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ABSTRACT

The perceptions of exper1Eﬁﬂﬁd contractcrs fégardlng
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level that was recommended by the education committee of the
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Sixty-three emrployees of Colorado AGC member firms completed the
survey instrument. Based on the findings, the following conclusions
were drawn: (1) respondents fcund it difficult to look beyond their
cwn particular job responsibilities in evaluating the importance of
€lements of the curricular guide; (2) respondents attached a higher
level of importance to elements that were related to their acadenmic
backgrcund: (3) the length of construction experience does not appear
to have a significant influence on perceptions of element importance:
() the respcnse to work experience as an alternate source of
instruction fer construction-oriented elements indicates that
classroom instruction for these elements has only partially been
accepted by industry personnel:; and (5) while eight elements were
found to be substantially less important than all other elements, the
original construction education guidelines are essentially as valid
now as when they were developed. The findings are illustrated by
statistical tables, and procedures used to select the study
population, develop the questionnaire, and analyze the results are
described. A sample questionnaire is included. (SWH)
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PREFACE

The primary objective of this project was to ﬂevel@g%
aesigﬁ criteria for construction education curricula at
the baccalaureate level, utilizing input from the industr ry
practitioner. The project was divided into two segments,
(1) a technical report and analysis of curricular elements

to develope a model data base, and (2) a curricular plan-

[ ]

ning resource guide, which attempts to quantify the ele-
ments for inclusion into a model curriculum.

Since the technical report was also prepared as a
doctoral dissertation, the organization methodology and
statistical analysis were accomplished under the strict
guidance and scrutiny of an acadenic c@mmittee, at the same
time synthesizing extensive input from contractor .educat tion’
committee members and staff members of AGC-Colorado.

The population sample of contractor perscnnpl utilized
in the investigation represented a var;ed segment of the
industry, but because of the magnitude of the total in-
dustry, did not include reference to residential c@nstructicn
or several typés of specialized construction processes, eg;

marine, electrical or mechanical, The investigator found

recommended fo-: ‘:ntial and mechanics




Quantification of desired curriculum elements into
semester credits was not undertaken in the technical report
primarily because of the difficulty in determining precise
time units to many curricular elements. Many of the ele-
ments are already in accepted and traditional time units,
such as: Algebra (3 semester credits). 1Inherent in such
programs is the need for flexibility in "packaging" con-
cepts into courses to meet the specific goals of program
or institution. The planning and resource guide attempts
to place concepts in appropriate component groups which
may be further "packaged" by an individual program into
a specific course.

Many face to faﬂe disicussions with construction pro-
fessionals and educators form the conceptual basis cf this
technical report and resource guide. The inyestigatar
found many divergent idecas concerning construction educa-
tion, but no disagreement on the ééncept or need for the
product - a constructor. This report will hopefully add
data and thought to the educational foundations of con-
struction, which will also serve to provoke discussion,
debate and then further development of this evolving

academic discipline.
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ABSTRACT

Young, James W, '"Analysis of Construction Curricular Elements, "
Published Doctor of Education dissertation, University of
Northern Colorado, 1977.

Purpose

The purpose of this study was tc explore the perceptions of
experienced constructors regarding elements of a construction curri-
cular guide recommends=d by the education committee of the
Associated General Contractors in 1967. More specifically, the
study was designed to ascertain: (1) the relative level of importance
experienced constructors place on each of the elements of the curri-
cular guide; (2) if element instruction should be acquired from
sources other than an undergraduate construction program; (3) if
constructors identify elements not im:;uded in the original guidelines;
(4) if academic background and length of conntiuction experience
influence the perceptions of constructors toward the construction

curricular elements,

Procedures for the Study

An ex post facto design was selected for this study of the per-

ceptions of experienceu constructors regarding elements of a con-
struction curricular gu.. . Jarticipants were limited to field and

project management personnel with baccalaureate degrees,
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the survey instrument.

To determigg the relative importance of each element, the
mean and standard deviatior was computed and rank ordered. Mean
values for level of importance were obtained by equating: '""No impor-
tance to 0; "moderate importance'' to 1; "substantial importance" to
2; and "essentinl" to 3. Respondents selected an alternate source of
instruction if the elemcnt was judged not appropriate to undergraduate
instruction.

The influence of academic background on perceptions of elament
importance was tested by T-test of difference of means. ‘The relation-
ship of academic background to perceptions of element importance
with experience controlled was tested by chi-square test of signifi-
cance,

The data were analyzed with the assistance of the ""Statistical

Package for the Social Sciences'' computer program.

Findings

(1) The inflﬁencez of academic background on perceptions of
respondents was significant on 31 parcent of the elements, (2) With
experience controlled, the relationship of academic background to
perc ..ptions of element importance was significant on only 13 percent
of the elements, (3) Respondents attached greater importance to

elements clésely related to their responsibilities. (4) Only eight

iv



elements were perceived by even a sizeable minority of the
respondents as more apgropriatély acquired from sources other than
an undergraduate program. (5) No element received sufficient nega -
tive response to exclude the element from the original guidelines

for undergraduate construction programs. .

Conclusions

Basged on the findings of this study; the following conclusions
were drawn: (1) Respondents found it difficult to look beyond their
own particular job responsibilities in evaluating element importance,
(2) Respondents attached a higher level of importance to elements
which were related to their academic backgréund_- (3) The length of

constructivn experience does not appear to have a significant influ-

ence on perceptions of element importance. (4) The response to
work experience as an alternate source of instruction for construc-
tion oriented elements indicates hat classroom instruction for these
elements has only partially been accepted by industry personnel.

(5) While eight elements were found to be substantially less important
than all other elements, the conclusion may be drawn that the original

cuustruction education guidelines are essentially as valid now as when

they were developed.



Recommendations

It is recommended that: (1) Based on the apparent influence of
academic background, construction program advisory committees
should be éamprise—d of persons with differing academic backgrounds.
(2) The study should be vreplicated with a population drawn from upéer
levels of management to deterinine if their perception of element
importance is comparable to perceptions expressed in this study.

(3) The role and place of required work experience prior to graduation
should be studied. (4) The study should be replicated in differing
geographic locations and with construction firms belonging to other
industry associations., (5) In light of the minority response to alter -
nate sources of element instruction, the education committes of the
AGC should consider development of additional guiax nes for inclu-
aioL: of co-op (or internship) programs in the undergraduate programs,
use of industry seminars as supplernentary undergraduate instruction,

and development of guidelines for graduate level construction courses.
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CHAPTER I

DEVELOPMENT OF THE GDNSTRUGTDRl

Nature of the Construction Industry

The business of construction represents a multiplicity of
anomalies in the American industrial world, Contrary to typical
business operations, the cantractgrz moves to the construction site,
sets up a "factory,'" hires a working force, produces '"one of a kind,'
diemisses the employees, closes down the factory, ard moves to the
next project he has contracted to manufacture, Each p?éjezt opera-
tion presents new production problems, new groups of production
employees, and a complete new system of controls for management
of the project.

Further, ﬁnlike the major auté makers or electronic data

manufacturers, the largest contractor organization has less than

l(:cnstfuc:ta;'z a responsible master of that discipline which
comprises the whole of the construction process as well as the
esseniial parts thereof, possessing such skills founded on syste-
matic knowledge acquired through prescribed education and refined
by experience, or earned equivalently as a recognized practitioner,
who initiates, develops, produces, delivers, and services in whole
or essential part. '

2 , | : i
‘Contractor; refers to the total construction organization

operating as a business entity,




one percent of the total construction markej:.l The largest contractor
by total dollar of contracts in 1975 exceeded 6.8 billion dollars,
w};ilé the 400th contractor in size had under 24 million dollars in

contracts in the same year. Engineering News Record reported

thirty -one percent of the work constructed in 1975 was accomplished
by the top 400 construction firms. The remainder of the construction
dollars expended in 1975 was by thousands of small one -owner
organizations.

Historically, while industry data indicates construction is one
of the country's largest industries, employing 15 of every 100
workers; there are indications of high risk -- both financially and

technically -- in the construction industry. 3 Engineering News

Record reported an average of 45 to 55 construction company failures

per week in the United States during 1975. Low working capital
requirements and poor licensing and pre -qualification procedures
make it easy for :ﬁany unqualified persons to enter the contracting
field. Bonding é@mpanies report the primary causes of company fail-
ure are inadequate management procedures and lack of financial con-

trols. Another characteristic of the American construction industry

'1"The ENR 400, " Engineering News Record, April 15, 1976,
p. 66.

2. The ENR 400, " Engireering News Record, April 15, 1976,
p. 80.

3”Building Slump Lingers; Gains Seen for '77,'" Epgineering
News Record, January 22, 1976, p. 42.

.
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is its slowness in adopting known industrial management techniques
in manpower planning and utilization, tirme planning and scheduling
systems, ahd materials handling techniques long used by the typical
manufacturer. For example, while premanufactured brick panels
are available, the typical constructor is placing bricks in a wall one
at a time, at a pace less than that of 30 years ago, and in the same
manner as 200 years ago.

Accelerated building costs, however, have dictated iﬂcreased
industry efforts to improve capabilities in systems building, con-
struction techniques, construction equipment design and utilization,
and the computerization of cost control and scheduling.

The traditional contractor of several decades past came up
from the crafts after years of journeyman training (generally
carpenters) or as graduates of conventional engineering programs.
With minimal sophistication and a great deal of hard Wcrk and
ingenuity, many ''constructors" succeeded., However, technological
advances in building systems, advé.m:ed manageﬁﬁent tools, and
greater emphasis on control of costs have created an increased
demand for highlyiqualified technical and managerial personnel by
the industry. Bonny relates the foélm%ﬁg requirements for this '"new
breed' of contractor:

Courage and optimism and v:illingness to work are
no longer enough to assure success in contracting, The

new breed of contractor and all of his staff, as he grows
* larger and spreads geographically, must have knowledge

B,
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and great competence in many fields, He must understand
how to choose and organize his staff. He must know how

to command. . .get the financing. . .engineering and
estimating must be understood. . .the strategy of bidding. . .
accurate and detailed costs, . .insurance. . .labor rela-
tions and public relations. . . .No longer is it possible

to run a Gﬂﬂﬂffut;tir;ﬂ company 'by guess and by God" with

a little luck.

Construction- Management

The successful constructor (one who completes the work on
time and makes a profit) has balanced and interfaced a series of
controllable functions and a variety of uncontrollable factors. The
acquisition of riew construction contracts is in one sense controllable
in that estimates and bids can be produced. However. if the bid
" submitted is not lowest, the project will not be available to con-
struct, Weather, for example, is an uncontrollable factor of a
possible disastrous magnitude, u,nless the superintendent or project
manager haskplanned ahead for alternate activities, adjustments in
crew sizing, and the modification of scheduling for remaining
activities. Cost control is a function that can be planned in an
orderly manner; labor relatione on the job is largely unpredictable

and difficult to control. To coordinate the manyrdifferent functions

l;T . B. Bonny, ed., Handbook of Construction Management and

Organization (New York: Van Nostrand Reinhold Company, 1973),
?‘7 Z i""ir -




and factors inherent in construction requires a flexible, skillful
management team of specialists working toward a common goal; to
construct at a profit.

The organization is largely determined by the type of work
déne, contractural system used, and qualifications of personnel,
Several examples of construction organization operational systems
are: (l) a general contractor who does very little sub-contracting,
(¢) a general contractor who subs out most of the work (sometimes
referred to as a broker), (3) a design~build contractor who contracts
for all design phases and the construction, with varying degrees of
sub-contracting, and (4) the construction manager, who may be a
direct representative of the owner and be involved from design
through construction, and who may ¥mt do any construction with his
own forces,

Contractors, regardless of operational type, have a field
supervisory group and a home office organization handling gvera;l
ysroject management, estimating and bidding functions, accounting
and purchasing, Although firms vary greatly in gross income, the
number of staff personnel involved will not vary in the same propor-

tion, A typical contractor may have 6 to 12 projects under way, a

lDefiniti::nz The process of marshalling money, men,
materials, and equipment against time, weather, and human nature
to accomplish the act of construction. ASC 1966,

0



staff of 7 tﬁ 20, and an annual gross income varying from $500, 000
to $100, 000, 000,

The field organization is headed by a Superintendent who is
responsible for job-site control of the project. He has the authc)fity‘
o hire or fire the labor force and cocrdinates all sub-contractor
activities. Depending on project size, several gtaff positions may be
assigned: assistant superintendent responsible for gsegments of the
work; project engineers responsible for cost control, scheduling,
and shop drawings; field engineers responsible E::;fr field layout,
materials exi:aditing, quality control, and material estimates,
Hired for tuis single project are journeymen from several specialty
areas (masong, ironworkers, painters, etc,) and a foreman for each
of the crafta, This work force will vary in size as the job manpower
needs are determined during the life a§ the project.

'I‘he-Pfajecthanager has overall control of the project and
handles contract adminiatratié;n; he monitors and attempté to control
costs, and serves 28 project liaison between the Owner and
Architect. A Project Manager may be respgnsible for several
prajects or a single large project. He may also be responsible for

bidding of new work, if the company does not have an estimating

lJ'. J. O'Brien and R. G. Zilly, eds., Contractor's Manage-
ment Handbook. (New York: McGraw-Hill Boolk Gompany, 1971),
?i' 3—‘4. -
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department. The field force reports to the Project Manzger through
the job Superintendent.

Within the company structure are support functions of account-
irxg‘, purchasing, equipment maintenance, and general overall opera-
tions control through the chief executive officers. The construction
organization has no standard profile, nor are position titles and job
descriptions cormmon to all of the industry. Accounting methods,
estirmating procedures, and business acquisition techniques differ
greatly between companies, Common to the industry, however, are
the basic conceptual processes of determining the probable cost of a
project from a set of drawings and specifications, bidding or nego-
tiating a contract, and organizing a field manufacturing system to
produce the project.

The uniqueness of construction operations requirees manage-
ment and technical persons with qualities noted by the AGC in the pre-
¢mble to the consfruction education guidelines:

(1)  The human understanding to be able to work with

~all types of people,
(2)  The discipline to think and reason logically.
(3) The technical ability o visualize and solve
practical constructicn problems,
(4) The managerial knowledge to make sound decisions
and implement them on a prudent economic basis,
(5)  The facility to communicat~ these decisions
clearly and ~oncisely.
(6) The profensional stature to provile dynamic leailership

in the construction industry and the community.

1 Associated General Contractors, ""Educational Goals and
Recommended Construction Curricula for the Construction Industry,"
Washington, D.C., 1967.
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Education of the Constructor

The neéd for uniquely educated persons for constructio.: was
recognized by some segments of the industry and by educators in the
early 1950's, In 1951, University of Mississippl Professor of Civil
Engineering ¥, H. Kellogg proposed, as he called it, major surgery
on the then current civil enéineer—ing curriculum to prepare graduates
in engineering to be more than technicians in construction.
Professor Kellogg suggested that most senior design courses be
replaced with specific construction subjects and even courses ''for
thcge who intend to work with people, . . . particularly instruction
requiring writing and thinking in words rather than in pictures,
numbers and symbols.’ " W. A. Klinger -- c:csnt.ractér, former
president of the Associated General Contractors (AGC), and active
I rapanent}: of education and training programs for construction --
proposed a new degree ?ragram for construction in 1956, Essen-
tially a fifth year on top 95 a ’civil engineering degree program,
Klinger's recommendations included management courses, technical
construction courses, and general business accounting, Also recog-

nized by Klinger was the fact that only one major institution had a

lF. H. Kellogg, 'The Construction Curriculum in Civil Engi-

neering,'" Civil Engineering Bulletin, February, 1951, p. 9.

ZW; A. Klingle:, "Construction Education: Industry Leader

Proposes 5-Year College Curriculum, " The Constructor, January,
1956.
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degree in construction engineering: national engineering organiza-
tions were just beginning to study the prablem of education for
construction.

A survey of contractor members of the AGC in 1963 concluded
that contractors did, in fact, want an emphasis in construction
management; even if advanced strvctural design and certain other
courses had to be omitted., However, this survey concerned itself
with civil engineering education only, and while contractors respond-
ing to the survey questions felt that "construction was essentially a

perscn,

Degree programs in "building construction'' existed prior to

-World War II. The oldest continuously operating program, Uni-

versity of Florida, started in 1935. Other programs were initiated

after World War II with the encouragement of Johns-Manville

Gorporation, a building materials company, Johns -Manville's
interest was to ''encourage young people to enter the building
industry,"z However, the industry generzlly indicated.an attitude of
'""sub-professional' toward such non-engineering degree curricula,

1 . . s .- .
W. A. Klingler, "What Do Contractors Want in Construction

Education? !, The Constructor, August, 1961,

ZI{,- D. Knievel, "Hintory of Industrial Construction Manage-
ment at Colorado State University and A Comparative Study of
Contemporary Programs.'' (Masters Thesis, Colorado State
University, 1965), p. 14. :

Q4
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The national education committee of the AGC began discussions
on recommended construction curricula in approximately 1965. A
sub-committee composed of construction company executives pro-
duced a goals statement which stated:

Increasingly, the Construction Industry is coming to
realize that it will be served best by personnel specifically
educated and trained in the managerial and scientific tech-
niques necessary to meet the ever-increasing demands of
this rapidly changing technological age. Few industrics
have more diversified personnel requirements. Professional
engineers, business managers, technicians and skilled
craftsmen, together form its manpower framework,

Probably no other industry is so beset by recurrent

personnel shortages at all levels. It is more than obvious

that expanding training of manpower is one of construc-

tion's rmost pressing needs. '

Finally completed in 1967, this statement and recommended
curricula guidelines were circulated to all AGC members and inter-
ested institutions, While these guidelines were significant because
of being 'first,'' the development process was conducted by a very
emall segment of the total construction industry. The problem still

remains: What are the signifizant and desirable elements in a

construction curriculum?

lAasaciatéd General Contractors, ''Educational Goals and
Reccmmended Construction Curricula for the Construction Industry,"
Washington, D.C., 1976. '



?\irpases of the Study

The purpose of this study was to explore the perceptions of
experienced constructors regarding previously developed elements
of a construction curricular guide developed by an education com-
mittee of a national construction association between 1963 to 1967.
More specifically, the study was designed to'answer the following
quesgtions:

1, What level of importance do selected experienced

constructors place on each of the elements listed
in the curricular guide?

2. Are curricular elements listed which present day
constructors feel should be obtained from sources
other than an undergraduate program in construction?

3. Are curricular elements identified as essgential to
undergraduate curricula that were not included in
the original guidelines?

4. Does the academic background or length of construc-
tion experience influence the perceptions of experienced
constructors toward the construction curricula elements
of an undergraduate program?

Guidelines established in the mid-19608 remain as the only

available nationally distributed recommendations for construction
programs in the developmental stages, With the many changer in

industry occurring over the past decade, there is reason to queution

the applicability of the guidelines in the present time frame, There

, lDefinitions Elements -- For the purpose of this study, .an
element will designate the smallest single subject area as listed in
the AGC Construction Curricula guidelines.

20
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is algo reason to believe that field and operational personnel may

i I, Little formal research has been undertaken to investisa
view with a totally differen; perspective required competencies, 28 entaken o investigate

f t and validate requirements for a baccalaurcate degree in
compared to the viewpont o} top management,

construction,

Movement Toward Accreditation )

The exiating curricula guidelines are over ten years old,

3, Contractors, while aware of the desirability of construc-
The proliferation of construction programs in recent years at ' lity truc

L tion graduates, are concerned about the uniformity of
ihe baccalaureate level suggests the need to pe-gvaluate the make-up

l
' ‘ catl programs,
of existing curricular guidelines, The Construction Bducaticn

A 4. Development of accreditation procedures for conetruction
Directory [AGC, 1974) listed 93 colleges and universifies offering |

D education is currently dependent on out-dated data,
yndergraduate and/or graduate degree programs or options within y dependent on out-dated data

‘ i5 i3 an increase of forty-eight Several researchers over the past decade have Livestigated
degree programe in construction, This is an increase of forty-eigh

ne Associated Sehools of Construction (ASC) various apects of construction education, In 1969, Caldweli |Uni-
The Associated Schools of Lo r

l
schools since 1969,
hership of fift ith several apglications versity of Florida) surveyed academic programs in construction -
has 3 1977 membership of fifty-one, with geveral applicat
throughout the United States, Caldwell reported on one basi
pending, This organization represents only construction degree § p asic

7 problem of construction programs »» identification:

programs at the baccalaureate levels Annua) surveys by the ASC

The building construction department is located

from 1966 to 1976 show that total enrollment increased from 2, 043 in one of two colleges or achools in the majority of
‘ ingtitutions, Of the twenty-one institations includ
. students, and praduates receiving B.5, degrees in this studv it v erwernyrcme mspmna m:;;uded
students to 6, 300 students, ad graduat i in this study it was found that the department is located
, o in the College oz Sck.oal of Architecture in twelve
increaged from 350 in 1966 to 1,264 in 1975 instances and in the College of Engineering in five,

‘ o Of the remaining, two are in Schools of Busines

1 in construction education continues, the following e tlrrt‘fargsrorBusmressr

While growth in construction educalion €0 and Administration, two in Industrial Arts, and one

in the College of 45‘51"1,<:ultt,1re.Z
conditions exist indicating a need for thig study: ————
| C

I ‘ Intetviews with contractor members of construction education
lCDﬂstruction Education Direciury (Washington D,Coi The ' commitiees over a six-year period, 1969-1975, by the researcher,

Asgociated General Contractors, 1974), b Lo

ZAEBociated Schools of Construction, "iinutes of the eleventh Conatruction at Institutions of Higher Learning Throughout the United
eneral mreetiﬁrgrcf'therAs,s'n;;iated Schools of Construction," Monroe, Siates" (unpubliched Master's thesis, Florida State Univarsity,
Toulgiana, 1975, (Mimeographed), 1964) 5 3,
' i}
Q él;v
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Knievel essentially support:d the above findings and noted the
lack of faculty witﬁ doctorates, indicating that in 1965 it was not
possible to earn a doctorate in ccznstructi;ani l‘ While Knievel did not
attempt to place values on the inclusion or exclusion of subject areas,
ha did compare course offerings at Colorado State University and
seventeen other achools., A primary finding was the inconsistency
in types of course areas, with the exception of general education
(English, social sciences, etc.) and the most basic of engineering
courses,

A survey of Asscciated Schools of Construction (ASC) members

in 1966 essentially substantiated the findings of Caldwell and Knievel,
The ASC survey divided the curricula into five academic areas and
had participating schools assign their courses to the various cate-
gories, The most apparent aspect of this seventeen-achool study
was the non-uniformity of aiferings, For example, the range of
basic sciences offered was Irérn a low of 11.9 percent to a high of
32, 5 percent of total curriculum credits. Other areas of applied

sciences, management, and humanities were just as varied, Such

lEinievel; p. 32.
ZAssaciated Schools of Constructior, '"Report of Curriculum

Study Committee, '’ by Frank Orr, Chairman, Auburn University,
1947.

Ry
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curriculum guidelines existed during the development of the

A\ later curriculum comparison study under the auspices of
ASC included a greater number of schools. The curriculum compo-
nents in that study were the same as the AGC recommended guideline
componerts, in an attempt to compare programs against the guide-
lines. Mary of the same general charactzaristics of g%r—lier studies
appeared in this 1973 ASC study. A wide range of courses was
listed under such components as '""construction,'' ""managemient, " or
'"science,'" The percent distribution of required ccxﬁfses in construc-
tion, for example, ranged from a low of 21 percent to a high of 41
percent, Under the management component, the percent distribution
of required courses ranged from a low of 10 percent to a high of 28
per:eﬁti ! The AGC recommendation for each of these two areas is
15 percent and 16 percent, respectively. Pﬁjpartéfthese reported
studies included an industry needs assessment or placed a '"value' on
particular curricular elements. These twd ASC studies pointed out
to educators and industry persons alike the lack of standard
programs or even basic knowledge, specific knowledges, or compe-

tencies required by constructors.

i
IAssagiated Schools of Construction, '""Report of Curriculum
Study Committee, ' Thurman Potts, Chairman, Northeast Louisiana
University, 1973,
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Some educators have attempted to identify these elements by
field surveys among construction contractors. For a study of
construction education at Purdue University in 1973, Moss had
industry practitioners rani academic topics, skills required by
graduates, and knowledge expected in a construction graduate, Six
genior level construction executives from the same metropolitan
area gave a value of 0 to 3 to each element from a predetermined
list. The mean values were then rank ordered, These data were
then used to formulate several proposed curriculum models.

More recently a senior undergraduate student of Iowa State
University mailed questionnaires to approximately 100 graduates and
theix aml;:la?ers to determine their opinions of specific courses and
the overall effectivaﬁeés of the construction engineering curriculum,
Specific courses were listed, and graduates and employers were
askéd their opinions on each course. Comments from employers
included the statement, ". . . Construction engineers are much better

prepared for construction than are civil engineers,"

l]?.;, D. Mo's, "'Knowledge and Skills Expected in a Construc-
tion Graduate, ' Unpublished report presented at meeting of Joint
Committee for Construction Education, Purdue University, August
1972,

L. L. White, "Report on the Effectiveness of the Construction
Engineering Curriculum at Iowa State University," The American
Professional Constructor, 1974, 2(2), 5~-l4. -

31




17

Concurreni with the several studies reported, ASC and the
American Institute of Constructors (AIC) proceeded to develop
accreditation procedures for construction education. The American
Council for anstructia'n Education was incorporated and presented a
proposal for formal recognition to the Gouncil on Post-Secondary
Accreditation (COPA) in early September of 1976, For the present
time, ACCE has been content to utilize curriculum components and
percentages ~9 formulated by the AGC and used by the ASC, For the
first time in the development of education for construction, all major
industry associaiions have joined to support accreditation efforts by
ACCE. However, there is still no real congensus by industry and
educators as to the required curricular elements that will produce
the desired "constructor," éapable of meeting the needs of this

complex industry,

Study Limitations

The magnitude c{ the construction industry in the United States
is such tl{at no single description, picture or research study can
adequately begin to cope with this complex body of industry associa-
tions, company argan’izations, and construction praocedures. There
is need, then, to focus on a group of constructors which represents
the industry. The following limitations were placed on this study to

maintain a manageable range of personal contact with the
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participants, and to beiter understand the scope of work by the
contractor organizations.

Limitation Number l: Participants were selected from

member construction firms of the Golorado Chapter of the
Associated Ger;gral Contractors of America. The study was
concerned with development of educational elements by an
AGC committee which has continued to function, bringing to
individuals in AGC member firms an awareness of educational
opportunities and needs. In addition, the 131 firms of the two
AGC Chapters in Colorado represented a cross section of
contractor operations in general construction, atility, and
heavy-highway construction, These firms also fepresented a
range of dollar construction volume, and varying sizes ai
management staffs, It can be reasonably assumed that this

I
group represented the contractor members of the AGC,

Limitation Number 2: Participants were selected from staff

and salaried positions, with primary responsibilities in field
operations and office technical and management functions. The
highest level of responsibility of a participant selected for this
study was that of Project Manager. Corporate jlével executives
have often indicated that much of their working time is spent

in community affairs, politics, and other activities outside of

and away from daily project opzrations. For this reason,
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personnel belew the corporate level were selected as
participants,

Limitation Number 3: Only persons with college degrees

qualified as participants. The terminology and basic concepts
used in the construction of the AGC guidelines are related to
college and university curricular procedures. Thérefﬂre,
awareness of these procedures was essential to the respon-
dents' understanding of this study.

Limitation Number 4: Participants were selected with a

minimum of one year construction experience. One year's

experience was considered minimum to develop an awareness

or understanding of construction procedures.
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CHAPTER II
PROCEDURES FOR THE STUDY

This study investigated attitudes afnd perceptions of experi-
enced constructors toward construction curricular elements developed
by an industry association in the early 1960's. These curricular
elements were re -evaluated by field and middle management con-
structor perscnnel employed by companies having rmembership in the
gsarne association which developed the original list of curricular

elements.

Selection of Constructor Participants

The base populatian from which participants were selected
were employees of member firms of the two Colorado chapters of
the Associated General Contractors of America. These two chapters
represent general building contractors, utility construction, heavy
and highway contractors and some industrial construction. Member
firms range in sise,_indicateﬂ by the yearly dollar volume, from
under one millian'dlﬁsllars to over 120 million d-ollafg. The
researcher's prior association with these firms indicated a high
utilization of degreed personnel in staff positions, particularly from

engineering and construction management disciplines. Executive

o
e



and stalf personnel have been active in state and national AGC

affairs over the past decade, with particular emphasis in education
’and, training progzams of the assuciatian,l The operational area of
thee construction firms varied from a twenty~five mile radius of
Denver to nationwide, Most companies had home offices along the
Colorado front range, This area represents the largest concentration

of construction firms in the central Rocky Mountain states, With the

assistance of the executive staff of each AGE chapter, membership

Lists were reviewed to eliminate firms known to have no operational
persomnel or projects undetway; to eliminate firms doing husiness
only in the far westere section of Colorado; and to eliminate firme
which had no personnel that could be categorized within the study
parameters, As stated in the limitations of the study, the partici-
Jants were to have:
1, Baccalaureate degree,
+ & Minimum one year construction experience aftet staduation,

3 Major responsibilities in field, project or office manage-
ment,

Data with respect to firms contacted and the number responding is

presented in Table L

] L
| The AGC of Colorado, Building Chapter, Inc., employs 2 full-
time educational divector, The Colorado Contractor's Agsociation

assigns educa fonal functions to the assistant director of the chapter,

Q

IToxt Provided by ERI

0
TABLE I

PARTICIPATING CONSTRUCTION FIRMS

— T

Member-
Firms ship  Deleted Contacted Responded
AGC of Colorado Con-
tractors 65 12 5 2
Colorado Constructors

Aszociation §5 42 4 11

Fxecutive officers of the AGC member construction firms were
contacted in person or by phore, with the assistance of the education
director of the AGC chapter office, The study cbjectives were out-
Jined to the executive and if a positive response Was received the
executive was asked to identify participants that were within the
study parameters, Some executives were reluctant to identify all
potetial pazticipants in their firm, and in fact, some executives
did not know or remenaber which persas had degrees, For this
season, it was impossible to determine the total potential number
of participants, The finel composite nymbet of persons agresing
to participate was determined to be 123 degreed, staff personnel,

Approimately half of the questiomnaires vere delivered in
person to the chief executive of the construction firm or a member
of the management stafl The remainder were mailed directly toa

chief executive, with an additionl Tetter of introduction, Sample

letters and the survey instrument are included in Appendix B,

3 !;i
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Sixty-five of the 125 survey instruments were returned by the dead-
line of September 15, 1976. These responses represented 35.4
percent of the 96 construction firms asked to participate in the
study. Although there isr no precise data to support or deny the
contention that the participating personnel are associated with firms
ranging from small dollar volume to large dollar volume, it is
believed that the respondents represent a fair cross-section of

commercial construction contractors.

Design of the Survey Instrument

The primary purpose of the study was to determine the percep-
tions of experienced constructors toward educational elernents
developed for baccalaureate construction eduéatiaﬂ programs by the
AGC committee on Construction Educatiot.. These perceptions were
analyzed in relation to the following variables:

(a) baccalaureate degree of the respondent

(b) length of construction experience .after graduation,
Respondents were also requested to recommend new elements and to
select one of three alternatives of element instruction if the listed
element was nct appropriate to an undergraduate curriculum.

The instrument was designed in two parts: (a) biographical data
on the respondent, and (b) a Likert-type scale format for regpaﬁsé
to the 63 elements. The complete survey instrument is inciuded in

Appendix C.. The bio-data form included questions concerning:

38
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1. Name of present employer

2. Type of cunstruction performed by the company

3. Title which best describes respondent’'s current position
4. Years of work experience in respondent's current position
5. Years of work experience after gradaation

6. Year of graduation from undergraduate degree program
7. Type of undergraduate degree program

8. Name of institution from which degree was received

9. Graduate level courses taken
10. Type of graduate degree
11. Has the respondent taken a continuing education course?

12. Is the respondent registered as an Architect or Professional
Engineer?

The distributional éharégté.ristics of this bio-data were com-
piled in the form of frequency distfibutiaﬁ tables, with appropriate
surmmary statistics.

-Thé second segment of the survey instrument inéluded the list
of consgtruction curricular elements, divided into three sections:
(1) Construction and Management Elements, (2) Basic Sciences and
Engineering--Basic and Applied, and (3) Socio-Humanistic Studies.
The list of elements used in the study was an interface of two recom-
mended construction elements lists, one for building construction and
one for heavy highway construction. The AGC Education Committee

decided in 1972 there was no real difference between the two original

39



separate lists and combined the recommended guidelines into one
recommendation for purposes of simplicity. No elements were
deleted unless there were duplications.

To give greater clarity or better understanding of terminology,
the researcher expanded several of the elements used in the original
list. For example, the AGC list used the word ""graphicas, "' but did not
indicate if mechanical or architectural graphics, or both, were
desirable., The survey instrument included both types of graphics.

Construction cost accounting was added to supplement the term

the term ''cost estimating." To determine if an academically higher
level éf mathematics and physics was desired, the elements "differ-
ential equations" and "engineering physics'' were added to the list
used in the survey instrument.

After éach of the three sections, several blank spaces were
included to permit writing in recommended elements.

To the left of each element, space was provided to check one
of the four levels of importance as perceived by each respondent.
The columns were headed: (0) No Epartanée; (1) Moderate Impor-
tance, (2) Substantial Importance, and (3) Essential. Each respon-
o :nt was asked to indicate the level nf importance that he attached to
each element as it related to the level of importance for inclusion in

an undergraduate construction curricula, To provide the respondent

&N
L
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an alternate choice for source of instruction, three columns were
provided at the right of each element: (1) Work Experience, (2) Non-

degree Special Course, and (3; Graduate Program. A fourth column

H i

was provided to indicate that the element was not needed in construc-
tion. The selection of alternate sources of instrgction categories
was based on experience of the regsearcher in construction education
and in gonsuitatian with experienced constructors.

The format of this study has been based on prior work related
to determining technical éﬂmpetenﬁies and performance levels desired
by industry. In 1969, Maness assessed the perceptions of industry
as to the need for curricular elements termed "integrated circuits, nl
Maness indicated the desirability of limiting the number of choices
when industry persons are asked to respond to the questionnaire-
type studies.

In a study of vocational agriculture teachers, Qadesz requested
each respondent to determine a performance level a;ad to indicate the
source of each technical competence, Five levels of performance

perceptions and seven sources of instruction were used.

lyfaness, M. T. "A Critical Analysis of Integrated Circuits
With Implications for Industrial Teacher Education Programs,' (Un-
puhlished doctoral dissertation, University of Northern Colorado,
1969).

zéades, John Douglas. ''Occupational Experience and Techni-
cal Competence of Vo-Ag Teachers,' (Unpublished Ph,D. Disserta-
tion, Colorado State University, 1976).

41
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Bio-Data Analysis

i

The survey instr’ ment requested each participant to indicate
the major type of construction his company performed. Table II
indicates the frequency of construction firm type in each of the ten

categories listed.

TABLE I

FRIMARY TYPE OF CONSTRUCTION PERFORMED
BY RESPONDENT'S EMPLOYERS

= e ——————————————

e

- Frequency Percent

1. High-Rise Commercial 0 0

2. Commercial 26 41.3
3. Institutional 0 0
4. Heavy-Highway 14 22.2
5. Highway 2

Lo o N 8
(%)

-

%11

6. Utility
7. Industrial
8. Commercial-Utility

9, Comme rcial-Industrial 1

LA B - D et
.
L5y
0
%

10. Other types

Since many construction firms are diversified, a single word
description of the tfpe of construction performed was difficult.
Participants were asked to incicate their secondary type of construc-
tion performed by the respondent's employer. Table III indicates
the frequency of secondary type of construction performed by respon-

dents' employers. '
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TABLE I

Frequency Percent

Type

1. High-Rise Residential 3.2

3.2
12.7
25.3

lié

2
2. Couimercial 2
3. Institutional 8
4, Heavy-Highway 16
5. Highway 1
6. Utility . 5 7.9
8 12.7
5 7.9
9 14. 2
7 17.5

7. Industrial

8, Commercial-Utility

9, Commercial-Industrial
16, Other types

Positions Held by Respondents

Participants were asked to indicate the primary and sezandary'
job titles which best described their current company responsibility.
Job titles @sed in the survey instrument were selected with the aid
of industry consult.nts to rei.ect large and small company organiza-
tions. ,

Several respondents from emall construction companies used
the title ‘af "Vice President.! The researcher, aftera personal
interview with the respondents, determined that the day-to-day

responsibilities were involved primarily with day-to -day project
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management. As a result, the respondent's title of ''vice president'
was recoded as ''project manager. '

Table IV presents the frequency of response by position title.

TABLE IV

JOB TITLES WHICH BEST DESCRIEZ CURRENT
PDSITIQN OF RESPC)NDENT

Position _ Frequengy Percent

1. Field Engineer 1 1.6
o -2. Assistant Superintendent 1 1.6
3. Project Engincer ‘ 8 - 12.7
4. Superintendent 5 7.9
5. Estimator ’ 13 20. 6
6. Scheduler 0 0
7. Cost Control 0 0
' " 8. Project Manager 31 49,2
9. Officer Manager a 1 1.6
10, Other Tiues* 3 4.8

@ther titles included: Chief Estimator and Office Engineer,
and Vu:e President.

Undergraduate Degrees of Respondents

The respondents were asked to indicate the undergraduate
baccalaureate degree received, Table V pregents the frequency for
ea’ich of the degree title s- listed. Four respondents indicating '"other"
were reassigned to a category most closely associated or related,

i.e., English Literature recoded as Humanities; Architectural

o | 44
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Engineer;ﬁg as 5 Year Architecture; and Construction Technology
as Building Construction. The above degrees were received from

twenty-seven different colleges and universities as indicated by the

respondents on the survey instrument.

TABLE V

UNDERGRADUATE DEGR

EE OF RESPONDENT

e

Frequency % cof Total

Type

Architecture 5 Year

5 7.9
, Business 6 9.6
Construction-Building 5 7.9
Construction-Engineering 1 1.6
Construction-Management 21 33.3
Engineering-Civil 21 33.3
Engineering-Electrical 1 1.6
Engineering-Mechanical 1 1.6
Science | _ 1.6

6

_ I ) o
Humanities 1 1.

1
Construction Experience of Respondents

Respondents indicated their length of construction experience
in terms of the years of experience since graduation and the number
of years' experience in their current position. Table VI reports

summary data for each category.
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TABLE VI

CONSTRUCTION EXPERIENCE OF RESPONDENTS

‘Frequency Mean Std. Dev. Range

Years' Experience
Since Graduatian 63 10.17 yrs. 7.99 29

Years' Experience
In Present Position 63 ,  4.94yrs. 5.95 '29
— ' — e —— = = = ———

The total data are repcrtéd in Appendix D for sﬁnstfuctiqn
experience since graduat:&an and in Appendix E for years of experi-
ence in r~spondents' current positions.

The construction Experient‘;e of respondents listed by acaéemic

degree is indicated in Table VII.

Post -Baccalaureate Education

To determine the extent of education beyond the undergraduate
degrée} questions were asked concerning graduate courses, graduate
| degrees and continuing education courses. Table VIII presents

! -

summary data concerning these responses,

box,
L
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CONSTRUCTION EXPERIENCE SINCE GRADUATION
LISTED BY ACADEMIC DEGREE

Years of
Experience

= ———= ==

Frequency

Construction

Engineering 7

O D 00 =] O e L D e

it

13
14
15
16
17
18
19
20

21
22
23

24

25
26
27
28
29
30

IJOOOOOO (=] oo o OO 00O O -y —_— o OB W W O W W

ii Moo omm . o = o W~ OO O (=] — e e D e DN OO

{Science)

0
0
0
1
0
0
1 (Business)
0 ,

0
2

(Business
English)

= O

(Architec~
ture)
(Business)

)

0
0
0
1 (Business)
0
0
1 (Business)

0
0

™

(Architec-
ture)
(Architec-

ture)

[

IO‘O‘O‘OO‘O

Sub- 29 23 11
totals Total Respondents: 63
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TABLE VIII

POST-BACCALAUREATE EDUCATION OF RESPONDENTS

Type of Coursework Frequency Percent of Total

Coursework at the Yes: 15 23.8
Graduate Level

Graduate Degrees:
MBA 0
MS 5
Ph.D. 0
None 58

Continuing Education Yes: 33 52.4
Courses

Professional Registration

Professionial Registration has not been a prerequisite for con-
tractor operations. However, with a high degree of engineering
educated construction persons as potential respondents, the survey
sought to determine the extent of registered persons in the study

population, Table IX presents the frequency of registered persons,

TABLE IX
PROFESSIONAL REGISTRATION

Frequency

Professional Engineers 6 ; 9.5
Architects : 1 1.6
No Registration 56 88.9




Procedure for Data Analysis

The research design utilized in this study was ex post facto.
Kerlinger states that: .

Ex post facto research is systematic empirical inguiry
in which the scientiast does not have direct control of independent
variables because their manifestations have already occurred

or because they are irherently not manipulatable, Inferences
about relations amopy variables are made, without direct
intervention from concomitant variation of independent and
dependent variables.’

The independent variables of this study consisted of the respondents’
academic background and length of construction experience. The
dependent varjables studied in this investigation were the ratingé of
importance of each element as perceived by experienced and degreed

construction personnel employed by member firms of *wo Colorado

chapters of the AGC.

Relative Importance of Elements

To determine the relative importance of each of the séventchné
elements as perceived by the sixty-three respondents, the means andv
standard deviatién were computed and rank order established. Mean
salues for level of importance were obtained by equating: INo Impor-

tance to ''0"; Moderate Importance to 1. Sybstantial Importance to

nzn. Egsential to "'3'".

lFrEd H. Kerlinger,' Foundations of Behavioral Resgearch,

(Chicago: Holt Rinehart and Winston, Inc., 1973), p. 379.
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Influence of Academic Background

Tke influence of academic background on the perceptions of
respondents toward the curricular elements was studied by testing
the following null hypothesis:

HYPOTHESIS H . : There is no difference between constructors
with academic deogrees in construction and constructors with
academic dogre=s in engineering in their perceptions of the
importance levels of the construction curricular elements.

The corresponding alternative hypotliesis is stated:

HYPOTHESIS H ¢ Constructors with academic degrees in
construction and constructors with academic degrees in
engineering differ in their perceptions of the importance levela
of the construction curricular elements,

The null hypothesis was tested using T-tests of significance on each
element to determine if perceptual differences exist between respon-
dents of differing educational backgrounds. The 0.05 level of signi-

ficance was used to test the hypothesis.

Experience as a Controlling Factor

Thé relationship between academic background and perceptions
of curricular element importance when controlled oy length of con-
struction experience was investigated with the use of contingency
table a.r;alyéis and summarized by chi—squarestest of éignific:aﬂce.
Respondents were divided into two groups by education: engineering

!
education and construction education. These groups were further
divided by length of construction éi@erien:e: less than nine yearé uf

experience and greater than nine years of experience,

50
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The following mull hypothesis was tested to determine if a
systematic relationship existed between the two variables: v

HYPOTHESIS H _: There is no difference between con-

, . cr. L 020 L o , Lo

structors with academic degrees in construction and

constructors with academic degrees in engineering, and

the length of construction experience as it relates to

their perceptions of the importance levels of the construc-

tion curricular elements. »

The corresponding alternative hypothesis is stated:

HYPOTHESIS Ha : Constructors with academic degrees

in construction a’n’% constructors with academic degreers

in engineering differ in their perceptions of the importze.2ce

levels of the construction curriculi> elements, in relation

to length of construction experience of the respondent.

The following model iJlustrates the t..ree-dimensional table
utilized to investigate the relationships stated in the null hypothesis,
Element Cne, Orientation, is used as an example. In the first

table of the contingency table analysis, the controlling factor of 1 to

9 years of experience is examined.
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ELEMENT ONE: Orientation GROUP: Education

CONTROLLING FOR: Experience

(Table One)

Croup

Less than
" 9 years

Engineering
Education

Tot Pct

Cazlné ]
Row Pct
Col Pet

Construction
Education

Count

Row Pect
Col Pct
Tot Pct

7 4 11 14 36 Column Tot
19.4 11.1 30.1 38.9 100 Pexcent
’ Chi Square = 2.077
3 degrees of freedom
Significance = , 556

In the second two-dimensional table, the relationship between

academic groups is examined by changing the controlling factor of

¥

xperience to respondents with greater than eight years,

1w

Cr
&
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ELEMENT ONE: Orientation GROUP: Education

CONTROLLING FOR: Experience
9 or greater

Level of Importance

Group

9 4 18 Count

50, C 22.2 66.7 Row Pct

81.8 44.4 Col Pct
4.8 Tot Pct

Engineering
Education

2 5 -9 Count

2 55,7 33.3 Row Pct
2 55.6 Col Pct

.4 18.5 Tot Pct

~onstruction
Education

-
et
"

ot

— 6% 119 27 Column Tot
3.7 22.2 40.7 333 100.0 Percent

Chi Square = 5.886
3 degrees of freedom
Significance = .117
The critical value of chi square = 7.82 with 3 degrees of freecdom at
the 0.05 level of significance. ‘

The printed output of the computer program were summarized with
the chi-square statistic and probability.

The chi-square test of significance was used Lo determine
whether a systematic relationship existed between the variables of
education and level of curricular element importance when controlled
by length of construction e:fperiencéi Norman H. Nie, in the ﬁianual
for ""Statistical Package for the Social Sciences,'' writes:

If no relationship exists between two variables in the sample

under study, then any deviations from the expected values ‘

whick occur in a table based on randomly selected sample

data are due to chance. Vhile some smali deviations can
be reasonably expecied wue to chance, larye deviatinns,

(S H
o
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i.e,, large values of chi-square, are unlikely. Since we do
not know what the actual rélationship is in the universe, we!
literpret small values of chi-square to indicate the absence

of a relationship, often referred to as statistical independence.
Conversely, a large chi-square implies that a systematic
relationship of some sort exists between the variables. *

Alternate Saurces of Element Instruction

Three categories of instruction are included in this study:
‘(a) wark experience, (b) non-degree special courses, (c) graduatg
programs. Respondents were asked to check an alternatg source of
instruction if the element was important to construction, but should
not be included in an undergraduate program. Resuits were reported

by comparison of percentages of response for individual items.

R ecomme nded New Elernents

The curricular elements listed in the original survey instru-
ment were developad mrér ten years ‘agg; with no new additions in the
intervening time,. With apparent changing construction procedures,
contract systems and newer computerized c;:oét control techniques,
respondents were invited to recgﬁu‘;énd additional educaticen elements
to ri‘l\ﬁ;éf the changing conditions in construction. The iéentificatian

of new curricular elements as recommended by the resoondents is

lN H. Nie, C. H. Hull, J. G. Jenkins, K. Steinbrenner, D,
Bent, Statlstlcal Package for the Social Sciences, 2nd edition,

(McGraw- rﬁll ‘Book Company, New York: 1975), pp. 224.

%

<
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listed by academic areas of basic sciences and engineering, construc-
tion and'managenﬁent, and humanities and social sciences.

The data for this s’tudy;we re analyzed with the use of the
"Statistical Package for the Social Sciences' (SP5S) computer pro-
gram. The basic distributional characteristics .f the variables were
examined through the sub-program "Frequencies.' Investigation of
the relationships between variables was accomplished through the use
of the sub-program '"Crosstabs.” The co%nparisgn of sample means

was accomplished through the use of the sub-program "T-Test."
’ Summary

The purpoue of Chapter II was to describe procedures used to
select the study population, development of the survey instrument,
bio-data analysis and data analysis procedures.

Employees of member firms of the two AGC chapters ¢*
Colcrado were used as population base of 125 experienced construc-
tors, from which 63 responded to the survey instrument., Analysis
of the bio-data indicated that commercial construction (41 perc:éﬂt)
was the primary type of construction performed by respondents,
Heavy-highway construction was performed by 27 percent of the
respondents' employers, Almost half of the respondents (49 percent)
listed their job title as project manager, followed by estimator (21

percent) and project engineer (13 percent).

e
Jdeg
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One third of the respondents' academic degrees were in con-
struction management and one third in civil engineering. The
remainder of the academic degrees fangé& from other construction
and engineering degree titles, architecture, and business,

The researcher utilizeﬁ sub-programs of the "Statistical
Package for the Social Sciences" {SPSS) for computation of one -way

frequency distributions, mean differences, and contingency table

analysis,
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CHAPTER III
PERCEPTIONS OF EXPERIENCE CONSTRUCTORS

A decade has elapsed since t:QﬂStI‘liCtQ’I members of an AGC
education committee developed and distributed the construction
curricular guidelines. This study investigated the perceptions of
present-day experienced constructors toward elements of the AGC
guidelines. Chapter II describes the data-gathering instruments,‘
metheds of research, and analysijs of respondent bio-+data. The
purpose of Chapter IIl is to present the data concerning perceptions

of evperienced constructors with relation to level of element im-

relationship between academic backgrounds, and length of

portance,
construction experience to perceptions of element importance, and to

examine alternative sources of element instruction,

* Relative Importance of Elements

Elementsl listed in the construction curricular guidelines
recommended by the AGC were developed by a committee of con-

struction practitioners whose primary responsibilities were in

lElements numbered from 1 to 30 are related to construction
technology, management and project administration. Elements
numbered from 31 to 60 are concerned with mathematics, science,
and engineering theory and design. Elements numbered from 61 to
71 are concerned with socio-humanistic studies and electives,

fﬁ _
QY




4
overall company management, Participants selected for this study
have major responsibilities in field operations and project manage-
ment in commercial, utility and heavy-highway canstruction: Sixty-
three constructors responded to this study,

The distributional characteristics of responses to the level of
importance scale for each of the 71 elements were summarized by
computing the mean and standard deviation, The relative importance
of each element within the total proup was determained by rank order,
The rank order of elements is presented in Table X, with raw data
responge of respondents reported in Appendi F, Frequency Distri~
bution of Respondent's Perceptions of Level of mportance by
Elements,

Mean values are equated to a numeris scale of 0 to 3, corre-
sponding to the four levels of importance, The approvimate grouping
of elements around a particalar level was assumed from the cioae-
ness of the computed ean value to the fixed nurber valye of the
level of imporlance, The approximate datribuion of elements by
mean values within the four levels of importance i8 indicated in

Table X1,

TABLE X
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RANK ORLER OF CONSTRUCTION

Number Elements

CURRICULAR ELEMENTS

Means  Std. Devs Rank

f

50

Construction Surveying
Specifications & Dravings
Oral Communications
Fund, of Structura) Design

Froperties of Construction
Materials

Algebra
Trigonometry
Quantity Take-off

Structuzal Design: Wood
Concrete, Steel

Project Scheduling & Control
Mechaﬁic:s of Materials
Concrete Form Design

Cost Estimating

English Composition
Surveying: Farthwork
Engineering Surveying
Technical Report Writing
Graphics: Brchitectural
Construction Contracts
Statics k Mechanics
Construction Economics
Orientation nto Congtruction
Soil Mechanics

Cost Control & Analysis

Analytic Geometry

27. IR VA
260 4 Lo
250 b7 LS
a4yt 4

R L L

R/ VIt
L A 65
R LI

L0 88
L B8 05

[
—
—~a
W
o
e
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I

95 Lo o
Lo Sl D
195 L83 U
Lo 9% 83
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Rank

Number Elements Means, Std. Dev.r

53  Foundation Engineering 1.92 . 848 25.5
27 Construction Contract Law 1.87 1.054 27
67 Proiessional Ethics 1.84 .987 28

9 Building Materials 1.83 .793 29
28 Organization & Mapagement 1.81 1.075 30
35 Graphics: Mechanical 1,78 . 923 3l
23 Personnel Management 1.75 1.046 32.5
32 Engineering Physics 1.75 1.015 32.5
26 Business Law 1.73 .901 34
71 Directed Electives 1,71 . 990 35.5
37 Descriptive Geometry 1.71 . 905 35.5
11 Construction Safety 1.70 . ?94 37.5
64 Logic 1.70 - 994 37.5
30 Building Codes 1,67 .933 39
70 Electives (Undirected) 1. 60 1.100 40
10 Construction Equip.."t 1.57 . 945 41.5
25 Labor Relations 1.57 1.042 41.5
31 General Physics 1.56 -980 43

6 Bidding Procedures 1.54 1.044 44

8 Prcject Organization &
Operation - 1.52 1.148 45,5

44  Calculus 1.52 997 45,5
24 Labor Law 1.50 .931 47
18 Construction Cost ficcounting  1.48 1.119 48
20 Principles of Accounting l.46 . 858 49
52 Hydraulics, Water, Sewerage 1.44 . 929 50.5
58 Engineering Economics 1.44 . 875 50.5
69 Psychology 1.41 .926 52
22 Insurance & Bonding 1.40 1.040 53




TABLE X (Continued)

Number Elements Means Std. Dev. Rank

7 Contractor Organization
& Operation 1.38 1.053 54

16 Electrical; Estimating
& Coordination 1. 35 .969 55

34 Geology 1.33 1.031 56.5

15 Electrical; HVAC Theory
& Design 1.33 .935 56.5

19 Principles of Economics 1.32 . 894 58
39 Computer Programming 1.25 .860 - 59

68 Social Science, History
& Government 1.19 . 877 60

21 Finance 1. 17 .907 61
38 Statistics: Business 1.13 . 792 62.5
60 Highway Engineering 1.13 . 832 62.5
40 Computer Data Processing 1.08 . 848 64

62 Hurnanities: Literature

45 Differential Equations 1.00 .933 66
33 Chemistry .91 . 836 67
63 Philosophy .83 773 68
59 Advanced Structural Design .71 . 811 69.5

17 Systems Analysis &
Operations Research .71 L 771 69.5

29 Real Estate Fundamentals . 68 . 667 71
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TABLE XI

DISTRIBUTION OF ELEMENTS BY LEVEL OF IMPORTANCE

Level of Numeric Percent of
Importance Scale Frequency Total Elements

Essential 3 4

Substantial Importance 44 62

Moderate Importance 24 34

3
FA
1
No Importance | _ 0 0 0

Totals 71 100

Elements ranking from 1 to 19, with a mean of 2,00 or greater,
form a combination of basic technical construction skills, basic
mathematics, engineering, and basic communication skills. This
group of elements is strongly oriented toward field production
operations., Conversely, elements relating to overall company
management ranked below 20 and a mean of less than 2 , 00,
Examples of elements in this group include:

Construction Contract Law (1. 87), Contractor Organization

(1.38), Finance (1.17), Business Statistics (1.13), Labor Law,

(1.50).

The response to perceptions of importance for mathematics
elements placed the elements in the standard instructional sequence:
41. Algebra (2. 32)

42, Trigonometry (2.32)

43, Analytic Geometry (1,92)

62
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44, Calculus (1.52)
45. Differential Equations (1.00)

In contrast, respondents considered Element 49, Fundamentals
of Structural Design, more important than the requisites to the
course. Element 46, Statics and Mechanics, and Element 44,
Calculus, are typical prerequisites to Structural Design and botn

ranked substantially lower in the overall list of elements.

Influence of Academic Background

For many years baccalaureate engineering programs have been
a major source of personnel for construction project management,
The engineeriﬁg discipline evolved over the past half century into a
rigid academic discipline with strong emphasis on mathematics and
sciences, ‘a lessor emphasis on socio-humanistic elements, and a
very heavy eh:phasis in enyineering theory and design concepts.

Within the past decade, ba:calauréate programs in construc-
tion have become an additional source of personnel for construction
project management, In contrast to engineering education, the
construction curriculum is an approximate balance between science
and mathematics, socio-humanristic elements, and basic engineering
fundamentals, A heavy emphasis is placed on construction tech-

~ologies and management, '
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Graduates of both the engineering and construction disciplines
are inciuded in this study, along with degree backgrounds in archi-
tecture and business. One respondent has a degree in science and
anather a degree in the humanities. Respondents with degrees in
architecture (5) were included with the engineering group, as was the
one degree in science. Respondents with business degrees (6) were
included with the construction group, along with the degreed person
in humanities. Hence, two groups were formed: a strong conrtruc-
tion and management oriented group, and.a strong engineéring
oriented group,

To determine and evaluate differences in perceptions of con-
structors by virtue of academic background toward the level of
importance of the construction eurriéulum elements, responses
from both engineering educated and construction educated groups
were solicited. A T-Test of Significance was computed for each
element, with the .05 level of significance used as a parameter to
test the null hypothesis stated in Chapter II. The critical value for
rejecting the null was 1,671 with 61 degrees of freedom.

Elements for which significant differences exist between the
means of the two academic groups are included in Table XT[, The
data for all elements are reported in Appendix H, The null
hypothesis was rejected for 22 of the 71 elements of the conatruction

curricular guide.

o

Hm.
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TABLE XII

T-TEST OF SIGNIFICANCE FOR PERCEPTIONS OF
ENGINEERING EDUCATED AND CONSTRUCTION
EDUCATED RESPONDENTS TOWARD CONSTRUCTION
EDUCATION ELEMENTS
SUMMARY OF ELEMENTS EXCEEDING
CRITICAL VALUE OF T-STATISTIC

T-Value 2 Tail
Number Elements 61 df Prob

7 Contractor Organization and
Operation -1.79 .078

11 Construction Safety -2.06 . 043
12 Project Scheduling -2.16 | . 035
22 Insurance and Bonding -3.36 . 001
‘ 23 Personnel-Management -2.03 - . 047
24 Labor Law -2.26 . 010
25 Labor Relations -2.11 . 039

28 Fundamentals of Organization
and Management -2.16 . 035

32 Engineering Physics 2. 88 . 006
33 Chemisatry 2.05 . 045
34 Geology 4.92 . 000
37 Descriptive Geometry 1.93 . 058
44 Calculus 2.06 . 044
44 Differential Equations 1.95 . 055
47 Mechanics of Materials : 2.07 . 042
51 Soil Mechanics 2.73 . 008
52 Hydraulics, Water, Sewage 2.57 .012
53 Foundation Engineering 3.66 . 001
56 Engineering Surveying 3.86 . 000
57 Earthwork Surveying 2.31 . 024




Number Elements 61 4af Prob

58 Engineering Economics 2.09 . 041
70 Undirected Elective Courses =1.71 . 092

H =1.671 Significance Level 0.05 61 df

()
s ”J‘
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For those elements included in Table XII with a negative T-
Statictic, the comstruction educated respondent indicated a higher
level of importance when the ~.ean of each group is compared for
each element.

In a similar manner, the engineering educated person indicated
a higher level of importance for elements with a positive T -Statistic
when the meai: of each group is compared for each element.

The first 8 elements in Table XII are concerned with construc-
tion organization, operations and management. The remainder of
the elements included in Table XII, with the exception of Element 7G,
are engineering and science elements.

The academic background of the reespcndent appears to have
significant influence on perceptions of the importance of elemeﬁts

of the construction curricula guide.

Experience as a Controlling Factor

The relationship between academic background and pervceptions
of curricular element importance when contrasted with the length of
construction experience was investigated with the use of contingency
table analysis and summarized by chi-square test of significance.

The experience of respondents ranged from 1 to 30 years of

ince graduation, -with a mean of approxi-

construction experience
mately 10 years. Graduates of construction programs had fewer than

14 years of experience, with a mean of approximately 5 years, and



in contrast, engineering graduates a mean of over 15 years., The
intent was to determine if experience was a factor which influenced
perceptions of the level of importance of the construction elements,
Elements for which the null hypolhesis was rejected are in-
ciuded in Table XIII. Critical values >f chi-aguare and probability
are reported in Appendix I for each elemer’'. Significant diiferencese
were found for 13 percent of the elements. The null hypothesis was
rejected on 4 elements for the | to 8 years exs-rience gooun and the
null hypothesis was rejected for 5 of the elemer's for the 9 to 30
years of experience group. While it is apnarent that experience is
a significant factor for some elemer:is, there is no indication of a
systematic relationship existing between pef&gpti-ans of element
importance, academic background and length of construction for 87

percent of the elements.

Alternate Sources of Element Instruction

There are several possible alternatives to instruction for thé
educational elements of the AGC guidelines. The first is to include
the element in an undergraduate program, This is the AGC recom-
mendation for the elements listed in the guidelines. However, sorme
elements may be appropriate for other forms qfriinstructian: work
experience; specialized short courses, non-degree courses and

seminars; or graduate level courses leading to an advanced degree.

The respondents were given the opportunity to indicate their choice

68



TABLE XII

CHI-SQUARE TEST OF SIGNIFICANCE FOR ACADEMIC EDUCATION AND LEVEL OF
! CURRICULAR ELEMENT IMPORTANCE
CONTROL VARIABLE: LENGTH OF CONSTRUCTION EXPERIENCE SUMMARY
OF ELEMENTS EXCEEDING THE CRITICAL VALUE OF CHI SQUARE

_1-8 Years 9-30 Years
Engr  Const Engr  Const
N=9  N=27 Chi Nz=18§ N=9§  Chi

Number Element Mean Mean Square Mean Mean  Square

11 Construction Safety 1111 2.000 11,822 1.555 1,888 4,548
8

| 22 Insurance and Bonding 1.000 1.852  4.606  .888 1.88
34 Geology 2,111 777 15.888 1,888 1.111 4,837
39 Computer Programming 1,444 1,074 2,977 l.222 1.666 7,846
4] Algebra 2,222 2,185  .385 2,555 2,333 9.400
42 Trigonometry 2,333 2.185 1.548 2611 2,111 11.892
56  Engineering Surveying 2,555 1,740 6,013 2,555 1,666 8,346
53  Engineering Economics L1777 L.185  7.931 L.666 L.4dd 2,163
60  Highway Engineering 1,555,963 9.407 L1166 1.1l 1,154

ng = 7,82  Significance Level 0.05 with 3 degrees of freedom.

6J




&

(%) ]
“n

of an alternative source of instruction for each element, if the
decision was made that the element was important for employment in
construction but not appropriate for an undergraduate degree

program,

Work Experience

Prior to the development of baccalaureate level construction
education programs, the college graduate entering construction
abo+~ 'he trades level learned the business of construction ""on-the -
job,"" Even now, students in construction programs are strongly
urged to obtain work experience in construction before graduating
to irnp:icve the transition from theory to the practical,

With awareness of the strong attitude of industry concerning
work experience, the intent of the research was to investigate per-
ceptions of experienced constructors toward elements of an under-
graduate constructi'c;n curricula as they r’elaté to instruction through
work experience,

Elements indicated by respondents as ap’propr:iaté for instruc-
tion through work experience are included in Table XIV. With two
exceptions, all eleﬁzentg included in the table are directly related to
construction n.oject operations ax;d organization and management of

the construction company. The two exceptions are Element 17,

Systems Analysis and Operations Research, and Element 29,
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TABLE XIV
WORK EXPERIENCE AS AN ALTERNATE SOURCE OF
INSTRUCTION RANKED BY FREQUENCY OF RESPONSE

Total ____Frequency % of
'‘Number Element Frequency Engr. Const. *

Total

7 Contractor Organization 19 12 7 30.16
and Operation
30.16

[w o]

Project Drga.nissatiaﬂ and 19 11
Operation .

L]

6 Bidding Procedures 15 9 6 23. 80
16 Electrical, Mechanical, 13 8 5 20. 63
Plumbing Systems: ’
Estimating, Coordina-
tion
17.46
15. 87
15,87
15, 87

10 Construction Equipment 11
11 Construction Safety 10
14  Cost Control and Analysis 10

o NI o T « < R v o]
- AN I I

18 Construction Cost 10
Accounting

o
T

3 Construction Contracts 9 14. 28

2  Insurance and Bonding 8 3 0 12. 69

1  Orientation Into Construc- 7 3 4 11.11
tion

12  Project Scheduling and 7 4 3 11.11
Control '

9 Building Materials . 6 3 3 9.50
9.50

Lo
o
(-

15 Electrical, Mechanical,
Plumbing Theory and
Design
17 Systems Analysis and 6 2 4 9.50
Operations Research
25 Labor Relations 6 4 2 9,50
4 Cost Estimating 5 4 1 7.93
57 Earthwork Surveying 5 4 1 7.93

~3
[



Numbér Element

TABLE XIV (Continued)

Total
Frequenty Engr. Const., Total

Frequency

% of

57

==

13
30
55

67

Construction Eccnomiics 4
Building Codes 4
Construction Surveying

Professional Ethics

W A

Specifications and
Drawings

Quantity Takeoff
Personnel Management
Construction Contract Law

Fundamentals of Real
Estate

Soil Mechanics

' Engineering Surveying
Highway Engineering
Labor Law

[y Id L L

Fundamentals of Organi-
zation and Management

]

Hydraulics, Water, Sewage
'Engineering Economics 2

Technical Report Writing 2

Total Response 222

W W W L

2 3

[ I

2
2
2
3

L P R (=T N

LS N <o R FC T o ]

—~
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[

6. 35
6. 35
6. 35
6. 35

4! 76

4,76
4.76
4.76
4,76

4.76
4.76
4,76
3.17
3.17

3.17
3.17
3.17

*Percentsage of total respondents.
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Fundamentals of Real Estate, neither of which are typically obtained
through work experience.

The engineering educated respondent strongly influenced the
frequency of response on the 33 elements listed in the table. With a
total response of 222 for the 33 elements, 65. 3 percent were made
by engineering educated persons. No elements listed with a fre-
quency greater than 7 has a mean above 2.00 for level aiiimportant;%

with most of the elements ranked at the moderate level of importance

(mean approximately less than 1, 50).

Non-Degree Special Courses

Available to construction personnel, particularly in metro-
politan areas, are seminars and short courses on construction
pr@caaures and management techniques. These courses are
generally non-credit and industry-sponsored. In addition, colleges
and universities typically have special student classifications under
which regular college classes are available to non-degree seeking
persons.

The intent of this investigation was to determine if the above
. gources of instruction offer a viable alternative for instructional
elements which are not as important to an undergfaduété program.
but still important for success of an individual in Qonat?uctian.
Listed in Table XV are 33 elements recommended by respondents as

app:ovriate for seminars, short courses, or non-degree credit
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TABLE XV

NON-DEGREE SPECIAL COURSES
RANKED BY FREQUENCY OF RESPONSE

Number Element Frequency®™ 9% of Total

29 Fundamentals of Real Estate 15 23.8
14,28

.

28 Fundamentals of Organization
and Management

12. 69

12,69

1,11

9.52

33 Chemistry
40 Computer Data Processing
25 Labor Relations

17 Systems Analysis and Operations
Resedrch

9.52
9.52
9.52
9.52
9.52
7.93

T 22 Insurance and Bonding
23 Personnel Management
24 Labor Law
27 Construction Contract Law

34 Geology

L LB =L « A > s SO Y

15 Electrical, Mechanical, Plumbing
Theory and Design

7.93
7.93
7.93
7.93
6.43
6. 34
6. 34
6. 34

26 Business Law

39 Computer Programming

59 Advanced Structural Design
60 Highway Engineering

18 Construction Cost Accounting

L V- RS S RT

21 Finance

38 ‘Statistics; Business

e

62 Humanities: Literature and Fine
Arts
6. 34

N

64 Logiu :
11 Construction Safety 3 4.76

74




TABLE XV (C-antmued)

Element

Frequency

% of Tatal

60

19
20
30
32
45

63
68

69
71

Electrical, Mechanical,
Plumbing Systems:
Estimating, Coordination

Principles of Economics

Principles of Accounting

Building Codes

Engineering Physics

Differential Equations

Hydraulics, Water, Sewage

Fhilosophy

Social Science: History and
Government

Psychology

Directed Electives

W oW W W W W W W

[}

3

%."76

4.76
4,76
4.76
4.76
4,76
4.76
4.76
4,76

4.76

e/
w 02

1

~3
)

Frequency less than 3 reported in Appendix .
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courses., Twenty-four elements which had a responée of two or less
Appendix G, Frequency of Response for Alternate Sources of Element
instruction.

The real estate element which ranked lowes: in level of im-
portance by respondents, received the highest number of responses
in this category. Approximately 24 percent of the respondents
indicated real estate should be obtained from special courses and
not from an undergraduate construction program.

Fourteen percent of the respondents recommended instruction
in Elemgnt 28, Fundamentals of Organization and Management, be
obtained through non-degree courses. This eiement ranked in the
upper 50 percent of elements in level of importance. Of the remain-
ing élements in the table, 40 percent were ranked in the lower half
of the rank order of elements. Fifteen of the 33 elements listed, or
24 percent of the total list of 2zlements, could be obtained from a

typical college of business offering-of courses,

Graduate Level Courses

The original guidelines developeu by the AGC education com-
mittee did not include recommendations for course work beyond the
baccalaurrate degree. Construction personnel seeking graduate
zaurseé looked to engineering or business administration.l Only in

the past five to seven years have construction graduate programs
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become available and then only on a limited scale. Twenty—fcuir
percent of the study participants had taken graduate courses, with
eight percent of respondents ﬁaving received a masters degree in
business.

The intent of this segment of the study was to determine which
elements, if any, respondents perceived as appropriate to graduate
level work as opposed to undergraduate course work. Included iﬁ
Table XVI are elements with a frequency greater than two, with the
total response to this category reported in Aprendix G, ""Frequency

of Response for Alternative Sources of Element Instruction."

TABLE XVI

GRADUATE LEVEL COURSES BY FREQUENCY OF
RESPONSE ‘

: Percent
Number Elements Frequency  of Total

59 Advanced Structural Design 16 25, 47
17 Systems Ana: sis and Operations 14 22.2
Research
7.9
7.9
6.3
4.7
4,7

21 Finance
58 Ehginearing Economics
27 Construction Contract Law

3 Construction Contracts

w W ol (i

24 Labor Law

*_ , .. , ,
Frequency of less than 3 reported in Appendix G.

¥
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Out of 71 elements, resvpondents recommended only two
elements with a relatively high frequency. Element 59, '"Advanced
Structural 'Eesign” wags recommended by 25 percent of the respon-
dents, —andizz percent of the respondents recommended Element 17,
"'Systems Analysis and Operations Research.'" Each element is
typically available at the graduate level assuming prerequisite
baccalaureate degreés, in this casé -- engineering and business.
The frequency of the remaining elements in the table is relsitively
low; however, all elements listed are appropriate to the graduate
level. Forty-three percent of total elements had a frequency of one
or two, indicating some interest on the part of respondents but

considered insignificant response by the investigator.

Recommended New Elements

The original construction curricular guidelines discributed by
thé AGC education committee in 1967 have not been modified, hence |
the request for respondents to recommend new elements pertinent to
present -day construction needs. New element recommendations are
reported in Table XVII in the wording used‘ by the respondent. Also
included in the data are the educational degree background of the
respondent recommending the element. While 25 different elements
are listed, only three elements were recommended by more than one

respondent. Three .espondents recommended letter writing and
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1
TABLE XVII

RECOMMENDED NEW ELEMENTS FOR

Academic”®
New Elements ' Background Frequency

SECTION I: Construction and Management
Elements '

Q
[

Industrial Const.uction ,

Mining Construction

ey [

Plans and Specs: Mechanical and Electrical

[

Building Layout: Detailed

Lump Sum or Parameter Estimating

[— o

Construction Contract Negotiations
Field Experience (Co-op Program)
Field Systems Co-ordination
Public Relations

Internship in Selected Field

O B o oo a o

Construction Management Procedures
(Assumed to be the contract system
known as '"CM'")

Q

Conceptual Estimating

Heavy and Highway Construction and c 1
Equipment

it

Heavy and Highway Take-off and Estimating c

SECTION Ii: Basic Sciences and Engineering

Basic Fundamentals of Water, Sewage
Treatment

Ground Water

Fundamentals of Concrete

[

Graphics Perception and Analysis

163 T T > T
™, b

Environmental Impact vs Construction
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TABLE XVII (Continued)

Academic™
New Elements Background Frequency

Production 5 c 1
Types of Forming Systems C 1
Cost Evaluation

Photography

O O ¢«

Basic Shop Courses

SECTION III: Socio-Humanistic Studies
Human Relation: Motivational Ts«chniques

Written Communications

O O O

Letter Writing

=

History of Engineering Works and Trends
Urban Growth Theory !

9]
we |
[ I Yot i [ %] Tt fan]

Total

$Letter designation (C) indicates consiruction-educated
respondent,

Letter designation (E) indicates engineering-educated
respondent,

Co



fundamentals of concrete and human -elations were recommended by
two respondents.

Three of the recomimended elements are concerned with
specialised areas of constraction: industrial construction, mining,
and heavy-highway construction. The coriract system known as
ttconstruction management' which is an innovation of very recent
years, was recommended by only one cf the 63 respondents as a new

element., Construction educated respondents recommended 76

percent of the elements listed.

Elements Not Needed

While given the éppﬁrtuﬁity to eliminate elements from the
construction curricular guidelines as totally unimportant to a con-_
struction curriculura, respondents indicated little interest in d@ifng
80,

Elements with a frequency of response greater than two are
included in Table XVIII. The total dita are reported in Appendix G.
Response to this category was miaimal, with only an approximate
8 percent of respondents indicating any one element was not needed |

in an undergraduate program. All elements listed in Table XVIII are
i

ranked in the lower half of the rank order list of elements. Con-

struction educated respondents made 82 percent of responses,

) i i
indicating a slightly stronger negative psrception of the importance

of the listed elements than the engineering educated respondents.

8i



TABLE XVII

SUMMARY OF RESPONSES FOR ELEMENTS "NOT NEEDED'"*

Construction  FEngineer Total % of Totai

e == _ﬁﬁéﬁ_ e -

7,93
7.93
7.93
7.93
7.93
7.93
7.93 -
6. 34
6,34
0, 34
4,76
4,76
4,76
4,76
4,76
4,76
4,76

29 Real Estate
23 Chemistry

38 Statistics: Business

40 Computer Data Processing

44 Calculus

45 Differential Equations

63 Philosophy

31 General Physics

39 Computer Programming

59 Advanced Structural Design

19 Principles of Economics

21 Finance

34 Geology

37 Descriptive Geometry

46 Statics and Mechanics

64 Logic

65 Social Science: History, Government

[y —

D e e D S e

i Nad fad a3
b— S D b T AT G

# ,
Frequency less than 3 reported in Appendix .

(o8]
T2

ERIC

Full Tt Provided by ERIC.
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Twelve of the 17 elements listed on the table are also listed in Table

XV, Non-Degree Special Courses.

Summary of Alternate Sources of Instruction

A summary of responses to all categories of alternate sources
of element instruction including the category of ''Elements Not Need"
are reported in Table XIX. Elements reported are those which
respondents determined were either not needed in an undergraduate
program or should be obtained from some other source than an
undergraduate program, Those elements with response 3 less than
25 percent of the total possible are included in Appendix G, Fre-

quency of Response for Alternate Sources of Element Instruction.

Summary

The purpose of this chapter was to present the analyais of data
, related to percéptiaﬂs of experienced constructors toward elements
of an undergraduate _sanstructiﬁn curricular guide.

To investigate perceptions of constructore, the means and
standard deviation of responses were computed and rank ordered,
Approximately four percent cf the elements were Perceived’by
respondents to be ''essential, "' sixty-seven percent of the elements
were included in the '"substantially important'' level; thirty-four
percent o). the elements were in the moderately impoztant' level,

No eiements wexe included at the ''no'* importance level,



69
TABLE XIX

SUMMARY OF RESPONSES BY PERCENTAGES TO
ALTERNATE SOURCES OF ELEMENT INSTRUGTION
AND ELEMENTS NOT NEEDED

Number Element Frequency % of Total™

17 Systems Analysis and '
Operations Research 27 , 43 '

59 Advanced Structural Design 25 40

8 Project Organization and ,
Operations ’ 20 32

7 Contractor Organization and
Operations : 19 30

29 Fundamentals of Real Estate 18 29
22 Insurance and Bonding 17 27
18 Construction Cost Accounting 17 27

i6 Electrical, Mechanical, Plumbing
Systems: Estimating,
Coordination 17 27

$Percﬁ:ent of total respondents,




Hypothesis Hal concerning differences in academic background
and perceptions of element importance was tested using T -teats of
gignificance. The null hypothesis was rejected on 22 of 71 elements.
The 0.05 level of significance was used as a parameter to test the
nul: hiypothesis.

Hypothesis Ho, concerning academic background and percep-

2
tions of element importance when controlled for experience was
teasted using Chi-Square test of Significance, The null hypothesis
was rejected on 9 of 71 elements of the curricular elements, The
0,05 level of significance was used as a parameter to test the null
hypotl. ~sis.

Three alternate sources of element instruction were investi-
gated. The majority of elernents recominended for work experience
25 an alternative source of in- . ~iction were related to construction
managerment. Over 65 percent of the responses were made by
engineering educated respondents.

Thirty-three elements were recom:ended {»r seminars or
short courses as a method of element inatruc:tican; The frequency of
response ranged from 24 percent of total respondents to less than
four percent of respondents. |

Graduate level courses were recommended for only two
elements at a relatively high level of response, with an approximate

22 to 25 percent of total responses. The frequency for other

G0

5
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elements was less than . with an average of approximately two
responses.

Respondents were asked to recommend new curricular
elements., Twenty-nine different elements were listed: however,
only one element had a frequency of 3, and two other elements had a
frequency of 2.

The maximum response to any one element in the category of
”Elerﬂents Not Needed' was 5, which occurred on seven elements.
Twenty-four percent of the elements had a response of 3 or groater,
with construction educated respondents making 82 percent of those
responses, '

A summary of responses to alternate sources of instruction
and elements not needed indicated eight elements with greater than

25 percent of respondents recommending the elements not be included

in an undergraduate construction curriculum.
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CHAPTER IV

SIGNIFICANCE OF CONSTRUCTION
CURRICULAR ELEMENTS

Introduction

The education committee of the Associated General Contractors
»f America developed baccalaureate level construction curricular
" guidelines which were distributed in 1967. While some construction
programs were granting degrees in construction as early as 1935,
the major growth of construction education at the baccalaureate level
did not occur until the mid-1960's. The AGC construction education
guideline(s) has been the only nationally distributed recommendations
for content of a construction curriculum, \After nearly a decade of
use by academic-industry advisory committees and construction
faculty in the development of construction programs, the question
persists as to the significance and desirability of elements contained
in the guidelines. The purpose of this study was to investigate the
perceptions of experienced constructors toward the importance of

the AGC constructior curricular elements.

g



The study involved three basic areas of concern:

(a) Perceptions of element importance as perceived by
nced constructors,

(b) Relitionship of academic background and length of construc-
tion experience to perceptions of imroartance of construction
curricular elements,

Sources of element instruction other than an undergraduate
construction curriculun:,

——
']
L

Study Pogglatic:n

The sample population consisted of 2mpleyees of conatric.ion
firms that are members of the two AGC chapters in éalt::rada. Sixty-
three constructors of the 125 originally selected responided to the
study questionnaice, Respondentz were employed primarily by gen-
eral contractors doing commercial and heayyv-highway construction,
The rajority of respondents had responsibilities in project manage -
ment and estimating. The mean years of construction experience
was 10, with a range of 1 to 30 yeirs, Construction education
respondents had fewer than 14 years of experience, “»ith a mean of
5 years. Engineering educated cunetructors fad a mean of 15 years
of construction experience. The two primary educational back-
jrounds of respondents were in construction and engineering, with
other degrees in architecture and business.

Respondents with congstructic~ education degrees totaled 27,
respendents with engineering degrees totaled 23, ana respoodenis

with other degrees totaled i3. Five of the respondenie had received
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a master's degree in business and six of the respondents were regis-
1
tered as engineers or architects.
It is the opinion of the investigator that the respondents
represent a cross section of construction company personnel below

the executive level and with primary functions in field a:nd project

management.

Summary of Findings

Constructor perceptions of importance of the curricular
elements were summarized by the mean and standar? deviation for
each element and then the elements ran' ordered. Elements were
classified into the four “evels of element importance by equating:
No Importance to G; Moderate Importan = to 1; Substantial ﬁﬁpcri
tance to 2; and Essential to 3. Forty-fous percent of the elements
were classified of substantial importance, and thirty-four percent
of the elemenis were clagsified of mode: a2 importance. Signifi-
cantly, only three elements could be inciucded in the essential level
and the:e were concerned with oral cornmunications, surveying,
and drawings and epecifications. Na construction project wiil sver be
completed without these three elements. .{n contrast, no e':ments
were classified at the lowest level of no importance.

Project and field construction-nriented elemente - -that is,

elements directed toward activities and the understan.lings of field

S
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construction operations--were ranked in the upper 30 percent of the
total element 1i~t, A second general grouping concerning overall
company management and upper level decision making were *fankeg
in the middle third of the element list. A third general grouping
relating to advanced aubject areas involving thesry and greater
- abstract thinking were grouped in the lcwer third. The ranking of
mathematical elements was riﬂ thle normal sequence of instruction,
beginning with algebr., ‘hen to trig, analytical geometry, calculus,
and firally, differential equations. However, elements related to
rngineering structures di< not occur in a logical elucational sequence.
The preérequisites to basic structural design of statistics, mechanics,
and calculus were all ranked lower in importance than the structural
de~ign courses in steel, —~oncrete, aid wood. Advanced structures
| .
elements were ranked sul:stantially lower than any other engineering
element,

The null hypothesis tested to determine differences in percep-
tions between engineerinyg educated and construction educated ccri-
structors tavx‘ard the curriculzar elemerts was teated by T-test of
significance. A significant difference was found on 35 percent of the
elements. Nine of these elements were in the sonstruction, tnanage -
ment area and 12 in the engineering, inath, and science area,

Further analysis of iie iafluence of acade:: i« backsround

indicates that:
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o 30, relating to construction rmanage-
¥ =

L

(a) For elements from 1

ment, construction educated respondents indicated a higher level of
importance than did engineering educated respondents on |83 percent
of the elements within this group.

(b) For elements from 31 to 61, relating to imath, science, and
engineering, engineering respondents indicated a higher level of
importance than did construction educaied respondents on 93 percent
of elements within this group.

(¢) For elements from 61 to 71, relating to socio-humanistic
gtudiee, engineering educated respondents indicated a higher level of
importance than did construction educated respondents on 64 percent
of elemea: ¢ within this group.

The null hypc:hesic tested to determine if a systematic relation-
ship existed between academic background and perceptions of
eleinent importance when related to length of construction experi-
ence was tested by chi-sguare test of significance. A significant
aystem: tic relationship was found to exist in only 9 of the 71 elements.
There was no indication of a systematic relationship between
acaden ic bacls;grai;nd ai.d perceptions of element importance when

. elated to length of experience on o7 percent of the elements.

Altev.. 'z Sou~.zs 0. Instruction

The l.ighest frequency of response to the thres aiters:.f» sources

of instruction was in the worlk experience category. Ele:ments with
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the scatest frequency were primarily related tc ~onstruction projcct
management. Thirty percent of the respondents indicated two
elerments: contractor organization and project orgznization and

operation, should be obtained through work experience. Twenty -

féur percent of the respondents indicated bidding procedures should
also be obtained by on-the-job experience. It is difficult, if not
almost impossible,to duplicate the process of bidding a project in

4 clagsroom environment. Engineering educated respondents rnade
up 65 percent of the responscs in this category,

In the category of non-degree spec ,,1 rses, only one ele-
ment had a substantial response, with 24 percent f the respondents
indicating real esiate should be obtained from non-degree courses.

Approximately 50 percent of the elements checked in this category
are concerned with business and management, e.g., law, economics,

finance, and personnel management, Many of these elements are
! F ,

| - pemE T
readily available from junior college programs and industry

seminars.
The use of graduate coui'scs as = alcernate source of instruc-
tion was substantial fo~ orly twe elements. Twenty-five percent of
the respondents checked advanced structural design as appropriate
for graduate level courses, and twenty -twec percent of th: respon-

dents indicated systems analysiv and operations should be taken as

a graduate couise. The frequency of response te all other elements

O .t 9;::

ERIC

Aruitoxt provided by Eic:
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1 finance and engineering

for this category wsre Very low, with
rnses each and constructior contract

cconomics receiving five respo
ency of tewer than three w_s

law receiving four resporses. A freque!
recorded for 43 percent of the elements
| »le, respondents

To determine if new elements were desiranis,
:lernents which

were requested to write in their recommendations for
sent-day construction operations and

would seem pertinen. to pre
appropriate to undergraduate construction curricula. Twenty -nine
alffgrent elements were recommended. Letter writing was suggested
hich was the highest frequency of any new

by three respondents,
Construction educated re gpondents made

element re commendation.

o

andations for new elements.

76 percent of the recommt
Respondents were give:l the opportunity to check elements
which were peréaived to be not ﬂEE‘dEd in an undergraduate programi.
of the respondents indicated that real estate, chemistrv,

Eight perce
differential equations and philosophy

caiculus,
A frequency

data processing,
elements were not needed in undergraduate programs.
.nt of the elements.

of fewer than five was recorded for 47 perce
ponses to the categories of work experi-

A sumnrnmary of all resg
graduate level courses and

non-degree special courses, g
for each elemeit is = refiect..n of how impor -
nt to be for urdergraduate zon

ence,

elements not needed
elem

tant respondents perceived the
Eight of the 71 elements weze found to have

struction curricula.

ERIC

Aruitoxt provided by Eic:
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range of 27 tc 43 percent of the respondents indicating these ele-

ments should be obtained from a source of instruction other than an

undergraduate program. The element

7!
8!
16i

17.
18.
22.
29.
59.

L8]

are:

Contractor Crganization and Operations (20%)

Froject Organization and Operationg (32%)

Electrical, Mechanical, Plumbing Systems:
Estimating and Coordination (27%)

Systems Analysis and Operations Research (43%)

Construction Cost Accounting (27%)

Insurance and Bording (27%)

Fundamentals of Real Estats (29%)

Advanced Structural Design (40%)

No element received sufficient negative response to exclude the

element from the guidelines.

Conclusions

On the basis of the findings of thi~ study, the following con-

clusions are drawn in relation to the problem posed for the investi-

gation:

1. The elements ranking highest are those directly related

to the :espznéibility of the respondent. Conversgely, elements

relating to upper levels of management are ranked lower in the list

of elements. The apparent conclusion may be drawn that respondents

found it difficult to look beyond their own particular job
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respoxsibilities in the construction process to determine the value
of construction education elements which benefit the total construc-
tion industry.

2. The academic background of the respondent has a signifi-
cant influence on his perceptions of the importance of elements for
2 ronstruction education undergraduate curriculum. Respondents
related strongly to their own academic background in perceiving the
importance of the elsﬁjeﬁtsfand apparently not to the various functions
of the total construction process.

3. The length of corstruction experi~nce does not appear to
have a significant influence on the perceptions of constructors
tc:swafd the level of importance of the construction curricular eleents.

4, Work experience still retains a strong influence as an
integral part of construction emplaynﬂéﬁtg The engineering educatea
respundent did not appcar to s:rongly suppoxt the corcept of construc-
tion education elements for an undergraduate construction curricu-
lum, instead recommending work experience as an alternative. The
conclusion may be drawn that classroom instruction for many
aspects of construction te chnology and management has only partially
been accepted by industry personnel. \

Special courses and graduate progreims, while strongly

(%41

recommended for a very few elements, did not app=ar to off.c a

viable alternative for the majority of elements. In a gimilar manner,

O

ERIC

Aruitoxt provided by Eic:



suggestions for new elements was minimal, suggesting the existing
original . .7 construction curricular element list waz reasonably
complete. However, from the total response to the alternative
sources of inst.: .tion and elements nct ne. ed, the conclusion may
be drawn that the following elements are substantially less important
than all other undergraduate elements of the AGC construction edu-
cation guidelines. Listed by element naumber, they a:e:

7. Contractor Organizaticn and Qperatious

8. Project Organization and.Qperatimis

16. Electric:!, Mechanical, Plumbing Systems:
Estimating, Coordination

17. Systemns Analysis and Cperations Research
18. Construction Cost Accounting

22. Insurance and Bonding

29. Fundamentals of Real Estate

59, Advanced Structural Design

6. From the relative level of importance irdicated for the
elements and absence of response {o the aiternative Ef;\;.f(;'as of
element instruction, with the exception cf elements listed above,
the conclusion is drawn that tl- - ‘~inal element list is as important

and valid teday as it was whenr developed in the early 1960'a,

o
iy
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Inference

The following statement may not be completely supported by

Thus, the following inference is made:

The educational background of the resp@ndem appeared to play
a larger part in his perceptions of importance than did his experience
or his understanding of the educational requirements of positions h
higher than his own responsibilities. That is, what the rsspondent
took in his undergraduate program seemed more important than the
actual educational background desirable to fulfill his immediate and
long -range responsibilities.

Engineering respondents indicated a relatively high level of
iméartan:e to engineering subjects used bu: “axy ﬁttle in the pro-
cess of managing a construction project, yet downgraded insurance
and bonding, which a construction company deals with on a weex-to-
week basis. Resp@néenﬁs downgraded elements concerned with the
electrical and mechanical systems of the buildirg, and yet, one of
the :’f,,;mre numerous complaints of contractor employers was that

dination of mechanical and electrical systems during construction.

Recommendations for Implementation and Further Study

Based on the findings and conclusions of this study, the follow-

ing recommendations are offered:

Qi
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1. Based on the apparent influence of academic background on
perceptions of constructors to“;a,rd elements of a construction curri-
culum, it is recommended that members of a curriculum advisory
be comprised of members of differing educational backgrounds to
give balance to their input into the deliberations of the construction
advisory committes,

2. Based on the perceptions indicated by respondents toward
elements related to the construction management aspects of overall
construction company operations, which were ranked low in impor-
tance or recommended for exclusion from the list of elements, and
because many construction programs contain these elements, it is
recommended that the study be replicated with a population drawn
f:arn the executive and upper level management pergons to determine

if the perceptions of project personnel and company management are

3. Respondents to this study placed an emphasis on elements
related to construction which could be obtained through work experi-
ence. The role and place of required construction internships and
€co-0p programs prior to graduation should be studied.

4. The study should be replicated with comparable population,
except in different sections of the country through AGC chapters to
deterfﬂiﬁe differences in pe;:epti@ns by virtue of geographic

location and custom of operations. Assuming the above study, a

92
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similar investigation should be attempted through the Associated
Building Contractor Association, a sister construction industry
organization with a different operational philosophy but which includes
the same general categories of contractors as the AGC.

5. The AGC member construction firm and its personnel are
but a very small segment of the industry. The question needs to be
asked: How differéﬂt are the field and management personnel of the
residential builder or the personnel that construct power plants or
pipelines? Can the elements of this study be used with confidence in
other segments of the constyuction industry or should an entirely new
list of elements be developed for each segment of construction?

6. In light of the minority response to alternate sources of
element instruction, the AGC education committee should consider
additional guideline recommendations concerning the importance of
work experience (co-op or internship) pfiorr to graduation; the
potential for specialized industry seminars (when available) as
supplementary undergraduate instruction; and begin development of

guidelines for construction education at the graduate level.

More Brick and Mortar: A Postscript

A purpose of this study was to gain a greater depth of under-
sta .ding of constructors in tho field in order to continue development

and improvement of exis! . new construction currict’

9



85
assumption has been made by many educators, including the author,
that a comprehensive coverage of construction operations and
management was desirabl: and, in fact, a necessity to understand

the complex process of construction.

This study disturbs that assumption and clearly indicates the
neceasity of further analysis of the educational needs of the construc-
tion industry. The context of this study should be placed in a proper
perspective. Even if the population of this study were in fact a true
sample, it was a sample of only one segmeni of a massive industry.
The experience of the aqi‘hn;ﬁas indicated that graduates of a program
essentialiy patterned after the AGC education guidelines are employed
in every possible segment of the industry, and if responsibility and
monetary rewards are any indication of succesa, these graduates
have succeeded. The question that could be asked is: Was it the
educational program that helped them to succeed or was it the
individual who would have succeeded regardless of his degree back-
ground?

Construction education is an unfinished building compared to
the historic structures of the academic world. At present, many
persons are teaching in construction programs, but few persons are
attempting to further the knowlédge needed to develop construction
education with academic stature. To the derree this study has

developed some further under- perception= of

bt
=
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construction field and project personnel toward construction educa-
tion, a little more brick and mortar have been added to the academic

structure of construction education.

10§
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APPENDIX A

LIST OF PARTICIPATING FIRMS

(Available from Author)




APPENDIX B

INTRODUCTORY LETTERS TO CONSTRUCTION COMPANY
PRESIDENTS AND POTENTIAL SURVEY PARTICIPANTS

(Available from Author)
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SURVEY INSTRUMENT
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RESEARCH STUDY: AN #NALYSIS OF CONSTRUCTION CURRICULA ELEMENTS

M-U\
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ERIC

Aruitoxt provided by Eic:

ART I: PERSONAL BACKGROUND DATA

Instructions: Responses to this questionmaire will be placed on
computer cards. Please read each item and place the number of
the most apprepriate respanse in the box on the right hand side of
the form.

Present Employer (spell out) Ll [l oy | 1 | l | , ’ i |
Type of construction performed by }ﬁur céﬁpany 7????111??3? type:r ) | 7| |
1. High rise residential 6, Utility Sccondary type: L
Z. Commerecial 7. Industrial B
¥. Imstitutional 8. Commercial-Utility

4. Heavy-Highway 2. Commercial-Indurtrial

5. EHighway 10. (Other ] )

Title which best describes your current positi.n Prirnary title:

1. Field engincer 6. Scheduler Secondary title: i l |

2. Apsistant Superintendent 7. Cost Conirol

3. Project Engineer B. Projuet Manager
4. Superiniendent 9. Office Manager

5. Estimator 10. (Cther ) )

Years of work experiénce in current position:
(If less than one year, indicate one) Yeara: l LEI

Total years of construction work experience after )
graduation: Y:zara: ,71 l

Indicate year of graduation from undergraduate degree

program: ’ Year: L1 ‘ | [
Indicate undergraduaie degree program in which you

received your degree: Degree: I [ |
1. Architecture - 4 year 8. Engineering - Electrical

« Axchitecture - 5 year 9. Engineering - Mcchanical

. Business 10. Scierce

Construction - Building 11. Social Science
Conayrnction - Engineering 12. Humanities

. Construction - Management 13. (Other ] B )
. Engineering - Civil S -

-

w0 R s

¥From what institution did you receive your degree:

(Abbreviate as necessary) EEEENNEEEEEE

Have you taken courses at the gradusie level: Yes |__J] No ‘_,.J
If you have a graduate degree, indicate type: MBA L JMs | |Mmzd L_JPnD| |
Have you taken centinuing edacation courses: Yes [_.J No Lal
Are you a registered: Architect I#J Profesaional Engineer L l l

yes no yes no
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INSTRUCTIONS: On the LEFT of tae listed clements, indicate the level of importance

that you atta\fh, to each element as it rejates to inelusion in an yndergradvate construction
curricula. (Mark only one square before each element. )

If you do NOT feel the clement is appropriate for an undergraduate curricula, indicate
‘n the squares on the RIGHT where instruction in Liis element could or should be obtained.

If the element is not necded at all,

use the extreme right hand column.

!

No Importance

Modsarate
! Importance

Perception of Element
Importance to Under-
JSraduate Program )
Alternate Source

Worl Expericnce

Non-degrece
Special Courses

Graduate

ELI N : I {ed
: ELEMENTS v YNeeded
S o 0o o 0

Subatan’ia i
bortance of Element - Prograr
Importance Instructon Program
Esgsential - Not
(]

CONSTRUCTION AND MANAGEMENT ELEMENTS

n]
0

1. Orientation into constructdon . . . . . . « « » o

O
0
o o

O
a
L

2. Specifications and drawings . . . . . . .

o o
i I
O o

D\

(]
il
)
=]
L
il
=
]
- B
g
s
o oo

a
O
a 3. Cecnstruction contracts . . . = « s s & = s = »
m}
O

5!Quaﬁﬁt?t—akégfi!-i!ii!!!éili!!é

u:

|
oo oo

o 0O

Eiddingpracedgres e

m}
a
oo

7. Contractor organization and aperations. . . .

oo
oo g
O oo

o o
o

Project organization and peradona . . . ..

‘co oo
o o
[+ ]

9, Building materials . ... . . . . s 552 2

O

o o
Ooono
o g

O
(]
O 0 oo

D\

10. Constiruction equipment . . . . . . . + = s = =

Ooooao

oo
OooooOoOooo0OnDooooaolbf|oge

11. Conatruction safety . . ¢ o ¢« 2 5 o s s 2 s » »

oo
oo

oOooano

12. Project scheduling and eentrol . . . . -+ .

13. Conpiruction CONOMICA .« « : s + + s = = + »

2
a

O o
O
[/

14, éugt control and analysis . . . . . .+ -+ . s

Oo0oo0oao
o
oo

15, Electriczl, machanical, plumbing theory and
dEEani---;--:n-i:-!iéggl!i;!

)}
O
o
]

[

Electrical, mechanical, plumbing syst:ms;
estimating, coordination . . . : 2+ & ¢ 5 5 »

0
o
-
a
o

oo
]

17. Syatems analysiy and aperaﬁﬁn;m research . .

o
o oo
o

(]
O oaga

18. Construction costaccounting . . .« » = = = =

O
C o oo

19. Principles of econommicd . . « « &« 4 s+ 4 s

20. Principles of accounting . . s : + ¢ 2 2 2 e s

O oOoooao
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APPENDIX D

YEARS OF CONSTRUCTION WORK EXPERIENCE
SINCE GRADUATION

Percent

Years Frequency Percent Years Frequency

4.8 16 0 0
6.3 17 2 3.2
2 3.2
1.6
3.2

7.9 18
11,1 19
7.9 20
6.3 21
11.1 22
1.6 23
1.6 24
6.3 25
1.6 26
3,2 27
1.6 28
3.2 29
0 30

o W
[

Lo -1 o
L Y T T TR = T X
T
L
o

14
15

O Ny R DN = o b = = o e W

Mean 10. 174 years . Total 63
Std., Dev. 7.99 years
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APPENDIX E

YEARS OF WORK EXPERIENCE IN
CURRENT POSITION

e ———e e T

Years Frequency Percent

27
20. 6
15.9

Pt =
PACI <V IR T TR - - T PR

6.3
4.8
3.2
3.2
1.6
3.2

@ ~ o W B W D e
[

O
(a2

10 ] 2 3.2

L]

12-16
20-30

-3

Total 63

Mean  4.9365 years
.Std. Dev. 5.95 years
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APPENDIX F

FREQUENCY DISTRIBUTION OF RESPONDENT'S PERCEPTIONS
OF LEVEL OF IMPORTANCE BY ELEMENTS

Level of Importance

Std,
Mean Dev,

MModerate

I oare
| Substantial

‘ Fossential

Na._. Element

S — —— Rl B s S L ] Bl —

‘CONSTRUCTION & MANAGEMENT ELEMENTS

1. Orientation into Construction 8 10 22 23 1.952 1,022
9 46 2,587 154
.20 28 2,095 1,011
2. 238
5. Quantity takeoff 2 22 3 2,301 :
lé Bidding procedures 13 16 21 13 1,539 1,044

4 Specifications & Drawings ]

3, Construction contracts 7

oo
[ d
-3

4. Cost estimating 2

Fn = BT = oo —d
Lo
g
IDw
oo

o ol
P
Ly

7. Contractor orgahization & o
operations = 15 21 15 12 1,380 1,053

B Project organization & | ,
operations 17 12 18 16 1.523 1,148

20 28 - 13 1,825 193
23 20 12 1,571 1945

‘9, Building materials

oo [ 3

10. Construction equipment

i




__Level of Importance

Mean Dev,

Substantial

L Plicaue
| Moderate

_N_a. Element

1T Eagsential

| —
LN ]
[ g2
[
[r—
W

11 Construction safety 10 1,698 /994
12, Project scheduling & control 4 b 22 31 2,269 883
13, Construction economics 5 15 19 24 1,984 975
:iég Cost control & analysis 8 12 18 25 L.952 1,053

1% Electrical, mechanical,
plumking theory & design 11 29 14 9 1,333 933

16, Electrical, riec! 1ical,
plumbing systems; estima- ,
ting, coordination 13 24 17 9 1,349 969

17. Systems analysis &
operations research 30 2l 12 0 ' 114 171

1.. Zonstruction cost accounting 16 16 16 15 1,476 . - 1119
| L3
1,460 858
1,174 1907

o n]
LN ]
.

19, Principles of economics 10 31 14

20, Principles of accounting 8 25 23

21, Finance 14 31 11

22, Insurance & bonding |
(construction) 15 19 18 11 1,396 1,040




Element

| P ore

_Level of Importance

- Inviode =abe

Subastantial

I Essential

Mean

Dev,

30,

BASIC SCIENCES & ENGINEERING

» Personnel management 10

Labor law 10

, Labor relations 13

Business law T

. Construction contract law 11

Fundamentals of organization
& manageme nt 10

9, Fundamentals of real estate 26

Building codes 1

2l .

14
15

i3
32
20

: BASIC & APPLIED

31,
32.

General physics 10

Engineering physics 8

3, Chemistry 21
. Geology 14
. Graphics: Mechanical b

20
18
31
26

23
23
29
26

19

23

——
L R o ]

13
12
20

21

13

12

Y

12
15

1,746
1.492
1,571
1,730
1,873

1,809
, 682
1,666

1,555

1,746

904
1,333
1,717

1,046

931
1,042
901
1,054

1,075
667
933



_Level of Importance

MWModerate

‘ Essential
oo
=

Moty e

No,  Element Mean Dev,

Suvbastantial

36, Graphics: Architectural

o
[ —
=k
L
o o™
[ ]
]

2,031 915
i.714 1905
1,126 792
39, Computer programming 12 2 . 18 5 1,283 860

D
LW |
oer
[ ]

31, Descriptive geometry b 19

LR ]

38, Statistics: Business 13 32 15

40, Computer data processing 16 30 13 4 1,079 848
41, Algebra 3 10 4 3% 2,317 912
42, Trigonometry 3 8 19 34 2,317 876
43, Analytic geometry | 5 16 2 21 1,920 955
44, Calculus o2 0 1 LS99
45, Differential equations 24 . 18 18 31,000 933
46, Statics & mechanics 7 11 20 25 2,000 1,016
47, Mechanics of materials 2 10 20 3 2,269 846

48. Properties of construciion | | ;
materials 1 10 19 23 2,333 803

5493 Fundamentals of structural |
design 6 24 33 0 2,428 . 665




“%

No,

Element

Jevel

of Impoertance

' MWModerate

| Essential

Mean

50,

51,
' 52,
53,
- 54,
55,
56,

Structural design: Wood,
conctrete, steel

Soil mechanics

Hydraulics, water, sewage

‘Foundation engineering

Concrete form design

Engineering surveying

57, Earthwork surveying
58, Engineering economics
» Advanced structural design

. Highway engineering

SUCIO-HUMANISTIC STUDIES

6l

Engiish composition

0

14

13
21
16

13
11
27
23
31

| | Substantial

3l
23
27

14
20
20
20

14

16

17

27

46
26
29

21

2,301
1,952
1,444
1,920
2,253
2,666
2:079
2,190
1,444

114
1,126

2, 222

.832

812



Element

___Level of Importance

 IMone

IModerate

 SuhHmmMia1

2, Humanities: Literature &

fine arts

* Philosophy
. Logic

. Oral communications

Technica] report writing

Profeasional ethics

. Social science: history,

government

. Psychology
- Undirectgd elective courses

., Directed elective courses

offering alternative or
advanced courses in a
major area

13
11

27
16

13

15

3]

23
22

21

11
22
15
21
22

13
2l
11

18

15
43

25

19

19

1.190
1,412
1,603

1,714

990

[o—

a“mq:g‘
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APPENDIX G
ELEMENT INSTRUCTION

FREQUENCY OF RESPONSE FOR ALTERNATE SOURCES OF

Work Non-Degree Graduate Not Row

Nu:nber Elements Experience Special Course Program Needed Totals

— — e = ———

] Orientation into Construction 7 2 0 ! 10
0 0 3
3 0 12

2 Specifications and Drawings 3 0

| 3 Construciion Contracts 9 0

4 Cost Estimating 5 ] I
5 Quantity Takeoff 3 ] 0 0 4
b Bidding Procedures 15 . 0 0 0 15

[ Contractor Drganiglatim and
Operations | 19 0 0 0 19
8 Project Organization and Operations 19 0 0 l 20
9 Building Materials | : 0 o 0 b
10 Construction Equipment 11 2 o0 13
11 Construction Safety 10 3 0 13
12 Project Scheduling and Control 7 ! 0 g
13 Construction Economics 4 ] l 0 N
14 Cost Control. and Analysis 10 1 1 0. 12

15 Electrical, Mechanical, Plumbing
| Theory and Design q 3 00 11

122



Work  NoueDegree Cradte Nt Ro
fimber ~ Elementy Experience Spectal Course Program Needed Total

Work  NooDegtee Craduate Mot Row
Elment Experience Specta Course Program Needed Totel

lo Electrice, Vechanical, Plumbing T B —
o Engiteor.p Phisicg _
Systems; Eetimeing passt.ip hyiic 3 1 3

Coozdination 13

L
—
v

-—
—_—

Chemistry 0 b (R T
|1 Systems Analysis and Operations Geology 0 b I
i | 6 ‘6 o Graphics: Nechanical | l A
I Constructon Cost Accownting 10 : A gt A | | TN
19 Principles of Econemics ! J A D Gy 0 | Loy

1) Principles of Accounting ! J A Sl B 0 4 Co

I Tinance 1 4 N Computer Progranming ! 5 40

10 Deurance aod Bonding (Constroction) b L gt D P 0 , Cor

B Porsomne] Management oo oo

Algebra P R
U Labor Low | Db ool

% Labor Relations b 1 [

Trigonometry | 1 (R

Analytc Geometry o 0 ]

b Business Law 1 5 Lo (ot~ I ) 5 )

0 Construction Conteact Law } 6 L0 B sl Bt 0 : B
B Fondementels of Organzation and

Manageiment l / 0
B Tundamesials of Real Estate j I5 [ T

0 Building Codes i J |

Statiaties and Mechatics 0 l [
Mechanics of Materils 0 | A
Propesties of Construction Materlly | 0 A

fomana] | Fusdamentals of Sructural Desin |
| Cenenl Py ) l L4 Fundamentals of Sructural Design 0 ) 1]

.i i i 1
[ .




i
———

———

e

Number

Elements

Work

Non-Degree Gradsate Not Rov

Experience Special Course Program Needed Total

50

51
52
53
54
55
56
57
58
59
60
61
62

63
64
65
66

ERIC

Full Tt Provided by ERIC.

Structural Design: Wood,
Concrete, Steel

Soil Mechanics

Hydraulics, Water, Sewage
Foundation Engineering
Concrete Form Design
Construction Surveying
Engineering Surveying
Earthwork Surveying
Engineering Economics
Advanced Structural Design
Highway Engineering
English Composition

Humanities: Literaturs and Fine

Arts
Philosophy
Logic
Oral Communications

Technical Report Writing

-
i Lo~ 1= VA ] L=

- =%

o] w=n = Lo

i

— =3

10
25
14



Work Non-Degree Graduate Not Row
ursber Elements Experience Special Course Program Needed Totals

67 Professional Ethics 4 2 0 I 7

68 Social Science; History,
| Government 0 3

L] =
[La®
e

69 Psychology 0 3

70 Undirected Elective Coursas 1, 2

[
L=
e

71 Directed Elective Courses Offering | | ’
Alternative or Advanced Courses
in a Major Area 0

2w

.,,~D‘ E

[ 3
Pt

s

[T

Totals 227 194

126

ERIC

Full Tt Provided by ERIC.
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APPENDIX H

T-TEST OF SIGNIFICANCE FOR PERCEPTION OF ENGINEERING EDUCATED
AND CONSTRUCTION EDUCATED RESPONDENTS TOWARD
CONSTRUCTION EDUCATION ELEMENTS

Engineer Construction 6] Deg, Free Hﬂ = 1,671
_Ne27 0 Ne36 2 Tail  ~ 05
No. Elements Mean §S,D. Meast S.D. T-Value Prob,

I Orientation into Construction 1,777 .993 2,08 | 1,079 -1,18 244 Accept
2 Specifications & Drawings £.518 893 2.64 .639 - .62 535 Accept
3 Construction Contracts 1,962,979 219 1,037 -.90 3713 Accept
4 Cost Estimating 2.259 .T12 2L 897 18 860 Accept
5  Quantity Takeoff 2.111 847 2,44 772 -1.63 109 Accept
6  Building Materials 1,296,993 1.72 1,058 -1,62 110 Accept

}7 Contractor Organization and -
Operation L1l 1086 1.58 .996 -1.79 078 Reject

8§  Project Organization and .
Operation 1,370 1,181 L1.63 1,125 - .92 362 Accept

9  Building Maferials 1.651 .907 L.81  .709 23 821 Accépt
10 Construction Equipment 1,370 1.114 L.72 -1,48 145 Accept
11 Construction Safety 1,407 1,118 1.91 .840 -2.00 043 Reject

‘_.‘J'
‘—q.
e

12 Project Scheduling and Control 2,000 1,000 2.47 736 -2.16 035 Reject
13 Construction Economics 2,148,907 1.86 1018  1.16 251 Accept




Engineer Construction _ 61 Deg. Free Hg = 1, 671
N=27 N:=36 2 Tail = .05
No. Elements Mean S,D, Mean 5D, T-Value  Prob,

14, Cost GantrnlaﬂdAnalyéis: 1777 1120 2,08  .996 -1.14 258 Accept

15  Electrical, Mechanical, ;
Plumbing Theory and Design ~ 1.296 .953 1,36 .930 - .27 187 Accept

16 Electrical, Mechanical,
~ Plunbing Systems: Estimating
Coordination 1,296 .823 1.38 1.076 - .37 711 Accept

17 Systems Analysis and
 Qperations Research JT40 0 .859 .69 709 .23 816 Accept

18 Construction Cost Accounting 1,259 1.059 1.63 1.150 -1,34 185 Accept
19 Principles of Economics .1.407 888 1.25 906 .69 494 Accept
20 Principles of Accounting L0 838 L5281 -T2 476 Accept
21 Finance 1,074 873 125 937 -.76 451  Accept

22 Insurance and Bonding |

(Construction) 9256 916 1,75 .996 -3.3b 001 Reject
23 Personnel Management 1444 1120 1,97 940 -2.03 047  Reject
24  Labor Law 1,148,769 L.75 (967 -2.26 010 Reject
25. Labor Relations 1,259 1.022 1.80 1.009 -2.11 039 Reject
26 Business Law - 1,518 .849 1,88 .918 -1.63 107 Accept

27  Construction Contract Law 1,814 962 1,91 1.130 - .38 798 Accept




No.

Elements

_N=27

N3

Mean 5.D.  Mean S,D.

T-Value

Prob,

Engineer Construction _ 61 Deg. Free 1,671

29
30
31

33
34

28

32

Fundamentals of Organization
and Management

Fundamentls of Real Estate
Building Codes

General Physics
Engineering Physics
Chemistry

Geology

Graphics: Mechanical
Graphics: Architectural
Descriptive Geometry
Statistics: Business
Computer Programming
Computer Data Processing
Algebra

Trigorometry

Analytic Geometry

Calculus

1,481 1.122
555 577

1,481 .893 L.

1,703
2,148,907
1148988
1,963 079
L7717 .933
1,963
1,963
L1577
1,296 775
1,185 786
2,444 .933
2,518 849
2,000,960
1,814 1,001

e
==

2. 05

-2.16
-1, 31
-1.37
1:04
2,88
2:05

035
194
_.175l
+303
, 006
. 045
000
1.000
+ 609
+ 058




e e = = — = e e o r——————— e i ey s e
g ——————— o R— ——— — — —— - — — —————————

Engineer Construction 61 Deg, Free ng 1,671
_Ne2r o Ne36 2Tall .05
No. Elelemts Mean 5,D, Mean §5,D, T-Value  Prob,

45  Differential Equations 1,259 .944 .81 888  1.95 055 Reject’
46 Statistics and Mechanics 2.222 891 .83 1,082 1,52 134 Accept
47  Mechanics of Materials 2,518 .642 Z.08 .937 2,07 042 Reject

48  Properties of Construction |
Materials 2,518 .700 219 ,855  1.60 114 Accept

49  Fundamentals of Structural
Design 2,555 640 2,33 676 1,32 192 Accept

50 Structural Design: Wood,

| Concrete, Steel 2,370 .838 2.25 .769 .59 557 Accept
51  Soil Mechanics 2,259 764 172 .78 2713 008 Reject
52 Hydraulics, Waier, Sewage 1L.777 .933 L.19 .85 2,57 012 Reject
53  Foundation Engineering 2,333,832 Lol .728  3.66 001 Reject
54 Concrete Form Design 2296 823 22 760 3T T3 Accept
55 Construction Surveying 2,740 525 2,61 .68 .82 418 Accept
56  Engineering Surveying 2,555 ,640 1,72 .974  3.86 000  Reject
57  Earthwork Surveying 2,481 752 L9717 .940 2.3l 024 Reject
58  Engineering Eccnoriics 1,703,775 L25 .906 2,09 041 Reject
59  Advanced Structural Design R4 786,63 833 85 399 Accept
60  Highway Engineering 1,296 .775 Le0 .86 1.4 164 Accept




Elements

Engineer

Ne2T

Construction

_ N=36

Mean S.D. Mean S.D.

T-Value

163
(04
165
66

08

English Composition

Humanities: Literature and
Fire Arts

Philosophy

Logic

Oral Camﬁmﬂicatiﬁﬂg
Technical Report Writing
Professional Ethics

Social Science: History,
Goverament

Psychology

Undirected Elective Courses

 Directed Electi~ ocurses

QOffering Alternati-e or
Advanced Courses in a Major
Area

2,148,948

1,037 758
1,000 .733
1,891 907
2,444,800
2,148 863
1,888 1,086

1,370,966
1,444 1,086
1,333 1.074

1,518 .975

2. 27

1,86

.701'

’iéz

05
1,57
1,06
-1, 44

62

.33

-1.71

‘1-37

Accept

Accept

, Accept

Accept
Accept
Accept

Accept

Accept
Accept

Reject

Accept

aE——

b1 Deg, Free  H =1.67]
2 Tall .05



APPENDIX I

CONTINGENCY TABLE ANALYSIS FOR THE VARIABLES:
ACADEMIC EDUCATION AND LEVEL OF CURRICULAR
ELEMENT IMPORTANCE

CONTROL VARIABLE: LENGTH OF EXPERIENCE
CHI-SQUARE TEST OF SIGNIFICANCE

ERIC | . /33

Aruitoxt provided by Eic:



APPENDIX [

CONTINGENCY TABLE ANALYSIS FOR THE VARIABLES: ATADEMIC BACKGROUND
AND LEVEL OF CURRICULAR ELEMENT IMPORTANCE
CONTROL VARIABLE: LENGTH OF CONSTRUCTION EXPERIENCE

CHI-SQUARE TEST OF SIGNIFICANCE

Chi-Square - 7,82 at , 05
Level with 3 df
1-8 Years 9-30 Years
No, Element Experience  Prob,  Experience  Prob,

1, Orientation into Construction

2, Specifications & Drawings

3. Construction Contracts
4. Cost Estimating

5, Quantity Takeoff

6. Bidding procedures
7. Contractor Organization & Operations
8, Project Organization & Ooerations
9. Building Materials
10, Construction Equipment
11, Construction Safety

12, Project Scheduling & Control

2,077 556
5,777,123 2

E_F
L]

8o
21

= oo

200 382 1,425
Lobh 645 1,699
935 817 4,050
1L605 658 2,795
£946 176 2,05
4237 3 407
949 622 1612
6,666 083 4,633
11,822 .008 - 4.548
1,074 .18 3.am

117

+ 565
1939
. 612
201
+ 208
+ 351




=5 ———— e — =" e — i e e - = — i i - e e m——

i sy i S i - . £ : F—— P P— o = — = i e - = d = S

1-8 Years 9-30 Years
Experience  Prob,  Experience Prob,

No, Element

13, Construction Economics 2,715 438 4,258 . 234
14, Cost Control & Analysis 1,087 . 780 4,295 . 231

15, Electrical, Mechanical, Plumbing
Theory & Design 3.822 . 281 1,250 741

16, Electrical, Mechanical, Plumbing
Systems: Estimating, Coordination 5.142 161 300 960

17, Systems Analysis & Operations Research 1,99] . 369 2,198 . 333
18, Construction Cost Accountirg 5,643 130 5,171 160
19, Principles of Economics 933 817 1,350

20, Principles of Accounting - 4355 949 3.153 360
21, Finance 232 972 5,625 .13l
22, Insurance & Bonding (Construction) 4,606 . 203 8,214 | . 042
23, Personnel Management | 3.519 v 319 1,050 ;?8‘9
24, Labor Law 3, 655 301 3,000 392
25, Labor Relations 2,732 434 6,825 . 078
26, Business Law 2,333 506 5,163 + 160
27, Construction Contract Law 4,688 .196 1,285 133

28, Fundamentals of Organization &
Management 2,715 438 4,312 v 230

Ca
LWy |

4
L




No.

_ El;ment

Experience

1-8 Years

Pfﬂb-

9-30 Years
Experience Proh.

29,
30,
31,

33,

Fundamentals of Real Estate
Building Codes

General Physics

. Engineering Physics
Chemistry

34, Geology

, Graphice: Mechanical

Descriptive Geometry

Statistics: Business

Computer Programming

Trigoncmetry
. Analytic Geometry

. Calculus

, Statics & Mechanics

5. Differentia] Equations

). Computer Data Processing

. Algebra

L60D 659
466 36
5,862 .11
5,206,187

385 g4

1,017
675
4,142
4,800
2,653
4,837
1,548
5,327
2,250
6,985
7."84-6
1,992
9,400
11,892
3,050
2,625
1,571
4,125

, 601
. 879
. 246
187
4

.
oau

184
71
149
522
72
049
574
009
003

453

bbb



Element

1-8 Years
Experience

9-30 Years
Prob, = Experience .

Prob,

51,
52.
53,
54,
55,

. Mechanics of Materials

Properties of Construction Materials
Fundamentals of Structural Design

Structural Design: Wood, Concrete,
Steel

Soil Mechanics

Hydraulics, Water, Sewage
Foundation Engineering
Concrete Form Design
Construction Surveying

Engineering Surveying

.. Earthwork Surveying

58, Engineering Economics

62,
63,
64,

9. Advanced Structural Design

Highw;ay Engineering

. English Composition

Humanities: Literature & Fine Arts
Fhilosophy
Logic

5.140
2,905
1,532

162
406
465

. 291
. 066
. 069

052

4,785
3.017
3,500

221
173



No,

Elements

[-8 Years
Experience  Prob,

9-30 Years

Experience Prob,

65,
66,
b7,

Oral Communications
Technical Report Writing

Professional Ethics

+ Social Science: History, Government

Psychology

. 'Undire::ted Elective Courges

. Directed Elective Courses Offering

Alternative or Advanced Courses in
a Major Area

17 698
2,954 358
4,132 247
1,037 192
4,630 201
4,307 1230

855 836

1,720
1,250
2.812
6,825
1,628
1,200

032
141
421
Q77
, 652
153

836
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APPENDIX J

EDUCATIONAL GOALS AND RE COMMENDED CONSTRUCTION
CURRICULA FOR THE CONSTRUCTION INDUSTRY

Increasingly, the Construction Industry is coming to realize
that it will be served best by personnel specifically educated and
trained in the managerial and scientific techniques neccssary to meet
the ever-increasing demands of this rapidly changing technological
age. Few industries have more diversified personnel requirements,
Professional engineers, business managers, technicians and skilled
craftsmen, together form its manpower framework. Probably no
other industry is so beset by recurrent personnel shortages at all
levels. It is more than obvious that expanded training of manpower
is one of construction's most pressing needs.

To this end, the Construction Educ‘:atian Committee of the
Associated General Contractors of America desires to set forth
education programs which it feels will both meet the needs and enhance
the future of the industry, Programs covered here are designed pri-
marily for managerial, supervisory and technical personnel and are
to be considered as complementary to those being developed for the
training of craftsmen.

Conastruction Management Education

| While the Industry shall always require many persons trained
solely as engineers or in the managerial skills, it is increasingly
clear that the most effective training for the Industry's leaders at all
levels of managerial responsibility is a meaningful synthesis of
engineering and business management education at the University
level which shall be termed Construction herein and shall entitle
one, who satisfies ail requirements, to a Baccalaureate Degree.
In order to assist most effectively in one's career development,
construction education should contribute to these personal qualities:
1) The human under standing to be able to work with all types
of people. '
2) The discipline to think and reason logically.
3) The technical ability to visualize and solve practical con-
struction problems.
4) The managerial knowledge to make sound decisions and
implement them on a prudent economic basis.
5) The facility to communicate these decisions clearly and
concisely.
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6) The professional stature to provide dynamic ieadership in
the construction industry and the community.
The curricula' recommended here is in broad outline only. The
itnplementation of the curricula and the sponsoring college (Engineer-
ing, Arcliitecture, Business, etc.) would depend upon the professional
education and experience of the faculty and the educational facilities
available at the various colleges and universities.

Whether the course is given in four years or five yars, the
percentage mix of the geveral ingredients of total course content
should be approximately the same, but obviously the five-year course
shouid delve more deeply into all areas. An integrated program of
engineering, construction, and business is recommended, but this ’
is not to say that worthwhile results may not be obtained by adding &
fifth year of business and construction to an undergraduate engineer -

ing program.

Construction may be roughly divided into the two areas of:

1) Heavy and Highway Construction

2) Building Construction
While bdsically educational requirements for the two are the same,
it is recognized that the emphasis on engineering science and design
should be greater for Heavy and Highway Construction. Other than
this, no good purpose is served by stressing differences and from
the standpoint of most fully utilizing the capabilities of both faculty
and educational institutions, courses gshould be structured to serve
students interested in either area. :

For Building Construction, a curriculum is recommended as
follows: (Note - percentages, to be regarded as approximations,
refer to total course content of 4 or 5 year curriculum)

A) Basic Science - (22%) to include:

1) Mathematics
a) Analytical Geometry
b) Calculus
2) General Physics _
3) Chemistry or Engineering Geology
4) Computer - data processing and problem solution
5) Graphics
6) Statistics
B) Basic & Applied Engineering - (22%) to include:
1) Mechanics
2) Mechanics of Materials
3) Structural Engineering
a) Fundamentals of Structural Theory and Design
b) Soil Mechanics and Foundation Engineering

14
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c) Structural Des'gn - Wood, Reinforced concrete,
Steel, Alu.mmum etc.
4) Surveying
5) Engineering Economy & Cost Analysis
C) Construction - (20%) to include:
1) Orientation
2) Contracts, Plans & Specifications
3) Cost Estimating & Bidding
4) Construction Operation
a) Contractors Organization
b} Project Organization & Supervision
c¢) Building Materials & Methods of Construction
d) Construction Equipment
e) Construction Safety
5) Project Scheduling & Control
6) Construction Economics & Cost Control
7) Electrical Installations
8) Heatir.;,, Ventilating & Air Conditioning Installations
9) Mechanical Installations
10) Systems Analysis, Operations Research, etc.
D) Marnagement - (16%) ta include:
1) Economics
2) Accounting
3) Finance including Insurance & Bonding
4) Personnel Management & J- - . Relatians
5) Business Law
6) Fundamentals of Real Estate & Bmldmg Codes
"T) Drganlzatmn Management
E) Socio-Humanistic Studies - (15%) to include: \
' 1) English - Composition & Literature
2) Speech
3) Technical Report Writing
4) Political Science - American Government
5) Social Science
6) Psychology
7) Ethics
8) Electives

For Heavy and Highway Construction a curriculum is recom-
mended as follows:
A) Basic Science - (22%) to include:
1) Mathematics
a) Analytical Gecrnetry* -
b) Calculus
2) General Physics
3) Engineering Geology




B)

C)

E)

4)
5)

1)
z)
2)

4)
5)
6)
7)

=
i
[l

Computer - data processing and problem solution

"Graphics
6)’ : -
Basic & Applied Engineering - (34%) to include:

Statistics

Mechanics & Statica

Mechanics of Materials

Structural Engineering

a) Fundamentals of Structural Theory and Design

b) Soil Mechanics & Foundation Engineering

¢) Structural Design - Wood, Reinforced concrete,
Steel, Aluminum, etc.

d) Advanced Structural Design L

Surveying, Earthwork, Principles of Photogrammetry

Hydraulics, Water and Sewerage

Highway Engineering

Engineering Economy & Cost Analysis .

Construction - (19%) to include:

1)
2)
3)
4)

5)
6)
7)

Orientation

Contracts, Plans & Specifications

Cost Estimating & Bidding

Construction Operation

a) Contractor's Organization .

b) Project Organization & Control

c) Materials & Methods of Construction
d) Construction-Equipment

e) Construction Safety

Project Scheduling & Control
Construction Economics & Cost Control
Systems Analysis, Operations Research, etc.

Management - (13%) to include:

1)
2)
3)
4)
5)
6)

Economics

Accounting

Finance including Insurance & Bonding
Business Law

Organization Management

Socio-Humanistic Studies - (12%) to include:

1)
2)
3)
4)
5)
6)
7)

English - Composition & Literature
Speech -

Technical Report Writing

Political Science - American Government
Social Science

Psychology

Ethics
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Large portions of both curricula are engineering. It is

recognized that some institutions may find it impractical for reasons
of accreditation requirements; faculty experience and interest or in-
stitutional facilities to offer Construction in the College of Engineer-
ing. In any case, it is intended that the curvicula recommended here -
in be offered with no less rigor than the traditional engineering course
of study.,

1dq
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