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1. Did this research contribute to a current Air Force project?
a. Yes b. No

2. Do you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

a. Yes b. No

3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT perfomming the research.
Can you estimate what this research would have cost if it had been
accomplished under contract or if it had been done in-house in terms of man-
power and/or dollars?

- a. Man-years $ (Contract) .
b. Man-years $ (In-house).
4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may, in fact, be important. Whether or
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CHAPTER I

INTRODUCTION

Problem Statement

There appears to be considerable disagreement with
the type of advanced degree required by Air Force Civil
Engineering Officers. A 1972 study of civil engineering
education requirements stated that 65 percent of graduate
degrees for civil engineers should be engineering or tech-
nically oriented and 35 percent should be management
oriented (14:16). Subsequently, a 1974 thesis research
effort concluded that the advanced degrees should be 65 per-
cent management and 35 percent technical or engineering
oriented (10:26).

In August 1976 the latest Civil Engineering Officer

Job List was published. Of the base level civil engineer- -
ing positions requiring advanced degrees, 65 percent of the
degrees were technically oriented and 35 percent of the
advanced degrees were management oriented (13). This ratio
of technical to management advanced degrees was in line with
the 1972 review, but was counter to the recommendations made
in the 1974 research (10). Major General Robert C. Thompson,
the Director of Engineering and Services, Headquarters United

States Air Force, stated while he was Deputy Director of
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Civil Engineering in 1972 that engineers needed to place
increased emphasis on management training (10:6); however,
he did not say whether the management training was to come
through advanced degrees or additional management educa-
tional courses. The disagreement is compounded by the fact
that there are no written guidelines that list or enumerate
specific courses of study or specific subject areas which
will help prepare a civil engineering officer or civilian
to perform in any civil engineering job. Any written guid-
ance or list that enumerates such courses or subject areas
would enable an officer or civilian to better prepare him-
self to accomplish specific civil engineering jobs. This
thesis has examined selected courses and subject areas
relevant to civil engineering in an attempt to develop a
list of study areas that will help prepare an officer or
civilian to accomplish specific civil engineering jobs at

the base level.

Definitions

To provide a common frame of reference, the follow-
ing terms are defined as they are used in this thesis.

Management. Management is the effective and eco-
nomical allocation, utilization, and/or control of resources
to accomplish predetermined objectives (10:1). The func-
tions of management are defined in Air Force Manual (AFM)

25-1, USAF Management Process, and include the following:
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planning, organizing, coordinating, directing and control-
ling (15:10).

Engineering. 2s defined in the Model lLaw prepared

by the National Council of Engineering Examiners:
. « . engineering . . . shall mean any service or
creative work the adequate performance of which requires

engineering education, training, and experience in the
application of special knowledge . . . [7:237].

Background
The Civil Engineering Officer Job List identifies

all officer positions within the USAF Civil Engineering
career field (13). There are many positions identified,
ranging from air staff positions to squadron level adminis-
trative positions. Many of the air staff positions and
major command positions indicate unique requirements to fit
the individual jobs. There are also some technically
oriented positions that may have special educational require-
ments. Due to the unique character of the various technical
jobs and the major command and air staff jobs, the advanced
degree requirements of each job must be defined on an indi-
vidual basis. These jobs are not included in the thesis
for this reason.

On the other hand, the majority of the jobs listed,
57 percent, are for base level jobs (13). Most new officers
entering civil engineering work at the base level and then
throughout their career rotate from staff jobs back into

the base level organization. Base level jobs are fairly

3




standardized, not only because of the large number of these
jobs, but also because there are many regulations and
manuals governing the specific job requirements. Since the
organizations at base level tend to be fairly standard, job
responsibilities and duties at this level are almost the
same throughout the Air Force.

The 1976 Civil Engineer Officer Job List identified

all base level civil engineer officer positions as either
commander, branch chief or section level. Table 1 divides
these base level positions into the three management levels
and shows the educational requirements for each. At the
commander level 83 percent require advanced degrees and at
the branch chief level 53 percent require advanced degrees.
Only 15 percent of the personnel at the section level
require advanced degrees, therefore a study of the educa-
tional requirements for these individuals would be of less
value than a study of the commanders and branch chiefs
requirements. For this reason the thesis examines only the
two upper levels of management at the base level.

In the two upper levels, there are five primary man-
agement positions at the base level. They are the Base
Civil Engineer (BCE), the Chief of Operations and Mainte-
nance (0&M), the Chief of Programs, the Chief of Engineer-
ing and Construction (E&C), and the Chief of Industrial
Engineering. The Industrial Engineer, while filling a man-

ager position, is being excluded from this research since

4
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industrial engineering is defined in AFM 85-38, Civil

Engineering Management Review as a staff function which pro-

vides management assistance and consultation (12:13). Only
the first four management positions at the base level were
examined in this thesis.

The first three management positions are generally
manned by military personnel and the fourth, the Chief of
E&C, is generally a civilian position (9). The 1976 Civil

Engineering Officer Job List identifies 386 middle manager

and commander positions, of which 243, or 63 percent,
require advanced degrees. All others, or 37 percent,
require a bachelor's degree. Table 2 breaks the master's
level requirements into two categories, management and engi-
neering. A third category consiéts of positions requiring
only a bachelor's degree. The categories defined in the job

list as management type degrees included Engineering Manage- |

ment (lAGY) and Facilities Management (1AGA) (13:4). All
other degrees were identified as engineering degrees with
the exception of industrial engineering degrees.

The reason bachelor's degrees are required for 37
percent of the management positions at the base level may
be explained by one of the conclusions of Meri-Akri and
Walton's research in 1974. They stated that a bachelor's
degree in engineering is ample technical education to per-
mit performance of the majority of engineering work

required of Air Force civil engineer officers (10:25).

6
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There is no readily available data to determine
how many of the civilian positions require advanced degrees,
but it is known that like the military, the civilians have 1
some need for advanced or higher education; therefore,
this thesis examined the degree requirements for base level
civil engineering managers, both military and civilian, in

the four primary management positions.

Justification

There are several reasons that an investigation of
the advanced educational requirements for the four primary
management positions was undertaken. The most obvious was
to try to resolve the disagreement surrounding the advanced
educational needs of civil engineering managers.

Secondly, by evaluating the educational need of each posi-
tion as expressed by the civil engineers currently in those
positions, we were able to then compare it to the specified
educational level and degree of each of the four primary -

base level management positions expressed in the 1976 Civil

Engineering Officer Job List. A third reason for evaluating

educational requirements was to determine if the people
currently in those positions have the appropriate education
in order to properly do their job. Finally, undertaking
such a study provided the opportunity to determine what
specific subject areas individuals need to obtain the

appropriate education. Further explanations of each
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of these reasons will be examined separately in this
section.

The confusion about advanced educational require-
ments for a civil engineer is due to the fact that he is
basically an engineer although he is continually being
called upon to be a better manager. The 1972 Civil Engi-~
neer Panel of the Air Force Educational Requirements Board
stated the engineer-manager dichotomy like this:

Engineering masters degree requirements reflect

the continuing growing complexity in facility design
and construction. The emphasis on engineering manage-
ment reflects the concern of commands for engineers
to make the transition from engineer to engineer-
manager. Since there is a major effort in civil
engineering to improve the productivity of the tech-
nical work force, the transition must prepare engi-
neers to use new computer systems and programs, for
financial management, for programming of new facili-
ties requirements, budgeting and quality control
[14:15].

They addressed the problem by recommending a greater
percentage of management type advanced degrees for civil
engineers, which were subsequently approved by the Air Force
Educational Requirements Board (14:8). The degree mix that
was approved is presented in Table 3.

While the educational board considered this an
optimal mix, they did not identify the management positions
that should have the additional management degrees. The
latest allocation of these management degrees as expressed

in the 1976 job list appears to be on a random basis since

some positions identified as needing the advanced management
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TABLE 3

FIVE YEAR ADVANCED ACADEMIC DEGREE REQUIREMENT
FOR AIR FORCE CIVIL ENGINEER OFFICERS

— —
—_— ——

Advanced Degree Requirement
in Percent of Total C.E.
Discipline Officer Force

||
|

N
oe

Architect/Arch.-Engineering
Civil Engineering
Environmental Engineering
Electrical Engineering
Mechanical Engineering
Industrial Engineering
Facilities Management
Engineering Management

IU‘IohU'lU\mUl\D

>
o
e

Source: Report of the Civil Engineer Panel of the ;
Air Force Educational Requirements Board, 1972. !
degree are also identified at other bases as needing either I
an advanced engineering degree or no advanced degree at all.
By surveying individuals in specific management positions
it may be possible to clarify the mix of manacement/engineer-
ing degrees for each position. -

An analysis of the job requirements for the mili-
tary positions shown in Table 2 reveals some interesting
data concerning the educational need of a CE as stated in
the 1976 job list. Of the four jobs being discussed, 63
percent of the positions require or recommend a master's

level education. None of the positions recommends doctoral

level education. The job list of academic specialty codes

also breaks the advanced academic degrees required into

10




nine degree programs. Of the nine degrees recommended,
three are management degrees and six are engineering degrees
(13).

As discussed earlier, only the four primary manage-
ment positions are considered the important managers of
the organization, and an analysis of the distribution of
management-related and engineering-related advanced degrees
at the base level confirms this. At the lowest level of
management in the CE organization, the section level, not
many advanced degrees are required. As illustrated in
Table 1 only 14.8 percent of the section level positions
require an advanced degree, and 95 out of 99 advanced
degrees required are engineering-related advanced degrees.
At the middle level of management, the Chiefs of O&M, E&C,
and Programs, 52.9 percent of the positions require an

advanced degree and 81 of the 137 positions requiring an

advanced degree or 59 percent of the degrees are managemeng-
related. The figures for the lowest and middle levels are
in agreement with the expectations of modern management
theorists who say that the closer the supervisor is to the
operating level the more he will need to be technically
qualified (8:438). The further the manager is removed from
the operating level the more management training he will

need (6:125). The interesting information that the table

reveals is that in the CE organization, the BCE, who is the

manager the furthest from the operating level, is required

11
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to be more technically educated since 78 of the 106 or 74
percent of the advanced degree BCE positions required engi-
neering degrees as opposed to management degrees. This
does not agree with the modern concept that the higher
level manager requires more management education (8:438),
thus the reevaluation of the academic specialty coding
for the BCE and middle manager positions was undertaken.
The third reason for investigating educational
requirements was to determine if the individuals currently
holding these positions have the appropriate education in
order to properly do their job. Educational development
and evaluation is an important means of insuring that the
educational needs of an individual and his organization are
met and the individual's promotion potential is increased.
The Civil Engineer Panel of the Air Force Educational
Requirements Board summed it this way:

The explosion of engineering technology and the
changing demands of society, the Air Force, and the
combat forces demand professional engineering compe-
tence. To accommodate this almost constant change,
education must be a way of life to the engineer and
engineer-manager. Much updating can be accomplished
through AFIT short courses, part-time study, and pro-
fessional military schools [14:8].

The panel continues to say that full-time graduate

study is the best way to provide a high degree of compe-
tence in complex engineering disciplines. They also

recognized that at some point the transition from engineer

to engineer-manager must be made, and they subsequently

L




increased the number of management-related master's degree
programs for civil engineering officers while encouraging
off-duty study (14:18). The increase in management-related
degrees was accomplished, however, without an in-depth
analysis of specific positions that require management
expertise. Meri-Akri and Walton also recommend, in their
1974 thesis results, that all positions requiring an
advanced engineering degree be identified through a survey,
and then all other positions requiring advanced degrees be
management-type degrees to ". . . provide the management
skills necessary to enable the Air Force civil engineer
officer to efficiently perform the duties of his position
[10:26]."

Although identifying all other advanced degree
positions as management-related may be good, it may be
impossible to educate all civil engineering officers as
managers at Air Force expense. Most of them will usually
be in a management position at one time or another during
their career; so continuing education and off-duty educa-
tion programs may be the best way for some officers to pre-
pare themselves as managers. Unfortunately, they do not
have a guide that tells them what courses are best suited
to prepare them as managers. Thus, by determining the
advanced educational needs of civil engineering officers,
it should also be possible to determine a list of courses

that will help prepare officers to be better managers.

L3
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Another benefit of such a list of courses was stated by

a former director of the Air Force Civil Engineering
School, who indicated that the results of a survey of civil
engineers who rated courses according to need would be

beneficial in helping to formulate the curriculum of the

CE Continuing Career Education Program (9). He also

stated that it would be of benefit to know how many civil
; engineers have had certain courses to determine if there
is a need to develop such a course. In a personal inter-
view with a faculty member of the AFIT School of Systems
and Logistics (AFIT/LS), an interest was expressed in

using the results of a rating of the educational needs of

civil engineer managers as a variable in evaluating the

content of the Facilities Management program at AFIT/LS

(1).

Research Objectives

The goal of this research effort was to identify
the education subject areas needed to increase the capa-
bilities of the base level civil engineering staff. As an
aid in attaining this goal, the following objectives were
established:

1. Determine a recommended education; i.e., degree
level, discipline, and listing of recommended or required

subject areas, by position for the following base level

civil engineering positions:




a. Base Civil Engineer

b. Chief, Programs Branch

c. Chief, Engineering and Construction Branch
d. Chief, Operations and Maintenance Branch

2. Determine an approximate percentage of base
level civil engineering staff members, military and
civilian, who have had each of the needed courses.

3. Provide AFIT's School of Systems and Logistics
and Civil Engineering School with a list of subject areas,
that civil engineers expressed a need for, to help the
schools determine the courses to be offered students work-
ing in the 55XX career field.

4. Determine if the four base level civil engineer-
ing management positions are coded with the proper academic

specialty codes.

Research Questions

The research data generated for this thesis effort
was used to answer the following questions:

1. How do civil engineering staff members rate
the relative usefulness of certain selected subject areas
in performing the following jobs?

a. Base Civil Engineer
b. Chief, Programs Branch
c. Chief, Engineering and Construction Branch
d. Chief, Operations and Maintenance Branch
2. From the ratings of the selected subject areas,

which subject areas can be inferred to be required subject

areas needed to perform each of the four jobs?
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a.
b.
c.
d.

3. From the ratings of the selected subject areas,
which subject areas can be inferred to be subject areas not
needed to perform each of the four jobs?

4. What do civil engineering staff members feel
is the required education in terms of degree level and

discipline for the following jobs?

Base Civil Engineer

Chief, Programs Branch

Chief, Engineering and Construction Branch
Chief, Operations and Maintenance Branch

5. How do the results of question 4 compare to the

required academic specialty codes listed in the 1976 Civil

' Engineering Officer Job List?
6. What percentage of the base level civil engi-

neering staff members have had each of the needed courses?




CHAPTER II

METHOD

Introduction

In order to determine the answers to the research
questions and ultimately satisfy the research objectives,
the authors decided to rely on the opinions and beliefs of
individuals currently in the four base level civil engi-
neering management positions. Since questioning the indi-
viduals directly or through a questionnaire is the only
way to obtain an individual's opinion and beliefs (55199),
the authors decided to use a questionnaire because it is
more economical than personally interviewing individuals
spread across a broad geographic area.

A questionnaire was developed for this thesis and
is similar in construction to that used in several previous
research efforts (4; 11). The questionnaire collected
both descriptive data and personal opinions. The validity
of the questionnaire had been established in two ways.
First, the questionnaire was similar to questionnaires used
in previous research efforts. Secondly, the questionnaire
was administered to a test group of individuals familiar
with both the academic environment and the base level civil

engineering environment.
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Questionnaire

The questionnaire constructed for this thesis was
designed to obtain descriptive information and personal
opinions concerning the usefulness of certain courses and
subject areas to base level civil engineering managers.

The questionnaire was in three sections. Section A con-
sisted of eight questions and obtained the descriptive
information that was used to qualify the respondent as a
valid respondent. Section B listed 54 advanced educational
courses that might be applicable to civil engineering man-
agers. Each course was defined in a brief course descrip-
tion, with the respondent rating the course on a scale of
usefulness from one to ten. Section C consisted of a list-
ing of the same courses and was designed to determine how
many individuals have had each course. All answers were
marked on an AF Form 223, a computer grading sheet, by the
respondents and the computer sheets were machine graded

by an optical scanner. A copy of the questionnaire is
included in Appendix D.

The questionnaire was constructed in the following
manner. The first four questions of Section A collected
descriptive information and questions 5 through 8 obtained
some individual opinions. The courses that were briefly
described in questions 9 through 62 were carefully selected.
Catalogs for eleven major colleges and universities across

the country were used to help determine the subject areas
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that are included in both management and engineering
curriculums. In addition, courses taught by AFIT at the
graduate level were included. These AFIT courses were
considered essential to answer research question number 8.
The other major university catalogs that were consulted
included:

1. Georgia Tech

2. Stanford University

3. Texas A&M University

4. University of California at Los Angeles

5. University of Colorado

6. University of Dayton

7. University of Michigan

8. University of Pennsylvania

9. University of Texas

10. University of Wisconsin

11. Virginia Polytechnic Institute
Section C was a listing of the courses included in Section
B and each respondent was asked if he had the course or a
similar course at the graduate or undergraduate level and
where he completed the course--in a formal school, by
correspondence, or through PME.

After the questionnaire was administered to a sample
group of civil engineers, and their comments considered, it
was put into final form and formal approval requested to
conduct the survey. After approval was obtained from the
Military Personnel Center at Randolph AFB, Texas, the sur-

vey was mailed to the appropriate positions at eighty-nine

bases.
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Population and Sample

The population consists of the four base level man-
agement positions at all Air Force bases. Due to the fact
that assignments within the Air Force were continually
changing and that qualified personnel within each branch
frequently take charge of the branch when the branch chief
is on leave or TDY, the sample will also include the deputy
BCE and the deputy branch chief positions.l Data from a
deputy position was considered valid if the incumbent had
worked in the branch at least one year.

There are currently 148 major Air Force bases
worldwide (2:138). Of this number only 108 have all four
of the management positions. Twenty of these bases are
overseas and since some deputy positions could be occupied
by foreign nationals, it was decided to exclude overseas
bases because of possible language and educational equiva-
lence problems. The sample, therefore, was limited to the_
8 management positions at 89 Air Force bases in the con-
tinental United States, or 712 possible positions.

The 1976 job list does not identify deputy or
civilian positions, but the following military positions
are identified and it is assumed that all branch chief posi-

tions not listed in the job list are occupied by civilians.

lOfficially, there is no deputy branch chief; how-
ever, for the purposes of this research, he is defined as
the person who fills in or acts for the branch chief during
his absence.
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Military Civilian

Base Civil Engineer/Deputy 91 -
Chief of O&M 84 4
Chief of Programs 77 11
Chief of E&C 3 85

No estimate was made of the military civilian mix

in the deputy positions (13).

Data Analysis

A computer program was developed as a part of this
research effort. This program, written in FORTRAN IV,
a1tomatically performed all grouping, summarization, rank-
ing, and tabulating of the course ratings.

Questions 9 through 62 were the list of the 54
selected subject areas, where each respondent rated each
subject area on an interval scale from 1 to 10. A response
of 1 indicated no need for the subject area, and a response
of 10 indicated that the subject area was required.
Responses between 1 and 10 indicated varying degrees of
need of usefulness. The ratings for each subject area were
summed by position. The subject area's mean rating for
each position was then calculated. These means were then
tested for significance, and the results listed by position
in descending order of mean values. The result can be seen

in Appendix B.
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Statistical Test

A parametric statistical test for significance was
used on the data collected in response to questions 9
through 62. It was assumed that the responses to questions
9 through 62 were independent, the populations were normally
distributed with equal variances, and the scale was interval
(5:380).

The test was a Z test to test the computed mean
rating of each subject area for each position to see if the
mean was either significantly higher than an arbitrarily
selected upper parameter or significantly lower than an
arbitrarily selected lower parameter. The Z test was
selected instead of the t test because the sample size for
each position was at least 100. The upper and lower
parameters were selected at the points that mark the upper
and lower thirds of the scale. On the 1 to 10 scale these
points are at 4.00 for the lower and 7.00 for the upper
parameters. The computer program calculated the following.
for each subject area in each group:

a. n = sample size for each position.

b. X = the mean rating of each subject area for
each position.

c. S = the standard deviation of the ratings of
each subject area for each position.

d. a = the confidence level for each test of sig-
nificance.

e. 2Z = the test statistic where:
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1. For X > 7.00 Z =X~ 7.00
S/Y n

2. For 4.00 < X < 7.00 Z = 0.00

3. For X < 4.00 z2= X - 4.00 (3.267)
S/Y n

The hypotheses used in each test of significance were:

For the upper level of 7.00:

H X £ 7.00 or th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>