
Supporting student-centred learning in Electrical and Information Engineering
Syed Mahfuzul Aziz
School of Electrical and Information Engineering, University of South Australia, SA 5095, Australia
Email: mahfuz.aziz@unisa.edu.au
Abstract: In the context of rapidly changing technology it is vital for future engineers to develop skills for lifelong learning. This relies heavily on the ability to learn and act independently. The learning activities in engineering courses must ensure that students have adequate opportunities to develop these skills through active engagement. This can be more challenging in classes where students come form diverse educational and cultural backgrounds. In the context of increasing diversity, support mechanisms to motivate students and to ensure their engagement in learning are required. This is especially important in advanced engineering courses where students must demonstrate their creative and problem solving abilities to design and implement engineering systems. This paper presents a case study of course revitalisation for a diverse student population (predominantly international postgraduate students and a small number of final year undergraduate students who enrolled in the course as a final year advanced technical elective) to promote independent learning and support the development of critical thinking and problem solving skills. 
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1 Introduction
The author’s experience over the last five years reveals that a large majority of international students studying at the University of South Australia (UniSA) faces difficulty with a project-based learning approach where they are required to take responsibility for their learning (Aziz, 2005a; Aziz 2004). The problem is compounded if open ended projects are used right from the beginning (Aziz, 2005b; Surgenor, Firth and Wild 2005). As a result, the author adopted a structured project-based approach in the VLSI Design course (Aziz, 2005b). In this approach the students are encouraged to do the projects on their own (independent learning) using step-by-step project guides. The projects gradually increase in complexity leading to a final capstone project. The early projects assist students in learning how to use the CAD tools using step-by-step self learning guides. This is important because the increasing complexity of today’s CAD tools has the potential to obscure learning. The early projects also enable students to revisit some of the fundamental background technical knowledge required for the course. At the end of each project students will have designed a circuit that performs some useful function. This gives students the confidence and motivation to engage with the project-based learning strategy. In the later projects the students are exposed to increasingly complex circuit design problems requiring them to engage in deeper problem solving and critical thinking. Experience gained from using this approach in a couple of advanced courses in the last few years has demonstrated that the students found this approach very effective for developing independent learning ability (Aziz, 2005b; Aziz 2006). The student satisfaction with these courses improved as a result of using this approach.

Despite the above, a number of students, especially international students, still face difficulty due to their apparent lack of familiarity with independent learning. This can be attributed to several underlying factors, the most important ones, in the author’s opinion, are:  (i) many of the students have previous educational experiences where the education has been predominantly teacher-centric, (ii) perhaps the students have not had much exposure to independent learning activities, (iii) some students have inadequate background technical knowledge required for some of the advanced courses at UniSA. Many students in the last category have received advanced standing (credits) in the UniSA program due to some prior learning or have a previous qualification which is not strictly in the area of their degree program at UniSA. One of the problems is that some of these students appear to be confused about the idea of project-based learning. They appear to struggle with activities in which they are required to take the initiative to act on their own, and engage in problem solving and critical thinking. The very idea of developing problem solving and lifelong learning skills as core competencies, and the importance of these skills, appear to be quite new to some of them. To address these problems the author decided to incorporate a student-centred learning workshop this year in the course VLSI Design. The workshop was held early in the study period and was facilitated by the lecturer (author) and two Learning Advisers from UniSA’s Learning Connection (UniSA, 2006a). The workshop was aimed at assisting students in understanding the importance of independent learning and lifelong learning, develop some understanding of critical thinking and the processes involved in problem solving. The workshop required students to participate in small group-based problem solving activities and present their group work. At the end of the study period the students had the opportunity to reflect on the workshop and evaluated it. Based on the evidence obtained so far it is clear that the students found the workshop useful for developing a better understanding of how to approach their learning in the course and what the expectations of them were. Students made interesting comments in their evaluation which would inspire further exploration in this area. In the author’s opinion, this type of workshop will benefit many courses that foster the development of independent learning, problem solving and critical thinking skills.
The next section briefly presents the graduate qualities of UniSA. In Section 3, details of the student-centred learning workshop including its structure and the activities undertaken are presented. The evaluation of the workshop by the students is presented in Section 4. Finally Section 5 presents a discussion on student achievements and overall course evaluation rating. Section 6 concludes the paper. 
2 UniSA graduate qualities

Every course at the University of South Australia is expected to assist students in developing one or more of the seven graduate qualities listed in Table 1 (UniSA, 2006b). This table also shows the weightings of the various graduate qualities in the VLSI Design course. These weightings vary from one course to another; however the total weighting for most courses is 4.5 points. The learning activities in all the courses in a degree program are expected to lead to a balanced development of all these qualities in order to enable graduates to operate successfully as professionals in their discipline. For the VLSI course, Table 1 clearly shows the heavy weightings placed on the first three qualities, namely body of knowledge, lifelong learning and problem solving. 

Table1: Weighting of graduate qualities in the VLSI Design course 
	No.
	Graduate quality
	Unit weighting

	1
	Body of knowledge
	1.2

	2
	Lifelong learning
	1.0

	3
	Effective problem solving
	1.0

	4
	Work autonomously and collaboratively
	0.5

	5
	Ethical action and social responsibility
	0.2

	6
	Communicates effectively
	0.3

	7
	International perspectives
	0.3

	
	Total points
	4.5


3 Workshop on student-centred learning

The students were required to do the first project in the second week of the study period. They were encouraged to do this project themselves using the detailed step-by-step guide provided. Although this was a simple project it introduced some very important fundamental concepts that would be utilised in solving the design problems in subsequent projects. For the sake of completeness and clarity the schedule of projects done in the course is given in Table 2. It is relevant to mention here that these projects accounted for 45% of the assessment in the course. The rest of the assessment consisted of a class test held in week 8 (15%) and a final examination held at the end of the study period (40%).
Table 2 Projects undertaken in the VLSI Design course

	Week
	Project No.
	Project title

	2
	Project 1
	Introduction to SPICE: Simulation and analysis of CMOS circuits using WinSpice

	3
	Workshop
	Workshop on Student-Centred Learning

	4
	Project 2
	Further simulation and analysis of CMOS Circuits using WinSpice

	5
	Project 3
	Introduction to Layout Design using MicroWind: CMOS Inverter Example

	6
	Project 4
	Sequential CMOS Circuits: Structured Design of a Four Bit Dynamic Shift Register Layout

	7
	Project 5
	Arithmetic Circuits: Design of a Four-bit Adder using Dsch

	8-12
	Project 6 
	Design of a Very Simple Microprocessor (VSM)


As shown in Table 2 the workshop on student-centred learning was held in the third week of the study period. Therefore, before the workshop, the students had a practical introduction to the project-based learning approach adopted in the course. The author regarded the experience the students had gained from the first project to be a useful tool for facilitating discussion in the workshop on the issues related to independent learning, problem solving and critical thinking. The students could use their experience of the first project to relate to the various issues discussed in the workshop, to cite examples of problems they had encountered in the project and to critically reflect on the strategies they had adopted to solve those problems. The students were divided into two groups for attending weekly practical sessions. A separate workshop was held for each of the two groups.
The workshop was aimed at assisting students in developing/enhancing understanding of their roles and responsibilities as learners. Particular emphasis was placed on how to develop independent learning and problem solving abilities in the context of the VLSI Design course. Table 3 summarises the three activities facilitated by the author and two learning advisers during the workshop. Nevertheless all three staff members actively contributed to all the activities which were conducted in predominantly interactive fashion. The workshop started with a presentation on the importance and ingredients of student-centred learning, and how the structured project-based approach had aimed to facilitate such learning in the VLSI course. The staff frequently asked questions and encouraged the students to present possible answers. Despite initial reluctance the students gradually began to participate. The second part presented issues that are important to become a successful learner, for example, attending learning activities, planning and time management. Emphasis was placed on taking responsibility and deep learning as opposed to surface learning (Ramsden, 1992; Biggs, 1999; Laurillard, 1993). The final part of the workshop concentrated on what problem solving meant in the context of the VLSI Design course, provided examples and insights into the steps involved problem solving. Detail of this part is discussed in the next sub-section. 
Table 3 Activities undertaken during the workshop
	Who
	What
	How

	Author
	Interactive presentation on “Student-Centred Learning: A structured project-based approach”
	Slides and interactions in question and answer/discussion format

	Learning Adviser 1
	Interactive presentation on “Learning in the final year”
	Slides and interactions in question and answer/discussion format

	Learning Adviser 2
	Activity on problem solving: How to solve it
	Student group activity followed by student presentation and discussion


3.1 How to solve problems
In order to present students with a systematic approach to problem solving, Polya’s guidelines for solving problems in mathematics were introduced and discussed. These guidelines have been applied in many other disciplines from Physics to Nursing. The guidelines are grouped into the following four major steps (Polya, 1957 cited in Alfeld, 1996):
· Understanding the problem 

· Devising a plan 

· Carrying out the plan 

· Looking back

During the discussion the students were asked to think of problems they had encountered in project 1 and how they attempted to solve those problems, what were the steps involved, what were the questions they needed to ask themselves. The staff members stimulated the discussion by providing clues and examples. Students were heavily engaged in this brain storming session. They were then asked to engage in the following activities in groups of 4:
· Discuss what strategies you use when you have a problem to solve. 
· Use the systematic and methodical approach provided (Polya, 1957) to consider specific strategies you used during project 1. 
· Write down your group’s suggestions on the overhead transparency provided.
· One student from your group will present the strategies and ideas to the class. 
· Discuss the strategies. What other ideas do you have?
3.2 Student presentations

Each group summarised their work on transparent sheets. One student from each group presented the group’s work. There were questions from students and staff, and a lot of discussion about the strategies the students presented. These were then compiled into a draft plan of actions (or strategies) the students could use while doing the projects in the VLSI Design course. Nevertheless, the strategies could be used in many other courses and in real life problems, as there are often plenty of synergies among the plans and strategies required. The guidelines of Polya provided a good base for students to start from when it came to problem solving. The observations and additions the students made to these guidelines had been generated by the students themselves using their own experience. Therefore it was expected that the students would be able to relate to these guidelines (or steps) and use them in doing the VLSI projects. The additional guidelines or steps devised by the students are not included in this paper as it was a rather long list.

3.3 Student feedback at the end of the workshop
Students were asked to write down the answers to the following questions:

Question 1. What was the most important thing learned in this session?
Question 2. What questions remain unanswered?
A total of 32 students submitted responses from the two sessions. Some students provided multiple responses to the questions. Some of the key responses are summarised below:
Responses to Question 1:

How to succeed in self learning study, the word ‘independent’ learning; how self-learning helps a student for success   (x 14)

Get more ideas in problem solving, creative approach of solving problems, techniques; understanding problems and figuring out how a solution can be carried out; any problem can be solved with a proper approach (x 14)

Critical thinking; most interesting, asking why and going deeper into things; think beyond boundaries (x 12)

How to think creatively and how to apply it to every day problems (x 3)

‘Didn’t learn anything’ (x 1)
As can be seen from the last response, not everyone was satisfied. Nevertheless majority of the students appeared to have learnt something. The most important thing that happened, in the author’s opinion, was that the students were engaged in discussion and activities on independent learning and problem solving. This experience and the guidelines they developed would be there to assist them throughout their study if they wanted to make use of these resources.
Responses to Question 2:

How would you know you have improved in this area? How to assess my progress when learning (not by marks)? (x 2)

What if we are stuck in the middle of the steps and no tutors/lecturers? (x 1)
The situation we considered was ideal but there is a big gap between idealism and actual conditions (x 1)
The above responses indicate that some of the students were unsure about how to handle many of the challenges they were going to face in the course. This is not unusual considering that many of the activities in real life do not proceed smoothly according to plan. That is why the ability think critically, and devise alternative plans or seek alternative solutions is so important. This is what the workshop was about. As long as the students continued to build on this experience they should be able to approach problems in a systematic way even when they get stuck occasionally. They will also be able assess their own progress along the way. It is reassuring to know that the students were aware of the differences between a desired (or ideal) scenario and an uncertain one. The aim of the workshop was to assist students in developing understanding of their roles and responsibilities as learners, with the expectation that they would be proactive in their approach to learning. The project-based learning approach adopted in the course was expected to give students adequate opportunities to find answers to the above questions and develop adequate skills in problem solving and critical thinking.
4 End of study period evaluation of the workshop 
4.1 Questionnaire

The workshop was anonymously evaluated by the students at the end of the study period using an instrument called TellUs2 (UniSA, 2006c). The reason for doing the evaluation at the end of the study period was to find out how useful the students found the workshop during the course of the study period. The key question for developing the questionnaire was “what was it that the evaluation aimed to achieve?” The author established the following aims for the evaluation: 

Aim 1: Did the students find the workshop useful for developing understanding of independent learning and their roles as learners?
Aim 2: Did the students engage in the problem solving exercise? Was this useful for developing understanding of the processes involved in problem solving?
Aim 3: Did the students use the knowledge/skills developed in the workshop for doing the VLSI projects?
A set of questionnaire items was developed to achieve these aims. The first question asked students whether they had attended the workshop. Out of the 30 students who responded 27 had attended the workshop. Only these students were asked to respond to the questionnaire given in Table 4. Students were required to provide responses to the statements made in items 1-8 on a Likert scale of 1 to 5, where 1 meant strong agreement and 5 meant strong disagreement. Each of these questions (1-8) is associated with one of the aims listed above. 
4.2 Responses

The responses to items 1-8 are illustrated in Figure 1. It clearly shows that the students found the workshop useful for various aspects of their learning. For example, approximately 90% of the students agreed with the statements made in items 1-3. Agreements with items 4-5 were above 75% and those for items 6-8 were above 80%. Approximately 10% of the respondents disagreed with items 5 and 8, and there no strong disagreements. 
Table 4: Questionnaire for evaluation of the workshop 

	No.
	Question
	Associated aim

	1
	The workshop assisted me in developing understanding of what lifelong learning means for VLSI Design
	Aim 1

	2
	The workshop was useful for understanding how independent learning ability is developed through project work
	Aim 1

	3
	The workshop assisted me in identifying my responsibilities as an independent learner
	Aim 1

	4
	The workshop assisted me in developing understanding of what problem solving means for VLSI Design
	Aim 2

	5
	I actively engaged in the group exercise on problem solving during the workshop
	Aim 2

	6
	The group exercise assisted me in identifying the processes involved in problem solving
	Aim 2

	7
	The workshop made it clear to me that critical thinking is an important step in problem solving
	Aim 2

	8
	Overall I found the student-centred learning workshop useful for my learning
	Aim 3

	9
	In doing the VLSI projects I used the skills I had learnt in the workshop 
	Aim 3

	10
	What did you like most about the workshop?
	Comment

	11
	What did you like least about the workshop?
	Comment
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Figure 1: Student responses to the questionnaire
In response to item 9 of the questionnaire 81% of the respondents said that they had used the skills learnt in the workshop for doing the VLSI projects, the rest said they did not. Eleven students responded to question 10, and made some interesting remarks. Some are given below:
Enthusiasm of the staff members who conducted the workshop and the lecturer deserves appreciation
The interest staff took to explain basic learning steps and their tips on each step was useful and easy for application
It was really good to bring into notice the skills we should apply while doing projects

Indeed, the students sensed a level of enthusiasm among the staff which encouraged them. This is something that can go a long way in motivating the students in learning.

 “What did you like least about the workshop?” asked question 11. Only four students responded and made the following remarks:
We had only one workshop. It could have been a continuous process.
Some aspects of independent learning.
The fact that it didn't really help me and wasted value time, time that could have been used to do the practicals, which were very good.
After being at uni for several years and having been through many workshops like this in other subjects, I found this workshop rather tedious. I don't doubt that the workshops are useful for some, but perhaps this would be more appropriate for first year students?  I would have preferred to spend the time working on the projects instead of being taught how to approach the projects.
Well, the first remark is rather a positive one, indicating that this student wanted to have more workshops like this. The second remark is rather broad and does not specify which aspect of independent learning he/she liked least. The last two remarks were made by students who apparently possessed higher levels of ability in relation to problem solving and critical thinking. One of them had attended similar activity before; the other one probably did as well. Most probably they were final year undergraduate students who had completed three years of study at UniSA, and had become familiar with the problem solving, critical thinking and independent learning methods fostered throughout their programs of study at UniSA. It is good to know that they liked the projects and were keen to get on with the projects. Nevertheless, it is important to ensure that these students can benefit from the workshop, perhaps by encouraging them to engage in complex problem solving activities directly related to the projects. In the author’s opinion, using further examples of problems will be a good way to engage these students. For the majority of the students, who were newly arrived international postgraduate students, the workshop was helpful for developing some understanding of the generic skills to be developed and the processes involved.
5 Student achievements and course ranking
It is well understood that the student performance in a course does not depend on one or two factors. While student grades can be used as one indicator of student achievement it is certainly not the only indicator of student learning. It is also difficult to suggest that an improvement in grades from one year to another can be attributed to merely one or two factors. It has nevertheless been a practice in academia to monitor student grades. In the worst case, a sharp decline in the student grades in a course is bound to cause alarm and questions raised as to whether any learning activity, approach or assessment item has contributed to the change in grades. The number of students achieving various grades in the VLSI Design course in years 2005 and 2006 are illustrated in Figure 2 as percentages of the student cohort size in the respective years. A total of 24 and 31 students completed the course in 2005 and 2006 respectively, not all of them successfully though in 2005. In Figure 2, F2 and F1 represent failures in the course, P2 is low pass, P1 is high pass, C is credit, D is Distinction and HD is High Distinction. Clearly there were no failures in 2006 compared to 21% failures in 2005. Although there was no high distinction in 2006, nearly 65% of the students achieved a grade of C or better compared to only 42% in 2005. This represents an overall improvement in the grade in 2006 compared to 2005. 
[image: image2.emf]0%

5%

10%

15%

20%

25%

30%

35%

40%

F2 F1 P2 P1 C D HD

Grade

% students

2005

2006


Grades F2: 0-39%, F1: 40-49%, P2: 50-54%, P1: 55-64%, C: 65-74%, D: 75-84%, HD: 85-100%
Figure 2: Grades obtained by students expressed as percentage of student cohort size
It is relevant to mention here the overall student satisfaction data obtained from the application of UniSA’s official Course Evaluation Instrument (CEI). In this evaluation, 100% of the respondents stated that they were satisfied with the quality of the VLSI course in 2006, compared to 83% in 2005. In all of the ten mandatory questions in the CEI, the course achieved the highest rankings so far in 2006, and these rankings are in the top quartile when compared with 216 courses in the Engineering and IT disciplines at UniSA. The author would like to emphasise that these high rankings are due to a number of factors. Most important among these are the structured project-based approach used, the intuitive way the CAD tools were introduced by the use of step-by-step project guides, the quality of the project guides, the opportunities for the students to engage in problem solving and learn by doing. Most students were highly motivated by the final capstone project, which also enabled them to assess their learning. The students were also highly appreciative of the interactive way the lectures were conducted. Having said all this, the author believes, based on the evidence presented in Sections 3-5, that the workshop was useful in orientating the students to the project-based learning approach adopted in this course. In particular it stimulated their ability to thinking critically and to approach problem solving systematically rather than waiting for instructions from the lecturer. 
6 Conclusions

A student-centred learning workshop was used to assist students in developing understanding of their roles and responsibilities as independent learners. The workshop included group activities on problem solving and critical thinking. The most important outcome generated from the workshop was the set of ideas (guidelines) the students presented, which could be used for problem solving in the VLSI Design projects. These ideas in conjunction with Polya’s guidelines gave students a good resource base to use in their approach to independent learning. The author believes that the students will find this experience and the resources useful for their learning in other courses as well as when working professionally. The guidelines were further refined, and further examples of questions/problems were included from the first project, in order to provide students with more opportunities for critical thinking and problem solving. This led to the development of a handout for problem solving and critical thinking in the context of the VLSI Design course. Majority of the students found the workshop useful for their learning in the course. Some students commented that they would like to see more workshops like this to support their learning. 
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