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ABSTRACT: Increasing changes in industry and society have necessitated changes in curricula so as to ensure that the knowledge
and experiences gained by engineering and product design students at universities remains relevant. The article reviews the current
learning environments for engineering and product design training. It indicates that part-time students encounter difficulties in
following arigid timetable and attending classes at their university. Utilising Hong Kong as a case study, the article further discusses
how a learning environment should be restructured for these students in order to meet the changing needs of society and industry by
identifying three key areas that require attention, namely: curriculum planning, administration and implementation. The article
presents a subject in a part-time engineering and product design programme that was implemented at the Hong Kong Polytechnic
University, Hong Kong, China, called Cultural and Social Issues in Product Design, wherein students were given flexibility in
organising their learning requirements. While there are limitations and constraints in delivering such a flexible learning system, it
should not exclude the consideration and implementation of flexible learning systems in university learning environments.

INTRODUCTION

Due to rapid and continuous changes in society and industry, an
increasing number of engineering and product design graduates
recognise that the knowledge and experience they previously
obtained at universities can become outdated within a short
period of time. Many workplaces where graduates may be
placed are oriented towards routine and repetition, making it
difficult for graduates to gain any updated knowledge and to
progress in their professions. Although some are luckier in that
their workplaces can provide them with experience and updated
knowledge in specific areas, opportunities for them to explore
wider perspectives are always very limited [1].

Whether the current university learning environment can
motivate and facilitate life-long learning for engineers and
designers is another question. When reviewing current practices
at universities, it became evident that students still have to
spend a large portion of their time following rigid timetables in
fixed geographical locations. However, under the current
economic situation, the work schedules of engineering and
product designers have become even more demanding; they
aso need to visit and work in other places. The rigid
arrangements of a university learning environment (that is,
fixed class schedules and geographical locations) hinders such
people from realising their expectations of continuous learning,
even in a part-time mode [1][2].

Moreover, the current approach in engineering and product
design education is to expect students to obtain knowledge and
experience by exploring and gaining a better understanding
about society. Therefore, students are required to have more
connections with the world outside the university. However, the
current rigid university arrangements hinder and discourage
students from achieving these goals and requirements.
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REVIEW OF CURRENT LEARNING ENVIRONMENTS
FOR ENGINEERING AND PRODUCT DESIGN
TRAINING

Advantages of the Conventional Learning Environment

The conventional learning environment (including timetables
and physical locations) in engineering and product design, in
general, has several major advantages, namely:

e It is relatively more convenient for administration as it
gathers students together according to a common schedule
and at afixed location.

e It can minimise resource expenditures, for example, the
workloads of doaff and costs for complicated
administrative processes.

e The well-shielded space keeps the unpredictable and
dangerous to a minimum. Although universities usually
require students to sign liability waivers before
participating in outside activities, this does not mean that
universities can absolve themselves from liability when an
accident happens. This is also why university professors
and supervisors are discouraged from planning outside
activities for students.

Limitations and Constraints of the Conventional Learning
Environment

On the other hand, the conventional arrangement of learning
results in some limitations and constraints in curriculum
planning and implementation in order to meet current
educational goals, including:

e Limitations on the flexibility that curriculum planners have
in setting curriculum aims and obj ectives.



» Limitations on professors and project supervisors in the
selection of instructional strategies, as well as in the
activities, arranged for students.

e The first two limitations further decrease the possibilities
for curriculum planners to plan, and for students to try,
other kinds of activities outside their universities, and
undermine the objectivity and completeness of evaluations
of the curriculum and students' performance [3][4].

These limitations and constraints have become more obvious,
particularly with regard to the current rapid changes in
industrial, social and economical conditions [2][5].

In the past, engineering and product design students could stay
at universities and in practical training places, since the main
educational goal of such subjects was to enhance the technical
skills of students. Their thinking skills (the focus was mostly on
analytical thinking with little emphasis on creative thinking)
were cultivated by getting students to follow a set of steps to
solve some problems set by their instructors and project
supervisors [6].

Today, more researchers point out that engineering and product
design should also be a social, cultural and environment-related
subject [7-11]. Students are required to be aware of socid,
cultural and environmental problems, and to provide critical
responses to these problems [12]. In other words, students are
expected to provide more than just pre-determined model
answers. To meet these requirements, students need to engage
in more exploratory activities outside their universities, and
then use their own initiative to identify important issues,
conduct investigations, such as observing human behaviour and
conducting interviews, generate ideas and carry out evaluations
with their clients, and then show further improvement. In order
words, an inflexible learning environment will hinder students
from attaining these educational goals.

As stated above, the work schedules of engineering and product
design graduates have become even more demanding. They
frequently need to work in places other than their home cities.
Taking Hong Kong as a case, since the late 1990s, more than
90% of new manufacturing engineering graduates need to work
in mainland China. Most of them need to stay there for about
four to six days per week. They also need to attend meetings or
exhibitions in other countries. In this situation, these graduates
find difficult to follow a very rigid timetable and adhere to
firmly fixed geographical arrangements for their continuous
learning — even in a part-time mode [5][13].

In fact, inflexibility in timetables and locations for learning not
only affects part-time students who want to further their study,
but also full-time students. Besides constraining students from
exploring outside their universities, thereby obtaining practical
skills, inflexibility also makes it difficult for students to contact
and generate better networks with industry and other parties
who might be able to help them in their future careers.

Some Solutions and Their Limitations and Constraints

Some educators expect that the recent, more commonly used
credit-based system (or modular course) can provide greater
flexibility for students to learn [14-16], and that this kind of
flexibility can overcome the limitations and constraints of the
conventional learning environment. However, most current
credit-based programmes still require students to attend classes
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according to very rigid timetables and at fixed locations with
little flexibility. Moreover, one small change to a timetable can
cause a ripple effect, resulting in many clashes. All of these
factors can counter the initial objectives of the credit-based
system, namely to offer a high level of flexibility and to
encourage students to use their own initiative.

E-learning, as well as Web-based learning and distance
learning, are breakthroughs in the learning and teaching
environment from recent years (see [17-24]). Apart from the
advantages in overcoming the limitations of geographical
location and time for learning, this form of learning still has
several major shortcomings, as follows:

e Although innovations in the Internet allow people to
communicate easily from different locations, these
innovations are insufficiently advanced to allow students
to meet the same goals as are achieved in face-to-face
conventional tutorials.

e Some places do not offer e-learning or Web-based learning
facilities. For example, many Hong Kong engineering
students cannot access these facilities when they work in
mainland China. In particular, many big production factories
are located in remote cities that are not so well developed
with Internet and telecommunication technologies.

e E-learning and Web-based learning may not be very
suitable for subjects that require students to have hands-on
experience. This is also a reason why e-learning is more
popular for subjects such as law, commerce and business,
because less practical training is involved in the study of
these subjects.

RESTRUCTURING THE LEARNING ENVIRONMENT TO
MEET NEW NEEDS

Three Key Areas of Attention

In order to meet the new and varied needs of students as
reviewed above, from curriculum planning to administration
and implementation, attention should be focused on several key
areas. Firgt, the curriculum needs to offer options to cater for a
wide range of student interests and preferencesin learning. The
curriculum aso needs to take into consideration the fact that
students, especially part-time students, may enter university at
different ages and possess different educational backgrounds
and levels of ability. For example, in an engineering and
product design degree programme class, there may be a student
with a technical certificate in production and industrial
engineering who has 15 years of work experience in a
particular area but possesses little knowledge of information
technology. In the same class may be another student who is a
fresh graduate with a higher diploma in information and
systems engineering and possesses good skills in information
technology but has no industry work experience.

Second, administrators need to think of the kinds of activities
that should be organised for students to meet socia changes
and new industrial needs. Taking Hong Kong as an example,
within several decades, it has changed from being an entrepét
trading post to a manufacturing-oriented economy, then to an
economy made up of a combination of manufacturing and
service industries and, finally, to the international financial
centre it is today. It is easy to imagine how important it is that
engineering and product design training be sensitive to these
kinds of social and industrial changes.



Third, the role of professors and project supervisors should be
to guide students through a variety of experiences, the process
being more important than the final outcome or product. For
example, when more and more Hong Kong engineers and
product designers compete for jobs in mainland China, they will
need to be able to offer not only engineering and technological
knowledge and skills, but also critical and creative thinking and
a high level of flexibility and adaptability in order to deal with
constant and rapid changes in industry and the economy.

In sum, the above three key areas illustrate the need for a
flexible learning environment to suit varied needs, both of
students and of society and industry.

Hong Kong Experience

In 1999, a part-time engineering and product design
programme was co-established by a design school, an
engineering department and an industrial centre at the Hong
Kong Polytechnic University, Hong Kong, China. In order to
meet the new economic and industrial needs, and also to give
Hong Kong engineers and designers an edge over those in
mainland China, a core aim of the programme has been to
nurture them to be more creative and innovative.

In this programme, a compulsory subject called Cultural and
Social Issues in Product Design has been offered to all
students. The subject aims to provide knowledge and
experience that will help students understand how product
design relatesto cultural and social factors.

In the first year that the subject was offered, students were
required to form small groups to identify problems on their own
and propose solutions to improve the everyday life of people in
Hong Kong. In order to understand the real needs and preferences
of Hong Kong people and identify project titles, students had to
spend a large amount of time conducting field investigations
and communicating with their target groups. Since the project
titles were not fixed by the project supervisor (professor),
students needed to conduct different kinds of investigative
activities according to their particular learning attainments.

However, because of these new arrangements, the supervisor's
contact time with students had to be adjusted. Apart from
attending lectures that introduced the subject and presented
core theory and making a final project presentation, students
were flexible about changing their timetables following mutual
agreement between themselves and the supervisor. For example,
students now had the freedom to meet their supervisor during
the day (for example, in group tutorials), or to carry out their
investigations or project work in the evening with their fellow
group members. This kind of flexibility was not possible in the
past, as students had to attend classes in accordance with a fixed
university timetable. This generally resulted in students planning
and selecting their learning activities to fit in with the university
timetable rather than to fulfil their real needs and interests.

Flexible Learning Environment

Figure 1 illustrates the conventional timetabling, in which
flexibility is very limited. Figure 2 illustrates the concept of
flexible timetabling, where learning activities can take place at
various sites with various lengths of time spent at different
sites, including the home (this concept of the time-space
diagram has been adopted from Hégerstrand [25]).
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For instance, in Figure 2, Student A can attend a class or
tutorial with a small group of students, then join another group
of students in conducting a field investigation outside higher
university, and then go to other places to obtain some special
industrial training. Student B can spend some time attending
the class with Student A, and then use a large portion of time
to conduct investigations and obtain industrial training with
other students, and further join the investigations of other
groups of students. Student B can spend some time attending
the class with Student A, then use a large portion of time to
conduct investigations and obtain industrial training with other
students, and then join in the investigations of other groups of
students. Students C, D and E can carry out individual activities
before going to an industrial centre for general industria
training together, and then attend different classes at their
university.

Although the illustration in Figure 2 is rather exaggerated and
the activities of students during the course of one day would
not, in practice, be so complicated and diverse, the figure
nevertheless illustrates a model of a learning environment in
time and space, whose flexibility allows students to attend
classes, tutorials and industrial training in order to conduct
investigations, or even to stay at home for study according to
their own needs. Of course, on most days, students will still
need to spend the major portion of their time on their full-time
jobs.

In other words, with reference to Figure 2, the learning
environment in a broader sense should be considered not just
as the region labelled university in the figure, but as the totality
of learning places in the figure (ie home, university,
workplace(s), as well as places for industrial training and
investigation).

Limitations and Constraints

The concept proposed in Figure 2 claims to allow greater
flexibility for students to learn. However, according to two
subject evaluations conducted in 2000 and 2001, it aso has
drawbacks, particularly from the administration point of view
[2]. It is easy to see from this figure that this reason stems from
the complicated time arrangements for teaching and learning
activities.

In fact, although the proposed timetable arrangements should
be appreciated by students, coordination with other subjects
and the increased workload on professors, project supervisors
and administrative staff can present problems and impose
constraints on the new arrangements. This is why the proposed
model needs to be further refined and adjusted to suit different
practical situations.

CONCLUSIONS

Today, relatively less attention is paid to the teaching and
learning activities of engineering and product design students
that are undertaken outside of their universities. Teaching and
learning are till strongly tied to the physical constructions of
universities and to rigid, predetermined timetables. In order to
achieve greater flexibility in planning curricula and arranging
activities so as to benefit the development of creativity,
innovation and critical awareness in students, educators need to
restructure the learning environment by reorganising learning
activities.
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Figure 2: Representation of possible daily time-space paths of engineering and product design students under a flexible timetable.
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It cannot be denied that a flexible learning environment may
cause inconvenience to administrators and teaching staff.
However, this does not seem a sufficient excuse for neglecting
all of the various benefits that a flexible learning environment
can offer. Instead, higher priority should be placed on giving
students greater flexibility to arrange their activities than
on giving administrators the flexibility to arrange resources and
on giving professors the flexibility to arrange their work
timetables.
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6™ Baltic Region Seminar on Engineering Education:
Seminar Proceedings

edited by Zenon J. Pudlowski & Norbert Grinwald

The very successful 6™ Baltic Region Seminar on Engineering Education was held between
23 and 25 September 2002 in Wismar, Germany, and was hosted by Hochschule Wismar —
University of Technology, Business and Design (HSW).

The Baltic Seminar series has a strong set of resolute objectives: to bring together
educators, primarily from the Baltic Region, to continue and expand on debates about
common problems and challenges in engineering and technology education; to promote
discussion on the need for innovation in engineering and technology education; and to
foster the links, collaboration and friendships already established in the region.

There are 53 papers from senior academics, representing over 20 countries from around the
globe, included in this set of Proceedings. Academics gathered at this Seminar to consider
and debate the impact of globalisation on engineering and technology education, the rapidly
changing technology and production processes and the status, quality and importance of
engineering education in the context of the recent economic changes in the Baltic Region.
The papers included in these Proceedings reflect on this debate and are grouped under the
following broad topics:

*  New trends and recent developments in engineering education

e Casestudies

* Specific engineering education programmes and future directions in engineering
education

* International examples of engineering education and training

e Multimedia and the Internet in engineering education

e Learning strategies and methods in engineering education

< Important issues and challenges in engineering education

e Importance of science subjects in engineering education and recent developments in
engineering education

As with all UICEE publications, the papers in this collection were subject to a formal peer
review process. This should ensure the future value of these Proceedings, not just for the
Baltic Region, but internationally as well.

To purchase a copy of the Seminar Proceedings, a cheque for $A70 (+ $A10 for postage
within Australia, and $A20 for overseas postage) should be made payable to Monash
University - UICEE, and sent to: Administrative Officer, UICEE, Faculty of Engineering,
Monash University, Clayton, Victoria 3800, Australia.

Tel: +61 3 990-54977 Fax: +61 3 990-51547
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