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At recent UICEE conferences, participants have voiced their concerns about the lack of interest in
engineering education. Many challenging sol utions have been then suggested to the problems caused
mainly by the recent global economic changes. The author seeks hereto contribute to the family of
educators with some ideas that have emerged from the experiences gained in the last two decades.
It seems that the key to achieving positive change can be found in the effective collaboration
between university, industry and the government.

INTRODUCTION

In arecent report prepared by a UNESCO Commit-
tee, the four pillars of education were presented in
great detail; namely:

e Learningto know.
e Learningto be.
e Learningto do.
e Learning to share.

Thesignificance of effective partnershipsbetween
all those involved in the education processis clearly
recognised in the Report [1]. Since the issue of this
Report in 1966, we have been experimenting on
different educationa approachesto enhancethequality
of our work as instructors.

In the following sections, an account of the work
carried out at Bogazici University inIstanbul, Turkey,
which has been published in prior proceedings of
conferences organised by the UNESCO International
Centre for Engineering Education (UICEE), is
presented and was triggered after a preliminary work
on the reconciliation of education with research
activities. The nine different topics covered by the
author are:

e Hands-on experience.
e Oral presentations.

e Project based learning.
e Lifelonglearning.

e Holigticcurriculum.

e Teacher training.
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* Rolemodels.
e Cycliclearning.
e Case based reasoning.

Itishoped that otherswill joininthiscontinuing search
for excellencein engineering education.

EARLY SEARCH WORK

The conflict faced by a peer working in the author’s
Department, while struggling to do research work and
education activities at the same time, ended with his
tragic death. He was so discontented with the low-
level subjects he was teaching and the low perform-
ance in his research work that he decided to suicide.
His research work on microelectronics was way
above the level of the requirements of the Depart-
ment curriculum. Thissituation triggered the author to
look for a solution to a problem that many of educa
tors face today.

A wonderful opportunity for research on this area
came whilst preparing a paper on the occasion of an
academic meeting in honour of Bogazici University’s
first Dean of Engineering. Hisfindingsduring hisnine
years of office described in several of his papers
suggested, amongst many other ideas, that:

e Engineering methods that apply the traditional
disciplinary boundaries (ie mechanical, electrical,
chemical and civil) are no longer adequateto solve
theindustrial expectations of today.

e The policy of having a broad-base curriculum
scheme remained in conflict with the need to
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provide engineering studentswith the specialised
techniquesthey would reguirein their professional
life.

e The education system should devel op the ability
of self learning in the common fields of activi-
ties needed in applying scientific tools to
problemsthat require the use of natural resources
for the convenience of humankind.

» Engineers are required to have the ability to
communicate with others, and are expected tofind
economical, practical, durable, innovative, aes-
thetic, safe and clean solutions to human needs.

» Radical changes are necessary in order to be able
to assign projects that can provide the proper
environment for the students to develop the
abilitiesto solvereal problems.

e Students enrolled in special programmes should
be encouraged to make use of computer centres,
laboratories and libraries, and evaluated by a
special committee headed by a tutor.

e Theeducation system should:

- Improve the ability to question and to seek
answers.

- Sharpenthevision of the details.

- Refine the mind for greater sophistication at
interpreting data and encourage independent
thinking.

Encouraged by these advanced ideas, the author
conceptually mapped the research done by an envi-
ronmental engineer educator to the requirements of
the curriculum. The results of this analysis revealed
the possibilities of developing an educational
programme in line with the needs of researchers[2].
A similar ideawas put into action the following year
by the National Science Foundation in the USA by
providing funds to institutions willing to venture in
reconciling research and education activities. At this
point, the author started to participatein UICEE meet-
ingswith the aim of finding more concrete solutionsto
engineering education problems. The results of this
search can be found in the next section.

RECENT RESEARCH WORK

The urgent need to change the content and method of
the current engineering education system was the
reason for the author to start attending UICEE
conferencesin September 1998. At that time, Bogazici
University launched a new plan envisaging changes
in the curriculum to meet the demands of theindustry,
now facing strong competition as a consequence of
recent technological changes. The accreditation board

required that the programmes should be changed in
order to meet the 25% design target. A hands-on
programme implemented in a new course tried to
resemble as much as possible the actual working con-
ditionsinindustry. Theavailableteaching facilities, such
as library, laboratory, computer and workshop, were
used to the best possible advantage so as to meet the
new goals proposed by the administration [3].

High schools are geared to teach only problemsin
mathematics, chemistry, physics and biology without
attempting to introduce basic technological applica
tions. Generally, studentshave only very vague knowl-
edge of what a bridge or a dam is and the way the
engineer approaches the process of design.

A recent study based on interviews with top
executives of 29 local companies suggests that, in
order to the enhance leadership and communication
skills, students should be requested to prepare both
written and oral presentations on the work they
prepare during the course. With this aim, the author
developed a course wherein each student was
requested for unique equipment to:

e Describe the basic components.

e The manufacturing process.

e Thetime schedulefor production.
* Theanalysisof deformation.

» Thecost calculation.

e Layout of the manufacturing plant.
» Thebreakeven calculation.

* Theimpact on the environment.

Written reports were graded before the oral pres-
entations, as seen in Figure 1, and short examinations
assured that concepts were properly covered [4].

The experience gained at these first stages made
the project-based learning approach to engineering

Figure 1. Freshmen engineering students evaluating
presentations.
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education to be the main strategy for change in this
area at Bogazici University. Although this approach
has advantages over the classical teaching-focused
education, it also has its own drawbacks; since
students are expected to work extra hours outside the
classrooms doing research in the libraries and
consulting different documentsthat theinstructors may
provide, the possibilities for unfair practice exists.
There is unfortunately the temptation on the side of
the student to indulge in unethical practices, hoping
that the instructors will not be aware of the situation.

However, creating an atmosphere that enhances
the enthusiasm of the students to work for the
intrinsic motivation of being successful can prevent
misconduct. Other tacticsinclude:

e Praising outstanding performanceand warningin
case of failure should enhance group dynamics.

»  Genuineinterest in changesin attitude should help
in the disclosure of intimateissues.

* Implementing a generous bonus system should
motivate doing extrawork.

* Immediate advice should overcome the feeling
of panic and thus help in creating an appropriate
atmosphere [5].

The importance of life-long learning was
portrayed in the personal history of an active member
of theUniversity’s Skin and ScubaDiving Clubin 1984,
when he began his undergraduate studiesin 1984 in
the Electrical Engineering Department. He compl eted
the Turkish Navy Frogman Course with an outstand-
ing degree and was assigned as Diving Instructor. In
1989, he received his BS degree in Electrical Engi-
neering, implementing a project on a dive computer
and received the University President Award due to
his success on both academic and extracurricular
activities. After completing the M S degreein biomedi-
cal engineering, he started his doctoral studies on the
Evaluation of altitude decompression procedures
and development of new decompression strategies,
which he completed in 1999. A research grant from
the European Council for Higher Education
alowed for the animal experiment phase of histhesis
to be carried out in SINTEF UNIMED, Section for
Extreme Work Environment, Trondheim, Norway.
There were 212 dives accomplished without any
case of decompression sickness during 1994 and
1997 [6].

Experience now shows that in order to enhance
the quality of education reached so far, we need the
support of our peers. The work started here by the
author should continue throughout the whole curricu-
lum, including other courses. All partiesinvolved should

critically reflect on theindividual projects asthe new
platform for learning. Every student should be well
aware that, whatever the subject of the project
he/she is dealing with, he/she is part of a bigger
holistic world, as has been briefly described in
Figure 2. Only when learners and tutors (both acting
as co-learning partners) have a full grasp of the
trans-disciplinary relations involved in a holistic
approach to education, including natural and social
sciencesaswell, will education become aself-reward-
ing venture [7].

The appeal by the UICEE to launch aprofessional
devel opment programme for teacher training encour-
aged the author to urge young staff to follow closely
suggestions made in designing class-work, course,
curriculum and counselling programmes. Eager to
introduce the programme for the young staff, the
author has recently delegated the coverage of the
computer graphics section of the course to the
research assistants with full responsibility for teach-
ing including the grading. The response has been very
positive and the assistants arefeeling highly motivated
to work as they provide the author with evidence for
their performance.

The experience gained thus far shows that the
training of young staff is enhanced with hands-on
practice; itisnecessary to give encouragement to take
full responsibility by showing interest in the perform-
ance and not in the method adopted. Nevertheless, it
is clear that the rules of the game should be strictly
followed in order to secure afair deal in the evalua-
tion process and not to allow students to provide
excuses for personal reasons and prevent the weekly
programme from being disrupted [8].

Educating engineering students requires more than
thetransfer of the knowledge and skills needed by the
profession. Engineering is indeed a way of life that
must be experienced through role model examples.
Many educators in the field of engineering have
contributed in enhancing the qudlity of the profession.
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Figure 2: Proposal for a holistic approach in a life-
long education programme.



102 E. Inelmen

One distinguished educator, the late Prof. Curi,
throughout all his life, kept a persistent zeal and
enthusiasm in the accomplishment of hisvision for a
better world. Hisvisioninvolved aworld where peace
and solidarity would be high in the agenda of all
human societies. As the head of the Environmental
Science Institute at Bogazici University in Turkey, he
became especially interested in developing public
awareness on the impact of human activities on the
environment. The work on environmental ethics he
encouraged (covered extensively in another paper)
was his posthumous and most valuable contribution
[9].

The classical method of education requires that
instructors present their subject in carefully planned
lectures following the course outline. Mid-term
exams are given to students during the semester
and a final examination completes the academic
calendar. The instructor should ensure that the
student has a substantial knowledge of the prerequi-
sites of the course and that the knowledge given will
be enough to understand the subjects covered in the
courses to come.

There have been attempts by the author to enhance
thequdlity of education by introducing technology, such
as computers and multimedia. However, as reported
in an earlier publication, the results are below expec-
tations. A cyclic learning approach, where topics are
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repeated in deepening levels of complexity as shown
in Figure 3, has proven to be more effective [10].

Case based reasoning is a new design tool that
wasdeveloped from Artificia Intelligence. Thismethod
can help experts and users to make better inferences
from previous experience. Using this new technique,
it is envisaged that the decision-making skills of
students will be enhanced. Sharing past experiences
in a systematic way may eventually lead to general
conclusions on best practices. A more holistic
approach and process orientation to education is
suggested as a means to increase the value added by
the expert intervention. Personal experience hasshown
that this new tool can be used in project management
and results can be transferred to the education of
young engineers[11].

FUTURE RESEARCH WORK

During the second half of the last century, we have
witnessed impressive political, economic and social
changeintheworld. Asaconsequence of these chang-
ing conditions, there is a greater need to improve the
educational methods and contents currently being
implemented. Paradoxically, asthese changes continue
to occur, the resources allocated to education are not
enough to satisfy the needs in the training of the
younger generations. It is suggested here that
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Figure 3: Mechanical engineering undergraduate integrated curriculum proposal.
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stakeholders in the global economic development
should provide more help in order to cope with the
present conditions.

Practices at three Scandinavian universities show
how changes are being successfully managed in close
cooperation with the society at large. These universi-
tiesare namely:

* Norwegian University of Science and Technol-
ogy (NTNU), Trondheim, Norway.

e Chalmers University of Technology (CUT),
Goteborg, Sweden.

e Technica University of Denmark (DTU), Copen-
hagen, Denmark.

In summary, it can be stated that the role of the
leader in the university, industry and government
cooperation is different in each country. While
industry istheleader in Norway, the university playsa
greater role in Sweden. In the case of Denmark, the
government is more active in promoting relations
between stakeholders.

These cases highlight the challenges that educa-
tiona indtitutionsare currently facing asaconsequence
of changing political, economic and social conditions
on thisworld. Considering the current conditions, in
order to make a quantum leap change, it is suggested
hereto extend thismodel of cooperation to other parts
of the planet.

Changesin the physical conditionsintheworld we
liveinrequirethat theleadersbring forward new ideas
and action plans. The cases of three Scandinavian
universities show the appropriate methods to manage
change in the organisations. Closer cooperation
between the sectors involved in economic devel op-
ment (university, industry and education) contributes
to the well-being of the planet and its inhabitants.
These measures will ensure that life will be also
possiblein the coming future[12].

CONCLUSION

The author recalls the story of a traveller who was
amazed with the beauties he saw in the construction
site of anew building hewasvisiting for thefirst time.
He asked an artisan what he was doing. The artisan
answered reluctantly that he was putting bricks one
on top of the other. Thetraveller moved on and asked
a second artisan the same question. This time the
artisan answered by explaining that he was building
the wall of the government’s new headquarters.
Satisfied with the second answer, thetravel ler repeated
exactly the same question to a seemingly more
experienced artisan. The third artisan answered
enthusiastically: I amworking on the wall of a build-

ing that will in the future be the pride of our
citizens.

This work concludes with a quotation from the
UNESCO report Learning: the Treasure Within,
prepared by a commission headed by Jacques Delors
and published in 1996. This has been the author’s
inspiration, and states:

There is, therefore, every reason to place
renewed emphasis on the moral and cultural
dimensions of education, enabling each
person to grasp the individuality of other
people and to understand the world's erratic
progression towards a certain unity; but this
process must begin with self-understanding
through an inner voyage whose milestones
are knowledge, meditation and the practice
of self-criticism [1].

We have been in search for excellence in engi-
neering education for the last two decades. It ishoped
that otherswill joinin future searchwork withtheaim
of enhancing the quality of the work currently
underway.
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