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Abstract: At the University of Auckland, the educational value of project and team based learning has been well recognised for a long time. Design and other project based courses in every year of the degree confront students with complex, multi-disciplinary issues and expose them to team based, open-ended problem solving. However, organising and teaching these courses has also demonstrated that for all of its educational benefits, project and team based learning creates new educational challenges for engineering educators in terms of project organisation and monitoring, facilitation of teamwork and individual learning processes, and appropriate and fair assessment procedures.
In this paper the effectiveness of a range of tools and methods to address these challenges used within some courses in the Department of Mechanical Engineering at the University of Auckland is discussed. Issues covered include the identification of the particular knowledge gained through project and team based design courses, the relationship between project objectives, learning outcomes and assessment procedures, and the opportunities and challenges associated with project management and teamwork. Examples are drawn from the students’ initial exposure to teamwork and project based learning in a first year design class, through to their exposure to industry based, ‘real-life’ project work in a final year course. 

A critical analysis has been performed to compare actual results against intended outcomes from these courses in the context of the applied methodologies. The effectiveness of our project based learning approach has been monitored for a number of years through an elaborate student feedback process. The main findings and conclusions resulting from this feedback are discussed in detail.
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Introduction
Rapid technological development and convergence of various fields in the engineering profession have made the delivery of engineering education more challenging than ever (National Academy of Engineering. 1985). The need for continual updating of educational resources, performance evaluation of engineering graduates and the development of a well-structured delivery mechanism to engineering education are the challenges for modern, professional, engineering practice (National Academy of Engineering. 2004 and National Academy of Engineering. July 2006). To meet these challenges, engineering students need to employ critical thinking, apply learned knowledge effectively, organize teamwork and gain skills for self-motivation and lifelong learning (Moore, D.J. and Voltmer, D.R. 2004). A modern professional engineer should use creativity, knowledge and understanding to develop and put technology to use efficiently and effectively. Today, in fact, companies look for different skills from an engineer that they did 10 years ago (Kennedy, T.C. 2006).  Engineering graduates should be competent in working with others, be able to speak before an audience to make a point, and be able to sell an idea, a concept, an alternative. They should be skilled enough to analyze a problem effectively, to implement a technology justifying its long and short term effects, to write good reports, business letters and other forms of documents. These demands have stimulated changes in many engineering courses. In this context, project and team based learning in engineering courses is becoming more popular. Project and team based learning methodologies place students in an active learning environment that puts them at the centre of the learning process and the constructive knowledge gained is achieved through active thinking and problem solving, both of which are important for modern graduate engineers. Project based courses usually provide students with an opportunity to improve multidisciplinary teamwork, communication skills, project management, and problem solving abilities, as well as to immerse them in an environment that will enhance life-long learning (Aragaki, K. K. et. al. 2005). Project based learning is a well-known method for imparting thinking competencies and creating flexible learning environments as well as directing students to foster learning and develop thinking skills (Doppelt, Y. 2003, Doppelt, Y. & Barak, M. 2002 and  Schmidt, H.G. 1993). Through project based learning students develop skills in collecting, evaluating, and synthesizing information and resources in a professional manner, and then proposing an optimal solution showing alternative approaches for a real-life problem. However, organizing, teaching and monitoring the performance of project based courses are challenging. In addition, facilitation of teamwork, motivating individual learning processes and implementing appropriate and fair assessment procedures are critical in terms of the effectiveness and appropriateness of project based learning approaches. 
This paper presents an evaluation of outcomes from three engineering courses that are based on project and team based learning, taught to engineering students at different levels of a four year degree program in the Mechanical Engineering Department at the University of Auckland. Different specific learning objectives are set for each course; however, the ultimate objective of these courses is to provide students with the opportunity to work in realistic cooperative working environments, in which they employ critical thinking, apply learned theoretical knowledge and gain skills for self-motivation and lifelong learning through teamwork (National Academy of Engineering. 1985). The benefits expected from the addition of project and team based learning include greater interpersonal communication skills, knowledge sharing and information dissemination, along with a degree of self-learning of new material. The engineering courses studied here recognise the necessity for modern engineering graduates to possess strong technical knowledge along with a wide array of personal, interpersonal and system building skills that will allow them to function effectively in real engineering teams engaged in developing and managing technology. The idea behind this research was to examine the effectiveness of the project and team based learning (PTBL) approach and the assessment criteria used, for the range of courses which had the following learning objectives: 
1. to develop skills and knowledge about real-life problem solving, 

2. to develop innovative ideas and solutions for industrial problems,
3. to develop understanding about the role of professional engineers in industrial practice,
4. to develop creativity skills,
5. to learn the importance of sharing responsibility through teamwork with members having different backgrounds and value systems, and
6. to develop good professional written and oral communication skills.

In our research, we study students’ performance in teamwork while they explore real-world problems assigned in the project. In addition, we examine students’ perceptions of PTBL in achieving the expected outcomes which include a deeper knowledge of subject matter, increased motivation and improved problem-solving skills. Finally, we verify the applicability of project based engineering courses with respect to their effect on developing an in-depth understanding of the knowledge acquired, performance assessment procedures used and student ownership of their own learning. Accordingly, this paper highlights the project and team based experiences gained by the students in the three engineering courses with respect to learning objectives, implementation procedures, assessment criteria and expected outcomes. 
Although the teaching approach for the studied courses varies according to the set requirements for the different levels of students, there is a common approach in all courses with respect to the project-based learning component. The underlying objective of this research study was to investigate, from different perspectives, the issues surrounding the expectations and learning outcomes from a PTBL approach. In this context, the research was conducted with a specific set of objectives, which were:

1. to assess the achievement of the learning objectives through the use of project-based courses

2. to identify patterns of individual student’s knowledge gained through teamwork

3. to verify the usefulness of ‘team contract’ and ‘peer assessment’ in the learning process 
4. to verify the course design in the context of learning objectives and students’ perceptions
5. to identify shortcomings in our approach to team based learning, if any, in our project based engineering courses.
Research design

Data Collection

This study is based on data from a large research study involving different classes in the Mechanical Engineering Department at the University of Auckland. The data was collected from three courses, one from 1st year, another from 3rd year and the third from 4th year of a four-year undergraduate engineering degree programme. During 2005, the responses from 30 students from the 3rd year design course and around 500 students from the 1st year design course were collected. Data from all students enrolled in each year from 2003 to 2005 in the 4th year course ‘Technology Management’ has also been collected. Data was collected using a well-formatted questionnaire. Respondents (students) were asked to submit the completed questionnaire immediately after the submission of their final reports in the respective courses. Apart from this questionnaire survey, an in-depth case study was also conducted on the 4th year course where students were asked to submit a mandatory one-page summary along with their individual final report that reflected on their learning experience in the course. This incorporated responses on such things as “What and how did I learn in this course?”, “What were the good and bad features of project based learning for me?” and “What are my views and experience regarding the use of project based learning in teams?”. In addition, semi-structured interviews with the students have also been carried out.
Guidelines provided to the students

The engineering courses covered in the study were all developed around a set of standards for lesson plan and assessment criteria. The standards specified learning objectives along with guidelines to achieve these. For the assessment criteria, quality indicators were clearly stated and scoring criteria made available to students with regard to what was being judged and the standards expected for acceptable performance. For a better understanding of the evaluation process by the team and its individual members, pre-prepared assessment criteria were handed out to students at the beginning of the project so that they could understand the assessment procedures applied. These assessment criteria were based on the quality of the solution, design/project proposal, quality of artefact/solution of a problem, design process/solution approach, project management and evidence of work effort (e.g. report). In addition to written submissions, interviews with student teams were carried out in the 1st and 3rd year courses. The evaluation of performance in the interviews was based on professionalism and attitude, presentation quality, and the ability to respond coherently to “client” questions. 
As an integral part of the assessment process for individual students, peer assessment was applied as a means of moderating individual student behaviour within the team setting, as evidence of contribution towards teamwork, and as an indication of skill level development across individuals within the team. Formal structures and application guidelines about ‘Peer Assessment’ and the CDIO based ‘Team Contract’ (Tedford, J.D., Seidel, R.H.A. and Islam, Md.A. 2006) were provided to each team to ensure their smooth running. In an introductory lecture at the start of each course, the ideas behind peer assessment and the team contract were clearly presented to the students in the respective classes.
Major findings and discussion

Both qualitative and quantitative analyses have been performed for this study. Analysis of the raw data collected from the questionnaire survey, observations during tutorials, class sessions and project meetings, and analysis of students presentations (e.g. technical reports) revealed some issues that appeared repeatedly. The first issue concerned the achievement of the learning objectives from the different courses (see above), which had been defined at the beginning of the project or course. The responses shed light on students’ views on their achievement of the learning objectives expected from the course, and it was interesting to compare their perceptions with the course organisers’ intentions. The second issue that emerged from the study was the applicability of teamwork. The third issue referred to the additional knowledge (apart from achieving the specific project tasks), gained through the use of teamwork. The fourth issue related to the setting of project-based learning tasks within the context of realistic industrial environments. 
Students’ perceptions of the achievement of learning objectives

The key question regarding learning objectives was “Did the learning outcomes you achieved from working in a team in this project/course match the learning objectives specified in the project handout”? To respond, students were given five options such as; yes to all objectives, yes to most of them, yes to some, yes to a few, and no. The responses were very positively in favour of the achievement of learning objectives as shown in Figure 1. The figure shows that 89% of fourth year students, 67% of third year students and 81% of first year students stated that all of their learning objectives had been achieved through the project and team based courses. If we consider the average responses from three different courses we find that, on average, 79% of students said that all of the learning objectives had been achieved, whereas 17% of the students believed that most of the learning objectives had been achieved. 3% said that some of the objectives had been achieved, while only 0.33% of the students said that a few objectives had been achieved. From this response, we can substantially conclude that project and team based learning is very effective in achieving both the technical and the pedagogical learning objectives in these courses. The discussions in the following sections will shed further light on these outcomes.
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Figure 1: Response to the achievement of learning objectives from the project

                           through teamwork

Students’ perceptions on teamwork
As expected from project based learning, students are supposed to achieve the learning outcomes through teamwork that involves a variety of tasks being shared amongst team members fairly equally to complete a project successfully. To verify this issue, students were asked to respond on how they distributed their workloads and how they contributed to their respective workloads. The study reveals that the different teams successfully identified the various components of project and distributed the workload equitably among the team members, in line with their ultimate goal of completing the project, and its significant outcomes (e.g. artefact, design portfolio, report, workbook etc.),on time. From the data we observe that almost 90% of fourth year students contributed to some extent to all tasks within the project, as well as a major contribution to their assigned task. Only 10% of the students contributed from zero to a moderate level to some tasks that were not specifically assigned to them. For the third year course, we find that almost all students contributed to all tasks to some degree or other. Only 1% of the students from this class indicated zero to moderate contribution to some tasks. 
However, a different picture emerged for the first year course students. About 16% of students contributed within the range from minimal to moderate and about 10% contributed in the range from zero to minimal level for all tasks. This indicates that first year students were more likely to stick to their assigned tasks within the project, and appeared reluctant to contribute to other tasks which they were not assigned to. The result is not unexpected considering that this was the first year students’ first exposure to a project and team based environment. Using teamwork in a project-based course, we cannot expect that everyone will contribute the same amount to all tasks. Rather, we can expect that students will divide their workload in line with their expertise and share their knowledge and skills within the team to help achieve the specific goals of the project. The results obtained from the students’ contribution in different tasks, strongly support the expectation by the educators and employers of graduate engineers in this modern society (National Academy of Engineering. July 2006, and Moore, D.J. and Voltmer, D.R. 2004). 
Student perceptions on additional knowledge gained 
As stated earlier, the project and team based courses were developed with new pedagogical learning objectives, in addition to the purely technical objectives, for example that students get an appreciation of life-long learning. We investigated the students’ perceptions about the most important learning outcomes from the courses apart from the technical objectives. From the findings we found that on average, 64% of students from all years stated that they learned the importance of sharing responsibilities through teamwork. 34% of the students from all years mentioned that they gained important knowledge regarding the generation of ideas and selecting an optimal solution. Around 21% of all students emphasised that they developed interpersonal communication skills through teamwork. 16% of the fourth year students stated that they gained professional presentation and other communication skills. All these findings indicate that through project and team based learning, students gained important non-technical knowledge and skills that are required in real design and project environments (National Academy of Engineering. April 2006, and National Academy of Engineering. July 2006).
Project and team based learning in an industrial environment
The 4th year project based course ‘Technology Management’ that we analysed involves industry-based projects. Our intention was to identify learning processes and the specific characteristics of project and team based learning in this ‘real-life’ environment. 
The course details and approaches used to achieve the course objectives, and to promote independent and experiential learning, have continuously evolved since the first introduction of the course in its current format more than ten years ago. In the course, students work in autonomous project teams, and the role of teaching staff is to support and mentor their project team to promote teamwork and independent and experiential learning, while ensuring that the course and project objectives are being met. Depending on the number of students enrolled, project teams consist of three to six students of mixed academic ability, background, gender and ethnicity, to reflect as closely as possible the typical team work environment found in industrial practice. A compulsory weekly meeting between each team and its assigned supervisor is scheduled to monitor the progress of the project work, much like a real life project monitoring system. In a two-hour introductory course session, project and team management issues relevant to an industrial environment are covered.

At the start of a project, each team receives an individual project brief, which requires investigation of current technology or industrial engineering issues in their respective host company. The brief contains company and contact details, project title, background and description of the project, objectives, constraints, and expected outcomes from both industrial and academic viewpoints. Course staff organise an initial site visit to allow each team to familiarise themselves with their task and make contact with support staff of their host company. The students then arrange subsequent site visits throughout the project. Assessment is primarily based on two reports that have to satisfy clearly spelled out business and academic objectives. Each team member must submit an interim report after three weeks in the project that details the project plan, including a work schedule and an explanation of the roles and involvement of the different team members. At the end, each student must submit an individual final report on the project fulfilling set criteria related to actual experience throughout the project work. 

The ultimate intention behind the course design is to increase students’ knowledge and understanding of their future role as a professional engineer. The findings from the study are very encouraging, as illustrated by the following typical student responses:

‘This course, Technology Management, has been the best of many other courses which I have studied. I was really looking forward to this course as it was about using skills which we learnt in the classroom for solving an industry based problem. The following are my learnings……a team approach in problem solving…..project planning and managing skills… interdependencies of different operations within the shop floor and better professional reporting techniques’.

‘I found the project based learning in teams project a valuable and rewarding part of my studies. It was good to work on a project that was actually based in industry and I enjoyed working as a part of a group rather than on my own’. 

 ‘I gained a much better understanding of real world industrial situations through my project with a manufacturing company’.

 ‘I learnt that for some problems there are too many variables to optimize. Therefore, it is essential to extract the truly relevant data, then use standard engineering tools to develop indicators toward the best solution.’

 ‘I found every time we went there, the company had slightly different ideas/directions they had kept moving……’

According to social constructivism theory, ‘learners construct knowledge or understanding as a result of  thinking and doing in social contexts and they relate new knowledge to their previous knowledge and experience’(Vygotsky, L.S. 1986). In the course studied here, the students construct their knowledge and understanding by active learning while working and interacting with teaching staff, their team mates, experts in industries and other sources, analysing and solving real-life industry-based problems. Some student remarks presented above, clearly indicate that the course reinforces students’ awareness of real-life problems. Thus, it appears that the primary aim of the project based course is achieved successfully. 

The Technology Management course provides students with opportunities to develop innovative ideas and solutions for practical problems, and to understand the impact of their actions on the performance and competitiveness of their host company. Positive comments submitted by the students confirm the underlying benefits, for example:
‘I learned that a small improvement in the production line can result in a large benefit’.

‘This paper enriched my understanding ….enabled me to gain the practical experience on innovative ideas of how the local manufacturing industries organise and perform.’ 

‘This project based course gave me a better chance to use some of the things I have learnt from different courses in a practical setting’.

‘After completing this course, now I can apply some other techniques or skills learnt in other courses to the real life problems as I now have better understanding how a professional engineer works in practice’

‘This project based course gave me a very worthwhile lesson teaching me how to communicate with the people properly and how to find out the solution of problem that best fits with company’s objectives and expectations’.

Project based learning has a nature of exploring new areas, discovering new scientific issues and integrating knowledge from different subjects (Barak, M. and Raz, E. 1998). The above remarks by the students indicate that they have developed a better understanding about innovative idea generation, integrating knowledge and experience from the studied course as well as from previous learnt courses, that ultimately support the course objectives on the development of innovative ideas and solutions for industrial problem as well as the development of understanding about the role of a professional engineer. 

Concerning the development of creativity skills, sharing responsibility and enhancing professional dissemination skills, the study identified very positive outcomes. Below are some typical remarks from students:

‘In the past I always thought  that my idea was the best and I wouldn’t discuss it with anyone else. But, with the development of this project, I know that the personal opinion may not be the best solution for solving a specific problem. I should listen to others’ opinion and suggestions, then comparing different methods I should find out the most effective one’

 ‘Team and project based learning helps in developing many aspects like the team spirit, motivation, group efforts, group study, brainstorming and analysis techniques’  

 ‘The project ultimately gives us a broader view of understanding to the factory environment….not just looking for technical issues, but also to understanding of communication skill and knowledge of human relationship while working as a team’.

 ‘Despite some language barriers within team members, we built a rapport in our team developing communication skills and harmonic teamwork that ultimately grounded us with a very good outcome’.
 ‘I was in a group of five students who had different ethnic backgrounds that brought us additional challenge in terms of project management with establishing better communication and extracting maximum effort from the team’.
 ‘My report writing and planning skills are significantly improved and I hope I have gained reasonable levels of proficiency that are expected from a professional engineer’.

 ‘Being a team situation, I put forward my ideas to our team. I found it interesting to try to convince a group of people at the same level and to reach consensus’.

Important project aims were to enhance student participation in the learning process (active learning and self-learning), to promote critical and proactive thinking and to facilitate the development of  important ‘soft’ skills. These include effective team skills, project management, communication, ethic knowledge, that are all demanded from modern engineering graduates (Kennedy, T.C. 2005). From the above student feedback it is evident that the course significantly helped them develop their creativity skills, teamwork capability and professional presentation skills.

The students were also asked to provide overall comments on the course design. The responses received indicate that the course structure appropriately supports the achievement of the learning objectives. For example: 
‘I feel that this is a very valuable course and provides us with some valuable industry and team experiences over a good length of time’.

 ‘This course provides a unique opportunity to learn industrial management techniques by participating in an industry based project’

 ‘Overall, the project based course was a very educating and knowledgeable experience for me. I am thoroughly satisfied with the project based understanding’.

 ‘This course is a very unique and exciting experience and I think the project based approach should be used in more courses’

 ‘This course seemed to be a natural progression of knowledge attainment and has given me a greater interest in the manufacturing side of engineering’
According to cognitive science research regarding the nature of learning (Major, C. H. and Palmer, B. 2001), students construct knowledge; they do not take it in as it is disseminated, but rather they build on knowledge they have gained previously.  They benefit from working together, and may learn best from teaching each other. All in all, students learn through making cognitive, social and experimental connections. In this context, project and team based learning plays an important role. However, one of the most critical aspects of this type of learning is the building of a good team. The majority of the respondents made positive remarks about teamwork, which supports the team building approach applied in the course. However, some issues, such as team size and selection of team members, were raised in the feedback, and need further scrutiny in the future:
‘Our final solution completely changed less than a week before the final report was due and this caused a last minute rush with writing the report as we had to use consistent data which underwent some changes by some team members before coming to a general consensus’ 
‘On a more specific level, I found the number of people in my project group (6) to be too many. It was very difficult to organise anything properly especially meetings, workload and moving forward as per expectation’.

‘The bad feature of team based learning was that it was hard keeping people on the same track/path, often one person or two go off the track and it would be hard to keep the team focused on the same tasks’

‘Some members were very relaxed in attitude towards the project and when tasks were split up between members they did not perform their part as would have been hoped.’

To prevent problems in teamwork, team contracts and a confidential peer assessment process are applied, as mentioned earlier. The usefulness of these two tools has been confirmed in this study. For example, about 40% of students used the team contract to divide their workload, and 43% used it to set the rules for decision making. A considerable number of students used the contract as a tool to optimise communication and to avoid and resolve conflicts. However, 26% of students claimed that they did not have to use the team contract at all, as the common understanding among the team members made the contract redundant. 

The application of the confidential peer assessment process has proved to be very effective. We performed a statistical analysis (t-test) with the comparative scores provided by individual team members and their peers to verify the applicability of the use of peer assessment. We found that the distributions for the contribution to teamwork, team performance and individual performance for both cases were significantly the same. This indicated that individual students were not claiming a greater contribution to teamwork and performance than that assessed by their respective team members. This suggests that the peer assessment approach used is working well in terms of evaluating teamwork and individual performance. 
Conclusions
Our approach to project and team based learning is aimed at providing students with a stimulating learning environment that provides them with the ability to apply their technological knowledge in the context of real-world problems. Our courses offer an interactive learning environment that enriches students learning through collaboration with each other and with their facilitators. This has been confirmed in this study of student feedback and performance in three courses at different levels of the Mechanical Engineering degree, which is also in line with discussions in the literature on learning theory. Students perceived that they developed stronger thinking and problem‑solving skills, effective communication skills, and a greater sense of personal responsibility. They reported a high level of satisfaction from their experiences in project based learning and appeared to have a substantially more positive attitude toward the instructional environment. With very few exceptions, students agreed that they had achieved most of the learning objectives for the courses. Students were able to set their own problem solving strategies within the team, to achieve their objectives, divide the workload between team members to utilise potential expertise and skills from individuals, and accumulate the necessary knowledge and skills through teamwork, which was reflected in their final presentations. While our findings, of course, primarily reflect the students’ own perceptions on their learning process and outcomes, the quality and type of in particular their final project submissions support these results. Further evidence is provided by the positive feedback we have received from employers and former students a few years after their graduation, which also strongly support these findings.

It should be noted that the rich data base that we have developed over a range of years would allow us to draw further and more detailed conclusions on a broad range of issues regarding project and team based learning, for example on the effectiveness and perceived fairness of assessment procedures, and on the role of project team composition and the process of team formation. However, space restrictions do not allow us to cover these in this paper, and more analysis work on our data is still ongoing. 

Overall there is strong evidence that the project and team based courses studied in this research achieve the aim to produce worthy engineering graduates capable of fulfilling the demands and meeting the challenges of modern professional engineering practice. We believe that our experiences outlined in this paper will be of some practical use for others who endeavour to implement team and project based learning in engineering education.
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