
Changing a Culture – Project Centred Curriculum 
Caroline Crosthwaite
School of Engineering, The University of Queensland, Brisbane, Australia
c.crosthwaite@epsa.uq.edu.au
Ian Cameron
School of Engineering, The University of Queensland, Brisbane, Australia, 
itc@uq.edu.au
Abstract: Like no other period in the last 50 years, engineering is in rapid transformation. Engineering education is likewise in a period of reassessment and realignment, driven by a wide range of factors that drive specialisation, globalization and engagement with disparate disciplines. Curriculum innovation is now essential to meet the newly emerging environment. Cultural change in engineering curricula is difficult to achieve but there are significant examples. One is the Project Centred Curriculum (PCC) within Chemical Engineering at The University of Queensland, where there is now greater emphasis on creative problem solving through the inclusion of a continuous core of increasingly open-ended project work.  Team work, and partnerships: with peers, mentors, and industry are embedded into the learning activities associated with the projects. There are greatly enhanced student-staff interactions and a sense of belonging to a community of learning and a profession.  A number of strategies are used, including student team work, team teaching, industry participation and sponsorship of projects, and industry site learning placements.   The recurrent themes are; reality and relevance of the project work; and the relationships and networks that support professional development and connect the students to the profession. This impacts strongly and positively on teaching approaches and the learning outcomes of the program. It has provided a major enhancement in the quality of teaching and learning: PCC has met with student acceptance and enthusiasm, accolades by industry, professional engineering societies and adoption by other Australian engineering schools and discipline areas. It has been recognised nationally with a number of awards culminating in a 2005 Australian Award for University Teaching, and it has been acclaimed internationally as an exemplar in engineering education. This is a transformation that has taken 10 years. The paper overviews the achievements and the challenges inherent in designing, delivering and sustaining a project centred curriculum. Critical factors are ownership, assessment and evaluation of change and dissemination of its success.     
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Transformation achieved and continuing

Cultural change is what has happened in the discipline of chemical engineering at The University of Queensland (UQ).   Since 1999 a team of engineering academics have implemented an innovative project centred curriculum (PCC) that has transformed the education of chemical and environmental engineers at The University of Queensland.   Stereotypical words such as “boring”, “arch-conservative”, “irrelevant” and “overkill” have given way to a challenging, motivating curriculum that actively engages students in experiences that they describe as “invaluable”, “enjoyable” and “preparation for the real world”.  This is a “whole-of-curriculum” transformation that impacts on all staff and students in these engineering disciplines and has provided a major enhancement in the quality of teaching and learning in chemical and environmental engineering at UQ.   The staged 3 year implementation of the final year of the new curriculum was completed in 2001, and since then there has been systematic and rigorous evaluation of the change.  The project centred curriculum was planned over the 4 years from 1995 – 1998.  During this time there was  extensive consultation with all stakeholders.  An extensive survey of the educational research literature, particularly that reporting on systematic degree wide innovations such as the Aalborg approach to problem based learning (Kjersdam. and Enemark, (1994))  and its implementation and impacts in engineering education also informed the planning. 

Sufficient data has now been collected to substantiate the improvements arising from  the change to PCC and in 2005 the Project Centred Curriculum team undertook national and international dissemination of the results of this innovation (Crosthwaite et al., 2005, 2006) to the engineering education community.   The Project Centred Curriculum has met with student enthusiasm, and accolades by the profession and professional engineering societies (IChemE, Engineers Australia (2002)).  It is acclaimed by the higher education sector in Australia, and is now being emulated by other Australian engineering schools and discipline areas.  It is recognized internationally as an exemplar in the transformation of engineering education to more effective alignment with the needs of professional engineering practice (Felder, 2004).  Graduates are now much better prepared for employment in a broad range of industries and sectors that contribute to the nation’s wealth building capacity and its future.  This is a dramatic turn-around given the parlous situation at UQ in the mid 1990s.

Motivation for change and new pedagogy

PCC is driven by a desire to significantly improve the undergraduate experience and in particular to align the education of engineers with industry practices and requirements. Students in chemical and environmental engineering are now being challenged and engaged with relevant learning experiences that better prepare and equip them for an increasingly diverse and demanding work place.  The 4 year Bachelor of Engineering program is built around a horizontally and vertically integrated spine of team projects in which students undertake ‘real world’ project work, requiring interaction with peer and professional networks. The curriculum and its spine of project based courses can be seen in Figure 1. The aim of the projects is to simulate, within the constraints of a campus based degree, a ‘professional practice’ experience in which the students are treated as junior engineers.  Many of the projects are based on issues sourced from local industries or research partners; the students are in contact with industry staff, and the projects often involve industry visits and site work.  These projects account for 25% of the student workload every semester and are integrated with concurrent study in the remaining courses so that students draw on a continuum of knowledge and skills, as is done in professional practice. This is structured to move the students away from using knowledge and skills in regulated and predictable ‘modules’.  PCC also mandates extensive student team work and collaborative teaching by staff and industry practitioners to deliver the projects.  They involve interaction with industries and industry practitioners via embedded industry sponsored projects, site based learning and placement schemes. This enables systematic development of a comprehensive suite of knowledge, competencies and skills, both technical and non-technical.  
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Figure 1:  Project Centred Curriculum in Chemical Engineering

PCC graduates not only have technical depth and expertise; they are also experienced team workers, ‘project managers’, communicators, problem solvers, and critical thinkers. These are skills demanded by industry, yet often marginalised and difficult to contextualise in many conventional approaches to engineering education.  Retro-fitted specialist courses in generic skills that are delivered in isolation without a technical context have failed to deliver.  Numerous national reports in Australia (Australian Chamber of Commerce and Industry & Business Council of Australia, 2002) and other countries ( World Chemical Engineering Council, 2004),(Royal Academy of Engineering, 2006 ) emphasise the need for universities to produce engineers who are not only technically excellent, but are also well prepared in the generic skills and who have exposure to industry and workplace requirements and practices.
The PCC team adopted a whole of curriculum approach to designing and implementing a suite of project activities that addresses these needs across the entire 4 years of the curriculum.  The PCC team designed the integration of these projects into the curriculum overall to ensure its function as a more challenging, but coherent and effective degree program.  This model is novel in Australian chemical engineering education in that it specifies both pedagogy and content as fundamental integral elements of the curriculum. Projects are designed with well defined and clearly articulated learning objectives that target development of technical expertise and generic skills.  And these are connected to other components of the curriculum.  This impacts strongly and positively on the cohesiveness of the program, the teaching quality provided by staff, the student experience and the graduate learning outcomes of the program.

Project Centred Curriculum - How does it work?
The integration and collective ownership of the program (degree) is sustained by teaching teams at program, semester and team project courses level.  Teaching teams deliver the program and provide for student learning, support staff development, and undertake quality assurance at course, semester and program levels. Every project course is taught by a team, which forms part of the semester teaching team. The semester team is responsible for integration, implementation and collective ownership of all the semester’s courses (See Figure 2).  This is the structure of every semester and semester team from year 2 onwards. (Year 1 is taught as a general year with other engineering disciplines.)  Semesters are managed by the semester teaching team, comprising all staff teaching concurrent courses at that level.  Annual program review meetings run by the curriculum team collate, evaluate and act on feedback, including student feedback from course and teaching evaluations, formal student staff liaison meetings, graduate exit surveys, and staff feedback via semester and project course teams. 
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Figure 2: Project Centred Curriculum Semester Management Model 

Advantages of this project-centred  management model are:

· Team project work is the focus for staff coordinating intra-semester links between all compulsory courses.  Material from all core courses running within that semester is incorporated into the knowledge and skills base used in the projects. 

· Projects are the most active, demanding and student-centred learning tasks in the curriculum; they specifically target a range of designated learning outcomes and are carefully chosen and structured to focus on students learning by doing. Students therefore also identify these as natural focal points of their  learning throughout a semester. 
· Team project work explicitly integrates ‘transferable’ and ‘technical’ graduate attribute developments.  Non-technical skills including communication, management, teamwork, and independent learning are made relevant and developed simultaneously and in context with technical skills within the unifying project courses. 

The sequence of project courses extends over the 4 year program and therefore supports generic and technical learning and skills development throughout the program.  The development of expertise via the project-based courses is explicitly planned with projects becoming more open-ended, less structured and more loosely constrained with progression through the program.  Both transferable skills and technical capabilities are therefore progressively consolidated and enhanced throughout the program culminating in a capstone process engineering design project course.  

All the projects are designed to be substantial pieces of original work that simulate real engineering practice using topics and problems sourced from industry and research partners.  Projects are undertaken over an extended period of time (usually 6 – 13 weeks) by a team (usually 4 – 6 students).  Projects are designed to elicit research or discovery based learning and there are no pre-determined or known outcomes.  Therefore the students are actively engaged in real small group inquiry and learning and are exposed to a wide variety of learning activities and resources.

The justification for developing the curriculum around the backbone of project courses is:
· project based courses embody the best educational practices of active, collaborative, student-centred learning, i.e. the students learn by doing and must achieve this through collaboration with and accountability to others;
· projects contextualize ‘real world’ industrial applications and professional practices for the students, and offer them meaningful and relevant opportunities  to  develop  technical and generic knowledge and skills; 

· communities of learning including  students, teachers, industry partners and graduates are initiated through the  team  project work  and these are a model of future professional engagements and networks;  

The outcomes of this curriculum model include: 

· more mature, better prepared and more satisfied engineering graduates; 

· greater emphasis on engineering creativity; the sequence of project courses moves student from analysis in year 2 to synthesis in year 3 and design in year 4.  Projects are progressively increasingly open–ended, dealing with more uncertainty, ambiguity and complexity.  
· more effective student learning groups and extended support networks; 

· vastly improved student-staff relationships; 

· more satisfied academics with improved teaching skills and peer support, offering more interesting and stimulating courses; 

· greater ownership and continuing improvement of the entire curriculum; and 

· explicit and systematic targeting of key graduate attributes, including communication, team work, and independent learning across the program. 

Student voices: What PCC graduates say.
“As a student in the chemical engineering department I have valued my experience……and I feel that I have been prepared more than adequately for my future career……….because the Department teaches life skills as well as technical ones. (LW, Graduate Engineer, WMC, BE (UQ))

“As the course has many project and team based activities it allowed me to develop time management and communication skills, which have proved invaluable since joining the workforce……Also a major benefit to the students, was the departments and student society’s strong links with industry and the various professional institutions who were available to give valuable insight”  (DW, Process Engineer, IOR Energy Pty Ltd, BE (UQ))  

“The project engineering subjects….taught by Chemical Engineering, were the most valuable subjects that I studied during my two degrees at the University of Queensland…they have given me an edge in this profession….it was clear to all students doing the course that staff …were putting in far more effort than what would have simply been required to make it run” (JL, Process Improvement Engineer, Shell Australia, BE, BA (UQ))

“I know a more traditional topic based curriculum would not have prepared me to work in the environment I am now in.” (AW, Development Engineer, Caltex, BE (UQ))

“Studying chemical engineering at UQ has prepared me well for the work force. Chemical engineering at UQ is largely project and team based, which is what it is like in the real world. The focus the course places on problem solving and analytical thinking has also been very beneficial, as such skills are highly valued in the work place.” (HL, Graduate Engineer, BP, BE (UQ))

“This style of teaching not only provides the development of each individual's non-technical development through teamwork, but also provides a great learning atmosphere, which reflects the style of work "real world"………… we all come to realise that if it had not been practiced during the degree, we would have ultimately have had to learn the "harder" way at work.” (AB, BHP Steel, BE (UQ)) 

Employer voices: 

“The chemical engineering graduates that XXX have recruited over recent years have been outstanding.  We bring them into a 3 year graduate development program and rotate them into different roles working on projects for different industries.  In addition to a foundation in our design office, many have been working in responsible roles (in) our clients’ offices and have performed well with good feedback from these clients.  We particularly value their technical skills and attention to detail, their ability to be flexible in work assignments, and their communications & time/project management skills.  The project centred curriculum is an excellent preparation for our multidisciplinary project teams.” 

(LB, Manager, Brisbane office International Design Company)

“YYYY is unashamedly seeking to establish relationships with students that we may wish to recruit as our future leaders in the organisation and see this as an ideal vehicle to improve their understanding and perception of YYYY  as a future employer.  In addition we gained great value from the projects completed …..Our relationship with the University and its pro-active staff has improved…...”

(AG, Technology Manager, Brisbane plant, National Chemical Company)

The rewards
Overall satisfaction of students with their undergraduate experience has risen dramatically. Students first graduated from the PCC program in 2001.  Data ( program exit and graduate surveys and course and teacher evaluations) collected and collated since 2002 quantifies the very positive outcomes.  There is strong support and sustained enthusiasm for the program from our students, staff, graduates, employers and professional bodies.  Measures from student surveys such as the nationally administered annual Course Experience Questionnaire (CEQ) (GCCA 1999-2004) show a progression from being at or below the national average to well above it as shown in Figure 3.  Data for 2000 is not included due to the extremely low response rate. Scores for the other years are based on responses from greater than 25% of the eligible UQ graduates.
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Figure 3:  UQ Course Experience Quality Scores showing post-PCC (2001) improvements relative to the national average for the discipline of chemical engineering by year of graduation (Graduate Careers Council 1999 - 2004)
The evaluation is still in progress and to date all the indicators to date are extremely positive.  The University of Queensland and national teaching and learning awards have been received including the Australasian Association for Engineering Education’s 2004 Award for Excellence in Curriculum Innovation, and the 2005 Australian Award for University Teaching (Enhancing the Quality of Teaching & Learning) to the Project Centred Curriculum.  All these point to the recognition of greatly improved student learning, student satisfaction and better quality outcomes in the teaching and learning delivered in this program. 

Feedback from students enrolled in the program indicates a level of engagement and enjoyment in the project centred courses that is much greater than that found in the more conventionally taught courses.  
“I found the manner in which the course was taught was exceptional and highly professional.  This therefore encouraged a challenging and interesting learning environment.” 

(Unsolicited student testimonial  for CHEE2002: Process Systems Analysis – a team project course), 

“I really enjoyed CHEE2001. I found the course structure to be absolutely fantastic……… I have learned so much more in this course than I have in any other course at Uni to date!”

(Unsolicited student testimonial  for CHEE2001: Process Principles – a 2nd year team project course), 

Independent institutionally run course and teaching evaluations show students consistently rank the project courses as being in the top scoring band of all University courses.  
Staffs also appreciate the opportunities for collaboration and consultation arising from team teaching and the semester management model.
“I have found that team-teaching allows me to develop as a teacher through closer interaction with the students and thus more accurately meet their individual needs.  Workshops and mentor meetings associated with a project-based curriculum allow informal discussions in which a greater scope of issues are raised and dealt with.  There is also scope for peer interaction and input from industry practitioners which allows teaching practices to workshopped and optimized….…”

(LK, chemical engineering academic staff)

“I started teaching into project courses in the last few years as a co-teacher….  Co-teaching with others helped me to move smoothly into my new teaching role and I really appreciated the interaction with colleagues. Also I have really enjoyed the experience of the projects and teaching into the projects.”

(ZY, chemical engineering academic staff)
Conclusions
This is a project that has transformed the curriculum and education of chemical and environmental engineers at The University of Queensland.  It represents a significant cultural change in undergraduate teaching and learning in engineering at the University.  A critical element in the success of this transformation has been the participation and buy-in from all staff teaching into the program through their involvement in the teaching teams.  Staff (and students) have been supported in the implementation and post-implementation phases by the systematic evaluation and dissemination of the results of the change.  From the student perspective our experience is that the project centred paradigm is embraced by students with enthusiasm.  There are much better levels of engagement and attainment possible with project centred learning.  Critical factors are good communication to students of clearly targeted learning engendered in the team projects; their integration into a carefully structured developmental framework; and support for the instigation and nurturing of extended communities of learning and professional practice.  When systemically embedded into the curriculum so that these practices are pervasive the outcomes are substantial enhancements in the quality of teaching and student learning.  A variety of indicators can and should be used to evaluate the impacts and refine the improvements.  
Following the evaluation and documentation of the design and outcomes of the innovation the Project Centred Curriculum model has been adopted by the University of Queensland’s School of Engineering as the model  for future development of its engineering programs.  Other non-engineering disciplines at The University of Queensland are also adopting PCC practices to support design and management of student projects and student teams.  Several other Australian chemical engineering schools; the University of Sydney and RMIT University, Melbourne are also now implementing project centred learning in their own curriculum transformations.  There are clearly demonstrated benefits to be gained from project centred curriculum design at the degree or program level and we anticipate further interesting developments and refinements as engineering educators continue to explore the exciting potential of this approach.  
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