
APPLICATION OF 
PROJECT/PROBLEM-BASED LEARNING 
IN MICROELECTRONICS 

Said Al-Sarawi 
The Centre for High Performance Integrated Technologies and Systems (CHiPTec), 
School of Electrical and Electronic Engineering, The University of Adelaide, North Ter
race, Adelaide SA5005, Australia 
Said.AISarawi@adelaide.edu.au 

Abstract: This paper presents an application of problem/project based learning 
(PBL) to a new course called Analog Microelectronics in the School 
of Electrical and Electronic Engineering at The University of Adelaide. 
The course is part of the fourth year programs for B.E. (Computer 
Systems Engineering) and B.E. (Electrical and Electronic Engineering). 
The paper highlights the motivation behind the proposed introduction 
of the new approach and the benefits of moving to a PBL teaching style 
in contrast to traditional lecturing style. Also this paper presents a 
sample problem definition that was used in the course. The outcome 
of the new teaching style was evaluated through exam performance and 
formal feedback proceeders. 
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1. INTRODUCTION 
Problem-based learning and project-based learning are two teaching 

styles that commonly used in teaching. Before diving into the differ
ences and similarities of the two approaches, the definitions of the two 
basic words Problem and Project will be considered first. In the Mac-
quarie English dictionary [5] there are a number of definitions for the 
word 'problem.' Two of these definitions are: 1. any question or mat
ter involving doubt, uncertainty or difficulty, 2. a question proposed for 
solution or discussion. In some cases the word can be used as adjective 
to mean: difficult to train or guide; unruly. While the word 'project' 
is defined as something that is contemplated, devised, or planned; a 
plan; a scheme; an undertaking. The verb form of the word project can 
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have one of the following meanings: 1. to propose, contemplate, or plan. 
2. to throw, cast, or impel forward or onwards. 3. to set forth; present. 
4. to throw or cause to fall upon a surface or into space; as a ray of 
light, a shadow, etc. 5. to cause (a figure or image) to appear as on a 
background. 6. to visualise and regard (an idea, etc.) by straight lines 
rays (parallel or from a centre) which passes through all points of it and 
reproduce it on a surface or other figure. 

By comparing the meaning of 'project' and 'problem' words it is evi
dent that they have a complementary meaning and they are both used 
to provide instructional and teaching strategies. 

The difi'erence between project-BL and problem-BL seems in some 
cases vague. For example, it is discussed in the literature [13] that there 
is very little difi'erence between the two strategies. However, a discussion 
on IMSACPBL-ListServ regarding the differences between project-BL 
and problem-BL created much of discussion identifying that project-BL 
has defined specifications that are given and an end product is always 
in mind. Such production requires specific knowledge or skills and typi
cally raises one or more problems that need to be solved by the students. 
The common sequence for project-BL is that students 1. define the pur
pose for creating their end product, 2. research the topic, 3. create a 
plan, 4. resolve issues and problems related to production, 5. finish their 
product. In contrast, the sequence in problem-BL is that 1. students are 
presented with a problem, 2. organise any previous knowledge related to 
the problem, 3. identify sources of information, 4. devise a plan for infor
mation gathering, 5. perform the research, 6. present their conclusions 
and may or may not have an end product [9]. 

From the above discussion, the similarity between the Project-Based 
Learning (project-BL) and problem-Based Learning (problem-BL) is 
that they both try to mimic the professional situations in either giv
ing a problem or a project with more than one way to either solve the 
problem or implement the project [9]. Furthermore, both strategies are 
group oriented that seek out multiple sources of information and in
volve a lecturer as a facilitator or coach. Also the assessment for both 
strategies is based on an authentic approach to educational assessment 
[11]. 

In summary, the choice between problem-BL and project-BL depends 
on the discipline [21]. In case of engineering, project-BL is best suited for 
this decipline and can deliver the required instructional values. Hence, a 
project-BL was adopted for the development of the new Analog Micro
electronics course. Furthermore, if the emphasis in problem-BL is ex
tended to include the process of getting to the solution, it can be argued 
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that project-BL is a superset of problem-BL and hence the PEL acronym 
can be used interchangeable to imply either project-BL or problem-BL. 

This paper presents an application of project-BL to a new course 
called Analog Microelectronics in the School of Electrical and Electronic 
Engineering of The University of Adelaide. The course is part of the 
fourth year plan for the Bachelor of Engineering degree for both Com
puter Systems Engineering (CSE) and Electrical and Electronic Engi
neering (EEE). The paper discusses the motivation behind the introduc
tion of the new approach and the benefits of moving to a PBL teaching 
style in contrast to traditional teaching style. Also the paper presents 
a sample problem that was used in the course. The outcome of the 
new teaching style was evaluated formally through exam performance 
and Student Experience of Learning and Teaching (SELT), which is a 
course questionnaire that is prepared by the Centre for Learning and 
Professional Development (CLPD) at the University. 

The new course aims at providing students with theoretical back
ground, analysis and design skills needed to design analog integrated 
circuits using CMOS technology, starting from common system speci
fication for analog systems down to physical implementation of these 
systems. The course was designed as a combination of two parts [15]. 
The first presented a number of lectures on specific topics, while the 
second part is composed of three design projects. Two of these projects 
were designed to present the concept of project based learning (worth 
10% of the total assessment) in addition to preparing the students for the 
major project (worth 30% of the total assessment). The major project 
was selected and prepared to fully utilise the PBL style. 

Section 2 presents the motivations behind the introduction of PBL to 
the new course. Section 3 presents a literature review of the problem-
BL and project-BL. Section 4 presents the development of the course. 
Section 5 presents a sample problem definition that was used in the 
course. Section 6 presents an overall discussion and evaluation of the 
implemented teaching style. 

2. MOTIVATIONS 
In a press release by the Institute of Electrical Engineers (lEE) in 

the United Kingdom, problem-based learning was proposed as a new 
method of learning that aims at improving the skills and employability 
of electronics graduates at three UK universities. These universities are 
University College London (UCL), University of Manchester Institute of 
Science and Technology (UMIST) and the University of Bristol. It was 
proposed that from 2004, Master of Engineering and Bachelor of Engi-
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neering in electrical and electronic engineering degrees at the aforemen
tioned universities will incorporate PBL [12]. In addition to other initia
tive that do encourage incorporating PBL in engineering such as [19],[10], 
[1],[2],[16]. The later was the first motivation to use problem/project-
BL learning in teaching the new Analog Microelectronics course. The 
second motivation is related to a moderate exposure of the author to 
problem-based and project-based learning as part of his undergraduate 
program that he found very useful and stimulating. PBL did benefit 
the author, and encouraging him to pursue further studies in the area of 
microelectronics. Furthermore, new teaching sytles such as PBL is en
couraged at the University of Adelaide as it is inline with the University 
Learning and Teaching Plan 2000-2002 [25] in that it: 

• ensures strong emphasis on reasoning, thinking and knowledge; 

• enhances those aspects of curriculum design and staff development; 

• ensures relevant assessment of learning goals and learning; 

• provides students with flexible learning and teaching methodolo
gies; 

• provides students with good communication and learning skills. 

Hence, the motivation in applying this new learning and teaching 
method to the new course is inline with the University goals for a student 
centred learning. 

3. LITERATURE REVIEW OF 
PROBLEM/PROJECT-BL 

Problem/Project-BL is a fairly new teaching and learning approach 
that was first introduced in the Medical School of McMaster University, 
Canada, in the late 1960s as a major teaching and learning approach. 
This approach has extended to many educational institutions around 
the world. By 1989 it was found that more than 6% of the medical 
schools in the United States had either totally PBL curricula or separate 
PBL tracks. In addition, more than 75% of these schools claimed to 
have a form of PBL in their programs [24]. Nowadays, we can see an 
increasing number of academic institutions have adopted a PBL teaching 
and learning approach as part of their curricula. This is evident from the 
amount of literature and research on the problem/project based learning 
[7, 26],[23], [18],[3]. 

In introducing PBL, to a new course, a number of issues need to be 
addressed. Some of these issues are as follows. 
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Concept Construction 
Problem-based learning is a post-modern approach to tertiary educa

tion as it requires the acceptance of post-modern concepts of knowledge, 
learning and assessment. The knowledge in the new age we live in has 
evolved dramatically and the basic set of knowledge that defines the set 
of relevant known knowledge has also changed in character. Hence, the 
learning approach to acquire this knowledge should also evolve. While 
the traditional method of gaining knowledge can be used to acquire the 
evolving knowledge, it can be argued that PBL presents a good ap
proach to acquire knowledge by concentrating on the process of solving 
a problem rather on the solution itself. Hence, the traditional form of 
assessment might not be possible. The PBL approach was proposed to 
realign education to increase its relevance to the perceived needs of the 
community. And that is the reason behind its acceptance in professional 
education. "This general acceptance includes the student, the teacher, 
the faculty, accreditors, profession in general, and the wider community 
and has been referred to as a general framework of mutual understanding 
and as a network of comprehension'^ [4]. 

Assessment 
The use of PBL encourages the stimulation of the student's way of 

thinking by encouraging him/her to find a path(s) leading to a solu-
tion(s). It is acceptable in PBL that multiple paths may exist to single 
or multiple solutions. The student path(s) to the solution(s) can be used 
in assessing the student's learning and gained knowledge. One issue that 
should be taken care of in assessing PBL is the subjective nature of the 
assessment. Such nature is usually faced with considerable suspicion 
by education community, as quality assurance might not be guaranteed 
[4]. Nevertheless, the subjective assessment seems to achieve the desired 
outcome from PBL, as it is evident from the large number of professional 
institutions that use PBL and commended it as an effective teaching and 
learning approach. 

Managing Students 
Managing students is one of the issues that needs to be addressed 

when constructing a PBL based course. A number of issues can arise as a 
result of students working in groups. Some of the issues that the author 
came across in managing students are: (a) time management within 
a group, (b) participation and interaction in a group, (c) motivation, 
(d) dedication, (e) personal communication, (f) cultural diff'erences. In 
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most cases, these issues were resolved within the group and resulted in 
a good outcome. Similar issues were reported in PBL based courses, as 
demonstrated by the case studies reporters in [22], [6] and [14]. 

Evaluation 
Evaluating PBL at the end of each semester is very important to pro

vide the required feedback to the current students and fine tune PBL 
for future years. Two types of evaluations were used. These are the 
students' and the lecturer's evaluation of the PBL based course. Such 
evaluations are becoming more necessary for the purpose of accountabil
ity and quality assurance in education. The evaluation of the course was 
gathered through interactions between the students and lecturer and 
formal evaluation of the course and the lecturer. 

The procedures followed in this section are based on a PBL develop
ers' website [2], that the author did find very useful and systematic in 
preparing a PBL based course. 

4. DEVELOPING A PBL FOR ANALOG 
MICROELECTRONICS COURSE 

Analog Microelectronics is a new fourth year elective course for B.E. 
(Computer Systems Engineering) and B.E. (Electrical and Electronic 
Engineering). The number of students enrolled in this course last year 
was 16 students, which is a good manageable number of students to try 
PBL. Prom previous teaching experience, managing a large number of 
groups can be simplified by getting the students to select or form their 
own group. This usually resulted in the least number of problems within 
a group so far. In addition to providing the students with all the relevant 
information online, access to online discussion forums and accessible 
consulting hours during the semester. The later resulted in manageable 
groups with the least number of problems. As the course covers a number 
of topics, it was found it is difficult to set-up a PBL assignment for each 
topic. Hence, the course was delivered as a combination of traditional 
lecture and PBL styles. For the given problems, the students were given 
introductory lectures that did range between 10-30 mins covering the 
requirements for the problem and allowing students to ask questions 
related to the problem. The procedures followed in developing these 
problems are based on the PBL developers' website [2], that the author 
found useful and systematic in preparing a PBL based course. Each step 
is addressed in a separate subsection. 
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How to design PBL assessments? 
In contrast to the traditional method of assessment, PBL assessment 

methods are much better at evaluating knowledge that students gain 
during the course. A number of assessment types can be used as part of 
PBL assessments: such as reflective problem log, self-assessment, peer 
assessment, presentation and demonstration, reflective essays, role-play, 
etc. Of these assessment types the self assessments coupled with jour
nal writing, presentation and demonstration is believed to yield the best 
outcome for the current course. In case of the self assessment, group 
members had to decide between themselves on how much each of them 
did contribute towards the final outcome of the project [2]. It is pro
posed that in the next delivery of the course, the student should provide 
peer assessment on how much each member did contribute to the final 
outcome of the course. This mark is then used to adjust a percentage of 
the total work. To enable the students to provide feedback to the lec
turer on their learning and the knowledge they gained from the course, a 
demonstration/presentation of their design strategy, final outcome, and 
problems faced, approach to solving these problems was organised. 

How to support the coaches? 
As this is a specialised course, the chosen coaches are familiar with the 

analog microelectronics and currently conducting research in this area. 
This was done by utilising some of the author's postgraduate students. 
In addition, coaches were addressed by the course coordinator about 
the given project and common problems the students might face during 
their project. The coaches sheet of the problem was accompanied with 
a description of the problem, possible solutions and the relation of the 
problem to the course outcome, a list of preferred resources and webpage 
links were also be provided. 

How much content should be covered? 
The amount of course content that should be covered, when using 

PBL teaching style, is hard to decide upon and that did depend on the 
problem given to the students. To ensure that the students have the 
basic knowledge in advance before they were given the problem. The 
needed topics are covered during lecture time slots and the pedagogy 
behind the problem in question was explained. This short lecture did 
range between 10 to 30 mins. Then the students were given the project 
at the end of the lecture and invited to ask questions about the project 
next lecture. 
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How does PBL develop generic skills? 
The problems that the students were exposed to are beheved to de

velop learning experiences, self-confidence in skills, abilities and knowl
edge [8] — as these problems do closely mimic common design problems 
that electronic engineers face in real life situations. The generic skills 
that the students did gain from this course are problem solving and 
critical thinking [20]. Both skills are needed to decide on which design 
approach to use and the implication of the group decisions on the time it 
takes to finish a design. The development of personal communication is 
also another skill that student developed as part the project [15]. Such 
skills are very important in the workforce as most electronic systems are 
a team eff'ort and require the collaboration of a huge number of group 
members. 

How long does it take to develop a PBL course? 
PBL can be looked at as a closed loop control system, in that the 

lecturer has to go through a number of iterations to get the best outcome 
from the system. However, there are a number of criteria that should 
bound the given problem. Without defining these criteria the whole 
exercise can be catastrophic as is the case with a control system without 
defined stability criteria. Hence it is very important to get as close as 
possible to the desired outcome from initial step or conditions. As a 
result, extra effort and time was dedicated to ensure a correct start to 
the PBL teaching style. It is expected that less eff'ort would be needed 
in setting up and maintain the course in the next delivery. 

Supporting resources 
A number of resources were provided to the students during the 

course. The first source of resources is the course textbook, recom
mended reference material and tutors. These reference materials are 
books and technical articles. Also, the Digital Resources Management 
Centre in the University was utilised very efficiently to give students 
online access to materials by using MyUni Online Learning &; Teaching. 
In addition to providing the students with regular consulting hours and 
utilising the remaining lecture time for questions and support. 
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5. ANALOG MICROELECTRONICS PBL 
EXAMPLE: AMPLIFIER DESIGN 
PROBLEM 1 

• Problem Aims: The aims of this problem are (i) to introduce 
the concept of simple CMOS amplifier design, (ii) to show the 
trade-off between gain, bandwidth and power, {in) and the efi'ect 
of supply voltage on dynamic range, and (iv) the importance of 
considering parasitic capacitance when designing analog circuits. 

• Problem Statement: A digital CMOS inverter can be thought of 
as an analog amplifier if it is biased appropriately. Such a configu
ration is usually referred to as push-pull CMOS inverter/amplifier. 
Design this amplifier circuit in TSMC 0.25 /im CMOS technology 
using Sue MicroMagic Design tools, then draw the corresponding 
layouts for it using Magic Layout editor. 

• Specifications: 

— at least 50 dB gain, 

— a minimum bandwidth of 1 MHz, 

— operating from a 2.5 Volt supply voltage, and 

— power consumption should be less than 200 //W. 

• Instruction to Tutors 

All the resources available to the students are also available to the 
coaches in addition to special instruction and comments on how 
to tackle the design problems. The design flow that the student 
should follow to have a successful design is shown in Figure 1. 
This design flow was explained in details to both the students and 
coaches, separately. 

6. DISCUSSION AND EVALUATION 
The given problems cover 80% of the course aims. So, the rest can 

be delivered to the students either as homeworks, tutorials or common 
teaching style. This matter needs to be investigated further. In gen
eral, PBL will be very valuable for the students and will enhance their 
learning ability and knowledge. For example, as part of the Student 
Experience of Learning and Teaching (SELT) survey, when the students 
were asked "what are the best aspects of the lecturer teaching?" Some 
answered (i) "He introduced Problem-based Learning which was help
ful," (a) "Introduced PBL very useful," and {in) "Hands on approach. 
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Redesign your 
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Start designing 
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Simulate your design 
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Generate Layouts 
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Extract Layouts 
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(HSPICE) 

View Simulation 
(koala, mwaves) 

Redesign your 
Layouts 

Figure 1. A recommended design flow. 

PBL was very useful, not only in practical sense, it helped the final 
project in the end." Also while other students indicated that the prob
lems were too hard and need to be spread out in time. Considering the 
fact that the Analog Microelectronics course is a new course and the 
used approach is new to the students, these comments are acceptable. 
Furthermore, as PBL challenges students to take more responsibility 
for their own learning and motivation and encourage them to study at 
their own pace. Some students did find PBL very useful, while students 
who are used to following clearly defined instructions and rely on other 
students see this teaching style as daunting and time consuming [17]. 

Prom the lecturer point of view, both the course and lecturer evalua
tions indicated that PBL teaching style is successful. Also, PBL forces 
the lecturer to be well prepared and ready for teaching the course, as 
students learn at their own pace rather than the lecturer's own pace. In 
the long run, it is expect that the next delivery of the course would be 
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easier, as a larger collection of design problems will be and ready for use. 
Hence less organisation is expected for future delivery. 

In the next delivery of the course it is planned to collect further feed
back from students using questions such as [17]: 

• what do you hope to gain from problem-based learning? 

• what major problems have you experienced with problem-based 
learning? 

• now that you have listed what you hope to gain from problem-
based learning, what kind of lecturer is most helpful to you in 
achieving your learning goals? Please list the characteristics of a 
good lecturer in this type of course? 

The above questions will allow the lecturer to evaluate {i) the effec
tiveness of PBL and (n) the students' expectations from PBL, {iii) the 
student perception of the role of lecturer in a PBL based course. 
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