
Introduction

Rapid advancement in technology not only revo-
lutionises the way research in science and engi-
neering is conducted but also the way knowl-
edge and information are communicated.  In re-
sponse to this advance, as educators we must
rethink the content of the science and engineer-
ing curricula and reconsider the environment and
the materials with which our students learn.

Current teaching methodology in Hong Kong  is
oriented toward lectures and written examina-
tions, and encourages only passive learning and
regurgitation.  This approach is ineffective for
today’s students.  In addition to specialised
knowledge, the current job market often demands
skills (communication, co-operation, leadership,
and interpersonal skills) that are taught poorly
in a lecture-based format.

Cognitive research also indicates that real learn-
ing and understanding are better accomplished
through co-operative and interactive techniques.
Furthermore, being brought up in an era of TV
and video games, today’s students have limited
attention span but they respond well to multi-
media stimuli and interactive activities.  To coun-
ter the trend of declining student interest in sci-

ence and engineering courses and to keep pace
with advances in information technology, peda-
gogical reform is urgently needed.

There are clearly needs for new teaching mate-
rials and methodology that encourage different
modes of learning.  In recent years, as network-
ing, multimedia, mobile technology, and better
software converge, educational institutions are
discovering new ways to improve learning, in-
crease information access, and save money. [1]

The City University of Hong Kong (CityU) has
initiated a studio approach to teaching, starting
with modules in science and engineering, espe-
cially those at the introductory level with large
enrollment. Studio teaching is a teaching meth-
odology that emphasises co-operative and inter-
active learning, using multimedia courseware.
It is designed to accommodate the increasing
diversity in student background, expectation,
learning style and pace.

To adopt the studio approach in teaching science
and engineering courses, a learning environment
is needed that combines lectures, tutorial discus-
sion, problem-solving activities, and laboratory
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experiments into an integrated teaching studio
(ITS).

In particular, a learning environment is needed
that fully utilises computer technology, since
sophisticated but inexpensive computer hard-
ware is now available, and computer based teach-
ing materials that emphasise multimedia and in-
teractive learning are being developed in the UK
and USA.  Preliminary results indicate that the
studio format is an effective teaching/learning
environment.

Studio teaching

Studio teaching is a teaching methodology de-
veloped for introductory physics courses at
Rensselaer Polytechnic Institute, New York,
USA [2][3].  Rensselaer is a research-oriented
university with a strong reputation for quality
undergraduate education and innovative teach-
ing.  Studio teaching typifies changes in ap-
proaches to science and engineering teaching that
are being widely discussed and adopted in a
number of leading institutions.

Essentially the methodology replaces the tradi-
tional large-group lecture, small-group tutorial
and separate laboratory format with an integrated
studio approach which is claimed to be both eco-
nomically competitive and educationally supe-
rior.  The focus is on student problem-solving
rather than presentation of materials.  The em-
phasis is on learning rather than teaching.

The Integrated Teaching Studio (ITS)

The philosophy behind the studio teaching for-
mat and its ingredients may be summarised as
follows.  Learning is more effective (a) by do-
ing (mini-labs, exercises), (b) by interactive and
co-operative techniques (discussion and group
activities), (c) if more of the senses are engaged
(interactive multimedia courseware), and (d) by
immediate application and follow-up (in-class
assignments).

To adopt the studio approach to teaching, the
classroom must encourage extensive interaction
amongst students and between students, staff and
teaching assistants. The ITS is a specially

equipped classroom that combines the traditional
approaches in lectures, tutorials and laboratories
in an integrated environment enhanced with in-
teractive multimedia learning. Laboratory-based
material, instrumentation, simulations and dem-
onstrations are integral parts of ITS.

The ITS at CityU houses  up to 60 students, with
30 worktables.  Students sit in pairs at
worktables, each of which is equipped with a
multimedia workstation. [4] Depending on the
class, various interfaces can be plugged into the
workstation to provide a virtual laboratory envi-
ronment.

To eliminate the obstruction of views by
workstation monitors and to maximise flexibil-
ity in space utilisation, the workstations are em-
bedded beneath the table tops so that the studio
can also be used for traditional lectures if neces-
sary.  The student tables are arranged in an open
configuration that facilitates student-student in-
teractions and the circulation of instructors about
the room.  At the front of the studio, to one side,
is a workstation whose monitor can be viewed
on a back-projected video screen, as well as a
full-colour visualiser, also viewable on the back-
projection screen and an ordinary overhead pro-
jector.

The workstations are high-end personal comput-
ers linked by a local area network and connected
to a server. This has access, via the university
intranet, to the internet/web, and/or other termi-
nals in the university.

Courseware for electronics

A number of courseware packages are available
on the market that are aimed at first and second
year electronic engineering, and related, students.
CityU has taken the view that if there are good,
well written packages on the market, then it is
not necessary to write anything new. After a
market survey it was decided that the Electronic
Design Education Consortium (EDEC)
courseware would cover 80% of the introduc-
tory electronics syllabus.

EDEC is part of the Teaching and Learning Tech-
nology Programme, a major initiative of the UK



Higher Education Funding Councils.[5]  Formed
by 8 universities in the UK in 1992, EDEC is
dedicated to the production of computer-based
teaching and learning material to support the
education of electronic engineers and computer
scientists. CityU was one of the first universi-
ties outside the UK to use EDEC courseware.
At the same time,  CityU has worked closely
with EDEC on the further development of
courseware, as well as investigating the possi-
bility of designing bilingual components, labo-
ratory based modules and the transfer of the CD-
ROM based software to the web [6] [7] [8].

The EDEC courseware only provides a frame-
work for the ‘lecture’ part of the teaching. Al-
though there are some self-assessment tutorial
questions within the EDEC software, it is rudi-
mentary stuff. However, the self study work-
books are very good.

Consequently, the tutorial part of a studio ses-
sion is carried out in a traditional way, with pen
and paper, even if the questions are on the screen.
Any courseware based tutorials are therefore
supplemented by paper exercises.

The EDEC courseware covers about 85% of the
first semester course, and 65% of the second se-
mester course. The gaps are in introductory cir-
cuit analysis and introductory machines. We are
currently evaluating packages that can fill these
gaps, although so far we have been singularly
unsuccessful in finding any courseware that can
compare to the EDEC programs.

The modularity of the EDEC courseware, cou-
pled with the ability to customise the presenta-
tion sequence of the material, makes it ideal for
an integrated teaching studio application. A com-
plementary project being carried out by the au-
thor [7] will enable the EDEC courseware to be
available over the web and not just on stand-
alone machines.

Introducing laboratory content

The lecture course follows very closely on that
given by traditional means to the Manufactur-
ing Engineering Degree students. This means
that any laboratory content must be similar, as

assessment, including examinations, tests,
coursework etc are common to both courses.

The first semester experiments include a simple
low voltage transformer, maximum power trans-
fer, simple proof of circuit theorems, such as
superposition, and simple diode characteristics.

The second semester experiments include the
operational amplifier, logic circuits, SCR and an
introduction to  dc machines.

Now, a number of institutions also involved with
the development of laboratory based studio
teaching [9], [10], use ‘real’ instrumentation to
carry out the experiments.

At CityU this was not possible, as the ITS is a
university, not a departmental, resource. This
means that one lesson may be used for EE, the
next for management and the next for physics.
Consequently there is not enough time between
classes to move large amounts of equipment
around, or even have a technician present.

So it was necessary to design a laboratory course
that could rely on the only equipment available
all the time - the PC. Unfortunately the standard
PC does not have the facilities for doing any-
thing useful externally. The ULI makes use of
the serial port, but this limits the number of items
that can be connected at any one time, as well as
the bandwidth of any signals used.

The interface

After much searching we decided to use an in-
terface card produced by Eagle Technology in
South Africa. The particular board, the PC30GA,
[11] has 16 A/D inputs and 24 programmable
digital I/O lines. The board can support 16 sin-
gle ended or 8 differential inputs, and 4 analogue
outputs. This allowed us to simulate 8 peripher-
als, namely a double beam oscilloscope, two sig-
nal generators, two dc power supplies and two
digital voltmeters.

Of course, limitations in the 100 kHz sampling
speed meant that the useful frequency range was
limited for the signal generator and the scope,
but that was a small price to pay compared with



the flexibility offered. (By the way, the board is
far more ‘open’ and comprehensive than any
National Instruments’ board and at a fraction of
the price).

Having chosen an interface that could do all we
wanted, we now had to find some software to
drive it. It’s unfortunate that LABView, and other
similar software forces you to use proprietary
interface hardware. On the other hand, some
other programs are more ‘open’. We chose Test
Point, from Capital Equipment Corporation [12].
Eagle Technologies provide a good interface for
this laboratory simulation package; at the same
time, CAC will let you have a site licence and
use run-time versions of any programs gener-
ated, unlike National Instruments, and other simi-
lar companies.

The cost considerations were an important fac-
tor in choosing the software and hardware for
the ITS. There are 30 workstations in use, so at
least that number of interfaces and programs
were needed. Any supplier offering site licens-
ing as well as an ‘open’ configuration would have
an advantage over those trying to tie you to a
proprietary configuration.

The experiments

It was quite clear that, with the limitations on
current and voltage impose by using an A/D, D/
A interface, that most of the experiments in the
original programme would have to be modified
or replaced. For example, the diode used in the
diode characteristics experiment would overload
the current limit of the D/A as soon as it switched
on. Other experiments are just not possible with
the system as designed. For example, the scr and
dc machines experiments.

The dc power supply is limited to ±10 V, the
current to 500 mA, and the frequency limit of
the scope and signal generators is around 2 kHz
for any meaningful measurements. However,
even within these limitations it is possible to
design quite useful experiments.

The interface boxes were installed on all
workstations - Fig 1.

Fig 1: A workstation

To make the connection to the computer inter-
face a special interface box was designed - Fig.
2. This gives the inputs and outputs for all the
instruments using the same connectors as real
instrumentation.

Fig 2: The interface box

Fig 3 shows the breadboard that is used to carry
out all the experiments. This mimics the same
usage as in the normal laboratory.

Fig 3: The breadboard

This gives students to opportunity to learn about
colour coding etc, which they would not be able



to do if a prewired chassis were used. Each ex-
periment has all its components separately
packed in a small polythene bag.

Fig 4: DVM GUI

The Test Point software was used to generate
the screen GUI for the power supply, dvm, scope
and generator. Figs 4 - 7 show the power sup-
ply, dvm, scope and signal generator screens. All

Fig 5: Function generator GUI

screens were designed to make them look as
close to normal bench equipment as possible.

Fig 6: Dual power supply GUI

This included pulling rotating knobs with the
mouse.

Fig 7: Dual beam scope GUI

The laboratory manual

The traditional laboratory manual has been re-
placed by an online manual. This sits onscreen
in a separate window to the instrumentation
screen. Some of the hyperlinks in this manual
refer to sections of the presentation/tutorial
courseware, such as the EDEC modules. It is
possible, therefore to link the experimental work
screen directly to the lecture and tutorial  mate-
rial.

Fig 7: Introductory screen

Fig 8: Component screen



Figs 7 -10 show typical screen dumps for the
manual.  These follow a format that will be used
by other lab courses when their lab manuals are
put online and is designed to fit the full page
when the frame is translated to WWW format
for future use. This will supplement the current
program which is on the university intranet only.

Fig 9: Experimental page screen

Fig 10: Evaluation screen

Effectiveness of the teaching process

Very little work has been published on the ef-
fectiveness of studio teaching. Part of the re-
search associated with this project is to develop
ways of measuring its effectiveness. It was de-
cided to start a three year longitudinal study of
students in the first year of the Department of
Manufacturing and Engineering Management
(MEEM) at CityU. All students on the
Mechatronics Engineering (MTE) and Manufac-
turing Engineering (ME) degrees take a compul-
sory introductory electrical and electronic engi-
neering course in their first year. The MTE stu-

dents continue with electronics, which takes up
25% of their degree. The ME students have one
more semester of microprocessor work in the first
semester of their second year, and then do no
more EE at all.

The class sizes vary, being 40 in the MTE de-
gree and 80 in the ME degree in 1996/7, 40 and
60 respectively  in 1997/8, and approximately
40 in each in 1998/9. To try and evaluate the
ITS approach the classes were split and the MTE
students were taught the course in the ITS, with
the ME students taking the more traditional route
of lectures/tutorials and labs. The syllabus was
the same as were the teaching staff and exams/
tests/ tutorials questions. Only the mode of teach-
ing varied. Analysis of the student’s entry re-
quirements to both courses also showed signifi-
cant comparability in the beginning, but becom-
ing slightly divergent in the current year. The
difference is probably statistically insignificant,
but further analysis of the entrance qualifications
is needed to make a quantitative judgement.

Although the results for the first year have been
fully analysed, those for 1997/8 are still being
looked at, and the ones for 1998/9 are still being
collected,  it does seem that there is some initial
reaction to the studio mode of teaching but that
this reverts back to  normal’ in the second se-
mester. For example, analysis of the results of a
multiple choice questionnaire given to all stu-
dents at the beginning of week 1, Semester A
showed a slight advantage to the ME students,
although this was not statistically significant.
Halfway through  semester A a mid term test
showed that the average mark for MTE students
was about 2.5% above that of the ME students.
By the end of the semester, the MTE students
had a class average in the final examination that
was 7.5% above that of the ME students. This
result was repeated for the first two years of the
survey.

However, by the middle of semester B the dif-
ference had shrunk to 2% and by the end of se-
mester B the difference in the two classes was
negligible.  The reasons for this are still being
investigated. There are a number of significant
differences between the behaviour of the two



classes. For example, it was significant that the
attendance rate of the MTE students in the ITS
was nearly 100% for the whole of the two se-
mesters, but that of the ME students was around
40-50% at lectures. (Lab and tutorial have a 75%
attendance requirement, so the attendance rate
is not relevant here).

Many students were initially wary of being
taught in the ITS. Their main worry was the lack
of differentiation between the three aspects of
the teaching. They seemed to like knowing when
they would be doing lab, for example. Hong
Kong students are very lax at preparing for
classes. They do not read notes or lab manuals
before classes, so are not prepared for anything
new, or anything that requires prepreparation.
This makes teaching in a studio environment
very difficult. However, after a few weeks most
learn to appreciate the environment and teach-
ing mode, although a small minority seem to find
the environment unpleasant and threatening
throughout the whole course.

Many of those who had problems did not like
the informal setting and the ability to roam the
web; some abused this and were found to play
games or do other things during the periods when
computer-based teaching was carried out. A
qualitative study is currently being undertaken
to ascertain individual students feelings about
ITS teaching and whether this has any effect on
their performance. It is still too early to come to
any conclusions from the feedback so far.

Conclusion

Studio based teaching does provide a more re-
laxed environment for students to learn, but it
moves some of the onus for that learning from
the teacher back to the students. They do not like
this! At the same time, students who are pre-
pared to make an effort to use the facilities to
their full advantage clearly do better in this mode
than in more traditional methods of teaching.
However, it does seem that students become
complacent, and having achieved quite good
grades in the first semester, take things a bit
easier in the second and thus lose any advantage
they have gained over those taught by traditional

means.

Future work on this evaluation project will trace
students now in their second and third years of
study, and ascertain whether there has been any
long term advantage in using the ITS approach.
Results from the USA seem to indicate that learn-
ing does benefit, in the sense that more  in depth’
knowledge is required. This, of course, is the
claim of many non-traditional teaching methods
in the sciences and engineering from Nuffield
onwards. A comparison with similar studies in a
different cultural setting, eg comparing students
in the USA and Hong Kong, is planned to be
carried out later in 1999 to investigate any cul-
tural bias in the general acceptance of ITS teach-
ing.

One thing that can be said with certainty; the
teaching staff are as divided as the students in
their acceptance. Some enjoy the new method
of teaching even though it does involve more
interaction with the class as well as more prepa-
ration. Some will have nothing to do with it,
having taken part in classes for as little as a few
weeks!
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