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Abstract
Australia is facing a critical shortage of engineers at all levels of the profession –
associates, technologists and professional engineers. Universities face three main
challenges in responding to this predicted shortfall: the impact of technology and the
information revolution both on higher education and the profession, the increasing
diversity and choices of the student population, and the changing requirements of
governments, professional accreditation agencies, industry and society.
Over the last decade, universities have implemented recommendations from
accrediting agencies to demonstrate the competencies of graduates in a broad range
of key graduate attributes such as teamwork, communication and problem solving, as
well as lifelong and self-directed learning. Universities have also strived to open the
access pathways to higher education, granting entrance to more students with a wider
range of educational backgrounds and ages and who are looking for flexible study
patterns, that is, something other than full time on-campus.

This trend is likely to

continue in the future. Whilst the efforts of universities have resulted in changes to
curricula and teaching methodologies, technology and the global economy is
beginning to demand, if not new skills, then extensions of the current graduate
attributes: working in a multicultural environment; working in interdisciplinary,
multi–skilled teams; sharing of work tasks on a global and around–the–clock basis;
working with digital communication tools and working in a virtual environment.
These attributes are difficult to attain through traditional, didactic educational
programs.
The intent of this dissertation is to document the design, implementation and
evaluation of an innovative curriculum strategy to respond to these demands.
Problem Based Learning (PBL) meets the demands of the profession with respect to
technical content and key graduate attributes.

The addition of virtual teams1,

students working in a team in virtual space with no face–to–face contact, is original
and meets future demands of the profession and changes in the higher education
sector. The research spans several broad areas including student teams working in

1

Virtual team is a term used in the literature to describe a team working in virtual space,
communicating via electronic communication technologies. A full definition is given on page 36.
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distance

education,

engineering

education,

development and problem based learning.

assessment,

staff

professional

It takes an overarching view and

develops, through an action research methodology, a model of how to deliver PBL to
students studying by distance education and in particular for delivery to a large and
diverse student cohort.
The research process identified five key areas for successful delivery of course
content, both technical knowledge and graduate attributes, to meet student learning
outcomes and requirements. These areas include: staff training and changing staff
attitudes, curriculum development beginning with basics of team development,
individual learning goals, communication skills, development of a ‗learning
community‘ among the students and staff, reflection and reflective practice and
effective assessment in line with course objectives.
The dissertation presents a case study of successful design and implementation.
Evaluation and confirmation of the strategy has been evidenced by a significant
contribution to the current body of knowledge through peer reviewed publications,
national awards and the uptake of the concepts and resources by other institutions
and academics.
The research findings reported in this dissertation has demonstrated that PBL is
successful in delivering key graduate attributes to students working entirely in virtual
space. This has application in responding to the demands for flexible education
initiatives and the global engineering workplace.
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Summary of Innovations and Original Contributions
The principal innovation in this work is the integration of four separate areas within
the Scholarship of Teaching and Learning, areas which have hitherto been essentially
separate. These are Problem Based Learning, reflective practice in engineering
education, distance education and virtual teams. The work presented in this
dissertation advances some topics and then sets out a unification in the form of a
single practical package. The unification also encompasses authentic assessment,
community of practice, appropriate staff training and evaluation appropriate to the
context.

With this unification there have been contributions to the body of

knowledge through peer reviewed publications and an uptake of materials developed
by the author through the course of this project.
In 2000, when the work underpinning the dissertation began, there were no
publications relating to student teams using Problem Based Learning when the teams
were constrained to working entirely in virtual space. For practical reasons these
teams could use only asynchronous (on–line) communication methods (i.e. not the
telephone) and had no opportunity to meet face–to–face. Development of the
program and support material has continued, making use of and evaluating new
technologies and approaches (e.g. wikis) as they have become readily available.
Recognition of student requirements, backgrounds and varying personal access to
technology remains critical.
This work has the potential to create truly global engineering graduates by linking
students across the world working in virtual teams and sharing tasks on an around–
the–clock basis: a requirement for engineering graduates which is just emerging in
the engineering education literature.
Developing, supporting and assessing teamwork skills in students have traditionally
been problematic, particularly in engineering education when the priority has always
been on ‗technical content‘. However with the increasing emphasis on graduate
attributes in engineering education (for example teamwork and communication), an
increasingly diverse student cohort and the uptake of technology to deliver learning
outcomes, teamwork and more importantly student learning about and through teams
has taken on new dimensions. A major outcome of this dissertation is the proposal
xiv

of a model, illustrated in Figure I and discussed in detail in Chapter 6, which
describes the interactions and barriers to student learning when confronted with the
mix of teamwork and technology. Whilst this model was developed and tested for
teams working in virtual space, it applies equally well to traditional on–campus
teams and provides a structure for curriculum development for team and
collaborative learning projects to maximise student learning and minimise the pitfalls
and frustrations encountered by academics and students alike.
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Figure I Barriers to student participation in teams
It is vital to effectively incorporate key graduate attributes into the engineering
curriculum, a fact recognised by educators and industry alike. Outcomes of this
work presents not only a development which supports curriculum change and
effective delivery of both technical content and graduate attributes but looks to the
future to ensure the education of engineers with skills to meet the challenges which
lay ahead.
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