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CHAPTER I

INTRODUCTION

Problem Statement

A major function of all Base Civil Engineering

organizations is the Industrial Engineering Branch. The

Industrial Engineering Branch is a staff function which

provides management assistance to the Base Civil Engineer

and his staff. As a management consultant function , it

is responsible for such things as evaluating civil engi-

neering service, conducting studies on known management

problems , and evaluating and improving resource utili-

zation (27:9—10).

During the last three years, there has been con-

siderable concern over the effectiveness of the Industrial

Engineering Branch. Both the Air Force Inspector General

(IG) and the Air Force Civil Engineering and Services

Management Evaluation Team (CESMET) have documented the

fact that “the Industrial Engineering program is not

working very well at base level [28:Change 76—li .”

Literature Review

Ori~ ins of IndustrialEngineering

Industrial engineering is defined as:

The art and science of utilizing and coordinating
men , equipment, ‘and materials to attain a desired

1

-
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quantity and quality of output at a specified time
and at an optimum cost. This may include gathering ,
analyzing , and acting upon facts . . . for control-
ling the quality and quantity of goods and services ‘ -
[18:1:116—7].

The art and science has its roots in the Industrial Revo-

lution when man seized upon the idea of improving produc-

tivity by reducing manpower through technological innova-

tion. Sir Richard Arkwright (1732—92) made a significant

impact on the British cotton—textile industry by devis-

ing and administering “a successful code of factory disci-

pline ” and by getting workers “to renounce their desultory

habits of work and to identify themselves with the unvary-

ing regularity of complex automation (18:1:9].”

Although many of the early practitioners of indus-

trial engineering techniques were not then known as

industrial engineers, they understood and applied the

basic concepts. Benjamin Franklin has been honored with

the name of “The Father of Efficiency [8:561. ” The sixth item

in his list of virtues is ‘~~ . . lose not time; be always

employed in something useful; cut off all unnecessary

action . . . [8:56].” This idea is a central theme of the prin-
ciples of industrial engineering. The actual practice

of industrial engineering as we know it today was used

during the Industrial Revolution in England. Two of

the most famous practitioners of that time were Matthew

Robinson Boulton and James Watt, Jr. These two m di-

viduals inherited the steam engine business from their2
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fathers. Faced with the expiration of James Watt Sen-

ior ’s patent on the steam engine and increased competi-

tion, they decided to build a foundry of their own to

produce steam engines rather than subcontract the work as

their fathers did. Although they inherited a substantial

amount of knowledge , they used enlightened foresight

and planning in the design of a “complete and closely

integrated modern engineering plant, 100 if not 150

years before its time [18 :1:10].”

Their costing system , for instance, involved
the keeping of 22 standard books: as in any modern
plant, the main use made of these records was to
assist the management to detect waste and ineff i-
ciency [18:1:10].

Many people have lauded Watt and Boulton for their work

but,

The greatest shortcoming of these men was the
fact that they did not write up their accomplish-
ments except in letters to their partners and
acquaintances . . . (20:16].

The first recognized book on industrial engi-

neering principles, On the Economy of Machinery and

Manufactures , was written by Charles Babbage, a Luca—

sian Professor of Mathematics at the University of Cam-

bridge , England and published in 1832. He was inspired

to write the book as a result of experiments he was conduct-.

ing in conjunction with a large number of visits he made

to factores in both Great Britain and Europe. His book

discussed “general principles bearing on the management

3
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of business undertakings - . . (3:1:11].” Charles

Babbage was:

aware of the possibilities and some of the
dangers of time study . . . (and] he understood
the value of printed standard information blanks
in making investigations [The book]
quickly ran through three editions in Great Britain,
and some 10,000 copies were printed (18 :1:11].

There is no evidence that this book had widespread

influence on the management of industries in Great

Britain because “the tradition of business secrecy was

still strong [18:1:11]” and the research necessary to

determine what occurred in this area has not been

accomplished (18:1:11) .

In America , the Industrial Revolution was gearing-

up in the latter half of the nineteenth century . With

the rapid expansion of industry and increasing technology ,

the field of engineering began to be recognized as a

profession.

Before the middle years of the nineteenth cen-
tury, the direct influence of contemporary science
on engineering practice was quite uneven. Some of
America ’s most prominent mechanical engineers ,
even in the last decades of that century were
still men of little or no scientific training
who had happened into apprenticeships at various
engine works and evinced a knack for machine
building. However, the scientific and mathematical
achievements of such technologists as William Rankine
and Rudolph Clausius soon gave the mechanical engi-
neers with scientific and mathematical training
such a decided advantage that they, in effect,
blocked entry into the field for most engineers who
were not graduates of the engineering colleges. This
brought important changes in the social composition
of the engineering fellowship. . . . The elevation

4
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which science provided and the new sources of recruit-
ment which it demanded converted mechanical engineer-
ing from what had been considered a trade to what
was now more often called a profession (12:8—9].

It was this idea of professionalism that prompted

the formation of the American Society of Mechanical

Engineers in 1881 (2:35).

The ASME devoted its first six years of existence

to problems related to the traditional duties of mechan-

ical engineers. The forum of discussion enlarged in 1886

when Henry R. Towne, President of Yale and Towne Manu-

facturing Company presented a paper entitled, “The Engi-

neer as an Economist.” This paper discussed the role of

the engineer as a manager and that the engineer could no

longer just concern himself

with things in the best way by engineering
standards. He had to recognize other criteria of
efficiency, and in particular of economic efficiency ,
expressed in terms of cost and revenue [2:35-36].

Towne suggested that the ASME would serve as a fitting

clearing house for available information on managerial

practice and for the next several years the organization

concentrated its efforts on developing incentive payment

schemes (2:36).

In 1895 , a small , thin , pernickety engineer
named Fredrick Winslow Taylor read a paper entitled
“A Piece Rate System, Being A Step Toward a Partial
Solution of the Labor Problem ” [12:1].

This paper dealt with wage incentive systems
and its “differential piece rate” was more stringent
than cost incentive systems. It required that the

5
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shortest possible time for each job be computed
and fixed [l2 :l—~ ] .

“Taylor proposed that an ‘honest day ’s work ’

be fixed scientifically , by methods free from human

bias (12 :23 .” It was from this concept that Taylor

developed and practiced his scientific management. In

1910, after many years of work to prove his theories and

establish principles for obtaining an “honest day ’s

work” from the laborer, Taylor presented another

paper to the ASME. Although the paper was shelved by

the Society because “the membership was not interested

in papers of this sort and that there was nothing new

in it [12 :18], ” it subsequently became world-famous

under the title , Prin cip les of Scientific Management

(12:18).

Published in 1911, Taylor ’s book grew in popular-

ity and was eventually translated into at least nine

foreign languages (12:18). Taylor ’s principles were a

welcome blessing to the businesses of his day. The

Protestant Ethic was deeply ingrained in the society

causing the workers to press for higher and higher

wages, while the owners and engineers were striving for

improved profits. Taylor thought his principles would

provide the mechanism to achieve both goals simul-

taneously .

Taylor ’s principles were not unanimously accepted

as the panacea for business ’ economics problems . The

6
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unions saw the principles as management ’s method of

exploiting the worker without just compensation. Also,

due to the worker’s lack of knowledge of time study, they

believed that the times being measured for their jobs

were too short and to receive any benefit from the wage

incentive system, they would have to work too hard.

Therefore, resistance developed which placed the Time

Study Engineer in the unenviable position of being the

“Black Sheep” of industry. Although there was resistance

to Taylor ’s Scientif ic Management, it began to attract

many followers . Two followers who expanded on Taylor ’s

principles were Frank and Lillian Gilbreth.

In 1912 (Frank) Gilbreth lef t his construction
industry and adopted the technique of taking motion-
piätures to get more exact measurements of peoples
motions and timing. . . . The increased precision
also made possible his isolation of sixteen funda—
mental elements of hand motion , called Therbligs .

( 1 2 : 4 0 ] .

Gilbreth’ s basic concept required that a worker ’s task

be broken down into its basic “true elements” or Ther—

bu gs, and be evaluated for elimination of wasted motion

and then restructured into the best method for accomp—

lishing the task (12:40). This became “Gilbreth’(s) all—

embracing, inexhaustible concept of ‘The One Best Way

To Do Work ’ (12:41].” Prior to leaving his construction

f i rm ,

Gilbreth set down his management techniques in
a series of manuals which pictured his organization

7
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as a machine built on the interchangeable—part
plan and specializing in speed work (12:37],

so his “One Best Way To Do Work” fitted in perfectly

with his general thinking . Frank and Lillian Gilbreth

applied their time and motion study techniques success- -

fully and became highly sought as management consultants.

As Fredrick Taylor was considered the “Father of Indus-

trial Engineering ,” the Gilbreths could be thought of

as its “First Children.”

Another of Taylor ’s followers was Henry Lawrence

Gantt. Like the Gilbreths, Gantt developed a different

approach to applying the Scientific Management prin-

ciples.

Most of Gantt’s technical innovations in manage-
ment , his cost system and his long series of pro-
duction charts, arose from his search for a device
to set standards for management analogous to the
stop watch standards for the worker [12.:44].

Gantt also became successful as a consultant during and

after World War I. Gantt made many valuable contri-

butions, such as the Gantt Production Charts which are

still used today.

The arrival of the third decade of the twentieth

century brought no new techniques for increasing effi-~ - -

ciency in factory production. Most of the efforts of

the Taylorites were being directed toward the application

of his principles of a “defined task” with a “defined

method ” in a “defined time” (18:1:12-13), though some

8
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were applying them in different ways. By the l930s,

another group of efficiency experts were coming into

prominence. The methods study techniques were another

ramification of both Taylor and Gilbreth ’s concepts

(18:1:13).

In 1933 , the term niethodB engineering was

developed by H. B. Maynard and his associates and was

defined in the following words :

Methods engineering is the technique that sub-
jects each operation of a given piece of work to
close analysis in order to eliminate every unneces-
sary operation and in order to approach the quickest
and best method of performing each necessary opera-
tion ; it includes the standardization of equipment,
methods , and working conditions ; it trains the opera-
tor to follow the standard method ; when all this has
been done , and not before , it determines by accurate
measurement the number of standard hours in which an
operator working with standard performance can do
the job; finally, it usual ly , although not necessarily ,
devises a plan for compensating 1abor w~ich encour-
ages the operator to attain or to surpass standard
performance (18:1:13].

This expanded technique was an improvemen t because it

was a beginning of the systems approach to view work

methods , but fur ther improvement was still

needed . Most of the work of industrial engineers up

to this time had been done in existing factories and

existing work situations. The idea was conceived to

apply methods engineering to a task prior to actual

accomplishment through the use of Gilbreth ’s Therbligs

and then train the worker to perform the task in the

“one best way ” (18:1:13—14). The first practical attempt

9
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to establish such elementary time standards was made by

A. B. Segur prior to 1930 (13:1:14). His work helped

focus on the problem, and in 1940, H. B. Maynard con-

ducted a study sponsored by the Westinghouse Electric

Company that “finally developed into what is known as

methods -time measurement , or MTM (18:1:14]. ” A book

under this title describing the procedure was written

by Maynard , Stegemerton , and Schwab and was published

in 1948. The use of MTM spread rapidly and it’s use

continues today (13:1:4).

Thanks to the early geniuses like

Taylor , Gilbreth, Gantt, Maynard and many others , the

industrial sector of American society was provided with

new techniques to improve its productivity. These

“traditionalists” were concerned primarily with applying

their expertise to manufacturing situations. The tasks

of the traditional industrial engineer include :

1. Methods engineering : operational a tlysis,
motion study,  materials handling . -2. Work measurement: time study . *

3. Control determination : production control ,
inventory control , quality control -

4. Wage and job evaluations -

5. Plant facilities and design : Plant lay-
out . . . (18:1:18].

Post World War II
Industrial Engineering

Prior to World War II , industrial engineering

was primarily manufacturing oriented. Hence, the term

10
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“industrial” engineer seemed appropriate. Since that time,

industrial engineering has expanded its frontiers to

numerous new challenges in nonmanufacturing areas “such

as health services , banking , public utilities , trans-

portation, and retailing (3:42].” This transition to the

nonmanufacturing industries has been more dramatic in

the last ten years. According to the American Institute

of Industrial Engineers ’ (AIIE) statistics , the shif t

in total employment of industrial engineers was evi-

denced by a drop from 82 percent in 1966 to 59 percent in

1971 in the manufacturing industries. There were subsequent

increases in norunanufacturing areas (14:23).

The reader should not construe this increased

emphasis in nonmanufacturing areas as meaning that the

industrial engineer’s role has diminished in manufacturing

areas. The Bureau of Census ’ Occupation by Indus try

shows that the number of employed industrial engineers

increased from 40,140 in 1950 to 185,389 in 1970 (14:23) -

A greater percentage of industrial engineers have entered

nonmanufacturing areas because of the new opportunities

created by a universal recognition of improved produc-

tivity and effective problem solving through industrial

engineering . Nevertheless , the industrial engineer

will continue to play an important role in manufacturing

industries. His manufacturing role remains even though

his employment demand has stabilized (13:38). —

11
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Before discussing how industrial engineering

has impacted the various nonmanufacturing areas, an

examination of the factors-—the introduction of opera-

tions research and computers--which precipitated the

break from the traditional approach is appropriate. As

mentioned , this break with traditional industrial engi-

neering isapost-World War II development. Just as

Taylor ’s early industrial engineering efforts were known

as scientific management, this relatively new industrial

engineering technique is known by other terms——manage-

ment sc&ence (MS), operations research (OR), or qualitative

analysis (15:87). Although there has been considerable

discussion concerning whether MS/OR is actually a part

of the industrial engineering spectrum , Roy L. Allen,

past—president of AIIE, 1973—1974, stressed that:

Operations research , management science, and
systems engineering were added to the IE name

- (and] have been used by college and industry
alike (3:411 . - -

Operations research was initially developed to

solve tactical military problems. One of the first suc-

cesses was associated with development of radar systems

used in the defense of Britain during World War II

(15:90). This initial effort utilized “a mixed team

approach to develop mathematical , instead of qualitative ,

models for the analysis of a total system (20:21] .”

Operations research remained predominantly a military

12
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tool until the early 1950g. Operations research had

early nonmilitary success in rail and air transportation

areas. However, offsetting failures appeared for every

great success in these early years; consequently ,

the 1950s were turbulent years for the “upstart”

operation researchers (17 :130). A basic problem which

underlined many failures was the complexity of the calcu-

lations which were required for OR solutions. In those

precomputer days , the problems had to be simplistic in

nature which limited the efforts of those engaged in a

“total sys tems ” approach to problem solving (20:21).

The introduction of the computer is recognized

as having the most significant impact on productivity ,

likewise industrial engineering , since the days of Taylor

and the Gilbreths. Successful industrial application

of the computer began with the UNIVACs of the 1950s.

The computer ’s characteristics--speed , capacity , and

reliability of its information—handling capability—-

opened new vistas for industrial engineers and permitted

system activities and controls never before possible

(20 :21—2). Industrial engineers have been involved

with the computer in many ways. They have been concerned

with the design of computer installations , from the

management point of view, to make information more useful

in decision making. They have used computer systems

to solve complicated problems in industry , to simulate

13
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business and industry conditions, and to provide almost

instantaneous answers for varying sets of conditions.

They have been active in the design and installation of

computers for process control in numerous situations

such as for chemical and petroleum industries, manu-

facturing plants, service industries, and even for traf-

fic control. In addition, they have used the computer

to aid them in the more traditional industrial engi-

neering areas-—work measurement, methods engineering ,

plant location , production control, and qtiality control

systems (17:41—20).

The successful marriage of operations research

techniques and the computer resulted in significant

strides for the industrial engineer in the l970s which

has carried forward to the recent rise of systems engi-

neering within the industrial engineering spectr-.un. The

industrial engineer of today is equipped wi’~ ‘~ sophisti-

cated techniques to solve a myriad of probiems whether

they are business, industrial, societal or governmental

oriented. While the various techniques which comprise

operations research-—game theory, simulation , Monte Carlo

techniques, queuing theory, systems analysis , etc.--are

important, recognition that the industrial engineer has

expanded his repertoire of skills to solve the complex

problems of his current environment is more important.

The successful application of these skills has broadened

14
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his horizons into numerous nonxnanufacturing fields

(17:41—20).

In addition to the rise of operations research

and computerization, one additional factor which has

contributed to the growth of the industrial engineering

profession was the establishment of the American tnsti-

tute of Industrial Engineers in 1948. The growth of

the lB profession closely parallels the growth in AIIE

membership. From a group of twelve men in 1948, the

membership has grown to an international organization

of more than 20,000 in 1975 (25:20). The original

purpose of the AXlE as stated in Article III of its

Constitution and Bylaws was:

1. To maintain the practice of Industrial Engi-
neering on a professional status.

2. To foster a high degree of integrity among
the members . . . .

3. To encourage and assist education and research
in areas of interest to the Industrial Engineer.

4. To promote the interchange of ideas and
information among members . .

5. To serve in the public interest . . . (1:18].
The growth of industrial engineering as a profession and

its acceptance in many new fields is partially attribut-

able to the active support of AXlE (20:22).

As previously stated, industrial engineering has

shif ted to norimanufacturing areas. The Hospital and Health

Services was one of the first nonmanufacturing organ-

izations which recognized the benefits of industrial

engineering expertise. The application of industrial

15 
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engineering to the hospital system dates back to a Kellog

Foundation workshop in 1952. As a result of this workshop,

industrial engineering programs began to be implemented

at various hospitals throughout the country. In addition,

academic programs in industrial engineering which apply

to health care systems developed momentum in the 1960s.

In the early 60s, there were approximately 39 lEs directly

involved in hospitals. This figure rose to 1,100 lBs

employed in the health industry in 1973. Industrial

engineers have been utilized in three types of programs

within the hospital industry. First, industrial engi-

neers have been used on an in—house basis for individual

study of hospital problems. The second area of use has

been through shared engineering programs. Today, there

are over thirty state programs which provide industrial

engineering services to hospitals across the U.S. The

third major area of involvement has been with consulting

firms. This approach has grown significantly in recent

years and is applicable on an international basis (14:25-6).

Industrial engineers have been credited with improving

virtually every conceivable area of the hospital insti-

tution. Some of the successful projects accomplished in

the Metropolitan New York hospital system include:

Automating, mechanizing and system .1 improvcment
of medical records -

Blood bank functions
Central Supply reorganization

16
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Computerized accounting implementation . .
Delivery room forecast and control . . .
Hospital organization structure . . . (23:44-5].
Industrial engineering first impacted the trans-

portation and distribution industry in 1941 when United

Airlines established an industrial engineering department

which was “responsible for investigating all methods

and procedures used in the conduct of business, with the

objective of promoting greater effectiveness [14:27]. ”

The transportation and distribution industry is a classic

example of the transition of industrial engineering prac-

tices from the traditional techniques to complex

mathematical systems analyses. This transition is evident

in practically all segments-—air, rail, sea, and trucking.

Not all of these segments have experienced the same level

of success through industrial engineering involvement.

Only recently have industrial engineers emerged wit

the shipping and trucking industries. Their success has

been in the area of operational systems such as scheduling,

fleet utilization, and materials handling (14:27—8).

A more recent application of industrial engi-

neering has been associated with the solution of urban

problems. New York City recently established industrial

engineering organizations in an attempt to solve some

of its intricate problems. An initial project to estab-

lish standards and procedures for inspecting sanitary

conditions in food stores and restaurants has been a

17 
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qualified success. Additional successes include resolu-

tion of a garbage removal problem, improved park mainte-

nance, improved efficiency within the welfare department,

more effective and efficient street cleaning operations,

etc. (16:32—3). Similarly, the City of Phoenix has j
utilized simulation techniques to improve its methods

of collecting uncontained refuse. This new method is

estimated as saving the city government $400,000 per

year (20:23).

Industrial engineering within the federal govern-

ment encountered a rebirth in 1948 “when President Truman

commissioned Herbert Hoover to Qonduct studies of the

effectiveness and efficiency of government activities

(13:24].” The result of the “Hoover Commission

Study” was the issuance of an executive order in 1949

which required industrial engineering programs be

initiated in federal activities. The first complete

experiment to apply industrial engineering within the

federal government occurred in 1952. This was the estab-

lishznent of the U.S. Army Management Engineering Training

Agency at Rock Island, Illinois, which was staffed with

industrial engineers, statisticians and other related

practitioners.

The Navy also has established a vigorous industrial

engineering program especially within the Bureaus of Yards

and Docks, Aeronautics, Ordnance, Ships. One of the

18
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Navy’s major IE achievements has been the development of

a widely accepted engineering performance standard (EPS)

program for planning and estimating of civil engineering/

facilities management work. These standards are used by

the Navy, Air Force and other federal agencies (14:25) 
-

Parallel to the Army ’s developments, the Air Force

initiated industrial engineering programs in its aircraft

maintenance activities. Air Force industrial engineers

were concerned with methods engineering, work measure-

ment, quality control, economic analysis, and production

planning and control. Later in the 50s, the Air Force

implemented a strong management program for establish-

ing and validating manpower standards in all Air Corn--

mands. This program later evolved into the current

Management Engineering Program (14:24-5). Within the

Base Civil Engineering organization , industrial engi-

neers are functioning as in—house management consultants

to “monitor the effectiveness of management systems,

identify the need for management improvements and develop

recommendations for those improvements (4 :16].”

The past history of industrial engineering has

been one of recurring turbulence, growth, and stability.

What does the future hold for industrial engineering?

The task which confronts the industrial engineering

profession in the future “is no more unique, difficult,

or unsolvable than that which faced Taylor, Gilbreth,

19
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Gantt, and Emerson (7:27] .“ The name of the game is the

same——productivity and efficiency--only the player ’s

skills and the scope of the field have changed.

The previous discussion was intended to provide

a historical background of industrial engineering. In

the following section, the Air Force ’s concept of

industrial engineering as it applies to the Base Civil

Engineering organization will be developed. The

specifics of the following section provide the basis for

the formulation of the research objective.

Air Force: Base Level
Industrial Engineering

The Base Civil Engineering organization is estab-

lished by Air Force Regulation (APR) 85—10 , Operation8

and Maintenance of Real Property . Its primary mission

“is to acquire, construct, maintain and operate real

property facilities, and provide related management

engineering and other support work and services (27 :1].”

To accomplish this missioz~, Civil Engineering is organ-

ized as prescribed by Air ~‘orce Manual (AFM) 26-2,

Organizat ional  Policy and St ructure , and APR 85—10.

Figure 1 shows the required organizational structure.

As can be seen in the organizational chart, the

Industrial Engineering Branch is a staff function composed

of two subfunctions--Quality Control and Industri-al

Engineering Analysis. The Quality Control (QC) function

20 
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is responsible for inspecting civil engineering work while

it is in-progress and after it has been completed. QC

determines the quality of the work ; the efficiency of the

work force; the adequacy of supervision ; the availa-

bility and adequacy of supplies, tools, equipment,

personnel and transportation ; and compliance with direc-

tives, work plans, and work standards. QC records and

reports all inspections performed. In addition, QC

performs follow-up analysis after each staff, Inspector

General, General Accounting Office or Auditor General

visit (27:9).

The industrial engineering analysis function is

responsible for performing special studies; analyzing

cost and performance reports to identify operational

deficiencies or potential problem areas; establishing

time standards; performing facilities layout; monitoring

civil engineering data automation reports and systems;

and developing or adapting management syst€— .s when appro-

priate (27:9—10).

In July 1971, Air Force implemented a concept

that required “quality control and analysis . - . be
combined into a team effort that best realizes the advan-

tages of indust— “gineering techniques [25:Ch 1:3].” . -

e new concept, is the Management Review Program

YIRP) , was dei!~~~te APM 85—38 , Civil E’ngin ee r in g

Management Review . APM 8~-38 set forth responsibilities

22
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for civil engineering functional managers and industrial

engineering. A key facet of the MRP was to concentrate

industrial engineering resources on the major management

problems within base civil engineering. In this capacity ,

industrial engineering serves as a management consultant

to all levels of civil engineering management (28 :Ch 1:3-5) .

APM 8 5-38 provided detailed procedural guidance

for the Industrial Engineering function. Many bases

have encountered numerous problems in attempting to

comply with AFM 85—38’s “how to do” procedures. Initially,

the IG documented the problems associated with AFM 85-38

compliance . Some of these problems are discussed in

the next few paragraphs . More recently , Air Force CESMETS

have documented similar problems . As a result of the

continuing problems, the Air Staff rescinded AFM 8 5-38 on

24 September 1976 (26).

During 1 January-30 June 1974, the IG evaluated

the management of industrial eng ineering activities at

fourteen installations. The summary of the findings

highlight the main problem areas :

Personnel assignment practices deprived IE of
a stable, experienced work force. Quality control
policies varied significantly and were seldom
enforced . Analysis sections and ma ’-iagement review
committees contributed little to the overall IE
program. Management review studies failed to address
major prob lem areas . And f inal ly , the structuring
of analysis functions was found to be counterproductive
and hindering the overall effectiveness of the IE
e f fo r t  (29 :1]
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Further amplification of some of the identified

problem areas is provided to establish the background of

the research objectives. The f irst  item of concern is

the problem of a stable and experienced work force. Fac-

tors which contributed to this situation were:

1. lB manning was consistently below authori-

zations.

2. lB manning was adversely affected because of

a multitude of additional duties and the common practice

of loaning IE personnel to other BCE functions.

3. Less qualified personnel were being assigned

to the IE function (29:4).

Since the IG report, the Air Staff has implemented

its CESME T concept to evaluate the management of base

support functions. CESMET performs as management con-

sultants and not as headquarters inspectors (8:3). One

of CESMET ’ s concerns is that lB has suff icient  manning

to do its jobs and that it is not a convenient labor pool

for other BCE functions (30:136).

A second major problem has been ineffective and

inconsistent quality control of BCE operations . An 
- I

underlying cause of this problem was the varying Major

Command interpretations of the quality control procedures

in the recently rescinded APM 85—38. Air Force has not

specified new quality control procedures except to

state that the basic requirements of APR 85—10 and the

24
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standard Industrial Engineer position descriptions still

apply (26). Also, CESMET emphasizes that industrial

engineering must be involved in quality control “to

keep the program ‘honest’ [30:135].”

A third major problem has been that Management

Review Committees (MRC) have failed to support and

direct industrial engineering efforts to improve civil

engineering management. The Management Review Committee

is a group comprised of the Base Civil Engineer and his

functional staff whose basic responsibilities include

the guiding of the tndustrial Engineering Program (28:1-1).

The IG found that at 80 percent of the bases inspected,

the MRCs were not effectively guiding and directing

the IE effort. MRC meetings, which were required quar-

terly, were “meeting infrequently, some as seldom as

once a year (30:131.” A cause of this problem, as noted

by the IG, was in APM 85—38’s failure to fully outline

the responsibilities of the MRC. At that time, the Air

Staff planned to expand on the responsibility of the MRC

in a proposed revision to APM 85—38 (29: 17-18).  Now that

AFM 85—38 has been rescinded, no procedures exist for

guiding the MRC . However , CESME T continues to emphasize

that “the Industrial Engineer ’s study efforts should be

guided by the Management Review Committee . . . (30 :136] . ”

A fourth major problem has been that Management

Review Studies (MRs) failed to address major problem

25
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areas within civil engineering. An MRS refers to an

indepth industrial engineering study of a major problem

and whose results are expected to provide a significant

amount of payback (28:Ch 2:11). This problem parallels

the lack of MRC involvement in guiding the IE effort .

In addition , the final problem-—the artificial structuring

of IE procedures required by AFM 85—38-—was a direct

cause of inadequate IE performance as reflected in the MRS

(29:15—20).

The elimination of AFM 85-38 was not intended

to diminish the significance of the industrial engi-

neering function. The Air Staff is pursuing a policy

of providing only the minimum essential guidance to base

level organizations. In this case, they have eliminated

“how to do” procedures and will rely on “what to do ”

procedures contained in APR 85-10 and AFM 26—3 (26).

On 7 April 1977 , the Air Staff announced the adop-

tion of a restructured BCE industrial engineering function.

As can be seen in Figure 2 , the Industrial Engineering

Branch is now responsible for Industrial Engineering Anal-

ysis , Real Estate Management, and Cost Accounting. Qual-

ity control has been removed as a formal section from the

IE branch. Under this concept, QC will be provided by

the O&M superintendents (21).
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Fig. 2. Restructured BCE Industrial Engineering
Branch (Effective FY 3/77)

The restructuring package also outlined an interim

reduction in IE manning. Table 1 illustrates the new man-

ning table for the Industrial Engineering Branch. The Air

Staff noted the following comments concerning the reason

for the reduced IE manning.

The industrial engineering reduction is a result
of control procedures which have recently been incor-
porated in the BCE management systems and which corn-

- plement many of the inspection requirements. Further
capability for work—in—progress inspections is also
provided by the O&M superintendents and foremen.
Therefore, as reflected in the interim manning guide,
the quality control/inspection capability will be
limited to one authorization for base. The reduction
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in analysis capability is based on a change in the
concept of operation for the industrial engineering
function presaged by the rescinding of AFM 85-38
(21].

To summarize, the base level industrial engi—

neering function is in a state of change. The Air Staff

is concerned with what industrial engineering should do

and the following objective has been established in that

view. The research effort was based upon the pre-7 April

1977 organizational structure. Even though a new IE

organizational structure has been adopted, the Air Force

has not finalized the role it expects IE to play (6).

Thus, meaningful input could be provided to the Air

Staff concerning the future role of IE.

Research Objective

The research objective is to determine how the

concept of industrial engineering should function within

the Base Civil Engineering organization.

Research Questions

What role should industrial engineering play

within the Base Civil Engineering organization?

What are the current opinions of the key Civil

Engineering management personnel concerning industrial

engineering and its use at base level?
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CHAPTER II

METHODOLOGY

The methodology of the research effort is

explained in this chapter. Throughout the following

discussion there are numerous terms and concepts of

which the reader should be cognizant. Table 2 contains

both the descriptive definitions and the operational

definitions of the key concepts used throughout this

chapter.

Description of the Population

There are 126 Air Force bases worldwide which

have an Industrial Engineering Branch within the Base

Civil Engineering Organization. However, twelve small

bases were eliminated from consideration because they

have an Industrial Engineering staff of three individuals

or less or because the base has a contracted O&M work

force. The remaining 114 bases comprised the locations

of five independent populations. Appendix A is a list of

bases included in the population. The five independent

populations at the bases were the Base Civil Engineer,

Chief of Industrial Engineering, Chief of Programs, Chief

of Operations and Maintenance (O&M), and Chief of Engi-

neering and Construction. Thus, each defined population

consisted of 114 individuals.
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~1
Sampling Plan H

To determine the role of the Industrial Engi—

neer as perceived at base level, a census was taken of

each of the five populations. The invited sample entailed

a questionnaire being mailed to each Base Civil Engineer,

Chief of Industrial Engineering, Chief of Operations and

Maintenance, Chief of Programs, and Chief of Engineering

and Construction at each of the -114 bases. It was anti-

cipated that at least 60 percent of the questionnaires

sent to each population would be returned. Questionnaires

which were returned comprised the accepted sample. From

the accepted sample, it was anticipated that a small per—

centage of the questionnaires would have to be discarded

due to their incompleteness or possibly improper responses.

The questionnaires which remained after the culling of

incomplete/improper questionnaires comprised the data

producing sample. If 50 percent or more of the invited

sample for each population were included in the data pro-

ducing sample, then the sample would be considered repre—

sentative of the population~ and the results obtained

could be generalized to the population.

Instruments

To answer the question, “What role should indus-

trial engineering play at base level?,” three similar

questionnaires were used. There was one general ques-

tionnaire for all respondents, with an attachment with
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specific questions for the Base Civil Engineer, the Chief

of Industrial Engineering, and selected branch chiefs--

O&M, Programs, and E&C——at each base identified in the

population.

The questionnaire format was selected so that

the current opinions of the key Civil Engineering (CE)

Management personnel--BCE and Chiefs of IE, O&M, E&C, and

Programs--could be obtained. The key CE management per-

sonnel were surveyed because it was assumed that their

perception of industrial engineering would best describe

what role industrial engineering should play in the future.

Each of the three questionnaires was based upon

the following investigative questions:

1. What functions, responsibilities, and activi—

ties are base level industrial engineering branches cur-

rently performing? The purpose of this question was

intended to establish the current functions of industrial

engineering at base level. The turbulence created by

AFM 85—38 and its rescission made it difficult to

fully identify what base level industrial engineering

functions were accomplishing. To provide validity to

this question, the questionnaire ’s results were compared

to findings identified in the CESMET reports. It is

assumed that an understanding of the current industrial

engineering responsibilities was required prior to deter-

mining if it is adequate or should be changed.
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2. Is industrial engineering capability needed

at base level? The purpose of this question was to deter-

mine if industrial engineering is of value to the BCE

organization. It was quite possible that the key CE man-

agement personnel could perceive of industrial engineering

as providing no benefit to the organization.

3. If industrial engineering is needed at base

level, should it continue to function as is or should it

be modified/changed? The purpose of this question was to

determine how the key CE management personnel perceive

the future of industrial engineering based upon their view

that it is “of value.” It is quite possible that indus-

trial engineering could have been viewed as: (a) being

strictly a quality control function; (b) being strictly

an analysis and studies function; (c) being a mix of qual-

ity control and analysis as currently required by APR

85-10; (d) expanding its scope of work outside the BCE

organizations; (e) incorporating additional responsibil-

ities such as Cost Accounting and Real Estate; or (f) a

mix of the above and others not mentioned.

In addition to the measurement questions, the

questionnaire collected basic demographic data, such as:

1. Rank, if military.

2. Grade, if civilian.

3. Job title/position.

4. Manning strength of the BCE organization.
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5. Major Air Force Command.

6. Level of education.

7. Base level IE experience (DEl group only).

8. Level of lB degree (DEl group only).

9. IE authorization level (DEl group only).

10. IE assigned level (DEl group only).

A copy of the proposed questionnaire can be seen in

Appendix B. The general questionnaire was used for every

respondent. Attachment number one was used for the Base

— Civil Engineer. Attachment number two was used for the

Chief of Industrial Engineering. Attachment number three

was used for the identified branch chiefs.

Validity of the questionn~ires was attained by

conducting a small pilot study . The respondents in the

pilot study included civil engineering instructors at the

Air Force Institute of Technology ’s Civil Engineering

School and Engineering and Services personnel assigned to

the Air Force Logistics Headquarters (AFLC) . The CE

instructors surveyed were the experts associated with

the functional areas included in the questionnaire--IE,

O&M, E&C, and Programs. Likewise, APLC personnel sur-

veyed were the appropriate functional experts.

Data Collection Plan

The data necessary for this research effort were

obtained from three primary sources; the literature

research, compilation of existing data, and the Industrial
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Engineering Role Survey. The literature research encom—

passed pertinent information to provide a background

for the existing climate of base level industrial engi-

neering and the many aspects of the industrial engineer—

ing field. The compilation of existing data and the H
Industrial. Engineering Role Survey provided the basis

for descriptive and analytical data.

The compilation of existing data consisted of

the CESMET recorded observations for the bases visited

by them during the period of approximately November 1975

to November 1976. Air Staff CESMET provided the portion

of their reports which dealt with industrial engineering

for use in this research effort. CESMET data provided

information concerning the situation as it existed

within base level industrial engineering.

The second method in which data were collected

was through the Industrial Engineer Role Survey. The

Industrial Engineering Role Survey contained questions

to collect two types of data—-quantitative and quali-

tative. The quantitative questions collected demo-

graphic data about the populations’ qualities. The

demographic data were used to construct treatments

which were used to analyze and test the data gathered

in the opinion section of the survey. In addition, the

demographic data were used to develop descriptive sta—

tistics concerning the population--frequency diagrams,
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means and ranges. The qualitative section of the survey

contained questions to determine the personal opinion of

the respondents concerning the role of the industrial

engineer in terms of the existing situation and the

future.

The Industrial Engineering Role Survey included

five groups of respondents-—the Base Civil Engineer, the

Chief of Industrial Engineering, the Chief of Engineering

and Construction, the Chief of Operations snd Mainte-

nance, and the Chief of Programs. Each of the five groups-

of responses were used either as separate treatments or

collective treatments.

The second section of the questionnaire was con-

structed to ascertain the opinions of the population on

“what base level industrial engineering is” at the sur-

vey time and what, in their opinion, tt should be. The

opinion type questions were designed to answer the

research investigation questions as previously stated (see

pages 34 & 35). See Appendix C for particular association

of investigative question to measurement opinion questions.

The Industrial Engineering Role Survey questions

were mailed to the bases listed in Appendix A. The posi-

tion identifiers of the five populations were the Base

Civil Engineer--DE, the Chief of Engineering and Construc-

tion—-DEE, The Chief of Industrial Engineering--DEl, the

Chief of Operations and Maintenance-—DEM, and Chief of
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Programs—-DEP. The questionnaires were mailed on 8 Febru-

ary 1977. The cut off date for receipt of data from the

respondents was 4 March 1977.

Data Classification

The data gained from the CESMET reports were

analyzed and classified on descriptive content. The

~ESMET data described what conditions existed within

base level Industrial Engineering Air Force—wide during

the time period of November 1975 to November 1976.

The data being requested in the Industrial

Engineering Role Survey included all levels of data-—

nominal, ordinal, interval, and ratio. The nominal data

included the population categorizations--Base Civil

Engineer, the Chief of Engineering Construction, the

Chief of Industrial Engineering, the Chief of Operations

and Maintenanc~ , and Chief of Programs. Also, the speci-

fic major Air Force coiwnands were considered descriptive

in nature only and therefore nominal data. Ordinal data

consisted of the military rank or civilian grade,

the level of education, and experience of the respondents

at base level. The rank ordered responses were consid-

ered to be ordinal level data. Interval level data

included the responses to the opinion questions and

were based on the five—point Likert Scale (9:248-250).

Ratio data consisted of percentage—type responses.
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The interval. level data consisting of the answers

to opinion-type questions on the Likert Scale, were based

on the following assumptions:

Each sample is drawn randomly and independently
from a different class or treatment population.

The variances of the class or treatment popu-
lations are all equal. - -

The class or treatment population is normally
distributed (5:458].

The assumptions that were made concerning the

validity of the interval. level data of the Likert Scale

are well supported by Mr. P. L. Gardner in his Revi ew

of Educational Research article, “Scales and Statistics.”

In his summary, Mr. Gardner states:

If a test is constructed by psychophysical
scaling methods [the Likert Scale], . . . then,
it is argued the measure possesses interval
scale [11:46].

There were arguments concerning the validity of assuming

the Likert Scale—type results are interval data; but for

the purposes of this research effort, the data obtained

from the opinion questions were assumed to be interval

data and, therefore, were treated as such.

As stated previously, the results obtained from

the raw data were based upon the assum ptions made about

the raw data. The assumptions allow the classification

of the data as nominal, ordinal, interval, and ratio

upon which various statistical techniques were based.
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Research Design

The sampling plan of this research effort was

considered a census; however, for the purpose of the

statistical tests, the data were considered as complying

with the assumptions of sampled parametric and non-

parametric data.

The design of statistical tests and criteria

tests was structured from the measurement questions

developed to answer the investigative questions. Each

statistical test was designed to provide definitive

input to criteria tests.

The level of statistical significance for each

statistical test was maintained at .05. Using the .05

level of significance provided a reasonable probability

of making the correct decision concerning the statistical

hypothesis and provided sufficient protection from

rejecting the null hypothesis when it was true.

Investigative Question No. 1

The purpose of investigative question number

one—- “What functions/activities are base level industrial

engineering branches currently perfortning?”--was to

identify the current industrial engineering situation.

The data collected from investigative question number

one’s measurement questions were used with the CESMET

data to describe the current base level industrial engi-

neering concept. The statistical procedures used in
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answering investigative question number one were intended

only to support the above purpose. There were no statis-

tical tests associated with investigative question number

one to support criteria tests.

Initially for investigative question number one,

— the measurement question-— ”What are the five most

important functions of the Industrial Engineering

Branch?”——was analyzed for- two groups of respondents——

B~E and Chief of IE. In addition, a similar question--

“What are the three most important functions that the

IE staff can accomplish to satisfy your management

needs?”-—was analyzed for the remaining three groups

of respondents--Chiefs of DEE, DEP, and DEN. A list of

the important industrial engineering functions was devel-

oped for each of the five groups of respondents. It was

assumed that the five lists represented the backbone of

industrial engineering ’s work responsibilities. The

fjvc individual ranked lists were based upon the frequency

of response for each type of IE function. The Kendall

coefficient of concordance, W, was used to measure the

extent of associations among the five rankings. If W

was greater than or equal to 0.70, the extent of associ-

ation was considered to be high. Likewise, the W sta-

tistic was tested at the 0.05 level to determine its

significance. Significance means that the rankings are
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related and that the respondents applied essentially

the same standard in ranking the lB functions

(22:229—238).

The two rankings cf the BCE and Chief of lB

were analyzed to measure their degree of association.

The Spearman rank correlation coefficient, r5, was used

for this analysis. If r5 was greater than or equal. to

0.70, the extent of association was considered to be

high dependent upon the test for significance. If when

tested, r5 was found to be significant, then it could

be concluded that there was a high degree of association

between the BCE and Chief of IE groups’ opinions.

The second measurement question analyzed was

the “Estimate of the percentage of time that the Indus-

trial Engineering Branch has expended in each category”

listed in the previously discussed measurement question. -

The lB group was the only group asked this question.

A summary listing of time percentages per category was

developed to illustrate how much of industrial engi— - 

-

neering time has been expended per category during the

previous twelve months. No statistical tests were con-

ducted on these results.

The third measurement question analyzed was

“What are the weaknesses or limitations currently

associated with the base level industrial engineering

concept?” A frequency list was developed to illustrate
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the individual weaknesses noted by the respondents.

No statistical tests were conducted on these results.

The fourth measurement question, associated

with investigative question number one, analyzed was

“Rank order the importance of how industrial engineering

work requirements are .” This question was

answered only by the industr-ial engineering group. A - - :

frequency list was developed to illustrate how lB work

requirements are generated. No statistical tests were

conducted on these results.

The final measurement question, associated with

investigative question number one, analyzed was “Is the

industrial. engineer ’s greatest contribution to your

branch in the area of quality control?” This question

was analyzed for the Chief of Operations and Maintenance

group. The mean response of the Chief of O&M group was

determined to ascertain their opinion concerning the

quality control program. No statistical tests were

conducted on the results.

The CESMET provided data were analyzed to provide

additional input concerning IE’s role at base level.

CESMET provided extracts of thirty—two of its reports

for analysis in this research effort. The CESMET data

were analyzed to determine an overall appraisal of

base level IE functions, and to determine what strengths

and weaknesses existed within base level. lB functions.
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Investigative Question No. 2

The measurement questions for investigative

question number two—— ”Is industrial engineering capa-

bility needed at base level?”-—were drawn entirely

front the survey opinion-type questions. The data were

assumed to be interval. level. data allowing the use of

parametric statistics. The measurement question ’s data

were coded with numerical values to the Likert Scale

response of: 1 for Strongly Disagree, 2 for Disagree,

3 for Undecided, 4 for Agree, and 5 for Strongly Agree.

To answer investigative question 2, two sets

of measurement questions were asked to all respondents. d

The first set of measurement questions--numbers 10, 11,

12, 18, 19, 20, and 21——were intended to imply that IE

is needed at base level and should be retained. For

specific wording of the measurement questions, see

Appendix B. The second set of measurement questions

only contained one measurement question—-number 8-—which

implies that IE is n~t needed at base level and should

not be retained. The purpose of using only one measure-

ment question which implies unfavorableness to retaining

IE was that the grouped questions which imply favorable-

ness to retaining IE may have provided inconclusive

results. Thus, from the one question implying unfavor-

ableness to retaining lB , conclusive results can still

be provided.
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Statistical Test. Each set of measurement

questions was analyzed by the one-way analysis of vari-

ance (AN OVA) technique. The computerized Statistical

Package for the Social Sciences (SPSS), version 6, was

used in the analyses. The results of the ANOVA runs

provided: (1) individual treatment--BCE, Chief of E&C,

Chief of IE, Chief of O&M, and Chief of Programs--means,

(2) the overall or grand mean, (3) the P5 statistic at

the .05 level, and (4) the homogeneous treatment subsets.

The F5 statistic which was provided allowed the following

hypothesis to be tested:

H0 (Null hypothesis): The treatment means are

equal.

H1 (Alternate hypothesis): At least two treat-
- ments differ.

Based upon the degrees of freedom which was determined

from the ANOVA run, a critical value of F
~ 
at the .05

level was found in the Fc tables of reference five. If

the F~ statistic was greater than the Fc critical value,

then the null hypothesis was rejected, and it was con-

cluded that there is a statistical difference among

means. However, if the F~ statistic was less than the

F~ value , then the null hypothesis could not be rejected ,

and it was concluded that the treatments had a statis-

tically similar opinion which could be represented by

the overall or grand mean.
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If a statistical difference among means were

found to exist, then the H. Scheffe test for critical

differences of means was used to ascertain the Simple

Pairwise Difference of Means—-these are the homogeneous

subsets which were provided in the computer run. The

homogeneous subsets are those in which treatments have

statistically similar opinions at the .05 level.

Criteria Tests.

1. The conclusions to the analyses were based

on the following ranges for the treatment means:

A. If the mean response fell within 1.0

and less than 1.5, then the conclusion drawn was that the

respondents “strongly disagree” with the question state-

ment.

B. If the mean response fell within 1.5

and less than 2.5, then the conclusion drawn was that

the respondents “disagree” with the question statement.

C. If the mean response fell within 2.5

and less than 3.5, then the conclusion drawn was that

the respondents were “undecided” about the question

statement. However, if the mean response was less than

2.75, it was concluded that the respondent “tended to

disagree” with the question statement. Likewise, if

the mean response was greater than 3.25, then it was

concluded that the respondents “tended to agree” with

the question statement.
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D. If the mean response fell within 3.5 and

less than 4.5  then the conclusion drawn was that the

respondents “agreed” with the question statement.

E. If the mean response fell within 4 .5  and

5.0, then the conclusion drawn was that the respondents

“ strongly agreed ” with the question statement .

2. If no statistical difference of the treatment

means existed , or only one treatment mean (other than the

Industrial Engineer treatment) was statistically different,

the overall or grand mean of the responses to the sets of

measurement questions was accepted as the combined group ’ s

response pending completion of criteria tests 5 and 6.

3. If a statistically significant difference

of two or more treatment means existed, the results of

the H. Scheffé test provided which treatments were sta-

tistically different. In this case, the group mean was

considered to be too indecisive and the homogeneous sub-

sets were used to show the differences of opinion.

4. If only the Industrial Engineer ’s treatment

mean was significantly different, then responses to the

Industrial Engineer’s ~~asurement questions were eliminated

from the averaging of responses and a new mean of the four

remaining treatments was completed. The new mean was

accepted as the overall group ’s response to the measure-

ment questions of investigative question number two pend-

ing completion of Criteria Test number five.

50



f l ’~~~~~~~~~ ~~~~~~~~~~~~~~~~~ •
- - - - - - 4—-’-—— - -— - — - -- --— 

_ _ _ _ —~ ‘ ._, w~” - _ _’ — ----------- ~~--—--——-.~~~~ .- -
—

~

55---- ---- -~~~~~~~~~~~~~~~~~~

5. If the means of the two dichotomo us sets of

measurement questions for investigative question number

two were positioned on opposite ends of the Likert Scale,

and one mean was less than 2.5 and the other mean was

equal to or greater than 3 .5 , the opinions were in agree-

ment and were accepted as the population ’s opinion for

this portion of the analysis.

6. If either of the means of the dichotomous sets

of measurement questions was equal to or greater than 2.5

and less than 3.5, the responses to the sets of measure-

ment questions were considered to be too indecisive. If

this was the case, then tt~a results to the single measure-

ment question number 8——which implied unfavorableness to

retaining XE——wa s used to draw the conclusions to investi—

gative question 2.

Investigative Question No. 3

The measurement questions for investigative

question number three—-”If industrial engineering is

needed at base level, should it continue to function

as is or should it be modified/changed?”—-consisted

of the answer to opinion-type multiple-choice questions,

open-ended questions and rank order-type questions. The

opinion—type multiple—choice questions were answered

on the Likert Scale. The resulting data were assumed

to be interval level which allowed for statistical.

testing with the use of parametric statistics. The
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measurement question ’ s data were coded with numerical

values to the Likert Scale responses of: 1 for Strongly

Disagree, 2 for Disagree, 3 for Undecided, 4 for Agree,

and 6 for Strongly Agree.

To answer investigative question number three,

two sets of measurement questions were asked all respon-

dents. The first set of measurement questions——numbers

7 and 17--were intended to imply favorableness to chang-

ing the role of IE. The second set of measurement

questions--13, 14, 16, and 20--were intended to imply

unfavorableness to changing the role of IE.

Statistical Test. Each set of measurement

questions was analyzed by the one-way ANOVA technique

as explained for investigative question 2 on pages 48

and 49.

Criteria Tests. Each set of measurement ques-

tions utilized the same criteria tests--pages 49-51-—as

was used for investigative question 2. The only di f fer-  —

ence between the criteria tests for investigative

questions 2 and 3 was criteria test number 6. Criteria

test 6 for investigative question 3 was: If either of

the means of the diohotomous sets of measurement ques-

tiona was equa l to or greater than 2.5 and 1e88 than 3.5 ,

the responses were considered to be too indecisive. If

this was the case , then th~ results of measurement
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question 20 were used to draw conclusions to investi-

gative question 3.

Individual Measurement Questions. An analysis

was made of each individual measurement question. For

measurement questions 7, 8, 10, 11, 12, 13, 14, 16, 17,

18, 19, 20 , and 21, the ANOVA technique , as discussed

on pages 48-49, was utilized to determine the individual

treatment means and the statistically similar opinions.

Criteria tests 1, 2, and 3 were utilized to draw the

conclusions of each analysis. Also, for the referenced

measurement questions, histograms were plotted and have

been included in Appendix D.

For the remaining measurement questions, fre-

quency tables were developed. The frequency tables

illustrdte how the various respondents answered the

particular measurement questions.

If the conclusion to investigative question 2

was that lB should be changed or modified, then the

following questions were intended to identify how lB

should be changed or modified:

#15 of the General Section

#25 of the BCE’s Section

#26 of the BCE’S Section

#31 of the IE’s Section

#32 of the IE’s Section
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#25 of the Branch Chief ’s Section

#26 of the Branch Chief ’s Section

Each of the above questions were analyzed by developing

a frequency of like responses. The summarization of

responses to the above questions provided the changes

or improvements which should be made to IE.

Major Command Analysis. Three measurement

questions-—8, 13, and 20—-were analyzed according to

Major Command (MAJCOM) . The ANOVA technique was utilized

to determine if there was a difference in the MAJCOM

opinions. In the analyses, eleven MAJCOM treatments

were used:

1. Aerospace Defense Command

2. Air Force Logistics Command

3. Air Force Systems Command

4. Air Training Command

5. Military Airlift Command

6. Pacific Air Forces

7. Strategic Air Command

8. Tactical Air Command

9. U.S. Air Force in Europe

10. U.S. Air Force Security Service - -

11. Other--includes Air University, Air Force

Academy, Alaskan Air Command , and Air Force Communication

Service.
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The ANOVA technique and criteria tests 1, 2, and 3, as

discussed on pages 49— 51 , were utilized for the MAJCOM

analyses.

Summ.Ary of Assumptions
and Limitations -

The prime assumptions of the research question

and the collection and statistical treatment of the

data were:

Assumptions

1. The data producing sample of the population

response to the Industrial Engineer Role Survey repre-

sented a census of the entire population.

2. The observations/responses made by each

respondent were independent of responses made by other

respondents.

3. The observations/responses to the Industrial

Engineer Role Survey were drawn from a normally distrib-

uted population.

4. The variance of the observations/responses

of the populations were assumed all equal.

5. The psycholphysical scaling method (Likert

Scale) provides responses that were assumed to be inter-

val level data.
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— Limitations

The results of the research effort were based

upon the personal opinions of persons within the Air

Force Engineering and Services career field. Ideally,

data should have been collected from non-DOD service

or nonprofit functions, such as city management staffs,

for comparative purposes and to determine if there is

a better way of utilizing industrial engineering capa-

bility. However, due to time constraints, the additional

non-DOD data could not be collected.

I-
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CHAPTER III

ANALYSIS AND RESULTS OF THE INDUSTRIAL
ENGINEERING ROLE SURVEY

The analysis and summarization of the data are

presented in this chapter. Initially, the analysis of the
- - three investigative questions are presented followed by

an analysis of each measurement question. The numbering

of the measurement questions follows the same format as

the Industrial Engineering Role Survey as shown on

pages 152-162. The final portion of the chapter includes

an anlysis of selected measurement questions in terms of

the major commands rather than the civil engineering job

position.

Except for a brief analysis of CESMET-provided

data, the analyses included in this chapter are based

primarily on the Industrial Engineering Role Survey. The

F survey was forwarded to each of the five key civil engi-

neering management personnel at the 114 bases identified

in the population. There were 470 questionnaires mailed

in the invited sample. As Table 3 illustrates, 490 of

the questionnaires were completed and returned. The 490

total represents the accepted sample. Four-Hundred--

sixty-nine or 82.3 percent of the invited sample were

used to produce the data upon which the analyses are based.
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TABLE 3

INDUSTRIAL ENGINEER ROLE SURVE Y
PARTICIPATION RATE

~ 
Invited Accepted Percent P~~~~~ed 

Percent
051 iOn Sample Sample Returned Sample Used

DE 114 96 84.2% 94 82.5%
DEE 114 101 88.6 94 82.5
DEl 114 102 89.5 97 85.1
DEN 114 96 84.2 92 80.7
DEP 114 95 83.3 92 80.7

Totals 570 490 86.0% 469 82.3%

The following convention was used for the key

civil engineering positions throughout the analyses:

1. DE refers to the Base Civil Engineer

2. DEE refers to the Chief of Engineering and

Construction.

3. DEl refers to the Chief of Industrial Engi-

neering.

4. DEN refers to the Chief of Operations and

Maintenance.

5. DEP refers to the Chief of Programs.

All of the data except the opened-ended questions

were entered and stored in the Honeywell 635 Computer

System via computer scan sheets. The computerized Sta-

tistical Package for the Social Sciences (SPSS), Ver-

sion 6, was used extensively throughout the analysis
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phase. Appendix B includes a copy of the computer pro—

grams which were used in the research effort.

Investigative Questions

Investigative Question No . 1. What functions/

activities are base leve l industrial eng ineering bran ches
— 

currentl y performing?

1. Most important functions: The BCE and

Chief of IE were both asked to list the five most impor—

tant lB functions in the order of their importance. Like-

wise, the Chiefs of DEE, DEN, and DEP were asked a similar

question--list the three most important IE functions in

order of their importance.

The respondents noted numerous IE functions which

were categorized into fourteen major functions for use

in developing the rankings. The fourteen categories

are listed below:

A. Management consultant work

B. QC which includes activity evaluations,

work-in—progress and completed work evaluations, and

self-inspections.

C. IE studies includes special studies,

large or sm all studies, and Level II and III studies.

D. IE analysis includes trend analysis.

E. BEAMS oriented work

F. Manpower related work.
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G. Follow-up work associated with IG, GAO,

Auditor or MAJCOM visits.

H. Problem Solving—-this category was not

elaborated on. It was listed as problem solving or prob-

lem solving work.

I. Customer Relations program--lB work asso—

ciated directly with the Customer Relations Program .

J. Management by Objective--responses normally

associated IE as being the MBO monitor.

K. Training and testing within BCE organi-

zation.

L. Traditional IE includes standards

established, methods study, time study, etc.

M. Systems and Procedures——work associated

with the development, documentation, and implementation

of new systems and procedures

N. Other duties includes administrative

duties, Prime BEEF, extra duties, briefings, etc.

Table 4 illustrates how the five groups ranked

the IE functions. Tables 42 through 46 in Appendix D

contain the development of each of the five rankings

shown in Table 4. The Kendall Coefficient of Concor-

dance, W, was used to measure the extent of association

among the five rankings. The results of this analysis

provided a value of W equal to 0.785 which implies a

high degree of association among the five rankings. The
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W statistic was tested at the .05 level and was found

to be significant. The resulting conclusion is that

the rankings are related and that the respondents applied

essentially the same standard in ranking the lB functions.

For the detailed analysis, the reader is referenced to

page 180 in Appendix D.

The rankings of the BCE and Chief of IE were

analyzed to determine their degree of association. The

Spearman rank correlation coefficient, r5, was used to

measure the sxtent of association between the BCE and

Chief of IE rankings. The results of this analysis pro—

vided a value of r5 equal to 0.8177 which implies a

high degree association between the BCE and IE rankings.

The r statistics was tested at the .05 level and was

found to be significant. The resulting conclusion is

that there is a high degree association between the BCE

and IE rankings. For the detailed analysis, the reader

is referenced to page 183 in Appendix D.

2. Percentage of IE time expended per category:

To ascertain approximately how much time IE expends on

various types of work, the Chief of IE was asked to esti-

mate the amount of time he has expended during the last

twelve months on those five categories which he listed

as most important. To fully determine how much time IE
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expends in various categories, the question should have

been directed at all categories of work and not the five

most important categories. Thus, the data collected

does not reflect lB’s total workload over the last twelve

months. However, the data does reflect the amount of

time being expended on those functions which IE’s consider

important .

The results revealed that 80 percent of the IE’ s

who consider QC and BEAMS to be one of the five most

important functions have expended 20 percent of their

time in each of these activities. Also, 54 percent

of the lEs have expended 20 percent of their time on

management consultant work. Likewise, 44 percent of the

lEs have expended 30 percent of their time on IE studies.

Table 5 provides a complete breakout of the percentage

of IE time expended per function. For the complete

analysis which supports Table 5, see page 176 in Appendix D.

3. Weakness/limitations of IE: All five groups

of respondents were asked to list the weaknesses or

limitations of the current IE concept. The weaknesses

refer to the lB concept prior to the recent (7 April 1977)

organizational change. There were fifty-one different

weaknesses/limitations identified by the respondents.

Table 6 illustrates the weaknesses/limitations which were

noted by at least five of the respondents. A listing of
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TABLE 6

WEAKNESSES/LIMITATIONS OF IE

Weakness DE DEE DEl DEN DEP Total

Unqualified IE Staffs 24 42 37 29 22 154
Undermanned 13 6 17 18 14 68
Failure to Solve Problems 4 15 . . - 22 24 65
QC/Black Hat Image 6 11 11 18 11 57
Either Not Used or Improp-
erly Used by the BCE &
Staff 9 4 24 3 7 47

Too Many Additional Duties 1 6 14 5 3 29
Inadequate Training Avail-
able for IE Personnel 4 ... 21 1 3 29

None 7 5 ... 6 5 23
High Turnover of Personnel 7 2 5 4 2 20
Inexperience of lB Chiøf 13 4 ... ... 2 19
Lack of Direction 5 ... 8 ... ... 13
Poor Interpersonal Writing
or Speaking Skill  1 4 5 1 11

No Teeth in QC/IE Program 4 4 2 10
IE Staff Not Motivated 2 1 . - . 2 4 9
IE Grades are too low 3  3 3 ... 9
Lack of Understanding
of lE Role ... ... 8 ... ... 8

BEAMS--Requires too much
time/too few benefits 1 ... 6 ... .. 7

Not E&C Oriented ... 7 ... ... ... 7
Not Flexible for BCE
Requirements 5 .. .. . .. . . . . 5

Requires too much Paper
Work ... 4 1 ... ... 5

Customer Relations Program
Requires too much Time 3 ... 2 ... ... 5

— - - — I - —  m... ... A 4 %..41 4 4. ., ,
4 4.. ~~~~~~~~ 4% .~ ~ ~~~~~~~~~~~~~~~~~ . . . . . . . .
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the weaknesses/limitations which were noted by less than

five respondents can be found on page 178 of Appendix D.

4. Source of IE Work Requirements : The Chief of

IE group was asked to rank order the various sources of

their work requirements. Based on the responses, the

following list represents the rank ordering of IE’s

work requirements in decending order of importance:

Total
Rank Points

1 IE——Self Generated 539
2 BCE 504
3 Branch Chiefs 385
4 Command, IG, Auditor, etc. reports 354
5 Required by regulation (APR 85-1,

APR 85—10, etc) 325
6 Management Review Committee 264
7 Other BCE Personnel 256

The reader is referenced to page 177 of Appen-

dix D for development of the above ranking. The ranking

reveals that the IE and BCE are considered the most

important sources of IE requirements. The Branch Chiefs,

reports, and regulations appear to fall into an equal

grouping of IE work requirements generation. Likewise,

the Management Review Committee and other BCE personnel

groups appear to be equal and are the least important

sources of IE work requirements.

5. Contribution of QC to O&M Branch: The Chief

bias asked if the IF’s ~re~test i-i ,n t rih ut i ôn t~

his branch was in the area of quality control. The

results of this question are illustrated in Table 7.
67
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TABLE 7

FREQUENCY OF DEN’S RESPONSES TO THE QUESTION :
IE’S GREATEST CONTRIBUTION IS IN —

THE AREA OF QC

Response

Strongly Disagree 23 25%

Disagree 35 38

Undecided 6 7

Agree 26 28

Strongly Agree 2 2

The mean response to the question was 2.446 which falls in

the “Disagree” range of 1.5 to 2.5.

6. Summary of CESMET’S findings concerning IE:

The Air Force CESMET provided extracts of thirty-two of

its reports for analysis in this research. The extracts

deal specifically with the lB branch, thereby providing

additional input concerning the current IE role at base

level.

It should be emphasized that CESMET is not

an inspection activity which rates an organization

in the manner that the IG does, i.e., excellent, satis- j
factory, marginal, etc. (7:3). However, in its final

— — — — n~~ n s.~~ m .3 ~ — -i 3 ~ — — — - - - — — — - ‘ 
- -

~~ ~~~~~~~~~~~~~~~~ 4J.IJ~~~~~ ~~~~~~~J VJ . U~~~ ~~ .&L ~)V~~~~.L QJ..L J~~~~QJ. UJ. ~~~~~~~~~~~

activity assisted . For the purposes of the analysis, the

appraisals of IE branches were divided into two categories---
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favorable appraisals and unfavorable appraisals. The

results of this analysis revealed that eighteen (56 per-

cent) of the bases received favorable appraisals and

fourteen (44 percent) received unfavorable appraisals.

In reviewing the CESMET reports, it appears that

CESMET appraises the IE Branch in terms of five aspects:

(1) manning posture, (2) the amount of additional duties

assigned to IE, (3) the effectiveness of the Customer

Relations Program, (4) the number of and impact of IE

studies, and (5) the effectiveness of QC--activity inspec-

tions, work—in-progress inspections, etc. Table 8 illus-

trates the strengths and weaknesses which CESMET documented

I — - in the thirty-two reports analyzed. For the detailed

documentation of the CESMET report analysis see page 86

in Appendix D.

Inv estigative Question No. 2. Ia industrial

eng ineering capabi lity needed at base leveZ~?

To answer investigative question 2 , two sets of

measurement questions were asked to all respondents.

The f irst  set of measurement questions--numbers 10 , 11,

12, 18, 19, 20, and 21- -were intended to imply that IE

is needed at base level and should be retained . For

specific wording of the measurement questions see Appen-

dix B. The second set of measurement questions only

contained one measurement questions-—number 8--which

implies that lB is not needed at base level and should not

- . 69
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TABLE 8

CESMET IDENTIFIED IE STRENGTHS
AND WEAKNESSES

Number of
Bases

Recognized

Strengths

Strong IE studies program aimed at
“money makers” 10

Good/Excellent Customer Relations Program 11

Effective QC/Activity Inspections Program 12

Weaknesses

Poor manning posture/insufficient manning 10

Too many additional duties 5

Ineffective IE studies program 11

Ineffective Customer Relations Program 18

Ineffective QC/Activity Inspections Program 12

Lack of Support by BCE and Staff 4

.
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be retained. The sets of measurement questions were

analyzed by the one—way analysis of variance ( ANOVA) tech-

nique . The SPSS ANOVA subprogram was utilized for these

analyses. A copy of the computer program utilized to

activate the ANOVA subprogram can be found on page 205

of Appendix E.

A summary of the ANOVA results for the set of

measurement questions implying favorableness to the

retention of IE is illustrated in Table 9. The null

hypothesis (H0) and alternative hypothesis (H1) of the

analysis was as follows:

H0: The treatment means are equal

DE DEE~~DCI~~DEM~~DEP~
H1: At least two treatment means are not equal

(at least one ~~ 
-

The resulting test statistic F5 equaled 20.640 and the

critical value Fc at the .05 level for degrees of freedom

of 4 and 448 equals 2.39 (5:850). Because F5 is greater

than F
~
, the null hypothesis is rejected and it is con-

cluded that a significant difference in opinion exists

among the treatments at the .05 level.

To determine which groups differ , the H. Scheffé

test for critical differences of means was incorporated

into the referenced computer program. Three homogenous
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subsets-—statistically similar opinions——were found to

exist:

1. DE (3.8799) and DEl (3.5331)

2. DEl (3.5331) , DEP ( 3 . 2 9 7 4 ) ,  and DEN (3.1739)

3. DEP (3.2974), DEM ( 3 . 1 4 4 4 ) ,  and DEl (2.7742)

A summary of the ANOVA results for the measure-

ment question implying unfavorableness to the retention of

lB is illustrated in Table 10. The null hypothesis (H0)

and alternative hypothesis (H1) of the analysis was as follows:

H0: The treatment means are equal

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

-

= H1: At least two treatment means are not equal

(at least one ~~

The resulting test statistic F equaled 14.459 and the

critical value F
~ 
at the .05 l:vel for degrees of freedom

of 4 and 468 equals 2.39 (5:850). Because F5 is greater

than Fc~ 
the null hypothesis is rejected, and it is con—

cluded that a significant difference in opinion exists

among treatments at the .05 level.

To determine which groups differ, the H. Scheffé

test for critical differences of means was conducted.

Three homogeneous subsets--statistically similar opinions

--were found to exist:
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1. DE ( 1.6702) ,  DEl (2 . 0 3 0 9) ,  and DEP (2 .1304)

2. DEl (2.0309), DEP (2.1304), and DEN (2.3370)

3. DEE (2 .9255 )

Thus, for the set of measurement questions imply-

ing favorableness to the retention of IE, only the DE

and DEl groups “ agreed ” ; whereas , the DEE , DEN and DEP

groups were “undecided.” However , for the single measure—

ment question implying unfavorabieness to the retention

of IE, all groups except DEE “disagreed.” The DEE group

was again “undecided.”

Investigative Question No. 3. If industrial

engineering is needed at base leve’, should i t  con t inu e

to function as is or should it be modified or changed?

To answer investigative question 3 , two sets of

measurement questions were asked all respondents. The

first  set of measurement questions--number 7 and 17—-were

intended to imply favorableness to changing the role of - :
IE . The second set of measurement questions--number

13, 14 , 16 , and 20--were intended to imply unfavorable-

ness to changing the wla of I!. The sets of measure-

ment questions were analyzed through the use of the SPSS -;

one-way ANOVA subprogram. A copy of the computer program

utilized to activate the ANOVA subprogram can be found

on page 205 of Appendix F.
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A summary of the ANOVA results for the set of

measurement questions implying favorableness to changing

the role of lEwas illustrated in Table 11. The null

hypothesis (H0) and alternative hypothesis 
(H1) was as 

- 
-

follows:

H0: The treatment means are equal

= (
~DE~~DEE~~DEI*~DEM UDEP)

H1: At least two treatment means are not equal

(at least one ~
)

The resulting test statistics F
~ 
equal 3.307 and the cri-

tical value Fc at the .05 level for degrees of freedom

of 4 and 462 equals 2.39 (5:850). Because F5 is greater

than FcI the null hypothesis is rejected, and it is con-

cluded that a significant difference in opinion exists

among treatments at the .05 level.

To determine which groups differ, the H. Scheffé

test for critical difference of means was conducted. Two

homogenous subsets--statistically similar opinions--were

found to exist :

1. DE (2.9840), DEE (3.0798), DEM (3 .1703) ,  and

DEP (3 .2637 )

2. DEE (3.0798), DEM (3.1703), DEP (3 2637), •1
and DEl (3.4485).
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A summary of the ANOVA results for the set of

measurement questions implying unfavorableness to chang-

ing the role of lE was illustrated in Table 12. The null

hypothesis (H0) and alternative hypothesis (H1) was as

follows: -

H0: The treatment means are equal

( =~i =~i ~~pDE DEE DEl DEN DEP

H
1
: At least two treatment means are not equal

(at leat one ~
)

The resulting statistic F~ 
equaled 6.079 and the critical

value F
~ 

at the .05 level for degrees of freedom of 4

and 464 equals 2.39 ( 5 : 8 5 0) .  Because F5 is greater than

Fc the null hypothesis is rejected , and it is concluded

that a significant difference in opinion exists among the

treatments at the .05 level.

To determine which groups d i f fer , the H. Scheff~
test for critical difference of means was conducted. Two

homogenous subsets—-statistically similar opinions--

were found to exist:

1. DEl ( 2 . 70 1 0) ,  DEE ( 2 . 9 1 2 2 ) ,  DEN (2 .9158) ,
— ~~ —— ,~~an~ i.,~~r ~~~~ • ~~~~~~~

2. DEE (2.9122), DEN ( 2 . 9 1 5 8) ,  DEP ( 3 . 0 0 0 )

and (3.2021).

78

55 - - -
55--- 55— — —55 —4--- Lg.. ~~~~.~5 5 5 5 .-.-- -55— —- . s~~~~~ 4s s.s ~~~~ . --



- . —•—,--—----—— 55. ~~— ~~5555~ 55 ~~~~~~~~~~~~~~~~~~~~~~~~ 
—5555—.—. 

- 55 - -  ---~—~~~~ - ~~___55

W I
(a 0 ) 1 4 4 - Il

-rI C’) 41) -’4 4J
U)

N 4 J  41)
— II 4 ) 1 4
03 ~~~~0 ’ C 4 )
C

‘~
‘- r I  U 0’- C --I C

~~~~03 4-1 0
03 ~ - 0 ) -rI E U )
U N -AZ C 0 3 C
-rI 0 0 0’ 03
4.) . . U - r I  41) 0)

4 (4 (43 ‘.0~~~ 4 rz4 U) U S
Z -rI C
O 4.) lI lt A ( 4 1 4 ) 4 )
H 03
E-’ (4 4) a U 0 3 0 3  41) 41)
Ci) H U) ~4~~~x~~~~~~~-’4 4-4 5
(4
010

(4 0  C
0(4 -‘4
4.) ‘0 ‘0 ‘0 ‘0 ‘0 ‘0
‘41 41) 41) 41) 41) (1) 41)
4.) ‘0 ‘0 ‘0 ‘0 ‘0 ‘0
41) -rI •rI -rI -rI -rI -‘4
S-i 0 C) U C) U U
04 41) 41) 0) 4) 41) 0)

H 14 ‘0 ‘0 ‘0 ‘0 ‘0 ‘0

~LI CD 41) C C C C C C
— O Z  4)

C
N E~~~~ H
‘-4 ( 4 - C.)U)
(4 0 -

~.:i ( 4 E~
< E ’ CI)
E- U) C

0 (4
E-4 Z ~~~ .‘4 ~~~‘ N ~~ ‘.0 ~~(4 U 

~~~ ~~~‘ 
t.O N LA 0

‘0 
~ LA 0) 0) 0) t-4 C’)C -rI N It) N ‘.0 N N

• . -
41) 0 0 0 0 0 0

(1) 0

- 55

Z~~~ (1)
U) — N 0 ~ 0 ‘.0

H C C  N N ‘-4 LA 0 ‘~~03 0 0 — 0 ‘-4 0 ~4 ) 0 4  N 0) N 0) 0 0)
— A. ~~~ ci) I • ~ ~m N N N C’) N

-

- .—•~ ~~~~~ _55-_~~~~~~~~~~~~~~~~~~~~~~~~ .—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~ —~~--~—~~~~~ --- 55 _.4555555~55



INST OF TICH WRIS$t—PATTCRSOtI ØS OHIO Saso—ctC ns fl/s
OF INDUSTRIAL £NSIICERINS WITHIN SAIL C

T—LU*—aO—77A 

IV II. IICnIN—LTC (U)

I U I

I

I _ I



I I’~ Ii. li ii ~~2.5
I U L

~~~~~
3 2

~~~~ 22

l i i i  ~~~~

IIHI~L
1.25 lihII~ IthI:

MICROCOPY RESOLUTION TEST CH~~ T
NATIONAL BUREAU ~OF STANDA RDS-1963 - 1(



y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

Thus, to both sets of measurement questions con-

cerning continuing IE as is or changing its role, the

respondents were “undecided.”

Individual Measurement Questions

In this section of the chapter, the analysis

of each individual measurement guestion is provided.

For each of the measurement questions asked on the

general section of the questionnaire, a histogram has

been plotted which illustrates how each group of respon-

dents replied to the question. The histograms, which

were plotted using the Honewell 365 computer ’s graph

plotter, can be found in Appendix D beginning on page 191

The computer program used to plot the histograms can be

found on page 210 of Appendix E. In addition to the histo-

grams, each measurement question structured with the

Likert Scale responses were analyzed through the use of

the SPS one-way ANOVA subprogram. A copy of the computer

program utilized to activate the ANOVA subprogram can be

found on page 205 of Appendix E.

The format for the analysis of each measure-

ment question incorporating the Likert scale responses

will be the same. The null and alternative hypothesis of

the one-way ANOVA will be:

H0: The treatment means are equal

(~
j  ~p ~~i )DE DEE DEl DEM DEP
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H1
: At least two treatments are not equal

(at least one

If the resulting test statistic F5 is greater than the

critical value 
~~ 

the null hypothesis will be rejected,

and it will be concluded that a significant difference

in opinion existed. The H. Scheffé test for critical dif-

ferences of means will be used to determine the homogeneous

subsets——statistically similar opinions. If the result-

ing test statistic F5 is less than the critical value F~
s

then the null hypothesis cannot be rejected, and it will

be concluded that the treatments have statistically

similar opinions.

Me asurement Question No. 7. The Industrial Eng i-

neering Branch would be more effective if  it concentrated

on solving management problems rather than doing quality

contro l work.

A summary of the ANOVA results for measurement

question 7 is illustrated in Table 13. As can be seen,

the five groups have a statistically similar opinion which

is they were were “undecided” concerning measurement

question 7.

Measurement Question No. 8. The Industrial Engi-

neering Branch should be eliminated.

A summary of the ANOVA results for the measurement

question 8 is illustrated in Table 10. As can be seen,
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except for the DEE group, the key CE personnel “disagreed”

with the elimination of IE.

Measurement Qy~~etion No. 9. Rather than having

base leve l industrial engineering staffs, there should be

• industrial engineering team (s) to study common base-leve l

problems. Where do you think that this industrial engi-

• neering capability should be located?

In response to this question , 286 respondents

recommended that an IE staff be located at the AFIT Civil

= Engineering School, 112 respondents recommended that an

IE staff be located at Major Command level, 2 respondents

recommended that an IE staff be located at the Civil Engi-

neering Center, 22 respondents recommended no change, and

47 respondents made no comment.

Measurement Question No. 10. As a manager, you

seek the assistance of the industrial engineer and his

staff for purposes of problem solving.

A summary of the ANOVA results for measurement

question 10 is illustrated in Table 14. As can be seen,

except for the DEE group, the key DE personnel “agreed”

that the IE is sought for purposes of problem solving.

Measurement Question No. 11. The industrial

engineer ’s recommendations are given serious consideration

and imp lemented a majority of the time .

A summary of the ANOVA results for measurement

question 11 is illustrated in Table 15. As can be seen,
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only the BCE “agreed” the IE’s recommendations are given

serious consideration and implemented a majority of the

time. The remaining key CE personnel were “undecided”

concerning measurement question 11.

Measurement Queetion No. 12. The Base Civil Engi-

neering Organization would be adversely affected if  the

Industrial Engineering Branch were dissolved.

A summary of the ANOVA results for measurement

question 12 is illustrated in Table 16. As can be seen,

only the BCE “agreed” that the elimination of IE would

adversely affect the BCE organization. The remaining

key CE personnel were “undecided” concerning measurement

question 11. However, the opinion of DEl group almost

fell within the “agree” range of greater than 3.5 but

less the 4.5. Interestingly, the opinion of the DEE group

tended to the “disagree” range of greater than 1.5 but

less than 2.5.

Measurement Question No. 13. The Industrial Engi-

neering Branch should continue to do quality contro l

insp ections of the Operations and Maintenance Shops ’ work.

A summary of the ANOVA results for measurement

question number 12 is illustrated in Table 17. As can

be seen, all five groups have a statistically similar

opinion which is “undecided.” However, the DE and DEP

group ’s opinion tended toward the “disagree” range while
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the opinions of the DEE, DEl, and DEM groups remained

close to the median (3.0) of the “undecided” range.

Measurement Question No. 14. Present staffing of

the Industrial Engineering Branch i8 adequate to pe r fo rm

• . their work.

A summary of the ANOVA results for measurement

question number 14 is illustrated in Table 18. As can

• be seen, the DE and DEE groups “agreed” that the IE

staff is adequate. Although the opinions of the DEl,

DEN, and DEP groups fell within the “undecided” category,

the opinions of the DEN and DEP tended toward the “agree”

range and the DEl groups opinion tended toward the

“disagree” range.

Measurement Question No. 15. If the Industria l

Engineering Branch wer e to be reorganized , which section

should be included in the reorganizaed branch?

Table 19 illustrates the frequency of responses

per possible IE section.

Measurement Question No. 16. The role of the

industrial eng ineer as a quality control inspector has

no be aring on his acceptan ce as a management consultant.

A summary of the ANOVA results for measurement

question 16 is illustrated in Table 20. As can be seen

the DEl group “disagreed” with measurement question 16;

whereas the remaining four groups were “undecided .”
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TABLE 19

FREQUENCY OF RESPONSES TO MEASURE MENT QUESTION 15

Number Percent of
Section Responses Favorable

Favorable Responses

• Financial Management 293 62.5%

IE Analysis 424 90.4

Cost Accounting 310 66.1

Real Estate 195 41.6

Financial Management 214 45.6

Me asurement Question No. 17. The scope of indus-

trial engineering work should be expanded outside the

Base Civil Engineering organization to areas such as~
supply, transportation, budget, etc.

A summary of the ANOVA results for measurement

question 17 is illustrated in Table 21. As can be seen ,

all groups fell in the “undecided” range. However, the

DEl group ’s opinion tended toward the “agree” range,

and the DE and DEE group ’s opinion tended toward the

“disagree” range.

Measur ement Question No. 18. The studies per —

formed by the Industrial Eng inee ring Branch play a signifi-

cant role in improving the Base Civil Eng ineering organi-

za t ion .
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A sununary of the ANOVA results to measurement

question 18 is illiustrated in Table 22. As can be

seen, only the DE and DEl groups felt that IE studies

improved the Base Civil Engineering Organization; whereas,

• the DEE, DEM and DEP groups were “undecided.”

Measurement Question No. 19. The Industrial Eng i-

• 
S neering Branch is responsive to the problem solving needs 

-

of management.

A summary of the ANOVA results to measurement

question 19 is illustrated in Table 23. As can be seen,

only the DE and DEl groups “agreed” that the lB is respon-

sive to the needs of management; whereas, the DEE, DEM

and DEP groups were “undecided.”

Measurement Question No. 20. The role of indus-

trial engineering should remain as it is.

A summary of the ANOVA results to measurement

question 20 is illustrated in Table 24. As can be seen,

on!y the BCE was “undecided” concerning IE’s role remain-

ing as is; whereas, the remaining four groups either

“disagreed” or tended to the “disagree” range.

Measurement Question No. 21 . The Industrial Engi-

neering Branch can be relied upon to provide objective

and effective solutions to management problems .

A summary of the ANOVA results to measurement

question 21 is illustrated in Table 25. As can be seen,

only the DE and DEl groups “agreed” that IE provi.~es
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objective and effective solutions to management problems;

whereas, the DEE, DEM, and DEP groups were “undecided.”

Me asurement Question No. 22 (BCE Attachment) . The

The reeoiesion ofAFM 85-38 has improved industrial eng i-

neering ’s responsivenes s to your management needs .

Approximately 63 percent of the BCEs felt that

the rescissionof AFM 85—38 had improved IE’s responsive-

ness. Table 26 illustrates how the BCEs responded to

their measurement question 22.

TABLE 26

FREQUENCY OF BCE RESPONSES CONCERNING AFM 85-3 8
RESCISSION IMPROVING IE

Response Frequency Percent of
Response

Strongly Disagree 1 1%
Disagree 13 14
Undecided 21 22
Agree 43 46
Strongly Agree 16 17

Measurement Ques tion No. 23 (BCE Attachment) .

The Industrial Engineering Branch can be effective with-

out a governing dire ctive .

Approximately 62 percent of the BCEs felt that

the IE Branch can be effective without a governing direc—

tive. Table 27 illustrates how the SCEs responded to

their measurement question 23.
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TABLE 27

FREQUENCY OF BCE RESPONSES CONCERNIN G IE BEING
EFFECTIVE WITHOUT A GOVERN ING DIRECTIVE

Response Frequency Perce

Strongly Disagree 2 2%
Disagree 26 28
Undecided 7 8
Agree 47 51
Strongly Agree 11 12

Measurement Question No. 24 (BCE Attachment).

What do you consider the five most important functions

of y our IE Branch to be?

The BCEs responses to this question were dis-

cussed on pages 59-63. The ranking of the BCE ’s responses

concerning lEs most important functions can be found

in column one of Table 4.

M easurement Question No. 25 (BCE Attachment).

What are the weaknesses or limitations currently associ-

ated with the base leve l industrial engineering concept?

The BCE ’s responses to this question were dis-

cussed on page 64. A listing of the IE’s weaknesses as

perceived by the BCEs can be found in column one of

Table 6.

Measureme nt Question 26 (BCE Attachment) . Describe

brie fly the single achievement of the Industrial Eng ineer-

ing staff which has impressed you most favorably.
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The BCEs identified fifteen categories of IE

achievements. Table 28 illustrates a listing of IE

achievements and the frequency per category. The BCE

responses are in column one (DE). The BCEs most

• - frequently identified IE achievement dealt with quality ,

indepth IE studies. Some of the titles of the IE

studies, which were noted by the BCEs were:

1. Controller Concept Study

2. Recurring Maintenance Program Study

3. SMART Study

4. COCESS Study

5. Housing Management Study

6. IWP Compliance Study

7. Central Heating Plants Study

8. Vehicle Use Study

9. Materials Requirement List Study

10. MFH Appliance Study

Measuremen t Quest ion No. 27 (BCE At tachm ent ). To

better serve the needs of you and your staff, what changes

or improvements in the industrial eng ineering con cept do

you recommend ?

Table 29 illustrates a listing of the BCE ’S

and IE’ s recommendations to improve the IE Branch. Out

of the eighteen different BCE recommendations , only four

were noted by at least ten of the BCEs: (1) keep future

IE directives general in nature and which allows for
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TABLE 29

FREQUENCY OF DE AND DE l RECOMMENDATI ONS
S TO IMPROVE IE BRANCH

S 
DE DEl Total S

1 Keep future IE directions general 
S

in nature and which allows for
flexibility for IE use. 19 8 27

2 .  Delete QC & IG Type work from
IE’s responsibility. 14 17 31

3. Emphasize IE’s management con-
sultant role. 6 15 21

4. Upgrade the quality of IE staffs
by acquiring more professional

S lEs.. 16 14 30

5. Incorporate Real Property , Cost
S Accounting and/or Financial

Management within IE 11 11 22

6. Provide greater training oppor-
tunities for IE Staff, include
behavioral aspects, oral &
written communication as well S

as lB techniques. 3 13 16

7. Reduce number of additional
duties assigned to IE 0 10 10

8. Publish a directive outlining
IE ’ s role 2 12 14

9. Teach BCEs and his staff in how
to use IE effectively——poe—
sibly at AFIT’s CE School 2 17 19

10. Establish an AFSC for IE
technicians 0 8 8

11. Establish an IE Staff at MAJCOM
level 1 5 6

12. Emphasize QC 5 1 6
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TABLE 29--Continued

DE DEl Total

13. Expand the scope of IE work to
other base organizations 5 2 7

14. Assign greater enforcement powers
concerning the implementation

• of approved recommendations 0 5 5

15. Increase the rank/grade of IE
S chief 0 4 4

16. Increase manning of IE Branches 1 3 4

17. Delete requirements to monitor
Customer Relations Program 0 3 3

18. Conduct Air Force or MAJCON IE
S seminars 0 3 3

- 19. Clearly delineate IE’s BEAMS
responsibility 3 3 6

20. Emphasize indepth lB studies 3 0 3

21. Delete IE at base level 2 2 4

22. Do not man with NOCs below
the E—6 level 0 2 2

23. Eliminate the need for formal
documentation of IE work 0 1 1

24. Provide IE a vehicle for
transportation 0 1 1

25. Eliminate IE’s conflicting
role of QC and Mgt
Consultant 0 1 1

26. Do not utilize the IE as
the MBO monitor 0 1 1

27. Develop an IE technique hand-
book for base leve use 0 1 1
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TABLE 29--Continued

DE DEl Total

28. Develop a customer survey form
which branch chiefs can use
to request IE help 0 1 1

29. Hire more civilian lEe 0 1 1

30. Increase the length of base
level assignments 0 1 1

31. Do not use IE as a manpower
pool 0 1 1

32. Introduce statistical analysis
S for base level IE use 0 1 1

33. Establish O&M or Program Experi-
ence as prerequisite for
lE Chief 1 0 1

34. Assign at least one qualified
lE per base 1 0 1

35. Give IE a waiver from IG
inspections 1 0 1

k
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flexibility of IE use, (2) upgrade the quality of IE

staffs, (3) delete QC/IG type work from IE’s responsi-

bility, and (4) incorporate Real Property , Cost Account—

ing, and/or Financial Management within IE.

Measurement Quest ion No. 22 (CE’I Attachment). How

much bas e level industrial eng ineering e cperience do you

have ?

Table 30 illustrates the overall experience level

of the IE Branch Chiefs.

TABLE 30

S EXPERIENCE LEVEL OF IE BRANCH CHIEFS

S - Number of PercentExperience Level IE Chiefs of Total

Less than 1 year 25 26%

Greater than 1, but less than
2 years 15 16

Greater tha” , ~ut 1ez~ than
3 years :. 11

S Greater than 3, but less than
4 years 18 19

Greater than 4 years 27 28

Measurement Question No. 23 (DEl Attachment). What

leve l of an industrial eng in ee r ing degree do you hold ?

Table 31 illustrates the overall educationl

level of the IE Branch Chiefs.
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TABLE 31

EDUCATION LEVEL OF IE BRANCH CHIEFS

Education Level 
~~~~~~~~

Bachelor of Science 46 48%

Master ’ s Degree 16 17

Doctorate 1 1

Have a degree but not an IE
degree 23 24

Do not have a degree 10 10

Measurement Question No. 24 (DEl Attachment). How

many p eople are authorized for your branch?

Table 32 illustrates the authorization levels of

IE Branches.

TABLE 32

AUTHOR IZ ATION LEVELS OF I E BRA ’ 3

- - Frequency Percent of
Authorization Level of Response Response

i t o  3 0 0%

4 t o  6 32 33

7 t o  9 42 44

lO tol2 14 15

Greater than 12 8 8
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Measuremen t Question No. 25 (DEl Attachment). How

many peop le are currently assigned to your branch?

Table 33 illustrates the assigned levels of IE

Branches -

TABLE 33

ASSIGNED LEVELS OF IE BRANCHES

Assi ned Level Frequency Percent ofg of Response Response

l t o  3 6 6%

4 t o  6 47 49

7 t o  9 34 35

lO to l2 6 6

Greater than 12 3 5

Measurement Question No. 26 (DEl Attachment). The

reeci8sion of the AFY 85-38 has improved your branch respon-

siven ess to the management needs of the Base Civil Eng i—

neer and his staff.

Approximately 65 percent of the Chiefs of IE felt

that the rescission of AFM 85-38 had improved their

branches ’ responsiveness to management’s needs. Table 34

illustrates how the IE Chiefs responded to their measure-

ment question 26.

109

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- S~ 5~~~~~~~~~~~~ - - - _ -



T ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ _ -—-- r~~~~~~~ ~~~~~~~~~~~ —~~

TABLE 34

FREQUENCY OF IE’S RESPONSES CONCERNING AFM 85—38 ’ s
RESCISSION IMPROVING lB S

Percent ofResponse Frequency Response

S Strongly Disagree- 7 7%

Disagree 10 11

Undecided 16 17

• Agree 36 38

S Disagree 26 27

Measurement Question No. 2? (DEl Attachment). The

Industrial Engineering Branch can be effective without a

governing directive.

Approximately 68 percent of the IE Chiefs felt

that the IE Branch can be effective without a governing

directive. Table 35 illustrates how the IE Chiefs

- 
responded to their measurement question 27.

Measurement Question No. 28 (DEl Attachment). Rank

order the sources of lB requirements.

I The IE’s responses to this questions were dis-

F cussed on page 67.

Measurement Question No. 29 (DEl Attachment). What

do you consider the five most important functions of the

IE Branch to be?
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TABLE 35

FREQUENCY OF IE RESPONSES CONCERNING IE BEING EFFECTIVE
WITHOUT A GOVERNING DIRECTIVE

Response Frequency

Strongly Disagree 13 14%

Disagree 13 14

Undecided 4 4

S 
Agree 45 47

Strongly Agree 20 21

The lB’s responses to this question were discussed

on pages 59-63. The ranking of IE’ s responses concerning

IE’s most important functions can be found in column three

of Table 4.

Measureme nt Question No. 30 (DEl Attachment).

Estimate the amount of time ~- - :~‘ ovanch has exp~’rt ’

their most importan t functions during the past twe~-u~.

months.

The IE’s responses to this question were discussed

on pages 63-64. Table 5 illustrates the amount of IE time

S 
expended per function .

Measurement Question No. 31. To make the indue-

trial eng ineering staff more responsive to the needs of

management , wha t changes or improvements do you recommend?
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S Table 29 illustrated a listing of the BCE and

IE’s recommendations to improve the IE Branch. The lEs

identified thirty-one different recommendations to improve

the IE Branch. Eight of the thirty-one recommendations

were noted by ten or more lEs: Cl) delete QC/IG type

work from lB’s responsibility, (2) teach BCEs and his

branch chiefs in how to use IE effectively , (3) emphasize

the management consultant role, (4) upgrade the quality

of IE staffs, (3)  provide greater training opportunities

for lEs, (6) publish a directive outlining IE’s respon-

sibility, (7) incorporate Real Property, Cost Accounting,

and/or Financial Management within IE , and ( 8)  reduce

the number of additional duties assigned to IE.

Measurement Question No. 32 (DEl Attachment) . S

What weaknesses or limitations of your IE Branch have

kept you from serving the BCE and his staj ’ effectively ?

The IE’s responses to this question were dis-

cussed on pages ~4-67. A listing of TF’S weaknesses as

perceived by the IE Chiefs can be found in column three

of Table 6.

Measuremen t Question No. 33 (DEl Att~.chment).

Des cribe briefly the sing le achievement or accomplishment

by yo ur branch of which you are proudest.

The IE Branch Chiefs identified eighteen cate-

gories of noteworthy achievements. Table 28 illustrated

the listing of IE achievement and the frequency per
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category . The XE identified achievements and frequencies

are in column three (DEl). The IE Branch Chiefs noted

that IE studies provided them most of their achievements.

The titles of the studies paralled those identified by the

BCE on page 101.

Measur ement Question No. 22 (Branch Chief’8

Attachment). The industrial eng ineer ’s greatest contribu- S

tion to your branch is the area of quality control.

Table 36 illustrates how the DEE , DEN , and DEP

Branch Chiefs responded to this question. As can be

seen, a majority (greater than 50 percent) of each group

felt that IE’s greatest contribution is not in the area

of QC.

Measurement Question No. 23 (Branch Chief ’s

Attachment). The industrial engineering branch should be

primarily oriented to the efficiency of the Operations

and Maintenance Branch.

Table 37 illustrates how the DEE, DEN , and DEP

Branch Chiefs responded to this question. As can be

seen , a majority (greater than 50 percent) of each group

S felt  that IE should not be primarily oriented to the

O&M Branch .

Measurement Question No. 24 (Branch Chief’s

S 
Attachment. Industrial Engineering studies conducted

in your branch have measurab ly improved effectiveness of

your branch.

S 113
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Table 38 illustrates how the DEE, DEN, and DEP

Branch Chiefs responded to this question . As can be seen ,

38 percent of the DEN group , 34 percent of the DEP group ,

and 20 percent of the DEE group felt that IE studies

improved their branches effectiveness.

Measurement Question No. 25 (Branch Chief’s

Attachement) What do you consider the three most irnpor - S

tant functions of the lE Branch to be?

The DEE , DEM, and DEP Branch Chief’s responses

to this question are discussed on pages 59-63. The ranking

of the DEE, DEN , and DEP Branch Chief ’s responses con-

cerning XE’s most important functions can be found in

columns two, four and five respectively in Table 4.

Me asurement Question No. 26 (Branch Chief ’s

Attachment). What weaknesses or limitations of the lE

Branch have you noticed which has kep t them from assist-

ing you effectively ?

The DEE , DEM, and DEP Branch Chief’s responses to

this question were discussed on page 64. A listing of

the IE weaknesses as perceived by the DEE, DEM , and DEP

Branch Chiefs can be found in columns two, four, and five

respectively of Table 6.

Me asurement Question No. 27 (Branch Chief’s S

Attachment. Describe briefly the single achievement of

the IE Staff which has impressed you the most.
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The DEE, DEM , and DEP Branch Chiefs identified

sixteen, fifteen, and twelve categories of noteworthy IE

achievements respectively.

Table 28 illustrated the listing and frequency

of IE achievements and the frequency per category. DEE,

DEN, and DEP’s responses are in columns two, four, and

S 
five respectively. Numerous Branch Chiefs--32 DEE5,

14 DENs , and 11 DEPs--noted that they could not identify

any achievements of IE which impressed them. XE studies

was the single category which the Branch Chiefs were most

impressed as 14 DEEs, 19 DEMs , and 18 DEPs noted.

Analysis by Major Commands

The remainder of this chapter includes an analysis

of measurement questions 8, 13, and 20 by Major Command.

The one-way ANOVA technique was utilized on each of the

identified measurement questions to determine if there

was a significant difference in opinion among Major

Commands. S

S 

Measur ement Question No. 8. The Industrial Eng i-

neering Branch should be eliminated.

5 Table 39 illustrates the summary of ANOVA results

by Major Command for measurement question 8. of the S

eleven identified MAJCOM treatments, all but two “dis-

agreed” that IE should be eliminated. The other two

118

- . -5-—— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S~~~_S~ S_ ~~~~~~~



N
S -

~~ 
- 4 )  I S

U) N . c  -‘-I
>1 II 4) ~4 E 4)

0 -.-4 C.)
‘4 ‘ . 0 0 1 4 ) 0 )  -r IS 

-
‘4 >1 14

oc.c .-i ci~ C)
‘-4 ‘-4’4  ‘-i c U)
‘4 ~~‘ - 4 ) 0) ‘4 0
0 C’. ~f l X 4~ Q . r 4 U)

-rI in 0 ~~~~--4 c
4.) . - 0 4 ) 4 ) - r I  0
0) O l x i lx., E ~~ 04 -rI

-‘-4 4 ) - r I O 4)
4.) f l u  V ‘ 4 4 )  ‘40 ‘4 4) ‘ 4 1 4  C.)

H 4.) 0) C.) 0) 14 4) ‘4 --4
Cl) lxi lxi lx., 4) ~~~~~~U)

14

o 
8

z -
14 0 V S

-.4
14 4.) ‘0 ‘0

‘4 4 ) 4 ) W 4 ) 4 ) 4 ) W O ) 4 ) W W  a)
4-’ ‘ 0 W V W W ø W W 4 ) 4 ) 4 )  a)

U) C) --4 1 4 - ’ 4 14 1 . i 1 4 1 4 1 4 1 4 1 4 1 - 4  14 0
14 0 0 1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1  01 0

14 04 ‘4X 1.1 ‘ 0 0 ) ’ 0 U ) 0 ) U ) 0 ) 0 ) U ) u )0) 0) 14
4) ~ -‘-4 ~ -‘.4 ~-4 “.4 •r4 “.4 -.4 -.4 -rI -~-4 r4 S

0 4-) 0

0’. H
C’) U) ‘4

14 ‘-~ £0
‘4

14 Cl) i—I
< 1 4E-I 

~ 0 - 4 0 ’ . L f lC\ L f l O i n  ~~ >1
Nmtn m~~~ ma% a ’ . m a \o 0’.

0 ‘—‘ ‘4 ‘.0 0 N X 0 ifl in tt, C a’. ~~‘ -,-~
Z ~ -- 4 9 N ~~‘ 0 .—4 i-I N N m 0 U) N U)

4 >. . 1 4 > 1
4 p-4 r-4r4,-4 r4 r-4 ,-4

Z ~~0 > 4 )
0
O

14

lxi < C)
0 4) 14

U) m ~~ N .-4 N 0 m ~~ C’. N ~~ ,-4 U) 0
c c  ‘~~~~~~~~C’. ’. Lfl~~~~NN N~~~ in
‘ 4 0  N 0 , -4 N 0~~O ’ . ’~~~b m  N V
4 ) 0 4  in~~~~~~~~-4 r4 s-4 r-4 r-4 r4 N~~~ N

Z X U) • • • — . • . .
Z Ci N N N N N NN N N N N  N 0<

U) -.4 4 )

1-i ~4~)
0)

4.) .s~~c
0’4

S 4) CI)
E lx~ 1 4 U) 1.I .—I
4) 00 < lx., lx.,W ‘4 --‘4 0, .~~U ) O O O 0 O< < . ~~ 4) 14

~~~~~~~~~~~~~~~~~~~~~~~~~ Z

119



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~ S~ ~~~~~ ~~~~~~~

MAJCOM treatments--Air Defense Command and Air Force

Systems Command--fell in the “undecided” range.

Measurement Question No. 13. The Industrial Eng i-

neering Branch should continue to do quality contro l

inspecti ons of the operations and Maintenance Shops- ’ work.

Table 40 illustrates the summary of ANOVA results

by Major Command for measurement question 13. Only one

of the eleven MAJCOM treatments--Tactical Air Command--

“Agreed” that XE should continue QC inspections of O&M

shops. The remaining ten MAJCOM treatments fell within

the “undecided” range. However, three MAJCOM treat-

ments--Air Force Systems Command (3.2857), Air Training

Command (3.3818), and Other (3.3913) tended toward the

“Agree” range; while two MAJCOM treatments--Military

Airlift Command (2.7667) and Strategic Air Command

(2.7672) tended toward the “disagree” range.

S Measurement Question No. 20. The role of indus-

trial eng ineering should remain as it is.

Table 41 illustrates the summary of ANOVA

results by Major Command for measurement questions 20.

As can be seen , five of the eleven MAJCOM treatments——Air

Defense Command, Air Force Systems Command , Air Force

Logistics Command, Security Service, and Military Airlift

Command-— “disagreed” that XE’s role should remain the S

saxne Even the six MAJ .~OM treatments which fell within

the “undecided ” range tended to the “disagree” range.
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CHAPTER IV

CONCLUSIONS

The conclusions of investigative questions two

and three are presented initially . There were no conclu-

sions drawn from investigative question one as explained

S in the methodology . Following the investigative questions

are the conclusions to the individual measurement questions.

A discussion of the conclusions is presented after the

measurement questions. The discussion of the conclusions

is written in terms of the research question—— “What role

should the industrial engineering function play within

Base Civil Engineering?” The final discussion deals with

the problems which were encountered in the research effort.

S The Chapter closes with a summary listing of conclusions

to the research effort. All conclusions are based upon

the analysis of the Industrial Engineering Role Survey

and the CESMET findings as explained in Chapter III.

Investigative Questions

Investigative Question No. 2. Is industrial

S eng ineering capability needed at base level?

The results of the Industrial Engineering Role

Survey revealed that the key civil engineering management

S personnel believed that industrial engineering capabili ty
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is needed at base level. Al]. of the respondents except

S the Chief of Engineering and Construction group firmly

believed that the Industrial Engineering Branch should
S 

not be eliminated. The Chief of Engineering and Con-

struction group was “undecided.”

The respondents favorableness to the retention
S of XE implies that XE has been of value to Base Civil

Engineering. Except for the Chief of Engineering and
S 

Construction group, the respondents must feel that XE

can continue to provide a service which is beneficial

to the civil engineering mission.
S 

Investigative Question No. 3. If industrial

engineering is needed at base level , should it cont inue

to function as- is or should it be modified or’ changed?

S 
The results of the Industrial Engineering Role

Survey revealed that the key civil engineering manage—

ment personnel believed that the role of industrial

engineering should be changed. All of the respondents

except the BCE group believed that “the role of IE

should (not) remain as it is.” The BCE group was 
S

S “undecided.”

It appears the respondents feel that IE could

be more effective if it’s role were changed. Obviously

from investigative question two, XE has been of value

to the key civil engineering management personnel.
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S From investigative question three, the key civil engi-
S neering management personnel appear to be saying that

- XE can provide a more beneficial service if it’s role

S were changed. S

Considering the fact that lB has been constantly

criticized over the past few years by the IG, it appears 
5

logical that the respondents would forsee a need to

change XE ’ s role. The constant problems, which have
S been associated with IE, have kept XE from maximizing

it’s service to the BCE and his staff. Thus, to improve

it’s service IE’s role must be revised to meet the needs

of the BCE and his staff.

Measurement Questions

S Measurement Question No. 7. The Industrial

Engineering Branch would be more effective if it con-

centrated on solving management proble ms rather than S

doing quality control work. 
t

Based upon the results of the Industrial Engi-

neering Role Survey, it was concluded that industrial

engineering should concentrate on the management consul-

tant role and be relieved of all quality control respon-

sibilities. This conclusion was further supported by

the results of the open-ended questions dealing with

XE weaknesses. XE’ S negative or “black hat” QC image S

- 
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was rated as one of the five major XE weaknesses or

limitations.

Measurement Question No. 8. The Industrial

Eng ineering Branch should be eliminated.

The conclusions to this question are the same

S as for investigative question 2.

Measurement Question No. 9 Rather than having

base level industrial engineering staffs, there should

be industrial engin&ering team (s) to study common

base-level probl ems . Where do you think that this-

industrial engineering capability should be located?

S It was concluded that an industrial engineering

capability to study common base—level civil engineering

management problems be established above the base level.

From the results of the survey, it was difficult to con-

S d ude where such an XE capability should be located.

Sixty percent of the respondents recommended the AFIT

Civil Engineering School for the location of an Air

Force XE s ta f f ;  whereas , 24 percent recommended that

XE s ta f f s  be established at the MAJCOM level.

Measurement Question No. 10. As a manager , you

seek the assistance of the industrial eng ineer and hi8

staff for purposes - of problem solving. S

Based upon the results of the Industrial Engi—

- 
neering Role Survey, it was concluded that civil
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engineering managers seek the lB for assistance in

r solving management problems.

I 

Measurement Question No. 11. The industrial

eng ineer ’s recommenda tions are given serious consider-

ation and are implemented a majority of the time .

Based upon the results of the Industrial Engineering

Role Survey and the CESMET findings, it was concluded that

rE’s recommendations are not always given serious consid—

eration nor are they implemented a majority of the time.

In reflection, it was concluded that this question was

ambiguous or confusing in that it asked two questions--

XE’s reconu~tendations are given serious consideration

and XE’ S recommendations are implemented a majori ty

S of the time. However, as the CESME T findings indicated

and as the responses to the open-ended questions con-

cerning IE’s weaknesses and limitations indicated, IE

recommendations are not always seriously considered nor

are they always implemented once approved.

Measurement Question No. 12. The Base Civil

Engineering Organization would be adversely affected if 
S

the Industrial Engineering Branch were dissolved.

Based upon the results of the Industrial Engi-

neering Role Survey, it was concluded that the BCE orga-

nization would be adversely affected if the IE Branch

were dissolved.
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Measurement Question No. 13. The Industrial

Engine ering Branch should continue to do quality contro l

inspections of the Operations and Maintenance Shop ’s work.

Based upon the results of the Industrial Engi-

neering Role Survey, it was concluded that lB should be

relieved of all quality control responsibilities. This

conclusion was further supported by the results to

measurement question 7 and the open-ended questions

dealing with XE weaknesses.

Measurement Question No. 14 Present staffing

of the Industrial Engineering Branch is adequate to

p erform their work.

Based upon the results of the Industrial Engi-

neering Role Survey, it was concluded that this question S

was incorrectly stated. Although in response to this

particular question, the respondents uu agreedu~ that XE

was adequately staffed. However, in response to the

open—ended questions dealing with IE weaknesses, the

single largest category identified was “inadequate and

unqualified XE staffs.” All groups of respondents

emphasized that XE staffs are too often staffed with

inexperienced and unqualified personnel.

It was presumed that the respondents were think—

ing in terms of numbers of people rather than quality S

when they responded to measurement question 14. The

128

~~~ •_SS ~~~ S_S -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5~5 - 5 5
55

5 5 5 5 5 55



F V 
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5S~~~~~!~~~~~~~~~~ •____.-5S?._ S s .  5S _SS~_5_ S__ _ s S  5

significant point which was revealed in the open—ended

question responses was that XE staffs were not considered

to be adequate in terms of professonalism and experience

to perform their mission.

Measurement Question No. 15. If the IE Branch

w ere to be reorganized, which sections should be included

in the reorganized branch?

Based upon the results of the Industrial Engi-

neering Role Survey, it was concluded that XE should be

reorganized to include an IE analysis section, Cost

Accounting, Real Estate Management, and Financial Manage-

ment. This conclusion was further supported by the re-

sponses to the open-ended questions concerning possible

improvements to XE.

Measurement Question No. 16. The role of the

industrial engineer as- a quality control inspector has-

no bearing on his acceptance as a management consultant. IS

Based upon the results of the Industrial Engi—

rieering Role Survey, it was concluded that the IE’s role

of the quality control inspector conflicted with his

management consultant’s role. This conclusion was further

supported by the responses to the open-ended questions

concerning XE weaknesses and limitations.

Measurement Question No. 17. The scope of indus-

trial eng ineering work should be expanded outside the
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Base Civil Engineering organization to areas such as;

Supply, Transportation, Budget, et c.

In reflection, it was concluded that this ques-

tion was stated incorrectly. It was intended to ask

that if a BCE management oriented problem was in part

caused by an outside agency, then XE should have the

authority to expand its analysis to the suspect areas to

fully study the problem at hand. Feedback showed that 
S

many respondents felt that this question asked that IE

should be available to solve other organizational-—

Supply, Transportation , etc., problems. Thus, no conclu— 
S

sion was drawn from the results of measurement question 17.

Me asurement Question No. 18. The studies per formed

by the Industrial Eng ineering Branch play a significant

role in improving the Base Civil Eng ineering organization.

Based upon the results of the Industrial Engi-

neering Role Survey and the CESMET findings, it was con-

cluded that XE studies can and have, in some cases,

played a significant role in improving BCE organizations.

It was also concluded that XE studies have not been suc-

cessful within numerous BCE organizations . The Chiefs

of DEE, DEM, and DEP were “undecided” concerning the

impact of XE studies. This was further supported by the

open—ended questions concerning XE weaknesses. The third

largest category of XE weaknesses as identified by the

Branch Chiefs involved XE studies which failed to resolve
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problems. Another weakness, which was further stressed by

cESMET, was that, oftentimes, IE studies were not supported

by the BCE and his staff. Thus, it was concluded that

XE studies have not made a significant impact on BCE

organizations Air Force wide.

Measurement Question No. 19. The Industrial Eng i-

neering Branch is responsiv e to the problem solving need8

of management. S

Based upon the results of the Industrial Engineering

Role Survey, it was concluded that IE Air Force wide

has not been responsive to the problem solving needs of

civil engineering managers-—Chiefs of DEE, DEM, and DEP.

Whereas, the BCE believes his XE is responsive, the Branch

Chiefs were “undecided.” The Branch Chiefs ’ undecidedness

was assumed to be important in that it questions just how

responsive XE has been. This was further substantiated

by the responses to the open-ended que.çtions concerning

XE weaknesses. Again, the third largest category of weak- S

nesses was that XE failed to solve problems.

Measurement Question No. 20. The role of industrial

engineering should remain as it is.

The conclusion to this question are the same as

for investigative question 3.

Measur ement Question No. 21. The Industrial Eng i-

neering Branch can be relied upon to provid e objective and

effective solutions to management problems.

131

S --- - .  -
- - -S  

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ — --5



~~~
•‘5 

~~~~~~~~~~ — ~~~~~~~~~~~~ - -5-5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-~~-- 5—
T S ~ ‘ 5 5 5 ~~ 

S

Based upon the results of the Industrial Engi- S

neering Role Survey , it was concluded that a difference
S in opinion exists concerning the reliance upon IE to

provide objective and effective solutions to management

problems. Whereas, the DE and DEl groups believe XE

could be relied upon, the DEE, DEM, and DEP groups were

totally “undecided.” The DEE, DEl’!, and DEP groups

further emphasized in their responses to the open-ended

questions that XE did not really solve problems, and that

too often the XE solutions were too shallow in depth to

effectively solve the management problems. Thus, it

was concluded that XE could not always be relied upon to

provide objective and effective solutions to management

problems.

Measurement Question No. 22 (BCE Attachment) and

No. 26 (DEl Attachment). The rescission of AFM 85-38 has

impr oved industrial eng ineering ’s respon siveness- to

management ’s needs .

Based upon the~ results of the Industrial Engi-

neering Role Survey, it was concluded that XE’s responsive-

ness to management’s needs has been improved since the

rescission of AFM 85—38.

Measurement Question No. 23 (BCE Attachment) and

No. 27 (DEl Attachment). The Industrial Eng in ee rin g Branch

S can be effective without a governing directive.
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Based upon the results of the Industrial Engi— 
S

neering Role Survey, it was concluded that XE could be

effective without a detailed governing directive. How-

ever, in response to the open—ended questions concerning

improvements to XE, the respondents identified as their

third most important recommendation that XE should have

a directive of some sort. The respondents noted that

the directive should be general in nature, should allow

S 
flexibility in the use of the XE staff, and should pro-

vide the XE with general guidelines as to the func—

S tions he sould be accomplishing. S

Measurement Question No. 24 (BCE), No. 29

(DEl) and No. 25 (Branch Chiefs). What are the most

S important functions of the IE Branch?

Based upon the results of the Industrial Engi-

neering Role Survey and the CESMET reports , it was
S concluded that the most important XE functions at the S

S time of the survey were: Management consulting, XE

studies , BEAMS, QC, XE Analysis, Manpower duties, and

the Customer F.elatives Program. The order of impor- 
S

tance varied among respondents.

Measurement Question No. 25 (BCE), No. 32 (DEl),

and No. 26 (Branch Chiej~j. What are the weaknesses or S

limitations currently associated with the base level

industrial eng ineering concept?
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S Based upon the results of the Industrial

Engineering Role Survey and the CESMET findings , it

S was concluded the major weaknesses or limitations of IE

at the time of the survey were: (1) unqualified , m ade—

S quate, or inexperienced XE staffs, (2) undermanned XE
S staffs, (3) the failure of too many XE staffs to solve

problems, (4) a negative XE image caused by the QC pro-

gram, (5) BCE5 not using his XE staff properly or not

supporting his XE staff , (6) too many additional duties

assigned to the XE Branch, and (7) inadequate training

available for XE personnel.

Measurement Question No. 27 (BCE) and No. 31

(DEl). To better serve the needs of the BCE and his staff

S what changes or improvements in the industrial eng ineer-

ing concept do you recommend? 
S

Based upon the results of the Xndustrial Engi-

neering Role Survey, it was concluded that the follow-

ing changes be made in the industrial engineering con-

cept: (1) delete QC and any sort of IG follow-up work

from XE’ s responsibility , (2) upgrade the quality of

XE staffs by acquiring more degreed IE personnel and S

reduce the number of technicians, (3) incorporate Real

Property, Cost Accounting and Financial Management

within the XE Branch, (4) publish a directive or brochure

which outlines IE responsibilities and which explains

the various XE techniques which can be used to accomplish

his responsibilities , (5) emphasize XE’S management

S 134
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consultant role, (6) provide the BCE and his staff with

appropriate training as to how the XE can be effectively

S used , ‘7) provide greater training opportunities for
S the IE staff-~the training should include behavioral

management techniques and effective writing and speak-

ing fundamentals as well as proven base level XE tech —

niques, (8) keep the number of additional duties assigned

to XE on a par with other branches-—do not overload the

XE with additional duties, and (9) establish an XE team

capability above the base level to study and resolve

common Base Civil Engineering management problems.

Discussion of Conclusions

S It was interesting to note that the Base Civil

Engineer and the Chiefs of E&C,- O&M , and Programs ranked

Management consulting and XE studies as being two of

the most important XE functions. Then when asked the

following questions only the BCE believed that XE

actually accomplished the intent of the questions :

No. 18--The studies performed by the Industrial

Engineering Branch play a significant role in improving

the Base Civil Engineering organization.
S 

No. 19--The Industrial Engineering Branch is

responsive to the problem solving needs of management. S

No. 21--The Industrial Engineering Branch can

be relied upon to provide objective and effective solu-

tions to management problems.
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The referenced Branch Chiefs were undecided about how

well XE accomplishes the intent of the questions. Their

undecidedness was further elaborated in response to the

S open-ended question concerning XE weaknesses. The Branch

- 

Chiefs were very concerned that all too often XE failed

to solve the problems at hand and in many cases XE ’ S were
S 

reworking the same problems over and over. -

The results of the survey did, however , reveal

that approximately twenty out of the one hundred and
- fourteen bases had IE staffs which were accomplishing
S quality XE studies which actually provided realistic

and effective solutions to problems.

When reviewing the results there appeared to be

certain detrimental factors which have kept XE from being

successful Air Force wide. The factor which seemed to

have been the biggest detriment to XE was unqualified

tE staffs. This fact was stressed by all five groups

of respondents. By inadequate XE staffs, the respond-

ents noted that there was too much reliance upon tech—

S nicians and there were not enough degreed XE personnel

authorized for the branch. In addition to the reliance

upon technicians, the Base Civil Engineers were very

concerned about the number of inexperienced , young

military officers being assigned as the Chief of the

XE Branch.
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The first major change required for the XE branch

S appears to be the establishment of a more professional--

more degreed lEs——IE function. The literature review

revealed that lEs are more in demand today than ever

before. The reason for this demand has been the proven
S 

performance of professional lEs in all facets of civilian
S 

industry. Professionally staffed lB branches most likely

could be equally successful in the Base Civil Engineering

- environment. It appears that the Air Staff has recog-

nized the need for more degreed XEs and fewer technicians.

- As mentioned in Chapter I, the Air Staff recently--

7 April 1977--adopted a restructured XE branch which

included the reduction of technicians and emphasis upon

professional lBs.

The failure of IEs to solve problems was a

second major detrimental XE factor. The basic reasons 
S

that were given concerning why XES fail to solve problems

included (1) lEs are too compliance oriented , (2) lEs

fail to adequately analyze problems sufficiently, (3) lEs

fail to assist in implementing solutions , (4) lEs fail

to follow up to ensure the corrective action was adequate,

S and (5) there is a lack of teamwork between XE and other

branches because of lEs QC image. Although the research

effort was not aimed at the cause of IE ineffectiveness ,

S it is conjectured that many of the above reasons can be

attributed to (1) the lack of trained XEs, (2) friction
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between IE and the other branches because of tEs con-

flicting role as a management consultant and QC inspec-

tor, and (3) the constraining factors which were associ-

ated with the recently rescinded AFM 85—38 .

The third major detrimental factor associated

with XE was a negative image which appears to be caused

by previously required QC responsibilities. Although

there were a few (5) BCEs which felt that QC should be

emphasized, it appeared that all groups of respondents

fovored that QC be de-emphasized. Thus, it was concluded

that QC be eliminated as an Industrial Engineering respon-

sibility. QC has been a valuable tool in maintaining

high standards of workmanship in many industries as well S

as in the military environment. However, the li terature S

review revealed that lEs only concern with QC is to

develop and evaluate quality control plans for the pro-

duction functions or a separate QC function.

The elimination of QC from the XE function should

allow XE to emphasize the management consultant role and

XE studies of known problem areas. The elimination of S

QC should allow XE to develop credibility with other BCE

functions. With a professional IE staff , XE should be

able to become a valuable member of the BCE team. The

Air Staff has also recognized the need to de-emphasize

IE’ s QC role. In the 7 April 1977 restructured XE func-

tion, QC was formally deleted as an XE section. However, S
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one technician slot has been retained for QC oriented

work. In regards to the results of the research effort,

S the retention of a QC inspector within XE could continue -

to be detrimental to IE’s role as a management consul—

tant.

S Another major change which appears to be

required as seen in the results of the survey is the

incorporation of Cost Accounting , Real Property , and

Financial Management within XE. The respondents noted

that XE could do a better job of analyzing trends if

the referenced functions were within XE. The Air Force

recently——7 April 1977-—restructured IE to include Cost

Accounting and Real Property. It is difficult to deter-

mine the objectivity of the respondents replies con—

S cerning this change. The Air Staff is currently evalua-

ting two test Base Civil Engineering reorganization

5 structures at eight different bases-—four bases are

testing one BCE organizational structure and a

separate four bases are testing a second BCE organiza-

tional structure. Each of the test concepts involve

the incorporation of the referenced sections within XE. S

It is quite possible that some of the respondents were

biased in their response to a new XE organizational con- 
S

cept. However, no respondents noted that XE should not

incorporate the Cost Accounting and Real Property func-

tions. It is interesting to note that the literature S
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review revealed no XE functions which incorporated func-

tions like Cost Accounting and Real Property Management.

However , the base level IE function did at one time---

during the l960s--incorporate the referenced functions

( 6 ) .

Finally, the least major detrimental factor asso-

ciated with XE dealt with the lack of use or improper use

of the XE staff. This factor was noted mostly by the

XE chiefs; however, there were BCEs and Branch Chiefs

who were also concerned about the improper use of the

IE capability. CESMET also noted that XE staffs were

improperly used and quite often were not supported. The

BCE and XE groups recommended that training be provided

to the BCE and his staff on how to use the XE effec-

tively. Also, recommended was the need to provide lEs

with appropriate training so they can become effective

problem solvers.

Problems Encountered

The research effort was not without problems

and setbacks. The most notable problem involved the

analysis of investigative questions two and three. 
S

.

Both investigative questions were based upon a dichoto-

mous set of measurement questions. One set of measure-

ment questions was intended to imply favorableness to

the question at hand ; while the second set of measurement
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questions was intended to imply unfavorableness to the

question at-hand .

It was hoped that the results of the two sets

of measurement questions would have led to the same con-

clusion to the appropriate investigative question. How-

ever , the results of the set of measurement questions to

both investigative question two and three were incon-

clusive. To answer the investigative questions , criteria

six, which was based upon a single measurement question,

had to be invoked.

In reviewing the measurement questions which

were used to make up the two dichotomous sets, it was

determined that faulty logic was used in developing

the sets of measurement questions. The faulty logic

primarily involved including measurement questions in

a particular set to which they did not belong. The

impact of this action, in addition to the averaging

of measurement questions over all groups of respondents, 
S

created the inconclusive results. This problem could

have been foreseen if time had been available to con—

duct a small pilot survey. However, the questionnaire

was developed in such a manner that valid conclusions

could be drawn just in case the sets of measurement

questions were inconclusive. Criteria six for each

investigative question had been established to overcome

any inconclusiveness in the sets of measurement questions.
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There were some minor problems associated with

three of the measurement questions--9, 14, and 17. These

problems were presented in the appropriate conclusion S

discussion. No other significant obstacles were

encountered.

Future Considerations

The research effort concentrated upon the base

level civil engineering environment. It was built

around the opinions of the key civil engineering manage-

ment personnel. The research would have been more

complete if a survey of civilian XE staffs could have

been accomplished. Therefore, it may be worthwhile for

future researchers to explore how civilian IE staffs

differ from military XE staffs. It is quite possible

that the military could benefit from XE’s successes 
S

in the civilian environment. The literature review

revealed a greater reliance upon lEs in most aspects

of civilian life. Surely, if lEs can be successful

in the civilian environment, they can also be successful

in a military environment such as within Base Civil

Engineering.

Finally, it may be worthwhile that two years from

now follow—up research be conducted to determine if the

Base :ivil Engineering industrial engineering concept
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has been changed, and to determine if it is successful

and meeting the management needs of the Base Civil

Engineer and his staff.

S 

Summary of Conclusions

A swnmary of the conclusions of the research

effort follows:

1. Industrial engineering capability is needed

within the Base Civil Engineering organizations.

2. The role of industrial engineering should

be changed. The following should be incorporated into

a revised BCE industrial engineering role/concept:

a. The IE staff should be built around a S

nucleus of degreed XE personnel at least two of which

should be civilians for continuity . The number of lEs

per base will depend upon the size of the Base Civil

Engineering organization and should be determined by

a Management Engineering Team. The reliance upon tech-

nicians to conduct industrial engineering activities

should be reduced.

b. Quality control-type activities should

be eliminated from the XE function.

c. Real Property, Cost Accounting, and

Financial Management, should be incorporated with the

XE analysis section to form a new XE branch. IE analysis

is the only true IE function; therefore, it may be neces- S

sary to rename the branch.
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d. The XE staff should concentrate its

activities on solving management problems; therefore,

the management consultant role and the XE studies

should be emphasized in IF’s new role.

e. A directive should be published which

outlines IE responsibilities. The directive should

provide for flexibility to XE use and not constrain the

XE function as the AFM 85-38 publication did.

f. An industrial engineering handbook

should be developed and published which outlines how

lEs can be effective problem solvers. The handbook

should include the IS techniques which have been suc-

cessfully used at base level.

g. The Base Civil Engineer and the various

branch chiefs should be provided training in how to use

the XE effectively. Likewise, lEs should be provided

greater training opportunities which includes proven S

base level IE techniques, behavioral management tech-

niques, and effective writing and speaking fundamentals.

h. The Chief XE position should be a quali- S

fied XE who has at least two years of BCE experience. S

i. The restructured IE branch should not be

encumbered with an overload of additional duties.

j. Provide the restructured XE branch with

the authority to expand its analysis to other base
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organizations when required to solve civil engineering

problems.

3. An Industrial Engineering team capability

should be established above the base level to study and

resolve common Base Civil Engineering management prob-

lems.

4. Although XE has been considered to be unsuc-

cessful Air Force—wide, there are several outstanding

industrial engineering staffs in the Air Force. This

fact was confirmed by CESMET, and several Base Civil

Engineers and several Branch Chiefs. Many of the

strengths of the existing, outstanding XE staffs were

incorporated into the recommenc~ d IE role.

5. The key base civil engineering personnel

which were surveyed in the research effort must have

been quite concerned about the IE function. Their

response was excellent which provided a clear message

concerning “what role IE should play within Base Civil

Engineering.”
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Command Base

Air Defense Command Air Force Academy
Duluth International Apt.

- Hancock Field
Peterson Field
Tyndall AFB

Air Force Communication Richards-Gebaur AFB
Service

Air Force Logistics Command Hill APB
Kelly AFB
McClellan APB
Newark AFB
Robins APB
Tinker AFB
Wright-Patterson AFB

S Air Force Security Service Goodfeliow AFB
Misawa AB
San Vito AB

Air Force Systems Command Brooks AFB .
- Edwards AFB

Eglin AFB
Kirtland AFB

S L. G. Hanscom AFB
Los Angeles AFB
Patrick AFB

Air Training Command Chanute APS
Columbus AFB
Craig AFB
Keesler AFB
Lackland AFB
Laughlin AFB
Lowry APB

- Mather AFB
S Randolph AFB

Reese AFB
Sheppard AFB
Webb AFB
Williams AFB

Air University Maxwell APS
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S Command Base .

Military Air Command Altus AFB
Andrews AFB
Bolling AFB S

Charleston APE
Dover APB

S Little Rock APB
McChord AFB
McGuire APB

S Norton AFB
Pope AFB
Scott AFB
Travis APB

S Lajes AFB

Tactical Air Command Bergstrom APB
Cannon AFB
England AFB

S George APB
Howard AFB
Hollomari APB
Homestead APB
Huriburt APE

S Langley APB
Luke APB
MacDill APB
Moody AFB
Mt. Home AFB
Myrtle Beach APB
Nellis APE

S Seymour Johnson AFB
Shaw AFB

S Strategic Air Command Barksdale APB S

Beale AFB
Blytheville AFB
Carswell APB
Castle AFB S

Davis Monthan AFB
Dyess AFB
Ellsworth AFB
F. E. Warren APB
Fairchild AFB
Grand Forks AFB
Griffiss AFB
K. I. Sawyer AFB
Kincheloe AFB
Loring AFB

S Ma].mstrom AFB
March AFB
McConnell AFB
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Command Base

Strategic Air Command Minot APB
--Continued Of futt AFB

Pease AFB
Plattsburgh AFB
Rickenbacher APE
Vandenberg APE

S Whiteman APE S
Wurtsmith APB
Anderson AFB S

Alaskan Air Command Bielson APE
S Elmendorf APE

Pacific Air Force Clark AB S

Hickam APB S

Kadena AR 
S

Korat AB
Kunsan AB
Osan AB
Yokota AR

United States Air Force Aviano AR
Europe Bitberg AR

S Hahn AB
S Lindsey AR

- Ramstein AR
Sembach AR
Spangdahlem AR
Templehof AR
Terrejon AR
Zaragoza AR
Zweibrucken AR
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APPENDIX B

INDUSTRIAL ENGINEERING ROLE SURVEY 
S

S I

S

i
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General Section

5 Please record your responses for the general section
S (questions 1 through 21) on the computer scan sheet.

1. What is your grade (Military only)? 
S

S 
_____ (a) Colonel - S

_____ (b) Lt. Colonel
_____ Cc) Major
——  

Cd) Captain
_____ Ce) First Lieutenant
_____ (f)  Second Lieutenant

2. What is your grade (Civilian only)?

_____ (a) GS-l5
_____ (b) GS—].3 or 14
______ Cc) GS—12
_____ (d) GS—il
_____ (e) GS—9 

S

_____ (f) other

3. What position do you hold within base Civil S

Engineering?

_____ (a) Base Civil Engineer
S _____ (b) Chief of Engineering and Construction

_____ Cc) Chief of Industrial Engineering
_____ Cd) Chief of Operations and Maintenance 

S

_____ Ce) Chief of Programs

4. What is the total manning strength of your civil 
S

engineering organization (Military & Civilian)?

_____ Ca) 800 or more
_____ Cb) Less than 800 but more than 400
_____ Cc) 400 or less S

!.i. What major Air Force command do you belong to?

S _____ (a) ADC _____ (g) SAC
_____ (b) APLC _____ (h) TAC 

S

_____ Cc) APSC _____ (i) USAFE
_____ Cd) ATC _____ ( j )  USAPSS
_____ Ce) MAC _____ Ck) other
_____ C f)  PACAP
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6. What level of education have you achieved? (Indicate
highest level obtained )

- (a) Bachelor of Science or Bachelor of Arts
_____ (b) Masters S

S _____ Cc) Doctorate
_____ Cd) High school plus college credits

S 
_____ (e) High school and no college

S Please answer the following questions based on your per-
S sonal opinion and record your response on the computer

scan sheet.

7. The Industrial Engineering Branch would be more
[ effective if it concentrated on solving management

probl ems rather than doing quality control work .

_____ (a) Strongly Disagree
_____ (b) Disagree
_____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

8. The Industrial Engineering Branch should be eliminated.

_____ (a) Strongly Disagree
_____ (b) Disagree
_____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

9. Rather than having base level industrial engineering S

staffs, there should be industrial engineering team (s)
to study common base—level problems. Where do you S

think that this industrial engineering capability
should be located? (Select one)

_____ (a) Civil Engineering Center
_____ (b) .AFIT Civil Engineering School
_____ Cc) Major Commands (Each command to have an

XE staff )
_____ Cd) Recommend no change.

10. As a manager, you seek the assistance of the industrial
engineer and his staff for purposes of problem solving . S

_____ (a) Strongly Disagree S
_____ (b) Disagree
_____ Cc) Undecided
_____ (d) Agree
_____ (e) Strongly Agree S
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11. The industrial engineer ’s recommendations are given
serious consideration and are implemented a majority
of the time.

S (a) Strongly Disagree
_____ (b) Disagree

S _____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

12. The Base Civil Engineering Organization would be
S adversely affected if the Industrial Engineering

Branch were dissolved .
S (a) Strongly Disagree

_____ (b) Disagree
____ Cc) Undecided
____ Cd) Agree
____ Ce) Strongly Agree

13. The Industrial Engineering Branch should continue to
do quality control inspections of the Operations and
Maintenance Shops’ work.

____ (a) Strongly Disagree
_____ (b) Disagree
____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

14. Present staffing of the Industrial Engineering Branch
is adequate to perform their work. S

_____ (a) Strongly Disagree
_____ (b) Disagree -

_____ Cc) Undecided
_____ (d) Agree
_____ Ce) Strongly Agree

15. If the Industrial Engineering Branch were to be
reorganized, which of the following sections should be
included in the reorganized branch? Select as many
of the following as you desire.

S _____ (a) Quality Control Section
_____ (b) Industrial Engineering Analysis
_____ Cc) Cost Accounting
_____ Cd) Real Estate
_____ Ce) Financial Management
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16. The role of the industrial engineer as a quality
control inspector has no bearing on his acceptance
as a management consultant. 

S

_____ (a) Strongly Disagree
_____ (b) Disagree
_____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

17. The scope of industrial engineering work should be
expanded outside the Base Civil Engineering organiza-
tion to areas such as; supply, transportation, budget,
etc.

_____ Ca) Strongly Disagree
S (b) Disagree

S _____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

18. The studies performed by the Industrial Engineering
Branch play a significant role in improving the Base
Civil Engineering organization.

_____ (a) Strongly Disagree
_____ (b) Disagree
_____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree

19. The Industrial Engineering Branch is responsive to
the problem solving needs of management .

_____ Ca) Strongly Disagree
_____ (b) Disagree
_____ Cc) Undecided
_____ Cd) Agree
_____ (e) Strongly Agree

20. The role of industrial engineering should remain as
it is.

_____ (a) Strongly Disagree
S _____ (b) Disagree

_____ Cc) Undecided
_____ Cd) Agree
_____ Ce) Strongly Agree
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21. The industrial engineering branch can be relied upon
to provide objective and effective resolutions to S

management problems.

_____ (a) Strongly Disagree
S _____ (b) Disagree

_____ Cc) Undecided
_____ Cd ) AgreeI (3) Strongly Agree
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Base Civil Engineer ’s Attachment

In this section of the questionnaire , please record your
responses on the questionnaire itself and not on the com-
puter scan sheet.

- 22. The reci!Sioflof A$M 85-38, Civil Engineering Manage-
ment Review, has improved industrial engineering ’s
responsiveness to your management needs.

____ (a ) Strongly Disagree
____ (b) Disagree
____ Cc) Undecided
____ (d) Agree
____ (3) Strongly Agree

23. The Xndustrial Engineering Branch can be effective
without a governing directive.

S (a) Strongly Disagree
S (b ) Disagree

____ (C) Undecided
S (d) Agree

____ (3) Strongly Agree

24. What do you consider the five most important functions
S of your industrial engineering branch to be? (Exam- S

ples : Quality Control , XE Studies , MBO , BEAMS Moni-
tor, Manpower Expert, Mgt. Consultants, etc.)

1. First Most Important:

2. Second Most Important:

3. Third Most Important:

4. Fourth Most Important:

5. Fifth Most Important:

25. What are the weaknesses or limitations currently
associated with the base level industrial engineering S

concept?
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26. Describe briefly the single achievement of the
Industrial Engineering staff which has impressed

S 

you most favorably.

27. To better serve the needs of you and your staff
what changes or improvements in the industrial
enginef ring concept do you recommend?
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- Chief of Industrial Engineering ’s Attachment

S In this section of the questionnaire, please record your
response on the questionnaire itself and not on the com-
puter scan sheet.

22. How much base level industrial engineering experience
do you have?

_____ (a) Less than 1 year
_____ (b) Greater than 1 but less than 2 years S

_____ Cc) Greater than 2 but less than 3 years
_____ Cd) Greater than 3 but less than 4 years
_____ Ce) Greater than 4 years

23. What level of an industrial engineering degree do
you hold?

_____ (a) Bachelor of Science
_____ (b) Master’s Degree 

S

_____ Cc) Doctorate
_____ Cd) Have a degree but not an IE degree
_____ Ce) Do not have a degree

24. How many people are authorized for your branch?

___ (a)lto 3 I(b) 4 to 6
___ (c)7to 9 S

____ (d) lO to l2
_____ Ce) Greater than 12

25. How many people are currently assigned to your branch?

___ (a ) l t o 3
____ (b) 4to 6
_____ Cc) 7 to 9
____ Cd) lO to l2 S

_____ Ce) Greater than 12

26. The recission of AFM 85—38 , Civil Engineering Management
Review, has improved your branch responsiveness to the
management needs of the Base Civil Engineer and his staff.

_____ (a) Strongly Disagree S

_____ (b) Disagree
_____ Cc) Undecided S

_____ (d) Agree
_____ (e) Strongly Agree
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27. The Industrial Engineering Branch can be effective
without a governing directive.

_____ (a) Strongly Disagree
_____ (b) Disagree
_____ Cc) Undecided

S Cd) Agree
_____ Ce) Strongly Agree

28. The following list represents the sources of XE work
requirements. Rank order the list to show how XE

S work requirements are generated: Rank #1 is the
source which generates the most work for IE, rank ~2 

S

S generates the second most work for XE, and so on.

_____ (a) Base Civil Engineer
_____ (b) Branch Chiefs

S _____ Cc) XE-Self Generated
_____ Cd) Management Review Committee
_____ Ce) Other BCE Personnel

S _____ (f) Reports from Command, IG, Auditor, etc.
_____ (g) Required by Manuals; Regulations (APR 85—1,

APR 85—10, etc.)

29. The Industrial Engineering Branch performs numerous
functions. Of the many it does perform what do you
consider to be the 5 most important (ranked in the
order of importance)? Short answers please.

1. First Most Important:

2. Second Most Important:

3. Third Most Important:

4. Fourth Most Important:

5. Fifth Most Important:

30. For your response to question 29, estimate the amount 
S

of time your XE staff has expended on each listed S

function during the past twelve months. Your estimate S

should be rounded to the nearest 5% and the total
percent does not have to sum to 100%.

160

-

~

-

~

— : :

~ 

S
~-’-s----~--s--- S



$
_____ 

~~~~~~~~~~~~~~~~~~~~~~ 
55

S 
~~~~~~~~~~~~~~~~ -55 - S 5 S S55

31. To make the industrial engineering staff more respon-
sive to the needs of management, what changes or
improvements do you recommend?

32. What weaknesses or limitations of your XE Branch have
kept you from serving the BCE and his staff effectively?

33. Describe briefly the single achievement or accomplish—
ment by your branch of which you are proudest.
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Branch Chief’s Attachment

In this section of the questionnaire, please record your
response on the questionnaire itself and not on the com—
puter scan sheet. t
22. The industrial engineer’s greatest contribution to

your branch is in the area of quality control. 
S

______ (a) Strongly Disagree
______ (b) Disagree
______ (c) Undecided
______ Cd) Agree
______ Ce) Strongly Agree

23. The industrial engineering branch should be primarily
oriented to the efficiency of the Operations and
Maintenance Branch.

______ (a) Strongly Disagree
______ Cb) Disagree
______ (c) Undecided
______ Cd) Agree
______ Ce) Strongly Agree

24. Industrial Engineering studies conducted in your branch
have measurably improved effectiveness of your branch.

______ (a) Strongly Disagree
______ (b) Disagree
______ Cc) Undecided
______ Cd) Agree
______ Ce) Strongly Agree

25. What are the three most important functions that the
XE staff can accompllsh to satisfy your management
needs? (Examples’ Quality Control, Activity Evalua-
tions, Mgt. Consultant, XE studies, etc.)

1. First Most Important:

2. Second Most Important:

3. Third Most Important: 
S
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26. What weaknesses or limitations of the XE branch have
you noticed which has kept them from assisting you
effectively?

I

27. Describe briefly the single achievement of the XE
staff which has impressed you the most.
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APPENDIX C

INVESTIGATIVE QUESTIONS WITH SUPPORI’ING
MEASUBEMEN’r QUESTIONS
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Investigative Question No. 1

What functions/activities are base level indue-
trial  eng ine ering branches currentl y per forming ?

Measurement Question No.

22 of Branch Chief Section. The industrial engineer ’ s
greatest contribution to your branch is in the area
of quality control.

24 of DCE Section and 29 of IE Section. The Industrial
Engineering Branch performs numerous functions. Of
the many it does perform, what do you consider to be
the 5 most important (ranked in the order of
importance)? Note: This question also supports
Investigative Question No. 3.

25 of BCE Section and 26 of Branch Chief Section. What
are the weaknesses or limitations currently associ-
ated with the basel level industrial engineering
concept?

28 of XE Section. Rank the order of importance of how
industrial engineering work requirements are gener-
ated.

30 of IE Section. For your response to question 29,
estimate the amount of time your IE staff has

- expended in each category during the past twelve
months.

Investigative Question No. 2

T.q 1~f l,47 1~~*~I -I tvl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ - t • - , - • 

S

base lev e l ?

Measurement Question No.

8. The Industrial Engineering Branch is a “frill” that
can be eliminated.

9. Rather than having base level industrial engineering
sta f f s , there should be industrial engineering
team(s) to study common base level problems.
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10. As a manager, you seek the assistance of the
S industrial engineer and his staff for the pur-

poses of problem solving.

11. The industrial engineer’s recommendations are given
serious consideration and are implemented a majority
of the time.

12. The Base Civil Engineering Organization would be
adversely affected if the Industrial Engineering
Branch were dissolved.

18 The studies performed by the Industrial Engineering S

Branch play a significant role in improving the
Base Civil Engineering organization.

19. The Industrial Engineering Branch is responsive to
the problem solving needs of management.

20. The role of industrial engineering should remain
as it is.

21. The Industrial Engineering Branch can be relied
upon to provide objective and satisfactory solu-
tions to management problems.

24 of Branch Chief Section. Industrial engineering
studies conducted in your branch have measurably
improved effectiveness of your branch.

Investigative Question No. 3

If industrial eng ineering is ne eded at bas e lev e l ,
should it continue to function as is or should it be
modified/changed?

Maa~~~~~~~ti~~iac Question No.

7. The Industrial Engineering Branch would be more
effective if it concentrated on solving management
problems rather than doing quality control work.

13. The Industrial Branch should continue to do quality
control inspections of the Operations and Mainte-
nance Shops’ work.

14. Present staffing of the Industrial Engineering
Branch is adequate to perform their work.
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15. If the Industrial Engineering Branch were to be
reorganized , which of the following sections should
be included in the reorganized branch? 

S

16. The role of the industrial engineer as a quality
control inspector has no bearing on his acceptance

S as a management consultant .

17. The scope of industrial engineering work should
be expanded outside the Base Civil Engineering
organization to areas such as--supply , transpor-
tation, budget, etc.

20. The role of industrial engineering should remain
~~~

22 of BCE Section and 26 of IE Section. The recission
of APM 85-38 has improved industrial engineering ’s
responsiveness to your management needs. (APM 85-38,
Civil Engineering Management Review. )

23 of BCE Section and 27 of IE Section. The Industrial
S 

Engineering Branch can be effective without a
governing directive.

27 of BCE Section 31 of XE Section. To better serve
the needs of you and your staff, what changes or
improvements in the industrial engineering concept
do you recommend?

23 of Branch Chief Section . The Industrial Engineering
Branch should be primarily oriented to the effi- S

ciency of the Operations and Maintenance Branch. 
S

25 of Branch Chief Section . What are the three most
important functions that the IE Staff can accom-
plish to satisfy your management needs?
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TABLE 43
S 

DEE ’S RANKING OF XE’S MOST IMPORTANT FUNCTIONS S

1st 2nd 3rd
Most Most Most S

- 

Function Important Important Important Total Rank

Mgt Cons (41) 410 (19) 152 (8) 48 610 1

QC (14) 140 (21) 168 (30) 180 488 3 -
S

XE Studies (27) 270 (26) 208 (12) 72 490 2

IE Anal (1) 10 (2) 16 (1) 6 32 9

BEAMS (1) 10 (2) 16 (4) 24 60 5

Manpower (3 ) 30 (3) 24 (2) 12 66 4

Follow-Up 
S

Work ... ... ... ... (1) 6 6 13.5*
S 

Problem
Solving (3) 30 (1) 8 ... ... 38 7

Cust Rel ... ... ... ... (1) 6 6 13.5*

MBO ... ... (1) 8 (1) 6 14 12

F Training (1) 10 (1) 8 ... ... 18 10

Trad XE (1) 10 ... ... (1) 6 16 11

Sys & Proc ... ... (1) 8 (3) 18 36 8

Extra S

Duties ... ..• (4) 32 (2) 12 44 6

*~~~~~.,r~~~O~~~Tj t !  tie’~ r~ n1eing~~.

NOTE: 1. The above frequency data were extracted from
the DEE responses to question 25 of the Branch S
Chief’s attachment.

2. See Note 2 on page 170. The same format was
utilized in developing the above except that
this involved only three listed most important
functions; whereas, the referenced note involved

S five most important functions
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TABLE 45

DEM’ S RANKING OF XE’ S MOST IMPORTANT FUNCTIONS

1st 2nd 3rd
Most Most Most

Function Important Important Important Total Rank

Mgt Cons (21) 210 (19) 152 (18) 108 470 1

QC (3) 30 (5) 40 (9) 54 124 5
S 

XE Studies (17) 170 (18) 144 (16) 96 410 2

S IE Anal (24) 240 (15) 120 (8) 48 408 3

BEAMS (14) 140 (18) 144 (11) 66 350 4

S Manpower (1) 10 (1) 8 ... •.. 18 12

S Follow-Up
Work (1) 10 ... ... ... .• .  10 14

5-)

Problem
Solving (1) 10 (2) 16 (2) 12 38 8 H

Cust Rel (1) 10 (1) 8 (2) 12 30 9

MBO (2) 20 (1) 8 (2) 12 40 7

Training ... ... (1) 8 (2) 12 20 10.5*

Trad IE .. . ... (2) 16 .. ... 16 13

Sys & Proc (3) 30 (1) 8 (2) 12 50 6

Extra
Duties (2) 20 •.. ... ... ... 20 10.5*

*Represents tied rankings.

NOTE: 1. The above frequency data were extracted from
the DEM responses to question 25 of the Branch

S Cheif’s attachment.

2. See note 2 on page 171.
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TABLE 46

DEP ’S RANKINGS OF XE’ S MOST IMPORTANT FUNCTIONS

1st 2nd 3rd
Most Most Most

Function Important Important Importan t Total Rank

Mgt Cons (37) 370 (29) 232 (5) 30 632 2

QC (24) 240 (21) 168 (39) 234 642 1

XE Studies (20) 200 (24) 192 (18) 90 482 3

IE Anal (1) 10 (1) 8 ... .. . 18 8

BEAMS (3)  30 ( 6 )  48 ( 6 )  36 114 4

Manpower (2) 20 ... ... (2) 12 32 6

Follow-Up
Work ... ... (1) 8 ... ... 8 10

S Problem
Solving ... ... (2) 16 (5) 30 46 5

- Cust Rel ... ... . . . ... • . .  ... ... 13*

MBO ... ... ... ... (1) 6 6 11

S 

Training •. .  ... ... . .•  ... ... .. . 13*

Trad IE ... ... ... .. . . .. .• .  • . .  13*

S Sys & Proc ... ... (2) 16 (1) 6 22 7
Extra
Duties (1) 10 •.. ... (1) 6 16 9

*Representg tied rankings .

NOTE: 1. The above requ~ncy data were extracted from
- the DEP responses to question 25 of the

Branch Chief ’s attachment.

4 .  ~ee note 2 uu ~jà~~ 171.
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Weaknesses/Limitations of IE

This list represents those weaknesses which received

less than five responses:

1. Requirement for an IE Work Plan (BCE)

2. IE’s scope limited to Civil Engineering Organi-

zation (BCE and DE l)

3. IE not involved in budget process ( BCE )

4. There are too many centrally directed studies

(BCE and DEP )

5. IE not responsible for Cost Accounting (DEE)

6. IE is constrained to Air Force policy which

constrains innovation (DEE, DEM and DEP)

7. IE biases results of studies to meet the

commander’s desires (DEE and DEM )

8. Too many formal written reports requir ed (DEl)

9. IE’s unstable/chaflgirlg role over last few

years (DEl) -

10. Limitations of BLIS (DEl)

11. Failure to utilize previous studies (DEl)

12. IE’s conflicting role of Management Con-

sultant and QC (DEl)

13. Lack of time-sharing computer capability

u (DEl) 
-

14. IE work is not meaningful (DEl)

15. Inability to effect real savings (DEl)
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16. Too much politics (DEl)

17. Lack of organizatinal goals (DEl)

18. IE used as a manpower pool (DEl)

19. IE is unresponsive (DEN and DEl)

20. IE expects other branches to collect data

(DEN)

21. lE is not real—world oriented——they are

unrealistic (DEN)

22. IE doesn ’t assist in implementing solutions

(D EN)

23. IE is a problem respository for the IG (DEM)

24. IE has too many people for their job require-

ments (DEM)

25. IE lacks objectivity (DEP)

26. QC personnel are O&M workers who are not wanted

in the shops (DEP)

27. IE’s QC role has been reduced (DEP)

28. IE is not BCE management-team oriented (DEP)

29. Lack of a defined IE role (DEP)

30. IE should be staff oriented not line oriented

(DEP)
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ANALYSIS OF THE BCE AND IE RANKINGS
BY THE SPEABMAN RANK CORRE LATION

COEFFICIENT (r8)

— IE - BCE IE 2
Function Ranking Ranking d d

Mgt Consultant 1 2.5 —1.5 2.25

QC 4 2.5 +1.5 2.25

IE Studies 2 4 —2 4
IE Analysis 8 6 +2 4
BEAMS 3 1 +2 4

Manpower 6 8 -2 4

Follow—Up Work 9.5 7 +2.5 6.25

Problem Solving 7 5 +2 4

Customer
Relations 13 9.5 +3.5 12.25

MBO 5 11 —6 36

Training &
Testing 11 13 —2 4

Trad IE 13 14 —l 1
Sys & Proc 13 12 +1 1

Extra Duties 9.5 9.5 0 0

85

r = 
Ex~+Zy

2-Zd2 
Where: ~~

z N 3-N 
~T

2/Z
~
2
~~

2 12 x

t 3 -tE T =
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•~.z~
2 14~~ l4 

- {2
3;2 + 3~;3J = 225

&Ey2 = 
l4~~~l4 {2

3;2 
+ 2 ;

2) 
= 226.5

r 225+226.5—85 
= .8117

~ 2v’T225) (226.5)

r5 is a measure of association between the two rankings.

An r5 O.81l7 shows a high degree association between the

BCE and IE rankings. The value of r5 can be tested to

determine if it differs significantly from zero ( :202—213).

The testing of r9 = 0.8177 is as follows:

H0: p~~=O (There is no association between 
the rankings)

H1: pQ
IO (There is a significant association between the

rankings)

= 

r~~~~~~ .8117/14—2 2.8118 
= 4.8141

/ l—r~ 
,‘I~-(.8117)2

t = t
~ /2 df n— 2 = t 025 12 = 2.179

If t 5 > t0 then reject H 0 . S
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In this case, t~ = 4.8141 is greater than t~ 2.179.

Therefore , H0 can be rejected and it is concluded that

differs significantly from zero and there is a high

degree of association between BCE and lE rankings .
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Summary of CESMET Finding3

The following data were extracted from thirty—two

CESMET reports.. The reports , which were provided by

the Air Force CESME T, provide input concerning the cur-

rent IE role at base level.

1. Summary of CESMET Appraisals of IE Branches:

CESMET is not an inspection activity which rates an organi-

zation in the manner the IG does, i.e., excellent, satis-

factory, marginal, etc. However, in its final report, 3

CESMET does provide an overall appraisal of each activity

assisted. The following listing is a summary of the

overall appraisals of the IE branches in the thirty-two

reports analyzed. The appraisals have been divided into

two categories--favorable IE appraisals and unfavorable

IE appraisals.

A. Favorable IE Appraisals:

Number of
Bases

Receiving
Appraisal Appraisals

Excellent 1
Excellent program as far as
it goes 1

Outstanding Operation 1
As good as we have seen 1
Strong program 1
Very good program/operation 3
Pretty good program/operation 3
Good program/operation 5
About Average 1
Fair but improving 1

Total
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B. Unfavorable XE Appraisals

Number of
Bases

Receiving
Appraisal Appraisals

Ineffective 2
A very weak operation 2
Lack of support is the problem 1
Needs emphasis and support
from top management 1

Needs support 1
Poor 1
Poor manning hurts effort  1
Additional duties hurting

effectiveness 1
Primarily a QC effort  1
A lot of work to do 1

‘ Needs improvement 1
Fair at best 1

Total IT

2. Summary of IE Stren~ths and Weaknesses docu-

mented by CESMET : CESME T documents the strengths and

problems of the IE branch in each of their final reports.

The following is a listing of the strengths and weaknesses

identified in thirty—two reports analyzed :

A. Strengths

Number of
Bases

Recognized

Strong IE studies program
aimed at “money makers ” 10

Good/Excellent Customer
Relations Program 11

Eff ective QC/Activity -

Inspection Program 12
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B. Weaknesses

Number of
Bases

Recognized

S Poor Manning Posture/Insuf-
S ficient Manning 10

Too Many Additional Duties 5
Ineffective XE Studies

Program 11
Ineffective Customer . 

-

Relations Program 18
Ineffective QC/Activity

- Inspection Program 12
— Lack of Support by BCE
- and Staff 4
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~7 ~HE !N:USTRT~ L ENGINEERING BRqMC,1 WOULD BE ~IOREEFFEC T IVE IF IT C CE~1TRR?ED ~M SOLVIN G ~IRN~QEMENT
PR~3LE?~S R~’HER ‘HqN CCIMG QUAL ITY CONTROL WORt~.

LEOE NC STRTISTICS
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300 08 THE INCUSTRIAL ENGINEERING BRANCH
SH OU L D BE EL !M! N R~ED.
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010 4S ~ MANAGER . YOU SEEK THE ASSISTANCEOF THE INDUS TRIAL ENGINEER AND HIS STAFF
- 

FOR PURPOSES OF PRO8LEM SOL~’ING.
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300 011 THE INDUSTRIAL ENGINEER ’S RECOMMENDATIONS ARE 
-

GIVEN SERIOUS CONSIDERA TION AND ARE tM~LEMENTED
A MAJ ORITY OF THE IfliE.

-
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300 012 THE BASE CIVIL ENGINEERING ORGAN IZATION WOULD

BE ADVERSELY EFFECTED IF THE INDUSTRIAL ENGINEERING
BRANCH WERE DISSOLVED .
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300 013 THE INDUSTRIAL ENGINEERING BRANCH SHOULD
CONTINUE TO 00 DUALITY CONTROL INSPEC TIONS OF THE
OPERATIONS AND MAINTENANCE SHOPS’ WORK .
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300 0 14 ~RE SENT S T A F F I N G  OF TH E INDUSTRIAL ENGINEERING
BRAN CH t S ADEOUATE TO PERFORM THEIR WORK .
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300 019 THE ROLE OF THE INDUSTRIAL ENGINEER AS A QUALITY
S CONTROL INSPECTOR HAS ND BEARING OF MIS ACCEPTANCE

AS A MANAGE MENT CONSULTANT .
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SUCH AS. SUPPLY. TRAN SPORTATION . BUDGET, ETC.
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300 018 THE STUDIES PERFORMED BY THE INDUSTRIAL ENGINEERING
BRANCH PLAY P SIGNIFICANT ROLE IN IMPROVING THE BASE
CIVIL ENGINEERING ORGANIZA TION .
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300 019 THE INDUS TRIA L ENGINEERING BRANCH IS RESPONSIVE TO 
-

THE PROBLEM SOLVING NEEDS CF MANAGEMEN T.
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300 020 THE ROLE OF THE INDUSTRIAL ENGINEERING SHOULD REMAIN
AS IT IS.
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300 021 THE INDUSTRIAL ENGINEERING BRANCH CAN BE RELIED UPON
13 PRO’/IOE OBJEC TIVE AND EFFEC TIVE SOLUTIONS TO
M ANAGEMENT P R O B L E M S .

LEGEND STA TISTICS

B:BCE B F4ERN:3.883
E~ DEE C MERN :2.766

250 I=OET 1 NEAN:4.3619
- 

O~DEr1 0 MEAN:3.1O97
P :QEP P MEAN:3.0978
S SUM S MEAN=3.3g02

~~2O0

R i5C
I

5,

C

I
V S

100

5TRONGL Y DISAGREE UNDECIDED AGREE STRONGLY
D I S A G R E E  AGREE

203

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~L-~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.- -V—-
~~~

S-——
~~~~~~~~~~~~~~~~~~~



V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-V -V-V~~~~~~~~V -V~ S 

~~~~~~~~~ 5V~~~~V ~~~~~~~~~~~~~ V--V ~~~~~~~~~~~~~

APPENDIX E V

CO14PUT~ R PROGRAMS

U

204

_____________  - ~~~~ - -- 
~~~

- 
~~~~~~~~~~~~~~~~~~~~ -- - ~~~~~~~~~~~~~ - - V T ~~~~~~ V~~~~~~~~~~ 

VV

~~~~~~~~~~~ - S -~~~~~ -V —



COMPUTER PROGRAM FOR ANALYSIS
OF VARIANCE OF INVESTIGATIVE
QUESTIONS AND MEASUREMENT

QUESTION S

205 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ____



- ~~~~~~~ -V _fl~.V~_ 
V S 5 ~~~S r — - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - V — -~~~~~ ~~~

C!)

—I-
z

C
C!) 0.

~~ z
—I C!)

< U i  W 0u ~ I-
~~ 0 v~-< TLJ 1 ~~ (~~O ~~N ~~~~~~ U. ~~ Ui

N (j’-~.-. ~~ ‘)~~~ 
Ui

Z CI) ~~~~~ ~~~‘ Z C Z 7 ~Z Z
v

> ‘ J .)  % J ~~I~I C~~~~w ~ J~~~~— Z ~X Ui <~~ >~~~~~(f~~~~~~~~— E - E—
z ~ ~J < C~~~ ~~~~~~~~~Z~~~CU~~~~

)L) L)
— C f l Z W ~~~~U. Ui ~.~~ Cf l CI) C Z~~~Z ZZ  S

>U_ ~~~ ‘~~~—~~~~~~~~ — z u_ = U_~~~~~~~
~~~ ) L L. W~~ UiQ~~~~t1J~~~~C LL. tL. U..U.U.

U. Ui <~~~~~~~~ - Z~~~ ~~~X~~~~’~~~ J Ui S 5

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~J~ j.j

~~UJO~~~> .C D z ~~~~~~-~~~ C~~~ ’~~~-’ -~~~—
~~~~~ < _j 

~~~~~~~~~~~~~ ~J)~~~~~~ }-
-) I— ’(~~ U i -2 iU i—~~~ :u r-~~~ — 1— 0.1-- I— I-.

(‘J ~ <O C!) Cfl~~~~~ I-4 < U.
CD ‘0 >- - Z C~~1. Z - . <O U J J J>  ~~~~~~~W Z ’-’~~~~~~~
I_I o~~ -) .

~ _J C U.1 L~-J~~~~~~C ~~~~~~~~~~~~~~ ~-~~I—~
‘C U) < V~ ~~ i J —~~~-~~~~~CI) ~ J )  ~~

- 
~ ~~ I—’

_ _ ••% .—~~~I-
... ...j — -

~~~~~— I~~~~
S
~~~~~C—  ~~~~~~~~.1— U)~~~~ — L  .- LLJ O ..J <<U.. ~••~ ~~

~~~—(l )~~~ ...J C_. L’ >CUJ~.LJ LU~~ J.. JJ -
U.~~~~< < % L~ ~~~~~ ~~Q U.. Z ~ ~~~..J ~~~~~~~ ~~~~~~~

~~~~~~~~ L. UJ~~~~a<  .( 0 . i~~~ J ~~— .CJ) c/) CD~~~~ J’
— Z 1 - W ..J~~~~~~~~~LI V) L’ LL1 <~~~ Cf) C~~~ I—’ I--.

~~~~~~~~~~L .— Z I-)- ~~~~~~ 4J~~~~~~1 D  ~~~(-) C~~~~~~>W  ~~ ()—~~~Lz.
U U ~~~~~~~~3 < . 1~ X ’ ~S C D  U)~.LI~~~~~z.U Ou_ ~~ .-J C~~~~~— W ~~~C_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U)~~ J I .I -4 ,-. ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.U) ~~~~~~~~I-~~~< ,.J tij 
~~~~l- Ui (fl~~~~~~0. C/)

—~~~~~~~ -~~~~ Z UJ Q . I . J  U)
— ~~d Ui Ui l i >  ~~ ~ ) ~~ ...J U. C Ui Ui ‘ ~~ C LJ Ui Ui Ui Ui ui C C t_•~ C ~

U 0 0 5 0~~~~~ U U U U U U U U U U S  U S  V

.c~~ LLJ — U U U U U U S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S
(/) U) (sJ ~~~~~~‘.t~~’O N~~~ as C .J (’S j C ~J C~J C \~~~~

~ .‘~~~ -< - < O O O O t ~~ t~~0O  z l O O  3O~~~ O O O C O O C C O CO C c
U~ 4J~ ~~~>>  — _  U S U  — 

V 206

- S -~~ TL 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -V VS-VS-5-~ ~V- V5- V5V • V - S V  A



~V~~~~ V V V 5-V-V~~-V S_ - 
- ~~~~~~~~~~~~~~~

‘S
Ui ‘S ‘S
I- >. >.

• 1~C C
‘U

Ui I—. LJ~~~

~~~‘S C,
‘S ‘S CUJ t U>’~~~~~~~Z C-)

= 0. ~~ ~~ ‘u - , ‘S -
~~ ‘S

Ui ~~~~~C-I C  ~~~ = :.L! C ‘
~) C V~.. u-C. ~~.

~~ ~~ w ~ — ~~ U. — C U..
U. ~~ ~ ~ s~ ~~ I~. C) 

~~ .i ‘S -

~~~< , ‘J C  >- ~~~~~~~~~~ C!)~~~ ~~~NJ’ i.
~~~~~~~~~~

‘) ~~ ~~~~~~~ ‘S’S~~~~C C ~~~~— ’ C~~~:1J~~~~L.. ~~~~~~ ‘S
-
~~~~~~~~~~~

’-
~~~~~ 

•
~~~

—
~~.—. —

— < C,
C U.. ~... O 1- ~vj
- .w C oz  0) C ‘ Wl-’ ~ W ~) J ~~~~~~~~~~~~~-~~~~~~-’~~~ C-)Z 0 ) —

~
-. tu Z ~~ I— > ~~ < ‘~J U < ~...I C) C) C/) 0 1- 0. = ~~ I- 0.

C C C  ~~
~ -. U.. ~~ C t... ~~ = •~~ I— 

~ c z ~ ~~ — U. ‘1.. . ~- —
3. - -~ ~~ Ui 3. I-. ‘S = ‘S — ~

— < ~~ U. U. U. U. — -~~ —

~~C~~~~~—’Wzf.-.. ‘.J ~ . ~fl ~-. 3 ~~ C, Ui Ui U L.. ~~ —. — L.. V

~~ I- I- — ~~~ 
E— ‘ C C — — —  — ..- I— < I— —~ <

L~~~~ C~~~~- C b ..~~<~~~~- ~~ Z I - C~~~~~ S

C.) ~~ > 0. 0. Ui — ~) > ‘Ii Ui < 3. 1— 1— 1-. ~~ Ui 3. ‘U— < — 3. Cl) I — ~~ C ~tJ ~~ U 0. 3 .0 .0 .  — ~~~ —

I-~~~~=.-. ~~~‘ S C U )~~~~I - <~~~~~~ U i Z  I—~~ Ui’- _ I~~~0 .V .J
tfl C L. iti ...j<<~~~0~~ UJ -.C,~~~ ) ~ ‘ ‘-‘ V) C C  ~-. C l )C ’
UI ‘~~t-. J~~I— U.) UJ’~U U~~~~~~ rJ) cJ Ui L~ ~~CU)  U>  i W ~~~C L Z U )  I W~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~c ~~ ‘LiI —1 -_J U~ U.U..’U. U.. ~~ ~~ C!) CC!) tn ct~ -< — ç  <~~~~~—Ui ~ ‘ ..J 3 .O.< UJ ) U.J ..J 3 . C~~~~~~~~~~ C-~~~~~~~” ~~C Z r~~ ,~J ~ 
— — U.~ I— ~~ 

_ Cl) C ~~ ‘~~~ ~!)CD = —. F— i ‘t~ ‘u w “i U. ‘ii ~~ ‘~ CI~ ~~ Ui U.. C : ‘
-‘ —

Cl) (t) ~~~~~~~~Ui 0 . 0 .C~~~~~~O U iQ  CI-~~~ C~~~~~ (l) ’—’ U)~~~~~ ~f i —
C!) U)~~~~~~ — _lJ,~~~ C ~~~~~~~~~~~~~~~~~~~~~~~ .C,~~~~~ —. •J~ C,
Ui Ui C — Ui = ...i CD U.. U. C = ~ Ui I— ~ — ~~ U.. Ui ii — Ui Ui C
‘-~~ - ‘ I-U . U) !-~ U JCC < 0 CC ~~~~~~~~~~~~Ui C— — — ’ 1- -~~— ’--.
I I C ! )  ‘-. 0) •~~~~~<UiC U.C/) 1-U.U. I I ( / ) l 1 1 I I C.’)

• ‘0 ~U < I~~~~~~0.O I I I ~~~~~~ ~~~~~r 0 . 0 .
‘JJ~~L’ LLJUiUiUi  <Ui ~~ C ‘iJ Ui L~~~ UI < I- ~LI UJ ‘

~l t J ’ T J U.JUiU.  Ui ~i~~~ UUi Ui

U S • U U U U U U U 5 U S U U S U • U U • U U U S U U U U U U S U

— c ~~~’)~~~~tc’ -~~~N ç~~~~~~~~~~~~ -(\ C’) c O — ~~~ Q~~~~— c ~~~)1- ~r~c- r—~j O Qs ~ —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— ~5 — _ — — S. a S .  — lU SU U U a e 5 fl a 1 — S. U 55 .5 — 5* — — — — 5* *5

~ ~ ~~ CS S -~~~ CS S S S S S S S ~ C- S
~~~~~ — C N (”~ 1 L CC ‘ON r a s  ~~~ — (N ~~~ 1 f l ’ C N~~~~Os CS ~~~~~~ 5 r V .

~~~N ~~~
_~~~~~V~~ • S ~~~ ~~~ ~~~ ~~~ ~~~ ~~ t~rl Cc’ ‘C “C ’C ’C -C ’C.’(- ’ C  -‘C ~~ r-

S’S~~~~
—
~ . S S S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

¶ 
~~~~s ~ 

-
~

207

—V .-  V



f 

~5 .C ,  rf) U ‘Sr) — _‘ — ‘ ‘U ’ )  —
— — I -  Cj) ’y — ~~~C ~~— C C Cl) Ui Ui — U’) — .0. ‘.... ~~ :. . L1 U.! S
— ~~~~~‘ >-~~~ —~~4 ID.uC C.!) I— < —

II O~~
) .J (fl C F- — C  0 -~~~-~~~ -D~~~ -‘-1’

% C”) ~~~ ~~ Ui C F- ~~ ‘ — < L~ C.!’) ~I 0. — C —
C ~~~0 &  ‘)C~ nF-C F- F-

Ui < •— — 1- — C.!) C.’) C,
•.- — C X - 0 . 5  <— c ’j  < — . C!) -- ~~~“~~-C’S
— C’fl ZD .,~j .F-UJD._ . 0.U)~~~ C.:J c’)~~~~~~~f lU)_.~’)<  =..s 5~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~ .‘-!i ’- 

_ C s~,C~~_. <
C ’) _ . U) C , <— C  ~~~~ < CC’ C.L C’J -~I U J - V

~~~~~~~~~V~~~~~C 0.
9 9 ~~ — ~

_.., .
~
. ,,~ ~

.. 
~~ — — F- ~~ —

.
‘ ~ m - C C ....~~- 5.J% C,~~-. C’ )(N5 C)  — —  <.-._‘ -.1. -

~~Q-, 
~~~~~~~~~~ C ’ ~i-<-~~~-~~~~<< C,  ~~~~ 

L~~~~~~(N Ui
% U (N Cl) U) U. U) — L.4 A 3. 5 Ui Z = ‘ Cs. —

C’ — C.~ UI (N LU -~ 0. ~ - 0. .— ~~
- F- ‘~~

- ~~ CS- —
-‘  (‘~ ~~ C ID — — < —  Ui F- -~ 0 .0  P — —

(N C ’  C : UO O C —  I S Q  : . !JC—C Y’ ‘ S —~~~~~U II 3. C -~ Ci’) .—I C, — 0 .  z s Ui 0. Ui ‘ii ~r I—’ F- •SIVI

~. ~. C”)CD ~ F- i’-’ N S <—  ~ C — 0 Cl) C F- UI I— ‘
~~ ‘ 

. LI)

5’— (N<~~’) Z U ) — C~~C F-~ -- C D S~~~~~~’fl’~~.’<0 .  <0 .
— ‘S ‘ % C~~’ ~~Z ’~~~~~— .. l —  0 . C C  I-.

-~~— 
S ,C~~~UI U)f 0.—UJ~~~~- — ~~i(’-~~~~CUi .Ll-”)ID —

C — — C C U.! — Ui <F. z C Cl) V U) —~ C’-  F- C S — —— —~~~ F. C Ui ).J-”-’ 0 s O  IDCU)  C”)
I- II II >. F- <C’) C, LU C’ S — ‘- (N ‘0 C X X  C’ C — I- --
0) ~, , _

~~~‘0 , j  Z C 0 . <W~~~~(N>~~~~0 C ’ U ) < F - 2~~~~
f)

5 < = — C.) ~~ ~~ 1— 0. ,_J ‘- I— C Ui I) — 0. CC)
C % ‘. — C S( N~~~ C f l U) 0 . I - 0 .C ”)  O U i <’ S > - 0 . ’~~~! ) < — F- U.
U. ‘— — IC • C C —‘ 5 LU — 5 —. U) 0. — 0. 0. 1—. ‘—‘ — — C Ui

C’J .—~~ ‘~ - 0 .  — C 0 . 5(N ’  — W C - ~r U i  U J I D  C > — <  —
‘ii ‘ 0 —  C — F. ‘S .-. — U-I ~~~‘ — ...j ‘I) U) 5—  = 5 — 

~

_j
— C l I s  CU) UJ  H~~~~~~’.- C f l U i C D <  F - C’ -’J V~~~~~C’~~~~~~~C’V~ 0

s ...~ —. Ui (N < C Cl’) Ui 5 — 0 .0  C s..- 0.0. F- C’) —
1- CCD C — 0 . ’ O C 0 . C C. D 0 . C— -~~CU) ’ ’ Z  (DID C 5

— s  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0
— — —  < • < <‘~~‘ C , C  ~ <— (J ’) ~~~ C C, — C $ — .  s

— <  S ’ C— I I S—  ~C>~~- O ~~~~UiO( N  ~~~ — - -  F- S. C’) W <
(N I l — C s  — ‘ C > - U)~~~~”--~l ’) Q CC”- ’ C’~ = C U ) U i —Z ’~ 0.

s o I l  ~~ C.J O ‘C W C . L. C—  l)Cj U) I—’ 0.~ -’ I D—  S
Cl) 5 5 • CD >- —~ CD f— 0. ..J ‘S — C.”) — (I) Ui -C — —s Ui — —

CC  s •U.—~~ ) ”~’Z C 1-  S Q.. — f--” S 0U . U i U) I- 5 U i U)~~~~C/) (N
5 C.L.1 C ~~~~~~~~~ — C~~~ C F- — 0 .- - - ’O ( N 5 0 .~~~~J < — ,~~C l ) U) < f )— .< ’...

> < 3 .  (N — s s - C’) U 0. >C>5C~— <UiCU.U)’~~-’W < c<
C-. —. < O C - ~~— N C’ F .’O— ’F- ...i<S 5 ’ S~~~ C — — ~~’~~~ F- ’—’ ~~~-s0 .
Cfl U.0C\~~~ U ) H C L f l U )U) F- ’ - ’C <.JUi 0 . . s  —
3.ae. -N C II  S a O — C 0~~~ U)C .)  U i I — C U .( N C S U i  (N(N U ) — C ---Ui
‘—‘ F-~~~~~~CF-~~ ~~~J) it!) U< ~~ U ) C ’~’C’— - - ~ U) — < < S V

U.. < C - I-’ W s  ..J C!) (N S “-‘ S C U! ‘C ‘‘ — ~ C”) 5 1—
I ~~~- !J) — %  ~-.Ui Lfl U)C wsuJ 5J — ’.-U)0 0.C~~~U) C ’ 0 5o~~~ (D
3.0.C,Ui— C—’ ’~~ CUiOZU)..J’--F.C,U — C U- IC - ‘S r)  I— —s
U-i C Ui U’) C -“ C\I < U < ~~ ‘~~~ Cl) C.) < U. F- ‘S ‘ C C UI
C , U . 5 <-~~~~~ t — J 0.C <C0 .) - -~ C,C’ <L) .J0 .— UJ I-~0.~~~~ ’0 U iU i  II II I-0U i U)— U i — U )~~~~ ’F”-’ U i  F-
.1-I-’ C , C , s  ~ U) < O~~~ s ( N Q C, ’ C . C  0.~~~~~D N  —

(N C C U. ~~ C C, ..J C C’) — -s .—. -~ — C’) .-. ,.—. ,~~ — , ~—. ~~ .~ — — —
‘0 3.0 - C O O s  s
C S_ S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C ’— — - -  C C)
•s — — 5 0 . 0 .  .s. > S. *5 SU *5 *5 5 * 5  — 5• SU —
5 5 5 5  5 5 5  s ~~~~~~~ s-s. s~~ s -~ s-s s— — 5-S — C’) U) ‘ON ~~ C’ ~~ — (¼ C’) ~~ U’) ‘C N ’) ’) C> CS — (N C’) ~~ .C) ‘C
N N  ~~~~~~~~ ~O C >  ~~ C’ C> C> 0’ 0’ O’ C’ 0’ 5 ~ 55 (V- 5 5 5 5 5 —

S CS ~~~ S -~ -~ ~-
. ,~~. -- -

~~ CS S CS 

208

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



V 

- S - V - V~~~~ V V~ V•V.~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~~~~~~~~J
—
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V

~~~~

- - - - V

-

ID
— ‘S

-V

‘U V U

C-)

CX
U. S S

U) CX
F- ~~V V

j - I

0. V

C 02 :
3~ V

< I D
0.— — LIV!

— p — —
I

V U-C CD ’—’
V S

S ‘j~i < —

C X C
:t iSC . .i
3 .5Z~~~

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

Vf )  

~~~F 0.Ui~~- C D  +
‘0

= ‘U’-’ —
C ‘S’S — S

C ~~ 0. Ui + — — —— — UI — S U) —V 

~~~~~~~~~~~~~~~~~~~ .
-

• UI
V 0. CD . . J+C ’-’ 5

Ui~~~~~F - S_ 1 r ’ )Cr ~
-
~~ .! ~~UI C ¶

~‘J < — — 0 U. ‘S
F - C :~ •. r•’~~~~ CL <C”

C >C~~~~~4 O.< C) r—
N

C’— Q < OU ) C  (1) 1— is
O C >‘— ‘-~~~~~II C J C<

~ = :— ~ — 3~ 
L 5

~~~F ._ S ’U  C

— — < — C C . D < C ’ - ’  .LIU)C
> C  ‘l)3. ’— .~~~~~~F- CUi’-- ’

0. < — — C U’~ CX I— U — — is

5 S 5 5 S U S US C J < C *5V/)~~~~~~~ J~V U .. -V~

209

____ -~~ 
_ V~~~V V V -~~ -— ~~ -V S~S~ ~~~~~~~~~~~~~~ -~~~



rV.V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~_~S•~~~~~~~~ SVV V’~

COMPUTER PROGRAM USED FOR THE PLOTTING
OF THE MEASUREMENT QUESTION’S

HI STOGRAMS

210

L ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ 
~~~~~~~~~~~~ V V- ~~~~~~~~~~~~ V~-V~~~~~ V VL~~~~~~~~~ _ _ _ _ _ _  -



p

,
U

U,. S

UI V

S

— — U

—
C> U,

-
—
3..

=
C’ U ../ : : —‘

U) L T) . /  =
CS) :

— _.: , C.!)
55 ~ ) •‘~j  UI
*1) 4C • C’)

VU) -S.)

S
U) ~,J = & ,  S_i
s_I .:~~~~ • C
1)0. (N • :  C’Li! N • LI-i
C E-’ K~~~~~~: < —‘ 0.
< L.. C’)C’ ..” • Li.

‘)‘) :3. • CS
-
~~ ...J C..~~ < / — — — — —
— 3 . 5  ..J (N ‘0 — • -
CX — • U <N + • < ><
<C ~~~~~ = ._i < ‘

~~~ 
— • C ~~F-’ ~~ N- — •~~ — • 5 — — 3.>- — S

0 IC 0 O ’ S  •‘~ • s -s  / ) s  C.’.
Cr) LU < (N .~~ 0’ U I~ • U) = ‘U . — —
03. ,,J S • 0’ c’~ ~~ 5 (N C.’) CXC’  . •
— < U) <: • U N • ~~ = U — S S

= F- — .—! : : ‘S — • U) ~
— ii — • ._i • •

3. Ui ‘0 • ‘i •‘ = ~
‘ . — ~~ • .. 

~~~ ~~~

< i—’ ’J) C —’-~~~ : ‘—‘ / ._JUi ’S ~~~ F- U) U )< X.C , C”~0>( U)
0. 0 1) ~~ • •f”- — < U C’~ .._! F-. < •‘r. ‘U
CD ....) z ...J I— 9c •0. - <~~~~ S (\ •>- F-’ • •)~~C~~-1 .5’-. •

U3 . L U <-Z <~~~~~~ U: S~~~~N C ’ — - ’  U’~~5 — C 3 > - 5~~~ F- ’ i’)
— ~f ) 3  sF -5 ,.~~~ = • U) - 0 ’ < t 4 -s > i —.’  - _ S > -  ‘- ‘C  5C’)
C ’ C < F -~~~~U ) < U) U :  F- ~ — • — — C — < < = ‘-C: —— U

— — z . U 0 . 0 .  •..j :C . U, 0.’— 5~ — . — C S 1 -S C S L U ,_! ! U - — ’—~ --’ C,’—’ F- U ) —
= .‘ (1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U ) 3 . U) V3 . U . C L U) 0 .’ S C :  51-Lu—~r- •sI— 5< 5 <’U L UU) UJ~~~VC ’ > < ”) 
V

~~~~~~ .. w- 5 C’) 1J~~~ • 5 U) U)C , 0 .  C S 0 .Z 5 C, C C t nCJ’) 3~~~ ’J~ 3.<
.F- 0 > - >.L) ..4 •~~ II _

~~U ) / > < J ..J CX —
~~ U i C D CF - -0. ._I 0 . <~~~ 3.1~~ _J _.i ‘~~C C C !) U ) 3 . C < < F .’ - ’  S<~~~ 5S U I 5 5 U i -~~<< < < ’~~< < < <- ’ ’
S — S C IL. UI S < •: >- C) — C” o~ 0’ — C X C )  0 0 00  LI C-) C_ I C )  U

5 5 U) 5 5 5 V~~’ 5 5 — (N C’) ~~ U) ‘C 1’- 0’ -
~~~ 

(¼(NCS) ~~ U) ‘C ~—
. 

~~ 0’ ~~ — CN C”)
— (NC’) C”) -~ ’ U ) 0 N X) 0’ 

21). 

— _V S. V .. SV__ . V VSV SVV_~V~~~~~~~~~ 5 V~~



r y -‘-V- -V --S ______________________________

‘S S

~~~~~UV1 
S

V.U UJ

— S
0 /

‘5
U-I C
L1J 0.
CX L..
1) CC)
< S
U ) —

>.,
C - ’)
5 0 .
CC

=
F. — ..
>< = :(j,
UI 1—’ 1— —

~~~~~~~~~

— F- >~ >( )
~~ ‘S’— = iV! C.’) U I -  —

‘~~~ 5 — — — I— F. F-’ S = —
— S  —— — >(= — =  -s: —. — • 5 —
>.. C.~~~ ~~‘ ) ‘-‘ — U) •: • • — :  <

— • C ) —~~ — +  S 0 _ _ _ (N~~~~C ’ ) C S /  1) -s O C’ )
• • ‘-‘ 5~~~ F- C’— • )  >..~— 5 U ) 5 5 C S 5 — C,  F - —  .— ~~~ 

S

• 5—  •> C L <U .<C . L< ’k~~~ CX •
•+ C4 ...i ._i ”-’ N •>- .t -J -!E-s C ‘—

~~~~~
‘ .‘Lti ,...J

)< >< 0: — U) C’) ~~ • LU U) CS C = — — :  — >< — >. C’) )< C’ 5.,~~~~. ... C • • — >~~CC —  — — — — — — F - C )  S • — —
— W—_ SZUJ’-F-F.F-.F.F--.F. U) — —  U i — I -

L) I— — F- — U II > z — — >  F- — — — — — — 0 .  C .-. II > ~-. —
~~ C C . U F .F .C L U CC XC 0 .’ C X L U _ S  UJ~~•) ~~~~~~~

~~ C X C f l C 0 .G~Z U)
C C C C C CC S  — ( N C 0 0 0 C C CC C C C Q  C~~ C C C

— 05  5 .  00 <~~~ 5—
I ~~ J J J . J  ‘0 ‘0+ . . J ,.J ~~~~ J ...~~J .J CX : ,~J N  I ...J .J ..J

~~~ — .J ...h.J ..J <~~~~— ..J J._ i .J
I I < < < <C C l t II <~~~~~~~~~~ <<~~~ < < < <C  t I ” C ’ ’ i l < < <
>c 0 0 ’ U O L Io~~~~~~~~~~~> < 0 0’ C ’ C 0 00 0 0 0 0 C) 0  ~~~~~~~~~~~~~~~~

U’) ‘C ~
‘-

~~~~~ C> - 5—  (N C’) ,
~
- U) ‘ONU)0~ 5—  (NC’)  ~~ U) ‘ON ~~ 0’. ~~ S — r . C’) ~ - ~~

-

C’) (~) C’) C’) C’) C’) .3. -
~
. -r ‘1- 1’ ,

~f ~~ 
,
~~ ~~

. !) U) U) U) -U) U) U) it) U) !) ‘O ’0 0 -0 ‘0’0 V

212

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~ -~~~ S - -V SV ~~~~ V - V - S V  5-



-~~~~~~~~ 
-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

a a — %

— = =a — a ,.. . a a C-.. —. ‘—‘ F— ~~~

~< ~~ >-
— I— ~~ ~—. ~~~ 1—’ 1-” !—. F. • Lii UI~~~~UI~~~~~5 UI >< >< >< >< >< >~ C— F— C—’ F—
1— Ui F- Ui LL.’ U -i ’ U :U UJ 5

F. F- F-— F-. I-’ F. F- • • .
~~ S

. 
U 5 = = 5 -

p 5 ~~~ ~, ~-
= a-s / = = = 5 a  F--’ CI IC H H

U — a ~~ ~~ / / ..‘ .‘ ~~~~• (1) Z z S S
— a — + .i • — S — UI a ILl a — — 5 — ~~— — CS a — — < . s  -.. —

~~~~~< S (11 UI ’~ Ii: UI “ ‘ -•i ”~’: ~. 2 UI:
—~~~~— — C  5 ’ 0 ( D ( N S  — “ — C — C  — i— U)  ~~ 

-
~~ < C ’~ 5—  —

5F-~~’ ) F- F-  (‘) S LL S l l 5f t 5 I I 5 H !~) l I 5 Il •~~~~L.5~ ‘
~
‘ 5 U_I

•LL ..J LL U . U I C L — ’ C L C S C LO- CLU )  •U .U)w -S C LW U . — u.C
• ..4 .._~~~~ _J : ._ : i —~~~~ -J C~3 .... ) ._i~~ _J: ..J: __

~~~
5 . .., ->  !L.’ C’)~~~ — =  ~~~~~~~~~~~~~~~~~~~~~~ :~~~~ — — :  — — :  —
‘ — -‘- -  C’-~~ - —  — 
F- I- I- I—— z!UI- f— F. F-’ F-. F- F.F- I - F -F . F . F -t— w F - - . .C-- I- I- F-- F. F- F. E-F--
— — — — C-., — I> ~-. — — — ~ — S-S — — — — — — ‘-‘> — ‘-‘ — —— — — — —~~~~~~0 . L I  F. C X 0 . 0 .- V a~~~~a C X 5~~~~~~~~ 5 0 . 0 .~~~~C X 0 - V~~~~~

_

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C C C C C  C C C C C C C C C C C C C C C C C C C C C CC C

..J .-2~~i .J ..J + J .-i ..J ..J ._i J _.! . . J J !  ..J ..J .J ._i ._i .J ..J _! .U ..J ..J _!~~~

C _ I C )  00  O S N OQ Q L  ~~ 
C ) C ) C - )  ‘U C-) 0 C~) ‘ULJC) ‘U C-) 0 0  C) ‘U~~~ 00

‘05 5 5 5 5 5 5 CS S C S S C’ 5 5 5 5 5 5 5 U) s S

213

L. 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 5’~~ ~~~~~~~~~~_~~ V V V V V V V 5 V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- V



r - 

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

5.
C S .
• C’)

a — 0 0  —= = — C C

>( >~ — 0_I U) — N-) ‘S
Cli Cli •
F- F. ‘~(‘) ~~~

• CX • •< C L<
• s = := = 5 • Q U ’ S U ) I  —
‘ ..‘ C — a — — U) •F- CX
II It — ~ = ~~~~~‘—‘ S C C
2: 5—  — Ct) — — _j 3. 3 ._ I  U) .-J CL

= — ~fl < CS) << • ‘S 0  ‘
~~‘12 = U-I ti) N- C) I’—. — < Ct CX IL C — —

—~~—~~ssw  <5. C—’ P -C CD<’~ U ‘SC’ S 3.3.0. F-’it. CX (N • •• _ I • C”
U..3.LL Cf)~~~Ct) 3. (J’) -~I ‘- C < 0 . C X C X > <  • ‘0

— = = ‘ C —  Cli> S • ~~ • • •‘—‘ C <
= — :  — — — — — ‘-SC: S CU LU LU — CS CX 0 .0 .  Cl. — N-

— — — — I - F - I - — F - F .  — _ Itfl Cr) C V< C’S) • • •)< N-
— • —(NC’fl N • .

.‘—‘ C C U) ” ) C X C F . U I C < C X C S - - -I  > - C 1 2 — < << ( N N 5<
~~~CX~~~~~~ C0 3. ~~ C U ) C 3 . U J— i C XI - U ) i si s S . i s( N~~~~~~ t~~. -t’

-< <CI— _i . _ i _ I : t J — — Uc
CS Q

_ I_ I_ I N_ I_ I  _ I_ I-1_I~~ 3. ~~~~~~~~~~~~-‘- 3.f - . ._IC
_I J J_ )~~J_ I  — _ I_ I .~J ..j 0’ CC’- ’ )< ’ - 4 C X C X C X C . L < < L U Z

<< 0 00~~~00 N 0 0 0 0~~~ 0 ’ & ) W —  i s i s~~~~~~~~~. is is

O OLIL I
CS CS C; CS CS CS S U) CS — 5 :5  5 55 5  5 

C~’(NC\ (N 

214

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~ - ~~~~~~ ~~~~~~ V~~5~~V~~~~V~~~~_ - S L V,~~~~~~~ - -



-S ~~~~~~~~~~~~~~~ ~~~U_~~~~~~~~~~~ VS_VS ~~~~~~~~~~ ~~~~~~~~~~ ;, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

COMPUTER PROGRAM USED TO GENERATE THE S

FREQUENCY DATA FOR THE
MEASUREMENT QUESTIONS

215

S ~~~~

_ _ _ _ _ _ _ _



~~•_~~~ •~~~V-_ V- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~V- S_ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~_~~~~~~ __ VV~

_
~ ~~~~~~~~~~~~~~~ — -

‘S

12
‘SIf)
S
UI

V -
~~

:3

‘SU) 3.
1U ‘S S

F- c~ C’S  1)
<LU UI 0 1 2  ‘S ‘—
0 . —  ~~ ‘U If)
IL)  H C’ 1)0 ‘SN U) ‘ S C ’ C L  ~4 ~~~Ui ‘12 SC ’ ’S

N- ~~ 0. C C  U ? ‘ ‘ S C ’ S ’ S ’ SLI) ‘S C  ~~~— S
C 3. ‘ 5 C V~~~~~~~~~~ U)
< ~) > C’~ u C - ‘S U) F— C -il — i— —. —’ —
UI C ~J C _ I b 5 C X~~U< C  >~~~~U)U) IL .~~”C)~~—~~— F .
5 C-., C L) ’< 5 ’—.. C ’ S_ I <Z C L IZ U L IO
— C!) V ) C ’ l 3—IL. LU 1) J ’) f) ’ ’
CX ‘— > IL U) C’ — 0 0. ‘—‘ IL. C Li. C C C

= N 1) Cl. UI C-.. C CC UI C—’ C’ ~L U. U. CL IL
Ci. CU ‘SC < -~~F. C~ C’ C’-’~ C.I ~IJ-: C’ C’ ‘S C C XU- !  o~~ < C l ) C Z ! i C X C_ . J~~—~ UI ’—’ ILi ’YJi
-

~ 5 ‘~~~ C ’ 1 23 . 0 .> - C1)  3.°Q- ’-’.’) C C C’ - -  ‘-“ -‘

CX ‘SCU }— . < _ I  C C ’ C > < -C CJ’)SI- C-
S C O t — ’ < C X  I’.I U ) U I’— CX LL! C S  —

<C’. <C)CI’IU) C’ F . <  ‘UF-’-’U. .0.C’3.~~~~3.3 . CL
C ‘- ‘C >- ‘S ~~~C C L 5 C X F- -~C L I U)C.12> < ti.~- . .CUz~~~ 5~~._i <C ~~ ~~~ U) -‘ —3 C U.! LI.! ._I CC C Cli S Lii s F- — — — —

‘0 ’!) 0 < C-’ ‘S >S  I1J ” - ’ >C X C /’ ) I/) CX>IL i  ia z C-,,

— ‘ S  C ’—. ’S CD .J ‘—‘ CC ’ — ’ F . C ’ C — - ’  C C ’ 3 . 0 .’ )~~~ UI F - U ) F - F - -~~--.
.1— > -— . —‘ tCl S U)O..-l <<IL. ~: 5_ I~~~U) 5 ~~f l C U) CI)~~I)S — U) ‘U .._3 C ‘ii > a U.!” CC! IL - Cl 5 — a F- ~~~ 

- 
~~ ‘ — “

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C.U0. ~~~I’— W C ) C . L 5 U ) U )  a ,,J U)a~~ -c’~~~~~~
‘(‘ <0- U J” S C X SC - - .  ~~~~~~~ F-CIJ C<  -< (J ’) 3. UICU V

— . 1) 1) (DCC!) C ~~.- — S I - L U  J >~~SC U JCfl ?3 ‘—.~~~~UI —~~< C CV~~’’ 3.H~~-U)O ’ . U )U iH— S H) -  C~~~~~~~~Ui C_ I C  — 0  . 0 C X C U> U )  0 . L )— 0 . L t.
~~— CI) 3. (1’) C’ < C X  ‘S — (I )  Ci~! C) C LU “ C’ Li. C .—I C CX 0 L U  C —— 3. IL. — ~t) < ~T 

~
— —~ Cl) LU C —‘ 

~~~ C i—’ ~~ C’ 0. CD 5 U. ‘.!) P IL. CL.
0-U ’) _IU).-)CC-- -”<  ..JUI 0 .-CF-. Cli U) ’-’ CX -C. U)

,.. ~~~~~~ .. s.. .._i —. 3. - ’bC-)> C0 . C  z CiJ C’ ..J ..J (I)..J .~~ — U I ’UJ 1J~~~ _2 ) C . _ i C L I i Ct I ” ’ C C ’ C C W W L I JUJ ’JJ LIl~~
_I 0 00 C J

U) I- C ) S_! CC ”— ’ LU—<c!C 5 5 >-—~~~ 0 F - < C X C X — — ’’—’ — ’ C C U ) C C C C 0~
CX U-J _ J 5 < _ I  U U S U U U • U S S • U U U U U U • U
•CUI  — • - • - • U • 

is — C < <C  C 00 0 0 CC C’ C’ C’ C’ -~~~ C’ C C’ C’ C C C’ C C’ C) C’ C’ C’
‘-* 4J~ 0~ CX > > ~ — — •U •e •. S• be be 55 Se ~S be 55 55 be Se SO ••. a SU be be be be be

5: ~~
‘ e’ 5 5 5: 5: 5: 5: 5: 5 C’ 5 ,~~

‘ 5: 5 5.5 5: 5: 5. 5: 5: 5: ‘s. VZ.
— (N CS) -

~~
. U) 5 —  (N C’) ~~~ U)’O r— U )  0’. ~~ 

— (N C’) -~j- U) ‘ON U) 0’. 5. — C’-. “S) 1 C) ‘C N
~~~~~~~~~~~~~ 5 5  5 . 5 . 5 5  5: 5 5 - 5 .

216

V - V- _ _ _

—- . ~~~~~~~~~~~~~~~~~ ~~~~~~~~~ V S ~~S~V~~~~~~~~ 

- -~~‘C’ - -
— “—-V V~_~ _ ~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~ __ _ _- V_~~ __VV___V-__ _ 

~~~~~~~~~~~~~~~~ —



-S -- -SV~~ - --

J

.

‘S‘U ‘S ‘S
— >. >-

S CC
U.
C’ ‘C’ O N

‘Il 5>-
IL) ~~~ 125 5

CD
0.’S ~~ N ‘S

‘S ‘S ‘- U-t Ui)-~~~~S 0 0
= CN C ’ SO N ! ) —  UI ~~ C SN SN

Z~~~ LL
C’ ‘S < OCX I UI~~~ ‘—‘ C U. — CU.

Cl.. S CX S > N ~~ F- 0 ~~ IL N Cl-’
Z U .’S N C’S  ‘t <LL’ C >- 3 . < C — C Cf l C ‘S ’ SU) L i .

CX~~~~D -n ‘CX. iJ~~~ ‘ S N ’ S ’ S — C C’ z c s ’ - C C
IL C’ F-S IL! sI- LU ‘S s z s z C.L1 C — C i.

Z~~J_ V J J_ 0_  — C 5 U UZ C SC S S U .> ....S F . . 55 U .>
CCL ~~~~~~~ “C

C 0=0  C ‘— Cli C—’ F- Cli CD — .J — F- C—’ ’—. F . U J  CX 0 5 0 5 — 5 1 23 .
H V~~~ C’ S I—’ > C < U C- 0 C-) U) ‘UI—’ 3. 5 C z F- ~ .C’C > U . C’ S  C CC  0. I-~~~C X C L~ Z Z S Z C C ’ S C U . C C S
~~ F- 0- CL LI. UI C F— 0 . 5  CL C-’ ~~~~~‘‘ S C C C C CC C-. — C L  Ci. CC —
-‘ C. UI 0 UI 2. F. N ZN — C <C U. IL CL U. — Cli —
0.C~~~~U~~.U- I S ~J 0~~~— - L U C 5~~~~~~SU.
C— U-C — — — I’! — UI — CC C.) Cli S C) • U C C LU t U i—’ UI> — — C-— UI ~~-S ~—. C—. — 0. 5 F- C •C C Cli 5—’ 5—’ — — i I— < C— S F- <
C L 1 2 U I F- b_F— 0. C O U ) C U C~~~~<0_ I <Z ’—’ CZ 5 F .0 - I— ’ C ZS
Cj >-~~ ,,S 3 . U i  C” !> U~~3. 3 .  Cli < 0- F- I- I - OW  0 - S 3 . 0 ! U

— < S — 3. ~-. C!) I — F- C UI 5 U 0. 5 ~.. ~. — S S — ~~ ‘—. 3.
‘-.CX — ‘Sb flU) <~~~~~~C U Z 0 U)5 S S S I- C X W 5 - ’  ‘— ‘ F- C X C U

C- ILi _ I< < 0 0t-) 3. U- i — C~~~~CD -’ ‘- ‘-~~-‘U) C C’  F-~ 
(f l C C

U I ’ U  C--. Cl) ’—. ‘U Li! 112 U (D > Cl) 0 Lii C- III F- C!) UI
F1’CU L1 IU)CU’)U I>U iU iSU.S~U) I CU0. C X I-c . I)C- I .- . F . I- L U z U )C~ /’) C - L U S
<U) C — -~ 

a — UI .—J _I U.. CL. LU IL. Cl. 0. IL! S C.!) U) Lri ~~ _- < p.- —
Ui ~~ _I3 . 3 . <W - C DUI _I 0- C >- C S C CC ! - L l  S
0.0 2 _ I  C ~J CC  —U- i F- 0 . 5 5  5 553 . 0(I)  0
CD :’- — ‘—. z o U-’W Cli w CL, ui ~~ = ~~ UI LI. C C.) ~ L Cli L~s ) Z  CC 5 UI

U’) C t 5 C X > U i 0 - 3 . C C C c tO w C-) C’~ - ’Z 5~~~~~ ( I) — t t) ” 3 .  Cl) —
Ci’) U) C X Q — C . z J 3. -‘ ~~ S C C U ) W U )53 . I-C- ’U) 0 C X~~~— U)  C)
ClJWC— IJ _IC)IL.U.CZ~~~~~ CX W  C-CXCX O 0.LLW UJ C~-’CU~~~W LU

S ‘-‘ .-‘I-LL U) F--. W C CZ <  O 5 C - D C X C X W S C~~~~~~F.LLU) I-’-’ 5-4
I I Cl) CUC s—, C-) • Z — < U J C C U . U) f —CL U. I I (I) C I I I I (I)

LL! L!j LC-’ UIUJ ’J’) • .0 C C l < I z Q. 0 I I I  1 5 5  5 5 5 0 - 0 -
LUCUUI IU <t ’ S C lij Ul 0 C t W  <C-— LJJUICU LU UJ L I J W W C U C L 3 U2 UJUJ IU Li~~II.

S U U U U U U U S U U S U U U U U U U U U U U S U U U U U S U U • U

C-. S — ( NC’ )~~~~ -U) ’ C N  CCC-’. 5—  (N C’) -~r U ) ’ 0 N  CC 0’~ CS — C”J C’~ ~~ U) ‘C”- U)O’ .  5.-
O’O

C C ’ C C) 0 03 0 0  C ’ 0 0 0 C’ 0 0 0 0 0 0  0 0 00 0 00 0 0C C ’  CC
S Se 55 5 a SO be •• SO SO be SO 55 55 Se IS Se ie 5. Se Se Se SO 55 S SO SO Se S 55 SO SO 55

5 5 . 5 . 5 : 5 5 : 5 : 5 5 . 5 : 5 5 : 5 5 : 5 :  5 5 : 5 5 5 5 5 : 5 : 5 5 5 : 5 : 5 5 : 5 :
U) 0’. 5. — C”. C’) -

~~~ 
f  ‘0 N U) 0’. 5: — (N C’) i- U) ‘ON U) 0-. 5: — c’s~ C’) -

~~ 
U’) ‘C N CC 0’. 5:

b C’ 5: 5: C’ 5: 5: 5: 5)  -~~ -
~~ 5: 5: 5: 5: 5: 5: 5: 5: 5 5 : 5 : 5 :  5: 5: 5: 5:

217 

• -VSV • V~~ - V s - ~~~~~~~ 



r r _____________ 
- _ _ _

C- Vz
‘< ‘S LU

0 Cfl 0 IU C
C.) F-. Lii ( / ‘) < C X  ‘S CU
LU LU F- Ui C--. -ZD ‘~t 5
C) U ’ ) U  ‘S O —  .J-’-LLI CD —

‘-‘E-. U) Ui — U)C)  Z (1) 0
— C Cl) LU UI — Cl) ~-‘3. .- S CN ~~ U) LU
— o .  >..5 ...JCDUIC (/) 1— <Z
II 5r~ .~J U.) C I--. ~ .C) C ) 3 . I - Z  C F .

5. ~~~~~‘-
. <LUS C . ~~~ -~~5<W (f l CX C’) ’.—’ C’

C Z~ -~~5 C U)~ — C ” ) 5: U)
~.-. C F- F .  (J) <

U CLI -< s a — , a (1) ‘.
~) 

(,) a Ct)
• 0.5 <a~~’.j ...‘- < a U ) .’a (“) C.)~~~~C--. UJ~~~~— 3 . U)— ’)’- .SLC’)U)LC)< =— s  0 < m z — ~~ -- C— -- (fl’!,i ’— a . .U-~~~ .... c’.J~~~~

—.
U(n 0<aC  ~si~~>C ( D C)  LL. CN .J LL1a—~~C

II II .-~~~~~ I- ( n3 . C) j5 aa5 <.~.C-  ‘~~
-
~~~~

- —

5. 5. C)5 J~~~~~J*, “-‘ a..-4 C ’ )( N5 Q ——O~~ 0” C--.C QU) <’- ’-~~~~<< C  55
5 .’  (N ( n U) C L U)  — I-  A 0 - C C L U Z aN ( N—
‘~~~~~~~ C - C ” J Z U J  C’J Lii.-.0.~~~ CX aaa C--’ C’)5.~~ (D~~- ,~~ < — L U F .’ O 0 .L

~~~~ ‘ - 0—  S
(NO’. U I0 0 0’ - ’  I Z O  W C . .’C U’) ‘S~~~II I ,  3’ .3. C.~~~fl .J C a 0 . Z C C  W 0 . U ) L U L L J~~~ C--S~~5 .,. (“.10 •—. I-4NZ<’--. -~t 5 —  O U ) (Dt — SW .L ’s_~S C
C C —  0 < U)Z U’ )’-’ CC!Z I-- -  ( D 5 :< C C W C j...)<CX <3.

N 5 .’  .C/’) (N U.! 5- ’C <  ~~~~~~~~~~~~~~~~~~ ~~~(D C  I—’
~~~~~~~~

C’J C )  LU 5- ’W <C -Z C C I)  V U ’ ) — - ’.~ L—,Cz a
— — U) C QCD W’)C.. .Ja .~.. ~~1—’ li ii > - C -< ” )0 S < -” - ( ’ J  ‘C’ 3.~~~C C C -~-’ 

V

o s,, % C ...) Z-’~C 0 .< W 5 ( N> ’- . CJ 0 V) < C- 0 Z U )
S < L n  F.CD~~~~< C- ~~~~~~~ ‘ . -~ s s  C- C C L
C % S — Z (’L 5 C f l U) 3 . I- 0 - C ’ )  O L U <’S . .J >- C X C’ )U’)<..’.C-
CL. ‘-“ - II N ’ O Z  ~4a 5 ’.... U) 3 .a3 . 3 .  C--. ’-”--’ — C

J,.”,% ,‘ . .. .
~~~~~~~ — Q 3 .~~~ C\C s--’ — hUC’~-W CLI C..) C-V~~~~~~~<

LU ‘.ONC~~~0F.’S,...~~ 4 I1J a~~ ~~ U ) U ) 5 —~~~ ,--PZ ’Ul:U
— 0 1 1 % II .Cfl W C-~~~i~~ -’~- U’) I L i 0<  ~~ C5 .~~’12LU5 U) ( N

% . .%  (NaUJC-J ’<5(J) C UZ a C C 3 .O S C  ‘— C X C X I- C ’ )—
C- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (D C) C
0-a  —‘C-’ ‘ IS  0’-~ CD 0 .-J Z~~.’ Z C . J ... .—CS C L — O <C ’ ) W U I NN C
5 .... 5 - -

~~~ 
.( ~‘<~~~ a C5 — 5 <— U ’ ) CC O C)aC L - .

— <  ‘0 — - u - s C —  C C >5O’F-!IjO (N (na~~ I—’ z C’)1L1
C’) % — ‘ O %  ( N I - ’ 0 > - U ) U I -~-’- ’ -- ’U)O CC” ) — C’) 5

‘- ‘0 ‘~~0t l Z It 0.4 0 ‘0 W O C - - .  0 — - - U) ( D U) I - 3 . ’ -  0—
U)— S-I S S S S C) >- ‘-. 0 C-’ CX ...I N ‘-. Cfl s—sU5 LU 0 -s U l
C C  .~.l •CL.- .-0—” Z C I—  Z 0 - a C - N  O U. . 5 U I U)C-Z W U ) ’~~U)
SW O  <“I- S as  0~~~ S1—. 3.’-’0 ( N 3 .~~~~,J<. .~~~~~~~~ f) < 5 U) ’... <

,<3. _,.
~~ 5... e ~~ > C > Z 0 _ < W 0 C L t f lI, _’. W .C 0< CC

I- — <  550. .~~~~~aN ‘0 ’4 L- . . 4 < Z  “ S ’S < C.... ... ,.,J S C-  ‘ a
U,U.0(NU) ifl hI C’ )0 U) U’ )U) I- S < ..lLi ~~F- 0-~~ ’ . .~~3.~~~ S e N W O  II’ II 0— .0 OZ v ) 0 LUF-CUJ C ’ J S W  NZ C J ) — C ’ —
— C - 5~~$’ C-. % 5% (I) UU) .<a  Z ( n Z C - s C ) . - — t —~f l < <
C L < CS O._J UlS O J ~~C ’s’.” C’J ~~ 5~~i 5 CW ’ 0 a  .-<C’) Z C-- ~~ N
I 5’— Cf l <-— s ‘~~~~S W LA tr~0 L uz W . — I— -- Lr~O 3.O X ’n C’cS O’ .”t0 -3 .CW >0 .- .a Q W O Z U ’ ) . . JS . I - C . 4  ‘— C LLI ” C- - ’ CCCC C--’ ~~J 3 WU ’  a C ’ J a <  UI < S C C< U ) O  ~ < U I -N , C C

C ) C L5<0~~~~~~—~~~ ,~1 ’ 3 . C  ~~~Q 0 a < J 3 . . - WC - 3 .F - . - ’
Q Z W I I II II ~~0 I - O h U 0 . I- U ) — 5 C f l C U— U )~~~~’ I-— - w C- ~~1—C- 0’ S S U C  < 0 C C 0- s a ’ . . ( N0 C. .’ C~~~~~~0 3 . ’ I ( D N

a~~~~~~~~

0 Z Z ~-‘ LU ‘— —- <0-- C’ - -— - — - 0  ‘~~ 
-

~~ ~~ C ‘- U’) ~- ~- 
-‘~~

~~~~~~~~~~~~~ z ~~ SO ~~~> Se S U S e S O  5. IS 5. 5 5 5 5 5 5 5 5 5 5  55 5 0 5 . 5 5  SO 5 0 5 0 55 55 be SO  

218

~ 

- A



-
S ~~

- - ~~~~~~ 
__

— N
— C- 0.

~~~~. CU
C C  C-
5 5  5
a C-) CU
“I- S ‘U
‘—S

3. CD
C -I. S
U_I —
t-’cn ~~~<F- 51U
3.3.
U_IC
53. <5 -’

‘-I_I C) ~~ C)
(DCXa C’) LLi

5.1.- C.) ~~ICi ~~~C) .-• ”I-
U) ..J LU CD > U)

Cli Z ’—’ O
Cl_I S ~~~~~ •
s-i S Cl) a ‘0
a 5 . .J O U)
( ‘) (f l < ~~~C’
“-. 3 .05  —

LU S S ,-.2
LI ’) 0 .<  S

V CL 5 0 5 0
V LU LL! Z =  ‘

—o .Cii O~~fl

o C) S  C’
U

‘US
e

< CC Ca U J N C C  U’)
3. C”.J IU O — —(I)
a . - L U  s-4 ,.1 s LU
(N 3.C-- CD <’0  S

—
W O L U  IL) LU U’)

V 3 .L~i’jj W
W E ’ C X S . . J W ( N  .C— ’o
Ui—a5’— . O U~~~~~~ <<
5 s r~~~- s > S e~~~ .CN
‘-iS,— — C.l) U)
CD O ..u v’) •F-~~
iii -“sC— 0— ~~ 0-~-’ CC

‘—S C)~~~~ < C C  5-) ’I) C)
,~~~~C a’.. “I < C—’ ‘< Cl’) Z LU
o~~ .C ’ . - 3 . C- - S 0- U I’ S 5-

(N (N (‘4 (‘4 (“4 (‘1

219

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _~~~ , ~~V~~~~S-~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~•~V~ .VVV~~ -



- 

V •- - —~~~~ _- ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~___~S~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SELECTED BIBLIOGRAPHY

220

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ ~VS_ 

~~~~~~~~~~~~ - 5~ ~~~~~~~~ — J



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-- •~~~~~~~~~~~ -~~~~~ -~~ - -~~~~~~~~~—— .—-— 

I
1. “AIIE: The Beginning,” Industrial Engineerir~g,September, 1973.

2. Aitkin, Hugh G. T. Taylorism at Watertown Arsenal:
Scientific Management in Action 1908—1915.
Cambridge, Mass.: Harvard University Press,
1960.

3. Allen , Roy L. “On Our Twenty-Fifth Anniversary, ”
Industrial Engineering, August 1973.

4. Baker, Captain J. T. “How to Effectively Use the
Industrial Engineer,” Air Force Engineering &
Services Quarterly, November T975.

5. Clarke, Charles T. ,  and Lawrence L. Schkade .
Statistical Analysis for Administrative Decisions.
2nd ed. Cincinnati: South-Westerr. Publishing
Company, 1974.

6. Dalessio, Douglas. Industrial Engineer, Management
Branch , Operations and Maintenance Division ,
Directorate of Engineering Services, HO USAF ,
Washington, D.C . Telephone and personal inter-

V views conducted intermittently from 1. October
1976 to 12 February 1977.

7. DeWitt, Frank. “Productivity , and the Industrial
Engineer,” Industrial. Engineering, January
1976.

8. Ellis, Colonel G. E. “CE SMET . . . In support of
the Mission and People,” Air Force Engineering
& Services Quarterly. August 1975.

9. Emory , William C. Business Research Methods. 1st ed.
Homewood, IL: Richard D. Irwin, Inc., 1976.

10. Fox , David 7. The Research Process in Education.
Ho].t, Rinehard , and Winston, Inc., 1969.

221 

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



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S

- 1.1. Gardner, Paul L. “Scales and Statistics,” Review of
Educational Research, Vol. 45 , No. 1 (Winter ,
1975), pp. 43—57.

12. Harbor, Samuel. Efficiency and Uplift: Scientific
Management in the Pro~ressive Era l890-19~20 .
Chicago: The University of Chicago Press, 1964.

13. “IE: Looking Ahead,” Industrial Engineering,
September 1973.

14. “IE : The Past 25 Years , ” Industrial Engineering,
September 1973.

15. Kast , Fremont E . ,  and James E. Rosenqweig. Organi-
zation and Management: A Systems Approach.
New York : McGraw-sill Book Com pany , 1974.

16. Klein , Stanley. “lB ’ s Take on Urban Problems , ”
Industrial Engineering, September 1972.

17. Leimbkuh]er, Ferdinand F. “The Future of Operations
Research and Industrial Engineering,” Industrial
Engineering, March 1968.

18. Maynard, Harold B. Industrial. Engineering Handbook,
2nd ed. New York: McGraw-Hill Book Company,
Inc., 1963.

19. Newsome, Robert W. “The Industrial Engineer Moves
Upto the Driver ’s Seat,” Management Review,
March 1972.

20. Parks, George M., and Roger B. Collins. “200 Years
of Industrial Engineering , ” Industrial Engi—
neerin2, July 1976.

21. Posner, Major General Jack I., Director , Manpower - :
and Organization DCS/P&R , HQ USAT. Letter,
Subject: Restructuring of Base Civil Engineer-
ing (BCE) Organization, to all MAJCOM Manpower
and Organizations/Engineering and Services,
7 April 1977.

22. Siegel, Sidney. Nonparametric Statistics for the
Behavioral Sciences. New York : McGraw-Hill.
Book Company , Inc., 1956.

222

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- -~~~~~~ -
_
~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~ 

-



--~~S-~~~~~~~~~~-~~~~~~~ -_ _

23. Staib, William C., and Richard T. Suhm . “The Growth
of Management Engineering in Hospitals,” Indus-
trial Engineering, October 1974.

24. Stamin , George W. “Management Opportunities for IE’s,”
Industrial Engineering, April 1973.

25. “Trial by Fire——and Other Snags,” Industrial Engi—
V neering, September, 1973.

26. U.S. Department of Defense. “Cancellations of AFM
85—38 , Civil Engineering Management Review,”
letter from AF/PRE to all Commands, Washington ,
D.C., 24 September 1976.

27. 
________

. Operations and Maintenance of Real
Property. APR 85-10. Washington: Government
Printing Office, 1975.

28. 
_ _ _ _ _ _ _

. Civil Enqineering Management Review.
APM 85-38. Washington: Government Printing
Office, 1971.

29. 
________

. Problem Summary Re~ort on the Industrial
Enginee~ing Function Within the Base CivilEn9ineering Organization. TIG Report PN 74—584
Publisher unknown , 1975.

30. 
_ _ _ _ _ _ _ _

. Pulse Points for Managers. Unnumbered
Air Force Civil Engineering and Services Bro-
chure, Washington, D.C., 1 September 1976.

223

_ _ _ _ _ __ _ _ _ _ _ _ _  j



~~~~~~~~~~~~~~~~~ ~~~~~~~~ VV ~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~V - —- - - -—5- —‘-—--—-‘- ‘-~~- —5---- ‘
S

BIOGRAPHICAL SKETCHES OF THE AUTHORS

Captain Mark J. Farineau is a native of Apollo,

Pennsylvania and recieved a Bachelor of Science degree in

Mechanical Engineering from Grove City College, Grove City,

Pennsylvania. In 1966 he recieved his commission in the

United States Air Force through ROTC and continued in his

education at Texas A&M University for a Certificate in

Meteorological Sciences. After serving five years as a

meteorologist, he changed career fields to Civil Engineer-

ing. He served as a Chief of Programs and Mechanical Eng—

eering Section Chief. His next assignment is as Chief of

Operations and Maintenance, NORAD Control, Cheyenne Mout-

am , Colorado.

Captain Alan E. N. Tucker is a native of England and

was naturalized in 1963. He recieved a Bachelor of Science

degree in Industrial Engineering from West Virginia Univer-

sity, Morgantown, West Virginia in 1968. He earned his

commission in the United States Air Force in 1968. Captain

Tucker worked as industrial engineer both at the base and

the major command level prior to attending AFIT. His next

assignment will be as Chief Civil Engineering Inspection

Team with Tactical Air Command Inspector General’s Staff

at Langley AFB, Virginia.


