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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 76-1]."

Literature Review

Origins of Industrial
Engineering

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

118:1:116-7].
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 [8:56]." The sixth item
in his list of virtuesis ". . . 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 indi-

viduals inherited the steam engine business from their

2
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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 ineffi-
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




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




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-

ke

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




shortest possible time for each job be computed
and fixed [12:1-2].

"Taylor proposed that an 'honest day's work'
be fixed scientifically, by methods free from human
bias [12:2]." 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, Principles of Scientifie 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 pléced the Time
Study Engineer in the unenviable position of being the
"Black Sheep" of industry. Although there was resistance
to Taylor's Scientific Management, it began to attract
many followers. Two followers who expanded on Taylor's
principles were Frank and Lillian Gilbreth.

In 1912 (Frank) Gilbreth left his construction
industry and adopted the technique of taking motion-
pictures 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 . .
(12 :40].

Gilbreth's basic concept required that a worker's task
be broken down into its basic "true elements" or Ther-
bligs, 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

firm,

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
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were applying them in different ways. By the 1930s,
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 methods 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 usually, although not necessarily,
devises a plan for compensating labor which encour-

ages the operator to attain or to surpass standard
performance [18:1:13].

This expanded technique was an improvement because it

was a beginning of the systems approach to view work
methods, but further 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 (18:1:14). 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 (18:1:4).

Thanks to the early geniuses 1like
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 alysis,
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

ST PP




"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 shift

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 subseguent
increases in nonmanufacturing 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 Industry
shows that the number of employed industrial engineers
increased from 40,140 in 1950 to 185,389 in 1970 (14:23).
A greater p;rcentage 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 traditicnal industrial engi-
neering is a post-World War II development. Just as
Taylor's early industrial engineering efforts were known
as scientific management, this relatively new industrial

engineering technique 1is known by other terms--manage-

ment science (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
fand] have been used by college and industry
alike [3:41]. 2 il »

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 1950s. 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 systems" 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). 1Industrial 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- -l
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 gquality 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 1970s which
has carried forward to the recent rise of systems engi-
neering within the industrial engineering spectrun. 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 Carl

(o)

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 nonmanufacturing 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 Insti-
tute of Industrial Engineers in 1948. The growth of
the IE 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 AIIE 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 AIIE (20:22).

As previously stated, industrial engineering has

shifted to nonmanufacturing 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




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. 1In 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 IEs directly
involved in hospitals. This figure rose to 1,100 IEs
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

s Oie o

engineering services to hospitals across the U.S. The

THENY

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 acccmplished in

the Metropolitan New York hospital system include:
Automating, mechanizing and systems improvement

of medical records

Blood bank functions
Central Supply reorganization

16




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
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 conduct 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-
lishment 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 é
implemented a strong management program for establish-
ing and validating manpower standards in all Air Com--
mands. This program later evolved into the current
Management Engineering Program (14:24-5). Within the 3

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




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 4
a historical background of industrial engineering. 1In F
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. 3

Air Force: Base Level
Industrial Engineering

The Base Civil Engineering organization is estab-
lished by Air Force Regulation (AFR) 85-10, Operations
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 mission, Civil Engineering is organ-
ized as prescribed by Air Force Manual (AFM) 26-2,
Organizational Policy and Structure, and AFR 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 Industrial

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 syste=is 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-’ ~ngineering techniques [25:Ch 1:3]."

e new concept, as the Management Review Program
MRP), was deiianc te n AFM 85-38, CZvil Engineering

Management Review. AFM 85~38 set forth responsibilities
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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).

AFM 85-38 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 85-38 on
24 September 1976 (26).

During 1 January-30 June 1974, the IG evaluated
the management of industrial engineering 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 management review
committees contributed little to the overall IE
program. Management review studies failed to address
major problem areas. And finally, the structuring

of analysis functions was found to be counterproductive

and hindering the overall effectiveness of the IE
effort [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 first item of concern is
the problem of a stable and experienced work force. Fac-
tors which contributed to this situation were:

l. IE manning was consistently below authori-
zations.

2. 1IE 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 CESMET concept to evaluate the management of base
support functions. CESMET performs as management con-
sultants and not as headgquarters inspectors (8:3). One
of CESMET's concerns is that IE has sufficient 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
underlying cause of this problem was the varying Major
Command interpretations of the gquality control procedures
in the recently rescinded ArM 85-38. Air Force has not
specified new quality control procedures except to

state that the basic requirements of AFR 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 TIndustrial 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 guar-
terly, were "meeting infrequently, some as seldom as
once a year [30:13]." A cause of this problem, as noted
by the IG, was in AFM 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 AFM 85-38 (29:17-18). Now that
AFM 85-38 has been rescinded, no procedures exist for
guiding the MRC. However, CESMET 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
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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 AFR 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 com-

. plement many of the inspection requirements. Further
capability for work-in-progress inspections is also
provided by the 0O&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 1
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 Civ;l Engineering organization?
F 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 5

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 i
; of five independent populations. Appendix A is a list of

bases included in the population. The five independent y
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.
30
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Sampling Plan

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 gquestionnaires 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)
Managemept 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- a
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. 1Is industrial engineering capability needed
at base level? The purpose of this guestion 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 AFR
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 qguestions, the
questionnaire collected basic demographic data, such as:

l. 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 (DEI group only).

8. Level of IE degree (DEI group only).

9. IE authorization level (DEI group only).

10. IE assigned level (DEI 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 guestionnazires 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 Engineeriﬁg
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. Likawise, AFLC 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
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 gqualitative 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 and 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 guestionnaire 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, it 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 gquestions
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--DEI, 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
CESMET 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 Maintenance, and Chief of Programs. Also, the speci-
fic major Air Force commands 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 Review
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 assumptions 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.

42




e

Research Design

The sampling plan of this research effort was l
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 proteétion 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 performing?"--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--
BCE 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 DEM. 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
five individual ranked lists were based upon the freguency
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 IE functions
(22:229-238).

The two rankings cf the BCE and Chief of IE
were analyzed to measure their degree of association.
The Spearman rank correlation coefficient, r , was used
for this analysis. If rg 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, rg 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 IE group was the only group asked this gquestion.
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 generated." This question was
answered only by the industrial engineering group. A
frequency list was developed to illustrate how IE 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 IE 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
from 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, ¢ for Agree, and 5 for Strongly Agree.

To answer investigative question 2, two sets
of measurement questions were asked to all respondents.
The first set of measurement questions--numbers 10, 11,
12, 18, 19, 20, and 2l--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 gquestions
only contained one measurement question--number 8--which
implies that IE is not 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 gquestion implying unfavor-
ableness to retaining IE , 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 (ANOVA) 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 Fg statistic at
the .05 level, and (4) the homogeneous treatment subsets.
The Fg statistic which was provided allowed the following

hypothesis to be tested:

Hy (Null hypothesis) : The treatment means are
equal.
H; (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 F_, tables of reference five. If
the F, statistic was greater than the F, critical value,
then the null hypothesis was rejected, and it was con-
cluded that there is a statistical difference among
means. However, if the Fg statistic was less than the
¥ 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 méans 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
E 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 gquestion
statement. However, if the mean response was less than
2.75, it was concluded that the respondent "tended to
disagree" with the gquestion 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 quecstion 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 guestion 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. 1In 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 measurement 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




5. If the means of the two dichotomous 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 tlLz results to the single measure-
ment question number 8--which implied unfavorableness to
retaining IE--was 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 gquestions,
open-ended questions and rank order-type gquestions. 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, ¢ for Agree,
and § 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 gquestion 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 differ-
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 meang of the dichotomous sets of measurement ques-
tions was equal to or greater than 2.5 and less than 3.5,
the respongses were considered to be too indecisive. If

this was the case, then the 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 <yuestions 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
illustrate how the various respondents answered the
particular measurement questions.

If the conclusion to investigative question 2

was that IE should be changed or modified, then the

following questions were intended to identify how IE

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. 1In 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 technigue and criteria tests 1, 2, and 3, as
discussed on pages 49~51, were utilized for the MAJCOM
analyses.

Summary 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.

S3




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.
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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. 1Initially, 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
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 SURVEY
PARTICIPATION RATE

. Data-
o Invited Accepted Percent Percent

Position Produced
Sample Sample Returned Sample Used
DE 114 96 84.2% 94 82.5%
DEE 114 101 88.6 94 82.5
DEI 114 102 89.5 97 85.1
DEM 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:

l. DE refers to the Base Civil Engineer

2. DEE refers to the Chief of Engineering and
Construction.

3. DEI refers to the Chief of Industrial Engi-
neering.

4. DEM refers to the Chief of Operations and
Maintenance.

5. DEP refers to the Chief of Programs.

All of the data except the opened-ended guestions
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 E 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 level industrial engineering branches
currently performing?
1. Most important functions: The BCE and
Chief of IE were both asked to list the five most impor-
tant IE functions in the order of their importance. Like-
wise, the Chiefs of DEE, DEM, and DEP were asked a similar
guestion--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. 1IE studies includes special studies,
large or small 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--IE 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 IE 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, ry, was used to
measure the 2xtent of association between the BCE and
Chief of IE rankings. The results of this analysis pro-~
vided a value of rg equal to 0.8177 which implies a
high degree association between the BCE and IE rankings.
The ry 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 IE'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 IEs have expended 20 percent of their time on
management consultant work. Likewise, 44 percent of the
IEs 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 IE 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

T TN T
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TABLE 6

WEAKNESSES/LIMITATIONS OF IE

Weakness DE DEE DEI DEM DEP Total
Unqualified IE Staffs 24 42 37 29 22 154
Undermanned 13 6 EF- 258 14 68
Failure to Solve Problems 4 1 R 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 (i 21 3 29
None B 5 23
High Turnover of Personnel 7 2 5 2 20
Inexperience of IE Chief 13 4 .. v 2 19
Lack of Direction SR g R . 13
Poor Interpersonal Writing

or Speaking Skill P 1 4 5 1 11
No Teeth in QC/IE Program ofahe W o TR 4 4 2 10
IE Staff Not Motivated 2 s e 2 4 9
IE Grades are tco low it 3 3 e . 9
Lack of Understanding

of IE Role S e el SRR 8
BEAMS--Requires too much

time/too few benefits bl e (- el
Not E&C Oriented Wieve W i e e 7
Not Flexible for BCE

Requirements A, KT - DR v 5
Requires too much Paper

Work iy 4 R e N 5
Customer Relations Program

Requires too much Time 3 N 2= Gov Qo S
R Rl P ox v et e e P RC— s &l = 5
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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 (AFR 85-1,
AFR 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
nf NEM wae acked if +the TE'e greatest contribution to

his branch was in the area of quality control. The

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

FREQUENCY OF DEM'S RESPONSES TO THE QUESTION:
IE'S GREATEST CONTRIBUTION IS IN
THE AREA OF QC

e t;::::z;sgg PReersc;%!;xts ec;f
Strongly Disagree 23 25%
Disagree 35 38
Undecided : 6 5
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 IE 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 crganization
in the manner that the IG does, i.e., excellent, satis-
factory, marginal, etc. (7:3). However, in its final
does provide an overall appraisal of each
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
in the thirty-two reports analyzed. For the detailed
documentation of the CESMET report analysis see page 86
in Appendix D.

Investigative Question No. 2. Is industrial

engineering capability needed at base level?

To answer investigative question 2, two sets of
measurement gquestions were asked to all respondents.
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 Appen-
dix B. The second set of measurement questions only
contained one measurement questions~--number 8--which

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




be retained. The sets of measurement questions were i

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. 5
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 (HO) and alternative hypothesis (Hl) of the

analysis was as follows:

HO: The treatment means are equal
(Mpg=¥peE=HDCT~HDEM " "DEP’

H.: At least two treatment means are not equal

1
(at least one #).

The resulting test statistic Fs 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 F_ is greater
than Fc’ 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

Three homogenous

into the referenced computer program.
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subsets~--statistically similar opinions--were found to
exist:

1. DE (3.8799) and DEI (3.5331)

2. DEI (3.5331), DEP (3.2974), and DEM (3.1739)

3. DEP (3.2974), DEM (3.1444), and DEI (2.7742)

A summary of the ANOVA results for the measure-
ment guestion implying unfavorableness to the retention of
IE is illustrated in Table 10. The null hypothesis (Ho)

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

Ho: The treatment means are equal
(upE=¥pEE=MDEI"¥DEM™"DEP’
le At least two treatment means are not equal

(at least one #).

The resulting test statistic FS equaled 14.459 and the
critical value F, at the .05 level for degrees of freedom
of 4 and 468 equals 2.39 (5:850). Because Fs 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), DEI (2.0309), and DEP (2.1304)

2. DEI (2.0309), DEP (2.1304), and DEM (2.3370)

3. DEE (2.9255)

Thus, for the set of measurement guestions imply-
ing favorableness to the retention of IE, only the DE
and DEI groups "agreed"; whereas, the DEE, DEM and DEP
groups were "undecided."/‘however, for the single measure-
ment question implying unfavorableness to the retention
of IE, all groups except DEE "disagreed." The DEE group
was again "undecided."

Investigative Question No. 3. If industrial

engineering i8 needed ai base level, should it continue
to funetion as ie or should it be modified or éhanged?

To answer investigative question 3, two sets of
measurement questions were asked all respondents. The
first set of measurement gquestions--number 7 and l7--were
intended to imply favorableness to changing the role of
IE. The second set of measurement guestions--number
13, 14, 16, and 20--were intended to imply unfavorable-
ness to changing the rvie £ IF. 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 IEwas illustrated in Table 11. The null
hypothesis (HO) and alternative hypothesis (Hl) was as

follows:

HO: The treatment means are equal
(Upe=HpEE~"DEI~*DEM VDEP’
le At least two treatment means are not egqual

(at least one #)

The resulting test statistics FS 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 Fs'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 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),
and DEI (3.4485).




pPapTOoSpuUNn €L96°0 906T°¢ Te3oL
sueauw juswleaxl
9y} bHuowe souUaIVF paptTospunl 8686 "0 LEJZE waa
~JT ued bts © s
o - il i pepTO9puUn 95260 €0LT"E aaa
?x9y3 butuesyw "J4 < 4
‘$’G60° o) apToapu . 2
mm.Nuva P°s0 a="1a papTospun 6€00°T S8y "€ 13da
s
Log°e = 4 papToapur 8016 °0 8TL0°€E Faa
pepTo9pun S¥S6°0 0v86°¢C aa
uoT3PTA(Q asuodsag
stsA{euy TeOoT3STIE]S uot3zejlaxdisjur pIepuels ueen Jusulea]

I JO0 HTOY JHL ODNIONVHO OL SSINITAVYOAVA ONIATANWI

SNOILSIND INIWIYNSYIW JO0 LIS FHL Ol SITINSIY VAONY J0 XIVWWNS

TIT ITEYL

77




A summary of the ANQOVA results for the set of

measurement questions implying unfavorableness to chang-
ing the role of IEwas illustrated in Table 12. The null
hypothesis (Ho) and alternative hypothesis (Hl) was as

follows:

HO: The treatment means are equal
(pg=¥pEE=MDEI " MDEM “DEP’

H

1 At least two treatment means are not equal

(at leat one #)

The resulting statistic Fs equaled 6.079 and the critical
value Fc at the .05 level for degrees of freedom of 4

and 464 equals 2.39 (5:850). Because Fs 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 differ, the H. Scheffé
test for critical difference of means was conducted. Two
homogenous subsets--~statistically similar opinions--
were found to exist:

1. DEI (2.7010), DEE (2.9122), DEM (2.9158),

2. DEE (2.9122), DEM (2.9158), DEP (3.000)
and (3.2021).
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Thus, to both sets of measurement gquestions 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 irdividual measurement question 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 2100of Appendix E. In addition to the histo-
grams, each measurement question structured with the
Likert Scale responses were analyzed through the use of 5
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: t

Hy: The treatment means are equal
(Mpe=pee="pEI"*DEM""DEP’
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Hl: At least two treatments are not equal

(at least one #)
If the resulting test statistic Fs is greater than the
critical value Fc’ 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 Fs is less than the critical value Fc'
then the null hypothesis cannot be rejected, and it will
be concluded that the treatments have statistically

similar opinions.

Measurement Question No. 7. The Industrial Engi-

neering Branch would be more effective if it concentrated
on solving management problems rather than doing quality
control 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 Quzstion No. 9. Rather than having

base level industrial engineering staffs, there should be
industrial engineering team(s) to study common base-level
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 ”aéreed”
that the IE is sought for purposes of problem solving.

Measurement Question No. 11. The industrial

engineer's recommendations are given serious consideration
and implemented a majority of the time.
A summary of the ANOVA results for measurement

guestion 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 1ll.

Meagurement Question 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 DEI 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 control

ingpectiong 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, DEI, 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 perform
their work.

A summary of the ANOVA results for measurement
guestion 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 DEI,
DEM, and DEP groups fell within the "undecided" category,
the opinions of the DEM and DEP tended toward the "agree"
range and the DEI groups opinion tended toward the
"disagree” range.

Measurement Question No. 15. If the Industrial

Engineering Branch were 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 engineer as a quality control inspector has
no bearing on his acceptance as a management consultant.
A summary of the ANOVA results for measurement
question 16 is illustrated in Table 20. As can be seen
the DEI group "disagreed" with measurement question 16;

whereas the remaining four groups were "undecided."
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TABLE 19

FREQUENCY OF RESPONSES TO MEASUREMENT 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

Measurement 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
DEI group's opinion tended toward the "acree" range,
and the DE and DEE group's opinion tended toward the
"disagree" range.

Measurement Question No. 18. The studies per-

formed by the Industrial Engineering Branch play a signifi-
eant role in improving the Base Civil Engineering organti-

zation.
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A summary of the ANOVA results to measurement

question 18 is illlustrated in Table 22. As can be

seen, only the DE and DEI 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 Engi-

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 DEI groups "agreed" that the IE 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,
only 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 DEI groups "agreed" that IE provides
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objective and effective solutions to management problems;
whereas, the DEE, DEM, and DEP groups were "undecided."

Measurement Question No. 22 (BCE Attachment). The

The rescigsionof AFM 85-38 has improved industrial engi-
neering's responsiveness to your management needs.
Approximately 63 percent of the BCEs felt that
the rescission of 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 85-38
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 Question No. 23 (BCE Attachment).

The Industrial Engineering Branch can be effective with-
out a governing directive. -

Approximately 62 percent of the BCEs felt that
the IE Branch can be effective without a governing direc-
tive. Table 27 illustrates how the BCEs responded to

their measurement question 23.
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TABLE 27

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

Response Frequency Percent of

Response
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 your 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 IEs most important functions can be found
in column one of Table 4.

Measurement Question No. 25 (BCE Attachment).

What are the weaknesses or limitations currently associ-
ated with the base level 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.

Meagsurement Question 26 (BCE Attachment). Describe

briefly the single achievement of the Industrial Engineer-

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

Measurement Question No. 27 (BCE Attachment). To

better serve the needs of you and your staff, what changes
or improvements in the industrial engineering concept 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 ANMND DEI RECOMMENDATIONS
TO IMPROVE IE BRANCH

DE DEI Total

1. Keep future IE directions general
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
IEs. 16 14 30

5. 1Incorporate Real Property, Cost
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
as IE techniques. 3 13 + 16

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

3 8. Publish a directive outlining
i IE's role 2 12 14

9. Teach BCEs and his staff in how
to use IE effectively--pos-
sibly at AFIT's CE School 2 X7 19

10. Establish an AFSC for IE
4 technicians 0 8 8

] 1ll. Establish an IE Staff at MAJCOM
E level d 5 6

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

DE DEI Total

13. Expand the scope of IE work to

other base organizations 5 2 7
1l4. Assign greater enforcement powers

concerning the implementation

cf approved recommendations 0 5 <
15. Increase the rank/grade of IE

chief 0 4 4
16. 1Increase manning of IE Branches 1 3 4
17. Delete requirements to monitor

Customer Relations Program 0 3 3
18. Conduct Air Force or MAJCOM IE

seminars 0 3 3
{

19. Clearly delineate IE's BEAMS

responsibility 3 3 6
20. Emphasize indepth IE 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 i
25. Eliminate IE's conflicting

role of QC and Mgt

Consultant 0 1 b3
26. Do not utilize the IE as

the MBO monitor 0 a4 1
27. Develop an IE technique hand-

book for base leve use 0 1 1
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TABLE 29--Continued

DE DEI Total

28. Develop a customer survey form

which branch chiefs can use

to request IE help 0 1 1
29. Hire more civilian IEs 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

for base level IE use 0 i & L
33. Establish 0O&M or Program Experi-

ence as prerequisite for

IE Chief 1 0 1
34. Assign at least one qualified

IE per base 1 0 1
35. Give IE a waiver from IG

inspections 1 0 1
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flexibility of IE use, (2) upgrade the gquality 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 Question No. 22 (CEI Attachment). How

much base level industrial engineering experience do you
have?
Table 30 illustrates the overall experience level

of the IE Branch Chiefs.

TABLE 30

EXPERIENCE LEVEL OF IE BRANCH CHIEFS

. Number of Percent
Experience Level IE Chiefs of Total
Less than 1 year - - 26%
Greater than 1, but less than
2 years 15 16
Greater thar -, put les *han
3 years ; 11
Greater than 3, but less than
4 years 18 19
Greater than 4 years 27 28

Measurement Question No. 23 (DEI Attachment). What

level of an industrial engineering 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 ?"Emgﬁi egg one r,rc:::l
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 (DEI Attachment). How

many people are authorized for your branch?
Table 32 illustrates the authorization levels of

IE Branches.

TABLE 32

AUTHORIZATION LEVELS OF IE BRA .S

Authorization Level ogrgg:ggsze Pg:g;ggs:f

1% 3 0 0s "9
4 to 6 32 33 .
7 to 9 42 " ;
10 to 12 14 15

Greater than 12 8 8
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Measurement Question No. 25 (DEI Attachment). How

many people are currently assigned to your branch?
Table 33 illustrates the assigned levels of IE

Branches.

TABLE 33

ASSIGNED LEVELS OF IE BRANCHES

o ins MR
|
1l to 3 6 6%
4 to 6 47 49
Tt 9 34 35
10 to 12 6 6
Greater than 12 3 5

Measurement Question No. 26 (DEI Attachment). The

rescission of the AFM 85-38 has improved your branch respon-
givenegs to the management needs of the Base Civil Engi-
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.
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TABLE 34

FREQUENCY OF IE'S RESPONSES CONCERNING AFM 85-38's
RESCISSION IMPROVING IE

Response Frequency Perceat of

Response
Strongly Disagree: 7 7%
Disagree 10 11
Undecided 16 37
Agree 36 38
Disagree 26 27

Measurement Question No. 27 (DEI 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 (DEI Attachment). Rank

order the sources of IE requirements.
The IE's responses to this questions were dis-
cussed on page 67.

Measurement Question No. 29 (DEI Attachment). What

do you consider the five most important functions of the

IE Branch to be?




TABLE 35

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

Percent of

Response Frequency Responses
Strongly Disagree 13 14%
Disagree 13 14
Undecided 4 4
Agree 45 47
Strongly Agree 20 21

The IE'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.

Measurement Question No. 30 (DEI Attachment).

Estimate the amount of time . . [E branch has expenc on
their most important functions during the past twe.ve
months.

The IE's responses to this guestion were discussed
on pages 63-64.Table 5 illustrates the amount of IE time
expended per function.

Measurement Question No. 31. To make the indus-

trial engineering staff more responsive to the needs of

management, what changes or improvementsg do you recommend?
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Table 29 illustrated a listing of the BCE and

IE's recommendations to improve the IE Branch. The IEs

identified thirty-one different recommendations to improve
the IE Branch. Eight of the thirty-one recommendations
were noted by ten or more IEs: (1) delete QC/IG type
work from IE'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

3 of IE staffs, (3) provide greater training opportunities
for IEs, (6) publish a directive outlining IE's respon-

1 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 (DEI Attachment).

What weaknesses or limitations of your IE Branch have

kept you from serving the BCE and his staff effectively?

i el o)

The IE's responses to this question were dis-
cussed on pages -4-67. A 1%§ting of TF's weaknesses as
; perceived by the IE Chiefs can be found in column three
of Table 6.

Measurement Question No. 33 (DEI Attuchment).

Describe briefly the single achievement or accomplishment
by your 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 IE identified achievements and frequencies
are in column three (DEI). 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.

Measurement Question No. 22 (Branch Chief's

Attachment). The industrial engineer's greatest contribu-

T —

tion to your branch is the area of quality control.

Table 36 illustrates how the DEE, DEM, and DEP é

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, DEM, and DEP
Branch Chiefs responded to this question. As can be
seen, a majority (greater than 50 percent) of each group
felt that IE should not be primarily oriented to the
O&M Branch.

Measurement Question No. 24 (Branch Chief's

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

your branch.
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Table 38 illustrates how the DEE, DEM, and DEP
Branch Chiefs responded to this question. As can be seen,
38 percent of the DEM 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 impor-

tant functions of the IE 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, DEM, and DEP Branch Chief's responses con-
cerning IE's most important functions can be found in
columns two, four and five respectively in Table 4.

Measurement Question No. 26 (Branch Chief's

Attachment). What weaknesses or limitations of the IE

Branch have you noticed which has kept 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 1E weaknesses as perceived by the DEE, DEM, and DEP
Branch Chiefs can be found in columns two, four, and five
respectively of Table 6.

Measurement Question No. 27 (Branch Chief's

Attachment. Describe briefly the single achievement of

the IE Staff which has impregssed 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,
DEM, and DEP's responses are in columns two, four, and
five respectively. Numerous Branch Chiefs--32 DEEs,

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

et

any achievements of IE which impressed them. IE 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

ki i

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.

Measurement Question No. 8. The Industrial Engi-

neering Branch should be eliminated.

Table 39 illustrates the summary of ANOVA results
by Major Command for measurement question 8. Of the
eleven identified MAJCOM treatments, all but two "dis-

agreed" that IE should be eliminated. The other two
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MAJCOM treatments--Air Defense Command and Air Force
Systems Command--fell in the "undecided" range.

Measurement Question No. 13. The Industrial Engi-

neering Branch should continue to do quality control
ingpections 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 IE should continue QC inspections of 0&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.

Measurement Question No. 20. The role of indus-

trial engineering should remain as i1t 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 IE's role should remain the
same. Even the six MAJCOM treatments which fell within

the "undecided" range tended to the "disagree" range.
120
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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
in the methodology. Following the investigative questions
are the conclusions to the individual measurement guestions.
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.
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

engineering capability needed at base level?
The results of the Industrial Engineering Role
Survey revealed that the key civil engineering management

personnel believed that industrial engineering capability
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is needed at base level. All of the respondents except
the Chief of Engineering and Construction group firmly
believed that the Industrial Engineering Branch should
not be eliminated. The Chief of Engineering and Con-
struction group was "undecided."

The respondents favorableness to the retention
of IE implies that IE has been of value to Base Civil
Engineering.‘ Except for the Chief of Engineering and
Construction group, the respondents must feel that IE
can continue to provide a service which is beneficial
to the civil engineering mission.

Investigative Question No. 3. If industrial

engineering is needed at base level, should it continue
to funcetion as 18 or should it be modified or changed?

The results of the Industrial Engineering Role
Survey revealed that the key civil engineering manage-
ment personnel believed that the role of iﬁaustrial
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
"undecided."

It appears the respondents feel that IE could
be more effective if it's role were changed. Obviously
from investigative question two, IE has been of value

to the key civil engineering management personnel.
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From investigative question three, the key civil engi-
neering management personnel appear to be saying that
IE can provide a more beneficial service if it's role
were changed.

Considering the fact that IE has been constantly
criticized over the past few years by the IG, it appears
logical that the respondents would forsee a need to
change IE's role. The constant problems, which have
been associated with IE, have kept IE 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

Measurement Question No. 7. The Industrial
Engineering Branch would be more effective if it con=-
centrated on solving management problems rather than
doing quality control work.

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

IE weaknesses. IE's negative or "black hat" QC image
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was rated as one of the five major IE weaknesses or
limitations.

Measurement Question No. 8. The Industrial

Engineering Brunch should be eliminated.
The conclusions to this question are the same
as for investigative question 2.

Measurement Question No. 9. Rather than having

base level industrial engineering staffs, there should
be industrial engineering team(s) to study common
base-level problems. Where do you think that this
industrial engineering capability should be located?

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-
clude where such an IE capability should be located.
Sixty percent of the respondents recommended the AFIT
Civil Engineering School for the location of an Air
Force IE staff; whereas, 24 percent recommended that
IE staffs be established at the MAJCOM level.

Measurement Question No. 10. As a manager, you

seek the assistance of the industrial engineer and his
staff for purposes of problem solving.
Based upon the results of the Industrial Engi-

neering Role Survey, it was concluded that civil

126




T

e —— e e T

engineering managers seek the IE for assistance in

solving management problems.

Measurement Question No. 11. The industrial

engineer's recommendations are given gserious congider-

atton 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

IE'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--
IE's recomaendations are given serious consideration
and IE's recommendations are implemented a majority

of the time. However, as the CESMET 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
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

Engineering Branch should continue to do quality control
ingpections of the Operations and Maintenance Shop's work.
Based upon the results of the Industrial Engi-
neering Role Survey, it was concluded that IE should be
relieved of all quality control responsibilities. This
conclusion was further supported by the results to S
measurement question 7 and the open-ended questions
dealing with IE weaknesses.

Measurement Question No. 14. Pregent staffing

of the Industrial Engineering Branch is adequate to
perform their work.

Based upon the results of the Industrial Engi-
neering Role Survey, it was concluded that this question l
was incorrectly stated. Although in response to this
particular question, the respondents "agreed" that IE'
was adequately staffed. However, in response to the
open-ended questions dealing with IE weaknesses, the
single largest category identified was "inadegquate and
unqualified IE staffs." All groups of respondents
emphasized that IE 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

when they responded to measurement question 14. The
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significant point which was revealed in the open-ended
guestion responses was that IE 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

were 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 IE 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 IE.

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.
Based upon the results of the Industrial Engi-

neering 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 1

concerning IE weaknesses and limitations.

Measurement Question No. 17. The scope of indus-

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

Supply, Transportation, Budget, etc.

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 IE should have the
authority to expand its analysis to the suspect areas to
fully study the problem at hénd. Feedback showed that
many respondents felt that this question asked that IE
should be available to solve other organizational--
Supply, Transportation, etc., problems. Thus, no conclu-
sion was drawn from the results of measurement question 17.

Measurement Question No. 18. The studies performed

by the Industrial Engineering Branch play a significant
role in improving the Base Civil Engineering organtzation.
Based upon the results of the Industrial Engi-
neering Role Survey and the CESMET findings, it was con-
cluded that IE studies can and have, in some cases,
played a significant role in improving BCE organizations.
It was also concluded that IE studies have not been suc-
cessful within numerous BCE organizations. The Chiefs
of DEE, DEM, and DEP were "undecided" concerning the
impact of IE studies. This was further supported by the
open-ended questions concerning IE weaknesses. The third
largest category of IE weaknesses as identified by the

Branch Chiefs involved IE 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 hi§ staff. Thus, it was concluded that

IE studies have not made a significant impact on BCE
organizations Air Force wide.

Measurement Question No. 19. The Industrial Engi-

neering Branch 18 responsive to the problem solving needs
of management. -

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 IE is responsive, the Branch
Chiefs were "undecided." The Branch Chiefs' undecidedness
was assumed to be important in that it questions just how
responsive IE has been. This was further substantiated
by the responses to the open-ended quegtions concerning
IE weaknesses. Again, the third largest category of weak-
nesses was that IE failed to solve problems.

Measurement Question No. 20. The role of industrial

engineering should remain as it is.
The conclusion to this gquestion are the same as
for investigative gquestion 3.

Measurement Question No. 21. The Industrial Engi-

neering Branch can be relied upon to provide objective and

effective solutions to management problems.

5 131




Based upon the results of the Industrial Engi-
neering Role Survey, it was concluded that a difference
in opinion exists concerning the reliance upon IE to
provide objective and effective solutions to management
problems. Whereas, the DE and DEI groups believe IE
could be relied upon, the DEE, DEM, and DEP groups were
totally "undecided." The DEE, DEM, and DEP groups
further emphasized in their responses to the open-ended
questions that IE did not really solve problems, and that
too often the IE solutions were too shallow in depth to
effectively solve the management problems. Thus, it
was concluded that IE could not always be relied upon to
provide objective and effective solutions to management
problems. :

Measurement Question No. 22 (BCE Attachment) and

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

improved industrial engineering's responsiveness to
management's needs.

Based upon the results of the Industrial Engi-
neering Role Survey, it was concluded that IE'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 (DEI Attachment). The Industrial Engineering Branch

ean be effective without a governing directive.
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Based upon the results of the Industrial Engi-
neering Role Survey, it was concluded that IE could be
effective without a detailed governing directive. How-
ever, in response to the open-ended questions concerning
improvements to IE, the respondents identified as their
third most important recommendation that IE should have
a directive of some sort. The respondents noted that
the directive should be general in nature, should allow
flexibility in the use of the IE staff, and should pro-
vide the IE with general guidelines as to the func-
tions he sould be accomplishing.

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

(DEI) and No. 25 (Brancr Chiefs). What are the most

important functions of the IE Branch?

Based upon the results of the Industrial Engi-
neering Role Survey and the CESMET reports, it was
concluded that the most important IE functions at the
time of the survey were: Management consulting, IE
studies, BEAMS, QC, IE Analysis, Manpower duties, and
the Customer Felatives Program. The order of impor-
tance varied among respondents.

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

and No. 26 (Branch Chiefs). What are the weaknesses or

limitations currently associated with the base level

industrial engineering concept?




T TR

Based upon the results of the Industrial

Engineering Role Survey and the CESMET findings, it

was concluded the major weaknesses or limitations of IE

at the time of the survey were: (1) unqualified, inade-

quate, or inexperienced IE staffs, (2) undermanned IE

staffs, (3) the failure of too many IE staffs to solve

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

gram, (5) BCEs not using his IE staff properly or not
supporting his IE staff, (6) too many additional duties
assigned to the IE Branch, and (7) inadequate training
available for IE personnel.

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

(DEI). To better serve the needs of the BCE and his staff
what changes or improvements in the industrial engineer-
ing concept do you recommend?

Based upon the results of the Industrial 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 IE's responsibility, (2) upgrade the quality of
IE staffs by acquiring more degreed IE personnel and
reduce the number of technicians, (3) incorporate Real
Property, Cost Accounting and Financial Management
within the IE Branch, (4) publish a directive or brochure
which outlines IE responsibilities and which explains
the various IE techniques which can be used to accomplish

his responsibilities, (5) emphasize IE's management
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consultant zole, (6) provide the BCE and his staff with
appropriate training as to how the IE can be effectively
used, /7) provide greater training opportunities for

the IE staff-~the training should include.behavioral
management techniques and effective writing and speak-
ing fundamentals as well as proven base level IE tech-
niques, (8) keep the number of additional duties assigned
to IE on a par with other branches--do not overload the
IE with additional duties, and (9) establish an IE team
capability above the base level to study and resolve

common Base Civil Engineering management problems.

Discussion of Conclusions

It was interesting to note that the Base Civil
Engineer and the Chiefs of E&C, 0&M, and Programs ranked
Management consulting and IE studies as being two of
the most important IE functions. Then when asked the
following questions only the BCE believed that IE
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.

No. 19--The Industrial Engineering Branch is
responsive to the problem sclving needs of management.

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 IE accomplishes the intent of the questions. Their
undecidedness was further elaborated in response to the
open-ended question concerning IE weaknesses. The Branch
Chiefs were very concerned that all too often IE failed
to solve the problems at hand and in ﬁény cases IE's were
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
qguality IE studies which actually provided realistic
and effective solutions to problems.

When reviewing the results there appeared to be
certain detrimental factors which have kept IE from being
successful Air Force wide. The factor which seemed to
have been the biggest detriment to IE was unqualified
IE staffs. This fact was stressed by all five groups
of respondents. By inadequate IE staffs, the respond-
ents noted that there was too much reliance upon tech-
nicians and there were not enough degreed IE personnel
authorized for the branch. 1In 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

IE Branch.
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The first major change required for the IE branch
appears to be the establishment of a more professional--
more degreed IEs--IE function. The literature review
revealed that IEs are more in demand tcday than ever
before. The reason for this demand has been the préven
performance of professional IEs in all facets of civilian
industry. Professionally staffed IE 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 IEs and fewer technicians.
As mentioned in Chapter I, the Air Staff recently--

7 April 1977--adopted a restructured IE branch which
included the reduction of technicians and emphasis upon
professional IEs.

The failure of IEs to solve problems was a
second major detrimental IE factor. The basic reasons
that were given concerning why IEs fail to solve problems
included (1) IEs are *oo compliance oriented, (2) IEs
fail to adegquately analyze‘problems sufficiently, (3) IEs
fail to assist in implementing solutions, (4) IEs fail
to follow up to ensure the corrective action was adequate,
and (5) there is a lack of teamwork between IE and other
branches because of IEs QC image. Although the research
effort was not aimed at the cause of IE ineffectiveness,
it is conjectured that many of the above reasons can be

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

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
as in the military environment. However, the literature
review revealed that IEs 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 IE function should
; allow IE to emphasize the management consultant role and
1 ! IE studies of known problem areas. The elimination of
QC should allow IE to develop credibility with other BCE
functions. With a professional IE staff, IE 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. 1In the 7 April 1977 restructured IE func-

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

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

the retention of a QC inspector within IE could continue 9
to be detrimental to IE's role as a management consul-

tant.

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 IE. The respondents noted
that IE could do a better job of analyzing trends if
the referenced functions were within IE. 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-
cerning this change. The Air Staff is currently evalua-
ting two test Base Civil Engineering reorganization
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 IE.
It is quite possible that some of the respondents were
biased in their response to a new IE organizational con-

cept. However, no respondents noted that IE should not

incorporate the Cost Accounting and Real Property func-

tions. It is interesting to note that the literature
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review revealed no IE functions which incorporated func-
tions like Cost Accounting and Real Property Management.
However, the base levgl IE function did at one time--
during the 1960s--incorporate the referenced functions
(6).

Finally, the least major detrimental factor asso-
ciated with IE dealt with the lack of use or improper use
of the IE staff. This factor was noted mostly by the
IE chiefs; however, there were BCEs and Branch Chiefs
who were also concerned about the improper use of the
IE capability. CESMET also noted that IE staffs were
improperly used and quite often were not supported. The
BCE and IE groups recommended that training be provided
to the BCE and his staff on how to use the IE effec-
tively. Also, recommended was the need to provide IEs
with apéropriate 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.

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 gquestion 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 gquestions 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 measufement questions over all groups of respondents,
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
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 IE staffs could have
been accomplished. Therefore, it may be worthwhile for
future researchers to explore how civilian IE staffs
differ from military IE staffs. It is quite possible
that the military could benefit from IE's successes
in the civilian environment. The literature review
revealed a greater reliance upon IEs in most aspects
of civilian life. Surely, if IEs 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 Civil 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.

Summary of Conclusions

A summary of the conclusions of the research
effort follows:

1. 1Industrial 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

nucleus of degreed IE personnel at least two of which

should be civilians for continuity. The number of IEs
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 IE function.

c. Real Property, Cost Accounting, and
Financial Management, should be incorporated with the
IE analysis section to form a new IE branch. IE analysis

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

sary to rename the branch.
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d. The IE staff should concentrate its
activities on solving management problems; therefore,
the management consultant role and the IE studies
should be emphasized in IE's new role.

e. A directive should be published which
outlines IE responsibilities. The directive should
provide for flexibility to IE use and not constrain the
IE function as the AFM 85-38 publication did.

f. An industrial engineering handbook
should be developed and published which outlines how
IEs can be effective problem solvers. The handbook
should include the IE technigues 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 IE effectively. Likewise, IEs should be provided
greater training opportunities which includes proven
base level IE techniques, behavioral management tech-
niques, and effective writing and speaking fundamentals.

h. The Chief IE position should be a quali-
fied IE who has at least two years of BCE experience.

i. The restructured IE branch should not be
encumbered with an overload of additional duties.

j. Provide the restructured IE 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 IE 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 IE staffs were
incorporated into the recommended 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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LIST OF BASES/COMMAND IN POPULATION
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Command

Air Defense Command

Air Force Communication
Service

Air Force Logistics Command

Air Force Security Service

Air Force Systems Command

Air Training Command

Air University

148

Base

Air Force Academy

Duluth International Apt.
Hancock Field

Peterson Field

Tyndall AFB

Richards-Gebaur AFB

Hill AFB

Kelly AFB

McClellan AFB

Newark AFB

Robins AFB

Tinker AFB
Wright-Patterson AFB

Goodfelliow AFB
Misawa AB
San Vito AB

Brooks AFB .
Edwards AFB
Eglin AFB
Kirtland AFB

L. G. Hanscom AFB
Los Angeles AFB
Patrick AFB

Chanute AFB
Columbus AFB
Craig AFB
Keesler AFB
Lackland AFB
Laughlin AFB
Lowry AFB
Mather AFB
Randolph AFB
Reese AFB
Sheppard AFB
Webb AFB
Williams AFB

Maxwell AFB
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Command

Military Air Command

Tactical Air Command

Strategic Air Command

149

Base

Altus AFB
Andrews AFB
Bolling AFB
Charleston AFB
Dover AFB
Little Rock AFB
McChord AFB
McGuire AFB
Norton AFB
Pope AFB

Scott AFB
Travis AFB
Lajes AFB

Bergstrom AFB
Cannon AFB
England AFB
George AFB
Howard AFB
Holloman AFB
Homestead AFB
Hurlburt AFB
Langley AFB

Luke AFB

MacDill AFB
Moody AFB

Mt. Home AFB
Myrtle Beach AFB
Nellis AFB
Seymour Johnson AFB
Shaw AFB

Barksdale AFB
Beale AFB
Blytheville AFB
Carswell AFB
Castle AFB

Davis Monthan AFB
Dyess AFB
Ellsworth AFB

F. E. Warren AFB
Fairchild AFB
Grand Forks AFB
Griffiss AFB

K. I. Sawyer AFB
Kincheloe AFB
Loring AFB
Malmstrom AFB
March AFB
McConnell AFB




Command Base

Strategic Air Command Minot AFB

-=Continued Offutt AFB
Pease AFB
Plattsburgh AFB
Rickenbacher AFB
Vandenberg AFB
Whiteman AFB
Wurtsmith AFB
Anderson AFB

Alaskan Air Command Eielson AFB
Elmendorf AFB

Pacific Air Force Clark AB
Hickam AFB
Kadena AB
Korat AB
Kunsan AB
Osan AB
Yokota AB

United States Air Force Aviano AB
Europe Bitberg AB

Hahn AB
Lindsey AB
Ramstein AB
Sembach AB
Spangdahlem AB
Templehof AB
Terrejon AB
Zaragoza AB
Zweibrucken AB
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General Section

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

1. What is your grade (Military only)?

(a) Colonel ‘3
(b) Lt. Colonel 3
(c) Major

(d) Captain

(e) First Lieutenant

(f) Second Lieutenant

2. What is your grade (Civilian only)?

(a) GS-15

(b) GS-13 or 14
(c) GS-12

(d) Gs-11

(e) GS-9

(f) other

3. What position do you hold within base Civil
Engineering?

(a) Base Civil Engineer

(b) Chief of Engineering and Construction
(c) Chief of Industrial Engineering

(d) Chief of Operations and Maintenance
(e) Chief of Programs

|

4. What is the total manning strength of your civil
engineering organization (Military & Civilian)?

(a) 800 or more
(b) Less than 800 but more than 400
(c) 400 or less

Il

Y. What major Air Force command do you belong to?

(a) ADC (g) SAC

(b) AFLC T Ay PR

(c) AFSC (i) USAFE
o ~— (j) USAFSS

(e) MAC (k) other
T {£) PACAF T
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What level of education have you achieved? (Indicate
highest level obtained)

(a) Bachelor of Science or Bachelor of Arts
{(b) Masters

(c) Doctorate

(d) High school plus college credits

(e) High school and no college

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

7.

10.

(a) Strongly Disagree
(b) Disagree

(c) Undecided

{(d) Agree

(e) Strongly Agree

The Industrial Engineering Branch should be eliminated.

(a) Strongly Disagree
(b) Disagree

{c) Undecided

(d) Agree

(e) Strongly Agree

Rather than having base level industrial engineering
staffs, there should be industrial engineering team(s)
to study common base-level problems. Where do you
think that this industrial engineering capability
should be located? (Select one)

(a) Civil Engineering Center

{(b) AFIT Civil Engineering School

(c) Major Commands (Each command to have an
IE staff)

(d) Recommend no change.

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

(a) Strongly Disagree
(b) Disagree

(c) Undecided

"(d) Agree

(e) Strongly Agree
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ll.

12.

13.

14.

15.

The industrial engineer's recommendations are given
serious consideration and are implemented a majority
of the time.

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

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

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

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

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

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.

(a) Quality Control Section

(b) Industrial Engineering Analysis
(c) Cost Accounting

(d) Real Estate

(e) Financial Management
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16.

17.

18.

19.

20.

The role of the industrial engineer as a quality
control inspector has no bearing on his acceptance
as a management consultant.

(a)
(b)
(c)
(d)

Strongly Disagree
Disagree
Undecided

Agree

Strongly Agree

of industrial engineering work should be

Strongly Disagree
Disagree
Undecided

Agree

Strongly Agree

(a)
(e)

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

(a)
(b)
(c)
(d)
(e)

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

(a)
(b)
(c)
(a)
(e)

The role of industrial engineering should remain as
it is.

Strongly Disagree
Disagree
Undecided

Agree

Strongly Agree

Strongly Disagree
Disagree
Undecided

Agree

Strongly Agree

(a)
(b)
(c)
(d)
(e)

Strongly Disagree
Disagree
Undecided

Agree

Strongly Agree
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21. The industrial engineering branch can be relied upon
to provide objective and effective resolutions to
management problems.

(a) Strongly Disagree

(b) Disagree

(c) Undecided

(d) Agree ,
(3) Strongly Agree - 8

F
g z
4
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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.

23.

24.

25.

The recissionof AFM 85-38, Civil Engineering Manage-
ment Review, has improved industrial engineering's
responsiveness to your management needs.

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(3) Strongly Agree

The Industrial Engineering Branch can be effective
without a governing directive.

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(3) Strongly Agree

What do you consider the five most important functions
of your industrial engineering branch to be? (Exam-
ples: Quality Control, IE Studies, MBO, BEAMS Moni-
tor, Manpower Expert, Mgt. Consultants, etc.)

l. First Most Important:

2. Second Most Important:

3. Third Most Important:

4. PFourth Most Important:

S. Fifth Most Important:

What are the weaknesses or limitations currently
associated with the base level industrial engineering
concept?
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% 26. Describe briefly the single achievement of the
k Industrial Engineering staff which has impressed
you most favorably.

R AT

27. To better serve the needs of you and your staff
what changes or improvements in the industrial
enginegring concept do you recommend?

P T
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Chief of Industrial Engineering's Attachment

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

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

L (2a) Less than 1 year

' (b) Greater than 1 but less than 2 years
(c) Greater than 2 but less than 3 years
(d) Greater than 3 but less than 4 years
(e) Greater than 4 years

|

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

(a) Bachelor of Science

(b) Master's Degree

(c) Doctorate

(d) Have a degree but not an IE degree
(e) Do not have a degree

24. How many people are authorized for your branch?

(a) 1 to 3

(b) 4 to 6

(c) 7 to 9

(d) 10 to 12

(e) Greater than 12

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

(a) 1 to 3

(b) 4 to 6

(¢) 7 to 9

(d) 10 to 12

(e) 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
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree
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27.

28.

29‘

30.

The Industrial Engineering Branch can be effective
without a governing directive.

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

The following list represents the sources of IE work
requirements. Rank order the list to show how IE
work requirements are generated: Rank #1 is the
source which generates the most work for IE, rank #2
generates the second most work for IE, and so on.

(a) Base Civil Engineer

(b) Branch Chiefs

(c) IE-Self Generated

(d) Management Review Committee

(e) Other BCE Personnel

(f) Reports from Command, IG, Auditor, etc.

(g) Required by Manuals; Regulations (AFR 85-1,
AFR 85-10, etc.)

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.

l. First Most Important:

2. Second Most Important:

3. Third Most Important:

4. Fourth Most Important:

5. Fifth Most Important:

For your response to question 29, estimate the amount
of time your IE staff has expended on each listed
function during the past twelve months. Your estimate
should be rounded to the nearest 5% and the total
percent does not have to sum to 100%.
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31.

32.

33.
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To make the industrial engineering staff more respon-
sive to the needs of management, what changes or
improvements do you recommend?

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

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.

22. The industrial engineer's greatest contribution to
your branch is in the area of quality control.

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

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

(a) Strongly Disagree
(b) Disagree

{c) Undecided

(d) Agree

(e) Strongly Agree

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

(a) Strongly Disagree
(b) Disagree

(c) Undecided

(d) Agree

(e) Strongly Agree

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

1. First Most Important:

2. Second Most Important:

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

effectively?

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

INVESTIGATIVE QUESTIONS WITH SUPPORTING

MEASUREMENT QUESTIONS




Investigative Question No. 1

What functiong/activities are base level indus-
trial engineering branches currently performing?

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 BCE 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 IE 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

Ta induatpinl omgimooring Cipuveiivy needed Ao
base level?

Measurement Question No.

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

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

The industrial engineer's recommendations are given
serious consideration and are implemented a majority
of the time.

The Base Civil Engineering Organization would be
adversely affected if the Industrial Engineering
Branch were dissolved.

The studies performed by the Industrial Engineering
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 engineering is needed at base level,
should it continue to function as 18 or should it be
modi fied/changed?

Mecasuiewentc Question NoO.

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.

1l4. 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?

16. The role of the industrial engineer as a quality
control inspector has no bearing on his acceptance
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

-~ =
QA9 4O

22 of BCE Section and 26 of IE Section. The recission
of AFM 85-38 has improved industrial engineering's
responsiveness to your management needs. (AFM 85-38,
Civil Engineering Management Review.)

23 of BCE Section and 27 of IE Section. The Industrial
Engineering Branch can be effective without a
governing directive.

27 of BCE Section 31 of IE 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-
ciency of the Operations and Maintenance Branch.

25 of Branch Chief Section. What are the three most
important functions that the IE Staff can accom-
plish to satisfy your management needs?



APPENDIX D

DATA SUMMARY TABLES
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2 G2t i U b s B A KA i S WO S 3. 3 NS 5 L 8-

TABLE 43

DEE'S RANKING OF IE'S MOST IMPORTANT FUNCTIONS

1st 2nd 3rd
Most Most Most
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
IE 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 S 4
Manpower (3) 30 (3) 24 (2) 12 66 4 ?
Follow-Up ?
Work eliea oo el Sl (1) 6 6 13.5%
Problem
Solving (3) 30 (1) 8 eiese o 38 7
Cust Rel oo veos ey o oiv (1) 6 6 13;5%
MBO ¥ iee (1) 8 (1) 6 16 “12
Training (1) 10 (1) 8 ST . 18 10
Trad IE (1) 10 e s o (1) 6 16 Il
Sys & Proc ... i (1) 8 (3) 18 36 8
Extra
Duties oos oo (4) 32 (2) 12 44 6

*Dopresente tied rankinas.

NOTE: 1. The above frequency data were extracted from
the DEE responses to question 25 of the Branch
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
five most important functions
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TABLE 45

DEM'S RANKING OF IE's MOST IMPORTANT FUNCTIONS

1st 2nd 3rd
Most Most Most
Function Important Important Important Total Rank

Mgt Cons (21) 210 (199 152 (18) 108 470 i
QC (3) 30 (5) 40 (9) 54 124 5
IE Studies (17) 170 (18) 144 (16) 96 410 2
IE Anal (24) 240 (15) 120 (8) 48 408 3

BEAMS (14) 140 (18) 144 (11) 66 350 4
Manpower (1) 10 (1) 8 o it 18 12
Follow-Up

Work (1) 10 -5 g e s 10 14
Problem

Solving (1) 10 (2) 16 (2) 12 38 8
Cust Rel (1) 10 (1) 8 (2) 12 30 9
MBO (2) 20 (1) 8 (2) 12 40 7
Training voe olels (1) 8 (2) 12 20 10.5%
Trad IE oo eies (2) 16 sisie oo 16 13
Sys & Proc (3) 30 (1) 8 (2) 12 50 6
Extra

Duties (2) 20 <ol v el e b Vel 20 10.5*

*Represents tied rankings.

NOTE: 1. The above frequency data were extracted from
the DEM responses to question 25 of the Branch
Cheif's attachment.

2. See note 2 on page 1i71.




TABLE 46

DEP'S RANKINGS OF IE'S MOST IMPORTANT FUNCTIONS

1st 2nd 3rd
Most Most Most

Function Important Important Important Total Rank
Mgt Cons (37) 370 (29). 232 (5) 30 632 2
QcC (24) 240 (21) 168 (39) 234 642 1
IE Studies (20) 200 (24) 192 (18) 90 482 3
IE Anal (1) 10 (1) 8 e G 18 8
BEAMS (3) 30 (6) 48 (6) 36 114 4
Manpower (2) 20 i AP, (2) 12 32 6
Follow-Up

Work e Seys (1) 8 s Farte 8 10
Problem

Solving ... ek (2) 16 (5) 30 46 5
Cust Rel & ety o e ens V4 S0 a3
MBO Sie s wiels e Sielle (1) 6 6 a5l
Training e e rets o G e v B3
Trad IE deee Egve Coo ety e T o ni L3*
Sys & Proc ... & e (2) 16 (1) 6 22 7
Extra

Duties (1) 10 S vels (1) 6 16 9

*Represents tied rankings.

NOTE: 1. The above requéncy data were extracted from

the DEP responses to question 25 of the
Branch Chief's attachment.

4. See note z vu paye 171.
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Weaknesses/Limitations of IE

This list represents those weaknesses which received
less than five responses:
1. Reguirement for an IE Work Plan (BCE)
2. 1IE's scope limited to Civil Engineering Organi-
zation (BCE and DEI)
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. 1IE biases results of studies to meet the
commander's desires (DEE and DEM)
8. Too many formal written reports required (DEI)
9. IE's unstable/changing role over last few
years (DEI)
10. Limitations of BLIS (DEI)
11. Failure to utilize previous studies (DEI)
12. 1IE's conflicting role of Management Con-
sultant and QC (DEI)
13. Lack of time-sharing computer capability
(DEI)
1l4. 1IE work is not meaningful (DEI)

15. Inability to effect real savings (DEI)
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16.
)y
18.
19.
20.
(DEM)
21-
unrealistic
22.
(DEM)
23.
24.
ments (DEM)
25.
26.

in the shops (DEP)

27.
28.
29.
30.

(DEP)

Too much politics (DEI)

Lack of organizatinal goals (DEI)

IE used as a manpower pool (DEI) 3
IE is unresponsive (DEM and DEI)

IE expects other branches to collect data

IE is not real-world oriented--they are

(DEM)

IE doesn’t assist in implementing solutions

IE is a problem respository for the IG (DEM)

IE has too many people for their job require- E

IE lacks objectivity (DEP)

QC personnel are O&M workers who are not wanted

IE's QC role has been reduced (DEP)
IE is not BCE management-team oriented (DEP)
Lack of a defined IE role (DEP)

IE should be staff oriented not line oriented
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ANALYSIS OF THE BCE AND IE RANKINGS
BY THE SPEARMAN RANK CORRELATION
COEFFICIENT (rs)

IE -BC? IE' a d2
Function Ranking Ranking
Mgt Consultant 1 2.5 -1.5 2.25
QcC 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 -1 1
Sys & Proc 13 12 +1 1
Extra Duties 9.5 9.5 0 0

85
e Ex'+iy -id, Where: Ix?= N'-N IT
Y 5
3_
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m—--vp‘r TR S i g 2 S ¥ G e

S_ S, 3.2)
gt SRR [2 - S 3] = 225

14

m———

- = 143-14 = 232 232 o3
{ &Ly s, 7, i [ 13 + 13 226.5
g 225+226.5-85 = .8117

S 2/7225)(226.5)

ry is a measure of association between the two rankings.

An rs=0.8ll7 shows a high degree association between the

BCE and IE rankings. The value of rg can be tested to
determine if it differs significantly from zero ( :202-213).

The testing of r. = 0.8177 is as follows:

=0 (There is no association between the rankings)

le p..#0 (There is a significant association between the

&

rankings)

BIE LI T - s M ¢ S
e o

€

t = 2.179

c = tu/2,ae=n-2 = % 025,12

If tS > to then reject Ho.
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In this case, ts = 4.8141 is greater than tc = 2.179.

Therefore, Ho can be rejected and it is concluded that

ry differs significantly from zero and there is a high

degree of association between BCE and IE rankings.




TR D

Summary of CESMET Findings |

The following data were extracted from thirty-two
CESMET reports. The reports, which were provided by

the Air Force CESMET, 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,
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 o

Excellent program as far as

it goes 1l
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 ]
Fair but improving X
Total 18

186




B. Unfavorable IE 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 2
Poor 1
Poor manning hurts effort 1
Additional duties hurting
effectiveness 1
Primarily a QC effort 1
A lot of work to do I
Needs improvement 1
Fair at best i
Total 17

2. Summary of IE Strengths and Weaknesses docu-
mented by CESMET: CESMET 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
Effective QC/Activity :

Inspection Program 12
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B.

Weaknesses

Poor Manning Posture/Insuf-
ficient Manning

Too Many Additional Duties

Ineffective IE Studies
Program

Ineffective Customer
Relations Program

Ineffective QC/Activity
Inspection Program

Lack of Support by BCE
and Staff

Number of
Bases

Recognized

10
5

11
18
12

4
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d Measurement Question
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300 TGS THE INDUSTRIAL ENGINEERING BRANCH
SHOULD BE ELIMINATED.
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300 TGTT THE INDUSTRIAL ENGINEER'S RECOMMENGATIONS ARE
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399 7315 THE ROLE OF THE INDUSTRIAL ENGINEER RS R GUALITY
CONTROL INSPECTOR HSS NG BERRING OF HIS RCCEPTANCE
RS A MANRGEMENT CONSULTRNT.
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304 9 THE INDUSTRIAL ENGINEERING BRANCH [S RESPONSIVE TO
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308 020 THE ROLE OF THE INGUSTRIAL ENGINEERING SHOULO REFATN
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APPENDIX E

COMPUTER PROGRAMS




COMPUTER PROGRAM FOR ANALYSIS

OF VARIANCE OF INVESTIGATIVE
QUESTIONS AND MEASUREMENT
QUESTIONS




/NOIIONNA A1 Ldwl LSOW HI4Id4 04

/NOILONNS 51 LdWI LSOW HIHOd4 d

/NOTIONNS ST LdWI JSOW CYIHL 308

/NOITIONNS 31 JdwI LSOw (NOJ3S F0d

/NOILONNA 31 LdNI ISOR 1Syld 304

/We0 40 443 OL G3INFI80 3d OHS 351

/700 NI SI NOIINHIXLNTD) 1S31lv3yo S3l

/SWATHOYd SIKOM OL SNOILINTOS H4% {40 3AIA04d 31
/ZANVYS ZHJIS NIVW Y OTTHS 37704 1Al

/SUAEN OA7IS d0dd C 5NOdS3Y ST 31

/940 M Faue (7 SHIANIS I

/3 FUISINO G3AONdXT 34 ¢ ,o© 31 30 TOd

/SNOD LWOW SV 31 NO 94v3d (. YH 20 37104

/31 OL SNOIIDIS M3N HOIHM QGV

7034 J4OM 404 3Lvno3av SI d4vVIS A1 FHL

ZHONYYE W¥0O FHL 304 00 INNIIN(D

Z03ININTTTE 31 41 0310344V ATASEIACY =4 GTNOM 30
ZAQINTTART ¥ NOILVHIAISNOO NAO 3¥Y SNOLLVANIAW 0O FY I
/7ONIATTIOS A0dd 804 A1 FHI 433S NOA

/03LVO0T & AI (IHS 3U3HM

ZCALVN™WITI € 31 aINOHS

D7 004d LANOW ATI0S

“13A37 NOILYONAZT

/NOOCVN
NTHIS AYVLITTIN
/NOILISOd 3D
/aJVHO NVITTIAID

‘Br tUYLEY
S 120809ED
‘92Dt VSED
‘GeotoveEy
‘YZOLVEED
SECOVZED
‘220tVIER
*1208VED
‘Pcotv6H
‘61080820
‘gI10tBLCY
$ 11080920
‘9100529
‘G10t012H
‘v1080€E2H
‘E10802Cn
‘$Z10t0120
‘lLiotonce
‘P108036 10
‘60808 10
‘QOLVL I
‘LDtR9 IR
‘oDt RS 10
‘GDiov 10
‘HpDLOE 10
‘cntez 1o
‘Zotae

730VHO AQYLITIN *10:¢ST38VT UVALQD 1O

290 OL 10 t1ISIT J18VIYVARSHD

ISHVISSOYD tINVN NNUD P00
$SdS/SSdSs 103 T3S 3 $SPEDW

VL. CVINIYVS W 91S/L14V 161 1dMsLNAA] 380200
01%2190)1%8%s (IS)Y*S##0I1V0Q

206




/343 CHAQUART TIAVH d20 NI SP1ants 1

Z0%0 A0 H43 0L T INTId0 59 0HS HI=-d3a

/00 NI ST MOLLNMIUINOO LSHLVHYD SHI~d:Hd
ZNOIIONANA =T Ldwl 1SOw O8IHL=-$30

ZHOTIONNS A1 LdWl JSOW OWQOIs=w:d

/NOTIONNS ST TdWI LSOW J.SUId~w:a

/445 CAAQHJIWT TAVE: KAQ NI SY10nlS 2

/680 CO 447 01 GALNJIHO ¢ UHS HI-W20

700 MI ST NOILNAIHIHOO LSALVIYUO STI-FH(
/ZNOTJIONNS ¥1 LdWI ISUH HLAI1d4-31

/NOIISNNA 21 JdWI ISOW HLY0d-31

/NOIJIONNA A1 Ldnl ISUR QYIHL-=1

/NOTIONNS 31 dhI JSOW (NOOHS-ZI

/NOTIO Nd A1 dal ISOW LSHId 41

/A9 ANTO MHOM *STIVNNVH NV SO34 AH G2HIn0aY

/A8 AN JHOM=-DLA *Ol *HOLIONV *aWD Wodd S1y0d5d
ZAS QTIVHANIO YoM *TIANNOSHTd 9029 HAHLO
CYALLIWK(D MIIATY LNIWIOVNV
ZCALVYINAO-9THS HHOM=-51

ZAS) GSIVYIINTO NHOM *S451HO HONV HY

/A9 (3LVYENTO NHOM *30d

ID34IA AGD ¥V LNOHLIM HAILO 447 54 NVO FI
/31 40 ASNOdSHY THI G3A0HdMI |E-G8 WAV 40 ONIDTY
SHONVYE AT O GANOISSY 21d07d 40 *ON
ZHONVYE 31 OL GAZI14OHLNY Z1d03d 40 °*ON
/13AST 234920 H1

/7O NATYIAXT FT 12AFT Isvye

/NOTIONNA 31 JdWI LSOW QYIHI 790
/NOILAONNS 1T LdWI JSOW CNOO TS 330
/NOTIONNS 1T TdWI JSOw Ls¥Id 350

/7443 03A4dWI FAAVH 250 NI SOls =i

/W0 420 443 0L ORLIANIYO 34 ais 3I-33d
/00 NI NOILNEIHIWOD LS3LVAES s3I-33a

/A9 QIVHINAO HHOM

tlontpnl e
LUoUtReY
t6GUEIRYY
‘RGUI LY
L LGB OGS
90 BGOY
MY g1 §T )
PGO UL 9P
‘E QU
e ol 122 k%4
S 1G0O PV Y?
GO SH
‘60 NBGN
‘8YDEVLGY
* L POLVOGH
L or0t GG Y
Sy Otup oy
iR Ael e
‘EPOtPCGR
$2Y0LBIGH
S LY DENOGER
CHYDLR6 PO
C6EDLRRYA
‘eCDtRL e
*LEDLNO P
oL DtUGHD
‘GEDtBP P
* pL DPE
‘CEDLOT P
LZEOLR L b2
L 1E0t AR b
CIE DEYOED
6CcOtVREY




JRONCE) (RIVHINRD 47188 21(E) SHAIHD HONVHE(Z) UTIANIONT TTIAIDEwO L]
ASVHL) LvD OL 19D8GG 1)

ZHINV 21 MHI HI9(G) HINY <1 OL @21(t) HIAV 6 (L L(E)tnGt

HIAY ¢ O v(Z) HLNAY € OL 1(1) €EU/ZUINOISSY €1 NHL d1o(S)tuvil
U7NOTISSY ¢l 0L @l(y) GINOISSY 6 (L L(€) UANOISSY 9 OL v(Z)tuwE !l
QINISSY € QL 1)) 20578950 ON(S) =34o30 31 NV LON 1LNg 9499080211
V FAVH(Y) FALVEOID0G(E) 934070 SHIALSYW(Z) Sa(l) veotulll

/t NHL HI0(G) v MHL SS57. € NHL HIO(¥) € NHL SSHT 2 NHL dLo(E)towd
¢ NHL SSHT | NHL HJL (<) UVAA ANO NVEL SSTI(1) SEL /T00HOS 064 |

HOTH 1SNC(G) 1107380 JO9TI100 Sn1d TOOHOS HOIH(Y) HIVYOLD0A(E) tvEn |
FFUOZA SUTLSVI(Z) VH HO SE(1) 9U /4aHLIOCIT) SSAVSN(PL) T4VSN(6)tulul
DVI(8) JVS(/) HVOVd(9) IVI(G) DLV(H) OSAV(E) O14V(Z) J0aV(I1) S0tuvul
/SSTT HO gOF(€) unb< JNS Lee>(2) Ju0k 0uw8 (1) +0/da0(S) WIAA(Y) $0Sw |
[30CE) AZG(2) YHANIONT TIAID 3SVHC(1) €0 Z83HI0(9) (6S9(6) tuvi |
HISO(H) CISOE) #1 HO €189(2) SISO(1) <O ZINVRKALNSIT ANC(9)tuEw |
LNVNIIPTIT 1S1(S) NIVIAVO(Y) HOCVR(E) TANOTOO IT7(<Z) IANOTODC(1) 10tuewl
/SHILAC VHLXIC(P 1) NOILVINAHTIRT SAYNUHID0Hd UNV SHIISAS(E 1)tp1vl
NHOM HI IVNOI LIGVHL(C 1) ONIISHL ONY OMNINIVHLC11 )80

OFA (1) S,GG21-SNOILVTIRY H3WO0LSM (6) IONIATOS WIATEOUd (B) EB66Y
DIFLANSTO *dMi0T104 OI(L) STIUNLS YAMOINVH(9) EOLINOW SHYHAH(S) t286v
QISATVNYV FI(r) SAIANIS SICE) SHOIIVNIVAT ALIAIIOV OGNV J0(Z)tuL6v
INVITINSNOD ININIAOVNVH (1) 290°8SD (1 9G0°CGD 0L 8v0N96(

‘PO 0L CEO ‘620 0L $2D /374OY ATONOYIS(G) TATYOV () 80S6

JIANNCE) TYIVSIA(Z) TYOVSIA ATONOYIS(1) 190 OL 6S0*GSL OL £SDtuvow
‘orDteED IEC ED 62D ECE O Q10 PIU Ol PIC RO LOLSTTALYT ANTVAVE 66
(S1=,0.)(PI=/N2)CEI=0o)(C1=4T10) D160
(11=20)(C1=sT2)(6=212)(B=¢H ) (1 =09,)(9=,4,)(G=,,) (V=,0,) L GA6(
(£E=,0,)(2=,8,)(1=,Y,)290 01 910 *#10 0L 10 30027461

(0=, ,)290 0L 103000 TEA68A

CLPESISYD H0 NUIRR

QUVOSHNIOTH LNdNIB@e:

(1VZ29)A3X 14t IVRHO4 LNdNIR&LY

/NOTIONNA 1 IdWNI LSOW ISHId-dAa *2o0tulld

208




209

FOCAN=esPEC

HS INIHG/ <

ISISHHLZE 9V LL 3V]ID5ETTAS8Suvc |

VIVO LNdNI avicuscl

TIVISOIISILVLISOVC |

/7 (Gu*)Ed4HHOS = SITORVYS G |

/(G 1)E0 Ad vNOIEAVMIANOUCC |

(@) YNOIEONISSIN NOISSVOLL]

P/ (LET+Q 10+ 1 O+€ 1U)=vNOI ¢ ALNdWODIT 1 C |

(L) TIVESTINMIVA ONISS IhelC!

ZYILNID ONTHFERIONT TIAIO(C) TOOHOS ANIYFANIONT THAID LIdv(v)selc)
WOOCYN(E) FONVHD ON ONWAQDSU(C) LNA0D ONCL) 60isn

/OLF *SOYONYW *SeAY A GIEIN0AY() HOLIANVEuE 1

Ol *OADNOHA SIHOATH(O) TGENMOSYEd DA dTHI0G) THLLIIAR 0D MYTATHEeL 1]

- bt b Aot A e 2 8 i N SSRGS SRR




y
;. :
i
COMPUTER PROGRAM USED FOR THE PLOTTING :
OF THE MEASUREMENT QUESTION'S 3
HISTOGRAMS i
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COMPUTER PROGRAM USED TO GENERATE THE

FREQUENCY DATA FOR THE
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