Two Models of Engineering Education. A first step on the way to Bologna? 

Dick van Schenk Brill & Peter van Kollenburg

Fontys University of Professional Education, The Netherlands

E-mail: d.vanschenkbrill@fontys.nl

Keywords: Bologna declaration, collaborative engineering, innovative, interdisciplinary, international orientation, integrated product development, renaissance engineer

SUMMARY: Two models for engineering education that may answer the needs for "Renaissance Engineers" are described in this paper. They were the outcome of an educational renewal project, funded by the Dutch Ministry of Education and industrial companies.  The first model (Corporate Curriculum) aims to bring Industry into the school, while the second model (I3) intends to bring the school into Industry. Both models have in common the ambition to educate students in an innovative, interdisciplinary and international oriented way (the 3 I’s). This paper focuses on the two models, the different ways of implementation in the Fontys technology Institutes, the changes and improvements that have been made to the models, as well as the results of the educational experiments. In short the CC model implies that (industrial) companies “subcontract” realistic problems to groups of students. The students are (depending on the kind of problem) preferably from different disciplines. Those projects will be guided by a tutor from the institute and a representative of the company. In the scope of the I3 model, students from different departments will fulfil the last 18 months of their (polytechnic) studies fully in industrial practice. They have to work in companies on projects that are innovative, interdisciplinary and international oriented. Study credits can be earned (fully or partially) in practice. Therefore a study programme has to be agreed between student, institute and company. The Corporate Curriculum is implemented in several ways. In general a group of students, preferably from different departments gets an assignment from an (Industrial) company. The assignment, often an investigation for a new product or the development of a prototype, has to be carried out within one semester next to other educational activities. In most implementations those assignments also correspond to the three I’s. The final results of the educational renewal project and the experiences with both models are presented here. Those experiences are very useful for developing new educational means for the future engineers in order to meet the fast developments of modern society.

1.
INTRODUCTION

During the 30th SEFI Annual Conference 2002 in Florence a paper  (van Schenk Brill et al, 2002) describing two new educational models for the engineering practise was presented. The two models were the outcome of a project aimed to experiment with new ways of education in which the involvement of industry in the education of (technical) students should be enlarged. This educational renewal project, which lasted three-and-a-half year was subsidised by the Dutch Ministry of Education and several industrial companies (e.g. Philips, ASML and Vanderlande Industries).  The project was carried out by those companies and the Fontys University of Professional Education in Eindhoven, The Netherlands. Fontys is an institute of higher education in various disciplines, including health care, social science, economics, education and technology. This institute is not only involved in education, but it also comprises a number of applied research centres taking care of knowledge transfer between institute and industry. In this way applied research can be caried out and in-company training can be taken care of. The educational renewal project was started in 1999 by these centres. 

The most important outcome of the project comprised the implementation of two new educational models, further called the I3-model (3 I’s for Innovative, Interdisciplinary and International orientation) and the CC-model (CC for Corporate Curriculum). Features of both models imply the competence-based learning in collaboration with industry, directed to the three I’s.  In general within the I3-model the classroom is brought to industry, while within the CC-model industry is brought to the classroom. For the I3-model the first experiments with students have been carried out from September 2000, for the CC-model the experiments already started in September 1999. The results of the pilots have been used for a more definitive implementation of the models. Other deliverables of the project comprise a knowledge base, available to collaborating educational institutes and companies through the Internet.

After discussing the models during SEFI 2002 in Florence the relation to “Bologna” was investigated. The models were evaluated on their possibilities to bring the educational system a step forward in the direction of the Bologna Declaration. Also the compatibility with the ideas of the “Renaissance Engineer” was investigated. This led to the conclusion that both models contribute to the implementation of the Bologna ideas, as wel to the ideas of the “Renaissance Engineer”, which will be shown in the next paragraphs.

2. THE TWO MODELS

2.1.
Current educational structure

Before the two models are described some general information will be given about the Dutch educational structure for technological studies. As in many countries technical studies can be done at two levels, both at the university level and at the higher education level (polytechnics). The Dutch (technical) universities, where the courses traditionally last five years, have now all adapted the two-tier system, resulting in Bachelor and Master degrees. According to governmental decisions the Dutch polytechnics will result in a Bachelor degree and will be granted to set up Master courses. At  university level scholarships are available for both the Bachelor and the Master studies. For polytechnic students only scholarships at Bachelor level will be available, which implies that it is not attractive for students to complete a Master study at a polytechnic. Besides the possibilities for polytechnic students to complete the master at university level will be very limited. Anyways the duration will be far more than two years. Also industry will make a distinction between a university bachelor and a polytechnic bachelor. The latter is appreciated because of the practical insight, whilst the university bachelor will be considered as “not having completed his studies yet”. 

In traditional education at polytechnics the course is structured as depicted in figure 1:
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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 technical departments the first year is comprised of theory. Theory is structured either into educational modules or into project oriented learning. 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. Both those assignments, as well as the educational projects are carried out completely within the walls of the school. In almost all departments the 6th semester is reserved for a practical placement 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 placement activities. 

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.  These are forms of rather informal co-operation between the institutes and companies but ongoing for already a long time. Companies express their interest in receiving placement students by sending one or more possible project or task descriptions to the institutes. If approved the descriptions are collected into files that are accessible by the students in order to select an interesting assignment. Moreover the Internet is used to offer student placements. In some cases the students are allowed to make their own proposition about a suitable placement and company. There are formal regulations for the procedures that have to be followed to evaluate the placement or graduation tasks. 

The new developed models both fit more or less into this course structure. In the next paragraphs the two models will be described and related to this structure. 

2.2.
The I3-model

The model was first described in (Bakker et al, 1999). The essence of this model is, that after the first two-and-half years of the course that the students traditionally stay in the institute there will be a practical placement of one-and-half year, guided by both the institute and representatives of industry. This placement is meant both for additional learning and gathering industrial experience. In a practical way new technologies are taught and new ways of working are experienced. So students will be confronted with the needs of industry and the way work is done there. Also current (applied) research practises are studied. The original focus is on being Innovative, Interdisciplinary and Internationally oriented. (The reason to call this the “I3 model”.) During this eighteen-month period interdisciplinary, multi-level teams are formed and placed within the co-operating companies. The teams consist of students from several technical departments (Polytechnic) partly completed with teachers and employees of the company. With this team a project is carried out directed on a certain theme (e.g. environmental technology, medical technology, integration in manufactu​ring, etc.). After this period one half year is reserved to provide students, that are offered a job by one of the participating companies, with an additional training, the start for a lifelong learning system. All parties benefit from this construction. Teachers will partly 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, that are often 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 more directly express their wishes on the contents of the educational programmes. As in general no traditional lectures are given in this second period, there is a possibility of rapid response to changes in technology. By selecting the companies through discipline organisations the institutes will keep their independence. Intensive use is 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. 

It can be seen in Figure 1 that in most cases there is a break in practical activities of one semester. One of the ideas behind the I3-model is, that a smoother path should be followed. The corresponding course structure is depicted in Figure 2.
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Figure 2. I3 course structure.

In this model the first five semesters are kept the same as in the traditional structure, although a number of adaptations in the educational modules are introduced, in order to prepare the students for multi-disciplinary tasks.  The 6th, 7th and 8th semester are fully integrated and reserved for industrial placement. This period is preferably divided into two phases, in each phase an industrial project will be carried out. Not symbolised in the picture is the fact, that there is a possibility that more departments are involved and that this period can form the common top of the five semesters for each individual department. As stated before, project teams are formed with students from different departments. This is the condition for interdisciplinary working, one of the three I’s of I3. 

School and company see to it, that the projects have sufficient innovative elements, another one of the three I’s. It is the endeavour to have two different projects in two different companies for each student, preferably one at an SME and one at a larger company.

Also the companies should benefit from the projects, therefore a period of nine months is chosen. Since a new group of students starts each semester (6 months), there is an overlap of three months. This time is used for introduction 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 is 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 their own students, but also the companies’ employees can benefit from this.  During this period of eighteen months in all, the candidates should grow from students to equal partners of the companies’ employees.  The third “I”, for international orientation is achieved by providing placements in international oriented companies. As this is not the case for all companies involved, specially with SME’s, a solution is found by incorporating concurrent engineering based industrial projects and enhance them to international collaborative engineering projects. Those projects are described in the CC-model.

2.3.
The CC-model

Within the Corporate Curriculum model collaboration with companies is carried out at a smaller scale than within the I3-model. Backgrounds for this model can be found in (Foks et al, 2000). The model also fits easier in the traditional course structure as depicted in Figure 1. In general the structure does not differ so much from traditional educational projects. However in this case a project is involved in which the goals are (partly) supplied by companies. Also in most cases the projects will be carried out by students from different departments which gives rise to problems of scheduling and communication. In general the implementation of the Corporate Curriculum model is as follows: a group of six to eight students, preferably from different departments get an assignment from an (Industrial) company. The assignment often consists of an investigation for a new product, including a market survey or the development of a prototype. It has to be carried out within one semester. This could be any semester, but given the complexity of most problems and the necessary theoretical background we preferred to choose the 7th semester from the traditional model for this. Also this has the advantage that a project like this is a good preparation for a graduation project. There is a limited amount of time available, as during this semester also other educational activities take place. Those projects are called IPD projects, where IPD stands for Integrated Product Development. In our ideal model those assignments also correspond to the three I’s; innovative, interdisciplinary and international oriented. The latter is achieved by working with project teams from different countries and communicating with electronic means. These are the IPD-CE projects, where CE stands for Collaborative Engineering. The IPD-CE projects must be considered as an improvement of earlier Concurrent Engineering projects (Kollenburg et al, 1998). The Dutch students have been working together with groups in the United States (Lehigh University), Germany (Otto von Guericke Universität) and Finland (Oulu Institute of Technology). In the autumn of 2003 groups will also collaborate with students from the UK (Bristol University) and from Hungary (Budapest Technical University). Tools have been developed and evaluated to improve the communication of those dislocated groups. (Kollenburg et al, 2000-I) At the end of each semester all groups present their results in an official symposium for an audience of fellow students, tutors, company representatives and other interested partners.
2.4.
Adaptations to the models

While experimenting with the models in practice a number of changes were introduced. In order we made a number of minor changes. Some changes were intended as improvements, other changes were necessary to make the models work better in practice and to get them accepted by the participating departments

For the I3-model it was one of our wishes that all additional theory could be learned within the scope of the practical placement. Soon we had to do the first concession in this, as some departments simply did not allow to exchange theoretical modules at the institute for learning by doing in companies. In the pilots students had to sacrifice about one day a week to attend school. Other departments allowed us to make a kind of a learning contract with the company in which the tutor stays responsible for the results that were gained in practice. After lots of discussions we came to a proposal that could prevent school attendance. A number of Virtual Learning Modules are defined, having the consent of the department. The student has to choose some of the virtual or non-virtual modules. The virtual modules comprise learning material to be gained in practise or can also be an internal course in the company or an external course, carried out by a third party. Also here the tutor stays responsible for the quality of the results. In the ideal situation the student chooses only for virtual modules. In that case the placement is not necessarily restricted to companies residing in the region of Eindhoven and I3-projects abroad are possible. On the other hand, when the students work close to the institute and their projects require theoretical background that is present in non-virtual modules at the institute, this can be chosen as well. 

A second alteration is that we do not strictly keep to the rule that two different projects should be carried out at two different companies. In one of the first pilots it appeared that both the company and the students wanted to continue the project, which we allowed. A disadvantage (for the student) is, that he or she will gather less experience with working in different companies and the selection of a suitable company for a career might be more difficult. 

Finally it appears that in most of the I3 projects not all the three I’s are present. Finding projects that combine all these elements is very difficult and it seems that it is still becoming more difficult in the near future. So only for pragmatic reasons we had to allow to carry out projects with e.g. no international components (most of the cases) or that were not really interdisciplinary. In all companies projects could be found that were innovative enough. At this moment we are still thinking of a better name for this model. Originally we agreed that the groups we formed at Fontys should at least consist of students from two different departments in order to come up to the requirement of interdisciplinary projects. At this point a lot of problems arose. Departments were not willing to co-operate, students were not available or companies preferred just one discipline. So we just had to allow that this requirement was not met and stimulated the companies to let the students work in an interdisciplinary environment. As stated before the lack of international aspects in projects could sometimes be overcome by adding foreign students to the project teams. However not all companies (in particular the SME companies) were happy with the so formed teams. In a short time all communication had to switch to English and teams had to deal with different cultures. In some cases, after some experiments, we could not achieve more than requiring that at least the reports produced by the students should be in English. 

For the CC-model less alterations were necessary. Although sometimes we had to drop the requirement that cases had to be carried out for companies. Simply caused by the fact that in some semesters the number of student groups exceeded the number of external assignments.  In that cases we had to fall back to internal assignments. However we tried to define assignments in which a third party was involved in order to separate roles and simulate pressure on a project from a company as good as possible. These also led to interesting projects but can not fully replace the experience that students gather when working for real companies. 

3.  THE BOLOGNA DECLARATION AND RENAISSANCE ENGINEERS

As can be learned from several publications (e.g. SEFI, 2002) a number of prestigious items are laid down in the Bologna Declaration. Those are aimed to improve mobility, transparency, compatability and comparability in the European Higher Education Systems. More precisely the following objectives are defined:

1. Adoption of a system of easily readable and comparable degrees.

2. Adoption of a system essentially based on two main cycles.

3. Establishment of the system of credits (ECTS).

4. Promotion of mobility for both students and staff.

5. Promotion of European co-operation in quality assurance.

6. Promotion of the necessary European dimension.

Furthermore the following points are emphasised:

7. Promotion of lifelong learning.

8. Involvement of higher education institutions and students in improving the European higher education Area.

9. Enhancing the attractiveness of the European higher education.

Those objectives and recommendations will be considered in the next chapter. 

For the SEFI conference in Florence 2002 (SEFIrenze) a new term was introduced: the renaissance engineer. Possibly an ode to Leonardo da Vinci, who could be considered as one of the first and greatest renaissance engineers of the past millennium. During this conference no exact definition of a renaissance engineer was given. An attempt towards a definition was made by (Ibrahim e.a., 2002) stating the following: ‘One may think of the renaissance engineer of tomorrow as an individual with interest and knowledge in sciences, engineering and arts. The engineering skills are expected to be superb and go beyond any particular discipline’. Filipkowski from Warsaw however (Filipkowski, 2002) enumerated a number of characteristics that should be present with the renaissance engineer. He or she should be capable to integrate many branches of science and technology in such a way, as to bring the greatest possible benefit for people. Furthermore Renaissance engineers should integrate also humanistic aspects with their activities. Effects of their creativity must include elements of art (aesthetics, ergonomics), ethics, social satisfaction etc. 

Also some considerations regarding the renaissance engineer in comparison to the two educational models will be given in the next chapter.

4.  HOW THE MODELS CONTRIBUTE

4.1 Contribution to Bologna

Concerning the first three items, the two models do not really contribute. The adaptation of a system of easily readable and comparable degrees (1) is an objective that rises above the intentions of the two models. However the thought behind this objective was to promote European citizens’ employability  and international competitiveness of European higher educational systems. The employability of students that took part in one of the educational models will be improved in most cases, as they were pushed to co-operate internationally with students from other (European) countries. This is specially the case for IPD projects. No real competition is promoted between the European institutes that take part in those IPD projects as we are still on the level of co-operation, comparing each others’ curricula and tuning mutual projects. The latter both in the field of technical contents and in the field of didactics. However this can be the first step to real competitiveness between the institutes. Also the adaptation of a system essentially based on two main cycles (2) is no part of the models’ contents. The models are applicable for both undergraduate and for graduate studies. It can even be the case, that undergraduate and graduate students both work together in the same project. The two models were not involved in the establishment of the system of credits (3). This is an action that is carried out on the level of the institute. All departments have to specify all their educational modules and projects in ECTS. However collaboration with the institutes abroad, usig different credit systems, urged us to think about the problem of how to compare them and stimulated the staff involved to think in ECTS at an early stage. The Bologna declaration states that credits could also be acquired in non-higher education context, provided this is recognised by the involved institute. As explained in paragraph 2.4, we have been doing this in the I3 model by means of virtual modules.

Contribution to the following three items is more obvious. Promotion of mobility (4) involves that students will have easier access to European study and training opportunities. This is more or less the case in our international IPD projects. No formal lectures are given within the scope of these projects, but fulfilling the project tasks implies that students have to achieve additional knowledge. This is gathered from many sources including the home institute, the institute abroad (either from students or staff), co-operating companies and the Internet. After this a process of knowledge spread through out all participators is noticed. Some examples of mobility created by the IPD-projects: Although the foreign students carried out their part of the project at their own location, delegations (students accompanied by their tutors) from Magdeburg and Oulu have visited Eindhoven since 2001 and actively participated in the symposiums by taking part in the presentations. Mutually students from Eindhoven presented their part of an IPD project at the Otto von Guericke University in Magdeburg, January 2003. Also students from Budapest, already co-operating with Magdeburg were present then. It is scheduled that the students that at the moment work together with students from the Bath University  will present their project results in Bath in June. At this moment one of the Fontys students is in Bath for his practical placement. He also is the intermedeate between Bathe University and the students in Eindhoven. By accompanying the students by their tutors an (international) discussion has started on mobility, exchange and comparison of educational systems. This also involves the discussion on issues as promotion of European co-operation in quality assurance (5). In the international contacts a considerable amount of time is spent on discussing how the projects are evaluated and which criteria and methodologies are used for that. Ideas are exchanged and use has been made of each others’ systems, specially in the field of assessments. Special attention is paid to this subject in (Kollenburg et al 2002). This will certainly lead to comparable criteria. Finally the the necessary European dimension (6) will definitely be promoted by both the I3 model and the CC model. As stated before, within the I3 model placements are intended to be internationally oriented. Until now this has been achieved by selecting international operating companies or forming project teams together with students from abroad. We hope to have the first pilots in other European countries soon. The international IPD projects are a result of inter-institutional co-operation and through carrying them out we notice that from the co-operating partners interest increases to collaborate in more ways. The subject of the different IPD projects might be the start for integrated programmes for study and research. 

Concerning the additional three items the following can be remarked. A modest start has been made in the field of lifelong learning (7).  We noticed that new employees, being the former students that took part in the new models, promote their companies to contribute to the carrying out of projects. In these projects often new technologies are investigated resulting in learning activities for the new students, the former students and the staff as well. As this is a very natural way it will improve social cohesion. It might be clear that all these activities imply the involvement of higher education institutions and students in improving the European higher education Area (8). In both models much attention is paid to the fact that after completing their studies the students should operate as fully responsible employees, so this period is also used to help them  achieving this attitude. On the other hand students are made aware of the fact that they are responsible for their own learning, which helps them to improve learning processes and encourages them to contribute to discussions on curricula and organisation. Finally we are convinced that our two models contribute to enhancing the attractiveness of the European higher education (9). At first the way of education appears to be attractive to the students, which can be seen from the fact that an increasing number of students chooses to continue their studies in one of these two ways. The fact that the models make it possible to work together (mostly on distance) with groups of young people from other countries, to work in very realistic projects in which industry (possibly their future employers) plays an important role and to work on challenging problems requiring innovative solutions is highly motivating for the students (and the staff as well).

4.2  Contribution to the Renaissance Engineer idea

As stated by (Ibrahim 2002) one should think of the renaissance engineer as an individual with interest and knowledge in science, engineering and arts. In our opinion this can be translated into the competence of interdisciplinary working, one of the main characteristics of both models. Although the interdisciplinary project assignments have not yet been in the field of arts, we think we made a step in the good direction by making the students work in projects in which various technical and sometimes non-technical disciplines are involved. We noticed increasing influence of non-technical disciplines (e.g. medical and environmental subjects) which might include arts in the near future. As mentioned before (Filipkowski, 2002) gives some characteristics for the renaissance engineer. He or she should be able to integrate branches of science and technology for the benefit of people. During the I3 and CC pilots we think we have shown that this is fully the case for the participating students. In all projects students had to integrate several forms of knowledge from different disciplines and in almost all projects this was obvious for the benefit of people. Students have been working on water purgation systems, improvement of educational systems, theft prevention and a number of medical issues. Regarding the requirement that renaissance engineers should integrate also human aspects with their activities we can state that in most projects this has been the case. In one of our combined projects with the United States it appeared that students from both sides of the ocean had quite a different perception of the assignment. There was a request from Philips to develop a light dimmer to use in combination of a television set. It took us four weeks before the American students understood the European problem, as in the average US living room a combination of shaded light and television is rarely used.  In all projects special attention is paid to the user interface (man machine interaction or human computer interaction) and appropriate methodologies to achieve this are taught. Also, by discussions, students are made aware of the impact that certain products or solutions might have on humanity. Finally it is stated that the effects of their creativity must include elements of art (aesthetics, ergonomics), ethics, social satisfaction etc. As said before the elements of art need improvement, but ergonomics is an important issue in most of the projects. One of the IPD project we carried out was fully intended to improve ergonomics in manufacturing situation. Besides the models, some departments decided to start obligatory educational modules on the subject of ergonomics. Within the projects ethics and social satisfaction is often point of discussion. Additional it must be said that all our projects are aimed to be innovative. In our view the competence of finding innovative solutions for engineering problems also is one of the requirements for a renaissance engineer. Summarising the starting point and the characteristics for the renaissance engineer we can conclude that both models highly contribute to create the renaissance engineers of the future. 

5. CONCLUSIONS AND SUGGESTIONS FOR FURTHER DEVELOPMENTS

Considering the discussion in 4.1 it can be stated that both the I3 model and the CC model contribute to the aims of the Bologna declaration as they improve mobility, transparency, compatibility and comparability in the European Higher Education Systems. In particular the models improve mobility of students and staff, comparable evaluation criteria and promotion of the European dimension. Also the attractiveness of (European) higher education has been improved by the models. So a first step in the direction of Bologna has been made! Furthermore we can state that both the models are an important improvement in educating renaissance engineers. In the latter field we will try to involve more elements of art in the projects. So in the future we hope to be able to follow in the steps of our great example Leonardo Da Vinci! 

Concerning Bologna more attention will be paid to the quality assurance aspects. There is an ongoing effort in investigating methods of assessment and evaluation. Results will be exchanged with European partner institutes. Using a portfolio system has been investigated. Further developments will be in the field of computer based portfolio systems. 
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