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Abstract: This paper discusses the impact of guest lectures presented by non-academics from a wide cross-section of society on first year engineering students’ understanding and appreciation of sustainability concepts. Students are exposed to the range of viewpoints expressed by representatives of groups as diverse as environmental organizations, politicians, practicing engineers, workplace health and safety practitioners and indigenous associations. The complexity of sustainability is further explored in a sustainability workshop where students are assigned roles as shopkeepers, company directors and workers. In these roles, students make decisions based on media releases that publicize changes in economic and environmental conditions. Within the context of the workshop activity, these decisions have a direct impact on the future productivity of the companies and a flow-on effect to the society as a whole. Students reflect on these experiences and apply their enhanced insights on sustainability in a project based learning environment. The paper will show how the guest lectures and sustainability workshop activities both contribute to the students’ awareness of the interdependence of economic, environmental, cultural and social systems. Sustainability concepts are then applied in a student project and further developed throughout the entire program of study. The paper concludes by suggesting further work that could be done to quantitatively measure the change in student attitude to sustainability produced by these activities.
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Introduction
The need to incorporate sustainability in engineering education has been recognised for many years and professional engineering bodies are now insisting that sustainability concepts be incorporated in all undergraduate engineering programs. However the complexities of sustainability are difficult to articulate, particularly to young students who have limited life experience.
This paper discusses the impact of guest lectures presented by non-academics from a wide cross-section of society on first year engineering students’ understanding and appreciation of sustainability concepts. The complexity of sustainability is further explored in a sustainability workshop where students are assigned roles as shopkeepers, company directors and workers. These activities are carried out in a project based learning environment. Students reflect on the activities as well as their project work in a student journal.

Background

Sustainability and engineering education

Brundtland (1987) defined sustainability as “meeting the needs of the present generation without compromising the ability of future generations to meet their needs”. Significantly the Brundtland Report called for strengthened co-operation with industry. Many professional bodies, including the peak Australian organisation, Engineers Australia (IEAust), have acknowledged the importance of sustainability. The national review of engineering education carried out by IEAust (1996) concluded that engineering education needed to be expanded to include a wide range of characteristics such as communication, teamwork, ethics and values rather than the narrow technical focus that had previously been the accepted norm (Bryce et al 2004). It was seen that the engineering profession could not operate as a separate entity, divorced from society, and that the jobs that professional engineers carry out are increasingly people-oriented rather than technically focussed. The Engineers Australia Code of Ethics (2000) states: ‘Members shall, where relevant, take reasonable steps to inform themselves, their clients and employers, of the social, environmental, economic and other possible consequences which may arise from their actions’ (Engineers Australia 2000).
Engineers Australia has determined that all engineering programs accredited by them must include sustainability education in their curricula. Engineers Australia Policy on Accreditation of Professional Engineering Programs (Engineers Australia 2006a) states that one of the required generic attributes of an engineering professional graduate is: ‘understanding of the social, cultural, global and environmental responsibilities of the professional engineer, and the need for sustainable development’.
In their ‘Inquiry into a Sustainability Charter’, Engineers Australia (2006 p.3) stated:
Practical sustainable development in Australia first requires the articulation and commitment to sustainability goals and principles by all Australian governments. …
Rarely is lack of engineering knowledge an impediment to change. While all progress contains an element dependent on the emergence of new technology, much of the mix relies on demand-management and the application of known technologies. For this reason Engineers Australia believes that sustainable development in Australia depends on a paradigm shift in Australia’s approach to social and economic reform.
Therefore, while it is not expected that engineers will define what is meant by sustainability, it is important that they have a good understanding of sustainability concepts so that they are better equipped to develop sustainable solutions.
But how should sustainability be incorporated into an engineering curriculum? In traditional engineering programs, ‘soft’ environmental issues have often been viewed as disconnected from the ‘hard’ technical courses. Consequently separate environmental courses were added to the engineering curriculum. These ‘soft’ courses generally involve students attending lectures (delivered by a single lecturer), reading a variety of case studies and discussing environmental issues that may be relevant in an engineering context. In the ‘hard’ technical courses, emphasis was placed on problem solving and the idea that problems were well-defined. Incorporating sustainability issues means engineering programs must refocus on the problem definition phase and on non-technical aspects of engineering (Fenner et al 2005). Boyle (2004) believed that many first year students have difficulty with the concept of sustainability since it requires an overall understanding and a world view that many school-leavers do not have – they are often very focused on their own needs. He therefore considers that sustainability should be incorporated in an undergraduate program by the addition of one course per year to be taken by sufficiently bright and mature students. However Fenner et al (2005) argues that concepts of sustainable development need to be incorporated in all parts of the program, not just in added-on special courses. It needs to be introduced in Year 1 then revisited in each later year of study.
Manion (2002) believes that ethics and values are inextricably linked to sustainability. He maintains that although in the past, engineers have been cast as creatures of big business, compartmentalised and confined to making only technical decisions, modern organisations are not necessarily restricting engineers’ access to information and in fact in many cases are encouraging the free flow of ideas. This freedom could usher in a new relationship between society and the engineering profession where the move towards sustainable designs and practices are not ambushed by economic considerations. This requires new attitudes and values from both engineers and business people. Therefore ethics and sustainability are inextricably intertwined. Boyle (2004) believes that engineers should be leading society in the drive for sustainable development.
However Bryce et al (2004) believe that the move from large public sector organisations employing the majority of engineers to smaller private organisations has often resulted in engineers experiencing tension between serving their employer and remaining true to professional ethics. Beder (1998) indicated that in many such cases engineers chose to put their employer first. In so doing, they give up their opportunity to influence the decisions that are important to society (IEAust 1996).
Sustainability is a difficult concept to define, even for those who are supposed to teach it. In fact it may bring into question our values and our education system. It requires a multidisciplinary approach that is difficult to achieve within a teaching paradigm that is often compartmentalised (Lourdel et al 2005). Sustainable development is not just another engineering specialisation. It needs to be included in all engineering disciplines (Fenner et al 2005).
Project based learning (PBL) utilising interdisciplinary projects could go some way towards helping students gain a better understanding of others’ point of view (Mulder 2004). Lecturers must be capable of showing the connection between sustainability issues and the work that the student will eventually be carrying out as a professional. 
Student journals are one way of encouraging students to reflect on a range of issues that may be outside their normal sphere of interest. Kelly (2006) describes how first year engineering students in her class are asked to read one or two set readings each week written by individuals with a variety of backgrounds and agenda. These articles provide an opportunity to expose students to a diverse range of writing styles and perspectives. Students then reflect on these articles as well as other topics that are discussed in class. The act of writing in the reflective journal encourages students to think deeply about the consequences of decisions they may make as engineering professionals.

Another way of encouraging students to think about complex concepts is through game-play. According to El-Shamy (2001), games are fun, dynamic and encourage socializing. They also ‘let the learning sink in’ (p. 23). Games may make learning enjoyable even if the student has limited interest in the content. Experiential learning results in deeper understanding than traditional forms of teacher-centric education. Experiential learning requires the learner to become meaningfully involved with an environment in which the learner uses previous knowledge to bring new meanings to the interaction. Reflection and transfer are also essential components of effective experiential learning (Beard & Wilson 2002). However it is important that the facilitator ensures the participants do not fail to see the desired learning outcome of the activity (Kroehnert 1999).
Lourdel et al (2005) describe a sustainability simulation game where teams of students ‘act’ as various stakeholders and negotiate with other stakeholders. Cognitive maps produced by the participating students show an increase in the inter-category linkages (eg. between words related to environment and politics) made by the students when comparing the maps before and after the simulation game. 
This paper will show how the philosophy of project based learning incorporating student reflective journals has enabled many of the disparate aspects of sustainability to be introduced to first year engineering students. It will also describe a role-play activity based on sustainability concepts that is used as a vehicle to stimulate student reflection.
PBL in the engineering program at CQU
Before discussing the introduction of sustainability concepts into the first year engineering program, it is necessary to consider the overall structure of the engineering program and therefore the environment in which these innovations have been established.
The PBL philosophy was first embedded into the Central Queensland University (CQU) engineering program during a review of the program in 1996. At this time the program was restructured so that one half of the program was project based. In the first year of the program the PBL courses that were developed were largely intended to develop generic graduate attributes such as teamwork and communication skills that would then be built on in later courses.
The course in the second half of the first year, Engineering Skills II, consists of two six-week projects with the second of these having a sustainability focus. The project work is carried out in teams consisting of approximately four students. Most of the projects have an industry sponsor i.e. an external person who establishes the problem and assists the students in the definition of the project. At the same time that the students are working on these projects, they receive a series of guest lectures from non-academics as well as regularly scheduled workshops that are directly related to their project. One of these workshops is the sustainability role-play activity that is described later in the paper. Further insight into PBL in the engineering program at CQU can be gained from Howard and Jorgensen (2005) and Smith et al (2002). 
Multi-campus cohort for first year engineering
The first year of the engineering program is offered across three campuses separated by a significant distance. The central campus is located at Rockhampton with the other campuses being Gladstone (about an hour travel by road) and Mackay (about four hours by road). 
Interaction between the campus groups occurs weekly by videoconference. These one hour meetings are mainly facilitated by the lecturing staff but the format of the sessions encourages students to actively participate. The task of facilitating the sessions is rotated amongst members of the teaching team so that all campuses have the opportunity. Late in the term, some of these videoconferences are also facilitated by student teams. The student teams are also required to report their project progress to the entire cohort using the technology. This strategy promotes confidence and familiarity with the technical equipment.

Guest lectures

The guest lectures are offered throughout the term via the videoconference facilities to all campuses. The guest lecturer may be physically located at any one of campuses and it is a conscious policy of the facilitators to ensure that at least one guest comes from each campus. 
The choice of guest lecturers is at the discretion of the course facilitators and may vary from year to year. However some guest lecturers have been invited several years in succession due to observed passionate responses or meaningful reflection from the students. It is important to note that the facilitators do not try to direct the topic or direction of the presentation. Each presenter is asked to base their lecture on their own experiences and understanding of sustainability but the presentation content is left up to each individual.
One of the guests invited each year is a local member of parliament. These lectures often focus on specific examples of the application of sustainability concepts to government buildings or projects. Water shortage is a very topical issue in many places in the world at the moment including the local region and the way in which government is approaching this problem is a recurring theme. Energy usage of government buildings has been the topic of a previous talk. However inevitably, the social aspect of all real-world problems is also a principal focus of these lectures. This may be seen as a bold move as engineers are often perceived to be carefully apolitical. However the facilitators believe that it is important to emphasise to students that engineering projects do not occur in a political vacuum and that in the real world, the success of their projects may often depend on the current political climate.
Another guest invited each year is the director of the CQU Indigenous Learning, Spirituality and Research Centre. This presentation generally has as its theme the importance of communicating with all stakeholders and aiming to understand issues from other people’s perspective. It is emphasised that the people engineers need to negotiate and work with may have very different backgrounds and experiences.
The facilitators also ensure that some of the speakers are experienced practicing engineers. The topics discussed in these lectures vary from year to year but recurring themes are the importance of identifying and listening to (as apposed to talking to) stakeholders and of finding a solution that takes into account the long-term environmental and social consequences as well as the economic consequences.
Other invited speakers have been practitioners in workplace health and safety and representatives of environmental agencies. In all cases, the guest lecturers express their own personal perspectives and values with regard to sustainability.

Sustainability workshop
At the time when the students are beginning the sustainability-focussed project, they are asked to participate in a role-play workshop. The objective of this workshop is to clearly demonstrate to students the relationship between social responsibility, environmental quality and economic prosperity. Students from Mackay and Gladstone campuses travel to the central campus at Rockhampton for the workshop. Therefore this workshop also provides an opportunity for students from the different campus groups to socialise. In fact the facilitators actively encourage this by ensuring that the groups representing shopkeepers and employers are comprised of one student from each campus.

Conducting the Sustainability Workshop
The facilitators begin the workshop by briefly explaining to the participants the purpose of the workshop which is to demonstrate the interaction between social, environmental and economic effects. 

The various roles that students may choose to assume are described: company director (employer), shop owner, banker or worker. Students are asked to volunteer for the various roles. The facilitators ensure that the bank, companies and shops are each comprised of three students – one from each campus group – thus encouraging the mingling of the campus cohorts. The workshop requires a minimum of two employer groups and two shops. Students who are not assigned to the bank, companies or shops participate as workers in teams of two. There are four types of tokens used in the activity: money, work, food and raw materials. Participants are initially allocated a number of money tokens depending on their role in the workshop: employer, shop or worker. Workers are also given one work token. All remaining tokens go to the bank.
Once each company and shop has established their “head office” the activity begins with workers negotiating with employers and shops. The interactions and exchange required for the activity are presented in the Interactions Flowchart (See Figure 1). As shown, workers ‘sell’ their work to employers in exchange for money. They can then use their money to purchase food from shops. 
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Figure 1: Interactions flowchart

At this stage of the workshop the bank is ‘closed’ i.e. all interaction is between employers, shops and workers. When it appears that trading has subsided, the facilitators allow the bank to open. As shown in Figure 1, trade with the bank allows workers to convert their food into work. Shops buy food with money. At the outset of the activity, these exchanges are one-to-one. Interaction between the companies and the bank are more complex. Each employer has been given a graph of Revenue versus Production which defines their productivity i.e. how much money they earn for a given production level where one product unit is defined as one raw material plus two work. Employers are also able to buy raw material with money.
Periodically throughout the activity, the facilitators introduce events that are designed to change the ground rules of the workshop. These events include the offer to one of the companies of new technology that will improve their productivity but consume a significant amount of their capital. Acceptance of this offer results in a new productivity graph. Later a media release announces the opening of an irrigation scheme. This event results in food becoming cheaper. Soon after a confidential report to the company previously offered the new technology informs them that this process is damaging the environment and that changing the process to eliminate the damage will result in a large reduction in their profitability. Media releases either before or after these incidents keep participants informed of unfolding events.
In this way, the investment choices of the company offered the new technology are promulgated throughout the entire ‘society’. A bad environmental choice results in reduced affluence of workers and shops and eventually has adverse consequences for the company itself. The workshop continues for approximately two hours or until the facilitators observe that the consequences of the predefined events have run their course.
Debrief

As discussed earlier, it is essential when using games as a learning tool to ensure that participants do not fail to appreciate the desired learning outcome of the activity. To ensure that the students leave the workshop thinking about sustainability concepts (rather than just the social aspects of the activity) and to encourage deeper reflection, the facilitators lead a debrief session immediately following the workshop. 

The debrief begins with an informal question such as how participants felt they went in the workshop. Some students may claim they are the ‘winner’ because they have a large number of money tokens. This leads to a discussion of what ‘success’ means. Students will often take the naïve view that the only genuine measure of success is financial. The facilitators must then challenge this view, for example asking a shop owner how they were intending to continue trading if they had only money tokens remaining. Students are made aware that work, food and raw materials are all essential components of a complete system.
It is vital that all participants are made aware of how events influenced the experiences of other players. In particular, the company that was offered the technological choices must be encouraged to explain to the entire group the choices they were offered and the consequences of those choices. These students will often be unhappy with how the game played out, having made their decisions based only on short term profit and loss and ignoring the possible environmental and social consequences of their actions. At the time of making their decisions they may not have considered the possible flow-on effects to ‘society’ and the fact that these consequential events would eventually influence their own long term profitability. Many participants comment that they changed their behaviour after reading a particular media release, anticipating that token exchange rates would be modified by the unfolding events. 
Finally, the workshop ends on a positive note with the facilitators reinforcing the interdependence of environment, economy and society and encouraging the students to reflect further on their experiences and opinions in their reflective journals.
Reflective Journals

As part of the assessment in Engineering Skills II, students are required to keep a Reflective Journal. In this journal, they express their opinions and feelings on the lectures and workshops they have attended throughout the term, as well as their project work. The facilitators also encourage students to include experiences from outside their coursework that are relevant to the learning outcomes of the course e.g. Part-time work, sporting activities or social activities.
Reflection on guest lectures
Inevitably responses to the guest lectures vary enormously depending on the maturity of the student, the identity of the presenter and the content of the lecture. However some general observations can be noted.

Students are often quite cynical when reflecting on the motives of politicians. However they are also often surprised by the steps that government is now taking to increase its sustainability credentials. The perspective of this speaker often illustrates to students that the political landscape (which many of them have never even considered previously) is changing and that environmental and social aspects of design are now assuming an importance that has never previously been the case.
What has been surprising over a period of years is the negative response that the indigenous representative elicits from many students. Despite the fact that the facilitators believe the presentation given by this speaker is balanced and conciliatory, many students seem to find it confrontational. However far from making the facilitators reconsider including this speaker, this response has reinforced the importance of including the presentation. The hostile response in the journal entries is a reminder that sustainability is inextricably linked to values. The facilitators make a point of trying to generate informal discussion of this topic after the lecture in order to moderate this response.
Responses to the practicing engineers are generally positive as they are seen as being experienced in the real world of engineering. Reinforcement of the importance of sustainability, teamwork and communication is more authoritative coming from a ‘real engineer’.
Reflections on sustainability workshop and project
Reflections on the sustainability workshop are also varied. While some students see the main value of the activity as simply an opportunity to socialize with students from the other campuses, other students exhibit deeper understanding of the underlying concepts and linkages. Many students comment that they had not previously thought about the flow-on economic effects of poor corporate behaviour. This understanding is then further developed and demonstrated in the student project. 

The project is designed to encourage students to incorporate the concepts they have been exposed to in the guest lectures and workshop into a ‘real’ project. This promotes a focus on sustainability beginning with the problem definition phase, as suggested by Fenner et al (2005), and carrying through the entire implementation of the project. It also enables a clear connection between sustainability issues and the work that graduate engineers carry out to be made, as endorsed by Mulder (2004). Student reflection on the guest lecturers, workshop and project facilitates deeper thinking about sustainability issues as described by Kelly (2006).
Conclusion

In this paper, several methods of introducing sustainability concepts to first year engineering students have been described and discussed. In the course Engineering Skills II, students attend guest lectures given by a variety of people including a politician, an indigenous representative and practicing engineers. The interdependence of environment, society and economics is further supported by participation in a sustainability workshop. This understanding of sustainability is then applied in a project with a sustainability focus.

The Engineering Skills II facilitators believe that this combination of non-academic guest lecturers, role-play workshop and real-world project provides a meaningful introduction to sustainability. This belief has been supported by the level of reflection observed in student journals. Of course the reflective journal itself is an important part of this development as the process of writing about these activities obliges the student to clarify their own thoughts.
It is important to note however that there has been no data collected to support these conclusions. It is intended in the next offering of this course to administer surveys measuring the students’ understanding of sustainability concepts at the beginning and end of the course so that differences can be measured quantitatively. These surveys may use a Likert scale format such as those used by Fien, Yencken and Sykes (2002) or may take the form of cognitive maps such as those used by Lourdel et al (2005). 
However, as was stated earlier, it is important that the concept of sustainability is not introduced in a single stand-alone course then forgotten. The idea of sustainability is complex and needs to be developed throughout the engineering program. The engineering programs at CQU have recently been reviewed and one of the foci of this review was to ensure that sustainability concepts were embedded in courses throughout the entire program of study so that the basic concepts introduced in first year will not be lost. 
It is hoped that in this way, engineers graduating from the program will have a deep understanding of sustainability and will leave the program ready to lead society in developing sustainable solutions.
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