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1. Introduction 

In this paper we will describe and present the results of an experiment at the Fontys University of Professional Education in which engineering students work together with students from other disciplines in a multidisciplinary group at the end of their study on a real-life environmental problem outside the university. Since 1994 there has been a possibility for engineering students to graduate in this way, in a multidisciplinary group. First a rough sketch will be given of the background and the educational model. In this sketch attention will be paid to the different role which the student as well as the teacher play in this kind of education. The characteristics of this model will be explained. Then it will be made clear what the results were in the past years with respect to content as well as to the learning of skills. At the end some conclusions will be given.

2. Background
The model has been developed at the University of Amsterdam. Knowledge on the basis of practical experience in this type of education at the Interfaculty Department of Environmental Science(since 1976) has been supplemented by research. The effectiveness of the study-programme and the characteristics and problems of practice-oriented interdisciplinary education have been researched. Research has focused particularly on qualities which, in the opinion of former students, are both relevant to the study period itself and to later jobs. According to these students, mono-disciplinary studies provide too little insight into the manner in which the curriculum can be applied to social situations. The starting competence was deemed sufficient but the preparation for long-term innovative action was found to be lacking. It was claimed that during their senior years at university too little attention was paid to an interdiscisciplinary approach of study materials and research subjects. Likewise they felt that they had not been encouraged to acquire an insight into social relations and to tackle social problems as a team. In their opinion, the qualifications needed could partly be acquired during the study period, in particular within problem-oriented groups representing various disciplines. Research has shown that such groups are particularly confronted with difficulties relating to an interdisciplinary approach, a practical orientation, time management, meeting techniques, procedures and group processes. 

3. Project
In 1994 the model was 'transplantated' to and modified for the Fontys University of Professional Education. The teaching is done by the staff of the "Environmental research center". The "Environmental research center" is a development office for students and teachers of the Fontys University which aims at solving practical problems in the field of the environment. Teachers of the "Environmental research center" were given a preparatory training, and in September  '94 the first groups started. Here also the model was evaluated yearly. Since 1994 ten multidisciplinary groups have worked in this way. Seven groups have finished their activities, three groups are winding up  at the moment.

3.1. The educational model
The program lasts 17 weeks, during which time the students work full-time the equivalent of 680 hours. Multidisciplinary groups comprise between four and eight students.The programme is open to students from all disciplines who are shortly about to graduate. They focus their research on contributing towards the solution of an actual environmental problem. A maximum of  four groups may work in parallel. Groups are supervised by teachers  who meet twice a week with the group they are supervising and once a week with the  education coordinator to discuss the progress and the problems of their group.

The learning objectives of the program are:

1. 
To improve the ability of students from multidisciplinary backgrounds to work together 
in a group.

2. 
To improve the ability of a multidisciplinary group of students to contribute to the 
common design, demarcation and realisation of activities related to current environmental 
problems, and to be able to present plans and results.

3. 
To improve the ability of students to recognise conflicting interests and values that come 
into play when solving environmental problems and to take a stand in the defense of 
their opinions about such conflicts.

4. 
To improve the ability of students to finalise the work assigned to them within the 
allotted period of time.

5. 
To improve the ability of students to apply the results to the solution of an environmental 
problem with efficiency.

These learning objectives have been put into practice through the phased activities of the environmental model described below.

Period 1. Determination of theme and field of activity
Before students arrive in their groups, the teachers who will supervise them formulate rough research themes, and start to collect background material. They are trained in supervising multidisciplinary groups and make good use of their contacts in the practical field.

Period 2. Introduction phase (three weeks)
Teachers prepare students by giving each one a manual that sketches the procedure to be followed and which also contains the rough data about research themes that the teachers collected earlier.The students read up.The research themes are discussed by frequently changing groups of teachers and students. In this way everyone quickly gets to know each other. At the end of the first week, a maximum of four  groups will have been formed. By the second week, each group is already studying the research theme, and starting to learn such skills as holding a meeting effectively, taking minutes, making decisions and interviewing. In the third week everybody writes an individual research proposal in which it is stated what the contribution to the project could be from their own discipline and what is expected from the other disciplines.

Period 3. Planning phase (two weeks)

This phase requires the various groups of students to reach agreement about which practical problems within the rough theme they are going to work on. Each group must have concrete proposals to present before the end of this phase. Each group also searchs for a supervisor from practice acquainted with the theme and external experts who will help them to scan the field. Each group draws up an estimate, makes a plan of action and determines the relation with the market. On the last day the groups present their research proposals to each other and the teachers in a plenary meeting. Before the meeting they are getting trained in presentation skills.

Period 4. Execution phase (eight weeks)

In this phase the research proposal is turned into a concrete plan of action, completely with schedule and progress evaluations. It is up to the students to execute the plan within the time available. Another plenary meeting is held midway this phase in which groups tell each other about the progress being made. Also halfway this phase there is an interim evaluation with the supervising teacher and the education coordinator. At the end of this phase, a draft final report about the chosen subject matter is submitted.

Period 5. Evaluation phase (two weeks)

During this time, each group writes an evaluation report about their method of working together in an multidisciplinary group. They not only evaluate the final result of the subject matter, but also how this result came about. At the end of the first week the draft final report will be discussed with the supervising teacher the supervisor from practice and other specialists if needed, who are invited by the group. They begin adjusting their draft final report about this subject.

Period 6. Completion phase (two weeks)

Comments made by various experts about students' drafts are incorporated into the reports in this phase. The final reports are submitted. The evaluation reports are discussed in mixed groups. The programme ends with an extensive final presentation. For this final presentation also external specialists and those interested are invited.

3.2. Characteristics of the educational model

The characteristics of this model are solution-oriented, learning to work interdisciplinarily in multidisciplinary groups, aiming at problems outside the university, group evaluation and  student-oriented.

3.2.1. Solution oriented

'Thinking in terms of solutions' is a characteristic which should be recognisable in one's study. It is an important learning objective, and it is motivating to students as well as to teachers. 'Solution-oriented education' is education focussed on tackling actual environmental problems.Knowledge about environmental problems is continually and rapidly changing. Students cannot know everything in this field. Therefore, it is important for them to develop the ability to obtain proper and up-to-date information, including being able to determine its value. This is true for both the social and scientific aspects of environmental problems.It is essential for students to be able to work in a solution-oriented manner: just collecting data is not enough.

3.2.2. Interdisciplinary

The members of an interdisciplinary group can work together to gain an insight into the possible contributions of various disciplines to problematic situations. They come out with subject matters and methodologies of their own disciplines. Consultation between group members is necessary to determine what aspects are needed. Possible contributions have to be presented together with motives. Their relation to the problem to be tackled has to become clear to each group member. Thus it is possible to reach agreement about the legitimacy of the contribution of each group member. During this consultation, the usefulness of the subject matters and methodologies of the disciplines involved becomes clear. However, it does not happen automatically; methods used to conduit meetings must meet stringent requirements in particular. This determined interaction requires precise procedures, because different jargons are often used. The participants have to get acquainted with each other's jargons and methodologies; they should not aspire to speak an interdisciplinary Esperanto. While it is not necessary to develop a new methodology, one should still be able to explain to the other group members when methods of one's own discipline can be used to solve the problem concerned. The description of the problem can already bring the participants of a multidisciplinary group a surplus value, provided that the communicative skills are adequate: they gain a perception of the possible contribution of their own disciplines to the solution of the problem together with the contributions of the other disciplines. Thus they gain a perception of the possible contributions of other disciplines, and start to learn how to use skills to solve problems that are not directly related to their own field.

3.2.3. Practical oriented

The students work on practical problems to prepare them to function in the society of the future. Learning with an aim that can also benefit others, gives the university student an insight into the function of study in the outside world. Having a meaningful frame of reference, and learning by application, can result in students learning faster. The knowledge and skills they acquire can also be more valuable in the long run than those acquired by studying for the purpose of an examination material which is not yet clear in the mind. Moreover, an explicit aim is that groups outside the university can use the results of the groups.

3.2.4. Group evalution

When evaluating a group the report concerning the content as well as the report about the progress are taken into account. When evaluating the work of a group not only the internal consistency and the usefulness of the work with regards to content is looked at but also the way in which the end result has been achieved: the interdisciplinary work.

The variety and complexity of the learning experience is not only great but it also varies per group. This depends greatly on the initial situation of each group. Each group is different with regard to multidisciplinary composition and heterogeneity of the initial situation of the participating students. Also the nature of the problem to be tackled  that is chosen differs from group to group.  Also the supervisors will, although they are prepared together and in the same way, have a different influence per group. With the students there will differences in experience in working in groups. There will also be differences in  being able to use what their own discipline has taught them.

The final assessment is always the assessment of the group work. On the one hand to do justice to the cooperation on the other hand to stimulate the usefulness of the final product. It is after all, the intention that everybody feels himself responsible for the whole project. This can mean that the contribution of the group members can be very diverse. Some group members will give a content disciplinary recognisable contribution. Others contribute by their personal way of working or by their disciplinary method of research.

Some will contribute to meeting more effectively, to recognising the contrasts of interests, to obtaining the necessary information, to the presentation and to the improvement of the usefulness of the final product. The helping of others, the improvements of the whole instead of their own contribution, will play an important role in the last few weeks. This all serves to improve the usefulness and the readability.

3.2.5. Student-oriented

A student-oriented approach is the thread running trough all these items. In this education, it is essential that students are motivated to tackle environmental problems.This motivation should be maintained, and students should be encouraged to demonstrate initiative, acquire knowledge on their own, and develop the abilities necessary for contributing to the solution of environmental problems.Teachers play a major role in this. It cannot be accomplished without the assistance of teachers who are motivated to make changes in this direction. It calls for specific, didactic abilities of teachers. Their activities are shifting from transfer of knowledge to the coaching of students in acquiring knowledge.

3.3. The different role of the teachers

Teachers who start to supervise interdisciplinary groups can expect to experience didactic problems, since their appointment was not probably based on their ability to supervise interdisciplinary groups, but rather on their ability to do research within their own discipline. Teachers nearly always need to acquire skills for supervising interdisciplinary groups. To recognise and account for the experiences students have gained already, and to encourage students to seek knowledge, skills and insight about the problem at hand requires more didactic skills than just being able to relay skills and knowledge. Students have to be encouraged to acquire knowledge on their own behalf and they have to be helped to develop skills that are needed to produce a useful contribution to problem-oriented work. In the first place, teachers need to become aware that these educational activities are pleasant, and promote their own research as well. Their awareness can be furthered by allowing them to participate in preparatory training, in which they themselves practice the activities they will need to develop in the group.

During the  program, an appeal is made to the creativity and flexibility of the teachers. If the above mentioned problems occur - problems that students encounter - it is always the teacher who encourages the student to analyze and tackle them. It is always the teacher who clarifies, mediates and sometimes proposes solutions. In this the teacher makes use of a manual of methodologies that offers possible solutions to some problems.

Non-directive supervision by the teachers - repeatedly responding to what students come up with - is a process students and teachers alike must get used to. It is important for teachers to not only explain their role as a supervisor at the beginning of a project, but also show their involvement with the program and to act consistently.

4. Results of interdisciplinary research projects done within the 'Environmental research center'

Since 1994 ten groups of students composed of  different disciplines have worked on the possible solutions in the region of the Fontys University, Eindhoven. Of these total of 55 students, 42 graduated as engineers.

The researches are seen as a study of ideas in solving the problems for the target groups  in the region. After the initial research a follow-up study can be started to elaborate the products for implementation for the customer. Not every research will lead to this but relevance to the market is aimed at. The results of the groups are described below. First the results with respect to content, it is indicated what has been done with the results or what will be done with them. Then it is described what the students have learned from the interdisciplinary graduation project. After all,  apart from a report concerning content each group has also written an evaluation report. Finally five  ex-students are interviewed.

4.1. Reports concerning content

The subjects chosen covered tangible environmental problems within the region. The research projects resulted in definition studies, including the scope of the project, parties concerned and the target groups. The subjects are split into the following categories:

Eco-renewal of products.

Environmental care within organizations.

Energy saving. 

Eco-renewal of products

	Eco-design in the greenhouse horticulture.
The students researched water economy within the greenhouse horticulture in 'de Peel'. The main concerns in this branch are the measures that have to be taken to assure minimal excess feed-water. During this investigation environmental, social,
	Department
Mechanical Engineers

Chemical Engineers

Industrial Engineers

Personnel and Labour

Technical Physics

Total
	students

1

2

2

1

1

7


economical, technical and organizational aspect were taken into account. This resulted in a model which can be used to scrutinize an existing greenhouse. Complete recycling was the starting-point of the model. The model gives each horticulturist suggestions and/or solutions based on their surroundings and requirements. This results in a guide-line to reduce waste water. An implementation of this  model was realized with a computer program. Every horticulturist can use this program to reach to an optimal situation, which is based on feasibility.

result:

The programmes developed are at the moment used in the training of gardeners.

	Eco-design in the livestock industry.
The government controls the spreading and production of manure in the livestock industry. The rules and regulations laid down will be sharpened in
	Department
Mechanical Engineers

Accounting and Finance

Electrical Engineers

Total
	students

2

1

1

4


the future. This results in an excess of manure in the livestock industry. The market potential for processed manure was investigated. The students did a feasibility study into the possibilities of processing manure into raw materials for pottery. It was a broad study, taking technical aspects of producing the pottery in to account. Also entrepreneurial opportunities were investigated and a marketing strategy formed. 

result:

In a follow-up study it will be examined in cooperation with "The Peel" if application of this technology is possible.

	Eco-design in the construction industry.

Eco-design in the construction industry looks at the possibilities of arranging its construction procedures so that it is not strenuous for the environment. Since 
	Department
Chemical Engineers

Accounting and Finance

Electrical Engineers

Total
	students

1

2

1

4


a couple of years certain organizations in The Netherlands developed techniques regarding durable construction methods. The scrutiny done by the environmental workshop looked at the possibilities regarding durable renovation of buildings. At an existing renovation project it was investigated whether old materials (waste) could be removed environmental friendly. Also the possible use of environment friendly materials and the material choice in a cost effective perspective was investigated. This resulted in many ways of durable renovation and a costs reduction at the same time. 

result:

For this initiating research a follow-up path is being looked for.

	Ecodesign in plastic waste.

The design was a collecting system for plastic bottles. The plastic bottles can be considered as post-consumer waste. The consumer must recognize and collect the bottles. The bottles are made of
	Department
Mechanical Engineers

Industrial Engineers

Accounting and Finance

Electrical Engineers

Total
	students

1

2

2

1

6


HDPE. These bottles are collected in a (small) container which is situated near to supermarkets. There have been some similar experiments in the past. These systems were much more expensive than landfill or burning. Our system is different because the consumer has a very important role in the system. The consumer is primairly responsible for separating the plastic. To separate plastic after collecting is very difficult and expensive.

result:

This study is running at the moment. Students have contact with a company producing plastics which is interested in the results of the research. The research is carried out for the target group plastics producing companies in cooperation with the government.

	Diffuse sources, are emerging from the water.

Diffuse sources of pollution have become a considerable problem. For the Netherlands as a whole, 32% of the copper load in surface water is attributed to the shipping industry. Of this, an
	Department
Mechanical Engineers

Chemical Engineers

Accounting and Finance
Industrial Engineers

Total
	students

1

1

1

1

4


average of 50% is accountable for the pleasure craft industry. This is jointly responsible for the non-compliance of the Dutch surface water standard for copper. Compliance can only be achieved by substantially reducing emissions. For that reason our scrutiny looks at the possibilities to reduce the amounts of copper released by pleasure crafts using copper based antifouling. One of the possibilities is, when the hulls are cleaned on a regular base antifouling becomes superfluous. Meaning that cleaning regularly could reduce emissions, of this industry, to a virtual zero. This might not be sufficient to meet the surface water standards, but it will surely contribute towards it. The following will be covered in our scrutiny: law pollution, surface water (WVO), logistics , costs, scanning possibilities and cleaning techniques.

result:

This study is running at the moment. Students carry out this study for the target group of those provinces with important facilities for water recreation.

Environmental care within organizations

	Eco-performance indicator 

The Eco-performance indicator (EPI) is scrutinized in order to test its functionality as a management tool. In order to come to a EPI it is important that
	Department
Chemical Engineers

Accounting and Finance

Electrical Engineers

Total
	students

2

1

1

4


the incoming and outgoing flows are mapped. The flows can be subdivided into different categories. Every category has its own form of environmental strain. To show the differences in environmental strain, priorities and weighing factors were developed. In order to stipulate the weighing factors the parts are split in five categories and/or priorities. The priorities are based on nation wide, agreed upon, contamination lists, convenants, etc. Using these priorities weighing factors are created that show the intensity of the category and its parts within. This makes it possible to use the EPI to compare an organization with its competitors.

result:

About this subject there have been contacts with the branch organisation. Moreover this method of evaluation the environment is brought to the attention of the provincial care of the housing for the elderly. This organisation has endorsed an environmental agreement and thinks  it will be able to follow the process easily, by means of MPI.

	Organizing industrial areas in the future 

It turned out to be that the industry at an industrial area is likely to cause less environmental contamination when working together. At a industrial area several investigations can be done.
	Department
Mechanical Engineers

Chemical Engineers

Accounting and Finance

Electrical Engineers

Total
	students

1

1

2

4

8


For example: integral water management, energy management, recycling waste water and recycling packaging materials. A previous group of students working for the "Environmental research center" looked at the water management at an industrial area. They concluded that by installing a couple of water basins containing different qualities of water the environmental strain can be reduced. The different qualities can subdivided in their focus area with specific requirements within a organization. Water used for cooling purposes requires a different quality then water used for the food industry. An integral water management system can be applied, using the water basins, so that the use of ground water (sub soil) and tap-water is reduced causing fixed costs to reduce at the same time.

result:

This has been the first study on the important subject on setting up industrial zones in the future. The results of this study are presented to the regional water boards and municipalities. In other interdisciplinary graduation groups other points for setting up industrial zoners are investigated.

Energy saving

	Energy saving for the Fontys University of Professional Education.

The students did a feasibility study towards possible energy saving techniques to be used in the new building of the Fontys organization. The main
	Department
Mechanical Engineers

Chemical Engineers

Industrial Engineers

Personnel and Labour

Total
	students

2

1

2

1

6


question the students were confronted with was: which energy systems can the Fontys organization use in order to minimize energy input within the limiting conditions?. This investigation was assigned by the facility services department of the Fontys organization. The possibilities of  a WKK-installation (Power and heat generator) and the building's management system were investigated. A power and heat plant was installed at a building of Fontys.

result:

The students have carried out a feasibility study concerning the realisation of  an energy saving investment for the Fontys University. The WKK installation which was researched has actually been implemented by the Faculty of Technology and has already worked for half a year now.

	Energy saving in the construction industry 

Several energy supplying installations were already installed in the music center. The students conducted an interview with representatives of the town council of Eindhoven. They discovered that
	Department
Mechanical Engineers

Chemical Engineers

Accounting and Finance

Electrical Engineers

Total
	students

2

1

1

1

5


the energy supply was possibly over dimensioned. They showed that the replacement of a couple of energy supplying components leads to a lower energy performance. This investigation was assigned by the management of the music center and the town counsel of Eindhoven. The end result of this scrutiny was an advice on how to save energy, the environment and costs. Furthermore, the students investigated how the changes resulted in an improvement towards the energy performance indicator.

result:

This research has had no further realisation.

	Industrial area of the future: integral Energy management.

The students focussed on the subject of the energy-supply on an imaginary industrial site. They want
	Department
Chemical Engineers

Accounting and Finance

Electrical Engineers

Total
	students

1

3

3

7


to investigate the local generation of energy on an industrial area. With the current state of technology, the most efficient way to generate energy is to combine the generation of electricity and heat where, when in full operation, an effeciency can be accomplished of 85% instead of the 40% of current electrical plants. They want do a study on the possibility to combine different factoryís of different branches on an industrial area in such a way that there are very little peaks in energyconsumption in order to get a maximum effective use of electricity and heat from a turbine. When this is achieved the efficiency goes up, there is less environmental pollution and a unit of energy is cheaper than with current conventional power plants.

result:

This research is still running. Students are carrying out this research for the target group municipalities.

4.2. Evaluation reports

In accordance with a preconceived paragraph arrangement each group also writes an evaluation report about the interdisciplinary cooperation. Subjects can be added to this arrangement by various groups but no subjects can be removed from it. This arrangement is necessary in order to be able to track the education during a number of years and to be able to adjust it. Discussed are the  progress with respect to content, the structured method of working, group process (cooperation and guidance), ideas about the obtained result, recommendations for the next groups and evaluation of the teaching aims.

From these reports it emerges that especially skills have been learned, cooperation with representatives from other disciplines, holding meetings effectively, giving presentations, interviewing people, learning how to recognises interests and finishing the job within the available time.

The "Environmental research center" has trained more than 50 students interdisciplinary in three years' time. Information about the quality, in order to practise a profession, of this relatively new kind of education is obtained by interviewing a number of ex-students. They were asked about their work experience  and in what way the interdisciplinary graduation was  useful in their present position. To this end five ex-students, from different interdisciplinary graduation groups, were interviewed. These students all found a job in the prolongation of their discipline. Four of these five students said that when they mentioned that they had taken part in an interdisciplinary graduation group it facilitated them when applying for the post of project leader. Some are appointed as project leader. Their opinion was  that what they had learned, working on the solution of a concrete problem together with students from other disciplines, had helped them greatly in carrying out their present job. It is the intention that ex-students will play a role in the further development of the education. An alumni file will be set up.

Conclusions

At this moment the results for engineering students seem similar to students from other disciplines:

- 
in the final stage of their studies, they are enabled to contribute to the solution of a real 
problem. In this manner they can distinguish themselves outside the teaching institute; 
their qualifications will also become apparent to outsiders.

- 
hardly any dropouts and time limits are hardly ever exceeded

- 
have been able to find a job as a direct result of having participated in the programme

- 
have a better insight in the possibilities and impossibilities of their study in relation to 
other disciplines when working in an multidisciplinary group.

-
and last but not least:both students and teachers show increasing enthusiasm for this type 
of higher education!
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