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Abstract:  Project based learning (PBL) courses have been introduced in some engineering programs at RMIT. The first year courses are designed to develop the student’s knowledge of their future profession as well as graduate capabilities in generic skills and self-reflection. RMIT also introduced a new university wide student feedback survey in 2006. The current research examines student feedback from PBL courses in the chemical and civil engineering programs. A comparison of feedback showed many similarities. The students liked PBL courses, learning more about their profession and developing generic skills. They disliked self-reflection and commented they would like more feedback from staff and understanding of their difficulties. The differences were minor. In 2007 the main focus for improvement will be in staff working harder to motivate students and understand their difficulties and to give more suitable timely feedback. 
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Introduction
At RMIT the chemical and civil engineering programs have been "renewed" after being taught for 30 years in a traditional, teacher-centred style. This was partially in response to the accrediting bodies, Engineers Australia and the Institution of Chemical Engineers (London), which have changed to outcomes based accreditation. Emphasis has been placed more on graduate outcomes (or capabilities) rather than on program inputs (that is, course content). This has been described in detail elsewhere (Hadgraft & Muir 2003). 
The renewal project started in 2001. Stakeholders were consulted, including academics, students, industry advisors and graduates. The key outcome of the consultation process was that program renewal should focus on courses that would better develop the full range of graduate capabilities. Renewed programs were approved at Faculty level in 2004 and the first year of the new chemical and civil engineering programs were introduced in 2005, the second year in 2006.  
Project-based learning (PBL) was identified as the most appropriate teaching paradigm to develop a capability set made up of personal and professional development, sustainability, problem solving and decision-making, technical competence (engineering analysis), teamwork & leadership and communication. PBL is more student-centred than traditional lecturing and tutorials. Key features of PBL are that groups of students undertake tasks together, facilitated by an academic. Tasks vary in length, and self-direction, reflection and review are important. A key skill of the teacher is to select problems that are complex enough to challenge the students but simple enough to allow “layering” to occur by choosing more complex problems in later years (Jollands et al 2005). 
This project-based learning was introduced through a stream of Engineering Practice courses, one per semester. In these courses, students develop their graduate capabilities through successively more complex projects across the breadth of industry sectors within chemical engineering.  These projects include all aspects of sustainable project design, i.e. the technical, environmental, social and economic aspects. Hence, the technical content from other courses are integrated with realistic engineering problems. Sustainability concepts provide an essential aspect of the framework for decision making in these new courses.  
This paper explores how students engaged in the second year of these new project-based courses, comparing similar courses in civil and chemical engineering, and looking at student feedback from a newly implemented university-wide course experience survey (CES).
Methodology

RMIT lecturers collected student feedback in an ad hoc manner prior to 2006. Lecturers would prepare their own surveys for their classes, which were usually filled in by students in the presence of the lecturer. Some lecturers used structured class discussion to obtain feedback on particular issues.

RMIT developed a course experience survey (CES) in 2005 to collect anonymous student feedback from individual courses. CES was implemented across the whole university in 2006. The survey was developed from the national Course Experience Questionnaire (CEQ), a survey sent to all graduates of Australian universities in April of the year after their graduation. The CEQ covers a number of areas including a survey of how satisfied the graduate was with the quality of teaching (called the Good Teaching Scale). The GTS questions, included on the CES, are:

· The teaching staff of this course motivated me to do my best work.

· The staff put a lot of time into commenting on my work.

· The staff made a real effort to understand difficulties I might be having with my work

· The teaching staff normally gave me helpful feedback on how I was going.

· My lecturers were extremely good at explaining things.

· The teaching staff worked hard to make their subjects interesting.
Students respond on a 5 point scale from strongly agree to strongly disagree.

The CEQ surveys a whole program, and allows comparison between universities offering similar programs. RMIT’s CES includes questions identical to those on the CEQ, but the students are asked to answer considering only that one specific course (subject), not the whole program. It also has space for qualitative comments on the best aspects of the course and those in need of improvement. In 2006, all courses were required to use the CES to collect student feedback. In our School, the survey is conducted by administrative staff in the absence of the lecturer. This guarantees anonymity and reduces the likelihood of students being encouraged to give “the right answers”. 
Student feedback

1st year course in “Sustainable Engineering”
The first year, first semester project based learning (PBL) course “Sustainable Engineering” was taught for the first time in 2005. The course was designed to develop the student’s understanding of concepts as well as graduate attributes. Concepts of math, chemistry and materials are needed to find solutions to the project problems. Graduate capabilities include generic skills required by engineers in the workforce, such as teamwork, communication skills, leadership, time management, problem solving and decision making, and sustainability. A detailed analysis of the structure of the course in 2005, the syllabus and content have been detailed elsewhere (Jollands, Hadgraft, Ward and Grundy, 2005).
Students work in groups of 5 on the same open ended project. The project topic is chosen and shaped by lengthy discussion with other chemical engineering staff members. Something topical is picked with a strong focus on creating a sustainable future. In 2005 the project was about finding sustainable uses for grape pomace. In 2006 the project was about finding sustainable uses for banana crop waste.

The essential capabilities the course hopes to develop in students include:

· An understanding of the importance of Chemical Engineering in today’s society and the roles/responsibilities of a Chemical Engineer 

· Generic skills required by engineers in tomorrow’s workforce 
· How to apply fundamental chemical engineering concepts to process choice and design
· An understanding of the role of self reflection in professional development.
A summary of the student feedback is given in Table 1 below. The few highlights that were identified suggest that the students enjoyed PBL. A major proportion of the negative feedback related to the structure of classes or process for conducting classes, rather than graduate attributes. This is listed separately. This reflects the lack of experience of the teaching team in PBL courses.
Table 1 Summary of student feedback for “Sustainable Engineering” in 2005 
	Graduate attribute
	
	Student feedback

	Importance of chemical engineering
	(

	Learning more about the chemical process industry.



	Generic skills
	(
(
(
	Teamwork

Oral presentations

Not enough project management time

	Application of fundamental chemical engineering principles
	
	Not specifically mentioned

	The role of self reflection


	
	Not specifically mentioned

	Class structure and processes
	(
(
(
	Lack of guidelines on assessment requirements
“Simplified” grading system made it difficult to get HD or DI
Too many repetitive brain-storming sessions


A number of changes were made in 2006. Those in response to student feedback were:

· Provision of guidelines for each of the assessment components, which were then used for both assessment and feedback for the particular component. 

· Restructuring of the grading scheme, to make it more likely to achieve a HD or DI
· A guest lecture by a recent RMIT chemical engineering graduate on his role and experience in industry 
· Fewer brainstorming project sessions
· A session on effective presentations using PowerPoint
In 2006 the students were surveyed for the first time with the CES.  About half the class completed the survey (n= 40 students). The students rated the course as “average” on the good teaching scale (45%). A summary of the results is given in Table 2. The % agreement represents all those who gave a positive response. Some qualitative comments are also shown (without %). The positive responses again suggest the students enjoyed PBL. The negative responses (score < 50%, or critical qualitative responses) again reflects the teaching team’s lack of experience. As the students identified more highlights and fewer structural problems, this suggests the teaching team is getting better at running PBL courses.
Table 2 Summary of student feedback for “Sustainable Engineering” in 2006
	Graduate attribute
	
	Student feedback

	Importance of chemical engineering
	(
(
(
(
	Relevant learning (60%)

Learnt about being a chemical engineer (4 respondents)
Learnt from the graduate chemical engineering (3 respondents)

No field trip (11 respondents)

	Generic skills
	(
(
(
(
	Like working in teams (17 respondents)

Project allowed for creativity (4 respondents)

Model building (3 respondents)

Using project management tools (3 respondents)

	Application of fundamental chemical engineering principles
	(
	There is a good balance between theory and practice (30%)


	The role of self reflection


	(
	Doing a log book (4 respondents)

	Class structure and processes
	(
(
(
(
(
(
(
(
(
(
	Relevant assessment (57%)

I can actively participate (65%)

Appropriate amount of work (60%)

Confidence in tackling unfamiliar problems (60%)
Facilities (58%)

Teaching staff motivate me to do my best work (45%)

Staff put a lot of time into commenting on my work (38%)

Staff made a real effort to understand my difficulties (35%)

Web-based materials are effective (31%)

I am learning what I expected (28%)
8:30 start (7 respondents)


In response to student feedback, in 2007 a field trip is planned, some mass balance will be included and the logbook component will be revised. 
1st year course in “Civil and Environmental Engineering”

While the chemical engineering students are studying “Sustainable Engineering”, the civil and environmental engineering students are studying “Environmental Principles for Sustainable Design”. This course spends less time on generic skills, with its focus directed to an understanding of environmental impact of engineering work, culminating in student groups preparing an Environmental Effects Statement (EES) for a small project.
In 2006, students were able to choose one of several development proposals in and around the Yarra River in the heart of Melbourne (a footbridge, riverside restaurant in an historical boatshed, park redevelopment, an ice-skating complex, an outdoor auditorium, a night market).

For first year students, new to university, this may seem a daunting prospect. The class of 175 was subdivided into 7 tutorial groups, each of 25. It was the tutor’s role to project manage their groups through this task. They are supported by a lecture sequence in environmental principles and a Project Handbook that covers issues of teamwork, report writing, oral presentations, logbooks, and so on. Groups are supervised quite closely through 10 separate assessment tasks, which take them through the stages of engineering design:
· Planning – defining the scope of work and a plan to accomplish it
· Research – understanding the various aspects of the problem

· Alternatives – what solutions are available?

· Evaluation – comparing the alternatives against the selection criteria to find the preferred solution

· Recommendation – explaining the preferred solution to the client.

The learning objectives for this course are:

· developing knowledge of (civil or environmental) engineering, including the role of sustainability in engineering

· developing generic skills, including working effectively in small groups, problem-solving and decision-making, communications skills, accessing information, time management and goal setting

· becoming more self aware by keeping a logbook to aid in personal and professional development.

These objectives match objectives 1, 2 and 4 used within the chemical engineering course.
This course was surveyed using the same instrument as for chemical engineering (above), with results shown in Table 3 (n=102). The % agreement represents all those who gave a positive response. Some qualitative comments are also shown (without %). The feedback about graduate attributes was almost entirely positive, consistent with students enjoying PBL type courses. The feedback about class structure and processes was a mixture of positive and negative, as for “Sustainable Engineering”, consistent with the teaching team being inexperienced at teaching PBL.
Table 3 – Summary of student feedback for “Environmental Principles for Sustainable Design” in 2006
	Graduate attribute
	
	Student feedback

	Importance of engineering, including sustainability
	(
(
(
(
(

	Relevant learning (63%)

Discussions and debates in lectures and tutorials were good.

Course content is useful – practice and focused in the real world.

Field trip was really useful.

Good insights into actual projects (and their environmental consequences).

	Generic skills
	(
(
	Group work in tutorials is really good.

Public speaking practice is good.

	The role of self reflection


	(
	Students completed the logbook task poorly, many seeing no value in reflecting on the process.

	Class structure and processes
	(
(
(
(
(
	Facilities (75%)

I can actively participate (58%)

Relevant assessment (57%)

Appropriate amount of work (56%)

Lecture notes are very comprehensive and useful.

	
	(
(
(
(
(
(
(
(
(
(
	Staff put a lot of time into commenting on my work (22%)

Web-based materials are effective (23%)

Teaching staff motivate me to do my best work (24%)

Confidence in tackling unfamiliar problems (27%)
Staff made a real effort to understand my difficulties (27%)

3 hour lecture too long.

More field work.

Work overload in tutorials.

More opportunity for individual work.

More connection between lectures and tutorials.


Discussion – comparison between chemical and civil engineering courses
RMIT has successfully introduced PBL in years one and two in chemical, environmental and civil engineering . The projects allow students to develop the process skills required by engineers in tackling unfamiliar problems. 
There were significant similarities in the feedback from chemical and civil engineering students. Most feedback about graduate capabilities was positive. This suggests both groups are enjoying these PBL courses. They recognise and rate highly the exposure they are getting to applications of engineering in the real world. Field trips are highly desired, as are guest speakers. They liked developing generic skills such as teamwork. The generic skill development has been well received, particularly teamwork, class presentations and model building.

One exception was that both groups disliked the reflection exercise, where they were required to keep a logbook. This task was generally poorly performed. Both courses will adopt a different approach in 2007: students will be asked to keep a “design file”, emphasising comprehensive record keeping. 
Class structure and processes received good and bad feedback from both groups. Both praised elements that reflect the nature of PBL courses: relevant assessment, active participation in class. Our students also praised the appropriate workload, which can be a challenge with PBL courses. Negative aspects were lack of feedback from staff and lack of understanding of student difficulties. These aspects were rated lower by civil engineers, which may be attributed to the larger class size (175 civil engineers compared to 90 chemical engineers). Both groups complained about the availability of web-based materials. As PBL requires students to find their own resources, this is to be expected. 

Differences between the two groups were few. One significant difference was the students rating of their confidence in tackling unfamiliar problems. Chemical engineers rated this much higher than civil engineers did. Perhaps the projects chosen for chemical engineering were challenging but more achievable. Another difference was that chemical engineers rated lower that they learnt what they expected. In 2007 the assessment guidelines for chemical engineers will be specified in more detail.
Overall, the feedback between the two groups was very similar. The students like PBL and recognise their development of desirable graduate attributes. In 2007 issues to be addressed for both groups include providing a different self reflection exercise, providing more suitable timely feedback from staff and encouraging staff to strive to motivate and understanding student difficulties better. 
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