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CONTINUING EDUCATION

One of the outstanding engineering educators of all time, Wil-
liam L. Everitt, former Dean of Engineering at the University
of Illinois, often said, ‘‘Engineering is not a learned profes-
sion, it is a learning profession.’’ This statement captures the
essence of this article, which discusses the need for engineers
to continue to learn throughout their professional careers,
and discusses some of the ways engineers find useful to en-
gage in this pursuit. The need has existed for a long time, and
engineers have utilized the best available technologies and
techniques to meet the need. The importance of continuing
education continues to increase as the pace of technological
change increases, and as more knowledge is available and
used. The focus of this article will be on programs designed
by industry, government, and the university.

DEFINING CONTINUING EDUCATION

In its most general sense, the phrase continuing education
usually refers to a formal program of post-baccalaureate-de-
gree education established for the purpose of maintaining and
enhancing knowledge and skills. Often there is a connotation
of a job-related activity. The program may lead to a graduate
or professional degree, or it may lead to a certificate of accom-
plishment or attainment. It may be part of a legal require-
ment to maintain a license in a profession. The outcome may
be personal satisfaction. The program may last for a few
hours or for several years. The term ‘‘continuing education’’
is extremely broad, and so are the ways in which engineers
accomplish the goals of continuing education. There are, how-
ever, some related terms that help clarify the ideas. Many of
the terms have connotations that are significant to the user.

Some universities are now using the phrase extended edu-
cation to describe continuing education activities that are de-
signed to enable engineers to earn post-baccalaureate degrees
on a part-time basis while fully employed in industry or gov-
ernment. This term is an attempt to distinguish between
types of activity within the university, but at present it does
not seem to have widespread acceptance. A closely related
term is lifelong learning. This latter phrase applies to an indi-
vidual who engages in continuing education, so that the term
describes the participation more than the process.

NEED FOR CONTINUING EDUCATION

Engineers, indeed practitioners of all professions, have al-
ways sought better ways for accomplishing their goals. They
seek to improve performance, efficiency, reliability, and aes-
thetics, and to reduce costs. Where possible they share ideas.
They envision new ways to improve the quality of life for peo-
ple. They perform research and try new ideas continually. In
short, they learn from each other in discussions, in classes, at
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conferences, by reading, and in formal programs designed for A second type of post-baccalaureate graduate study leads
to a professional degree. In a few cases, these may be bache-this purpose.

While the need for continuing education has always ex- lors degrees, for example, Bachelor of Engineering or equiva-
lent, but more common titles, in engineering, are Master ofisted, it takes on increasing importance in today’s world. It is

generally agreed that knowledge is ever increasing, and that Engineering, Doctor of Science, or Doctor of Engineering. A
professional degree is no less rigorous than the more commonthe challenge of keeping abreast of changes, while at the

same time evaluating the information available, poses a sig- research degree, but the focus is different. The research proj-
ect becomes a major development project, leading to a signifi-nificant challenge to everyone. Today’s engineer must be

aware of changes in the practice of engineering close to her cant advance in an engineering application, though not neces-
sarily basic research in engineering. Publication is lessor his field, and must be aware of changes away from this

field, as engineering is becoming more interdisciplinary. For- important; projects and products are more important.
As a recipient of either of these degree types matures andmal programs and self-discipline are required for engineers to

be able to maintain and enhance a high level of competence contributes, the distinction between the types of degree di-
minishes. Because both programs tend to emphasize highin the profession. There is another reason for continuing edu-

cation. Nearly all engineers simply want to continue learning quality, creativity, originality, and rigor, the similarities are
more important than the differences.all of their lives, both within their profession and for personal

self-satisfaction. To achieve the latter, reading is necessary,
but often formal programs are needed for effective learning. Graduate Study in the United States

Graduate degree programs in the United States and in most
TOPICS FOR DISCUSSION of the world serve several important functions. One is to pro-

vide degree programs for students who want to continue their
This article will discuss several topics that are closely related education beyond the bachelors degree, in order to prepare for
to continuing education. The first important topic will be careers in research, in universities, and in high-level ad-
graduate study in engineering. Graduate study is a domain vanced development. Another is to provide programs in which
entirely of the universities, but may take place either on or senior research scholars are able to enhance their research by
far away from the campus. If the students are located away attracting students who, in addition to studying in a formal
from the university, then some form of distant education tech- sense of the word, also serve as research assistants. In this
nology is involved, and this topic is discussed. Continuing ed- capacity they learn to do research by actually working under
ucation programs offered with a goal of advanced learning, the close supervision of an established scholar. The faculty
often with certificates but not formal degrees, are offered by members who teach the advanced, graduate-level courses
a wide variety of agencies, and these are discussed. Finally, gain in another important way. They remain involved at the
some of the terms frequently used by engineering educators, leading edge of developments in their disciplines, and contin-
especially those involved in some form of continuing educa- ually evaluate current journal articles and products for their
tion, are discussed. students. They involve their students. Many outstanding

graduate-level instructors take their students to a knowledge
frontier during each class period, and help them survey the

GRADUATE STUDY scenes for future ideas. In this way, teaching graduate-level
courses is actually a form of continuing education. Each idea

What Is Graduate Study? is discussed further in the following paragraphs.
The engineering profession is an old one. Until the nine-The phrase graduate study refers to formal educational pro-

teenth century, however, nearly all of the practitioners of en-grams offered by universities that provide additional study
gineering learned as apprentices rather than as students. En-and degree programs beyond the baccalaureate (bachelors)
gineering advanced empirically in virtually every aspect. Thedegree programs. These programs have two major foci,
interaction between the scientist and the engineer was mini-though the dividing lines between the two are not rigorously
mal. Today, however, the scientist and the engineer interactdrawn.
on a regular basis, to the mutual advantage of both. Individu-First, the primary purpose of graduate study traditionally
als now move freely in both directions over the vaguely de-has been to prepare students for careers in research in their
fined boundary between science and engineering. Engineeringrespective disciplines, though of course not all recipients have
advances today are almost always based in basic sciences andpursued such careers. Typically programs include study of a
modern information technology and have a firm theoreticaldiscipline at an advanced level, high-level study in closely re-
foundation. This fact alone is a major reason for the rapidlated disciplines, and preparation of a thesis or dissertation.
advance of knowledge all seen today. This fact also leads toThe latter is invariably documentation of an independent,
the need for graduate study.though carefully guided, research effort by the candidate. Not

Engineers who want to do research or advanced develop-only must it be defended within the university, but significant
ment, either in a university, in a government laboratory, orparts of it must normally be submitted for publication in peer-
in industry, now find it necessary to have an education thatreviewed professional journals as well. The highest level of
is firmly grounded in basic science, mathematics, and the in-these degrees is almost always called Doctor of Philosophy
formation sciences. Such an education simply cannot be(Ph.D.). The degree intermediate between the Ph.D. and the
gained in a four-year baccalaureate program. Engineersbaccalaureate degree is usually the Master of Science (M.S.)
whose primary motivation is teaching also find such an edu-degree. Often, but not always, the M.S. also requires prepara-

tion of a thesis. cation absolutely necessary. Virtually all universities require
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their faculty members to have earned a Ph.D. degree before to the campus, though today this is less common. Large in-
dustries located near major universities have built special ed-being employed as regular faculty members. They further re-

quire that their faculty continually use and extend their ucational facilities. More recently, television is being used.
The process of televised education is discussed later, in theknowledge, whether strictly as research or in related forms.

Engineering research is now a team effort. The projects are section titled ‘‘Distance Education.’’
Some universities do not distinguish between the degreesusually large and require the talents and ideas of many peo-

ple. Engineering research in a university setting is usually earned by on- and off-campus students, whereas others use
different names for the degrees the two groups of studentscharacterized by group leaders who are senior faculty mem-

bers, less-senior faculty working on closely related projects, earn.
Engineers in industry who are students in these programsand graduate students, who are commonly called research as-

sistants (RAs). The RA is an important part of the team. The have important needs that must be considered. One question
for the faculty to consider is whether or not to require a the-RA typically performs the research needed for a thesis or dis-

sertation in this setting, and the RA’s work serves to advance sis. The students might like to write a thesis on a work-
related topic, but this desire often leads to proprietary con-the knowledge produced within the group to the benefit of all.

The RA learns to research by doing it, and eventually be- cerns. A thesis is a contribution to the public domain, which
conflicts with industry’s need for protection of its trade se-comes a research leader, whether in government, industry, or

a university. The process is occasionally criticized as a ‘‘clon- crets. Two solutions to this concern are to have degrees con-
ferred solely on the basis of the completion of course work, oring’’ operation. Those who disagree with this criticism point

out that it has led to a world-wide rapid expansion of knowl- to replace the thesis requirement with a project requirement.
The advantage of a project is that it is not in the public do-edge and a concomitant expansion in the quality of life for

many people. main, yet it can be held to standards comparable with those
of the thesis. Typically the project is advanced developmentEngineering educators regularly state well-founded opin-

ions that continuing education is necessary for engineers in vis-à-vis research. The disadvantage of these solutions is that,
should the recipient later decide to pursue a Ph.D., credit forgovernment and industry. Continuing education is also neces-

sary for engineering educators. Some of the common charac- the earlier work may be deflated or even denied. The combi-
nation of these pressures and concerns is a major factor interistics of a person who has completed advanced degrees are

a thirst for knowledge and the willingness, self-discipline, and the mixture of types of masters degrees mentioned earlier.
An important program that is meeting the needs of stu-ability to continue learning throughout a lifetime. Knowledge

expands so rapidly that relatively little of what the engineer dents in industry is offered by the National Technological
University (NTU). (1). The NTU is a consortium of approxi-teaches is material studied as an undergraduate or, for that

matter, as a graduate student. When one knows how to do mately 50 major universities across the United States that
supply their graduate courses to engineers in industry. (Theresearch and how to continue learning, doing it is a feasible

and realistic expectation for all concerned. delivery method is discussed in the ‘‘Distance Education’’ sec-
tion.) NTU serves a number of major functions in this mastersAn important conclusion that one can draw from compar-

ing the expansion of knowledge in engineering with the degree program: It grants the degrees and it serves as a bro-
ker or ‘‘clearinghouse’’ to select courses and make them avail-expansion in both the number and quality of engineering

graduate programs in the United States and around the able. The universities themselves both cooperate and compete
in this process. They compete with each other in order to getworld is that there is a close correlation between the two ac-

tivities, which has served the profession and society well. their courses listed in the catalog and offered on the network,
but they also cooperate in order to have comparable stan-
dards, to compile logical selections of courses, to advise stu-Graduate Study as Continuing Education
dents, and to see to the other details that are essential to

The education that is offered to students seeking to earn ad- presenting a good degree program. The degree offered by the
vanced degrees is usually appropriate for engineers in indus- NTU is a Master of Science (without thesis, though the option
try who want to continue their studies. The relationship be- of writing a thesis exists).
tween engineers in industry and their managers has a major With few exceptions, universities find these educational
influence on how programs develop. Some companies encour- programs made available to industry to be valuable. They fre-
age, even require, their engineers to pursue masters degrees quently lead to industry-sponsored research contracts. They
on a part-time basis. Other companies encourage their engi- may lead to consulting and other work relationships between
neers to take specific courses in order to gain enhanced industry and the faculty. They may open opportunities for un-
knowledge, though there is no major incentive for those engi- dergraduates to enroll in cooperative programs. Obtaining in-
neers to earn advanced degrees. In both cases, a major moti- formation on these programs has become quite easy with the
vation for the engineer is to increase individual educational rapid development of the World Wide Web. The Bibliography
level, which is also the goal of continuing education programs gives addresses for a few of the more than 50 universities
in general. offering such programs (2).

Universities around the country have worked closely with
industry to provide these opportunities. The techniques vary,
but all have the common feature of a highly qualified faculty, CONTINUING EDUCATION PROGRAMS
usually regular but occasionally adjunct, presenting the
courses to engineers in appropriate formats. Faculty members A strict but not universally accepted use of the phrase contin-
have ridden on trains, driven cars, and flown in university uing education refers to programs designed to give students

additional knowledge, but not intended to lead to degrees.aircraft to industrial sites. In some cases engineers have come
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The phrase short courses often describes the activity. Continu- IEEE, also may produce home study courses for their mem-
bers. As delivery tools these courses use a mixture of video-ing education programs are offered by many institutions.

These include universities, industries, vendors, professional tapes, computer disks, and books for the engineer. CEUs may
be awarded for participation in these activities.societies, and educational institutions founded for the pri-

mary purpose of providing continuing education events for en- Professional societies play another important role in con-
tinuing education. In the United States, this is exemplifiedgineers and other professional people. The programs may lead

to certificates of completion, continuing education units by the American Society for Engineering Education (ASEE),
especially its Continuing Professional Development (CPD) Di-(CEUs) (3), or the knowledge the participant needs to accom-

plish a needed task. Many licensing agencies require licensed vision (6). Other organizations include the International As-
sociation for Continuing Engineering Education (IACEE) (7),professionals to earn CEUs or equivalent before license re-

newal. The lines between these types of programs are not dis- with headquarters in Finland, and the International Associa-
tion for Continuing Education and Training (IACET) (3).tinct. One program that has attracted engineers for 25 years

or more is the University of Wisconsin Professional Develop- These organizations bring together educators in industry,
government, and universities. These people together studyment Program (4).

Many universities offer continuing education events in the needs for continuing education, do research in effective
techniques, publish results, hold conferences, and provide allconjunction with their degree programs, while others concen-

trate primarily on short courses. The faculty for the short concerned with research-based knowledge in effective tech-
niques for continuing education. Two important documentscourses may be the regular university faculty, or may be out-

side experts brought in for that purpose. Often the faculty is published by the CPD Division of ASEE are listed in the bibli-
ography (8,9).a mixture of these two types. The short courses are almost

always carefully planned, they present material that is very Another type of institution that provides continuing educa-
tion is a company organized for just this purpose. These com-up-to-date, and they are practically oriented. Students in

these courses tend to be, in a good sense of the word, de- panies tend to compete with universities. They serve industry
by making all of the arrangements for company courses,manding. They have high expectations for rapid, effective

learning. Students tend to return to universities that present whether on company premises or at convenient locations.
They present short courses at professional conferences. Be-outstanding short courses. Not all short courses are presented

on-site at the university. Many are taken to the industrial cause of the high expectations of both industry and students,
these companies find that they must provide high-quality pre-sites, and some are taken to convenient, attractive venues in

various parts of the country. sentations of state-of-the-art material.
The National Technological University (1) has an extensiveIndustries themselves organize and present short courses

for their own employees. The topics may be proprietary in short-course program in addition to its degree program. The
courses are delivered from a variety of sources around thenature, so that the industry does not find it necessary to re-

lease data on new products to people outside the company. world, and are available by subscription to participating in-
dustries and universities around the country.The topics may be concerned with new information that has

not yet made its way to the universities or to other sources. Some universities have found it desirable to produce high-
quality videotapes to meet some types of continuing educationThe topics may be company specific, such as studies of com-

pany management systems or changes in manufacturing needs. Some 35 of these universities have banded together to
form a marketing organization for such tapes. It is knownmethods. Many companies find these programs to be some-

what more expensive than courses provided by outside agen- as the Association for Media-Based Continuing Engineering
Education (AMCEE) (10). Closely related to this is the Webcies, so that they use them only when necessary. Others find

them to be cost and educationally effective. site maintained by the International Association for Continu-
ing Engineering Education (IACEE) (7).Vendors often provide short courses for their new products

and services. In some cases, these are offered at nominal cost
to the participants, but in other cases, they are quite expen-
sive. These courses train people to use new equipment and DISTANCE EDUCATION
software, so that the users have the knowledge needed to en-
hance their own job performance. Sometimes these programs The phrase distance education has arisen in the past few

years to describe a long-standing process. The phrase de-lead to certifications for new skills for engineers and other
technical people who operate as independent consultants. An scribes the situation in which students and instructors are

geographically separated, and it has also been used to de-example might be the programs used by several computer
networking companies to train installers and maintenance scribe the situation in which students and instructors are sep-

arated in time, though proximate in location. This is reason-personnel for their networks.
Professional societies, such as the Institute of Electrical able, as the characteristics of education when instructor and

student are separated by space or by time have much in com-and Electronics Engineers (IEEE) (5), frequently include
short courses in the programs for their conferences, often at mon. The relation of the concept of distant education to con-

tinuing education, whether in the narrow or broad sense, isthe beginning or the end of the conference (the reason for this
is that the short courses tend to be longer than typical confer- that the process of distance education is being heavily used

to enable continuing education. Distance education is also be-ence sessions). Nominal extra fees are usually charged, and
the courses are generally presented by outstanding scholars ing used for undergraduate education and for K–12 educa-

tion, though these uses are not a focus of this article.and presenters who are closely associated with the conference
itself. These conferences are particularly effective venues of Early forms of distance education include correspondence

courses or involved travel by the instructors, who used thelearning for many people. Professional societies, such as
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best available transportation methods. The archives of land and critics. The early systems would today be described as
grant universities include pictures of engineering faculty rid- semisynchronous. They used videotape in sparsely populated
ing trains to teach engineers the latest techniques for road areas, and microwave links in heavily populated areas. Satel-
construction or electric power installations. In the 1950s and lite systems appeared at this time. The first videotape uses
1960s, faculty switched to cars and airplanes as they traveled were reported by Colorado State University and by Iowa
to meet with their students. These techniques are still used, State University, beginning in 1969. Microwave links were
but in the late 1960s, engineering faculty began to experi- reported in Texas, Florida, and California at about the same
ment with the use of television in a variety of forms, in order time. The cameras were black-and-white, large, and intrusive
to effectively and economically give their students the educa- in the classrooms. They inhibited on-campus students, espe-
tion they wanted. The experiments were successful, and today cially from asking questions in class, but the off-campus stu-
several forms of television play a major role in graduate edu- dents were eager to get the knowledge, and so accepted the
cation and in short courses. Today engineering faculty mem- system and quickly helped to guide its improvements. Both
bers are experimenting with use of the World Wide Web in videotape and microwave transmission continue to be impor-
continuing education, either in conjunction with television or tant today, though improvements in equipment have led to
as a totally new technique. studio classrooms that combine television equipment and

computers in ways that really enhance the instructor’s capa-
Synchronous and Asynchronous Delivery bility to present material. Stone (8) studied the performance

of graduate engineering students in televised class at aboutA useful classification of distance education techniques is to
10 major universities, and concluded that those students whoconsider whether they are synchronous or asynchronous.
were seriously pursuing advanced degrees performed as wellSome add an intermediate classification of semisynchronous
as and, in many cases, slightly better than the on-campus stu-or partially synchronous. A synchronous method is one in
dents.which the students and the faculty are in full, two-way com-

An early change made to microwave broadcasting was tomunication throughout the educational event. The students
add audio feedback from students to the instructor by provid-in the distant class may ask questions and, what is most im-
ing a telephone callback feature. This makes the system syn-portant, all proceed at the same pace, usually set by the fac-
chronous, provided the students at the receiving site view theulty member. Ideally there is a lot of student-to-student inter-
broadcast at the same time as the class is being transmitted.action. In addition to in-class interaction, students and
Often the students desire the time-shifting that videotapefaculty may interact by e-mail, telephone, facsimile, and other
provides, so they record the class and watch the tape at atechniques, so that there is as much interaction in a distance
more convenient time. This also presents great advantageseducation students class as in a conventional class.
when the engineers in industry must be in transit. In prac-An asynchronous method is one in which students set their
tice, most instructors report little use of the callback feature.own paces, within limits, and student-to-teacher interaction
One important reason for this is the fact that in these modesoccurs when needed by either party. Students work at differ-

ent speeds, with the requirement being that all finish by the there is usually a group of students on campus, and more and
specified deadline. There is little if any student-to-student in- more they have become willing to ask questions in class, usu-
teraction, and none is expected except when there is a group ally very similar to those the off-campus students would like
of students at the distant site. Student-to-faculty interaction to ask. Since the questions are recorded, all students benefit
is entirely by e-mail, facsimile, and telephone. from the responses.

Semisynchronous techniques have some of the characteris-
tics of synchronous systems. All students proceed at the same The National Technological University
pace, and usually, though not always, there is considerable

In 1984, the National Technological University (NTU) (1,11)student-to-student interaction. The distinction is that the stu-
began using satellite delivery of graduate courses transmitteddents are receiving the learning at a time different from the
from more than 20 universities around the country. In dueinstructor’s presentation and, if there are several groups of

students enrolled in the same class, the various groups re- course each university had its own transmitter, so that a
ceive the learning at different times. The delay is virtually larger population could be addressed, and the students in in-
constant throughout the learning period. Students in individ- dustry around the country had the potential to receive classes
ual groups interact readily, but not with students in other as they were being presented on the university campus. By
groups. Student-to-faculty interaction again takes place by e- the late 1990s, NTU had nearly 50 member universities, 900
mail, telephone, and facsimile, but because additional presen- participating company sites, was broadcasting some 200
tations are likely, one student’s question can serve to give in- courses per academic term, and awarding more than 200 mas-
structors ideas to present to all students. ters degrees annually. In most cases, the system is best de-

Synchronous and semisynchronous techniques usually scribed as semisynchronous because of the fact that, while
have the characteristic that the faculty is presenting material substantial student-to-faculty interaction occurs, it does not
to a group of students on the university main campus, while occur during the broadcast time. If, say, students at ten or
at the same time presenting to distance education students. more receiving sites were to try to contact the instructor in
Asynchronous presentations may or may not have an on- the class period, then keeping a class going could become
campus student group. quite a challenge. Student surveys indicate that the majority

of students record the classes for viewing at a convenient
Television and Continuing Education time. In addition to its credit courses and degree programs,

the NTU also broadcasts several thousand hours per year ofTelevision links students and faculty in a variety of ways.
Each has advantages and disadvantages, and thus adherents continuing education events.
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In the United States, NTU is the first ‘‘virtual university,’’ ties, between universities and community colleges, and from
universities and community colleges to libraries, hospitals,an institution that is not located in one specific place, but is

available to students anywhere provided they have the tech- National Guard armories, and public schools. Ways for con-
necting this network to systems in adjoining states are beingnological equipment needed to receive the knowledge. (In the

United Kingdom, the Open University began in the 1970s.) As developed. Many states, including North Carolina and Indi-
ana, have networks that connect a variety of institutions.this is written (1998), NTU grants degrees in 12 disciplines:

Aerospace Engineering, Chemical Engineering, Computer En- More will undoubtedly be developed in the future.
gineering, Computer Science, Electrical Engineering, Engi-
neering Management, Hazardous Waste Management, Television and the World Wide Web
Health Physics, International MBA, Material Science and En-

The idea of transmitting full-motion television over the Worldgineering, Manufacturing Engineering, and Software Engi-
Wide Web (WWW) attracts research and development. Al-neering. It also has a Special Majors program.
ready televised images are transmitted, but the quality in
general is, so far, inadequate for educational purposes. ThisTwo-Way Audio and Video Systems
will change in the near future, as the bandwidth of the in-

In many situations, instructors and students alike wish to ternet increases and compression techniques are further de-
have real-time, two-way interaction during the class presen- veloped. The opportunities that this capability will provide
tation. Such interaction appears to be more important in will be virtually unlimited, and distance education involving
classes that require a lot of discussion, such as those in which the entire world is a likely result.
case studies and active or cooperative learning play an impor-
tant role, and in classes presented to undergraduates. The World Wide Web and Internet Courses
importance of real-time interaction certainly depends on the

The advent of the WWW has challenged educators to findinstructor’s style, the content, and the characteristics of the
ways to use it for distance education. Many universities havestudents. Major developments have made such programs pos-
active development groups working on courses in computersible, and the capability is achieved in a variety of ways. In
programming, mathematics, biology, climatology, history,this section, discussion is limited to systems that permit two-
electric circuits, and many other topics. Some use the WWWway audio and video interactions.
to deliver materials to students regardless of location, whileIn principle, any one-way system can be converted to a
others are programmed so that the students interact with thetwo-way system by simply duplicating facilities, thereby pro-
subject matter on the Web, taking ‘‘mini-tests,’’ asking ques-viding a communications channel in each direction. This
tions, and moving through the material as needed to learnnearly doubles the cost, but works well from a technical
effectively. Some use audio, while others depend entirely onstandpoint when the instructor is in contact with one or a
visual images. Short segments of video are included, and stillvery small number of student groups. Two-way microwave
images are a major part of the attractiveness of the technique.links, which are typically links between a university and a
The technique is growing so rapidly that students can or soonsingle industry, work well, and are found in many locations.
will be able to find educational material, either continuingTwo-way satellite links work well when used between one in-
education or credit courses, on almost any subject of interest.structor and one or a small number of student groups, but in

practice are rarely implemented because of cost and techni-
cal complexity. Issues and Concerns in Distance Education

A practical two-way audio/visual system (full duplex sys-
Distance education courses raise some interesting concerns.

tem) is provided by video-conferencing. This system uses digi-
Students must be attracted and their qualifications evalu-

tally compressed video signals that may be transmitted over
ated. One technique for WWW courses is to allow students to

high-grade telephone lines, including the various microwave
take one or two of the beginning parts of a course in order to

and satellite links that are included. The systems permit full
evaluate both the technique and the specific content. After

duplex operation between students in one group and an in-
that, the student must formally register and gain access to

structor at a distant site. With suitable switching, more than
the course content and credit for completing the course only

one student group is possible.
under control of a password or similar security provision. The
same password is needed for testing, along with a password

The Iowa Communications Network
from a proctor, whose responsibility it is to ensure that the
student taking the exam is the one actually registered. SomeThe State of Iowa has built what is probably the most exten-

sive network for distance education in the United States. The early experiments of controlling experiments on the WWW
have been reported. These are not simulations but actual ex-state is nearing completion of a set of more than 800 facilities

equipped for full duplex television with central switching, so perimental apparatuses that would always be computer con-
trolled, but are now controlled at a distance (14).that one transmitting site can send to as many sites as de-

sired. The connection medium is fiber optic cable. The net- When they are being graded and earning credits toward a
degree, students want to be able to interact with an instructorwork was originally conceived as being appropriate for en-

abling smaller, more remote high schools to join with larger in a flexible, economical, and effective manner. Students in
continuing education events also have a similar desire. Inschools for advanced instruction in such topics as foreign lan-

guages and advanced mathematics. Because of its great capa- these situations, students interact with instructors via elec-
tronic mail, facsimile, telephone, and over the WWW. Thesebility and flexibility, however, it is being used more widely

for distance education. Courses in all disciplines, including development projects are greatly expanding the capability
and responsibility of the faculty in engineering and in all dis-engineering (12,13), are being exchanged between universi-
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ciplines, and the challenges and opportunities are very sig- CAREER DEVELOPMENT AND LIFELONG LEARNING
nificant.

Another significant issue is the faculty reward system. De- Industry 2000 Conference and Career Development
veloping such a learning experience requires creative scholar-

Continuing education is certainly a fact of life in the modern
ship and a lot of hard work, but these alone do not qualify the

world. Engineers find continuing education necessary both for
work for typical faculty rewards such as promotion and ten-

personal growth and satisfaction, and for reasons that may
ure. Televised and WWW courses do provide one important

be described as career enhancement or career development. In
feature, in that they project the faculty member beyond the

1994, the Institute of Electrical and Electronics Engineers
campus, so that the faculty member potentially has impact

(IEEE) held a very significant conference devoted to this
across the country and around the world. There are also ques-

topic. The conference venue was Denver, Colorado, and ap-
tions of financial rewards for such activity, especially of how

proximately 100 people from engineering groups in industry,
to compensate the faculty member over time.

continuing education operations in industry, and universities
The issue of copyright is an important though not fully re-

attended. The conference theme was Technical Vitality
solved one. Who owns the copyright to material on the WWW,

Through Continuing Education. A conference Proceedings was
and how is this protected? Who owns copyright of videotapes

published (15). The conclusions of this conference substanti-
that are produced and then copied at a receiving site? These

ate those of other conferences and studies, but this conference
issues have generated a lot of discussion and opinion pieces.

brought together people with knowledge, experience, and vi-
Reasonably effective solutions are in place for most of the

sion, and synthesized ideas and actions from a wide variety
televised material, as agreements consistent with the laws

of sources. Thus it is a rich source of knowledge and ideas on
and also the policies of the universities can be written in ad-

which to base future actions. The conclusions of this confer-
vance, but more research and legislation is needed for WWW

ence are presented extensively here.
activities.

Another issue is that of cooperative learning (see EDUCA-
Challenges of Advancing Technology. One important ques-

TIONAL TRENDS). Engineering faculty members are finding that
tion considered was that of how engineers and their employ-presenting classes using advanced techniques of a cooperative
ers should face the challenges of advancing technology, theand guided active learning greatly increase their effectiveness
competencies needed, and how to get the necessary educationas well as learning on the parts of students. Extending these
and training. Those present recognized that both employerstechniques to distant education is a challenge most easily ac-
and engineers (employees) have a responsibility here. As pro-complished in fully synchronous modes. Cooperative learning
fessionals, engineers have long had a major responsibility forin semisynchronous and asynchronous modes is a topic just
their own careers, and this will increase. Some of the reasonsbeginning to be studied.
for this increase are the world-wide nature of engineering
practice today, and the fact that highly talented engineers are

Degree Programs and Nontraditional Students found around the world. Another is the trend in some indus-
tries to employ more outside consultants and thus to haveThe phrase nontraditional student is a loosely used term to
fewer engineers on their staffs. Engineers will be evaluateddescribe students who are older than the typical student
more for their capability than for their knowledge, more forfound on a university campus. Some of the characteristics of
their ability to work in teams and to think, work, and producenontraditional students are that they are older, perhaps 24 to
in a systems context, and will be expected to work and pro-40 years old, employed, have family and community responsi-
duce in a process orientation vis-à-vis a product orientation.bilities, and want or need additional education, either for per-
Engineers must keep themselves ‘‘lifetime employable.’’sonal growth and satisfaction or for job-related reasons, such

The responsibility for professional development is not lim-as job security and advancement within the company. While
ited to the engineer. Employers have a responsibility, espe-for some of these people short courses are sufficient, others
cially to people employed by the employer for a substantialwant degree programs, and they are willing to do the work
time. These people have talent and experience, but they canand spend the time (12). The demands for providing high
also cause employers major problems if regular professionalquality undergraduate programs present some challenging
development does not occur. Time must be made available byproblems. A typical masters degree requires 30 to 36 semester
the employer, and the employer must make such an activityhours, or 10 to 12 courses of three credits each. At a rate of
an expectation or job requirement. The employer must viewthree courses per year, a student earns a degree in four years.
continuing education as an investment, not as an expense.Accelerated programs, sometimes called executive programs,
The employer must link continuing education for its profes-may be completed in two years. However, a typical baccalau-
sional employees to long-term company goals.reate program requires 120 to 128 semester hours. At 15 to

16 hours per year, an eight-year commitment is needed, and
Hindrances to Technical Vitality. An important concern ina longer commitment is almost always going to be necessary.

continuing education programs is to identify hindrances toMany universities in larger metropolitan areas have met
maintaining vitality. Industry 2000 participants consideredthis need for years with evening programs, and they have
this question, and identified eight factors to address. Theybeen quite successful. In lesser populated areas, however,
apply to engineers and employers alike and, in order of impor-evening programs do not work, and so distant education is
tance, are:meeting this need. As with evening programs, some universi-

ties will award graduates exactly the same degree as the on-
1. Availability of timecampus student receives, while others create special degree

designations. 2. Lack of motivation
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3. Inability to justify a return on investment Both employer and employee must see the programs as hav-
ing a favorable cost–benefit ratio.4. Inaccessibility

5. Lack of resources
Professional Society Recommendations. The Industry 20006. Lack of a plan

conference was organized by the IEEE. It addressed the ques-
7. Quality of materials tion of what the IEEE should be doing for its members with
8. Organizational culture respect to continuing education. The conclusions came in the

form of four principal recommendations, and IEEE is imple-
The time problem has been discussed earlier in this article. menting these recommendations for its members (5) (presum-
The engineer may deal with pressure from the job at hand ably similar conclusions would apply to other professional so-
and from home and family responsibility. Continuing educa- cieties). They are:
tion usually has a long-term focus and therefore is easily de-
layed. Closely related is the issue of motivation. In general, 1. The IEEE should develop a set of career planning tools
both the individual and the company must be motivated for for use by each member.
effective continuing education to occur. Engineers and compa-

2. The IEEE should develop a centralized database of con-nies that see continuing education as an expense will seek to
tinuing education materials, which informs all membersminimize it, while those seeing it as an investment will seek
about the opportunities available to them.to maximize their return over a reasonable period. All of these

3. The IEEE should establish and support a forum forfactors are manifestations of the corporate or organizational
‘‘Best Practices’’ in continuing education.culture being considered.

4. The IEEE should explore appropriate measures for rec-To be effective, continuing education must be convenient.
ognizing participation by engineers in lifelong learning.This is especially true of short courses, which optimally will

come to the work site and, in the future, must come to the
desktop. The material must be high quality, sharply focused, For each engineer, a career plan is essential. The plan should
and tailored to the audience. The course must be affordable help the engineer define success and the values and behaviors
and must fit in with the plans of the engineer and the em- that lead to success. It should then lead to a set of goals and
ployer. Probably the important factor is that the leaders of the projects to accomplish the goals. It should raise awareness
the organization must set examples for their employees by about emerging technologies, in the broadest sense of the
engaging in continuing education themselves. term. A lot of continuing education material is available from

a wide variety of sources, but it is not always easy to find
Essential Principles for Success. The conference defined suc- out what is available or, what is more important, where the

cess as having a technically vital organization. The first prin- material might be that meets a particular need. There is a
ciple was important work—work that makes a difference and need for some evaluation of this material.
generates good reputations among peers. A second, which re- Both engineers and employers need to know how to per-
peats a point from a previous section, is the personal example form continuing education effectively. There is need for shar-
set by the management. The third is a customer focus— ing ideas, though there is no more incentive for a company
maintaining contact with customers and being sure that the to share its practices than its knowledge. There is a role for
products and processes being developed are what the custom- professional societies in this regard. Finally, there is very lit-
ers want and need. The fourth is establishing and clarifying tle way to formally recognize continuing education, as dis-
a link between business success and technical vitality. cussed earlier in this article. A meaningful measure estab-

lished by one society would slowly but surely win acceptance
Ideal Continuing Education Scenarios. The conference atten- across the profession.

dees took a general, long-range view of the question of what
constitutes ideal continuing education or career-long profes- Conference Conclusions. The conference conclusions are of
sional development. The scenario is more a question of what value. Some are ideas that have been around for a long time.
constitutes an effective program than of immediate delivery Others are quite new. They are:
and content questions, though those were considered also.
There is a need for interdisciplinary efforts, as well as for 1. Engineers have a personal responsibility to maintain
sharply focused events. Interdisciplinary ideas include a their own technical vitality, but they must be supported
range of engineering topics, as well as business topics such as by their employers in this endeavor.
marketing and globalization.

2. It is especially important to focus on continuing educa-Regardless of topic, programs must be short, and well de-
tion during business cycle expansions. While time issigned by recognized experts, both in content and in delivery.
short then, the pressures during recessionary cycles areThe programs must meet perceived needs and be relevant.
more severe. Also, such training can enhance competi-They must be tailored to the abilities of the learner, and be
tiveness during expansion periods and may mitigate fu-cognizant of the learner’s previous background. Education for
ture down cycles.needed knowledge must be linked to project planning. If the

3. There is substantial correlation between company sizeprovider is a university or other outside agent, then the plan-
and continuing education effectiveness, with the largerning must involve both, with due regard to issues of owner-
companies being more effective.ship of intellectual property, short life cycles of materials, and

the rigidity of university calendars. Finally, the programs 4. Senior management must be committed to and engaged
in continuing education.must be cost effective, even when viewed as investments.
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5. Tools for assessing the quality of continuing education especially for the short courses. The student should consider
price, availability of written materials and computer soft-and plans for continuing education are needed.
ware, access to the instructor, location of the events (when6. Colleges of engineering need to do a better job of con-
travel is required), and teaching styles of the faculty. Manyvincing undergraduates of their forthcoming need for
courses are presented on videotapes and the student is ad-continuing education. Interestingly, this recognition
vised to obtain a sample tape for, usually, a two-week evalua-across the profession has led to an accreditation crite-
tion at minimum cost. Are CEUs available, and needed?rion that will be discussed in the next section, Lifelong
Many licensing agencies require CEUs. Time and effort spentLearning.
in evaluating the opportunities will pay big dividends to the7. Evaluation criteria for nonuniversity courses are
student.needed.

8. The IEEE should elevate the visibility and effectiveness
of its continuing education activities. CONCLUSION

Lifelong learning is an essential activity for engineers todayLifelong Learning
and continuing education methods enable lifelong learning.

In the United States, engineering programs are accredited by Continuing education includes programs that are based in ac-
the Engineering Accreditation Commission of the Accredita- ademic credit and that usually lead to university degrees as
tion Board for Engineering and Technology. New criteria well as noncredit or short courses that are targeted toward
based on outcomes assessment techniques have been devel- particular knowledge that usually has an immediate applica-
oped and are being implemented, with full implementation tion on the part of the recipient. Continuing education for en-
scheduled for the year 2001 (16). One criterion states that gineers is an important part of the practice of engineering in
graduates of an accredited engineering program must demon- the United States and around the world today.
strate that their graduates have a recognition of the need for
and the ability to engage in lifelong learning (Criterion 4.i)
(16). Lifelong learning is the result of effective continuing ed- BIBLIOGRAPHY
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