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Abstract: City University of Hong Kong has initiated a studio approach to teaching, starting with  modules in introductory science and engineering.  Studio teaching replaces the traditional large-group lecture, small-group tutorial and separate laboratory work with an integrated approach.  A typical studio session consists of a mixture of discussions, mini-lectures, demonstrations, computer simulations, problem-solving activities, and computer supported laboratory exercises.  It utilises computer based teaching materials that emphasise multimedia and interactive learning.  This paper describes the introduction of studio teaching for introductory electronic engineering for a 1st year Mechatronics Engineering degree course.
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INTRODUCTION

Rapid advancement in technology not only revolutionises the way research in science and engineering is conducted but also the way knowledge and information are communicated.  In response to this advance, as educators we must rethink the content of the science and engineering 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 examinations, 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 learning 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 multimedia stimuli and interactive activities.  To counter the trend of declining student interest in science and engineering courses and to keep pace with advances in information technology, pedagogical reform is urgently needed.  There are clearly needs for new teaching materials and methodology that encourage different modes of learning.  In recent years, as networking, multimedia, mobile technology, and better software converge, educational institutions are discovering new ways to improve learning, increase 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, especially those at the introductory level with large enrollment.  Studio teaching is a teaching methodology that emphasises co-operative and interactive 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 discussion, problem-solving activities, and laboratory experiments into an integrated teaching studio (ITS).  In particular, a learning environment is needed that fully utilises computer technology, since sophisticated but inexpensive computer hardware is now available, and computer based teaching materials that emphasise multimedia and interactive 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 developed 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 teaching.  Studio teaching typifies changes in approaches to physics teaching that are being widely discussed and adopted in a number of leading institutions.  Essentially the methodology replaces the traditional large-group lecture, small-group tutorial and separate laboratory format with an integrated studio approach which is claimed to be both economically competitive and educationally superior.  The focus is on student problem-solving rather than presentation of materials.  The emphasis is on learning rather than teaching. 

THE INTEGRATED TEACHING STUDIO (ITS)

The philosophy behind the studio teaching format and its ingredients may be summarised as follows.  Learning is more effective (a) by doing (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 interactive multimedia learning. Laboratory-based material, instrumentation, simulations and demonstrations 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 environment. For the electronic engineering courses a specially configured board with connectors for oscilloscope, power supply, signal generator and digital voltmeter are supplied [5].  

To eliminate the obstruction of views by workstation monitors and to maximise flexibility in space utilisation, the workstations are embedded beneath the table tops so that the studio can also be used for traditional lectures if necessary.  The student tables are arranged in an open configuration that facilitates student-student interactions 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 projector.  The workstations are high-end personal computers 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 terminals 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 introductory electronics syllabus.

EDEC is part of the Teaching and Learning Technology Programme, a major initiative of the UK Higher Education Funding Councils.[6]  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 universities 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 possibility of designing bilingual components, laboratory based modules and the transfer of the CD-ROM based software to the web [7] [8] [9].
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The EDEC courseware only provides a framework for the lecture part of the teaching. Although there are some self-assessment tutorial questions within the EDEC software, it is rudimentary stuff. However, the self study workbooks are very good.

Consequently, the tutorial part of a studio session 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 semester course. The gaps are in introductory circuit 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, coupled with the ability to customise the presentation sequence of the material, makes it ideal for an integrated teaching studio application. A complementary project being carried out by the author [6] will enable the EDEC courseware to be available over the web and not just on stand-alone machines.

INTRODUCING LABORATORY CONTENT

Although it is relatively easy to introduce pen-and-paper tutorial sessions into an ITS environment, the introduction of a laboratory session requires much more thought and planning. The virtual laboratory created for use in CityUs ITS for electronic engineering is described elsewhere in detail [4]. In summary, a virtual laboratory was created using a comprehensive interface card from Eagle Technologies allied with simulation software from Test Point. 

Fig 1 Student using the virtual laboratory showing interface unit

This allowed, the use of two dc power supplies, two dvms, two oscilloscopes and two signal generators for each workstation. The standard first year servicing course laboratory manuals were rewritten and amended and put on the network as interactive multimedia modules. (See Fig 1).

The simple experiments included in the course covered elementary circuit theory, diode characteristics and circuits, operational amplifier basics and (under development) simple dc machines.

EFFECTIVENESS OF THE TEACHING PROCESS

Very little work has been published on the effectiveness of studio teaching. Part of the research associated with this project is to develop ways of measuring its effectiveness. It was decided 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 Manufacturing Engineering (ME) degrees take a compulsory introductory electrical and electronic engineering course in their first year. The MTE students 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, but are relatively similar, being 40 in the MTE degree and 60 in the ME degree in 1997/8. 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 teaching varied. Analysis of the students entry requirements to both courses also showed significant comparability.

Although the results are still being analysed, and the project has more years to run,  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 semester. For example, analysis of the results of a multiple choice questionnaire given to all students at the beginning of week 1 Semester A showed a slight advantage to the ME students, although this was not statistically significant. Halfway through the semester 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. 

However, by the middle of semester B the difference had shrunk to 2% and by the end of semester B the difference in the two classes was negligible.  The reasons for this are still being analysed. However, it was significant that the attendance rate of the MTE students in the ITS was nearly 100% for the whole of the two semesters, 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 teaching 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.

CONCLUSION
Studio based teaching does provide a more relaxed 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 prepared 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.
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