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Abstract

An Intelligent Systens subject is offered in the final year of the Computer Science degree. The subject
includes a diverse selection of topicsin artificial intelligence and intelligent agents. The paper reflects
on an innovative approach to the implementation of this subject. The development of the approach drew
on educational research and the Informing Science paradigm. The aims of the approach included engag-
ing students in active learning, integrating theory with practice, and presenting the subject matter in an
effective way. An innovative aspect of the approach was participatory teaching, i.e. students acting as
guest lecturers and workshop presenters. The paper presents evaluation results indicating that the aims
of the approach were achieved to alarge extent.
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Introduction

Teaching is aways a challenging task, and teaching computer science at university is no exception. One
of the challenging aspects of teaching computer science is relating theory to practice. It may be quite
straightforward in an introductory programming subject, as the subject focuses on a single programming
language, and various programming concepts can be easily supported by suitable examples. an industry
expert is not required to relate, for instance, the ‘while’ loop to the real world. However, the task is more
complicated when teaching advanced subjects which include a diverse selection of topics on cutting
edge technologies directly applicable to the real world. The Intelligent Systems subject is one example
of an advanced subject with topics ranging from artificial intelligence, neural networks, through intelli-
gent agents. How are they to be demonstrated, and by whom?

Another chalengeisto give al students an equal chance of achieving best outcomes by catering for
their individual preferred ways of learning. Some students learn better by observing, some by experi-
menting, and others, by reflecting. How are al these learning styles to be accommodated?

Keeping the students’ interest up is also atall order as, after al, computer science does not seem particu-
larly entertaining; yet, in learning, fun is an important addition to content. Just as demanding is the crea-
tion of alearning environment where students participate, moreover enjoy participating, in the teaching
process. How should such an environment be constructed? How should students be involved? How
should elements of fun and adventure be incorpo-
rated?
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This paper presents an approach, which proposes
answers to the above challenges. The approach
aims at improving teaching, optimizing students
ability to benefit from teaching, and enhancing
academic quality. It concentrates on learning and
teaching situations while maintaining focus on the
quality of learning. The paper identifies the prin-
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ciples underpinning the approach, and refers it to related research findings. It reflects on the application
of this approach to an advanced computer science subject — Intelligent Systems.

The Subject

Intelligent Systemsis afinal year subject of a Computer Science degree. Its content encompasses a
broad range of diverse areas from artificial intelligence to intelligent agents; students are introduced to
problem solving strategies and heuristics currently applied in these sciences. In addition, real-world g-
plications of theses approaches are presented, and related research issues discussed. Subject content in-
cludes the issues of intelligence in general, the difference between human and machine intelligences, the
concept of an intelligent system, and methods for knowledge representation.

Students enrolling in the Intelligent Systems subject must have completed two programming subjects.
As part of the Computer Science degree, Intelligent Systems mostly attracts students majoring in com
puter science, however it also appeals to engineering students as an elective study. As a consequence of
the liberal prerequisite requirements and broad subject appeal, the subject includes a heterogeneous stu-
dent group representing a broad range of background skills and differing ways of learning.

The subject is presented over one semester (thirteen weeks) through two one- hour lectures and one one-
hour supporting practical/tutorial session aweek. Ideally all the subject content should be covered du-
ing that time, however given the delivery framework and time limit, it is impossible to cover al the dif-
ferent fields of study well. A suitable subset needs to be chosen, balancing the diversity of subject matter
with students' backgrounds, skill levels and ways of learning. The availability of suitably equipped labo-
ratories and software is yet another limiting factor. In addition, the expertise and experience of the pre-
senter need to be taken into account. In a subject exploring several cutting edge technologies, even the
most capable lecturer could not be expected to have mastered them all.

The Approach
To innovate is to re-examine our ways of seeing and doing things, ... , to be actively curious and re-
flectively active, to reinvent constantly our visions and approaches. To innovate isto be alert, ... , to

create and to enjoy creating, and, by doing so, to share innovative experiences with others. (Belanger
& Jung, 1997).

Examination of previous, very ‘traditiona’, offerings of the Intelligent Systems subject led to a search
for ‘“new’, and ‘better’, ways of teaching it. The development of a new teaching approach was not just
about the activities of the teacher; rather it was a plan for students’ learning. The plan had to include the
presentations that the teacher would make, the exercises and activities in which the students would par-
ticipate, materials that would be supplied to the students, and ways in which students’ understanding and
capabilities would be assessed.

Client/Server

The core idea of the approach came from two sources. Informing Science and computer networks archi-
tectures. Cohen (1999) defined the term Informing Science as a variety of disciplines that ‘ share the
common goal of providing a client with information in aform, format, and schedul€’ that ‘ optimizes the
client’s ability to benefit from that information’. Education could, therefore, be regarded as an informing
discipline and students as clients to be informed. This conceptualization of education brought a desired
focus on students and the *learner-centered learning’ advocated by Knowles et al. (2001), but still left
clients — students — on the receiving side of information and the teacher in the role of provider — server.
The term client/server, however, is aso present in a different environment: that of computer networks. A
client/server network architecture is one where a number of computers are connected through a network,
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whereby one computer in the network acts as a server, or provider of information, and all other com-
puters only request and receive information: they are the clients. Education too could be regarded as an
interconnected environment with the teacher acting as a server and students as clients. Interestingly, the
distinct roles of clients and servers in computer retworks have undergone a significant transformation in
recent years in that clients also provide information and servers request and receive it. This development
inspired a notion of applying similar transformation to education. Consequently, in the approach stu-
dents could play dual roles of both clients — learners (‘informees’) — as well as servers — teachers (in-
formers). Likewise, the teacher could be both ateacher as well as alearner. Research promotes recipro-
cal roles of teachers and learners, and stresses their interdependence (McLoughlin & Oliver, 1999). It
also advocates a shared responsibility for creating and exploring knowledge (Scardamalia & Bereiter,
1991; 1994). An inquiry was conducted to assess the feasibility of the client/server facet of the approach
prior to its implementation; a number of students, capable and willing to participate, were found.

Optimized Learning

Optimization of student’s ability to learn was another part of the approach. One important factor affect-
ing this ability is the student’ s preferred learning style. Feldman & Hofinger (1997) presented an inter-
esting discussion on how the use of different learning styles helps students better retain knowledge. The
four styles are concrete experience, abstract conceptualization, reflective observation and active exper i-
mentation or, in other terms, feeling, thinking, watching and doing. A person may prefer one learning
style to the other; however, learning will be greatly enhanced if a person is actively involved in al of
them. It is accepted that students do have preferred learning styles, and that learning can be significantly
increased if teaching strategies are matched to them (Dunn, 1984). However, it is also recognized, that
new learning styles can be developed, and existing ones improved to increase the variety of opportuni-
ties from which students might subsequently learn (Bargar & Hoover, 1984; Hyman & Rosoff, 1984;
Joyce, 1984). It was decided that, to benefit all students equally, the approach would include activities
and assessment designed to accommodate a variety of learning styles. For instance, an assignment in-
volving the development of an expert system would favor the ‘thinkers' and ‘doers’, a mid-semester test
examining the understanding of acquired knowledge would suit *watchers’, and writing areport on
workshop demonstrations would give preference to ‘feelers’ and ‘thinkers'.

Practiced Theory

Another aspect of the approach was the emphasis on integrating theory with practice. This facet is asso-
ciated with the experiential way of learning, described by Kolb (1984) and Kolb & Fry (1975) asacy-
clical process passing through four stages. experiencing, reflecting, concluding and testing. The experi-
ential method was specifically developed to link theory to practice in a waythat would promote ‘ deep’
rather than ‘surface’ learning. It was agreed that in the approach introduction of theoretical concepts
would be supported by either practical |aboratory tasks, or presentations of real- life applications, or
workshops including the use of commercia software, or demonstrations fully developed products, e.g.
robots.

Project Work

A further feature of the approach was the development of problem solving skills and a capacity for inde-
pendent work, referred to in literature as a project work. The project work can vary in complexity and
scope from a project exercise, through a project component and project orientation (Morgan, 1984). For
the Intelligent Systems subject the micro scale of the project was chosen as the most appropriate, i.e. the
project exercise. In this exercise, students would apply the knowledge and skills that they have acquired
to problem in a subject area aready familiar to them.
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Motivation

Last but not least, the approach included fun and discovery as factors stimulating students' curiosity and
continuing engagement. According to Knowles et a. (2001), students learn only if they are motivated
and ready to learn. The pursuit of adventurous teaching and active learning has also been advocated by
McLoughlin & Oliver (1999). It was agreed that this philosophy would be echoed throughout the ap-
proach but, in particular, the combination of content and entertainment would be reflected in specially
designed puzzle- and quiz like challenges.

The Implementation

Previous offerings of Intelligent Systems covered only two or three areas of study. On this occasion, a
deliberate attempt has been made to widen the breadth of the subject and increase students' exposure to
the diversity of topics while, at the same time, illustrating theory with practical applications and expos-
ing students to new technologies. The subject topics were divided between the lecture presentations, ap-
proximately two weeks of class time to the each of the main areas. The lectures were supported by prac-
tical/tutorial sessions structured in a way that would give students the opportunity to experience, test and
reflect upon practical applications of theory presented in the lectures. For example, after the topic fuzzy
logic had been covered in the lectures, students simulated the operation of fuzzy logic based systems;
one was a shower with fuzzy inputs of hot and cold water and valve pressures; another, a commercial
washing machine with fuzzy control of washing cycles.

‘Informees’ as Informers

It has not always been possible to appoint a lecturer-in-charge of Intelligent Systems who possesses ex-
pertise in each field of artificia intelligence. Such circumstances presented an opportunity for student
‘experts’ to assume the roles of lecturers, presenters and demonstrators; students showcased their re-
search, demonstrated applications of commercial software, and presented experimental solutions to per-
tinent problems. Some of the events are described in the following sections.

Presentations

Robocup is an international competition for students of all ages who compete in a game of robot soccer
with their custom designed and built robots. One of the competitors, a student from another university
participating in the 2002 tournament, gave a presentation to the Intelligent Systems class. Armed with
two competitive robots and video footage of the various stages of the competition, the guest lecturer re-
lated some of the difficulties associated with mounting a successful Robocup challenge, and demo n-
strated solutions to the generic problems of computer motion, vision, and interactive co-operation be-
tween computers. The demonstration was interwoven with hands-on trials and punctuated with anec-
dotes. It stimulated interest and discussion in Robocup competition, robots and intelligent systems.

A research student gave a lecture on neural networks; he shared details of his project on artificial neural
networks used in solving a rea- world problem for the Australian Navy. The student described his re-
search, which involved devising and then training a neural network with known directions of seawaves
known as wave heading readings. Once trained, the neura network was then suitable for use at sea
without the original need for land stations to compute wave-heading directions that could strike a vessdl.

Demonstrations

‘Expert’ students, with an engineering background, designed and conducted interactive demonstrations

on neura networks for their fellow Intelligent System students. Four different problems were chosen,
and solutions to those problems presented using a commercial neura network software package. In one
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case, the application of a neural network was a deliberate counter-example, as the neural network did not
provide a suitable solution and its use was not appropriate. The other three cases were classical problems
that could be solved using a neura network. All four demonstrations stimulated experimentation and
discussion that reinforced learned theory presented in lectures. An assessment exercise was then set that
required participating students to submit a written report answering several key questions about the four
given problems. These questions asked students for comments on what they had learned from the peer-
led demonstrations.

Assessment

The continuous assessment of the subject comprised three parts a project, a mid-semester test, and are-
port on atutorial demonstration. While the mid-semester test examined the understanding of the topics
covered in the first part of the subject, and the tutorial report tested students’ ability to reflect on there-

lationship between theory and practice, the project was a creative task.

The project involved the design and implementation of arule-based expert system. In alead up to the
project, students were expected to complete a set of standard tutorial exercises to learn the basics of an
expert shell known as JESS, and then apply the acquired skills to solve a real-world problem. The pro-
ject specification detailed grading for arange of solutions. A standard solution, worth 70% of the total
mark, involved the creation of atypical expert system that adequately solved the problem. Several pos-
sible extersions to the solution were suggested, allowing the more motivated students to incorporate
these or other possible extensions to enhance the functionality of their expert system. Additional marks
were awarded for these extensions, their number dependent upon the degree of difficulty and innovation
involved.

The Evaluation

The effectiveness of the core premises of the approach was evaluated by a questionnaire completed by

sixty-six out of one hundred students in October 2002, soon after the last guest lecture was conducted. A
5-point Likert scale was used, where 5 indicated strongly agree and 1 indicated strongly disagree. The
results are reported in Table 1 as percentages on the Likert scale.
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Robocup presentation 5 4 3 2 1

It was good that the presentation was 17% 68% 9% 3% 3%
given by a student.

It was good to see solutions to Al prob- 31% 63% 6%
lems presented in an entertaining way.

It was an interesting and memorable ex- 15% 66% 19%
perience.

Work on a project like ROBOCUP should 20% 55% 20% 3% 2%
be part of the Intelligent System subject.

Wave-Heading lecture 5 4 3 2 1

It was good that the guest lecture was 17% 58% 21% 4%
given by a student

It was good to see areal-world applica- 28% 5% 12% 1%
tion of neural networks.

It would be agood ideato makesuch lec-  16% 53% 27% 3% 1%
tures part of the subject.

Neural Network demonstrations 5 4 3 2 1
It was good that the demonstrations were 24% 55% 16% 5%
given by students.

The subject material was reinforced in a 23% 51% 18% 8%
clear and practical way.

It was interesting to see suitable and un+ 20% 67% 11% 2%
suitable applications of neural networks.

It was good that commercial softwarewas 18% 61% 21%
used in the demonstrations.

It was a memorable and interesting ex- 15% 53% 28% 4%
perience.

It would be agood make such demonstras 30% 54% 13% 3%
tions part of the subject.

Table 1: Students' evaluation of guest lectures.

The results of the survey indicated that the client/server approach was warmly received by the students,

as more than three quarters of the respondents approved, or strongly approwed, of such an approach. | n-
tegrating theory with practice was viewed as very important, with over 80% of respondents approving
demonstrations of real-world applications, and the use of commercial software. An overwhelming me-
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jority of students supported the idea of making the client/server approach a permanent feature of the suo-
ject.

The effectiveness of the approach was further evaluated by continuous assessment. The project, involv-
ing the development of an expert system, challenged the students to ook beyond the textbook and lec-
ture material. Ninety-six of the one hundred and one students compl eted the project. All students passed,
and there were a large number of outstanding efforts. A report on the neural networks demonstrations,
which was also a part of continuous assessment, was submitted by ninety students. All students who
submitted the report passed, with many outstanding results. Ninety-five out of ninety-nine students
passed the final examination.

Overal subject evaluation was conducted at the end of the semester; sixty-two out of one hundred stu-
dents completed the evaluation. Over 70% of respondents agreed that subject’s objectives were clear,
and that the subject was well taught; 60% agreed that the subject was intellectually stimulating and e
joyable. The practical work sessions were rated even higher, with aimost 90% of students regarding
them very useful in understanding the subject material, and nearly 70% agreeing that the sessions were
well structured and easy to follow.

Conclusions

This paper described how an innovative approach to teaching an advanced Computer Science subject
was developed and implemented. In developing the approach, much effort was expended on the form
and structure of the teaching; attention was paid not only to what was to be taught, but al'so how it was to
be taught. In the process, the teachers became themselves researchers and reflexive actors in their own
educational practice. An evaluation of this approach was carried out through a student survey.

The survey results together with subject feedback have led to the following conclusions: employing a
variety of teaching styles enhanced the learning performance of the students; swapping of roles enabled
students to carry out independent investigation and critical evaluationof the problem at hand before for-
mally presenting it to their peers; student participation, a key factor of the approach, played a crucial
role as it enabled students to be involved in the development, presentation and the application of the
relevant topics.

Effectiveness of teaching is a function of both student motivation and the content of the presented mate-
rial: the teaching style and presentation are often as important as what is taught. In contrast to more tra-
ditional lecture styles, the presented approach encouraged students' participation in the teaching process,
and employed a variety of presentation techniques. It also promoted concept demonstration through ex-
amples illustrating practical application of the underlying theory.

An important aspect of the approach was that the teacher was not the only source of knowledge. There
was an implicit understanding that the teacher did not have all the answers, and that teaching and lear n-
ing were a shared responsibility, the teacher being open to learning. I n fact, some of the students, on oc-
casion, assumed the roles of teachers. As aresult, a more horizontal process of interaction developed
between the teacher and the students. It was no longer a practice that depended primarily on the teacher.

Asthe initial survey demonstrated, the challenges and the opportunities presented by this innovative ap-
proach were not only welcomed and appreciated by the students, but also contributed to positive educa-
tional outcomes. The development of the approach is an ongoing research project and a number of im-
portant issues still need to be further investigated for example, determining methods to measure the ef-
fectiveness of the approach objectively, and improving the rate of participatory teaching.
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There is not one right wayto teach, just as there is not one right way to learn. There are certain princi-

ples for good teaching and good learning, but the practice of teaching and learning needs to be continu-
aly invented. This paper presented a step in the quest for continuous discovery.
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