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Abstract 

This paper describes a model for education in innovative engineering. The kernel of this model is, that students from different departments of the faculty of Applied Science and Technology are placed in industry for a period of eighteen months after two-and-a-half year of theoretical studies. During this period students work in multi-disciplinary projects on different themes. Students will grow to fully equal employees in industry. Therefor it is important that besides students, teachers and company employees will participate in the projects.  Also the involvement of other level students (University and high school) is recommended. The most important characteristics of the model can be summarized in innovative, interdisciplinary and international orientation.

1. Introduction

The Fontys University of Professional Education in Eindhoven, The Netherlands, is an institute of higher education, in which the Faculty of Applied Science and Technology is comparable with the former Polytechnic. Besides this institute, also a University of Technology is present in Eindhoven. The latter is more specialized in the field of theoretical modelling and research, whilst the first is more specialized in the field of application of theories. In this way both institutions can be complimentary. Fontys is not only involved in education, as since a few years a number of applied research centres have been established. There are centres in the fields of Mechatronics, Environmental Technology, Medical Technology and Integrated Production Automation. They are working together in establishing this educational model.

The kernel of the model is, that in the first two-and-half years of the course students will stay in the institute to gather a background on several disciplines (mechanical engineering, electronical engineering, information technology etc). Also new technologies are tought and new ways of working are experienced. So students will be confronted with the needs of industry and the way work is done there. There is a focus on being innovative, interdisciplanary and internationally oriented. Current (applied) research practises are studied. After this two-and-half years period interdisciplinary, multi-level teams will be formed and placed within co-operating companies. The teams consist of students from several departments of the Faculty of Applied Science and Technology, students from the University of Technology, teachers and lecturers of both institutions and employees of the company. With this team a project will be carried out with a certain theme (e.g. environmental technolgies, medical technologies, integration in manufactu​ring, etc) guided by the research centres. Preferable all the principles of concurrent engineering are applied in such a project. During this period, that will last one-and-half year students will work in about two different companies, one representing the SME's and one larger company. After this period one half year is reserved to provide students that are offered a job by the company with an additional training. All parties benefit from this construction. Teachers and lecturers will become real research workers in industry. There newly received knowledge and skills will directly be spread out over the groups of new students. New and innovative methods are brought to the companies; there is a constant knowledge transfer between large companies and SME's, which are not seldom the co-makers or suppliers for the large industries. Students get used to the industrial culture in an early stage and can smoothly adapt to it. Companies have more contacts with the educatio​nal institutions and can have more influence on the educational programmes. As no traditional lectures are given in the second part of the educational system, there is a possibility of rapid response to changes in technology. By selecting the companies through discipline organisations the institutes will keep their independency. Intensive use will be made of information and communication technologies to keep in contact with the project teams and to ascertain the quality of the students' work. The system might grow to a unique european educational institute, where also distance learning will be practised to bring the participants virtually together. As a base for implementing this model a number of succesfull experiments with our industrial partners have been carried out. Both the model and the experiments will be described in the paper.

2.  Motivation

During the Conference on Integration in Manufacturing, held in Göteborg, Sweden, 6-8 October 1998 (IMS 98), prof P.P. Groumpos of the University of Patras in Greece, presented a paper on current acedemic programmes on Manufacturing and Control engineering (Groumpos, 1998). This paper was based on an EC-reports ("Technological Challenges and Opportunities for the European Industry in the 21st century") and technical reports of the University of Patras (Groumpos et al, 1998). Part of his work was a survey for teaching methods. It appeared that in less then 5% of the cases, industry was directly involved in the education of technical students. We think, that we found an answer for the need of both industry and academia to improve curricula. Within the Faculty of Applied Science and Technology a model is developed, to build up an educational system, that is highly integrated with industrial work.

3. Historic developments

About ten years ago the first thoughts came up to bring some changes in the traditional way of carrying out graduation tasks. Until then students were just placed in a company for one half year at the end of the theoretical study. A school coach was provided, basically having his task in the control of the graduation process, but he played no role of importance in the contents of the students’ job.  The company involved was asked to formulate the graduation assignment, to provide a company coach and to monitor the contents of the task. At the beginning of the job, the school coach had to give his consent to the job description, at the end (after consulting the company coach) an evaluation of the students’ work took place. The student had to present his work at school, to a jury consisting of teachers and (if possible) a representative of the company.  

A group of teachers of the Mechanical Engineering Department decided that it would be a good thing also to help companies, which were not able to give any coaching on the contents of an assignment. They introduced a form of contract research and started the so-called “CAD-CAM Kenniscentrum” (CCK), a knowledge transfer centre in the field of CAD and CAM and specially in the coupling of the two. In the beginning quite a number of companies made use of those services. One or two students were either placed within the company or at the own institute (some companies had lack of room or facilities). They were intensively coached by one of the employees of the CCK. Not seldom the employees were as much involved in the assignment as the students. Soon after that the Environmental Research Centre was established.

3.1 The Environmental research centre
Already in the early nineties the  Environmental Research Centre started. Then it was still called “the environmental workshop”, symbolizing that real work was being carried out there. In 1994 it started the development of a number of  domains of knowledge; eco(re)design of products, environmental care for companies and energy reduction. Investments of the research centre were strongly directed to the knowledge of its’ teacher-employees. Meanwhile a number of products (e.g. life cycle analysis programs) have been developed, that could be marketed in 1997. In 1994 an interdisciplinary graduation route has been developed in close co-operation with the University of Amsterdam. (See 4.1). Besides an education in the 7th semester was developed; the designer for environmental technology. Students that take part in these courses are very enthusiastic. 

Other activities of this research centre comprise the execution of feasibility studies and consultancy in the field of durable product and process development, reports on environmental effects, establishing industrial areas, carrying out emission measurements and energy scans, setting up of environmental management systems and environmental care systems, reduced noise constructions and waiste management.

3.2 The centre for medical technology
This centre is active in giving medical technological advises, carries out applied research projects with teachers and students and has development a number of courses, both in the regular curriculum and for post academic purposes. The consultancy projects are mainly in the field of instrumental developments. Together with clients and external experts research has been carried out at subjects as force and displacement sensors, bone pulverizing, desinfection equipment, anaesthetic aids, fitness equipment and CAD-CAM applications. Applied research projects are carried out in the field of “domotics”, medical vision and representation techniques and movement technology. In industry there are a number of new developments in the field of “domotics”. The electronic industry is developing “smart-home” technologies for a wide consumers market. The centre for medical technology applies those technologies for elderly and helpless people. A concentration is on communication, therefor research is carried out on the possibilities of speech recognition to control equipment in combination with intelligent feedback. In the regular curriculum, the course in Medical Technology is offered as a graduation alternative for the departments of Electronic Engineering, Mechanical Engineering and Applied Physics. This starts in the sixth semester.

In the field of post academic education a course in orthopedics has been developed in close co-operation with the “Katholieke Hogeschool Kempen” at Geel, Belgium. Together with the “Vereniging voor Ziekenhuis Instrumentatietechnici” (VZI), an association for technicians in hospital instrumentation, also a part-time course in medical technology has been developed.

3.3 The IPA research centre

In 1996 a project started, that was directed to introduce new forms of education in the field of integrated production automation. One third of the project was financed by the Faculty of Applied Science and Technology, one third by the ministry of education and one third by industry. The goal of the project was to ensure that applied research became a fixed part of the educational program. The application area, which is concerned with Integral Production Automation (IPA), was chosen as the first pilot but now the findings are being made applicable to the application areas of the research centres mentioned above. The subsidized project ended at the beginning of this year. For the exploitation of course modules, which are being created as a part of this project, a new faculty-wide undergraduate program “Industrial Automation” has been established. This common interdisciplinary program is offered by the departments of electrical engineering, information technology and technical physics. In this course the practical component plays an important role. In the scope of the project, a number of developments and activities took place, namely exploratory studies and applied research projects have been carried out, new (multi-disciplinary) education modules have been developed and methodology scripts have been created. During the project workshops and seminars have been held. The development work was co-supported by the project partners from industry; Philips Centre for Manufacturing Technology (CFT) and Bergson (Bergson Tools and Bergson Technology), principally by making software tools available, supporting the research projects and participating in module development and knowledge diffusion (workshops). Also, mainly for educational purposes, a so-called model factory was built (van Schenk Brill et al,1997, van Schenk Brill et al,1998, Boots et al,1999). To ensure some continuation of the project and to avoid the loss of new gained knowledge, the project was seized to form a knowledge transfer centre, the so called IPA-research centre. Within this centre, together with the industrial partners a number of applied research projects is being carried out. The fields of interest are concentrated around the following: spearheads:

· Production control

· Equipment control

· Measurement, inspection and identification

· Telecommunication

· Embedded systems

Those spearheads are supported by the fields of Methods and techniques (including Innovative Methods and Man-Machine Interfacing) and Production Architectures. Finally a model factory (for the production of mainly electronic devices) has been composed from production equipment, that can be found in the different departments of the faculty.

3.4 Other research centres
Besides the research centres, mentioned above more centers are present, e.g. Technology and Organization, Mechatronics, Synthetic Materials and other limited subjects. The first two mentioned have played a role in defining the I3 model, but both centres had different views on the relation school and industry. However the funding for an implementation of the model has been granted to both the three research centres that were described above and the centre for Technology and Organization. The latter will work out a model, in which students stay within the walls of the university, but have to work on industrial assignments.

4. Student projects
A number of initiatives to get students more involved in real industrial projects, preceded the forming of the I3 model.  Interdisciplinary graduation tasks were introduced by the environmental research centre and concurrent engineering projects evolved to industrial projects under the responsibility of the IPA research centre.

4.1 Interdisciplinary graduation tasks 
Since autumn 1996 the environmental research centre is experimenting with interdisciplinary graduation tasks (called IAF). The motivation is that industry has a need for an interdisciplinary approach of environmental problems. Those problems should be treated from technological, economical, organizational and social views. Each year 12 to 32 students can apply for an interdisciplinary graduation assignment. This takes place in the 8th semester. As all theoretical knowledge is assumed to be present then, students have to prove, that they can apply it in practice. They will be treated as equal to their coaches and will work in a team of approximately eight persons, together with teachers. At the beginning of the assignment no problem statement is present. The team should first recognize an environmental problem and then find an organization, institute or company that will support the assignment. In this way a high grade of creative and independent working is obtained. Also the principles of project working and communication become very important. Where there is a lack of tooling, the environmental research centre helps with training, e.g. in the field of effective meeting techniques, integration of multi-disciplinary knowledge, contacts with experts and scanning of depressed areas. Students are not treated and evaluated as individuals, but as a group. During the process quite a number of problems arise, but after the period most of the students are very enthusiastic and their attitude is highly appreciated in industry. 

4.2 Industrial projects
Industrial Projects take a large proportion of the study time within the undergraduate program “Industrial Automation”. Those projects are executed as far as possible in industry. Moreover, they are combined with projects from the CTE (Commercial Technical Engineering) course of study, to ensure that really multi-disciplinary teams can exist. This industrial project has evolved from the education module "Concurrent Engineering". Originally, in this course, students from different disciplines had to develop a new product. During the development process the principles of concurrent engineering had to be applied. In a period of fifteen weeks a real product, produced in a part of the IPA-model factory, was created. The original concurrent engineering course is described in (van Kollenburg et al, 1994), more information on the new industrial projects can be found in (van Kollenburg et al, 1998) and at our web pages. For these projects a successful formula has been found. In the Eindhoven region the chamber of commerce and the Innovation Centre Oost Brabant started the so-called “Kennis is Kracht” project (Knowledge is Power). The aim was to combine and concentrate the expertise of the Eindhoven University of Technology and the Fontys Hogescholen, in order to help SME's in the region with their problems in the field of embedded systems. First an exploratory study into the state of the art of embedded systems was done in spring 1997 by carrying out a number of company scans. This resulted in a number of applied research projects, which were mainly done by students in the context of the course module “concurrent engineering”. In this way, technology investigations were carried out into the improvement of machine control at several companies. Also picture compression techniques, remote serviceability possibilities, climate control systems and (office) building control systems were investigated. The investigations resulted in a number of reports with recommendations and sometimes in prototypes. At one of the companies, after the technology search a feasibility study was done. Based on the recommendations of the students two different prototypes were being developed, built and compared. This was carried out together with the Eindhoven University of Technology as a so-called 'cluster project'. This is a project in which one or more SME's investigate new technologies together with one or more centres of expertise. Those projects are subsidized up to 45% by 'Stimulus', as a local variant of European subsidies. In the same way as described before a number of new technology searches have been carried out with different industrial companies, each semester since 1998. The subjects of those searches can be found on our web pages. Also a survey has been given in (van Schenk Brill and de Vries, 1998). 
4.3 Other student projects.

For so far the projects, that are being carried out in the scope of regular educational modules (7th semester of studies). This is only part of the curriculum, besides there are other (smaller) projects, lab exercises and theoretical modules. In the 8th semester students have to fulfil a graduation task, often within a company, or in our case within a research centre. As quite a number of tasks have to be carried out in the research centres, also students from partner institutes abroad contribute to this.

A short selection from the activities that took place: in the spring 1998 two students from the Electronic Engineering Department developed the hardware for a CAN bus at the Rotis-FMS cell, part of the IPA model factory. In the autumn two students from the Information Technology Department continued this work by the development of additional intelligent software. Additional a student from the University of Northumbria at Newcastle (UNN), supported by Philips CFT, Industrial Vision investigated the possibility of integrating a vision system in the FMS-cell. Spanish and Greek students worked on PLCs and the related SCADA systems. Swedish students worked on the implementation of the agent’s concept within the Rotis-FMS cell. On the other hand a Dutch student working in Kalmar implemented the same concept for the production system, which is available there. Since spring 1999 experiments were carried out with the control of a robot through Internet, the system is now available as an educational model. Also work is being carried out on the introduction of CAN-busses into the control of the Rotis-FMS cell and the use of Windows-CE for embedded industrial applications is investigated. Reports are available on all of these activities.

5 The I3-engineer

It has been recognized that the activities mentioned above have contributed to a better preparation of the students to their future tasks in industry. However, the situation can still be improved and also the involvement of industry in education can be enlarged. Also it appeared, that the aspects of innovation were highly appreciated by industrial companies and it should be noted that developing an innovative attitude for future employees even needs more attention, then already given by the programs mentioned above. Therefor the so-called “I3-engineer” model is proposed. One of the aims of this model is to draw the students’ attention to the real processes that take place in industry. One of those processes is the innovation of products, production and other processes in companies. Often companies largely invest in those processes in order to increase their changes to survive in the future. Innovation itself can’t be learned from books, in this case “learning by doing” is most applicable. Also from the experiments above, it appears that students get better educated by working on realistic problems that are available in industry. Therefor it is our aim, to let students get acquainted with innovative working in close co-operation with industry. 

Targets. 
The model introduces a way of education in which students are trained in three main items. These are: innovative working, international attitude and interdisciplinary working. The three items will be further described hereunder.

Innovative

Traditionally education was purely knowledge driven. It was not always clear how this knowledge should be applied in practice. By changing the education towards innovative thinking (in the field of products, production and processes), the quality of experience gained by the student will increase. Additional knowledge should be related to these competencies. It will be interesting to companies to assist in this process of gathering knowledge, especially when this happens through innovative work, that contributes to the companies’ needs. Products from these activities will include visions on the companies’ long term innovative processes.

International

Companies in our region like to improve their position on the international market. Also governmental organizations have made the stimulation of this to spear heads of their policy. Students should know how companies can improve their position on the international market, both regarding economic aspects as the contents of their field of interest. Therefor they should be trained in change management. Also the ability of formulating and establishing international oriented strategic targets, meant for the future, should belong to their skills. 

Interdisciplinary 

Companies are confronted with complex problems to solve. The possibilities to solve the problems, by the aid of one single discipline are still decreasing. Both for problem solving as for new developments a multi disciplinary approach is required. The efficiency of this approach can even be improved by a more intensive interaction between the representatives of different disciplines. So multi disciplinary will become interdisciplinary.

6 The Educational model

In traditional education at polytechnics the course is structured as depicted in figure 1:

1st sem.

Theory
2nd

Theory
3rd

Theory
4th

Theory
5th

Theory
6th

Practice
7th

Theory
8th

Graduate

Figure 1. Traditional course structure

In most cases, four years of studies are divided into eight semesters.  The contents of each semester depend on the particular department. In all departments, at least at the Fontys faculty of Applied Science and Technology (Polytechnic), the first year is filled with theory. Theory is structured in educational modules. A module can have a theoretical and a practical part. Practical parts can consist of small assignments directed to a better understanding of the theory or as an example of how to apply theoretical knowledge. Those assignments are carried out completely within the walls of the school. In almost all departments the 6th semester is reserved for a practical stage in industry. It is the companies’ responsibility to give appropriate tasks, the school has to give its consent. In some departments, somewhere between the 3rd and 5th semester more space is reserved for stage activities. E.g. at the department of Information Technology, the second quarter of the third semester is used as an introductory stage (getting acquainted with company cultures) and at the department of Mechanical Engineering the complete 5th semester is reserved for stage, so together with the 6th semester a complete year of stage is obtained.

At the department of Applied Physics the 5th semester, instead of the 6th semester is used for a practical stage. In most of the departments the 7th and 8th semester together form the examination year. In the 7th semester educational modules, intended to deepen and widen the students’ basic knowledge, are presented. The 8th semester is completely reserved for fulfilling a graduation task. In earlier times this used to be carried out at school, nowadays in almost all cases this is carried out in industry, or since the establishment of research centres, at one of the school’s research centres. It can be seen above, that in most cases, there is a break in practical activities of one semester. One of the ideas behind the I3-engineer is, that a more smooth path should be followed. This led to the model, given in figure 2.
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Figure 2. Proposed I3 course structure.

In this model the first five semesters are kept the same as in the traditional model, although a number of adaptations in the educational modules will be introduced, in order to prepare the students for multi-disciplinary tasks.  The 6th, 7th and 8th semester are fully reserved for industrial placement. This period is divided in two phases, in each phase an industrial project will be carried out. Not symbolized in the picture is the fact, that this period comes on top of the five semesters for each individual department. It is the intention, that projects will be formed from students of different departments. This is the condition for interdisciplinary working, one of the three I’s of I3. Other participants in the project will be employees of the company and coaches from the school. The coaches will also be the employees of the participating research centres. This combines well with the intention that projects should be in the scope of the research centres’ key items. School and company will see to it, that the projects have an innovative character, another one of  the three I’s. It will be the endeavour to have two different projects in two different companies, preferably both one SME and a large company. As stated above all earlier developed project principles  (such as concurrent and collaborative engineering and interdisciplinary working) will be applied in those projects. Also the companies should benefit from the projects, therefor a duration of nine months is chosen. As each semester (6 months) a new group of students will start, there will be an overlap of three months. This time is used for working in and information transfer. The continuity in work is also guaranteed by employing the same coach from school. During the project period additional theory is supplied. It will be one of the coaches’ tasks to determine the educational needs of the group and guide the process of learning. This is not necessarily restricted to the own students, but also the companies’ employees can take profit of this.  During this period of totally eighteen months the candidates should grow from students to equal partners of the companies’ employees.  The third “I”, for international orientation will be achieved by incorporating the concurrent engineering based industrial projects that were mentioned above and enhance them to collaborative engineering projects. In autumn 1999 the first experiment in this field took place. A group of students from Fontys developed a product, together with students from de University of Magdeburg (Germany) and the University of Lehigh (USA). The product, an automatic light dimmer (to be used in combination with television watching) was designed at different sites. Different prototypes were produced in Lehigh and Magdeburg and electronics were developed in Eindhoven. It appeared that communication between the groups gave the most problems. Together with Philips the communication aspects were investigated. The results of this investigation will have been presented already when this paper is published (van Kollenburg et al, 2000). Later also the physical exchange of students will be considered. After the formal study program one half year is reserved to provide students that are offered a job by the company with an additional training.

All parties benefit from this construction. Teachers and lecturers will become real research workers in industry. Their newly received knowledge and skills will directly be spread out over the groups of new students. New and innovative methods are brought to the companies; there is a constant knowledge transfer between large companies and SME's, which are not seldom the co-makers or suppliers for the large industries. Students get used to the industrial culture in an early stage and can smoothly adapt to it. Companies have more contacts with the educatio​nal institutions and can have more influence on the educational programmes. As no traditional lectures are given in the second part of the educational system, there is a possibility of quick response to changes in technology. By selecting the companies through discipline organisations the institutes will keep their independency. Intensive use will be made of information and communication technologies to keep in contact with the project-teams and to ascertain the quality of the students' work. The system might grow to a unique european educational institute, where also distance learning will be practised to bring the participants virtually together.

In order to realize the model a project is formed, that is funded by Fontys, by the Ministry of Education and by industry.  

7. Conclusions
It is expected, that the model will be implemented within the coming years. A first pilot has started at the end of August 2000. It appears that (larger) industries are highly interested in co-operating in this curriculum. SME'’ s tend to follow a wait-and-see policy. The opinion within the departments of the faculty are diverse, varying from enthusiastic to suspicious. We are convinced, that with the help of our industrial partners an attractive alternative for traditional study can be offered. Also we think, that, at least in the first years, the two systems should exist in parallel, creating the possibility to fall back to old structures and offering students a wide choice.
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