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PURPOSE

My relationship with Kansas Technical Institute (KTI)
has provided me the opportunity of returning to school on a
full-time basis to complete the requirements for a Master's
Degree in Civil Engineering. Because of this and the fact
that I will be resuming my duties at KTI following graduation,
it is my desire that this report fulfill a dual purpose.
First, it is a way of offering my thanks to KTI for this
opportunity to grow intellectually and professionally.
Secondly, I desire the contents of this report to be a set
of guidelines which can be employed by myself and others in
directing the future development and growth of the Civil
Technology Department at KTI.

To fulfill the primary purpcse of this report it has been
necessary to evaluate the present Civil Technology program at
KTI. This evaluation gave consideration to the relevance of
curriculum content, the adequacy of laboratory facilities,
student performance on national examinations and on the job,
as well as the purpose and direction of the program as re-
lated to the needs of industry and the general public.

In addition to the material necessary for the fulfill-
ment of its stated purpose, this report contains much infor-

mation and numerous references which can be used to develop
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a better understanding of technical education. Working
definitions of the wvarious skill or knowledge levels within
technical education are provided. The responsibilities of
each member of an engineering team are given in an effort
to clarify the misconceptions that are often held by the
general opublic, as well as by many practicing engineers.
Also, the standards which should be met by institutions
involved in the various sectors of technical education are
given as an additional means of clarifying roles within

technology.



HISTORY OF KTI AND THE CIVIL TECHNOLOGY PROGRAM

The 1965 session of the Kansas Legislature enacted
House Bill No. 1101, thereby establishing a state technical
school at Salina, Kansas. It was to be known as the
Schilling Institute with its programs to be housed in
facilities formerly utilized by the United States Air Force.

House Bill No. 1101, later amended in 1968 by Senate
Bill Mo. 670, defined technical education as it pertained
to the Institute. It was to be "vocational or technical
education and training or retraining which is given in or
by Kansas Technical Institute and which is conducted as a
program of education designed to educate and train individ-
uals as technicians in recognized fields."(l) It went on
to list possible programs that could be offered at the
Institute but in no way restricted the Institute to the ones
listed. Authorization was also given for the formulation of
a "State technical plan" as deemed necessary "to plan and
guide Kansas Technical Institute and programs offered there-
by." (1) The amendment of House Bill No. 1101 in 1968 by
Senate Bill No. 670 officially changed the name from
Schilling Institute to Kansas Technical Institute (2).

The enabling legislation passed in 1965 provided the

Institute with the freedom to offer courses of technical,

-
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vocational, or a combined nature. The latest revisions to
the State technical plan have narrowed the educational

range of Kansas Technical Institute. 1Its present mission

is to provide "technical education and training in the fields
of Engineering Technology, Science Technology and related
fields. The principal mission of the Institute shall be the
education of Technologists and Technicians in the general
field of Engineering and Science. The mission of the
Institute shall include programs approved by the Board of
Regents and special institutes, seminars, short courses and
workshops at appropriate locations in Kansas as approved by
the Extension Officer of the Board of Regents."(3)

1977 marks the beginning of the twelfth year of
existence for KTI and the Civil Technology program. The
program has been under the guidance of three department heads
during that time. Initially headed by Mr. Curt Bowie, the
original curriculum was formulated and the laboratories
equipped. Both were done with the future accreditation of
the program by the Engineer's Council for Professional
Development (ECPD) in mind. In 1968, Mr. Charles May became
Department Head and during his six years with the school
many modifications were made to the curriculum. Due to a
lack of growth in student enrollment in the program, several
early modifications were later reversed. Since my appoint-
ment as Head of the Department in January 1975, very few
changes have been implemented. The reason for this has

been primarily due to the soundness of the present curriculum,



e

but partially because of my need for knowledge and under-
standing of the goals of technical education.

This lack of knowledge concerning technical education
and the definitions involved with it is not uncommon. While
technical education and all it encompasses may be clear to
those working in that field, it is still poorly explained for
the general public. The overlan of responsibilities and
qualifications of individuals on the engineering team often
puzzles both the prospective student and the potential
employer of graduates from technical education programs.

It is not always clear as to the level of knowledge or skill
that separates the engineer, the technologist and the
technician into distinct vocations. These are hurdles that
Kansas Technical Institute and higher education in general
are coing to have to help the public overcome if its mission
of educating and training technologists and technicians is
to be accomplished successfully. Clear and precise defini-
tions of each member of the engineering team must be trans-
mitted to the public and to potential employers. These
definitions should include the type and amount of education
required by each team member, as well as the minimum employ-
ment qualifications required. The public must also be
educated to the benefits of industry's efficient utilization
of appropriate numbers of each group. |

Such definitions are available and are presented in
the following section. It is hoped that this collection of

definitions relevant to technology and technical education
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can be helpful in transmitting to the public the scope of

technical education and its many benefits.



TECHNICAL EDUCATION: DEFINITIONS

Before a study of any subject can be undertaken in any
depth it is generally necessary to define important terms to
provide a common base of knowledge. In this section are pre-
sented the most widely accepted definitions of the terms
necessary for the development of a fudimentary understanding
of technical education and its components. While this list
is rather extensive, it is not offered as being complete and
all inclusive of the terms relevant to the subject. It
should also be remembered that many of the definitions pre-
sented are not static and, therefore, will need to be modi-

fied as technical education continues to develop.

Engineering: "The profession in which a knowledge of the
mathematical and natural sciences gained by study,
experience, and practice is applied with judgment to
develop ways to utilize, economically, the materials

and forces of nature for the benefit of mankind." (4)

Engineering technology: "That part of the technological
field which requires the application of scientific
and engineering knowledge and methods combined with
technical skills in support of engineering activities;

it lies in the occupational spectrum between the

o P
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craftsman and the engineer at the end of the spectrum

closest to the engineer." (4)

Engineer: "A person who, by reason of his or her special
knowledge and use of the mathematical, physical, and
engineering sciences and the principles and methods of
engineering analysis and design, acquired by engineer-
ing education and engineering experience, is qualified
to practice engineering. The engineer will normally
have earned a baccalaureate degree in engineering and

gained appropriate experience in the field." (4)

Engineering technologist: "A member of the engineering team
who by reason of his or her knowledge and applications
of the well established mathematical, physical science,
engineering principles, and methods of technological
problem solving, acquired by engineering technology
education and engineering technology experience, is
qualified to practice engineering technology. The
engineering technologist will usually have earned a
baccalaureate degree in engineering technology or

gained considerable technical experience." (4)

Engineering technician: "A person who, in support of and
under the technical direction of professional engineers,
scientists, engineering technologists, or senior
engineering technicians can carry out in a responsible

manner either proven techniques which are common know-
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ledge among those who are technically expert in a

particular technology or those techniques especially

prescribed by professional engineers which are mastered
" through considerable experience in the field or

educational laboratorv situations." (4)

Technical Institute: Educational institutions offering
college level engineering type programs of two or more
years in length which generally lead to an Associate

or Baccalaureate dearee in Engineering Technology.

Technical education: Education dealing with practical know-
ledge of a mechanical or scientific subject and
characterized by specialized instruction of scientific

principles.

Engineering Council for Professional Development: The agency
recognized by the Institutional Eligibility Unit of
the Office of Education of the Department of Health,
Education, and Welfare as the accrediting agency for
engineering and technology programs within educational

institutions (5).

Regional Accrediting Association: One of six national
associations whose major activity is the accreditation
of the academic institution as a whole and whose member-
ship consists of high schools and institutions of higher
education which are accredited by the regional associ-

ation (5).
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Institute for the Certification of Engineering Technicians:
The national body responsible for the certification of
engineering technicians, founded in 1962 under the
sponsorship of the National Sccietv of Professional

Engineers.

Basic Sciences: "Subjects including physics and chemistry
as well as selected subjects from the areas of the life
sciences and earth sciences. The objective of these
courses is to acaquire a fundamental knowledge about

nature and its phenomena." (5)

Engineering Sciences: Subjects rooted in mathematics and
basic sciences which bridge between the basic science
and engineering practice (e.g. statics, dynamics,
mechanics of materials, fluid mechanics, soil mechan-

ics, etc.) (5).

Engineering Design: "The process of devising a system,
component, or process to meet desired needs. It is
a decision—makinq process, in which the basic sciences,
mathematics, and engineering sciences are applied to
convert resources optimally to meet a stated objec-

tive." (5)

Technical Sciences: Subjects taught in an engineering
technology curriculum, covering the same general
areas as engineering sciences but taught from a more

applied approach and with a lower level of mathe-
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matics (5).

Technical Smecialty: A general classification of technical
courses within an engineering technology curriculum
composed of three subdivisions: Technical skills
and techniques, technical design, and technical

electives (5).



TECHNICAL EDUCATION: THE ENGINEERING TEAM

"Engineering applications of science to practical
problems have resulted in more new developments than in all
prior history. Each American now has the equivalent of 70
mechanical slaves and the United States, with only 7 percent
of the world's population leads in the production and con-
sumption of the things which distinguish.our present
civilizations from earlier forms."(6) This rapid growth
rate of new developments has placed increased demands on the
engineer's time. He is being asked to spend more time in
creative thinking and to give less time for laboratory work,
detailed design, or project supervision. Much of the work
that once required an engineer has now been reduced to a
standard procedure. Complex technology has created a demand
for skilled individuals, educated and trained in the prac-
tical application of engineering technology, to assist and
supplement the engineer.

As these skilled individuals enter the labor force,
they become an important part of what has been labeled "the
engineering team." In its broadest sense it includes the
research scientist, the engineer, the technologist, the
technician and the craftsman. Our discussion will be limited

to the middle three, as they constitute the teams dealing

-12-
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with most engineering projects (4).

The main objective of the engineering team concept is
to provide the engineer time "to concentrate on engineering
efforts bv assigning repetitive, time-consuming tasks to
specially trained/educated technicians." Much of the shortage
of engineers in the past can be attributed to the shortage
of qualified engineering technicians (7). Congress recog-
nized the shortage of engineering technicians when it passed
P.L. 88-204, the Higher Education Facilities Act of 1963.

In it, twenty-two percent of the grants went for the con-
struction of public communitv colleges and technical insti-
tutes in each state (8).

The real significance of the engineering team concept
can be seen more clearlyv if we compare the role of the
engineer to that of the doctor. It is the doctor who has
the authority and responsibilitv to designate which tests
will be needed to supply sufficient information for diagnosis.
He alone has authority to prescribe a specific drug of a
particular dosage to be administered in a specific way on
a specific time schedule. At this point he relies upon
laboratory technicians, X-rav technicians, vharmacists and
nurses to perform these functions which have been reduced
to basic procedutes. The doctor is now freed to deal with
the more complex procedures and the unexpected conditions
that arise (4).

If the engineering team concept is to be effective,

the activities of the various members must be coordinated
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based on their specialized roles. This requires that
functional definitions exist for the role of each member.
While definitions have been developed for each team member,
they have lacked the precision necessary for complete under-
standing by employers, students, and even the various team
members themselves. This is clearly evidenced bv the con-
fusion shown toward the roles of the technologist and the
technician.

The role of the engineer has come to mean the perfor-
mance of creative work such as "consultation, investigation,
evaluation, planning and design of engineering works and
systems, planning the use of land and water, teaching of
advanced engineering subjects, engineering surveys and the
inspection of construction for the purpose of assuring
compliance with drawings and svecifications." (4) Much of his
work involves safeguarding life, health and property. Often
the engineer is the project coordinator or supervisor and the
demands on his time require that he delegate responsibility
to project superintendents and foremen.

Engineering technologists are often employed in super-
visory positions working in close support of engineers in
translating conceptual ideas into functional systems. They
also provide direction for the implementation of these ideas
by technicians and craftsmen. Technologists are often
responsible for project design, planning, estimating, as well

as project inspection or product quality control. Because of

the similarities in the educational background of the tech-
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nologist and the engineer, the technologist may in some
cases make the subsequent transition to the level of pro-
fessional engineer (9). "Some educators feel that the
enqiﬂeerinq technologv degree is better vreparation than
the engineering degree for the work many engineers are
rerforming.” (10)

Enagineering technicians often work under the super-
vision of a professional engineer, engineering technologist,
scientist or senior engineering technician. Their work
involves the aoplication of princioles, methods, and tech-
nicques annronriate to their field of technologv. It reaquires
a piactical knowledge of construction, fabrication, properties,
operations and limitations of the engineering systems with
which thev deal. Through certification by ICET, the engineer-
ing technician can advance from the level of Associate to
Senior Engineering Technician. As with the technologist, a
few agaressive technicians have made their way to the level
of professional engineer.

The term "Endineering team" suggests the effective and
efficient utilization of individuals with varving qualifi-
cations to achieve an objective. Each industrv must develoon
a wav to maximize production-throuqh the use of an appropriate
number of engineers, technologist and technicians. Industrv's
plan for profitable utilization of the engineering team must
also provide a way to satisfy the career objectives of each
individual. One such program developed by the Corporate

Engineering Department of Monsanto Company is presented here
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as an example of what industry can accomplish through wise

utilization of their team (10).

Administration General Technical
Practice Specialization
Director - = Distinguished

Engr. Fellow

Area Mgr. Engr. |- - Senior Engr.
Fellow

Major Project
Manager

Engr. Manager [ Principal Project * -1 Engr. Fellow

Enar.
Principal Design
Engr.
Principal Process
. Engr.

Engr. | Prin. Engr.

Superintendent [ _ - -1 Specialist

General Project
Engr.

General Design
Engr.

General Process
Engr. 3

Engr. Engr.
Supervisor = - Specialist

Senior Engineer
Engineer II
Engineer T

(entry level)

*Partial List

Figure 1. PATHS FOR PROFESSIONAL ADVANCEMENT
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Administrative

Drafting Supr. — i
Const. Coord. III [ i
Squad Leader — ]
Const. Coord. II [ -
Const. Coord. T — :

*Non-Exempt
Grades

Technician (with
technology or
equiv. degree)

*Draftsman
Technician

*Draftsman
Technician

*Training Technician
Training Draftsman

General Practice

Advanced Designer
Advanced Planner
Advanced Estimator

Senior Designer
Senior Planner
Senior Estimator

Designer II
Estimator III
Planner III
Designer I
Senior Draftsman
Estimator IIX
Planner II

Senior Technician

Estimator I
Coordinator I

Figure 2. PROGRESSION LADDER
(For individuals not holding an engineering degree)



TECHNICAL EDUCATION: EDUCATION OF THE ENGINEERING TEAM

Lines separating the responsibilities of members of
the engineering team are not always clearly defined. Con-
fusion which arises because of these job overlaps cannot
always be removed by injecting a job definition or descrip-
tion. Another approach to understanding the roles or
responsibilities of the engineer, as well as the engineering
technologist and the engineering technician is to view the
educational programs for each. The program requirements as
specified by ECPD are presented below. It is hoped that the
educational background of each member of the engineering
team will be indicative of the level of performance and

responsibility for which he is qualified.

Engineering Curriculum Requirements
An ECPD approved engineering program should include

as a minimum for accreditation:

1. The equivalent of approximatelv two and one-half years
of study in the area of mathematics, science, and
engineering. The course work should include at least
one-half year of mathematics beyond trigonometry, plus
one-half year of basic sciences, one year of engineering
sciences, and one-half year of engineering design.

2. The equivalent of one-half year as the minimum content

=1B=
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in the area of humanities and social sciences.

3. An additional time equivalent to one academic year for
the implementation of educational objectives of the
individual and the institution (5).

Presented helow is an example of an ECPD accredited

Civil Engineering curriculum.

FRESHMAN
Fall Semester
Course
Anal. Geom. & Calc. I 4 Anal. Geom. & Cal. II 4
Chemistry I £ Chemistry IT 4
English Comp. I 3 English Comp. II 3
Engineering Concepts 2 Oral Communications I 2
Graphical Comm. Anal. Economics I 3
and Des. I 2 Engineering Assembly _0
Concepts of Phys. Ed. i
TOTAL ...cce- P X TOTAL: v vve v 65 0 0 ww ova & 6 5 5 16
SOPHOMORE
Anal. Geom. & Calc. III 4 Series & Diff. Equ. 4
Engineering Physics I 5 Engineering Physics II 5
Statics 3 Mechanics of Materials 3
Tech. Elective 2 Geology I 3
Elementary Surveying 3 Engineering Assemhly 0
Engineering Assembly 0 Tech. Elective _2
TOTAL & 4 & & & & 2 P & § & 8 2 S 17 TOTAL ..... ® ® & ¥ & & & " & B S 17
JUNIOR
Route Location & Design 4 Intro. Struc. Anal. 4
Dynamics 3 Fluid Mechanics 3
Thermodynamics I 3 Soil Mechanics I 3
Hydrology 2 Sanitary Engg. Fund. 3
Hydrologic Meth. Lab. X Hum. or Soc. Sci. Elec. 3
Tech. Elective 3 Engineering Assembly 0
Engineering Assembly 0
Mech. of Materials Lab. _1

TOTAL * 4 & a & 4 % s 8000 F e R 17 TOTAL ®® 9 5 8 " 8 3B g e QT s RS 16
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SENIOR
Engineering Assembly 0 Enaineering Assemblv 0
C. E. Electives 12 C. E. Electives 6
Hum. or Soc. Sci. Elec. - Hum. or Soc. Sci. Elec. 6
Tech. Electives 5
TOTALQ lllllllll S o o o e 8 17 TOTAL ® 8 & g ° & & 5 S P e e s s e P 17

Number of hours required for graduation ~ 133

Engineering Technology Curriculum Requirements
(Baccalaureate Degree Program)

An ECPD approved engineering technology program leading

to a baccalaureate degree should include as a minimum for

accreditation:

1.

The equivalent of three-fourths academic year of basic
sciences with the rrorortion of mathematics to be
dependent on the needs of the varticular technology.
The equivalent of one and one-half academic years of
technoloaical courses, including technical science,
technical swecialtv, and technical electives.

The equivalent of three-fourths academic vear in
communications, humanities, and social sciences.

An additional time eauivalent to one academic year for
the implementation of educational objectives of the
individual and the institution.

A minimum of 120 semester hour credits (5).

On Page 21 is an example of a baccalaureate program in

Civil Engineering Technoloqy designed to meet ECPD accredita-

tion requirements.
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CORE COURSES (80 Hours)

Communications et e revatatetateosognetas
English Composition I ...e.cepeavye
English Composition IT «u«evememsn
Oral Communication I ....cecsvevane

Physical Science ..iveseeensacsvsacscan
General Chemistrv ...... R
Chemistry I ....ccceusuas ut ¥ W R RN R
General Physics I .....cuocevevnosnn
General Physics IT .....cveetonrane

Mathematics and Statistics ........ .
Plane Trigonometry ..c.svseeepsnss

Technical Calculus ...-cveereevs
Elements of StatisticCs .eeeencenan

College Algebra ...... R s e e

Engineering Technology ........-.... -
Graphical Communications I .......
Computers and Data Processing ....
Properties of Engg. Materials ....

Electrical Circuit Tech. I ...c..uv

Instru. and Measurement Tech. ....
Management Electives ....qeccencesras
Humanities/Social Science Electives .
Free Electives ....v.c.... ey Tt P

Concevts in Phys. Educ., ....cc... ‘e

ARFA OF SPECIALIZATION (40 Hours)

Required Courses ..,..... ut ot i 1 o @ se me
Elementary Surveying Engg .......
Statics A ...... G W E e e LTI T .
Strength of Materlals D wswuen s .
Strength of Materials A Lab ......
Route Location and Design ...... .
Mechanics Oof Fluids ..cceesenceass
Graphical Communications II .,.....

Area ElectivVeS .....creassesssnsssasns
Geology T .uvcecvvaorsrosentoncsnsne
Elementary Geology Lab ......... .o
Soil and Foundation Constr. ......
Sanitary Engineering Fund. .......
Energy Conversion Technology .....

LA

s o a

Wl e

12-13

.. 14

LR IR I I A 20
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Wastewater Treatment Technology . ;... 3
Water Treatment Technolody sacveepraves 3
Air Pollution Control Tech. vsrennee- 2
Production ProcesSsSesS ...sserscasrvrsee 3
Occupational Safety & Health ........ 3
. Theory of Structures T ...covvveosesa 3
Timber Structures ..:esceereroassrena 3
Theory of Structures II ....-¢ceerae-. 4
Theory of Structures III .......,.... 4
Thermal SYStemsS ..scesssearscroacneas 3
Lighting Systems cvwsaswsssvwsswsnin 3
Sanitation SYStems ..:csessssacessees 3
Acoustic SysStems ...e.rnecessan ceasees 2
Site Constructighn ~swesmempmoponwyposm 3
Construction Drawings ...... T I 3
Construction Problems I ...... A W D
Construction Estimating «...rvevveaees. 3
Construction Management I ......0ses-- 3
Construction Management II ..v.oreeus 3

Number of hours required for graduation - 120

Engineering Technology Curriculum Requirements
{Associate Degree Program)

An ECPD approved engineering technology program leading
to an associate degree should include as a minimum for
accreditation:

1. The equivalent of one-half academic year of basic sciences,
about half of which should be mathematics that includes
carefully selected topics suited to each curriculum from
appropriate areas of college algebra and trigonometry,
and going beyond to inclﬁde the basic concepts of cal-
culus.

2. The equivalent of one academic year of technical courses.

3. The eguivalent of one-fourth academic year of non-
technical subjects such as oral and written communications

and humanistic-social science subjects.



