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Abstract

In semester 2, 2000, the Faculty of Information Technology at the Queensland University of Technology piloted a newly developed hybrid PBL curriculum in a first year programming unit. This paper addresses the conference themes of experience and evidence by discussing our development of the curriculum by the deconstruction of the medical model and the subsequent reconstruction of this model for an IT context.

One of our aims in implementing PBL is to better prepare students for professional practice by shifting the focus of education from teaching to learning (Bowden & Marton, 1999). We wanted to provide a real-world look and feel to computer programming. PBL has a role in developing the graduate capabilities of teamwork and communication skills (Lovi-Kitchin, 1998; Greening, 1998; Petersen, 1997; Bentley, 2000). However, we recognised that students cannot be expected to develop these skills by osmosis, that is; we need to teach to encourage the development of them (Bowden & Marton, 1999). 

This paper describes the redevelopment of the Unit design, and discusses the similarities and differences in the problems and cognitive thinking that students engage in during the PBL tutorial process in relation to the constructivist theory of learning.

Context

In 1999, we began developing the Problem-Based Learning (PBL) curriculum in Information Technology (IT). We were looking for an innovative approach to integrate graduate capabilities (Lovie-Kitchin, 1998) and enhance learning outcomes (Newble & Clarke, 1986), and agreed that PBL had the capabilities to deliver our goals. We did not have the support for a completely revised and integrated curriculum across all Schools within the Faculty and started with a Unit which combined material from two of our three Schools, in which the coordinator(s) had an interest in teaching and in PBL (Queen’s, 2000), and which would lend itself to a PBL approach. The Unit “Programming Laboratory “ is an intermediate level subject so students have background disciplinary knowledge that Hendry, Frommer and Walker (1999) and Rideout and Caprio (2001) indicate is required for constructing new knowledge. Hence the Unit seemed to be a suitable starting point to introduce an innovative change to the design and delivery of the larger IT curriculum.

From the first author’s experience in developing and implementing PBL curricula in the early phase of their switch to PBL in the consortium of medical schools in Australia (Flinders University of South Australia, University of Queensland, and University of Sydney), we recognised the need to reduce the curriculum content to a minimum. We also recognised the need for educationally sound principles (MacDonald, 1998) for removing non-essential material and asked ourselves the question, “What is it that we want a student to know and be able to do at the end of their study in this Unit?” In answering this question we considered how our students’ developing knowledge and skills would be affected by their previous studies (prerequisites), prospective employer requirements, and how the material reinforced or duplicated later studies in the degree program (Bentley 2000). We also recognised that the curriculum material offered in the later part of semester by the School of Information Systems built on the material offered in the first part of semester by the School of Computing Science and Software Engineering. 

We recognised the considerable body of experience and evidence published over the last 3 decades in the field of medical education in developing, implementing and evaluating PBL and hybrid PBL curricula in Medicine and the subsequent adoption of PBL by other disciplines (Rideout & Carpio, 2001). We considered this as sufficient experience/evidence on which to base the development of our curriculum and its delivery. We base our knowledge on the above-mentioned literature and the first author’s experience in the Australian consortium of Medical Schools, and subsequent study leave at the University of New Mexico Medical School. 

We proceeded with developing and designing the delivery of a new Computer Programming curriculum by deconstructing PBL problems and processes in Medicine and reconstructing IT problems and processes as our methodology for ‘charting unknown ground’. We found this process confirmed we were on the right track and added richness to our curriculum. This paper reports on our experience that others in a position of developing and implementing PBL in disciplines where PBL has limited use may find valuable. Since we started this process, Maitland and Cowdroy (2001) published their account of a similar methodology they used in developing and implementing their curriculum in Architecture.

The Model of PBL Implemented

We took guidance from Boud and Felletti (1998) in our implementation of PBL and developed and used real-world ‘problems’ or scenarios as a “stimulus and focus for student activity”. We recognised the importance of providing a framework to enable students to work through the PBL problems, and slightly modified the Maastricht, 7-jump model (Schmidt, 1983) for our PBL process. We condensed the first steps into one step of analysis of the problem. Clustering the sub-steps gave our students a convenient way to remember the issues involved in working out what the problem is about. We found it necessary to add a step where students analyse issues arising during the report back phase of the problem so such issues were not overlooked. 

Our process consists of:

1.
Analysis of the problem 

a) Note first reactions to the problem

b) Clarify the terms and concepts

c) Define the problem

d) Scope the problem. Work out what is required. Refine or restate the problem.

2.
Activate prior knowledge

3.
Formulate Learning Objectives

4.
Research Learning Objectives (independent study)

5.
Report back (Synthesise and test acquired information)

6.
Analyse additional issues 

7.
Wrap up – review, synthesise and conclude

We allow students several weeks for working on the PBL problems. Instead of having three tutorials for each problem and running one problem in a week as has become common (Rideout & Caprio, 2001), we have one two-hour tutorial a week and our problems run over several weeks with three tutorials for the short problems and up to seven tutorials for the longer problems. In the first week of a new problem, students wrap up the previous problem and start on the new one within the one session.

We have used various combinations of tutor/student ratios. Currently our logistics provide for one tutor roving between three groups of 4-6 students in a single venue at any one time.

Comparative Analysis of Medicine and IT Professional Contexts

Using our pared-back, ‘bare essentials’ curriculum material as our starting point, we analysed the types of problems and cognitive processes required of Medical students in working through the PBL problems based on the Consortium Medical curriculum experience. Using this as a framework we constructed the PBL problems and tutorials for IT. We noted remarkable similarities between the ill-defined, real-world problems we considered appropriate to simulate professional practice in Computer Programming (CP) with those developed for PBL curricula in Medicine and used the deconstruction tool as a means to develop our new curriculum. 

We present our analysis in tabular form and describe the similarities and differences. We note the work of McCracken and Waters (1999) in developing PBL CP curriculum, and Maitland and Cowdroy (2001) in using a similar process of deconstruction in Architecture. Our implementation is similar to McCracken and Waters (1999) and Maitland and Cowdroy's (2001) implementations and different from a generalised Medical model (based on the Consortium experience developed around the characteristics of PBL described by Boud and Feletti (1998)), in that our PBL problems are relatively large (ie take several weeks to resolve); resource materials are somewhat difficult to obtain; and the validation of the answer is ‘complex and delayed’ McCracken and Waters (1999). 

Differing from both McCracken and Waters (1999) and Medicine, our problems combine both single problems illustrating multiple areas (IT) and multiple problems illustrating specific areas (Medicine).  The material of our final problem builds on the knowledge from the previous problems and also includes new material. 

The first problem is related to developing graphical user interfaces (GUIs).  There are three main content issues that students are meant to learn in this problem.  Students are meant to learn how to evaluate the quality of a user interface using both qualitative and quantitative techniques.  They also have to learn how to design a GUI to meet fixed user requirements.  Lastly they have to learn how to implement that GUI in the Java programming language.  The second problem is related to testing components of a program.  There are two main content issues that students are meant to learn in this problem.  Firstly they must learn how to identify errors in a standalone component of a program.  A part of this is learning how to test a component of a program independent of the rest of the program, as well as learning techniques to discover errors.  Secondly they are meant to learn how to find the location of an error and how to fix that error.  Students are given three weeks for each of these initial two problems

The final problem builds on the first two problems and introduces four new content issues as well.  The final problem has students design and implement a small software system.  This involves designing a GUI for the system that reuses the material learnt in the first problem.  It also involves testing the system and making it as fault free as possible, reusing the material learnt in the second problem.  To further extend the students they are also meant to learn techniques of how to design a system, handle errors encountered within the program, access information in files stored externally to the program, and how to access a database program.  Students are given six weeks to work on this final problem.

Table 1. Comparison of the different aspects of the PBL problems in Medicine and computer programming

	Aspect of PBL Problem
	Medicine
	Computer Programming

	Context
	Most students will have:

· experienced symptoms, visited a doctor, received a diagnosis and patient management plan from the doctor

· be unfamiliar with the process of diagnosis and patient management
	Most students will have:

· used software, eg word processor or WWW; interaction with the software developers is via the on-line help facility or after sales support

· be unaware of the process of software development

	Disciplinary basis
	· Integration of multidisciplinary subjects: anatomy, biochemistry, physiology, etc.

· PBL curricula and process integrate communication skills
	· Multidisciplinary aspects hidden, eg few universities integrate math as part of software development 

· PBL curricula and process integrate communication skills

	Trigger
	· Start with ill-defined real-world problem
	· Start with ill-defined real-world problem

	Cognitive processes
	· Hypothetico-deductive reasoning
	· Deductive reasoning

	End product 
	· Development of diagnosis and patient management plan

· Presentation to the client or patient
	· Development of design plan from which functional software is developed 

· Presentation to client 


Context

We acknowledge that students in both disciplines will be at least somewhat familiar with context of the PBL problems. However, in Medicine students will have greater exposure to the process whereas in IT they will have greater exposure to the end product. For example, medical students would have experienced symptoms, presented to a doctor, received a diagnosis and patient management plan. CP students would have used computer software such as a word processor, and may have faced a poorly designed electronic data entry screen via WWW, but few if any would have been involved in the development of that software.  The only interaction most student users have with developers is via the on-line help facility or after-sales service. 

This provides students with useful background or prior knowledge that they can draw on in the tutorial. We assume that everyone has experienced a doctor’s visit and hence medical students may have a better understanding of the processes involved in working through the problem. However, we didn’t consider our students would be disadvantaged at this stage to the extent that we needed to provide any additional steps or information for IT students.

PBL problems 

Rideout and Carpio (2001) say that the starting with a problem has been reported as assisting students to develop learning capabilities rather than emphasising memorisation. These authors cite Dewey (1938) who indicates the importance of the learner in developing the purpose of learning and giving direction to achieve their goals. In both Medical and CP disciplines, the ill-defined, real-world scenarios require students to work to an end product. The poor definition of the problem ensures that not all the information is given to students up-front, hence there are several unknowns that students need to puzzle over and deal with. 

In both disciplines, students will be familiar with the learning outcome or 'end product'. In the case of Medicine, the end product is the diagnosis, patient management plan, and presentation of that to the patient or client. In Computer Programming, the end product is the software package and presentation of it to the client. Thus the real-world scenarios require students to develop their communication skills. In both disciplines students need to become familiar with the jargon and learn how to communicate appropriately with different stakeholders. They are learning to assume the role of the expert but at times they need to present their case to the expert who takes the role of client (Greening, 1998).

In both Medicine and CP, most students will not be familiar with the process of development of the end product, and this is what they need to learn, the disciplinary basis and cognitive processes. In both disciplines, the delivery of the end product – the professional communication – is between novice and expert. We reasoned that the issues of jargon, problem definition and scope are much the same.

The patient management plan is differently emphasised depending on the year of study (Hendry et al, 1999). From our knowledge of medical curriculum at the Consortium and the University of New Mexico, in the first two years of the medical course the end product is the diagnosis and patient management plan, ie, students develop but may not deliver the patient management plan. Whereas in the later years they are more involved in the practise of medicine including the delivery of the patient management plan to the patient. Our CP students (at an intermediate programming level) develop the product and deliver it to the ‘client’. Hence, we see our students as more like the later year medical students where more emphasis is on the patient management plan and we assume that the end product is the delivery of the patient management plan to the patient and monitoring of the progress which is analogous to user testing in CP. 

Further analysis of this difference is the key to the comparison of our analysis and that of Maitland and Cowdroy (2001), a commonly held view of differences between Medicine and other professional fields (E. Farmer, personal communication, October 2001). Whereas Maitland and Cowdroy view the difference between medicine and the professions as one of convergence in medicine and divergence in architecture, we view students in both Medicine and CP fields as working towards one, convergent end product. We recognise that in the process of developing the end product, there are many solutions (diagnoses in medicine or software programs in CP), ie divergent thinking, however, students need to decide on one to present to the client, based on a sound rationale. We believe that the difference between the disciplines is largely a matter of timing and the role of the individual in the group. 

If we make the comparison with early years of a PBL Medical degree where students’ PBL problems and clinical work are separated, the diagnosis comes at the end of the PBL problem and the wrap up of the case. However, the IT problems extend beyond the scope of the classroom-based Medical PBLs. If we take the later years of a PBL Medical degree (eg at the University of New Mexico and the Australian Consortium) where the students spend most of their time in the hospital supplemented by a little time in the classroom to discuss the cases they are working with in the hospital, we have a different outcome. The medical diagnosis is early in the ‘solution of the problem’ followed by formulation, implementation and monitoring of the patient management plan which is analogous to our CP situation where early on in the problem, students put forward many software solutions and decide on the one that they consider will be most appropriate for the client – ie meet their client’s needs, and develop, test and deliver that product. In our CP tutorial groups the individuals may bring several different solutions for any one aspect of the problem to the class for the group to debate and decide on the most suitable solution based on the information given to them in the triggers – user specifications. Initially the problem diverges and then through deductive reasoning, students chose one convergent solution. 

PBL process

With regard to the PBL process, again there are remarkable similarities between Medicine and Computer Programming. Our experience is that novices in both disciplines can have a tendency to short-circuit the cognitive processes necessary for developing the logical reasoning that underpins the development of the end product. In both disciplines one value of the PBL process is to prevent novices from using pattern recognition to jump forward to the end product (Petersen, 1997). 

In both Medicine and CP, the steps of recognising the limits of individual and group knowledge, identifying the unknowns (ie learning objectives) and researching and then integrating the information is crucial to the development of new knowledge (Hendry et al, 1999). These steps are congruent with constructivist theory of how learning occurs through the PBL process, and assists in the attainment of deep learning outcomes. These steps are crucial and prevent short-circuiting the process for and enable testing of pattern recognition. 

This step used to prevent jumping to a false conclusion represents the main difference between the process in the disciplines. In Medical PBL courses such as in the Consortium and at University of New Mexico, students use hypothetico-deductive reasoning to eliminate alternate hypotheses based on the multidisciplinary knowledge of the basic sciences (see Table 2.). This is a key step for students integrating their basic science knowledge into their understanding and practice of Medicine. 

In our Computer Programming unit, students use deductive reasoning to eliminate alternate solutions using different software components based on user requirements. The theoretical basis of CP (ie mathematics and graduate capabilities of problem solving, teamwork and communication skills) is often implicit rather than explicit, so the multidisciplinary perspective of learning computer programming is often hidden. 

As in Medicine, many of our CP students view the graduate capabilities as ‘soft’ and unimportant to the business of the profession. Hence, as we postulate is the case in later years of Medical education, in CP, the deductive reasoning process is based on the functionality of the end product (either program or diagnosis and patient management plan) meeting user requirements as well as a theoretical, multidisciplinary basis.

The formulation of the diagnosis and software design document requires both creative and reasoning processes in both disciplines. However, in both Medicine and our CP unit, less creativity is required or desirable than in some other professional fields such as Architecture (Maitland & Cowdroy, 2001) where students may be expected to develop different designs based on user requirements. Hence in Medicine and CP the thinking at this step is primarily convergent, whereas in architecture it is divergent. We postulate that in Medicine, the aim is that students develop the same diagnosis (convergence) with allowable variability (divergence) in the patient management plan based on patient or client requirements. In CP, students will initially postulate many potential solutions to parts of a problem.  The design process involves examining these alternative solutions and converging to one best suited to the client’s needs.  Students apply proven design strategies to efficiently choose a solution.  The difference with some other professional fields such as Architecture is that the convergence occurs very early in the entire problem solving process.  After converging to a solution for a part of a problem, students still have much of the structured design process to follow through to actually achieve a design that can then be implemented.

To overcome problems with group mark for individual effort and result, Cowdroy and Maitland (2001) make individual students responsible for their own design. They view this as divergent outcomes (ie many designs) but what they did not recognise is that in the process of reaching this outcome, an individual student may have generated several different solutions (divergent) before bringing one design (convergent) to discuss with the class. Requiring students to go through this divergent and convergent step would strengthen their logical reasoning and integration of basic principles in their learning outcomes. 

Table 2. Comparison of the cognitive process associated with the PBL process in Medicine and Computer Programming

	
	
	
	Medicine
	Computer Programming

	1
	Analyse problem
	Note reactions
	
	

	
	
	Clarify terms and concepts
	Divergent
	Divergent

	
	
	Define problem 
	Convergent
	Convergent

	
	
	Restate problem
	Convergent
	Convergent

	
	
	
	
	

	2
	Activate prior knowledge
	
	Divergent
	Divergent

	3
	Formulate LOs
	
	Convergent
	Convergent

	4
	Research LOs
	
	Divergent
	Divergent

	5
	Report back (Synthesise and test acquired information)
	Review problem


	Hypothetico-deductive reasoning
	Deductive reasoning

	6
	Analyse additional issues and go back to step
	If the problem is spread over 3 or more tutorial classes
	
	

	7
	Wrap up
	Review, synthesise and conclude
	Synthesis and summary
	Synthesis and summary


Our observations in monitoring the PBL process in tutorials and feedback from tutors in the briefing and debriefing meetings indicated that most of our Computer Programming tutorial groups do well on the divergent thinking but not so well on the convergent thinking where they need to integrate their reading, explain and discuss and review the problem in light of what they have researched. 

Reflection and Discussion

Currently we are on our third iteration of an evolving curriculum and delivery. The program has evolved through careful consideration by IT and higher education teaching staff guided by our students’ experience in the Unit. We guided the evolution of the program by considering how students would be thinking about and interacting with the materials and their actual experience in the Unit. Our curriculum team’s lack of overlap in disciplinary (ie programming) and PBL knowledge and experience resulted in an iterative approach to the curriculum development. 

Our predictions of how students would interact with the material were limited. Although we had a student involved in our curriculum discussions, her programming background was in a different language, and this had a significant effect, as we didn’t have detailed knowledge of the nature and extent of the difficulties students encountered in staging the problems. We would have benefited from having one or two more recent graduates of differing abilities on our team. 

Hendry et al (1999) indicated that improved student satisfaction is a sufficient condition for implementing an innovative educational method. Our survey indicated 46% of respondents liked the group work in the PBL setting and 28% commented positively on the real-world scenarios and 28% commented on aspects of the PBL process they found valuable, such as, the challenge, researching their own objectives, having a process to work through the problems and the opportunity to integrate their prior knowledge in working through the current problem.

In summary, we found the deconstruction and reconstruction of the Medical Model useful for development and staging of our real-world scenarios and implementing the PBL process. We reasoned that the remarkable similarities between the types of real-world problems and the cognitive thinking required of students in the disciplines of Medicine and Computer Science enabled us to use a similar process of problem analysis and resolution that has been successfully used in Medical education. Accordingly we developed ill-defined PBL problems that simulated real-world scenarios and adapted the 7 Jump model of PBL developed and implemented at Maastricht University for use in computer programming. 
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