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Abstract: Central Queensland University (CQU) has an enviable reputation for engineering program innovation and the delivery of quality engineering graduates to industry, for the Central Queensland region, the state of Queensland, Australia and increasingly internationally.

To meet the needs for continued and increasing engineering graduate demand, and to address the identified need for cultural changes in engineering education, CQU has progressively modified and developed its undergraduate engineering programs, particularly from 1994 into the 21st Century. The changes incorporated new, professionally acknowledged bold and innovative approaches to maintaining and developing its engineering graduates’ eminence. The introduction of a Cooperative Education program in 1994 and its integration into a hybrid Project Based Learning (PBL) delivery model in 1998 have been two particularly successful highlights. Currently, a focussed range of Bachelor of Engineering), Bachelor of Engineering Technology and Associate Degree of Engineering programs are offered by CQU.

In 2005, a full CQU engineering undergraduate programs’ review commenced. This was part of the internal continuous improvement processes cycle, and to finalise addressing the 2003 Engineers Australia Accreditation Report recommendations for the development and extension of the innovative learning and teaching philosophies CQU had adopted through its various engineering programs. The review process considered many external and internal factors in determining the new CQU engineering undergraduate programs, an outcome being in particular, the application of PBL and Flexible Mode study to all program levels. This paper will explore the process of review, the factors influencing decision making and the new structure of the 2007 CQU engineering undergraduate programs.
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Introduction
CQU commenced delivering a relatively narrow range of engineering programs in the late 1960’s. Those programs evolved into offerings of Associate Diplomas of Engineering, Bachelors of Technology and Bachelors of Engineering by the early 1990’s. Throughout the 1990’s and early 2000’s a number of key innovations were introduced into CQU’s engineering programs.

In 1994, Co-operative Education was introduced into the Bachelor of Engineering (BEng) program with the first industry placements in 1996 for students in the new BEng(Co-op) program. In 1998 Project Based Learning (PBL) was introduced into the curriculum to better prepare students for their industry placements, and ultimately professional employment on graduation. In 2004 the program evolved into a fully integrated BEng (Co-op)/Diploma of Professional Practice (Engineering) (BEng(Co-op)/DipProfPrac) with the latter element of this dual award specifically recognising and credentialing professional engineering practice incorporated in the program (Howard Jorgensen 2006). In 1996 a new suite of two year Advanced Diplomas of Engineering (ADEng) and associated three year Bachelors of Engineering Technology (BEngTech) programs were introduced which were subsequently significantly revised and re-introduced in 1999 as flexible (i.e. external) delivery programs. All three and four year engineering programs were assessed in August 2002 and formally accredited in January 2003 by Engineers Australia, with the next Accreditation Review scheduled for 2007. It is proposed that the CQU Associate Degrees of Engineering (ADEng) programs (changed from Advanced Diplomas of Engineering in 2005) will also be considered for accreditation, as an extension of a trial program conducted by Engineers Australia in 2006 with two Victorian associate engineering program providers.
There have been not insignificant minor reviews and redevelopments of the various programs throughout their implementation and operation from 1998/9, but it was considered by 2004 that a major holistic review of all undergraduate programs should occur in the context of the Australian and international engineering industry landscape as it had developed and was projected to develop in the coming years. This eventually commenced in 2005 with the brief to consider all three engineering program levels together and a framework was established for this review. 

During 2005 and 2006, at the behest of two major companies in the CQ mining industry, a number of specific mining related programs, primarily at the Associate Degree level, have been developed. These programs evolved in parallel with the overall program review, are specific to the mining industry and available only to their employees, typically on cadetship or traineeship programs. Except for being noted they are outside the scope of this treatise.

Figure 1. 2006 Undergraduate CQU Engineering Program Suite
A summary of the existing, as offered in 2006, CQU engineering undergraduate programs is shown in Figure 1.
For clarity, combined degree programs i.e. BEngTech/Bachelor of Business and BEngTech/Bachelor of Learning Management programs have been omitted.
The professional engineering programs have the three core plans of electrical, civil and mechanical engineering, encompassing a standard four year academic program and also a four and a half year Co-operative Education program integrating and utilising two six month industry placement with their own set of professional engineering level courses. The engineering technology and associate engineering programs incorporate the same primary engineering disciplines, but with a totally separate set of courses with, in the electrical engineering area, additional sub electrical engineering plans. In addition to core courses, electives are used in all plans and the electrical sub-plans to allow students to further specialise their course of study. This structure resulted in a relatively large number of courses with, particularly in some BEngTech and ADEng plans (i.e. electrical), unsustainable low student enrolments, which put significant pressure on the economic viability and sustainability of some elements of the programs. This was a core driver of the review process.
The articulation paths between the programs were well defined for the ADEng and the BEngTech, with the ADEng program comprising the first two-thirds (i.e. the first two years) of the BEngTech program. Articulation from the BEngTech to the BEng was possible, with approximately two years credit transfer allowed, but the “internal only” delivery mode of the BEng program made such a transition prohibitive to BEngTech external (the virtually exclusive study mode) students. 

The existing programs also had several identified strengths, identified in the 2003 Engineers Australia CQU Engineering Programs Accreditation Visit and/or Report (IEAust 2003), which informed the review process. These core strengths were:

· the BEng Co-operative Education program and relationships with industry partners

· PBL in the BEng programs

· external offering of BEngTech programs
These together with the internal identification of the following:

· resource and economic sustainability - taken into account with the faculty’s restructuring of its budgetary process to ‘activity (i.e. program) based’
· more robust and flexible articulation pathways – an appreciable rise in students internally and externally expecting clear articulation
· continuing the innovation and leading edge educational development in the programs
formed the initial basis for Terms of Reference for the review framework process developed.

2005/6 Program Review Framework
A detailed framework was established for the 2005/6 Program Review of CQU engineering undergraduate programs. This established the complete requirements for program strategic development, review and rationalisation of the engineering programs and courses. In addition, requirements for the Australian engineering industry and accordance with the accreditation requirements promulgated by Engineers Australia (Engineers Australia 2006) had to be incorporated. The 2005/6 Engineering Undergraduate Programs Review was overseen and co-ordinated through a Program Review Group. This group, through a consultative process within and outside the faculty, developed the broad framework and structure for the programs’ revision to oversee the formulation and proposal of changes, additions and/or deletions in the development, operation and delivery of the current (in 2005/6), and any proposed new, programs and engineering discipline plans.
The scope of the Review broadly encompassed:

· a consultative process whereby all academic staff had an opportunity through their in Discipline Groups to contribute to program and course redevelopment

· review and redevelopment of the programs, plans and courses, and their operation and delivery, to ensure the particular needs of industry (local, national and international) were delivered and the quality and relevance of programs and courses meets the reasonable expectations of major employers of engineering graduates

· liaison with appropriate industry organisations (particularly at Discipline Group level) and groups to ensure their views were represented in the programs’ and plans’ redevelopment

· the extent to which the program requirements and philosophical pedagogies of the Faculty were appropriately positioned relative to changing senior secondary school requirements, and developments in the post-secondary (i.e. TAFE) education sector

· the extent to which the Faculty could further improve, rationalise and optimise efficiency of its educational business development activities without compromising its core teaching and scholarship/research obligations

The focus of the Review comprised the above general considerations and also specifically encompassed consideration of:

Business Development/Marketing strategies it was proposed would encompass:
· identification of current programs, discipline plans and courses not considered appropriate for future offerings 

· identification of new educational areas for programs, discipline plans and courses 

· increased focus on industry needs, e.g. mining
· increased flexibility of delivery (i.e. external offering) of programs
Program and Course Rationalisation strategies 

· rationalisation of programs, specialisations and courses

· minimisation or elimination of elective and low enrolment courses

· specific articulation plan between all programs
· consideration of multiples of 6 units of credit (uc) courses (6,12,18,24?) per term
Staffing and resources strategies incorporating identification of effects on staffing and infrastructure resources 
Educational philosophy and pedagogy strategies incorporating:

· maintenance and expansion/integration of PBL and Co-operative Education/Work Experience and Professional Practice through all programs 

· program integration and articulation strategy

· course assessment strategies particularly in regard to authentic assessment
· improvement of learning strategy (scholarship of Learning and Teaching)

· flexible learning/teaching technology strategies through expansion of electronic (e.resource and on-line) support and offering of courses

· national and international benchmarking of programs

Program Outcomes and Graduate Attributes
As the first step in determining the structure of the new engineering programs it was deemed necessary to formally establish the respective programs’ overall learning outcomes for graduating students, i.e. take a top down approach in the program structure design and particularly the curriculum design. These were encapsulated in the programs’ ‘Graduate Attributes’, which all graduates of the respective programs should be able to demonstrate on successful completion of their study. In addition there was a set of generic tertiary Graduate Attributes that CQU required its degree program graduates to be able to demonstrate. 

In the redevelopment and restructure of the BEng (Co-op) program at CQU in 1995, a new set of program objectives was required. In the 1996 Review of Engineering Education in Australia, carried out by the Institution of Engineers, Australia (IEAust, 1996), a set of generic graduate attributes was defined against which programs would be professionally accredited in the future. CQU took these Generic Attributes and adopted them without alteration as the new BEng(Co-op) program outcomes and hence CQU BEng (Co-op) Graduate Attributes from 1998. In the 1998 redevelopment of the BEngTech programs a set of Program Outcomes or Graduate Attributes based on the then Institution of Engineers Australia, National Generic Competency Standards was developed. At the time no separate graduate attributes were defined for the CQU Advanced Diploma of Engineering as this program was actually the first two years of the BEngTech, effectively operating as an interim or exit award.
The Graduate Attribute’s determined in 1996 by the then Institution of Engineers, Australia have since become part (with minor modification) of the Engineers Australia Accreditation Board’s new Accreditation Management System for professional engineering programs (Engineers Australia, 2006). At the time of writing (August 2006) a draft set of Generic Attributes defined by Engineers Australia and a separate Accreditation Manual has just been developed for consideration by a national working party to form the basis for accreditation of Engineering Technology programs. No such Engineers Australia generic attributes exist as yet for two year ADEng programs’ accreditation.
The consideration for three sets of Graduate Attributes for each of the program suites, BEng, BEngTech and ADEng was predicated by the decision to maintain the usage of the Engineers Australia Generic Attributes for the BEng programs’ Graduate Attributes. It was decided to adapt these graduate attributes for the BEngTech and ADEng utilising the 2004 Australian Engineering Competency Standards (Engineers Australia 2004). This approach gave a common set of graduate attributes with clear distinctions between the skills of the respective program levels pertaining to particular attributes.
As a result of the review a number of significant changes have been incorporated in the engineering undergraduate programs to commence offering in 2007 and rolling out through the years, until 2010 in the case of the BEng(Co-op)/DipProfPrac.
The low enrolments in the computer systems plans of all programs forced the decision to discontinue these plans from offering. As such, all Computer Systems plans in all programs are discontinued from 2007 on, with no new enrolments accepted. Students currently in these programs will able to complete their programs in appropriate timeframes. In addition, the BEngTech/Bachelor of Learning Management (Secondary) has also been discontinued due to few enrolments over the years it has been offered.
The flagship program of the faculty is the BEng(Co-op)/DipProfPrac. The elements of this program associated with the Diploma of Professional Practice have remained relatively unchanged. The major changes have been a significant commonalisation of the second year with an attendant redefinition and redistribution of technical discipline course content and outcomes. The program still has a completely common first year, but the commonality has now been extended to encompass 75% of the second year courses. The remaining 25% of the courses in second year are discipline based. This change reduced the total number of courses offered, and allowed the second year offering to be extended to other CQU campuses (i.e. Gladstone and Mackay), promising improved recruitment and retention on these campuses.
Table 1. Revised 2007 Bachelor of Engineering (Co-op)/Diploma of Professional Practice

	Yr
	Term 1
	Term 2

	Common Program

	1
	Engineering Skills 1 (12uc)
	Engineering Skills 2 (12uc)

	
	Engineering Physics A
	Engineering Physics B

	
	Engineering Foundation Mathematics
	Engineering Mathematics

	2
	Materials and Processes (12uc)
	Engineering Design (12uc)

	
	Engineering Mathematical Applications
	Engineering Project Management

	
	Discipline Specific Course
	Discipline Specific Course

	
	
	Professional Practice Preparation 1

	3
	Industry Placement 1 (12uc)
	Discipline Specific Course (12uc)

	
	Discipline Specific Course (external)
	Discipline Specific Course

	
	
	Discipline Specific Course

	
	
	Professional Practice Review 1

	4
	Discipline Specific Course (12uc)
	Industry Placement 2 (12uc)

	
	Discipline Specific Course
	Engineering Project Planning (external)

	
	Discipline Specific Course
	Discipline Specific Course (external)

	
	Professional Practice Preparation 2
	

	5


	Discipline Specific Course (12uc)
	

	
	Engineering Project Implementation
	

	
	Professional Practice Review 2
	

	
	*Elective (6 uc)
	

	Civil Discipline Courses

	2
	Analysis of Structures
	Geotechnical Engineering

	3
	Hydraulics (external)


	Water and Environmental Design (12uc); Solid Mechanics

Surveying

	4
	Transportation Engineering Design (12uc); Steel Structures Concrete Structures
	Traffic Engineering (external)



	5
	Structural and Geotechnical Design (12uc);
	

	Electrical Discipline Courses

	2
	Electrical Circuit Analysis
	Electrical Power Engineering

	3
	Analogue and Digital Electronics (external)
	Power System Analysis (12uc); Embedded Microcontrollers; Electronic Communications

	4
	Machines, Drives and Control (12uc); Power System Protection; Signal Processing Systems
	Data Communication Networks (external)

	5
	Control Systems (12uc)
	

	Mechanical Discipline Courses

	2
	Fluid Mechanics
	Statics and Dynamics

	3
	Maintenance Engineering (external)


	Mechanical Systems (12uc); Finite Element Analysis; Thermodynamics

	4
	Thermofluid Engineering (12uc); Energy Conversion

Bulk Materials Handling
	Process Engineering and Plants (external)



	5
	Fluid and Electrical Drive Systems (12uc)
	


The complete program structure is shown in Table 1 (note the two different ‘sized’ courses 6uc (standard) and 12 uc (double ‘sized’)). The shaded cells represent those courses which are associated with the Diploma of Professional Practice. The standard BEng Program shares the same structure, with the shaded cells deleted and the program delivered in four years. These programs all share the essentially common two years, with only two courses different in the second year of the three discipline plans.

All courses in the BEng will also be redeveloped for external offering from 2007 using on-line resourced (e.resources) delivery. This will enable the BEng program (but not the Co-operative Education program) to be offered in external mode and allow a defined articulation path from the ADEng and BEngTech programs for external students. The program will be structured for part-time external offering (still being available fully internal), taking a nominal eight years.

The BEngTech has been redeveloped to substantially align with Engineers Australia’s defining the role and qualification of the Engineering Technologist. This indicates that an Engineering Technologist may be the equal of an Engineer in their defined area of specialty, but the skills of an Engineering Technologist may not be transferable to different areas of the discipline. As a consequence, the revised BEngTech program shares most of its courses with the BEng program. The use of different BEng course combinations has allowed clearly defined specialisations within the three core disciplines of the BEngTech. The revised structure is shown in Table 2. This shows that multiple plans have been defined within each core discipline. The BEngTech graduates also do an increased amount of CAD content compared to the BEng graduates, but a reduced mathematics element. This alignment of the BEngTech and BEng allows clear articulation between the two programs. Students completing a BEngTech will only be required to do the additional courses from the BEng program that are outside the specialisation plan chosen.
Table 2. Revised 2007 BEngTech Program Structure

	Yr
	Term 1
	Term 2

	Common First Year

	1
	Engineering Skills 1 (12uc)
	Engineering Skills 2 (12uc)

	
	Engineering Physics A
	Engineering Physics B

	
	Engineering Foundation Mathematics
	Engineering Mathematics

	Common Civil  Second Year

	2
	Materials and Processes (12uc)
	Engineering Design (12uc)

	
	Civil Construction
	Computer Aided Drafting

	
	Analysis of Structures
	Technology Project Planning

	Civil (Structural)

	3
	Concrete Structures
	Surveying

	
	Hydraulics
	Solid Mechanics

	
	Technology Project Implementation
	Engineering Project Management

	
	Steel Structures
	Geotechnical Engineering

	Civil (Municipal and Transport)

	3
	Concrete Structures
	Surveying

	
	Hydraulics
	Traffic Engineering

	
	Technology Project Implementation
	Engineering Project Management

	
	Water and Wastewater Engineering
	Geotechnical Engineering

	Mechanical (Process)

	2
	Process and Materials (12uc)
	Statics and Dynamics

	
	
	Computer Aided Drafting

	
	Bulk Materials Handling
	Engineering Project Management

	
	Fluid Mechanics 
	Technology Project Planning

	3
	Fluid and Electrical Drive Systems (12uc)
	Finite Element Analysis

	
	
	Electrical Technology

	
	Technology Project Implementation
	Thermodynamics

	
	Industrial Fluid Power
	Process Engineering and Plants

	Mechanical (Energy)

	2
	Process and Materials (12uc)
	Mechanical Systems (12uc)

	
	Industrial Fluid Power
	Process and Materials (12uc)

	
	Fluid Mechanics
	Technology Project Planning

	3
	Fluid and Electrical Drive Systems (12uc)
	Thermodynamics

	
	
	Computer Aided Drafting

	
	Technology Project Implementation
	Electrical Technology

	
	Energy Conversion
	Engineering Project Management

	Mechanical (Design)

	2
	 Process and Materials (12uc)
	Engineering Design (12uc)

	
	Bulk Materials Handling
	Process and Materials (12uc)

	
	Fluid Mechanics
	Technology Project Planning

	3
	 Fluid and Electrical Drive Systems (12uc)
	Electrical Technology

	
	
	Process Engineering and Plants

	
	Technology Project Implementation
	Engineering Project Management

	
	Computer Aided Drafting and Design (Mechanical)
	Computer Aided Drafting 

	Electrical (Electronics & Communications)

	2
	 Process and Materials (12uc)
	Engineering Design (12uc)

	
	Electrical Circuit Analysis
	Computer Aided Drafting

	
	Analogue and Digital Electronics
	Technology Project Planning

	3
	Computer Aided Drafting and Design (Electrical)
	Electronic Communications

	
	Signal Processing Systems
	Embedded Microcontrollers

	
	Technology Project Implementation
	Engineering Project Management

	
	*Elective (6 uc)
	Data Communication Networks

	Electrical (Power and Machines)

	2
	 Process and Materials (12uc)
	Engineering Design (12uc)

	
	Electrical Circuit Analysis
	Electrical Power Engineering

	
	Analogue and Digital Electronics
	Technology Project Planning

	3
	 Machines, Drives and Control (12uc)
	Power System Analysis (12uc)

	
	Technology Project Implementation
	Engineering Project Management

	
	Power System Protection
	Computer Aided Drafting

	Electrical (Control and Instrumentation)

	2
	Process and Materials (12uc)
	Engineering Design (12uc)

	
	Electrical Circuit Analysis
	Embedded Microcontrollers

	
	Analogue and Digital Electronics
	Engineering Design (12uc)

	3
	 Control Systems (12uc)
	Electronic Communications

	
	
	Instrumentation and Transducers

	
	Technology Project Implementation
	Engineering Project Management

	
	Signal Processing Systems
	Computer Aided Drafting


The ADEng has been decoupled from the BEngTech offering ( a major re-alignment from the current structure). The required Graduate Attributes of the Associate Program identify an independent program with clearly defined articulation. The Associate Degree is largely unchanged in level compared to the existing program; however the decoupling from the BEngTech program allows the ADE to be tailored to the needs of industry. The courses can be much more practically focussed without compromising the future needs of the students who may continue into the BEngTech and/or BEng. These programs structure is shown in Table 3.

The core ADEng Programs offer essentially the same specialisations as the BEngTech, but essentially do not share courses with the BEngTech. Minimal courses (essentially CAD) in each discipline specialisation are shared, but largely the ADEng is a discrete program. This approach does increase overall the number of courses offered, and impacts on the rationalisation requirements of the review, but was seen as necessary to meet industry needs. It is anticipated that the market for these programs will support the particular specialisations, but this will need to be continually monitored. 

Additional specialisation can be developed (and have been) to meet specific industry needs, and this has already occurred with, for example several specialisations now available in Mining, Mine Technology and Mine Operations Management. These programs are not open to the general public, requiring appropriate employment in the mining industry on a mine site for students to be offered a place in these programs.

Table 3. Structure of the revised 2007 ADEng Program.

	Yr
	Term 1
	Term 2

	Common First Level

	1
	Professional Engineering Communication
	Engineering Materials 

	
	Mechanics
	Energy and Electricity

	2
	Engineering Drafting
	Computer Aided Drafting

	
	Technology Mathematics
	Measurement and Data Analysis

	Civil (Structural)

	3
	Computer Aided Drafting and Design (Civil)
	Sustainability Technology and the Environment

	
	Applied Structural Analysis
	Road Engineering

	4
	Geology and Geomechanics
	Surveying

	
	Civil Construction
	Steel and Concrete Design

	Civil (Municipal and Transport)

	3
	Computer Aided Drafting and Design (Civil)
	Sustainability Technology and the Environment

	
	Water and Wastewater Engineering
	Road Engineering

	4
	Geology and Geomechanics
	Surveying

	
	Civil Construction
	Applied Hydraulics

	Mechanical (Process)

	3
	Computer Aided Drafting and Design (Mechanical)
	Sustainability Technology and the Environment

	
	Mechanical Component Selection
	Bulk Handling Equipment

	4
	Mechanical Analysis
	Dynamics 

	
	Engineering Fluids
	Thermal Energy Plant

	Mechanical (Energy)

	3
	Computer Aided Drafting and Design (Mechanical)
	Sustainability Technology and the Environment

	
	Mechanical Component Selection
	Electrical Technology

	4
	Industrial Fluid Power
	Dynamics 

	
	Engineering Fluids
	Thermal Energy Plant

	Mechanical (Design)

	3
	Computer Aided Drafting and Design (Mechanical)
	Sustainability Technology and the Environment

	
	Mechanical Component Selection
	Electrical Technology

	4
	Mechanical Analysis
	Dynamics 

	
	Engineering Fluids
	Thermal Energy Plant

	Electrical (Electronics and Communications)

	3
	Electrical Components and Modelling
	Sustainability Technology and the Environment

	
	Electronic Devices and Applications
	Electrical/Electronic Circuit Computations

	4
	Computer Aided Drafting and Design (Electrical)
	Electronic Information Processing

	
	Introductory Electronic Communications
	Industrial Data Communications

	Electrical (Power and Machines)

	3
	Electrical Components and Modelling
	Sustainability Technology and the Environment

	
	Electrical Machines and Drives
	Electrical/Electronic Circuit Computations

	4
	Computer Aided Drafting and Design (Electrical)
	Electrical Power Systems

	
	Electrical Services and Protection
	Electrical Power System Modelling

	Electrical (Control and Instrumentation)

	3
	Electrical Components and Modelling
	Sustainability Technology and the Environment

	
	Electronic Devices and Applications
	Electrical/Electronic Circuit Computations

	4
	Computer Aided Drafting and Design (Electrical)
	Control Technology

	
	Introductory Electronic Communications
	Instrumentation and Transducers


Articulation from the ADEng to the BEngTech and BEng will be clearly defined with generally 60 units of credit equating 1.25 years of equivalent full-time study being given for students who have completed the ADEng and wish to articulate into the BEngTech or BEng.

Conclusion

The review of the engineering programs offered by CQU is expected to achieve the core objectives of improved economic viability, more flexible articulation and delivery and continuing innovation and leading edge engineering educational programs. The revised programs will expand the modes of delivery and specialisations available to students in all programs. A top down design approach has enabled the integration of the three program levels with clearly defined articulation between the levels and no changes required to study mode for external students.

The program review resulted in the integration of particularly the CQU tried and tested PBL and Flexible Delivery across the entire engineering undergraduate program spectrum.

[image: image1]
Figure 2. 2007 CQU Engineering Undergraduate Program Suite
It extended the innovation of previous reviews and continuous improvement processes into all the engineering programs at CQU as identified in Figure 2, including continued adaptations of the core engineering programs for the specific needs of the industry, mostly notable mining with further developments underway, and with the potential for similar arrangements in the energy, transportation and municipal engineering areas. The new CQU engineering programs are intended and expected to be highly regarded and utilised by the Australian engineering industry in the 21st Century.
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