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Abstract

The Royal Academy of Engineering sponsored project in Manchester to foster education in sustainability through inter-disciplinary problem-based approaches is already well documented.  However, this was just one outworking of an original idea about global societal responsibility and the purpose of higher education.  In 2002 Charles Engel posed this as the ‘Ultimate Challenge’.  That project resulted in a thoroughly evaluated interdisciplinary course unit that has spread beyond engineering and science and which is now available to students across the university, although currently most are still drawn from engineering and physical sciences.  The idea is that ‘wicked’ problems are challenges to be faced by engineers, together with other professionals, in the context of a range of global issues, not just sustainability.
A further development in 2010, in pilot form, was for a course unit at Masters level looking at issues of Humanitarian Aid.  The unit forms an optional part of a programme in the Management of Projects.  This aptly underscores the nature of global societal responsibility in that, not only is the same problem-based, group work approach being used, but also one of the scenarios was held in common.  This reflects the spectrum from disaster relief through development to sustainable development.  In this instance all of the participants have been from overseas and this has added an extra intercultural and international dimension. 
Taken together, the two pilot courses represent an approach to the broader concepts of societal responsibility that are incumbent upon today’s engineers.  More than that, the evidence suggests that not only do the students like this approach to learning but also that they have strengthened many of their transferable skills and competencies. 
1. Introduction

The concept of global societal responsibility is something of a mouthful to say and possibly equally awkward to grasp.  However, the idea that engineers should have a greater relationship with societal and environmental issues is one that has had increasing acceptance. In 2005, both the National Academy of Engineering in the US1 and the Engineering Council in the UK2 produced statements of professional values that explicitly incorporated the need for sustainable development and ethics.  Moreover these august bodies pointed to the need for skills development within the engineering curriculum and not just engineering knowledge.
In 2002, Charles Engel had introduced the concept of interdisciplinarity for global societal responsibility in a keynote address to a symposium held jointly by the then UMIST and Victoria University of Manchester.  Some of these ideas were subsequently developed into a conference paper3.  A position paper, by Fortunato Christobal, Charles Engel and Jamsheer Talati4, issued in 2009 looks at the global challenges facing all the professions, though primarily written from the standpoint of the medical and health professions.  The authors set out a number of changes, not only local but dependent on global developments, that are likely to influence all professionals worldwide.  These include:
· The continuing economic burden of having to finance large national debts.
· Growth in populations living at or below subsistence level.

· Unregulated use of technology.

· Reduction of biodiversity, desertification and pollution.

· Continuing population growth.

In order to tackle these issues, and the changes need to ameliorate them, the authors suggest that the professions need to take responsibility for:

· The underpinning research, as well as mitigating interventions, which are primarily international, interdependent and long-term.

· Provision of expert, long-term, non-partisan support to governments involving the whole spectrum of professions including agriculture, architecture, behavioural sciences, engineering, geography, health, law, sociology and veterinary sciences.

· Contributing collectively, from their growing expertise, towards the national and international exploration of the causes and consequences of the world’s major problems.

· Extending traditional responsibilities to include outward-looking, proactive, interprofessional and intersectoral collaboration.

Looking towards the educational initiatives required to move such ideas forward, Christobal and his colleagues suggest: “Could universities justify an ‘ivory tower’ image by isolating themselves from the stark realities that face our planet? Noblesse oblige – let privilege be matched by responsibility.”  The position paper further suggests that “the universities of the 21st century should accept the responsibility of ensuring that their graduates will be able to adapt to change and participate in the management of change – not only within their own profession, but also on behalf of society at large.  The linking of societal responsibility with participation in the management of change sets the expectation that universities and, thus, their graduates will accept supra-professional and intersectoral collaboration…  This is the Ultimate Challenge to universities.”

These are bold statements and represent a good premiss from which to re-examine engineering education.  In a broader look at the drivers for change in the engineering curriculum, the author5 suggests that “[an] ideal revision should, therefore, be on the basis of a research-inspired, learner-centred curriculum, that includes professional studies to add breadth, enhance student employability and improve student motivation and retention.  This implies significant research-oriented learning, although other more passive or content-rich learning may be appropriate to a more limited degree – for example staff briefly sharing their research ideas with new students.  The curricula might include some online delivery but it is important that each thread of the curriculum be agreed before seeking the appropriate means of delivery.  In the initial stages, at least, learning in groups should become a key feature.”
Dietrich Queis6 looks at sustainable development as an inter-cultural issue that ‘…requires that we promote a basic attitude that involves curiosity and interest in the experiences and affairs of other people from other regions of the world and the desire to learn from others.’  This demands a new pattern of teaching and a particular kind of educational practice in higher education that features:

· Active learning, interdisciplinary thinking and problem solving;

· The teacher as learning-enabler rather than knowledge-giver: educators act as models and learners;

· Learning takes place in relation to real-life situations; a focus on practical issues and actual experiences.

Together these ideas and initiatives can be seen as pushing forward a number of agenda in engineering education, but how do they come together in global societal responsibility and where does sustainability fit in? The Royal Academy of Engineering sponsored project in Manchester is already well documented eg 7,8  but this was only the beginning.  
2. The projects

2.1 Sustainable development

The first of the projects to embed an interdisciplinary, learner-centred, groupwork-based approach was based on the field of sustainable development, using a broad sense of that term.  This arose because the Royal Academy of Engineering had a visiting professorship scheme in Engineering Design for Sustainable Development.  The Academy was prepared to take broad, but courageous, perspective on this and funded a project that appointed a retired professor of medical education to the Visiting Professorship, who used some of his funding to pay for the support of a part-time assistant.  The initial course unit took final year undergraduate students from science and engineering schools in the University of Manchester, but this has since developed to take a wider spectrum of students, but still mainly from science and engineering schools.  A course unit is now also offered at Masters level.
From the start the intention was to look beyond the boundaries of Engineering, to develop skills as well as knowledge – particularly skills to participate in the management of change – and to steer away from the previous narrow approaches to sustainability education.
This project has been reported in a number of places and was a finalist in the Education category of the 2008 UK Green Gowns Award.  A full report on the project was presented to the Royal Academy of Engineering, together with an Appendix detailing the stages of developing the course unit so that others might follow the same course of action.  One aspect was that material used for ‘scenarios’ to present the challenges to the students should be current as well as relevant.  This means that it has to be regularly updated and that it is not readily transferred from one teaching situation to another, rather that the process can readily be replicated rather than the actual case studies.
Each scenario features a messy or ‘wicked’ problem and the intention is that the degree of complexity increase through the unit in order to facilitate cumulative learning. Horst Rittel and Melvin Webber9 define wicked problems as ones which:

· Have no definitive formulation;

· Have no clear end, no ‘stopping rule’;

· Have an answer that is ‘good or bad’ rather than ‘right or wrong’;

· Have no immediate or ultimate test of their resolution;

· Have consequences to every solution - there is no possibility of learning by ‘trial and error’;

· Do not have a well-described set of potential solutions;

· Are essentially unique;

· May be a symptom of another problem;

· Have causes with no unique explanation;

· Bring expectations that their ‘owners’ will find the ‘right’ answer.

Not all of these are needed for a problem to be wicked but wicked problems will display many of these features.  Problem scenarios are sought from a wide range of staff within and outside the university and may be drawn from their recent research experience.  The scenarios are then rewritten by the course team to ensure that they fit in with the developmental approach being taken to student learning and they may be disguised to ensure that students do not attempt to look up the ‘right’ answer.
2.2 Humanitarian aid
A second opportunity to involve engineering students in issues of global societal responsibility came with a proposal for a Masters-level course unit, following the ideas tested in the sustainable development course unit, in humanitarian aid.  This proposal was initially funded by the then Centre of Excellence in Enquiry-Based Learning and the unit was formulated for the Masters course in Management of Projects in the School of Mechanical, Aerospace and Civil Engineering.  Although based in an engineering school this course takes students from a wide range of backgrounds – most of them come from overseas and normally over half of the students have an engineering background, others coming from business management studies and from other science and built environment backgrounds.

The same basic procedure was used with this course unit as had been undertaken with the sustainable development units and, indeed one scenario – concerning a strategy for post-disaster transitional shelter – was carried across to the new unit.  In the first year of operation the scenarios covered in the first year were:

· Transitional post-earthquake shelter in Kashmir.

· Disposal of ordnance in eastern Angola.

· Women’s’ health in northern Ghana – including aspects of ethics as well as risk analysis and programme planning.

· Briefing on inconsistencies in responses to earthquakes in Haiti and Chile.

In the second year a shorter (one week) introductory scenario was posed, largely to look at issues of information literacy and the other scenarios were:
· Food aid to East Africa involving GM maize.

· Post-Tsunami reconstruction in Indonesia. 

· Disposal of ordnance in eastern Angola (a slightly expanded version of previous year).
· Strategic planning for future Haiti relief and reconstruction.
Assessment of the course unit is through group assignments and individual reflective reports.
The project has been monitored in a number of ways, including the use of nominal groups10 (see below).  Student comments at the end of the first pilot year included:

· ‘The Humanitarian Aid module was amongst the best course experiences in the MSc Management of Project course … and I predict that it will certainly be extremely beneficial for my career as Project Manager’

· ‘This module has helped me to overcome fears that I was facing in my life.  It helped me understand how I worked with people from other countries and cultures.’

· ‘Looking back over the whole course unit, I have updated myself with tremendous knowledge, achieved a better way of working, sharpened my possessed skills and learnt several new ones.  It is a truly worthwhile experience and these skills definitely will help me in tackling any task in my future.  I learnt to look at things from different angles.  I developed an out-of -box thought process.’

· ‘Some of the skills which I had definitely improved in are in research, analytical, communication, attention to details and team-working.  In considering information from different sources, I have learnt to view it more critically rather than accept it as it is presented.  This is true for newspaper or journal papers, which are often considered to be reliable sources.’

· ‘Although there are no examinations at the end of the course, I feel that this course has been extremely demanding…  However, not only that I have never regretted once in choosing this course, I have enjoyed every minute of it.’
2.3 Bringing the threads together

During the period in which the pilot Humanitarian Aid unit was being developed, a project proposal was put forward, and accepted by the National Teaching Fellowship Scheme, that seeks to extend the concepts further.  The project, which is led by the University of Keele and also includes the University of Manchester and the University of Staffordshire, seeks to employ the concepts, of using problem-based learning methods for education for sustainable development, across a wider student audience.   The main focus of this particular project is the use of technology to support larger numbers of students.  The project is still in its infancy, indeed it has yet to be fully initiated at the University of Staffordshire, but the trial course unit at Manchester is that in Managing Humanitarian Aid Projects, rather than one of the sustainability units.  This has yielded extra funds to support the continuation of the project but underlines the contiguity of issues of sustainability, disaster relief and humanitarian aid.
The questions about the extent to which technology can support this type of approach is dealt with elsewhere11 but the course unit has been subject to both nominal group processes and also student questionnaire.  The questionnaire used was largely common to that being used at Keele and the results of both will be processed together.  The mid-semester nominal group process had a particular focus on the questions of technology and is examined elsewhere, but the end of semester process covered not just the student groups but also the group of postgraduate facilitators that had supported the unit.  The nature of the groups is perhaps reflected in the attributes that came to the top – all those participating were from overseas.  Communication skills thus featured prominently in all groups and multicultural working was also picked up both by students and facilitators.  All students mentioned some transferable skills but for some the research skills had particular relevance.  The subject matter also featured with ‘Third-world issues’ being specifically mentioned.  These results are in line with the end of semester comments from the previous year. More negative observations centred around this approach to learning being more arduous than conventional methods and a concern about assessment that belies the approach taken.  Facilitators also felt that they had learned much, as much about themselves as about education or humanitarian aid.
One of the facilitators observed that the Masters students took longer to settle in to working in groups and the general ethos of problem-based learning than was common amongst final-year undergraduates.  All of the former, but only half of the latter, were overseas students and the undergraduates had a longer exposure to British ideas and to group working.  This suggests that problem-based learning needs to be extended to allow greater time for development.
3. Conclusions
In the context of global societal responsibility these course units have developed sensibilities as well as skills and they have equipped engineers and others to better tackle a wide range of problems in conjunction with other professionals. For many of the post-doctoral and post-graduate facilitators this has provided not just a learning opportunity but also a career boost.  
The pilot inter-disciplinary course units in sustainable development and humanitarian aid have demonstrated that a problem-based approach can work in fostering in students the skills to share and tackle multi-faceted problems across disciplines and cultures.  Sustainable development is but one aspect of the range of intractable global issues and disaster relief is perhaps at another end of the spectrum although they do considerably overlap.
The learner-centred, problem-based learning environment described here is ideal for enabling students to tackle a wide range of wicked problems, occurring globally, in an interprofessional context.  These are not just environmental or ecological, or even issues of sustainable development, but real problems that professionals must learn to tackle together.
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Appendix: Humanitarian Aid Nominal Group results 2011
Mid-semester

	Group 1
	
	Group 2
	Group 3
	

	Positives

	+ teamwork learning

+ handling conflicts

+ no exam

+ dynamic nature

+ commitment to work

+ how to communicate

+ handling challenges

+ time management skills

+ improving searching skills

+ self-criticism

+ learning more

+ critical thinking

+ how to read papers 
	∞

∞

7

6

6

5

4

4

4

4

4

3

1


	+ interactive effective communication

+ taking up responsibility

+ understanding cultural diversity

+ different way of learning

+ improve information searching skill

+ self-adapting change skill

+ improving team skill

+ individual skills eg planning, organising

+ people management skill
	+ enhancement of generic skills

+ different cultures

+ real-time case study

+ encourage debate skills

+ team development theory

+ capability of communication

+ improve logical thinking 


	∞

∞

5

5

5

3

1

	Negatives
	

	- unclear requirements

- is it practical?

- time consuming

- wiki not user friendly

- boring classes

- teams gathered coincidentally

- risk of losing commitment

- lack of time

- Not interesting topics

- Lots of conflicts

- internal usage

- prejudiced topics


	∞

7

6

6

6

5

5

4

3

3

3

1
	- time consuming 

- Blackboard

- lack of constant feedback

- difficult to manage a group

- not gain specific knowledge

- difficult to combine opinions
	- unclear timetable and assessment

- Blackboard dysfunctionality

- ambiguity of feedback

- time consuming

- group size too big

- no interaction with other groups

- lack of basic methods
	6

6

5

4

4

3

1


In each cell the attributes are listed in priority order. The numbers given adjacent to the attributes suggested give the numbers in each group who voted for that attribute being included with ∞ signifying that the suggestion had the support of the whole group.  The process was conducted without external facilitation and this meant that some groups did not always record the total number of votes cast.
For the mid-semester exercise the students were asked to focus particularly on the online aspects; the previous exercise had been undertaken entirely electronically (ostensibly online but some groups used less formal means of communication – eg mobile ‘phones)
End semester

	Group 1
	
	Group 2
	Group 3

	Positives

	+ Self-criticism

+ Time management

+ Co-operation

+ Critical thinking

+ Teamwork

+ No exam

+ Information search

+ Broader view of information

+ Self-assessment

+ Third World issues

+ Effective communication

+ Conducting meetings
	∞

6

6

6

5

5

5

4

4

3

2

2
	+ Increase communication skills

+ Multicultural co-operation

+ No exams

+ Team working

+ Conflict management

+ Research skills

+ Self-criticism/improvement

+ Understanding complexity
	+ Improve language skills

+ Improve working skills

+ New and interesting subject

+ Improve personal responsibility

+ Provide additional facilitation

	Negatives

	- Too much talk

- Tight deadlines

- Useful or not?

- Ill-defined task

- Time consuming

- Boring

- Conflict
	∞

6

6

4

4

3

2
	- Time consuming

- Culture differences

- Lot of coursework

- Wiki problems

- Assessment split
	- Too many exercises

- Lack of consistency

- Repeating work

- Ambiguity of assessment

- Different format of reports.


Facilitators

	Positives
	
	Negatives
	

	+ Communication within team

+ Support from course leaders

+ Transferable skills learned

+ Multicultural mix

+ Opportunity for reflective practice

+ Opportunity to try PBL

+ Students bonding

+ Students contributing
	∞

∞

∞

∞

2

2

2

1
	- Material appears disorganized

- Unsure how much to intervene

- Guilt about facilitation quality

- Lack of subject knowledge

- BlackBoard 9 frustrating

- Frustrated with students’ immaturity

- Ground rules need from start 
	∞

∞

2

1

1

1

1
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