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Abstract

The curriculum of the Electrical and Electronic Department has been changed enormously in the past decade. Fewer lessons and many more projects were introduced. Meanwhile it has become a topic at Dutch educational institutes to feel not only responsible for improvement of theoretical and practical skills, but also of  'competences' in a broader sense. The projects are quite well guided in the beginning and become much more open ended in the last part of the curriculum. In that last part we also work with industrial and with international partners in IPD projects. It turns out that students want to keep the same roles in the teams that they are subsequentially a member of. With the introduction of competences and the aid of a student portfolio we want to give opportunities to the students to improve their competences. We try to persuade them to play many different roles in the project teams. In this paper we show you how we are implementing our ideas.

1 Curriculum of the Electrical and Electronic Department

The new working environment of engineers has been changing towards an environment with more teamwork and cooperation. One reason for this is the enormous complexity of  new products. Many years of development and engineering are necessary to get a product on the market. Many engineering work has to be done in cooperation and concurrently in order to reduce the  'time to market'. On the other hand we have seen a huge change in the strategy of most companies. All these companies are focussing on their “core business”. Working together with other companies as subcontractor or co-developer again is necessary for success. 

Universities follow these trends and train their students in this new way of todays engineering. The Electrical and Electronic (E&E) department of the Fontys University of Professional Education is anticipating on this theme and introduced  student projects already in the early 1990’s.  In Figure 1 you see the balance in the current curriculum between 'conventional' modules and student projects. Over  50% of their time students are doing projects nowadays.


In the first year of their studies students are  trained in project work from the beginning. At the end  of the first semester they have to explore different engineering working environments at regional companies and the connections with the curriculum. In this way students will get a clear overview of what the content and the way of working of an engineer are, and wheather or not they have choosen for the right studies. The second semester students contribute to the socalled “Big Sister” project: they build a internet driven webcam to be used for instance in eldery homes.

In the second year of the curriculum the projects are still being coached quite intensively, while they have a clear goal and all are focussing on a domain within the E&E environment.  Examples of  projects are:

· Traffic control (focussing on Delphi programming)

· Speed-O-meter (focussing on electronics)

· Wheelchair control (focussing on electronic control)

· Digital Audio System (focussing on telecommunication and digital electronics)

Than, in the third year, we try to integrate all knowledge and skills that were obtained in the past.  We select students of different 'streams' and bring them together in one team. This project is an 'open' project where the students have to start at the beginning: they have to do some market research and to go via product specification, development and engineering towards a working prototype. All the projects should also focus on company goals as turn over and profit.

In the fourth year of the curriculum we also have a semester project and now all projects are carried out in collaboration with national and sometimes international companies leading to company assignments. Some students are contributing to international IPD projects, working together with students from other universities. The fourth year project groups will in principle have to carry out different assignments of different companies. The former courses and  projects are usually related to the same company for several years (normally within 3-5 year contracts). 

2 Reviewing the curriculum

In the first setup of our curriculum we included too many projects (a kind of overshoot when starting new things..). In feedback sessions students and personel complained about this. The first group because they wanted regular, conventional courses, just to be able to show their individual capabilities instead of working in a group and getting group marks. The latter group because of the inflexibility of the choosen system: all learning modules were related to the projects and the progress of the projects was depending on the explanation of terms in these learning modules. When a lecturer was not available for one reason or the other, the whole project could be delayed!! That is why we decreased the work content and credit points for project work from 9 to 6 credit points per project (figure 1). In evaluation sessions it turned out that this is a pretty good balance for all participants.

Another complaint was that, according to fellow students,  there were always students in the groups who didn’t work hard enough. “Hitch hikers” they were called and they spoiled the working and learning spirit of teams. We have put more emphasis on individual contributions by introducing the rules of soccer into the projects: each team starts with writing down a code of ethical and community rules. Not working according this document will generate a warning for the student involved. The next mistake of the same student will raise a yellow card. Of course the final step is a red card and removal from the team. The student has to come back half a year later to try to do the project work again. The student group itself may give warnings or cards but also the lecturers or coaches may do so. This is a system appreciated by all players: lecturers and students!

A last remark came from the group coaches: they saw that many students worked on things they already  had experience in: they didn’t learn a lot but only got better in e.g writing documents. So we discussed how we could achieve that students would play different roles in different projects, thus improving their overall knowledge and skills. We therefor introduced a system based on competences!

3 Integrating competences in the curriculum

In the past, curricula were developed from a perspective of building up the knowledge, which the student needed to know for his future profession. These items of knowledge are still relevant but they are not adequately 'translated' in order to fulfil specific engineering tasks. Knowledge alone is not sufficient anymore. With competences someone can have more 'feeling' for the specific tasks that make an engineer competent in his profession. These competences are descriptions of proper behaviour of an engineer, leading to a successful performing of one’s job. Building a new curriculum based on competences will provide the possibility of creating a sort of education that is anticipating for a practical engineering attitude. The quality of the competences that a student has obtained will be logged in a so-called portfolio. This portfolio is a report of one’s capabilities in the field of his future profession. It is very important that education will contribute to the realisation of the career-based expectations of the student. These career-based expectations will be crucial while advising the students’ personal trainingsplan (PTP), making the “route to travel” more adequate.
While an institute is composing and formulating the competences it is very important to make a fair match between vocational training and the job market. The teaching staff of our institute searched for the best descriptions of these competences. In a first stage descriptions were made from the personal backgrounds and visions of the lecturers. That resulted in 70 suggestions for descriptions of competences. After arranging and clustering, we ended up with 14 usable descriptions of competences (see Figure 2). The question now was: will these descriptions cover the total working area of an engineer? To find out these competences were projected into the so-called HOT-model of technological skills. By including the HOT aspects a broader band of perspective is provided to assess the number and the quality of competences in the working field of the engineer. 

 

In our conventional curriculum some experience with this HOT-model had been gained. Students need to address these three fields to have a practically oriented perspective. A triangle is drawn with each of the three key perceptions placed at the corners. The chosen 14 competences were located in this triangle in such a way that the position gives an indication of the relevance of each competence with relation to the three key perceptions. For each competence the objectives, which the student needs to achieve in order to show excellent behaviour, are specified. Also the criteria that determine the bachelor and master level attained (levels 1 to 4) are described. 

Every student has gained some competences at some level in his past. These competences will be acknowledged within the curriculum, under the condition that a so-called certificate of evidence can be shown and evaluated. In a normal situation it is quite unlikely that a student will attain the highest level for every competence. Every person has his or her particular qualifications and an individual opinion about the career he or she wants to fulfil. So, it may be evident that every student has a different starting point and a different end of his or her studies. With every student there will be an intake session, in order to get clear in which competences and on which level the student needs to do some work as a trainee (see Figure 3). The student’s mentor conducts this session. A student will keep the same mentor for his or her total studies. During these intake sessions it has to become clear with what career expectations the student entered his or her studies. Often it is very difficult for the students to express these expectations. But anyhow, confronting the student with this question will make the student more aware of his or her implicit goals when selecting this type of education. As soon as the student has got an idea about his or her career and the levels of actual competences are known, it is possible to formulate a personal trainee plan (PTP) and a personal activity plan (PAP) for each individual student.


4 Implementation

A difficult part in working with competences is how to give a suitable follow up to the plans that were made during the intake session. We decided that the project team coach and the mentor do have an important role in this work (see 
Figure 4, relations between mentor, student and project team coach
). The mentor discusses and approves together with the student his or her personal trainee plan (PTP). This plan describes the learning route of the student throughout his or her studies. Of course it is not possible to get this plan clear in one shot. So after every year mentor and student will come together and will discuss WHAT is achieved, and HOW. This discussion is based on the reports that the student has got from his fellow group members. The coach of the group will also report his findings. All this information will be kept in the portfolio of the student.

Every half a year a new personal activity plan (PAP) will be written by the student. The PAP is more a working document, and therefore updated more frequently. The PTP can be seen as the long-term strategy and so reviewed only once a year. In the PAP plan he will write down which competences he will focus on in the next half a year. These competences are based on the PTP. Of course he will also write down HOW he intends to achieve his targets. This PAP is handed over to the coach and to the group members at the start of the project. So everybody knows about each other competences and current 'drives'. In evaluation sessions feedback will be given on these targets. In such a session students will write down positive and negative remarks. The latter will focus the student on where, or how, to improve.

One may understand that the PTP is a document that may change once and a while. Once a year the mentor will discuss the progress and the objectives that were mentioned in the PAP with the student in relation to the PTP. Students view can be changed by the experiences he had in that last year which has of course influence on is long term targets written down in the PTP. It will always be the student who is responsible for coming up with changes. The portfolio, PTP and PAP are means to guide a student towards the end of his or her studies and to a proper start of a job in the world of engineers. 


Figure 4, relations between mentor, student and project team coach
5 Evaluation

Our students had many complaints when  we started to integrate competences in their studies. It took them a lot of time to understand the meaning of it and a lot of time to get started. Many of our technical students thought that this shouldn’t be part of their studies. “If we would have liked to do this job we would have choosen some other studies” they said in the beginning. So we learned we have to support them and we now are having workshops to create a better start. Now students tell us that this way of working helps you a lot in thinking about one's future and especially the feedback on personal behaviour from team members and coach was said as extremely valuable. 

Until now we are mainly focussing on social or “soft aspects” of the competences. Because we made a framework of the “hard aspects” by defining the content of all the courses and projects in our present curriculum. In that way we have built a guided route to make sure that students learn the skills and get the knowledge we particularly think an angineer needs in his daily practice.  In the future we intend to incorporate technical aspects as well in the competences, so a student will be able to create his or her own complete, personal learning path. By selecting suitable learning courses  and projects the student may build his or her own way towards a fine career. Courses and projects may even be choosen at different departments or external training at companies might be included in the 'learning curve'. A whole new future of education may become reality by then!

References

* Hans van Zonneveld & Hay Geraedts, 1997, Rethinking Engineering by Working Interdisciplinary in Groups, Teaching Science for Technology at Tertiary Level Conference, Stockholm.

* Cees Blokhuizen en Frans van Montfort, 1998, Ingenieurs, Scholing en Onderwijscultuur (Engineers, Scholing and Educational Culture),Tilburg University Press, 
* Dick van Schenk Brill & Peter Boots, 2001, Innovative Experiences with Industrial Co-education, SEFI 2001 Copenhagen.

*    Peter van Kollenburg & Hay Geraedts, 2001, Collaborative Experiences, SEFI 2001 Copenhagen.
* Geraedts H., Blokhuizen C., Leijten P., Rutten M, 2001: Bridging future needs to todays companies’capabilities,  SEFI 2001 Copenhagen.
Cultural Aspect


Human aspects





Social  Aspect Organizational  aspects





Technological Aspects





Innovating





Designing





Applying Technological processes





Co-operating





Enterprising





Organizing





Translating





Justifying





International operating





Interdisciplinary work attitude





Examining





Problematizing





Self-development





Communicating





Competences





1





2





3





4





Entry Level  Competence





Competence target line


Personal Trainee Plan (PTP)





Personal Activity Plan  (PAP)





2 


modules





5 credit points





stream 


related








2 


modules





4 credit points





project 2





6 credit points








project 1





6 credit points





Figure � SEQ Figure \* ARABIC �1�,  21 credit points in total per semester in projects and modules (each point standing for 40 hours work)  
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Figure � SEQ Figure \* ARABIC �3�, Example of competence development of a bachelor course student





Figure � SEQ Figure \* ARABIC �2�, Competences situated in the HOT-model ofTechnological Skills
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