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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 at one of its small suburban campuses in parallel with a traditional curriculum at the larger city campus. This paper addresses the conference themes of experience and evidence by reporting data from our implementation of parallel tracks. We report on our use of the 4SAT instrument, Step 2B (Zimitat & Alexander, 1999) both formatively and summatively to assess the development of the graduate capabilities of teamwork and communication skills in the PBL strand.

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 et al, 1999). 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). Thus to assist students in developing their teamwork skills we videotaped tutorials in weeks 4 and 12 to provide evidence of behaviours. We facilitated sessions where we asked students to use the 4SAT Step 2B instrument to rate their behaviours as seen on the tape. Tutors summatively rated the development of teamwork skills over the semester as measured by 4SAT Step 2B in the final week of PBL classes. 

Based on unpublished experience in the Graduate School of Medicine at the University of Queensland (Zimitat & Alexander, 1999), we piloted the instrument’s effectiveness as a predictor of student success in the Unit by correlating the 4SAT scores against assignment and exam results and use this as evidence of the success of the PBL pilot. 

We briefly describe the redevelopment of the Unit design based on our evidence and experience.

Introduction and Rationale

With traditional approaches to teaching Information Technology (IT) at the tertiary level, there has been an emphasis on the dissemination of content knowledge rather than the development of more generic skills and capabilities desired by employers, such as problem solving, critical thinking and working in a team. It is now recognised that such didactic strategies lead students to acquiring compartmentalised knowledge, where graduates often struggle to apply such knowledge to, for example, an integrated project (Bentley, 2000). 

In addition, more than arguably any other discipline, the dynamic nature of the IT industry limits the currency of technical content knowledge. As a result, life-long learning skills are imperative for IT professionals who are constantly required to update their skills to remain relevant. Thus, it is no longer sufficient to impart technical knowledge alone to students; it has also become necessary to have them develop a suite of life-long learning and metacognitive process skills to enable them to keep pace with a dynamic work environment.

Model of PBL implemented

We took guidance from Boud and Feletti (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 for our PBL process. We found it necessary to add a step where students analyse issues arising during the report back phase of the problem. 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, we have one tutorial a week and problems run over several weeks with three tutorials for the short problems and up to seven tutorials for the longer problems.  
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

Implementation

We report our experience of piloting PBL in a first year Java programming unit, in semester 2, 2000, with a small class of 26 students at a suburban campus, all students enrolled in the Unit at that campus automatically being included in the pilot.  The pilot was delivered in parallel with a much larger class (450 students) at the city campus covering the same content material but following the traditional, instructivist approach.  

To assist in the transition to PBL, we developed and implemented a revised curriculum, where the content delivery of the unit was pared back to the essential, and more weight was placed on developing the generic attributes that students are expected to take with them upon graduation. The primary attributes targeted were the ability to work both independently and as a member of a team, effective problem solving skills and research and synthesis of new knowledge, but also secondarily included such skills and abilities as communication and presentation skills, time management and planning, and develop a sense of community and lifelong learning.  

To support the PBL implementation, we provided a variety of support mechanisms such as those used elsewhere. These mechanisms included ongoing professional support and development for tutors by way of tutor's guides, a tutor training programme, weekly briefing/debriefing meetings and a unit website. In addition to providing notes on PBL for both students and tutors, and a sample of a tutorial dialog (based on Appendix II of Barrows, 1988), the website provided for the weekly release of triggers, a discussion forum for students, and frequently asked questions (FAQs). 

The 4 Step Assessment Task (4SAT), developed by Zimitat and Alexander (1999), Step 2B (Appendix 1) has 8 criteria that describe observable student behaviours during the PBL process. The instrument also describes satisfactory and unsatisfactory standards for each of the observable behaviours. 

Zimitat and Alexander indicated that a pass/fail grading on 4SAT is a useful predictor of final grades. Further, a team deemed to be unsatisfactory on at least one 4SAT criterion is considered an indication that at least one member of that team would fail the final examination. We realised the potential usefulness of the instrument in providing feedback to students and tutors on how students were going and used it as both an intervention to assist students in self-evaluating their group behaviours, and as a guide to the marker to determine the efficacy of the observed behaviours.

The PBL Pilot Class

The semester began with 26 students in the PBL class. With two students having dropped the unit before the first scheduled session, the remaining 24 students were split into four teams of six students each. After a combination of the typical early semester enrolment volatility and trepidation of the new approach, the class finally consolidated into a group of 17 students, forming three teams, two teams of six and one of five. All teams met in the same 3-hour workshop, with two facilitators roaming between teams. 

The class consisted of a mix of mature aged and recent high school leavers, all but two being male. The tutor organised team membership with a view to making each team as heterogenous as possible, given the small number of participants.

The teams were given five problems to work on during the semester. Together these problems formed a complex real-world scenario that covered the entire curriculum content for the unit. Since a condition of the pilot was that students in both the PBL and traditional classes were to complete same assignments and have the same examination, the problems used in the PBL process were complementary but additional to their actual assignment work in the same way as the lab work in the traditional stream was additional to their assignment work.

Objective Observation of Group Processes – Formative and Summative Assessment

We were concerned that students may not be prepared to openly discuss their behaviour in tutorials in an objective manner. We recognised that it may be challenging to students yet we wanted them to recognise and have an opportunity to modify their behaviour as it may be critical to their success in the Unit. A second concern was that students would not own their unsatisfactory behaviours using the 4SAT criteria to make judgements about the standards (i.e. satisfactory or unsatisfactory) they had attained unless we had independent evidence. 
Group dynamics, as observed from outside the group, can differ markedly from those reported by the group members themselves. A study by Tipping, Freeman and Rachlis (1995), which involved videotaping of group performance, noted several variations between perceived and actual behaviours, including non-participation, lack of cohesion, lack of goal articulation, no time spent planning and no evidence of reflection. 

While students may argue that the video camera has an intrusive effect that may account for the different perceptions of group dynamics (Greening, 1998), it is apparent that videotaping offers an objective perspective that may have otherwise been unavailable to an observer.

Formative assessment

To assist students in owning their behaviours we implemented formative use of the 4SAT instrument (as described earlier) and, as an independent record, videotaped their tutorial in progress both in week 4 and again in week 12. The following week, students attended a facilitated group discussion of their teamwork using the 4SAT behavioural categories as the assessment tool. 

Students were required to self-assess their tutorial performance, and where they were not satisfactory according to the behavioural criteria contained in the 4SAT, they needed to suggest, develop and implement strategies to ensure that their teamwork and communication skills improved. 

We found that each team, aware that they were being videotaped, initially presented positive behaviours to the camera. After a time, however, some teams (and team members) exhibited some of those dysfunctional behaviours observed in the Tipping study. 

Small group dysfunctions have been categorized by Peterson (1997) as:

· Apathy, or lack of meaningful interaction.

· Limited discussion that ignores other aspects of an issue.

· Dysfunctional group member who does not participate or perform work equally with others in the group.

· Scapegoated student, who becomes ignored by other group members.

· Domineering student who disrupts, or prevents others to learn through the process. 

It is interesting to note that, while the first two categories target group discussion, the latter three involve the actions of individual group members. We consider that the major strengths of the 4SAT instrument we used are a) that the instrument is designed for use in PBL tutorials and b) that 6 of the 8 criteria assess different aspects of an individual’s contribution to the group dynamics while only 2 relate to group function per se. 

The tutorial experience

Of the three teams participating in our trial, team "A" in particular exhibited some of the dysfunctional traits assessed by the 4SAT instrument. This team was dominated by a mature aged student who assumed the leadership role from the outset. Even following facilitator intervention where he was made aware of his behaviour, which he acknowledged and sought to take steps to moderate, he was unable to allow others more control. This issue had a marginalizing effect on the other, younger members of the team, who eventually all but withdrew from team discussions. 

However, when the team was asked to self-assess their groupwork using the 4SAT instrument, they all felt they had performed well, and could not identify any of the problems areas discussed. After viewing the videotape of their team, members conceded that there were some "minor" issues, but still contended that overall they behaved acceptably.

Team "B" had a mature aged student who had some programming experience and so tended to lead team discussions, though not to the extent of team "A". In the end, this proved particularly detrimental for one team member, who gave the appearance of participating in team discussions when the tutor was present, but withdrew at other times. This behaviour became apparent when the videotape was viewed. 

Team "C" appeared to work well as a team within reasonable boundaries, with all members contributing equally.

Summative Assessment 

It was agreed before the semester commenced that all members of the team would receive the same grade for the PBL process since they each contributed to the group process and outcomes. 

We used the 4SAT instrument to perform the final assessment of each team's PBL performance. Each team was assessed summatively by the tutors against each 4SAT criterion based on observations of weekly tutorials and with particular reference to the videotaped sessions.

After the final examination, we compared the number of unsatisfactory 4SAT criteria for each team with the number of students in each team who failed the examination. The results can be seen in Table 1.

	Team
	Number of Members
	Unsatisfactory 4SAT criteria
	Number of Exam Failures
	Average Exam Grade

	A
	6
	3
	1
	54.17%

	B
	5
	1
	3
	40.03%

	C
	6
	0
	1
	51.71%


Table 1: PBL Process Assessment vs. Exam Failures

Note that, on those ratings, the correlation predicted by Zimitat and Alexander doesn't really hold. Although teams "A" and "B" did experience both unsatisfactory 4SAT criteria and exam failures, team C had one failure even though they were marked as satisfactory on all 4SAT criteria.  Also, 3 out of 5 group B members failed the exam, even though they had deemed unsatisfactory on only one criterion.

However, when we tabulated assignment results in place of exam results, a clear correlation became apparent (Table 2).

	Team
	Number of Members
	Unsatisfactory 4SAT criteria
	Number of Assignment Failures
	Average Assignment Grade

	A
	6
	3
	2
	70.01%

	B
	5
	1
	1
	75.44%

	C
	6
	0
	0
	90.94%


Table 2: PBL Process Assessment vs. Assignment Failures

There may be several explanations for the difference between exam and assignment grades, some of which are offered below: 

· The small sample size of 17 students, which could not be considered large enough to represent a true reflection of the success or failure of the trial;  

· A relatively difficult exam, which saw higher than average failure rates in the larger, traditional control class. The exam failure rate amongst the PBL class was proportional to the control class and therefore could not be directly attributed to the PBL process;

· The exam was not "PBL focussed", since both classes had to sit the same exam. This constraint meant any metacognitive skills developed during by the PBL class during the semester could not be examined;

· Some dysfunctional group behaviours went undetected during semester, since this was the first experience teaching staff had with the PBL process. Some of the subtler behaviours went unnoticed, which, if they were detected and dealt with early, may have avoided those dysfunctional behaviours from festering to the point where student grades were detrimentally affected. Examples were behaviours such as a team member's input being marginalised by others (eventually leading to withdrawal of the student from the team), and reliance on some members to complete the coding component of a problem (leading to some members unable to demonstrate required knowledge in the exam);

· Assignment work was carried out externally to the PBL process, again because both classes had to do the same assignments. Also, since the assignment marks were worth 50% of the final assessment, students understandably put more effort into their assignments, in comparison to the PBL process work.

Since the assignments were the major component of the assessment, and a measure of how well they applied both the content learnt and the generic attributes developed via the PBL process, we contend that the correlation of assignment grades to 4SAT criteria as a measure of the relative success of the PBL process is valid. 

Student grades

The final grades for the PBL class compare more than favourably with the traditional class. Table 3 shows that the average grades for both assignments and exams were several points higher for the PBL class:

	
	Average Assignment Grade
	Average

Exam Grade

	PBL Class (n=17)
	78.79%
	48.64%

	Traditional Class (n=450)
	71.48%
	42.14%


Table 3: PBL Class Grades vs. Traditional Class Grades

Finally, the chart below plots assignment results against exam results for all students. The PBL students are represented as triangles; the control students are represented as circles. It can be seen that the majority of the PBL students are plotted in the upper right quadrant, placing them with the top performers in both assignment and exam results. Also, the linear trendline for the PBL students is higher than the control group for all except the upper 90th percentile, which reveals a better across the board performance for most of the PBL class.
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Chart 1: Plot of exam grades vs. assignment grades

Discussion

As mentioned earlier, a constraint placed on the pilot was that both classes were to do the same assignments and examination. Another constraint was that the assignments were to be completed and submitted by two-student pairs. These factors combined to inhibit the effectiveness of the trial because (i) the PBL class generally felt they had a heavier workload (2 assignments plus 5 PBL problems); and (ii) in almost every case, each PBL team consisted of 3 sets of student-pairs, which did little for team harmony, with each team intent on completing their own assignment work in preference to developing whole-of-team solutions to the PBL problems. 

The fact that the conventional unit was being presented concurrently with the PBL version was a cause of distraction for most students (Greening et al, 1997). This was exacerbated by a feeling amongst the PBL students that they had been "drafted" into the trial without first being given the choice of whether they wanted to participate in an "experiment". Students often commented on how much they missed having a content-based lecture, feeling they were disadvantaged in comparison with the conventional group.

It appears that those students were more concerned with the fact that other students in the same unit were receiving access to resources that were not directly available to them ("they've got more than us"), rather than being concerned that the other students were receiving a better quality of teaching ("theirs is better than ours"), which some PBL participants acknowledged was simply not the case.  This is a reflection of a student's innate desire to know what they are supposed to know, rather than having open-ended problems that required them to discover what they need to know. That is, lectures are seen as a set of milestones or signposts that reassure students that they are learning the appropriate material. The fact that such milestones were not explicitly available to the PBL group led to them feeling disadvantaged.

Curriculum Revision

With these issues in mind, the curriculum was further revised for a larger trial across the whole unit (and 300 students) in semester 1, 2001. Specifically, the assignments and PBL problems were merged into four PBL-based assignments, which were marked for both content and teamwork components. Also, PBL specific questions were able to be included in the examination. Further, because the need for a control class was removed, a number of the "us and them" problems we experienced with the initial pilot were not repeated. 

In the larger class the logistics of videotaping each team were difficult, so we introduced a new role of process observer in addition to the traditional student roles of scribe and facilitator, and the role of ‘accuracy coach’ introduced by Duch, Allen and White (1998) for students in large teams with ‘roving’ tutors.  We asked students to self-assess as a group using the 4SAT instrument and then asked a PBL process observer to rate and discuss the tutorial behaviours, again using 4SAT. We are in the process of collating the data collected from that semester, with plans to publish the results at a later date.

Conclusion

Since there were only 3 teams in the initial pilot, and members of each team were assessed as a group using the 4SAT instrument, the limited sample may not reflect the effectiveness of 4SAT as an indicator of relative success of students in the unit. We are of the opinion that, when the data collected from the larger group trial is collated and interpreted, there will be a strong relationship revealed between the tutorial performance as measured by 4SAT, and the eventual result for each student.
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Appendix 1: 4SAT Step 2B (Source: Zimitat and Alexander, 1999)

Criteria and standards

The way the group works (the tutorial process) is observed and scored according to the following criteria and standards.

	Group process
	Satisfactory
	Unsatisfactory

	2.1 All group members included and involved in discussion.
	Interaction between most members of the group; by the end of the tutorial each member has made relevant oral contributions to the discussion; members also demonstrate attending behaviours.   Attempts made to include all members in the discussion by questioning etc. 
	Interaction occurs between the same pairs or sub-groups of members for most of the tutorial; any member(s) quiet, silent or completely withdrawn and no attempt by the group to include that member (this may be prompted by the tutor in Year 1).   Domination of discussion by a sub-group or member with their own thoughts or theories. This member is not acting as a “chairman” or tutor.

	2.2 Supportive, accepting and non-judgemental learning environment is maintained.
	Group members had individual freedom to express ideas and thoughts, including uncertainties and ignorance.
	Group member/s are withdrawn or are isolated by other members of the group; more than one member talking at once with member/s cut-off while talking. Personal criticism of ideas. 

	2.3 Critical consideration is given to all ideas.
	Most suggestions are considered and held up for critical analysis before rejection or acceptance. Members challenge each others ideas, reasoning and evidence for arguments.
	Outright rejection of theories or hypotheses etc without consideration of their relevance/merit/ or underlying reasoning. 

	2.4 Conflict or disagreement are recognised and resolved. 

 Conflict not observed: 
	Group is able to identify any conflict or disagreement and works actively to resolution. Members may agree to disagree. 
	Conflicts are not identified; conflicts are not resolved and stops the group continuing their task; aggression or tension between members of the group is evident. and hinders group process. 

	2.5 Focus is maintained on the principal areas of the case.
	Some discussion of peripheral issues (jokes/ weekend activities) occurs but does not hinder periodic synthesis or progress. Side issues of the case are recognised as such and discussion is limited.  
	Discussion of peripheral issues (jokes/ weekend activities) prevents progress through the case and requires frequent guidance from the tutor. Side issues are discussed to the expense of major issues.

	2.6 Progress through the case and towards learning issues is reviewed. 
	The group frequently reviews progress towards goals: makes decisions, draws conclusions, and synthesises with minimal direction from the tutor; group can reach goals within the given time.   
	The students lack focus and direction, frequently off the track, group fails to regularly summarise situation or make time management decisions so that they reach their goals; tutor is forced frequently to intervene. 

	2.7 Tasks allocated within the group by negotiation.
	Group is able to reach consensus rapidly over allocation of tasks: eg scribes identified at start of tutorial. 
	Group is unable to rapidly reach consensus such that tutor has to intervene to direct allocation of tasks.

	2.8 Metacognitive awareness is demonstrated.  

[Desirable for year 1 and essential for Year 2] 
	The students able to realistically evaluate their own performance in the tutorial, as well as the performance of the group as a whole. Recognise strengths, weaknesses, areas of conflict and disharmony; can analyse critically how they learn as individuals and how the group process contributes to learning. Are able to identify areas for improvement in performance of individuals and of group.  
	The group is unable to realistically evaluate their own performance in the tutorial, or the performance of the group as a whole.  
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