86

1.15 $2.34 $92.11

!Ibtal Staz~ azd
dsviatlom .39 1.73 23.50

_ _  

peruosi*1 ~~~ta imr. .st~~~ted by iailtiplying the average
liMIer of men u.ignsd per mzith by $1000.
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C. DIFFERENCES BETWEEN HIGH AND LOW PRODUCTIVITY SHIPS

In this study the 26 ships were divided into two groups

according to their productivity ratios. The ships with above

average labor productivity ratios planned maintenance actions

per man were designated high productivity ships . The ships

with below averag e labo r producti vity ratios planned mainte-

nance actions per man were designated low productivity ships.

Differences between the two groups of ships were examined to

determine if the productivity measurement was accurate and

valid and to isolate factors related to levels of productiv—

ity on U. S. Navy ships.

In examining the differences between the high and low pro-

ductivity ships, three steps were follows. First, the high

and low productivity ships were compared in terms of three

• productivity ratios: planned maintenance actions per man,

• planned maintenance actions per OPTAR dollar, and planned

maintenance actions per man—hour. Second, the high and low

productivity ships were compared in terms of PMS accomplish-

ment rate, P148 inspection scores, number of major awards ~~n,

and number of departmental awards won. Third, the high and

low productivity ships were compared in terms of enlisted

personnel attitudes as measured by the Ship Efficiency Ques—

tionnaire shown in Appendix A.

1. Difference s in Productivit y Ratios

In terms of productivity ratios , the high productivi~.

• ity ships had higher average productivity ratios than the

low productivity ships . The high productivity ships had a

I 
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higher average planned maintenance actions per man, planned

maintenance actions per OPTAR dollar , and planned maintenance

• actions per man—hour than the low productivity ships. Figure
• 

• 15 displays the differences in these productivity ratios

between the two groups of ships.

In examining these differences it has to be determined

if these differences were true dif ferences or merely the

result of a chance occurrence. To determine if these differ—

ences were true differences, the statistical t—test was used

to test the differences in the mean productivity ratios be-

tween the high and low productivity ships. It was found that

the differences between the high and low productivity ships

were statistically significant at the .05 level of signifi-

cance for planned maintenance actions per man and for planned

maintenance actions per man-hour. This indicates that there

is at least a 95 per cent chance that the differences are

true differences. There is less than a 5 per cent chance

• that the differences are due to a chance occurrence. It was

found that the difference between the high and low productiv~-

ity ships was not statistically significant at the .05 level

of significance for planned maintenance actions per OPTAR

dollar. This suggests that there may not be a true difference

• 
• 

between the high and low productivity ships in terms of the

productivity ratio planned maintenance actions per OPTAR

dollar.

— 
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2. Differences in Other Performance Ratios

Next, the high and low productivity ships were corn—

• pared in terms of other performance data • The high productiv-

ity ships had a highe r average PMS accomplishment rate , a

higher average PMS inspection score, a higher average number

of major awards won, and a higher average number of depart-

mental awards won.14 Figure 16 displays the differences in

these performance measures between the high and low producti v’-

ity ships . It was found that the difference between the high

and low productivity ships in terms of P145 accomplishment

rate was statistically significant at the .05 level of signi—

ficance. This suggests that there are true differences between

the high and low productivity ships in terms of PMS accomplish-

ment rate . It was found that the differences between the

• high and low productivity ships were not statistically signi-

ficant at the .05 level of significance for PMS inspection

scores , number of major awards won , and number of departmental

awards won. This suggests that there are not true differences

• between the high and low productiv ity ships in terms of PMS
• inspection scores, number of major awards won, and number of

departmental awards won.

• 14Additionally, C—rating data on the material readiness of
the ships was collected by systematic sampling of NAVFORSTAT
reports. The high productivity ships had a slightly highe r
average per cent of days in the two highest categories of

terial reediness • However , the difference between the high
and low productivity ships was not statistically significant
at the .05 level of significance .
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Figure 16. Differences in High and Low Productivity
Ships in Terms of Performance Measures

1.0 
1.0

• 
• . 7 9

P145 .68 p~j~ — 
.71 .70

Acccm— Inspec—
plish— 

N — 13 tionment~ •~~ 
- 

N 1 3  Scores~~5 N l 3Rate 
N l 3

High Pro -Low Pro— High Pro— Low Pro-
ductivity ductivity ductivity ductivity
Ships Ships Ships Ships

2~~ 1.84 1.0
- 1.69

Average AverageNumber • Number
of • of
Depart— Major .5mental 1.0 Awards
Awards N l 3  

N — 1 3  Won .38
• Won .23

• N — 1 3
_ _ _ _ _ _  _ _ _ _ _ _  

N l ~j
High Pro -Low Pro - High Pro- Low Pro-ductivity ductivity ductivity ductivity

• Ships Ships Ships Ships

*Differen ces statisticall y significant at .05 level of
signi ficance . Planned maintenance actions per man was
found to be positively correlated (r — .70) with PMS
accomplishment rate. N number of ships.
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• The differences between the high and low productivity

ships in terms of productivity ratios and performance measures

• such as P145 accomplishment rate suggest the following:

(1) High productivity ships as determined by the labor produc—

tivity measure planned maintenance actions per man appear, in
general, to be superior to the low productivity ships in terms

of the productivity and performance measures examined in this
t -

study.

(2) The productivity measure planned maintenance actions per

man appears to be a reasonably accurate and valid labor produc—

tivity measure .

(3) The materials productivity measure planned maintenance ac—

tions per OPTAR dollar appears to be less accurate, less valid,
and less meaningful than the labor productivity measure planned

maintenance actions per man .

3. Differences in Enlisted Personnel Attitudes and
Perceptions

Lastly, the high and low productivity ships were corn—

• pared in terms of the attitudes and perceptions of the en-

listed personnel on the ships. This was done by comparing the

responses of the personnel from the Ship Efficiency Question—

maize. The questionnaire was designed to measure attitudes

aed p.roeptions of enlisted personnel regarding factors which

~~~ .Ueet pco metivity such as adequacy of tools • A total

if UIJ ~~ Uased pegesmeel responded to the question naire.

~~~~ MU of the respondents were from high pro—
___ ___ 

~~~~esJ~~Mly ome MU of th. respondents
• ••~~~~~~ — *. & w ~~4ps. The puzpoee La comparimq
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the responses from personnel on the high and low productivity

ships was to identify factors related to productivity levels

• on the ships. Identification of factors related to productiv—

• ity levels could lead to a better understanding and explana—

• • tion of why some ships have higher productivity ratios than

other ships.

In this study it was found that enlisted personnel on

• the -high and low productivity ships have consistent differ—

• 
• ences in terms of attitudes and perceptions. Figure 17 dis—

• plays the mean score on each of the five indices measured by

the Ship Ef ficiency Questionnaire of enlisted personnel on

the high and low productivity ships. The index scores are on

a scale of one to five.15 A higher score indicates a more

positive attitude or perception concerning the factor being

• measured. On each of the indices the personnel on the high

productivity ships had a higher mean index score. This indi-

cates that the personnel on the high productivity ships had

a more positive attitude toward the factor being measured

by the index than the personnel on the low productivity ships.

Personnel on the high productivity ships had a higher mean

index score on the adequacy of management index, the adequacy

of resources index, the extent of positive leadership index,

and the extent of negative leadership index . It should be

noted that the differences in the mean index scores were

• 3•5The Likert Scale was used in the Ship Efficiency Ques-
tionnaire: 1 — to a very littl, extent, 2 — to a little extent,
3 — to same extent , 4 — to a great extent , 5 — to a very great
extent.
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Figure 17. Differences in High and Low Productivity
Ships in Terms of Questionnaire Index Scores

5.0 5.0
• Adequacy

• Adequacy of
of Resource

Manage— 
________

3.04 299 Index* 3.0 2.76 2.57ment ________

Index 3.0

N 1034 N 117l N l034
N 117l

0.0 0.0
High Pro- Low Pro— High Pro- Low Pro—
ductivity ductivity ductivity ductivity
Ships Ships Ships Ships

• 
5 . 0  5 . 0

Extent of
Extent of Teamwork

• Positive Index*• Leader~ 3.04 3.17 3.032 • 95 __________ship~~ 3.0Index 3.0

N l034 N l034• N 117lN — 1171

0 . 0  _________ -________ 0.0 
_________

• High Pro- Low Pro- High Pro -Low Pro-
ductivity ductivity ductivity ductivity
Ships Ships Ships Ships

5.0
Extent of
Negative

• • Leader— 3.23
3~~~ 1Rship 3.0

*Differen ces N a 1034
• statistically significant at N — 1171

.05  level of significance.
N - number of questionaire
responses.

0.0~~~ _ _ _ _ _ _

High Pro -Low Pro-
ductivity ductivity
Ships Ships
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statistically significant for the adequacy of resources index,

the extent of positive leadership index, and the extent of

teamwork index at the .05 level of significance.. This sug-

gests that there are true differences between the attitudes
• 

and perceptions of the personnel on the high and low produc-

tivity ships in terms of their attitudes and perceptions re-

garding the adequacy of the resources they use such as tools

and supplies, the extent of positive leadership such as use

of praise they feel they receive, and the extent of teamwork

they feel their work center has. It should be noted that the

differences in the mean index scores were not statistically

significant for the adequacy of management index and the ex-

tent of negative leadership index at the .05 level of signi—
• ficance. This suggests that the observed differences between

• 
these index scores may be the resu~t of chance rather than

the result of true differences for these two indices.
• In examining the mean scores per question from per-

sonnel on the high and low productivity ships, it was found

that there were differences between the responses from person-

nel on the high and low productivity ships. Figure 18 displays

the mean response per question for personnel on the high and

low producti vity ships for four questions. The personnel on

the high productivity ships had a higher mean score on each

of the 16 questions except for one question. Only on the

question dealthg with the effectiveness of shipboard training

did the personnel on the low produCtivity ships have a higher

mean score . It should be noted that the differences between

I



Figure 18. Differences in High and Low Productivity
Ships in Terms of Questionnaire Results
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the mean scores per question were statistica lly significant

at the .05 level of significance for seven out of the 16

questions. It appears that there were true differences be-

tween personne l on the high and low productivity ships in

• terms of their attitudes and perception regarding the ade-

quacy of their tools, the adequacy of their supplies , the

extent supervisors assist them, the extent they are motivated

to work, the extent of teamwork in their work center, the

extent of effective planning in their work center , and the

extent of encouragement in their work center .

• The responses to the four questions in Figure 18 have

the highest degree of association with the level of produc-

tivity on the 26 U. S. Navy ships. The degree of association

• is indicated by the correlation coeffiàients listed below:

• — adequacy of tools (r — .67),

— adequacy of supplies (r .55),

— extent of teamwork Cr — .54),
— adequacy of planning Cr - .47).

The correlation coefficients in parentheses are significant

at the .05 level of significance. Other correlation coeffi-

cient s are listed in Appendix B.

In su~~.ry, there appears to be four major factors
• which are related to the l vel of labor productivity on the

26 ships in this study. These factors in the order of their

importance are :

(1) adequa cy of tools,

(2) adequacy of supplies,

.7



(3) extent of teamwork,

(4) adequa cy of planning .

Both the examination of the differences in the attitudes and

• perceptions of enlisted personnel on the high and low produc—

tivity ships and the examination of the relationships between

the levels of productivity and the responses to the Ship

Efficiency Questionnaire suggest the importance of these four

factors, It would appear that commanding officers interested

in improving the level of labor productivity on their ships

should implement management actions oriented to improve these

four factors on their ships.

D. RESULTS OF TEE STUDY

• In this study with 26 U. S. Navy ships, the following are

the principal results and findings:

(1) Labor and material productivity ratios were computed for

26 U. S. Navy ships. This indicates that productivity can be

measured on U. S. Navy ships.

(2) The output measure used in this study was planned mainte-

nance actions accomplished. This appears to be a reasonable

output measure for U. S. Navy ships. It was found that the

average number of men assigned is significantly more impor tant

than the amount of OPTAR consumed for repair parts in affect-

ing the number of planned maintenance actions accomplished.

(3) Of the 26 ships in this study, the ships with above average

labor productivity ratios in terms of planned maintenance

actions per man also had other above average productivity

ratio. and had above average NSS accomplishment rates .
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(4) After examinin g differences in attitudes and perceptions

of enlisted personnel on high and low productivity ships, the

- following factors appear to be related to the level of produc—

tivity on the ships : adequacy of tools, adequacy of supplies,
• extent of teamwork , and adequacy of planning.



0
V. CONCLUSION

• A. FINDINGS AND RECO)O~ENDATIONS

• The following are the f indings of this research project

on measuring and enhancing productivity on U. S. Navy ships:

(1) Within the U.S. Federal Govlrnment there are substantial

efforts being directed toward productivity measurement and

enhancement in federal agencies.

• (2) An appropriate output measure for U. S. Navy ships is

planned maintenance actions accomplished. Planned maintenance
actions accomplished are the sum of all MR’s (maintenance re-

quirements as defined in the 3M/P)~ System ) fully accomplished

and 1/2 of all. MR’s partially accamplish.d. With thi s output

• measure production functions can be computed , averag e and
marginal productivity ratios can be computed, and elasticity

coefficients can be computed.

• (3 ) Once an output measure has been defined , productivity oem
be measured on U. S. Navy ships • Productivity ra tios can be
computed by dividing the output measure by an appropriate in-,

put measure.

(4) There is no clearly defined and accepted output measure
for U. S. Navy ships. However, input measures such as number
of men assigned to a ship or amount of OPTAR consumed are

clearly defined and measured on U. S. Navy ships.

(5) The productivity measure planned maintenance actions per
man was computed for 26 U. 8. Navy ships . This pr oductivity
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measure is considered a useful and valid performance measure

0 for U. S. Navy ships.

(6) The productivity measure planned maintenance actions per

OPTAR dollar (for repair parts) was computed for 26 U. S.

• Navy ships . It is considered an inferior measure to planned -

maintenance actions per man.

(7) In terms of affecting the level of output of planned main-

tenance actions accomplished, the level of personnel resources

(men assigned) i. significantly more important than the level

of OPTAR dollars consumed for repair parts.

(8) Of the 26 U. S. Navy ships studied, the ships with the

high labor productivity ratios of planned maintenance actions

per man tended to have high PMS accomplishment rates.
• (9) The methodology of “how to design and implement a produc-

tivity measurement and enhancement program” used in this re-

search is applicable to U. S. Navy ships and in general to

all organizations. The methodology includes the following

steps to design and implement a productivity measurement

system:

— defin , suitable input and output measures,

— define suitable productivity measures ,

— measure the levels of input and output using the input

and output measures,

— compute productivity ratios,

— define suitable formats for productivity reports.

The methodology includes the following steps to enhanc e or

improve th productivity of the organization:



— define weaknesses and opportunities in the organization

for productivity improvement,

• — gather information throughout the organization on weak—

• nesses and opportunities through personnel interviews, through

• attitude surveys, through brainstorming, etc.,
— implement management changes or policies in improving

• technology used in the organization, improving capital equip-

ment (tools, machinery, etc.), and creating more favorable

attitudes through leadership style changes , better coimnunica—

tion, more explicit and well—known objectives, better handling

of grievances, and better support for organization members,

etc.,

— determine if the management changes and policies have

improved productivity.

For a productivity measurement and enhancement program to be

successful and to favorably impact an accomplishment of the

organization’s objectives with the least expenditure of re-

• sources the following should be present in the organization:

— commitment to the productivity program at all levels,

— involvement of personnel in the productivity program at

all levels ,

— incentives for productivity improvement,

— clearl y stated goals and objectives for the productivity
program,

— analytical capability in the organization ,

— a measurement and reporting system in the organization,

— periodic evaluation of the productivity program.
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• (10) The Efficiency Questionnaire shown in Appendix A is con-

sidered a valid instrument to measure attitudes and percep-

tions of enlisted men aboard U. S. Navy ships regarding fac-

tors related to productivity levels on U. S. Navy ships.

Responses from 2212 enlisted personnel to this questionnaire

• indicate that the following factors appear to be related to

the level of productivity on the ships: adequacy of tools,

adequacy of supplies, extent of teamwork, and adequacy of

planning.

- 
(11) The Ship Productivity Report shown in Appendix C is con-

sidered a feasible and usable report format for general use

for U. S. Navy ships.

(12) The Shipboard Productivity Improvement Program outlined
• in Appendix A is considered a feasible and useful productivity

measurement and enhancement program for U. S • Navy ships.

The following are the recommendations of this author

based upon the findings and conclusions of this research pro—

• ject on measuring and enhancing productivity on U. S. Navy
• - ships. These include recommendations for further research.

Cl) There should be a U. S. Navy Productivity Information

Service organized. Its purpose would be to provide commands
• with suggestions , articles , and othe r information on produc—

tivity measurement and enhancement. The service would main—

tam liaison with the federal agencies involved in productiv-

ity measurement and enhancement.

• 
(2) There should be flag officer advisory committee to set

Navy—wide policies for the Department of the Navy Productivity
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Program. Such a committee could provide visible, top—level

• commitment to the productivity program.

• (3) The OPNAV instruction regarding the Department of the

• Navy Productivity Program should include the following:
• 

— the designation of an output measure for U. S. Navy

ships, -

— a suggested productivity measurement and enhancement

program for U. S. Navy ships similar to the program outlined

in Appendix A,

— encouragement for the use of productivity ratios on

U. S. Navy ships.

(4) The U. S. Navy Human Resources Management Program should

have as one of its major objectives “the improvement of pro—

ductivity on U. S. Navy ships.” Questions in the Ship Effi—

ciency Questionnaire shown in Appendix A should be evaluated

for possible inclusion in the U. S. Navy Human Resources

Management Survey. A Productivity Index should be incor-

porated into the Human Resources Management Survey. The

following two questions could be added to the HRM Survey to

form the Productivity Index :

— To what extent do you have adequate tools to work

efficiently?
- — To what exten t do you have adequate supplies to work

efficiently? -

(5) The Office of Naval Research, the Off ice of the Chief of

• Naval Operations (OP 01), and the Naval Postgraduate School

should have a vigorous productivi ty research program similar
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to the National Foundation of Science Program. One aspect of

that program is shown in Appendix G. The productivity re-

search program should address the following potential research

topics:
• — Do U. S. Navy ships have adequate tools?

— What is the most suitable output measure for U. S. Navy
• ships?

— Is a fleet-wide productivity measurement and enhancement

• program desirable?

— How is the degree of capitalization on a ship measured

and are U. S. Navy ships adequately capitalized? The degree

of capitalization could be thought of as the amount of tools

and equipment that are “used but not used up” during work.

• — What is the impact of productivity information when it

is fed—back to shipboard personnel?

— What is the effect of teamwork in achieving a high level

of productivity?

— What is the most suitable productivity measure for U. S.

Navy ships?
— What are the appropriate weights for a productivity

measure? For example , if planned maintenance actions per man

is a suitable productivity measure, how should different MR’s

(Maintenance Requirements) be weighted to compute productivity

ratios?
— What is the effect of personnel policies which encourage

motivation, creativity, innovation , and identification with

organization goals on productivity levels?
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— What is the relationship of human factors indicators of

unauthorized absence rate , divorce rate , non—judicial punish-

ment rate, and reenlistment rate on productivity levels?

— What personnel management policies are highly related

to productivity levels?

(6) Productivity measurement and enhancement programs and

methodologies should be taught and discuss.d in both officer

and enlisted management education and tra ining courses under

the auspices of the Chief of Naval Education. At the Naval

Postgraduate School, the Naval War College, and the Armed

Forces Services College the following are recommended:
— establishment of a productivity library,

— continuous receipt of productivity newsletters and

publications from federal agencies such as the Joint• I - 
Financial Management Improvement Program, Department of

Commerce, Civil Service C~~~ission, Department of Labor,

• Department of Defense, and the Department of the Navy,

— seminars be conducted with speakers from the above

mentioned organizations,

— productivity topics be included in courses in general

- • 

management, personnel management , financial management,

management information systems, management policy , etc.,

— students be encouraged to do research pap rs and

independent res.ar ah on productivity topics .

L1~~ • 
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B. SUMMARY

I n sununary , the conclusion of this research project is

that productivity measurement is feasible for U. S. Navy

ships. The following is a brief suimnary of the research ob-

jectives and findings in this research project on productiv-

ity measurement and enhancement on U. $ • Navy ships :

Research Objective Research Finding

1. Apply methodology of Productivity can be measured
productivity measurement on U.S. Navy ships once an out—
presently used in private put measure such as planned
industry and U.S. Federal maintenance actions accom—
agencies to U.S. Navy pu shed has been clearly de—
ships. fined. Productivity was

measured on 26 U.S. Navy ships
in this research project.

2. Define output and pro— One output measure (planned• ductivity measures for maintenance actions accom—
U.S. Navy ships. pUshed), a labor productivity

measure (planned maintenance• actions per man) , and a
materials productivity measure

• (planned maintenance actions
per OPTAR dollar) were defined
and utilized in this research
project. These measures can
be used for U.S. Navy ships.

3. Compute a production A production function for 26
function showing the rela— U.S. Navy ships was computed.
tionship between output The averag e number of men as—
and input measures for U.S. signed was found to be signi—
Navy ships . ficantly more important than

th• amoun t of OPTAR spent for
repair parts in affecting the
number of planned maintenance
actions accomplished.

• 4. Develop and a’~~inist.r The Ship Efficiency Question-
an attitude questionnaire naire shown in Appendix A was
to d.tsrain. what factors developed at the Naval Post -
ar. related to productivity graduat School and admini.-
on U.S. Navy ship.. t.r.d to 2212 enlisted personnel.

The questionnair. consists of 16
questions and is considered a
valid attitude measurement in-
•trumsnt which can be us.d
aboard U.S. Navy ships.

__________ ______________________ __________ ______ 
I
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5. Isolate factors which After analyzing the 2212 re.-
are related to productivity ponses to the Ship. Efficiency
levels on U.S. Navy ships. Questionnaire it was found• that four principal factors re-

• lated to productivity levels
on 26 U.S. Navy ships are ada--
quacy of tools, adequacy of
supplies, extent of teamwork,
and adequacy of planning.

6. Develop a productivity Numerous productivity reports
report for U.S. Navy ships were develOped and evaluated
similar to productivity re- during thi, research project.
por ts being used in private The Ship Productivity Report
industry and U.S. Federal shown in Appendix C is a format
agencies, for a computer—based productiv-

ity report. The report is con-
sidered usable for U.S. Navy
ships and within the current
“stat, of the art” for manage-
ment information systems.

7. Develop a shipboard The Shipboard Productivity In—
productivity measurement provement Program shown in
and enhancement program. Appendix A was developed as an

• end—product of this research
project. The program is pr,-
sented in a U.S. Navy instruc-
tion form and outlines sugge.—
ted steps in implementing a
productivity measurement and
enhancement program aboard a
U.S. Navy ship.

Productivity measurement is feasibl. on U.S. Navy ships

only if th. following conditions are met:

— an output asasuz. such as planned maintenanc, actions
accomplished or units of cc bat readin•ss is clearly d.fin.d ,

— productivity measures (output versus input) ar. clearly
defined,

— th. value of th. productivity information is considered

to outweigh th. cost of coll.ctinq tha required data ,
— a motivation exists to utilize productivity information

to aid in asking management decisions.
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Many private industries and U.S. Federal. government agencies
vigorously pursue productivity measurement and enhancement
programs • Whether productivity measurement programs are in—
plemsnt.d on individual U.S. Navy ships is strictly the d.ci—

• I sion of the individual coasanding officer . He is in the best

position to evaluate th. potential benefits and costs of a
productivity measurement and nhancement program for his ship.
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APPENDIX A : SHIPBOARD PRODUCTIVITY
IMPROVEMENT PROGRAM

• ~~ , ~~~~ Co~~~~ding Officer, USS XXXXXXXX~OC
• To: Distribution List

Subj: Shipboard Productivity Improvement Program
• Ref : (a) DODINST 5010.34 of 4 AUG 1975

En d :  (1) Factors Affecting Shipboard Productivity

(2) Sample Productivity Data Record

(3) Sample Productivity Data Worksheet

(4) Sample Format of Productivity Status Board

(5) Sample Ship Efficiency Questionnaire

• (6) Mean Scores on Efficiency Questionnaire
1. ~~~~~~~~~~~~~~~ The purpose of this instruction is to provide
information on the Shipboard Productivity Improvement Program.
2. Background. For many year s there has been considerable

interest throughout the Federal government in improving pro—

ductivity in the Federal government. Reference (a) i~ the

basic instruction in the Department of Defense. Reference (a)

discusses productivity enhancement , measurement , and evalua-
tion — operating guide lines and rep orting instructio ns for the
Depar~~ent of Defense. Referenom (a) stat.. ,

‘Organizations must be both (a) ef fective — accomplish
tbe right things, in the right quantities at the right• times and (b) efficient — accomplish the right things with
the lowest possible expenditure of resources. The effi-
ciency with which organizations utiliz, all types of fund

• resources (operating and investment ) to acc~~~lish the iraission represents total resource productivi ty . The effi-
ciency with which organizations utilize labor resourc es to

___________________  
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accomplish their mission represents labor productivity...
The primary objective of the DOD Productivity Program is
to achieve optimum growth (increase the amount of goods
produced or services rendered in relation to the amount
of resources expended ) throughout the Department of De-
fense. Productivity increases are vitally needed to help
offset increased personnel costs , free funds for other
priority requirements, and reduce the unit cost of neces—

• sary goods and s.rvices.’

3. Discussion. The Shipboard Productivity Improvement Pro-

gram is a series of objectives , guidelines, and suggestions

on how productivity can be measured and improved aboard a

U. S. Navy ship. The objective of the program is to improve

shipboard productivity in terms of increasing output (accom-

plishment of PMS) without increasing input of resources (men

and materials). It is designed to have a favorable impact

on the important shipboard objectives of increasing PMS
• accomplishment rates , increasi ng the ‘productive work hours

per day’ of shipboard personnel, and improving ship material

condition.

The major objective of any ship is to maintain a high

state of combat readiness . The material condition of the =
ship is a major factor affecting the combat readiness of the

ship. As shown in enclosure (1) productivity i. a key fac-

tor affecting the material condition of a ship and cons.—
quently the combat readiness of the ship.

Productivity is defined as th. ratio of output to input.

In this instruction the terms pro ductivity and efficiency are

used interchangeably. Productivity indices are ratios of

• output massur.s to input measures • There are two productiv~
ity indices which can be easily computed for a U. S. Navy
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ship. These are the Pereonnel Productivity Index (PPI) and

the OPTAR Productivity Index (OPI). The output measure

• should be a measure of combat readiness, material condition,

• or maintenance accomplished. The measure which is easiest to

determine is PMS actions completed. Either a weighted index

which takes into account the differences between daily , weekly,

monthly, semi—annual, etc. maintenance actions or an un—

weighted index could be used. An unweighted index would be

a count of maintenance actions completed. For example, a

work center which completed 100 maintenance actions in a week

with 10 men assigned and spent $100 in OPTAR for supplies or

repair parts would have the following indices:

Personnel
• Productivity — 100/10 — 10.0 Maintenance ActionsIndex (PPI) Per Man

OPTAR
Productivity — 100/100— 1.0 Maintenance Actions
Index (OPI ) Per OPTAR $

The product ivity indices can be modified to include non—PMS

outputs such as training outputs (example PQS points), service

outputs (example meals cooked) , and administrative outputs

(,iraaple letters typed) .

There are seven basic step s in implementing a shipboard

productivity improvement program. The program can be imple-

mented in one or all departments of a ship. The program can

be implemented in one or aU work centers of a department.

Specific program procedures should be tailored to specific

• ship , department, and work center needs . The following steps

in impl enting a program for a shipboard department are

suggested:
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Step 1. Ensure cozmi~itment. There must be a real comuitinent

of the department head, division officers, departmental 3M

• coordinator , and work center supervisors to the productivity

improvement program. The commitment must be for ‘long—term’
productivity gains as opposed to ‘short—term’ productivity

gains.

Step 2. Ensure involvement. There must be involvement and

participation from men from all levels of the department in

planning the specifics of the productivity improvement

program.

Step 3. State goals and objectives. The goals and objec-

tives of the program must be fully defined and understood by

everyone in the department. The objective of the program is

to improve productivity in each participating work center by

increasing the output of the work center in terms of maiñte—

nance actions accomplished with little or no increase in the

input — amount of resources utilized (manhours and/or

materials). The objective for each work center is to improve

past productivity indices by eliminating inefficiencies, by
improving technical skills of work center personnel, by pur-

chasing labor.saving tools and equipment , by improving work

center morale, etc. For example a work center which had a

PPI of 10.0 maintenance actions per man and an OPI of 1.0

maintenance actions per OPTAR $ in one month would have the

objective of improving their PPI and OPt in the following

• month.

Step 4 • Measure and monitor productivity • There must be a

syst to asure and monitor productivity and productivity
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changes. The output measures, input measures, and productiv~-

ity indices must be defined. Assuming the output measure of

• maintenance actions accomplished , the input measure of aver-

age men assigned, and the productivity indices of PPI and OPt

= are selected , the following steps would be followed in the

collection of data and the computation of the productivity

indices:

4a) Each work center supervisor on Friday afternoon or

Monday morning should review the PMS Work Center Weekly

Schedule. Each should record the following information on

the Productivity Data Record page in his PMS Work Center

Manual as shown in enclosure (2 ) :

(1) Dates shown on the weekly schedule.

(2) Number of PM’s (Planned Maintenance Actions) scheduled

• for the week.

(3) Number of PM’s fully accomplished during the week.

(4) Number of PM’s partially accomplished during the week.
4b) The department 3M coordinator at the end of each

month should fill in the Productivity Data Worksheet (enclo—

sure 3) .  Me should do the following:

(1) Review each work center space manual and record the
information on the Produ ctivity Data Record page ,

(2) Contact the personnel office to determine the average j
number of enlisted men assigned to each work center for the

previous month (the average would equal the number assigned

• on the first day of the month plus the number assigned on the
last day of the month divided by 2),
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= (3) Contact the supply department to determine the amount
of OPTAR which each work center spent during the month (this

• amount would equal the value of all the NAVSUP FORMS 1250’s
submitted by each work center during the previous month),

(4) Fill Out the remaining sections of the Productivity
• Data Worksheet (note that a partially accomplished PM equals

1/2 of a ful ly accomplished PM) ,
(5) Su~~it the completed Productivi ty Data Worksheet to

the department head with copies to division officers and work
center supervisors.

4c) The department head should meet with division of f i—

cers, the departmental 3M coordinator , and other key personnel to
discuss the productivity results of the previous month and
productivity objectives for the current month. Key questions

• which might be addressed are :

(1) Is thi s data correct? Does it support subjective

evaluations in each wor k center?

(2) What can be done to improve productivity in the

current month?

(3) What is the minimum productivity we should be striving
for in the current month given the output requir ements (number

of PM’ s which should be accomplished) and the avai lability

of inputs (personnel and OPTAR) ?

(4) Do we need additional resources?
4d) The department head should maintain a Productivity

• Status b ard in the department office or same othe r suitable
location . A suggested format for the Pr oductivity Status

3
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Board is shown in enclosure (4). The purpose of the status

board would be to show productivity trends and to provide a

feedback to work center personnel on their productivity per-

formance.

• Step 5. Provide incentives. There should be incentives pro—

vided for work center personnel to make a concerted effort to

improve productivity. Incentives could include granting of

extra liberty, awarding high evaluation marks, recommendations

for Commanding Officer ’s Meritorious Mast, recommendations

for special awards, etc.

Step 6. Have analytic capability. There should be analysis

of the productivity data to discover problem areas and un-

favorable trends. Attitudes affecting productivity should be

• investigated. Enclosure (5) is a sample efficiency question-

naire which can be used to investigate attitudes of work

center personnel. Enclosure (6) lists mean scores on each

question from 2212 respondents who took the questionnaire in

1976.

Step 7. Periodically evaluate the program. There should be

a set procedure to periodically evaluate the entire produc-

tivity improvement program. This is to determine if the pro-

gram is meeting its stated obj ectivel , if the data collection

is worth the time in’~o1ved, if the program i. favorably

affecting the attitudes of work center personnel , if the pro-

gram i. favorably affectin g PMS accomplishment , and if the

progr am is favorably affecting the material condition of work

center equipment. If the program is having an overall
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favorable effect , it should be continued. If the program is

having an overall unfavorable effect, it should be diacon—

tinued.

Implementation of a productivity improvement program can

• produce many favorable effects. Some of these are:

= 
S 

(a) The program can result in greater accomplishment of

PMS and therefore improve the material condition of the ship.

(b) The program can result in a decrease in the consump-

tion of resources. Jobs could be done with fewer personnel

and less expenditure of OPTAR funds.

Cc) The program can result in increased motivation of

= work center personnel to be efficient and to be less wasteful

of time, material, and supplies. It can increase their

• motivation because of stated goals, a set measurement proce-

dure, incentives, and feedback of information.
(d) The program can result in greater awareness of eff i—

ciency, cost—consciousness, and time—consciousness by work

center personnel.

Ce) The program can extend and improve the PMS system.

Since the output measure recommended in this instruction is

= 
PM’ s accomplished, there is greater emphasis on accomplish—

ing scheduled PM ’ s and on accomplishing unscheduled PM’S when

corrective maintenance is accomplished.

(f) The program can result in improved management dcci—

sions. The program can provide excellent and useful manage—

ment information. This information in the form of productiv—

ity indices can be used along with quantitative, qualitative,

_ _  _  
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and subjective information to make management decisions on

allocation of resources, scheduling of work, submitting re-

• quests for additional resources, and evaluating work center

performance. The productivity indices, when used with other

S 
information, can be used to detect problem areas and unfavor-

able trends. The indices can be used as a basis for granting

awards and rewards for superior performance. The indices
S 

can be used to support requests for additional resources when

it can be shown that it would be impossible to achieve a given

output with present resources.

Additionally, the program, if not properly implemented

and administered , could produce unfavorable effects. Some of

these are :

(a) The program could result in generati ng excessive

paperwork.

(b) The program could result in poorer quality of work if

work center personnel perceived that quantity not quality of

work was desired. To avoid poorer quality of work, work

center supervisors and above should continue to closely super—

vise the accomplishment of PMS . They should rigorously ensure

that each maintenance action is properly accomplished with

the proper tools, with the proper materials , by~doing every

step on the MRC (Maintenance Requirement Card ) , and by accom—

plishing the maintenance action on each piece of equipment on

the IGL (Equipment Guide List) as applicable.

• Ce) The program could result in a mi suse of the productiv—

ity data . The productivity indices alone are not useful
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without other information such as subjective opinions. A

statement such as “Work Center A is better than Work Center

• B because Work Center A has a higher productivity index than
S 

• Work Center B” is a highly inaccurate, misleading, and false
S statement . The statemen t is a misuse of productivity data

because it doesn ’t. include information on possible reasons

for differences such as differ ences in personnel , r~ission re-

quirements , availability of resour ces , and other factors.

Productivity indices must be used with other data and infor-

mation to make valid statements, j udgments, and decisions.

Cd) The program could generate adverse or negative atti-
tudes and emotions among work center personnel. Some individ-

uals may feel that measurement of productivity “can ’ t be done

on a ship” and is therefore “unfair”. Some individuals may

feel frustrated if they feel that productivity goals are set

unrealistically high. Additionally, a department head who

says “working hours will be extended one hour per day until

the productivity indices improve” will generate a great

amount of ill feelings toward the program. To avoid generat-

ing adverse or negative attitudes and emotions work center

supervisors and above should stress the positive benefits of

the program and use the productivity indices in a positive

manner.

(e) The program could provid, information which is m ac—

curate . Relati ng the amount of Nib accomplished in a work 
S

• center with the number of men assigned and with the amount
of OPTAR spent may not be a useful measure in some departments
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and work centers . This is true if a large portion of the

personnel and OPTAR are used for activities not related to

• PMS accomplishment. To avoid this, an output measure should

be selected which is representative of the activities of the

work center. Another solution to this problem would be to

submit feedback forms to include more wol k center activities

in the PMS system. This would have the beneficial effect of

extending the system. -

4. Action. The objectiv es, guidelines, and suggestions of

- 
the Shipboard Productivity Improvement Program should be re-

viewed by all work center supervisors and above and imple— S

mented as considered appropriate.

=
Distribution:
3M Manager

S 3M Coordinator
S 

Department Reads -

Departmental 3M Coordinators
S 

Wor k Center Supervisors

110
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FACTORS AFFECTING SHIPBOARD PRODUCTIVITY

• Equipment Design
Features

Labor Saving Technology• Devices
State—of—the—Art

• Developments

Tools
• Test Equipment

Supplies Material Combat
Materials Resource s~~ Productivity~~ Condi— )~ Readi—Lubricants tion of ness ofPersonnel Ship Ship

Teamwork Co~inand Actions
Job Satisfaction JPerformance j  Commitment

Evaluations S Involvement
Supervision Goals & Objectives
Motivation Personnel Measuring & Monitoring System

S Training Perform— Incentives
Confidence in P145 ance Analytic Capability
Group Goals Periodic Eva luation
Management
Assistance from

- Supervisors
Assistance from

Others 
• >

Input Output

Note: An effective way to provide an increased level of out-
put without an increased level of input is through increased
productivity. The focus of the effort should be toward the
development of specific command actio ns involving any of theinput factors which result in an improved level of produc-.
tivity.

Enclosure C l)
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PRODUCTIVITY DATA RECORD

1 2 3 4WEEI( • PM’ s SCHEDULED # PM’ s FULLY # PM’ s PARTIALLY
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ACCOMPLISHED ACCOMPLISHED

j  

• 

•

INSTRU CTIONS : Fill this record out at the end of each week.In Column 1 insert the same dates as are shown on the P145Week ly Schedule. Count the number of PM ’s schedul ed duringthe week . Record the number in Column 2. Count the numberof PM ’s fully accomplished (X’ s on the schedule) . Recordthis number in Column 3. Count the number of PM’ s partia llyaccomplished (circles with a P next to them) • Record thisnumber in Column 4. When corrective maintenance is accom-plished ensure applicable PM ’ s listed on the NIP (Maintenance
- -  index Pag e) are also accomplished and recorded on the weeklyschedule .

Enclosure (2)
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DEPARTMENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

DATE___________

PERIOD COVERING S S NONTW - S

PRODUCTIVI TY DATA WORKSHEET

• LINE DATA ITEM WC WC WC WC DEPT
• . ____  ____  ____  ____  

TOTAL

- - 
- 

. 

1 $ PM’ s SCHEDULED

2 • PM’ s FULLY ACCOM

3 I PM’s PART ACCOMP

4 TOTAL ( L I N E 2 + ~~LINE 3)
. 5 AVE IPERS ONNEL S

ASSI~~ED

6 AIft OF OPTAR CON—
S 

SUMED FOR MONTH

7 S P145 ACCOM (LINE
4+LINE 1)

8 PERSONNEL PRODUC—
• TIVITY INDEX —PP I

-
~~~~ (L I N E 4 + L I N E 5)

9 OPTAR PRODUCTIV—
IT! INDEX — OPI 

S

(LINE 4 + LINE 6)

INSTRUCTIONS $ Get data for lines Il, 2 & 3 from Productivity
Deta Record pages in Work Center Space Manuals. Compute line
#4. Get dat a for line #5 from the Personnel Office. Get
data for line #6 from the Supply Office . Comput e lines #7 ,8 ,
aM a.

*

Enclosure (3)
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SAMPLE FORMAT

• 
PRODUCTIVITY STATUS BOARD

- 
PMS ACCOMPLISHMENT RATE

WORK CENTER 2 MONTHS AGO LAST MONTH

5~~~~V!~XGE

PERSONNEL PRODUCTIVITY INDEX

WORK CENTER 2 MONTHS AGO LAST MONTH

b!P~~XVfPXGE

OPTAR PRODUCTIVITY INDEX

WORK CENTER 2 MONTHS AGO LAST MONTH

H

_ _ _ _ _ _ _  
Enclosure (4)
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SHIP UPICIE~CT QmmTIONAIR!

i. Plea., fill La the Laforoutiac r.q .d:
Ship ___________ 

york Csut.r _________

—_

Ar. you the york c e a r  .iesretsor? — 
YU 

— 
10

i-s
S 

~ ~~~ .ac~ qusotios cersfully. Thea for each
• •tat eat, pies. se I to the ~~~ bStSd boa t~~ er

• the ea~~ r thick ~~~~t accurately describe, your

• S 
~~~~~~~~~• 

a ’
• ~1

S 

- 

• • S .

1. To vbee eateat do you hare ad.qu.te tool. to york — — — — —
sit icioutly? ~ $ ~

2. To that eateat 4. you bar. adequate suppUse to i0

osob efficbootly? ~ *

3. To that eateat are you praiJed thea you work
eff4~t~~rl1? ‘ ~ ..L. ..L. .L

4. To that o u tt  are you cb sd out thea you ourk a
• iastficieatly? ~ • ~ S

S. To that .zteat do you ~et hi h.r eval.atiosa vb
you work sit icissily? ~ ~~ _~~~• 4. To whet extuat do you ~~t lust evuluatioss thea
you work iauifioi~~~’y? , ~ $ •

7. To that tsat do your supervisors seai.t you to
S 

sffj.4~~~ly? ••L• •J•• ~
5. To that tea do other La your work costar •

assist you to usik e1f44 1y? $ $ •
~
. To ~~ s t t  4. you aujoy your job?

• ~ ~

1.0. To that aureat us you ti.atsd to work es — — —
eff4.4 1y pusible? 

~~ ~L. J.. ~
11. T. thsc—-- t d. you bsUors PIU i s a~~..d N

12. To ~~~e sset 4. your .hijbssrd ~~~~~~ .ss.t... N
help you isuss a. work sore efftd tlp? 

$ $ • ..L.
13. To that t a  does your work us.v her. osla

to L.,a... eif°~’ ”y? 2. .2_ ~
14. T. whae~~~~~tt * th.,s e _~~~k i a yoOr work N

.~~ _ ?

IS. Ta ~~~eat La $ur iurk ad.q tsly p’~~~~~
La a4. es La your work . a . r?

1*. To ~~~s ~~ i. .~~ bu. .4 year work tosser N

• ~~~~~~ seth other a. 1vs their bass afoot? 
-

~~~~~

Theak you for your s.epsutLas — DO JO? $~~ TODD 1~~~

3.15 
Enc losur e (5)

S 5—-— - 5~~55



SUIOIARY OF 2212 RESPONSES TO

SHIP EFFICIENCY QUESTIONNAIRE

QUESTION # QUESTION MEAN STAND. DEV.

1 Adequate tools? 2.63 1.05
2 Adequate suppli es? 2.69 .95
3 Praise? 2.66 1.05
4 Reprimands? 3.30 1.12

• 5 High evaluations? 3.02 1.12
6 Low evaluations? 3.11 1.15
7 Supervisors assist? 3 .22 1.12
8 Others assist? 3.28 1.06
9 Enjoy job? 3 .07 1.32

• 10 Motivated? 3.01 1.20
11 PM’s good? 3.40 1.26
12 Adequate traini ng? 2.74 1.19

S 

13 Efficiency goals? 2.92 1.14 -

14 Teamwork? 3.21 1.22
15 Adequate planning? 2.98 1.16
16 Encouragement? 2.80 1.20

H



APPENDIX B: SHIP EFFICIENCY QUESTIONNAI RE

A. GENERAL COMMENTS

The Ship Efficiency Questionnaire shown in Appendix A was

deve loped dur ing the Spring 1976 at the U.S. Naval Postgrad—
S uate School , Monterey , California. It consists of 16 ques-

tions. It was modeled after the U.S. Navy Human Resources
• Management Survey. The questionnaire utilized the Likert -

Scale. The respondents marked each question according to the

following key :
5 

1 — To a very little extent
2 — T o a lj t t l e extent 

S 

S

3 — To some extent S

4 — To a great extent
5 — To a very great extent

The Likert Scale was chosen due to the familiarity of U. S.

Navy personne l with the scale and due to ordinal (ranking)

characteristic of the scale. There were three objectives of

the questionnaire:

— to identify factors or variables which strongly affect

productivity,

— to identify possib le problem areas on U. S. Navy ships
with regard to the factors or variables affecting productivity,

— to identify differences between high and low productiv-

ity ships in terms of the factors or variables measured by

the questionnaire .

Personnel from 22 of the 26 ships responded to the question- .

naire. There were a total of 2212. respondents .

The analysis of the responses to the questionnaire was

acco~~ lished at the U. 8. Naval Postgraduate School using
S 

-
- 
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the SPSS (Statistical Packag e for Social Sciences ) computer

S 
s*th routines on an IBM 360/65 compu ter . The following eta—

• tistical techniques were utilized:

— descriptive statistics to examine questionnaire res-

ponses ,

— correlation analysis to determine relationships be—
S 

tween questionnaire responses and productivity measures,

— regression analysis to determine if the questionnaire

responses could be used to predict productivity measures,

— hypothesis testing using the t- test to determine if

differences between the means per question between the high

and low productivity ships were statistically significant,

— factor analysis to identify the general dimensions

measured by the questionnaire.

B. DISCUSSION

A s—ary of the mean scores by question is provided in

Appendix A. The per cent of resp ondents on each question

selecting answers one through five on the Likert Scale is

shown in Table B—I. In examining these tables, the follow-

ing are observations :

(I.) The five highest means are for questions dealing with

extent PI~~ is good, extent chewed out , extent others assist ,

extent supervisors assist , and extent of teamwork . S

(2) The f ive lowest means are for questions dealing with

adequacy of tools , adequacy of supplies , extent of praise ,

adequacy of shipboard training, and extent of encouragement.

- •S ~~~~~~~~~~~~~~~~~~~~~~~~~ • - - 
•
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(3) The two lowest means were for the questions regarding

the adequacy of tools and the adequacy of supplies. 39.3%
• and 36.7% of the respondents marked the lowest categories

on the Likert Scale (1 or 2) in answering these two questions.

In this author’s opinion th. relatively low mean scores and

the high percentage of~men selecting the lowest categories
on the Likert Scale for the questions regarding adequacy of

tools and the adequacy of supplies indicates that there are

a large proportion of personnel on U. S. Navy ships who feel

that their tools and supplies are inadequate to work effi-

ciently . This is supported by the author’s shipboard ex-
perience. Maintaining the proper amount and kind of tools

and supplies are frequently major problems and are the

source of complaints of enlisted personnel. Frequently en—
• listed personnel are heard saying, ‘we never have enough

tools to work properly” and awe never have enough supplies

(lubricants, rags, paint thinner, cleaning supplies, etc.)

• to work properly’.

The questionnaire resp onses suggest both favorable and

unfavorable attitudes and perceptions regarding factors

affecting productivity. The following are this aut hor ’s

generalizations regarding the favorable perceptions of en-

listed personne l on the 22 U. S. Navy ships who took the

• efficiency questionnai re :
(1) They believe P~~ is a good system.

• (2) They believe the re is teamwork in their work centers .
(3) They believe their supervi sors assist them to work
efficiently .

L 
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(4) They believe others in the work center assist them to

work efficiently.

• The following are this author’s generalizations regarding

• the perceptions of enlisted personnel on the 22 U. S. Navy

ships who took the questionnaire which suggest possible

-

S problem areas: S

(1) They believe they have inadequate tools to work effi-

ciently.

(2) They believe that have inadequate supplies to work eff i—

ciently.

(3) They believe their shipboard training sessions do not

help them to learn to work more efficiently.

(4) They receive little praise when they work efficiently.

(5) They get ‘chewed out’ when they don ’t work efficiently.

• (6) They get little encouragement from other members in

their work center to give their best effort.

To determine if there were any general dimensions mea—

• sured by the questionnaire, a factor analysis of the ques-

tionnaire responses was conducted using the SPSS (Statisti-

cal Package for Social Sciences) computer subroutines • In

the factor analysis the VABIMAX factor rotation was used.

The correlation matr ix, varimax factor matrix, and factor

score coefficient matrix are shown in Tables B—Il , B—Ill ,

and B-’IV. The factor analysis indicated that there were

five general dimensions measured by the questionnaire.
• These dimensions and the names provided by this author are

shown below.

120
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Factor - Dimension—Index Name

Factor 1 Management Index
• Factor 2 Resources Index

Factor 3 Positive Leadership Index
Factor 4 Teamwork Index

S Factor 5 Negative Leadership Index

The questions on the questionnaire associated with each dimen-

sion are shown in Table B—V. Index scores were computed for

each dimension by adding the scores for each question in the

dimension and then dividing by the number of questions in the

dimension. Table B—VI is a summary of the mean index score for

the 2212 respondents to the questionnaire.

To identify important factors or variables affecting pro-

ductivity and to determine the relationships between the res—

• ponses to the questionnaire and productivity measures, a sta-

tistical analysis of the data was accomplished. First, the

Pearson correlation coef ficient (r) was computed to determine

the relationship between the mean scores per question per

ship. Also the Pearson correlation coefficient (r) was corn—

• puted to determine the relationship between the mean index

score per ship and the mean planned maintenance actions per

man per ship. Tables B—VII and B—VIII display the Pearson

correlation coefficients. Second, the 26 U. S. Navy ships

were divided into two groups according to their planned main-

tenance actions per man ratios . The two groups were desig—

• nated the high productivity ships and the low productivity

ships . Table B—tX shows the mean scores per question of

personnel resp onding on th. high and low productivity ships.

Table B—X shows the mean scores per index of personnel rca-

ponding on the high and low productivity ships .

____ 
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Inexamination of Tables B—VU , B—VIII, B—IX and B—X, the

following observations are made :

(1) The seven variables (questions) which had statistically

• significant differences in mean values between the high and

low productivity ships using the t—test were : adequacy of

toolè, adequacy of supplies, extent supervisors assist, ex-

tent motivated, extent of teamwork, extent of planning, and

extent of encouragement.

(2) Of these seven variables three had correlation coeff i-

cients above .50: adequacy of tools (.67), adequacy of sup-

plies (.57), and extent of teamwork (.54). Additionally, the

variable adequacy of plannin~ had a correlation coeff icient

of .47.

(3) Three dimensions had indices which had statistically

- 
• significant differences in mean values between the high and

low productivity groups. These were the Resources Dimension,

the Teamwork Dimension, and the Positive Leadership Dimension.
- , (4) Of these three dimensions one had a correlation coeff i—

cient above .50: Resources Dimension (.65).

The final aspect of the analysis of the questionnaire

resp onses consisted of using multiple linear regression tech—

niques with SPSS (Statistical Package for Social Sciences)

computer subroutines to determine if mean scores per question

• per ship and mean index scores per ship could be used to pre—

dict specific productivity or performance measures. The
S following regression equations were computed (t statistics

in parentheses ) :

I

_ _ _ _  

122 
______——-

~

- --—__ I

a 
- 

Wi -: -,



(1) Y — —15.41 + 5.l$X1 + 4.16X2 where

(3.94) (2.77)

• Y — planned maintenance actions per man

X1 — mean score on adequacy of tools question
• 

- 

X2 — mean score on extent of teamwork question

Relevant statistics are:

r2 — .6l

F ratio (overall) — 14.99

Standard Error of Estimate — 1.47

(2) y — —4.58 + 6.45X1 + 4.54X 2 — 5 .00X
3 

where

(4 .28)  (2 .58)  (2.25)

I — planned maintenance actions per man

X1 — mean score on Resources Index

X2 — mean score on Teamwork Index

• X3 — mean score on Management Index

r2 — .61

F ratio (overall) — 9.20

Standard Error of Estimate 1.524

(3) 1 — 1.96 + 23.55X1 + ll.96x2 + l3.05X3 where

(3.37) (2.03) (—1.90)

- - 

I I — P$S accomplishment rate
S 

X1 — mean score on teamwork question

— mean score on adequacy of tools question

• 
X3 — mean score on adequacy of training question

Relevant statistics are:

I • r2 
— .62

? ra tio (overall ) — 9.59

Standard Error of Estimate — 6.521

_ _ _ _ _  - -  
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• 
(4)  1 — 17.58 + 32.9lX1 — 29.l9x2 + 15.69X 3 where

(4.27 ) (—3.00) (2.38)
t

I — P145 accomplishment rate

• X1 — mean score on Teamwork Index

- X2 — mean score on Management Index

X3 — mean score on Resources Index

• Relevant statistics are:

— .60

F ratio (overall) — 8.92

• Standard Error of Estimate — 6.521

Examination of these regression equations and the rele-

vant statistics indicate the following to the author: S

(1) The mean scores per question from the Ship Efficiency

Questionnaire have some predictive capability to predict the

• level of prod uctivity on a ship by predicting its mean

planned maintenance actions per man ratio.

(2) The mean scores per question from the Ship Efficiency

Questionnair e have some predictive capability to predict the

level of P148 accomplishment on a ship by predicting its mean

P145 accomplishment rate.

(3) The mean index scores per ship also hav e some predictive

capability to predict the mean planned maintenance actions

per man and the mean PMS accomplishment rate ; however , the

• regression equations using the mean scores per question are

cons idered superior .

\ t



C. CONCLUS IONS PROM THE EFFICIENCY QUESTIONNAI RE

The following are the conclusions of this author after
• analysis of the 2212 responses of enlisted personnel from 22

S 

- 

• U. S. Navy Pacific Fleet ships :

- 
(1) The 2212 responses to the Efficiency Questionnaire shown

in Appendix A indicate that the factors most highly corre—

• lated with productivity measure planned maintenance actions

per man are adequacy of tools , adequacy of supplies , amount

of teamwork, and adequacy of planning. In terms of each of

• these factors, ships with high productivity ratios (planned

maintenance actions per man ) had higher mean scores on these

questions (adequacy of tools , adequacy of supplies , amount

of teamwork, and adequacy of planning) than ships with low

productivity ratios (planned maintenance actions per man) .

Departhent heads or commanding officers interested in enhanc-

ing productivity in their organizations should examine these

factors and implement management actions designed to posi-.

• tively impact on these factors .

- 
(2) The 2212 responses to the Ship Efficiency Questionnaire

indicate that the factors affecting productivity regarding

S 
adequacy of tools and adequacy of supplies may be problems on num—

~~~~ ships. This is due to the fact that the two questions

regarding these factors had low mean scores and that a large

• number of respondents marked one of the two lowest categories

on the Likert Scale. Between 36% and 39% of the resp ondents

marked the category on the Likert Scale that they felt they

- f - 125
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had “to a very little extent” or “to a little extent” ada-

quate tools and adequate supp lies to work efficiently .

• 
5 

(3 The 2212 responses to the Ship Efficiency Questionnaire

indicate that the factor amount of teamwork is highly corre-

lated with the produ ctivity measure planned maintenance
actions per man . Additiona lly ships with high productivity

• 

ratio s (planned maintenance actions per man ) had a higher

mean resp onse score for the amount of teamwork than ships

with low productivity ratios (planned maintenance actions per

man). This suggests the importance of teamwork for high pro-

ductivity. Additionally, this supports findings presented in

Human Resource Management and Operational Readiness as

Measured by Refresher Training on Navy Ships , by Dr. Sandra
- 

- 

3. Mumf ord . That report stated that the Peer Teamwork Index

• from the Human Resources Management Survey was found to be

strongly correlated Cr — .75) with Full Refresher Training
S Unit Averages for 16 Navy ships (Mumford, 1976).

(4) The 2212 resp onses to the Ship Efficiency Questionnaire

support the Joint Financial Management Improvement Program
(JPMIP) model of a total performance measurement system shown

S in Figure 9 of this report. This model states and depicts

that .~ployee attitudes affect the effectiveness and effi—

ciency of an organization. There were statistically signi-

ficant differences between the high and low productivity

ships on the mean scores on seven out of 16 questions at the

.05 level of significance. These significant differences

in th. mean scores on the seven questions indicate that there

226 -
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S are substantial differences in the attitudes of the enlisted

personnel on the high and low productivity ships.

(5) The Ship Efficiency Questionnaire shown in Appendix A is

• considered a valid instrument for measuring attitudes and

perceptions of enlisted personne l on U. S. Navy ships regard—

ing factors affecting productivity. The questionnaire was

successfully pretested at the U. S. Naval Postgraduate School

and successfully administered in the U. S. Pacific Fleet EMRM

Proj ect. By December 1976, approximately 5000 enlisted per—

• sonnel will have taken the questionnaire.

(6) The Ship Efficiency Questionnaire can be used by work cen-

ter supervisors, department heads, and comwanding officers to

measure attitudes and perceptions of their personnel . The

questionnaire can be administered on a one—to—one interview

basis or on a group basis • The interview method is recoin—

mended since specific problems or misunderstandings can be

openly discussed . The questionnaire can be tailored to meet

specific needs of the organization. For example , a department

head may desire to ask questions regarding additional factors

he feels may affect productivity in his d partment such as

working hours, control over tools and supplies , degree of

cleanliness in the departmental spaces , assigra ent of work,

needs for specific tools, etc .

• (7) Questions from the Ship Efficiency Questionnaire can be

incorporated in the U. S • Navy Hum&n Resources Management

Survey which is administered throughout the U. S. Navy . A

specific Productivity Index could be developed using questions

- 127
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from the Ship Efficiency Questionnaire. The author recom—

mends that the following two questions be added to the fiRM

Survey to form the Productivity Index :

• (a) To what extent do you have adequate tools to work
- 

• 

I efficiently?

(b) To what extent do you have adequate supplies to work

• efficiently?

22$
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Table B—l. Summary of Proportion of Responses

Likert Scale
1 2 3 4 5

Adequate Tools 18.7% 2 0 . 6 %  41.3% 17.4% 2.1%

• Adequate Supplies 12.8% 23.9% 46.0% 15.5% 1.8%
Extent of Praise 16.6% 22.2% 41.9% 15.7% 3.6%
Extent of Chewed Out 6.3% 13.1% 38.0% 27.1% 15.6%
Extent of High Evals 6.4% 16.3% 42 .1% 29.1% 6.0%
Extent of Low Evals 6.1% 12.6% 43.5% 28.1% 9.6%
Extent Supervisors 8.1% 13.3% 35 .2% 32.1% 11.3%

Assist
Extent Others Assist 6.0% 11.5% 37.0% 36.0% 9.5%

• Extent Enjoy Job 17.4% 11.4% 29.2% 27.4% 14.6%
Extent Motivated 11.6% 13.3% 37.5% 28.8% 8.8%
Extent P145 Good 7.2% 9.9% 30.8% 30.6% 21.4%

• Extent Training 14.3% 21.0% 37.1% 22.2% 5.4%
Effective

• Extent Efficiency 9.1% 19.1% 39.7% 25.9% 6.3%
Goals

Extent of Teamwork 8.2% 12.1% 34.3% 32.0% 13.3%
Extent of Planning 10.4% 15.6% 37.8% 29.6% 6.5%
Extent of Encourage — 14.3% 18.4% 39.0% 21.4% 6.8%

ment
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Table 3—111. Ship Efficiency Questionnaire Fact or
Score coefficients

T Y N A  T~~N A V ~P S •

~irn~ ~~~~~ ~~ IN PAY GRADE S I-I TO I—~ 0$ 22 5HZ P S

• FACTOR SCORE COIFFICZINTS POSITIVE NEGATIVE
• 1A11A0 EST RESOURCES LEADERSHIP TEAIIWORIC IZADIRSHIP

- 
DII~~ISIO*I DIIIRISSION DIltRIlSIOli DIMENSION DIMERSION

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR S

I III ~1jjIj ~iIj~ft ~ 
~~

:Jjg

I
I -

• 
• Table B—IV. Ship Efficiency Questionnaire VARIMAX Factor

and Transformation Matrix
• f~9V~ T1!1TY ~~A~~q~pT AII2.J~H4JcV~~~~~OM Uj ~~~~~ *1k’

~~TtJ i~~~~
’
,Ø&I ‘tb

~~~~~ft~~~~”dYI .‘b4~ I7ThT WI1SW ~~ ZN PAY GkAOI S 1—1 tO 1-4 ON 22 3HIP ~

VM IMX NOTATED FACTOR MATRIX POSITIVE 
• hEGATIVE

~~~~~~~~~ RESOURCES ISAVSRSIUP TIMIWORJC LEADERSHIP
• D1I~~ISIOS DIINOISIGI! DIMENSION DIISNSION DIMENSION

FACTOR 1 FACTOR 2 FACTO R 3 FACTOR 4 FACTOR S

H 
I ~~~~~~~~~~~~~~~~~~~~~iMItI1I1
lRm$FORNStIIN MAYRSI

FACTOR 1 FACTOR 2 FACtOR $ FACTOR ~ sctns S
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Table B—V: Dimensions of the Efficiency Questionnaire

Management Dimension
Extent of motivation

S Extent PMS is good
Adequacy of shipboard training
Extent of efficiency goals

S 
Adequacy of planning

Resources Dimension
Adequac y of tools
Adequacy of supplies

• Positive Leadership Dimension
Extent of praise
Extent of high evaluations
Extent supervisors assist
Extent enjoy job

Teamwork Dimension
I . Extent others assist

Extent of teamwork
Extent of encouragement

Negative Leadershi p Dimension
Extent of being 5chewed out
Extent of low eva luations
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Table 3—Vt . S%m~~ ry of Mean Index Scores by Ship

S • Index - Mean Stand.Dev.
Manag ement Index 3.01 .89
Resources Ind ex 2.66 .91
Positive Leadership

Index 2.99 .81
• Teamwork Index 3.09 .95

Negative Leadership
Index 3.20 .95

N 2 2

Table 3—Vu • Pearson Corr elation Coefficients between Mean• Planned Maintenance Actions per Man and Mean
Questionnaire Scores by Ship

Pearson CorrelationQuestion Coefficient — r

Adequate Tools .67k (. 001)
Adequate Supplies •57* (.003)

• Praise —.15 (.245)
Chew.d Out .22 (.157)
High Evaluations .oi (.488)
Low Evaluations .12 (.300)
Lupsrvisors Assist .ii (.317)• Others Assist .29 (.096)
Enjoy Job .33 (.068)
Motivated .20 (.185)S 

P1~ Good —.27 (.109)
Adequate Training —.19 (.198)
Efficiency Goals —.is (.253)
Teamwork •54* (.005)
Adequate Planning •47* (.014)
Encouragement .27 (.115)

N 2 2

Mote: * indicates significant at .05 level of significance.
Level of significance (P) indicated in parentheses.
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Table B—VIII . Pearson Correlation Coefficients between Mean
Planned Maintenance Actions per Man and Mean
Index Scores by Ship

• Pearson Correlation
• Index Coefficient — r

S Management Index .00 ( .495)
Resources Index* .65 (.001)
Positive Leadership Index .10 (.333)
Teamwork Index* .41 (. 030)

• Negative Leadership Index .07 ( .378)

Note : N — 22 * indicates significant at .05 level of
significance. Level of significance indicated in parentheses.

Table B—tX. Comparison of High and Low Productivity Ships
• in Terms of Mean Responses per Question

• High Low
Productivity Productivity t—

- Question - Ships - Ships - - value - S

Adequate tools* 2.75 2.53 4.97 (.001)
Adequate supp lies* 2.78 2.62 3 . 9 6  ( . 0 0 1 )

• Amount of praise 2.70 2.63 1.62 (.105)
Chewed out 3.32 3.28 .79 ( .432)
High evaluations 3 .05  2 .98 1.42 ( .157)
Low evaluations 3.14 3.08 1.35 (.178)
Sup.rvisor . assist* 3.28 3.17 2.20 ( .028)
Others assist 3.31 3.24 1.73 (.085)
Enjoy job 3.12 3.03 1.60 (.110)
Motivated* 3 0 7  2.96 2.15 (.031)
P148 good 3.43 3.37 1.11 (.266)
Training effective 2.70 2.78 —1.47 (.143)
Efficiency goals 2.93 2.91 .43 (.669)
T.aOR,ork* 3.30 3.13 3.35 (.001)

• Planning * 3.04 2.92 2.49 (.013)
Encouragement* 2.90 2.71 3.67 (.001)

- ~S 5  — 2212. * indicates significant difference. between mean.
at .05 level of significance. Level of significance of t—
values indicated in parentheses.
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Table B—X. Comparison of High and Low Productivity
Ships in Terms of Mean Response Scores
on Indices

S High Low
Productivity Productivity t—

Index ShiDs JhiDs va1u~ ~~

Management Index 3.04 2.99 1.27 (.205)

Resources Index* 2.76 2.57 4.96 (.001)

Positive Leader —
ship Index* 3.04 2.95 2.44 (.015)

Teamwork Index* 3.17 3.03 3.62 (.001)

Negative Leader—
S 

ship Index 3.23 3.18 1.28 ( .200)

• Note: N — 2212 * indicates significant differences between
• means at - .05 level of significance using t—test. Level, of

significance of t values indicated in parentheses.
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APPENDIX C: SHIP PRODUCTIVITY REPORT

To develop a usable productivity report to feed back pro-

ductivity information to U. S. Navy ships , numerous productiv-’

i$~y measurement and enhancement programs and sample productiv~-

ity r eport s were studied and analyzed . Programs and rep orts

from the following organizations were reviewed:

— Department of Defense Productivity Program,

— Department of the Navy Productivity Program,

— Defense Supply Agency ’s Performance Evaluation
Reporting System

— Naval Supply Systems Command Activity Management Report

— National—American Wholesale Grocers’ Association
Warehousing Productivity Measurement Program (NAWGA)

The NAWGA Warehousing Productivity Measurement Program

Overall Performance Report is shown in Figure C—i .1 This S

author considers it one of the superior productivity reports

reviewed in this research~ NAWGA’s program and report have

many characteristics which are applicable to U. S. Navy ships.
• The productivity measure used in NAWGA ’s program is TPMH

(Tons of merchandise moved per man hour ) • NAWGA ’ a report

provides the functional breakdown of warehousing functions:

receiving , shipping , repacking , indirect labor (supervision,

etc.), and support. Productivity ratios (called operating

levels) are listed for each of these function. and .ubfunc—

• tions for the current month, for the past year (average), and

‘This report was provided by the National Center for Pro-
ductivity and Quality of Working Life. Permission to repro-
duce the report was received f rom the National Center .
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for the current month one year ago. Additionally, for corn—

parison purposes, productivity ratios are listed for similar

organizations, by the size of their area , by the number of

tons shipped, and by their sales volume.

Mr. Gerald E. Peck , Executive Vice President of the

National—American Wholesale Grocers ’ Association presented

NAWGA’s Warehousing Productivity Measurement Program at the
- 

‘Productivity Improvement through Measurement Seminar’ held

in Washington, D. C. on 23 June 1976. The seminar was

sponsored by the National Center for Productivity and Quality

of Working Life. Mr. Peck stated,
S 

‘NAWGA provides forms, definitions and instructions to
members to aid in the collection of data required for a
performance analysis. Four week accounting periods are
used for convenience and consistency. When received, the

— - data i. audited then keypunched into a computer. The com-
puter program produces a printout with productivity ratios
for all key warehousi ng functions . The printout also corn—

- pares each current ratio with the average of the last 13
- 

S periods, with the same period in the previous year and
with other operators. In every case, comparisons with

• other operators are made only against those of similar
sales, physical size, items carried and other productivity
influencing conditions .

‘The essence of the program is its isolation of
strengths and weaknesses in basic functions, more than in
overall terms. It is designed as a tool for line manage-
ment. A sumaary report is run separat ely for the chief
executive.’

In developi ng a productivity rep ort suitable for use for

0. 8. Navy ship., sample reports were first developed and

evaluat.d using the data being collected for the 26 ship. in

the E)~~M Project. The following wer. the objectives for

these reports: -

(1) Th. reports were to be automated (computer-based).

13$
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• (2) The rep orts were to be easy—to—read .

(3) The reports were to stand by themselves and not require

reference to instructions or letters to be understood.

(4) The reports were to permit comparison of overall ship

productivity of a specific ship with the productivity of

similar ships.

(5) The reports were to permit comparison of the productivity

of a specific work center with the productivity of the same

work center on similar ships .

(6) The reports were to show changes in productivity if they

occurred over time for the detection of trends.

(7) The rep orts were to be designed as management reports to

be sent directly to the commanding officers of the reporting

S 

ships with no copies provided to higher authority.

Figure C—2 is the f ormat of the productivity report de-

veloped for use with the dat a collected for the 26 U. S. Navy

ship. . This format is the third format used with the data.

The first format was for a manually produced report. It con-

sisted of a listing of productivity and average cost ratios

by ship . Ratios for all 26 ships were listed but only the

I ship to whoa the report was sent was identif ied. This was to

- S maintain confidentiality and to provide commanding officer.

with information as to where their ship ranked overall in

terms of the ratios . The s.cond format was an automated re-

port. It consisted of listing productivity ratios by work
• center for sach reporting ship . Both of these reports were

sent to 13 of the 26 ships for which the data was being

139

• 

— 
_____

— 

— • 5 --- — -
~~

—-



• 

~~~~~~

‘-

~~~~~~- 
- ° •S 

.

L ~~~~~~~~ .11!

• 

• 

- 
S j~1~h~J

o
B

• ~, ~~ 

8

— .
— ~~2 1~~~

• :~ ~4 Ij x
I

• 
b

S 
~~~~~~ 4 0-I’ .~Q9 aS 
.,, ~~~ 4~~~

* 
. I1 4’

~~~~0i1~ u

~ I •

~
•,,

S N 

-

Ii 
S
-~ 

.

• 

a
- I 

~fl I ~~ i~h1JIiiJii

140

$ — 5-- ~ •
~~~~~ —~ 

I T ~~~~W-~~ - ~~
• - -

~~‘~~~~ 
- 

~~~~~~ :: —



collected. The report shown in Figure C—2 was developed dur—

ing the final months of the EMRM Project. This report was

programmed in the COBOL (Common Business Oriented Language)

computer language.

• The Ship Productivity Report shown in Figure C—3 is the

S 
format of a productivity report the author considers feasible

for general use for U. S. Navy ships. It was designed after

taking into account the findings of this research and the

experience gained in designing and using pr oductivity rep orts

with the data being collected on 26 ships participating in

the EMRM Project . The Ship Productivity Report shown in Fig-

ure C—3 would require the following information be submitted

monthly by work center for each reporting ship:

— number of MR’ s (maintenance requirement.) fully accorn—

pu shed during the month by each work center ,
S 

— number of MR’s partially accomplished during the month

by each work center.

— number of enlist ed men assigned to each work center ,
— amount of OPTAR consumed for each work center during

the month.

The amount of OPTAR should be the total amount of OPTAR con-

sumed to include equipage, repair parts, and consumables .

The following ratios are listed on the Ship Produ ctivity
Report shown in Figure 0-3:

— PNS accomplishment rate,
— per cent change in Pus accomplishment rate from one

month ago, 
-
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— planned maintenance actions per man ,

— per cent change in maintenance actions per man from

• one month ago,

— planned maintenance actions per OPTAR dollar consumed,
— per cent change in planned maintenance actions per

S 

OPTAR dollar consumed from one month ago,

— PMS accomplishment rate for similar ships and for the
same work center on similar ships ,

— planned maintenance actions per man for similar ships

and for the same work center on similar ships,

— planned maintenance actions per OPTAR dollar consumed

- 
for similar ships and for the same work center on similar

ships.

The Ship Productivity Report shown in Figure C—3 uses the
output measure planned maintenance actions accomplished.
Planned maintenance actions accomplished is the sum of all

MR ’s fully accomplished and 1/2 of all the MR’ s partially
accomplished. The input measures used in the report are the

average number of men assigned afld the amount of OPTAR dollars
consumed. The average number of men assigned is the sum of

S the number of men assigned on the first day of the month and
the last day of the month divided by 2 • The amount of OPTAR
dollars consumed is the total amount of OPTAR consumed during
the month. It is th. author ’s opinion that all OPTAR costs
are related to the amount of planned maintenance accoapl i shed
end theref ore should be included in the input measure . Using

• I 
- - total OPTAR costs results in a more genera l and more
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comprehensive productivity measure than would result by using
p1 only OPTAR dollars consumed for repair parts.

It is emphasized that the productivity reports shown in

Figure s C—2 and 0-3 are intended to be used as management re-

S 
ports as individual co’msanding officers desire. Strict con—

S 

fidentiality is considered important to avoid the manipulation

of the input data. The confidentiality would consist of the

- ~- 
requirement that the report be sent only to the commanding

officers of the reporting ships with no copies to seniors or

S to other officers. The confidentiality for this report would

be exactly like the confidentiality of the U. S. Navy Human

S 
Resources Management Survey results.

There are obvious advantages and disadvantages in produc—
- 

ing productivity reports for U. S. Navy ships . Some of the

• advantages are:

(1) They provide useful management information to help iden-

tify w.ak and strong areas, unfavorable and favorable trends ,

etc.

(2) They provide an increased awareness of productivity, out—
put, and input.

(3) They provide a means to help evaluate the effects of

anage ent actions to improv e productivity .

(4) They could motivat. officers and enlisted personnel to
improve productivity.

90mm of the disadvantages are:

• (1) They require the collection of data.
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(2) They could be misused such as basing decisions on a pro—

ductivity report without using other relevant information.

• (3) They could be inaccurate and misleading if the data input
S was inaccurate or falsified.

(4) They could be costly in terms of computer time.

As a result of designing and using productivity reports

• 

- 

in this research , the author presents the following opinions:

(1) Automated productivity reports for U. S. Navy ships using

maintenance , personnel , and OPTAR cost data is feasible and

within the state of the artw in terms of MIS (management in—

formation systems) , computer software, and computer hardware

(2) Automated productivity reports for U. S. Navy ship. would

S 
require the collection of maintenance, personnel , and OPTAR

- 

cost data that is not normally collected on all U. S. Navy
S 

• ships .

(3) Non—automated (manually produced) productivity reports

for U. S. Navy ships can be produced for a single ship as

outlined in Appendix A (Shipboard Productivity Improvement

Program).

(4) Automated productivity reports are potentially very use-

ful management reports which are similar to reports used by

co ercial companies in the private sector.

-
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APPENDIX D. SAMPLE PRODUCTIVITY PUBLICATIONS

EXC!R~~~ PROM - 

S

NA TIONAL CENTER FOR PRODUCTIVITY
AND

QUALITY OF WORXINO LZTE

CURRENT PUBLICATXOI~~

April 1076

National Center for Prod~a~tLvity S

a~~Q~ia1Ity of Working Life
2000 14 Street. HW.

Washington, D.C. 
S
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A NATIONAL POUCY FOR PRODUCTIVITY IMPROVEMENT - 

S

1975 31 pp.

A statom.nt by the National Commission on Productivity and Work
Quality on na+Ion~l productivity policy. Design.d as a basis for
future efforts at the Center and its staff.

FOURTH ANNUAL REPORT OF TRE NATIONAL COMMISSION ON
PRODUCTIViTY AND WORK QUALITY 1975 56 pp.

An ascnmt of the Comm’sston’s activities durIng 1974. Also offers
an analysis of cyclical variations In p oductivity gv1,wth as far back

S as IUOi Isolates factors which cause downturns; and sugjests positive
government_policies that might ~ acourag. decline and extend p.rfods
of rapid 5.’~wth.

TWRD ANNUAL REPORT OF THE NATIONAL COM~~~SION ON
PRODUcT!’irr~ 1974 66 pp.

A—~~~1 report to the President and Congress of th. Co’~~~~ stø&s
actt,ttles In 1373. Includes tables showing the year-to-year statisti-

S cal changs. In a aamber of areas directly related to productivity.

PRODUCTIVITY CENTERS AROUND THE WORLD 1975 31 pp.

Describes the cbj.ctivss. fUnctions, and cpsr.t(ons of major pro-
ductirity cantors around th. world. Suggests same reasons for their
cautioned groeth and 4i.fhi~~~~~~ Centers described In case stud-
tee Include members of the ~~rop.sn Association of N~~1~~~ 1 Pro-
ductivity Centers (Belgium, Bulgaria. Csscboslovshta. Denmark,
Fr~~ce, West Geres y. Gr eece. Himgaxy, Iceland, Ireland. Italy,
L.uxeauburg. the Nstherlsads, Norway, Portugal. Spain. Turkey,
and Yugoslavia) and Australia. Israel Japan. New Zealan ’, and
South Africa.

THE ROLE OP PRODUCTIVITY IN CONTROLLING INFLATION
1974 28 pp.

S Study paper. 14*? causes of current teilaticn. Includes a detailed
soctor-by-sector analysts of the favorable Impact increased produc-
tivity canhave on rising prices and the general hesitbot our economy.

_  

147 
- - - - S_

-5-

- -5



THE STATUS OF PRODUCTIVITY MEASUREMENT IN STATES 
GOVERNMENT: AN INITIAL E~AMINATION 1975 238pp.

Tb. first survey of State budget officers’ perception as to the cur-
rant use of productMty and effectiveness measures. Seeks to identity

• the adequacy of productivity Information av~41 Me regularly to public
offlcLals.

IMPROVING MtJNIC~~AL PRODUCTIVITY: WORK MEASURE~~~NT
FOR BETTER MANAGEMENT 5 

1975 31 pp.

Describes uses of and benefits derived from the application of work
S 

- measurement - techeiques to municipal functions. fllustrstes how
these t.c~~~ques have been applied to enhance local government pro- —

ductivity. Intended to aid managers and staff analysts In understanding
S thee. concepts sad their application. -

SO, MR. MAYOR. YOU WANT TO IMPROVE PRODUCTIViTY
1974 32 pp.

Guidelines for the chief executive of any gov.roment organization
for Implementing a productivity Improvement program. Covers union
participation and publi~ understanding. Describes an approach to
obtaining and organizing th. analytical resources required to sohieve

• the full potential from a productivity lmp~~~..znent program.

THE WUIGSPREAD CONFERENCE: PRODUCTIVITY IN STATE AND
S LOCAL GOVERNMENT 5 1373 28 pp.

The major barriers to Improving productivity In Stat. aud local gov-
eromsat as viewed by 50 kay governors, mayors, city ‘~ —‘ag.r.,
and c~~~ y ux.cutives. -

IMPROVING POUCH PRODUcrrviTYz A BRIEF POE ELECTED
OFPICIALE 1973 16 pp.

Subtitled More for Your Law Enforcement Dollar. Information to
help electsn ou~ctaia assess ne proonctivity or pouc. services. Also
Identifies Improvement teéhniques tried In selected jurIsdictions.
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S 

CONFERENCE ON AN AGENDA FOR ECONOMIC RESEARCH ON
S 

PRODUCTIVITY 
- 1973 68 pp.

• Scholarly appraisals of what can be done through economic research
S to broaden Imowledge of productivity measurement and growth and

the Impact of cyclical variation and productivity change. A critical
review of the state of lmoi.ledg., major gaps, and research prior-
ities In various fields.

• PUBLIC SECTOR

LABOR MANAGEMENT COMMITTEES IN THE PUBLIC SECTOR
- HEPERIENCES OF EIGHT COMMITTEES 1976 76 pp.

Based on Interviews with practitioners. Describes the experiences
of eight 1abor~managemeat committees ‘vhich hav, been operating In
various local government and Federal agencies. Intended as a guide
to initiating jo int conunitt..s to Improve employee moral, and pro-

- ductivity.
• A JURISDICTIONAL GUIDE TO PRODUCTLvr~Y IMPROVEMENT

PROJECTS. plus Quarterly Updates 1975 115 pp.

Subtitled A Handbook for Public OfficiaLs. Prepared by Intern~Hon-
al City Management Association. Democitrates the many and various
approaches and techniques which have been utilized across the
country to improve local government productivity. Organiz.d by
specific ñmctlons. such as energy conservation, general administra-
tion. Inspections. parks and recreation. public safety, public works,

• etc.

EMPLOYEE INCENTIVES TO IMPROVE STATE AND LOCAL
S GOVERNMENT PRODUCTIVITY 1975 182 pp.

Describes the different employee Incentive programs In use
In State and local govern ments throughout the U.S. Reviews
a sampling of these programs and shows results obtained by the

S various govcrnxnents. Offers gutd~1laes on the Implementation of
ifl ( ellt Lve p~~~rams.
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OPPORTUNITI ES FOR IMPROVING PRODUCTIVITY ZN POLICE

S SERVICES 1973 76 pp.

Report of the Advisory Group on Productivity in Law Enforcement.
Identifies Issues r~~~4T%gtO productivity within patrol, crime preven-
tion, and human re sources; explores the potential for developing
more precise measures; and provides examples Cl Improvement
techniq ies. • 

S

IMPROVING PRODUCTIVITY IN SOLID WASTE COLLECTION: A
BRIEF FOR ELECTED OFFICIALS 1973 12 pp.
Inform~t4i~ to help elected officials assess the productivity of res-
idential solid waste collection systems. Also ~~ntffies improvement
techniques tried In selected jurisdicti ons.

OPPORTUNITIES FOR IMPROVING PRODUCTIVITY IN SOLID WASTE
COLLECTION 1973 48 pp.
Report of the Solid Waste Management Advisory Group. Identifie s
common problems affecting residenti al solid waste collection sys-
tems, and offers suggestions for Improving and measuring the pie-
ductivity of this municipal and county function.

IMPROVING PRODUCTIVITY AND PRODUCTIVITY MEASUREMENT IN
LOCAL GOVERNMENTS 1911 78 pp.

Wide variations in the basic costs of rnnn4l.g local governments indi-
cate that some localities are using more effective methods than oth.rs
to provide services at lower costs.

PRIVATE SECTOR

IMPROVING PRODUCTIVITY: A DESCRIPTION OF SELE CTED COMPANY
PROGRAMS ~ eries I) 1971 32 pp.

The first of a series of publications on company productivity pro-
grams. Describes programs In five companies chosen from
different industries for diversity In size and type of operation.
Focuses on how productivity efforts were organized and executed and
on what was accomplished.
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BACKHAUL ZN FOOD DISTRIBUTION 1978 24 pp.
Backhknling -- permitting trucks to carry profitable loads on retornS trips -- would eliminate waste and Increase productivity, accord-ing to food Industry and government experts. lip to $100 millionin arnwlsl savings could possibly accrue from more efficient schedulingof the tr ucks used lb transporting processed foods.

TECHNOLOGY APPLIED TO TRE FOOD INDUSTRY (A PRELIMINARYREPORT) 1975 32 pp.
Poor communication between the food industry end the engineeringco~~~l1m1ty has prevented signl~ cant tecbnologLc~~ progress. Des-cribes an Innovative program to bring together engineers and foodindustry executives. Lists the significant technical barriers to I m-proved efficiency In the supermarket, warehouse, and processing

MEASURING PRODUCTIVITY IN TIIE CONSTRUCTION INDUSTRY
1975 lO4 pp.

Presents the views Cl 4~fhl~id1a1 Industry, government, and s~ademlcauthorities. Pastors affecting productivity In various segments ofthe construction Industry are Isolated. Suggests possible solutionsto the problems o~ productivity measurement in so diversified a see-
of the ecosoni .

PEO~~ ZDfllG$: ~~~~rxR~~1CE ON PRODUCTIVITY THROUGH
ENGidZERING 1975 98 pp.

Proceedings of conference to help engineers determine which areas

~~~~~~~~~~ ~~~~~~~~~~~~ 
are most responsive to engineering

KEEPING RAILROADS ON TRACK 1915 32 pp.
Based on Improving Railroad Productivity, the final report of the
Task Pore. on Railroad Pi~o~ &c ttvLty. Dtscusses the many problems

S that beset the ailing railroad Industry. Suggests Innovations in cor-
porate structure and freight handlIng procedures which would sig-
nificantly improve rail service and make the railroads nan profitably
~7ithout lar~e Infusions of now capital or public monies.
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LABOR-MANAGEMENT PRODUCTIVITY COMM LES IN AMERICAN• INDUSTRY 1975 80 pp.

Review Cl the limited experience in the United States with joint labor-
rn.nagsment committees to deal with production and related problems.
Begins with cona”~4ttess set up In the l920s and 1930s; desc,j~es the
joint committee effort during World War fl and postwar experience with
the Scanl~~ Plan and committees In government; reviews recent cc—

S operative initiatives In basic steel, - retail food, true Idng, railroads .
and ~~~~ -

PO1NTE~~ POR LABOR-MANAGEMENT COMMITTEES
- 1975 2O pp.

S - Discussion paper. Practical soh z l ons to difficulties labor-man-
agement ec~~~4ttees are likely to experience. Deals with how t o .
start ch committees, how m ers should ~~ ctiom. end what they
can hope to achieve.

EMPLOYMENT SECURITY AND PLANT PRODUCTIVITY COMM~~TEE
TEN COORDINATING STEEL COMPANIES 1974 12 pp. -

S 

A pre .~~~’ by I. W. Abel. President. United Steel Workers of
America and Vice Oiatrman of the Natiønal Commission on Produc-- tivity and Work Qeality. Describes labor and management experi-
ences In the steel Industry with the ~~nployment Security and Plant
Pro~~~Uvtty C~n— ttese wtoch have raised productivity levels and
provided the ~&*~~~“‘~~ for the t”~~ ~~perfmenta1 Negotiating

S 
Agreement Cl 1973.
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IMPROVING RAILROAD PRODUCTIVITY 1973 332 pp.
S 

Final report of the Task Force on Railroad Productivity. Ooace~~~dwith railroads as transporters of freight. Considers some of theactions that the Federal government might take In concert with In-dustry to restore the Nation’s railroads and make them ~~~e more
- efficient, competitive, and profitable businesses.

PRODUCTIVITY IN THE FOOD INDUSTRY 1973 24 pp.
Sumi.tajy of the report by the Food Industry Task Porci. Suggeststhat the many opportunities for productivity Increases can be reabz.donly through th. concerted efforts of ali segments of the Industry.

S PRODUCTIVITY IN THE P7SRING UiDUSTR~~S 1973 22 pp.
Based on the report by the Seafood Panel of the Food ndustzy
Force. Discusses the decreasing production and productivity of the
U.S. fishing industry, and outlines bar riers to and opportunities

S for Improvement.

PRIVATE SECTOR
LAnUE-MANAQEMENT COMMITTEES

RECENT INITIATIVES IN LABOR-MANAGEMENT COOPERATION
1978 98 pp.

Based on labor~m.nsgement committee case histories which werepresented during a series Cl conferences on recent initiatives. Par-ticipants Included panels of workers and ‘n~ ’egers Involved In cc-operative activities. Focuses on practical day-to-d.y experiences
in starting committees, and on the benefits and problems of coop-S 

era tive efforts.

A PLANT WTDE PRODUCTIVITY PLAN IN ACTION: THREE YEARS
OF EXPERIENCE WITH THE SCANLON PL AN 1975 50 pp.
A brief description of the Scanlon Plan end it. Impact an productivity
at Ds5oto, Inc., a large manufacturer of paint, over a three-year

• period. Results showed productivity gain, as high as 41 percent ,and high levels of satisfaction with the plan on th e part of both man-
~“~rnent and workers. Factor. affecting worker accep’anee of the
p!~~: ~re n;”I~7.cad.
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S _____Proceedings: Conference cc Productivity Through Engineering
• __ .J~e.pthg Railroads on Track

• __jmprovthg Railroad Productivity
..........J7 roducttvtty In the Food Industry . -

~~~~~~roducttvity In the Fishing Industries -

Private Sector--Labor-Management Committees

____ Recent Initiatives IA Labor-Management Cooperation
____A Plant-Wide ProductMty Plan In Action: Three Years of ExpsrL~~~e

• With the Scanlon Plan -

.............. J.abor-Manag.ment Productivity C~~ ’~’ttees in American Industry - -

____ Pointers for Labor-Management Committees
S Employment Security and Plant Productivity Committee Ten Coor~I4i.~H~.gSteel Companies —

S To receive these publications, Indicate copies desired • fill out (type or
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Natt~~a1 Center for Productivity and Quality of Working LU., 2000 IL Street , N.W. .
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A Nation al Policy for Productivity Impi~ovsment
• 

- Fourth Ann”il Report of the National Commission on Productivity and Work
S Quality

____Third Air—1 Report of the National Ce’~~~’ sion on Productivity
- - Pro~ .ctMty Centers Around the World

____The Role of Productivity In Controlling Inflation

I 
S Cooferena. on an Agenda for Eoono.nlc Research cc Productivity

• Public Sector —
____ Labor Management Co” ttees In the Public Sector: ExperiencesS of Light Companies 

_____

- 
____ A Jurisdictional Guide to Productivity Improvement Projects,

p~~s Qnart.rly Updates
~~~ployee Incentives to Improve State and Local Goveroment Productivity_____ Tb. Status of Productivity Measurement In Stats Govezumenti An Isiti~l

- 

- Improving Municipal Productivfty Work Measurement For Better
• M a(ement

So, Mr. Mayor, You Want to Improve Productivity
- • _____ The Wingspread Conference: Productivity In State sad Local Goveromsut

Improving Police Productivity: A Brief for E scted Officials
Opportunities for Improving Productivity In Police Services

• 

• 
Improving Productivity In Solid Waste Collection: A Brief for Elected Officials

- 
• Opportunities for Improving Productivity In Solid Waste Collection

— ____Improving Productivity and Productivity Measurement In Local Governments

Private Sector

Improviag Productivity: A Description Cl Selected Company Programs
• Bae” ”  In Food Distribution

S • Teolumlogy Applied to the Food Industry (A Preliminary Report)
• 

- Measuring Productivity In the Canstroction Industry
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• January 1973

Ust of PIdsral Productivity Proj ect Publications

- I. ~ piss of cbs foliowing publications irs svail.bl fren
Brim ~~iloner. Joint Financial ~a,..mt Iesro..as..t Pr’*r .
666 11th Street NW Suite 705, Washington , DC
20001 • Publication. a.rk.d with an asterisk (~) are no longer
available. -

Mport on Federal Productivity, Vo1i~~ 1., Productivity
Trends • PT 1967—1973 (Jon. 1974)

kpsrt on Pideral Productivity, Vein. 2 , Productivity
~~ e Studian (Jon. 1974)

Piport on Federal Productivity , Suppl ement to Tom . 1.
The Piasuremuns Octa lone (October 1974)

Phone UI S u y  Piport • Ibonuring and ~~bmcing Predv.c—
Uviey In the Federal Covem.mt ( lane 1973)

Special ~~ ort #1, Felons 1, Ths Psrn.eat P i S~~~~~~~ t S

$yse~~: )htbod., hasurs., Fesalts (Dsceaber 1973)

Special Isport #1, Vo1~~~ 2 , The Pemonant Woasure~~ c
• Sy stem: ~~ hods, Ph ures , Pisult.: Dsscriptioa of

Federal Or irstiosal. U onc. and Octpucs for
Fiscal Tear 1912 (October 1973)

Special Piport #2 , Case Studie. In !.d.ral Productivity
PT 1967—72 (Bousaber 19’3)

°Sp.cial upon #3, Vein. 1, Special Studies of l~a.urs—
• met Frobl : Feasuring lus.arcb and Pivslopussc and

~~~c ~~~~i tration Propr (October 1973)

Sp.ciai Inpoct #3, VeIn. 2 , Sescial Studies of ~~~ rs—
t Prcbls : ~~ rsving Work Fe.s~~~~~t Systme In

the Federal Sector (October 1973)

Special ~ pert U Melysts of Productivity — Zaboncing
C.pital Isvssn.at Oppertucit is. (I.pt~~ .r 1973)

special L,au IS, 1 Pbetors in Org.ts.t ieail Pro—
~~~ttwtty (October 1973) -•
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at~~~urIng d lohanctag Productivity in the F.dersl
S.ctor (Jane 1972)

Federal Productivity: Itthods, Itasurements , Jesuits
(August 1972)

~~~Ld.1in.. for lv.luaeta~ Work )taaursmunt Sy.tme in
the Federal Covernaont (July 1972)

S ‘Auditing: Operational . Its geonnt , Performance,
Jffsctissne.s (Jane 1972)

* a *
II. Cepiss of “Itasurlng Productivity in the Federal Cevuuaent ,”

Its 1 Labor cv (Iovsob.r 1974) are available frm
east , groan of Labor Statistics , loom 205 ,

*stiosal Association of Lettsr Carriets Suilding,
• 100 m di. Lv.. , L V . , Washington , 0. C. 

- 
20212

a a *

III. Other related information may be availabl, from :

It. Use Porter
civil Service C~~~ asio~loom 5435
1900 1 Street , LV.

• Washington, 0. C. 20415

It. Cordon Tameda
Gea.ral Service. ~~~ntstrat ion
loom
19th and F Street , N.y.
WashIngton, 0. C. 20405
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APPENDIX E. SAMPLE PRODUCTIVITY NEWSLE TTERS

SITUATION
REPORT
U. WI..-... V • at LL LJ LI 

- \ /

TIPS ON P~~OUCFZVXTT zm~~viisei~I IO~~MI~~ OP ISA5UWW

A coopeny ~ productivity psrfo~~~ ce may be enhanced by a progr of
measurement. This prospect has .ncoora ged meny coopanie. to adopt
.sursaent .yst. over the years. Only a smell n~~.r of firms
are as yet tradtinq their one psiferneno.. but non circmetmo.s (suob
as int.nsifying thterna~’ov~1 osopetitton to meet rising oil costs )
promise £ ia rqs increase L* their n~~~er.

Productivity mea ursmeat s v e .  as a tool for productivity enhancement
in four ways. Pint. the tastailatios of a measurement sysme and
the discuss Los prsc.diaq it heiØtem staff azsnesa of the iuportaaae
of raising output per mit of tapes ton the maintenance of profita-
bility. Second , observed th~~~ip in the n~~~srs often hews diagnostic
value, pointing to bottln.-~t and other iapedimets to superior

• coapany performance. Thizd. the th qsi in the nt~~ ers also allow
- - 

S assessment of the conaequences of intended re..dial actions . Fourth.
continuing discussion of the validity .f th. measurements prn.tes
productivity-consciou.nses • contributing to an et spner. congenial tooperational as well, es statistical ~~~~~~~~~~~
Even crude initial productivity estimates eon prove beneficia l to $
ceupany ‘s perform... Their availability and use provid, occasion for
serious ce~~~ .icaticn between ameag.msnt and eaploysee en matt.rs of

• nutual concern • In the course of sush interaction , illoninating
insights are often generated and transmitted.

Rcwsver conscientiously a asurement program is carried out. enage—
meet needs to show sophistication and reasonableness in interpreting
the rseults. On should keep in mind that the nuthers generated, wall.
informative • con be Laproved upon and should not be acce pted es a -

definition of th. problem. Obviously • many pertinent features of a
couples boniness environment at. boond to escape reflectio n in any set
of statistics. ~~~leyn. nust be convinced of the fairness of
management in cbs interpretation oZ the n~~~ers and of the wUliage.sa
of monagemsat progressively to upgrade the quality of the n~~~.t. .

In setting up a messureneat system, e ~‘oupeny meat first consider the
preferred seeps and petisdicity of the figures. It is better to

~~z~itret. fi rst on axitical activities (operations , departments ,
S plants , or divisions) than to strive for ocuprehensive coupeny coverage

ft.m the beginning. It is better to test various plausible approethee

~~~~~~~~ 
and to ..ks required adjusn.nts before deciding on
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Th, cycle—time of production • incidentally , has a bearing on the
frequency of measurement as well as en the choice of the output
indicator. If a productivity measure is wanted monthly or quarterly
for, say , a shipy*rd, I t  is desirable to redefine a ship as a son of
more or less homogeneous subproducts • that could be made in a monthS or a quarter.

A coepany that wishes to monitor it. productivity nay also wish to
track related variab le. • Thus , a company measuring its productivity
in terme of output per man-hour may find it advantageous to have
correlative information on unit Labor cost.S Whether a company ha* modest or anhitious measurement sch~~~s, its
strategy has to take account of three interdependent elements of
quantificat ion s concepts, data , and methods of measure ment . The
definition of productivity as output p.r unit of input eabraces many
eligibl, specific concepts : thus , output nay hi viewed as gross or
net , and input may refer to labor, capital • ener gy , materials , or any
coobination of thtse. Data are frequently limited La quantity and
need to be adapted to uses for which they were not orig inally co.piled.
Details of the measurement process, such as the choice of weights for
the aggregation of component outputs or component inp’,t. or the choice
of a formula for averaging, are best settled with regard to the
preferred concepts and the available data.
Adequate provision needs to be made for (1) critical review and (2)
progre.si vs rsfinenent of productivity measures to assure that they
remain tools rather than degenerate into toys. Both activities are
legitimate featur es of a well—conceived measUrement program andaccordingly ough t to be incorporated in the design . They are essential
for fulfilling the pro mise of productivity measurement as a mode of
motivation of pencenel, diagnosis of operations , and timely remedial
action in a dynamic, competitive business world.
The Department of Coemerce has cosponsored seminars and workshops
intended to help organizations help themselves by monitorin g their own
perfor mance . More activity along these lines • with regional offices

• taking pert , is under study - Company interest in participating in
such a program should be registered with your area DOC Field Office -Further information on the sub ).ct may be obtained from the lame
source. Meanwhile, companies wishing to explore the requirements
and benefits of measurement systems on their own may find the app ended
bibliography helpful.
Furthe r referenoe z
.7. .7. Carr , ‘Measuring Productivity’, Arthur Andersen a Company. 1973.
D. L. Cocks , The Measurement of Total Factor Productivity for a Large

U. 5. Manufacturing corporation ,’ Business Economics,
Sept~~~.r 1974.
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S C. H. Craig and *. C. Harris , ‘Total Productivity Measure st at the

- Visa ’ Sloan Nane~~~~nt Heview , Spring 1973.

I.. Greenberg. A Practt:-1- Guide to Productivity I~pasure~~~t, Bureauof Iatl~~.)ia ~irs, washLng-~on, 1913.
.7. 5. Hendrick and U. Creamer, Measuripq Preduc~ivity Nan~~ook with

Cl~e Studles, Stud ies in lusinsu Economics , so • up,
eo zerence Board • Mew York , 1945.

5. H. Sherrard, ‘Labor Productivity for the Fir m : A Case study ’,
Ouaztsrly Review of Economics and Business, spring l9~ 7.

I • H. Siegel , ‘Measuring Productivity ’, in the ‘Seep America Coup.ti—S tiv,’ section inserted into ~~~~~~~~~~ Netalw’prk ins
Economics 1 Pilistics World . ~~d O thii~~ahners (Canover-
Mast) trade pcbiicattona of April 1971.

* This listing is not to be considered com~l.te and the inclusion of
publication is not considered a Department endorsement.
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APPENDIX F. SAMPLE PRODUCTIVITY TRAINING COURSES
AND SE1~1INARS

tr.du..tivity ~~~~~~~~~~ end 0.1*0.4 Comeses •C~~ductsd by the
.U.1. ~~vii lervics C~~~iaeia.

1. lfa05n~ letter Use .5 Produativity 05arorseest lyctass.

A. ~~~csti,e Orlostatise Is PrOdUaSIVO, 0.ciausee~~~t

This .sv .sio will be .~~~ ‘tsd is PT jOlt ~~~ viii be
s l d  at isfou.isg .~::urivs isrel Federal, Stats end
local sffici.i. bcv p.4~ativity useonsi use Is used to

- s,siust. sed tep..ees or enisstta.sl perleronca.

L ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ...~~~~

~~is on s~~~.a will be :=~~~r..4 f or tIs first tic. Is
PT i~~~~4. It viii teask ba to define eaU a.d obj lCti,ea,
dswslap sod install ..vru t sy.t , track p.~~rcn
pertoronc. ned evaluate perfo...ca .r’°t p’~~- d obj ectives.

C. ft.a ..stj,ity ~~~ —~~~~~~r

S mu. co~~ as t~z±:  1ev to datsesise ned .s alt cost
tins reqsiinsts La. repetitive ned nos-rspstitt,s tasks, be.

• to ..tsblLsk ,i 1.ui vity Indices, ned be. to install ,sp~~ttss
i,st~~~ for $stbedn pisdeusivity dat a.

U. I~~1ns letter U.. .5 Capital ~la,s.~~~~t to I.,r . . .  Productivity.
A. f-~°-’ ‘—.~~~~ r---~--.

ml. ~~~~.a —‘--i nr .e .ffisials ba to td..ttty the
~~~lMl uses .so stat.d vttb a. or 4.eti ’ a pgoducts, ba
to neslyee the :_:iml for capital sa,s.on.t is the delivery
of ~~~ss ~~s~~sss or services, ba to forecast abort ned loss-,—. piSd~.t1Vity elsa related to the tatrs~~~ttoe of capital
.~u1p o, seg I. donl.p jsstlSi..tia.a for ~~~~ capitalior _~~5s thick viii l..,. ,...duativity.

lU. I~b~~~ letter Use .5 ~~,k Ipetnea lesi~~ ?~~~~~
aj’ s’ to ~~~~~~

A. ~~lse ~~~lve1s

This a.ne. ~- - - u  ba to 44on11y the ferstic. .1 a — u i  1
~ f li_ . ssrflee or pu1U&_;~~ ba to ssebLiak a voles Let thatS 

. ~~ sttne; ned ba to piselde that L esine so lbs lonsts.st.

I
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lbs a*sdset tosses vales analysis ..thede by applyisp the t.obstçaee
S ten.ht La siaes to an actual apnecy prOblem ares. Thi. approach

to ness affective ~~~s i~~ aleecyae.dean Lst.rdi.c*plinary t.a. thick

1 thereu bly fsetliar with th, syste. or puc:.dur. to thick
vale. analysis tacheiques are to be .ppli.d .

I. Pam.........k Tier Malvsta and l v ~~~~~t

This curse tosebes bow to seaty.. and 1 ,. ..... pap..sva.k
flow La an or~anLaattoe.

C. l.onrk T.eb.1 for Pro f eet ~~~~~~~~~~t

This cnss teach.. boo to apply PUT, Critical Path )bthod ,
and apacial tssd Comet cbsrtia to the p’sI —lss. tr.ckta ned
.,sluatioeof proj.cts.

D. Wcrkahoo is Proc.aa Flow Chertics

This course tescbcs how to f low chart vork in orde r to i..,. ..~~I - work flow and cff.ctivsneae. -

IV. I~kis~ latter DecisIon. on Alternative tsthods of I.provin~S ______

A. Coat l . f  it Wor kahoo

This seurac t r ’—. bow to identify the cost and benefits involved
is asvsral alt.rnscivs courses of action by saploylaf such emalytic
t.cbsique. a. .yet.ne analyst., discouctinS and cost be.sf it tattoo.

I. Cost Zatinsti~~ T.~~~I~~~c

This slurs. touches boo to determine Lutist. coat. of alternative
sssru. of settee by usia~ i~~~ .voss .t curves, 1.5cm au.bere,
correlatine and rs r.seics analysis ned tins series.

C. - - -  !svea~~~ t Melveis

This amass t::-~~~ bow to .ylton$*esily ailocato scares
is em q~~tst~~~ and d1.attvs by ~~~~ ::- 1 analysis.
It ala. i— .thau ba s.sneuto analysis can be sppli.d to os-pin.

to L.,.~~~ .1 Eseti,—---

V. O$h~~ ’ coi~sss .n produstivity az’s ala. available from
the ?.d.rs 3 Zza.uti~• Institut. , RI 29 North , Chaz lotts s-
viu., Vir iriia 229O~
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NATIONAL CENTER FOR PRODUCTIV ITY AND QUALITY OF WORK ING LIFE
SEM INAR ON

PRODUCTIVITY IMPROVEMENT THROUGH MEASUREME NT

Cosponsorsd by th. U. S. Department of Coomerco,
U. S. Department of Labor , and Nations]. Science Foundation

Statler Hilton Hotel
S Washington , D. C.

- June 23, 1976

8:30 a n .  Registration (Congressional Room)

9:00 a s.  Welcome and Introductions

keynote Speech
Donald C. $urnhaa, Director-Officer,
Westinghouse Electric Corporation

Measurement: Techniques and Uses

Measu ring Company Productivity
Irving H. Siegel , Advisor to Director,
Sure au of Domestic Commerce

• ‘Measurin g Industry Productivity
Jerome A. Mark, Assistant Comaission.r for
Productivity and Tschnological Development,
Euresu of Labor Statistics

Questions

10:30 a m .  Steak

Ezamoles of Measurement

Productivity Measure ment at ALCOA
N. S. Gantz , Jr., Executiv. Vice President ,
Mill Products, Aluminom Company of America

NAWGA ’ s Warehousing Productivity Measurement Program
Gerald S. Peck , Executive Vice President ,
Nat ional- M rjcan Wholesale Grocers ’ AS*~cistinn~

Questions -

12:00 p... Luncheon
— 

Concluding Remarks
- Donald C. luraham

2:00 p.m. Workshops to be formed after luncheon for those
who wish to confer with speaker s.
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APPENDIX G. SA)1PLE PRODUCTIVI TY RESEARCH PROJECTS

S 

• NA IONAL S EER FOUNDATION
asss.&~cx APPLIED TO NATIONAL NEEDS RAIm )

PROGRAM ON
PRODUCTIVITY NEASUR~~!NT

$a .~~,srt. research is the.. major area. of productivity
ne.er—et-—omttseel ::~~~~1.c a..rse, ess.rss for the dsli,sry

of orbs. .orvices ~~ productivity assmaoenat eyet~~~ for
~~ — 4— erasive soeviass.

The ps-s ran em productivity ~~~eur~~~ 5s e,atoma for ~~~~~~eg*tivs
services davolep.d to desl with the a~— u.g esters of tha

- - VI .  prsj i.stiis system. The iacrsaoiss use of t~~b.&’,’~~ is the
direst pusduatias of — aid services aid em the ~~~~~~~~~ ~~~~ e

S of aq __
~~ .o4a ~~~~ sersatero. has rceultod is em insisesad uco of

rsu~~su in i...,... 4..atton acti,iti.s. ~~ a tr~~~ is rafisatod
is ~~~la stotistico . For o~~~~la. b tws 1910 ~~~ 1970,
psef— ~—uc1 f ~~~~~~~~~~ workers isu~~~ad irs. S.? poocoes of
the .. kL..g.a so 14.7 pcre t.~ - - ~i~~ re ~~~ officials iv.. 5.9• poepees of the rklorce to 104 percesti ~~~ clerisel nsf
from 12.3 ,.t i of th. woektar~a to 17.4 pcrsemc. ~~~~~~ SSr~..t ulmi1-~ 5 5  tid.~4, in at i~~~~trt.e chest ~~ third.
of ~~~llpses work in aoap .duntia. area..

The ~~upsu of the 1* prsp~ in predi.ati,tty — __~ .yat
is ~~~~~-e tive eewsis ~s to ds,slcp ned to east ~~~~~~~spes~~~ to this us. . b dat., us~~~ zde be,. be.. ~~~e ned the

is is pt~~~a.s. M~~~a~ 1 are . ris. of the projects
~~~ck h s  Ima

S I  -

S 

S
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NaTsoltu. Scialics UOUIiOo?SON -

• P551887 I— —S.,.._ 
I

— — U~~~~_ 4  1 •W55 SU~ £SSSS~~ ~~~~~~~ SS *S’Sg5S.~~s ~

~~—‘1 — State Ocirsesity Depst~~~st of I~~ar— ’t
last ‘—~~~~~ u4S~j f . 41524

~~~~~~SL ~~~~~~‘SS~US S~~~ 5~~~ S~q, ~S.S.S S’S~~ ISS .asa,& a .
advanced Productivity Pas.arch & TscbnoloE’

!kbct tLMoucska L”
_______ _________ Productivity Weaaut~~~~t__ ..,s. ,.

~~t~~~203~~ Public Policy and Economic Ptoductivity
S. ,.e~ss, 

—

“Ias.arck as Feo~~~tt,ity W.sosri t Iyst for 5~~4—4~ traUve Ssrvicaa : Purebasiap

~~~~~~~ — - — ~~~ — ~~ W ~-~--——-~~~~ U~~~~~

~~ s taM~Iih will deli., the ~~~~~~~~~ stats-el—the-set is productivity ~~~ s—rs.sme is
perchootap is V S .  .r$ssiaatisuc . Iap ..~4 prodettivity .urmest syae for the par-
~~~~~~ f tia. viii be developed from infoemaci.. ~~~~~ from the research.
‘—‘~ o r —~--t1.es in the ds~elope t aid tap1~— r - t io. of productivity a..r c

* spee is pursbs.iu~ have bees t4~~~ f ted in the t~~ .trisi , retail aid fidaral. sector.
S 5 - S ~~~~ partiaipeso in the I m i d  resaarek. The.. sectors ware thu s. for stofy b causs

ad their esecrihualsa to the Gross tutisool Product ..f gmitude of perches. ~~=~ieuree.
tote viii be ~eUerz.d about the productivity .seasr~~~ t system, the productivity ~~~~~—

os, the b~~~,tsrsL iap at of the system, the .ffettiva ./iaiff.cei-~~~ ... of the pro—
ductiwicy jgs , ned the incernel aid esearmal s.,iro emc. fee. the .ppruci aaly 14
sites visited by a cathiasti.. of tncarvt , nsf queetio eiroe, cbs collectiem of La-
sosemi — tasis—, ned records ~~~ 4S.tio.. The data Lysta viii casuist of decor—
~~~~ cbs etfesetvasss./basffsstivs.o.. of productivity ase as usts ss]ccead criteria
~~ chess eeree will the. bc c~~~a.d across selected esesruci, tmsresl, pis~ .c—
Uwity eusu omiu syst dlas.sioes. The.. c~~~ertscs. will be across oath o.fpvtS.r4 ,~lid within • ... the soccer, b.ii si-~iu4~ rs1.a$1i-~~ip.. to aid s~~~ ’ ~ty o~slfcstivaliaslfscciv. p~~ductivtty massuremut syst viii be li-bid for. Insult, of the

S 
- study viii be dtc.~~~.eid by 4li~~~ to top ussrectv.. aid purshesiap 1apr .1 

__ 
-

tsp ~ industrial .rV ’~~tia.a , usoupa ph pubUceti.. . a user caafsr e
• aoda.s about study is the t.Lleti of the N.ttoual Msociaeias of Purchesia~ he.r t

— aid the Ineiseal Institute of G..-..i....a.. c ParchssLu , pr.oostasim. of paper. cc er~~~ned prod oa.i.t.l ossetas., aid pubilcetlo. La periadicalo.

Illsstiw. Detot October 1, 1979
Ocrsdss~ 13 usaths

S 

-

.
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Public Services Laboratory
~oorgetown Univsrsity 37th and 0 Streets

• Vsekin ton. D.C. 20117__
Nsa~ lSVSSWS~~UU 1*I. SSSIV~ ~~~~~~~ ISS.IS~~ Uom4 m,

- 
advanced Productivity lessetch & Technology

Seine J. Muahkia Public Policy S Economic Productivity~-S5~an76—01199 - Productivity Meesursas.t -

S,~fl5 — pS5~uqv

Productivity Nassurescat Systo for 1A.4.4 ~trativ. Services: Pirao..esl,~~~~~tetrstios
aid Trainin

WS.*SV IS~~ _.a 5555 ~~~~~~~ — ~~~s --~~--——---— , 
-

This project is de.i$nod to find out what differe nce the use of productivity osesureseucs
sakes in p.raoasel .yst and how the s.naso.ent of the persoisel systth co~tribucos

• to- Iapr...a....c in cbs quantity aid quality of city services. -a.

The rsasaxcb viii proceed Ia 3 stases. First , statistical data on ns~~~~ r ned fiscal
effort viii be ob’a1-~~ is S .adiem—.iaed citl.as sJ eccsd from amens those with a history

• of prod uctivity .oa,uc mt effort. Indicators of the quality of the personnel nosa~.—sent f tios wtU be related to measures of productivity of the delivery of services.
- locoid, 4 of these citiss selected cm th. basi, of porsonoel ~~‘s~—~~t methods and

seeral fiscal characteristics , viii be ictonsivoly rs,i~~~d and rated os their persuasel- 

~~j~~~t syscom. 4 ’ udiap. rocruitoent, sei.sctioe, classificatios, pay aid hour. of -

work, p.rfor..m&a appraisal, tr .~~4—e , r.tlresest, coii.ctiv. bar$.laLag, and intrinsic
siva~~~~ 1 d iets. Productivity measure, of the p.erso al system, the above functions

• nsf of ssaral. scretess, aioi with per cspita~co.ts of public services, i411 be eb’—i—~• and em astiete ~~~e of coat effescivs.oss of the system. ~~~iuati,e case stud isa viii
be eritces for each of these titian. 

-

Third , a li-ailed research d.st~. for fisid saperissstatio. Os productivity measurement
is ~~~‘—~~trati,s sorvicee viii. be developed.

fseitve Inset July 1. 1974
S - 12 ~~~~~
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MistiMe. Inc. • 3$ ~ os1cr Stress
C~~~ridge, Inssacbesetts 0213$

*J5.51 551 ~~~U55S5~~~ ~~~~~~~~~~~~~~ ~~,u sSmI. 1 ..SU,I 55. .~~.S~~~ *VU

!!,ducci!i11 haoi~~~ -

Peter Ilsrriil 
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.iwmt ~~~~~~ 1
S

~
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“Research em ruluutvfty Nsaauransst Sysc for £l.4~ 4~trativc Servicss:
id I s — t  Miiysia” 

- 

- S

- _ .. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ °‘
~s ~~~~~~~ sbjcattve is to develop, test, med di.eomfns tc sor aid ioprowi~ techniques
!or *n~ the pj sdutttvtty of the bud sciap aid c ana lyst, I i~~ i~ist La

types 1 public tnstitvtts : stats sc.ime....c, bsupital aid univsr.ity ~ The research
S Isai$a intl—I”” idestifyta the taputs and outputs for the bud$stte aid ~~~a o.sst

msiysi, fuuctise in eech testitutise and 4sv.lspLs~ an or ~~~tio .1 .sd~~ of the
roisatisa pwscesscs. The nodal will be uaed to develop several basic — r e .  of
sslusttvl.cy - j I..44;~~ a week ~~~a.’ve i Olvtas prinery output per sun kaur, total
stpst with labor costs as vei hts, total output with uSit Costs as vsL~hts, mid total
stpuc wish eAsIer prices as waLlACe. Shedsv prices will be ustiseted by both revealed
rsferamee aid produstios peestbiiity surface sutheda . indices viii ho comstrv.c ted aid

tusitored La the parnicipacin orp.misadss.

/

Uf.ce&ve tout ~ 1, 1973 5

~~~esieat 10 usathe /
• 

F
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APPENDI X H. POL ICY STATEMENT FOR FEDERAL
P~~DtJCTIVITY PROGRAM

EXECUTIVE OFFICE OF THE PRESIDENT
S osvicr O~ MANAG(MZN1~ AND SUDOfT

W*IHSNSYCN. S.C. lUlls

0CT 231974

NEISOSAMDUM TO HEADS OF E~~CUTXVE DEPARTMENTS AND AGENCIES

5U$J~CT: Federa l Productivity Program

Vigorous efforts to improve productivity are essential to
counter the impact of inflation and provide better service
to the public within the limits of available funds .

My ssmerand~~ of July 9 • 1973. authorized continuanc• of
an annual review and report on the productivity of Federal
workers. The results of the productivity review during the

• last yeer have been incorporated in a Rep ort on Federal
Productivity issued by the Joint Financial Management
laprov .nt Program. Copies of this rep ort have bees sent
to all Depar~~snts and Agencie., as well as to the President
and the Congress .

The report pr ovides substantial evidence of the increasing
efficiency of the Federal workf orce and ind icates that
several agencies are using productivity measures • in con-
junctio n with other measures of performance • as an effective
part of their management process • However , we must do more.

• I ux’g• each of you to personally stress the goals of the
Federa l Productivity Program and to seize every opportunity
for further productivity improvements. Hy intensifying our
efforts, we can manage our activities in a manner that permits
us to better serve the American people.

Morecver~ we want to share the knowledge gained in the
Federal Progra m with officials of State and local governments.
As productivity is increased throughout all levels of
qevexomsmt, Americana will receive maximum returns for the ir
tam deliars.

/
~~~~~~
j

~~
h
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APPENDIX I. EXCERPTS FROM ANNUAL REPORT TO THE PRESIDENT
~~~~~~ S AND THE CONGRESS ON PRODUCTIVITY PROGRAMS IN

THE FEDERAL GOVERNMENT F’! 1974

- -‘ 
Annual Report- S • 

( 
June 1975

S ~~~ To The President
- 

~~~
‘ And The Congress

Productivity Programs
In The

• 

S 

- Federal Government
- FY 1974

-: Volume One : Current Efforts
And Future Prospects

Joint Financial Management
S improvement Program

176
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This is the second annual report prepared by the Joint
Financial Management Improvement Program (J INX? ) on produc-
tivity in the Federal Government. It has b en  prepared in

- accordance with the responsibilities assigned JI NX? in a
J uLy 9, 1973 . memor andum from the Director of the Office of
Management and Budget establishing a continuing Federal

) productivity program.

This document, Volume I, presents data on Federal
productivity trends for PT 1967—74 and the reas ons for
productivity increases and decreases. It contains informa-
tion on productivity in other sectors of the na tion ’ a
economy. It also co~~~ nts on activities now underway and
future needs and plans for productivity improvement.

Volume IX contains case studies illustrat ing some of
the many efforts made by specific organizations to measure
and improve productivity.

Major staff work on this report was performed by Edwin
Soniat , Joseph Myers , and B verly Rsece under ‘ohm Leader-
ship of Dr. Brian Usilaner , Assistant Director , JPNXP.
Valuable ideas and coemants were received from staff mem-
bers of the several agencies that provide the combined

• - lpadership for the Federal productivity program—the Bureau
of Labor Statistics, the General Accounting Office, the
Off ice of Management and Budget , the Civil Service ~~~~~ ~sien ,
the Genera l Services Adoinist rat ion, and the National Corn-
mission on Productivity and Work Quality . The report would
not have been possible withou t the help of the productivity
principals and other officials 0f the 48 Federal agencies
which supplied measurement data and other infezuction on

S thøir productivity programs.

Many lessons have been learned from the productivity
• efforts of the last few years • One is that productivity

improvement in not achieved by fiat or exhortation. It re-
quires careful planning , leadership and support. The current
high level of public and official interest in productivity
provide , a unique opportunity to build on the past progress
and mehe productivity a wsy of ii! . for all Federal agencies.
We hope substantial pr ogress can be made toward that goal
~~~~~~ the o~~ipq year

, cM.o34(
~~~~NJ&

Donald C. RUII, Executive Director
Joint Financial Management

ZmprQv.asa t Program
June l97F
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