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Engineering graduates are very much in demand, but the changing
nature of the workplace requires that higher education focuses on
new skills and capabilities; John Mitchell, Director of the Centre
for Engineering Education, explains

The past decade has seen significant change in engineering education, with many
programmes worldwide starting to move away from theory-heavy and predominantly
lecture-based delivery to active learning models with increased emphasis on engineering
practice, transferable skills, and key graduate attributes. This shift has been, in part, in
response to the desire of employers, but also due to pressure from students to study
degrees that provide clear linkages to the impact they may have on the world. One of the
core vehicles for this shift has been problem — and project-based learning (PBL). These
pedagogic techniques stimulate students in relevant, industrial problems and projects,
challenging them to apply and generate knowledge in an authentic situation.

Introducing PBL

Many institutions started this process by introducing separate activities. However, we
have argued that ideally, these experiences must be integrated into a coherent
curriculum. (") In this model, students progress through taught sessions, project
experiences, and supporting materials in a structured way with clear and explicit
connections between theory and practice. In 2014, we introduced the integrated
engineering programme (IEP) at UCL, ) a radical revision of the entire undergraduate
teaching across the engineering departments. It ensured that students engage in projects
in their own discipline and learned to work effectively across disciplines, while developing
teamwork, leadership, and communication skills.

Models of PBL

While it has been acknowledged that many elements of the UCL model can be adopted
by others as outlined in the recent MIT report, () alternative models can be followed.

Introducing PBL has many challenges; staff must engage in a form of teaching that they
may be unfamiliar with, students need support and preparation to help them get the most
from the experience, and facilities need to be available to create the right environment for
learning. These challenges, as well as the structures and constraints of the institution, will
influence what is possible. In established institutions, this can be viewed as a change-
leadership problem; the solution requires a model where sufficient disruption is enacted to
make meaningful change to student experience while integrating those elements of the
curriculum that either already work well or where change is not possible. For new
programmes, careful consideration of the desired outcomes and unique selling points for
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the course is needed. However, while not as fixed as in existing programmes, even new
programmes have significant constraints and require a programme deliberately designed
to fit the local context. For example, we worked with NewGiza University () in Egypt to
support their development of two new engineering programmes. The courses have much
in common with the UCL IEP; an emphasis on practical development through project-
based learning and the support of skills development, but are very much tailored to their
specific national requirements and fundamental aims.

PBL in an integrated curriculum

In such a model, it is particularly important to consider the integration of all curriculum
elements. Taking a view of a student journeying through the curriculum, rather than the
top-down view we often take as academics, we see the need to provide a coherent and
integrated structure. PBL then becomes the key integrative theme, repeating regularly
throughout the curriculum and acting as a vehicle to draw together multiple learning
activities. In this model, problem — or project-based activities are the points in the
curriculum that integrate theoretical learning and instruction on skills development. They
encourage students to better internalise their more traditional learning through application
to authentic and industry-relevant problems or projects. This is a powerful learning
experience and one that stays with the student.

Development for the future

Despite having made major reforms to the curriculum, new challenges continue to
emerge. Most notably, the disruptive nature of Al is evident both in the classroom and in
the skills that need to be developed in our graduates to meet the needs of the latter half
of the twenty-first century. By their very nature, this future skill set is uncertain, but some
clues exist. Our work has focused on the concept of fusion skills, ®) skills that explicitly
acknowledge a future where human-machine interaction is inherent in the workplace.
Some of these skills involve humans developing or training machine-based activities,
whereas in others, Al provides humans with ‘superpowers’ to augment existing activities.
We have considered how the development of such fusion skills can be brought into the
existing curriculum, ) noting that an integrated curriculum of PBL provides an ideal and
highly agile framework.

Implementing PBL

The implementation of problem- or project-based learning in a higher education
curriculum is challenging but also highly rewarding. In engineering, it has become
established as a worldwide trend. This will not only provide better employability outcomes
for the graduates of today but also a framework to adapt the curriculum to the needs of
the future workforce.
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