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Abstract

In this paper, we present the historical background and our experiences with the study of Telematics, a program at Graz University of Technology. This course of studies is currently in its 21st year and still very successful and excepted in both academic and industrial surroundings. The concept of the study, its partitioning in the Bachelor’s and Master’s and the concept of keeping it both flexible and up-to-date is presented. The program has undergone constant adaptations to modern trends and requirements and has proven to be still up-to-date with today’s demands. For the ease of understanding the legal situation and their changes in the recent years and their influence on universities in Austria is also presented as this has a strong impact on the program.
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Courses of studies are influenced by many sources. The legal situation and the funding by the government certainly have the biggest impact, and this situation changes with increasing speed. The next to mention is the situation at the university itself, the possibility to develop study programs, the formal chain of responsibilities and financial coverings and finally the requests from outside, be it research requirements from inside or outside the university, industrial or governmental employers or even the possibility to be prepared for running a business after finishing the university. Very often nowadays the request is that at least the first cycle of the study has to be relevant for the job market, as even is stated in the Bologna declaration. The challenge for every commission being responsible for a study is to fulfil the requirements, to be flexible enough to react quickly to trends and new market situation and still keep the quality of the program and a sound scientific basis for the degree holders.
In this paper we try to present the ideas behind our study of Telematics, which is one of the longest running programs in the informatics context that has neither changed its name nor lost any of its reputation within the last 20 years. The program has undergone a lot of changes but never changed the focus and the basic concept through all the changes. The base idea was to build a solid and broad scientific basis in the first three years of the study and offer a wide range of easily adaptable catalogues of courses for deepening and specialisation in the last two years.
2. Legal Situation in Austria 
Legal situation changed very often in recent years, namely 1975, 1993 and 2002, including minor changes in between. The major change in the seventies was the opening of universities to a wider group of the population. Everybody having a school leaving examination we call “Matura” is allowed to the university. The student can freely select which university to visit and which program to start. In this way universities are confronted with varying numbers of beginners, in our case between 100 and 250 per year.

Until the end of 2003 the Ministry of Education was directly responsible for the curriculum. There existed regulations about the formal aspect like duration of the studies, but no regulations about the contents of studies. Every curriculum had to be presented to the ministry and had to be accepted through a law, which made it very difficult to introduce new studies. Universities became autonomous with 1st of January 2004, receiving a fixed but reduced budged by the government including the possibility to receive tuition fees from the students, but with a fixed amount of € 360.- per semester. Also during the recent years according to the Bologna agreement the guidelines for the studies changed. At the latest with 2007/08 all the studies have to be changed to the new paradigm of a 3 years Bachelor’s followed by a two years Master’s degree. This is in sharp contrast to a well over hundred year’s tradition of single cycle studies to a Master’s degree. This degree was, in the technical area since more than 100 years, called “Diplom-Ingenieur”, a title well known all across Europe not even in German speaking countries. This degree was optionally followed by a doctorate in technical sciences – still speaking of Technical Universities.

3. Course of Studies in Telematics
Graz University of Technology developed from schools for civil and mechanical engineering, including natural sciences such as mathematics, physics or chemistry. Electrical engineering was founded in the seventies, a small group of computer scientists started to work 30 years ago, but no course in informatics was allowed by the ministry. 
The solution in Graz was to develop a unique study, a combination of TELEcommunication and inform​MATICS thus giving it the name. Born out of shortage of possibilities rather than of careful planning the concept based on the fact of creating a interdisciplinary study between computer science and electrical engineering thus covering both software and hardware. As the workload for the students could not be extended too much, only the basics in natural science, information processing and electrical engineering could be placed in the compulsory courses, about 3 years of the study. This formed a very solid scientific basis, were all the “luxury” had to be omitted because of the restricted time. Within the selectable courses in the last semesters students had to specialise in one of nearly 20 catalogues of courses forming half of the remaining workload. The rest could be arbitrarily selected from the rest of the full offering of courses. Most of the courses were also used in different studies, ranging from technical mathematics, informatics to electrical engineering or even economics. In all this led to unusually motivated students shaping their program to their interests. Also the number of students in these courses was a lot smaller than in the first years and allowed a very intensive contact between teachers and students. The amount of selectable courses that were grouped in subject made alterations easier. Courses no longer of interest could easily be changed to newer ones, or the content of the courses could be changed. New subjects or groups of courses could easier be introduced compared to full studies which allowed great flexibility. 
3.1 The Bologna process

With the beginning of the Bologna-process and the necessary alterations in the legal situation this study was the first in the technical area to be transferred to a 2 cycle program, consisting of a Bachelor’s and a consecutive Master’s program. The change required several difficult decisions to conserve the quality of the program. As in most countries the Bachelor-programs are obtained in 3 years. This is obviously not enough to learn theory and practice as well. Also there was no room to keep both compulsory and selective courses in the Bachelor’s. A glimpse to the ratio between these parts shows the problem. So the decision was to put all of the compulsory courses into the Bachelor’s program and keep the Master’s flexible. 
3.2 Bachelor in Telematics

The following list summarizes the topics within the Bachelor’s:
30% basic sciences consisting of mathematics, physics, signal processing or control theory

30% electrical engineering including telecommunica​tions, electronics, computer architecture, 

30% information processing including basics in in​for​​matics, operating systems, computer program​ming, and computer graphics, 

10% soft skills, seminars, projects, social aspects
We were very concerned to stress the interdisciplinary concept in our program. A part of the program is lectured by engineers, another part by mathematicians, a third part by computer scientists. So we present a wide spectrum of personalities and scientific approaches. Also the types of the courses are very heterogeneous. We have lectures, practices, laboratories, seminars, projects, and discussions, giving the participants the possibility to develop their individual potential or discover their shortcomings. 5% of the courses are freely selectable to respond to that. So our Bachelor’s degree holders have a solid scientific foundation to either continue their studies or to find an employment where they are capable to adapt to a wide range of requirements. Also we cannot define our concept as being professional oriented. 

We have to mention the fact that according to the Bologna declaration the first cycle should be job oriented. All our degree holders have good jobs. So obviously the courses cover what they need to adapt to the requirements. We could not find any possibility to cover both the required profound basic scientific education as well as the specialisation with an unknown number of specific tools that is often requested by the industry. So our intention was to provide a solid basis and the capability to adapt quickly, allowing degree holders to coop with a wide range of professional profiles. Also the degree of Bachelor is new in Austria and managers do not know what to expect from these people. So they get the job a lot easier when having their Master’s degree that is still called “Diplom-Engineer”.
3.3 Master in Telematics

Considering the decisions for the Bachelor-program and the former concept the Master had to contain all the selectable courses. So we had the problem of either defining a lot of different programs or just one with the former flexibility. We decided for the latter one. We also did not succeed in defining compulsory courses for the program, so we decided to just define a number of guidelines. Students have to select two out of more than 20 catalogues, each of them containing a set of compulsory courses forming the scientific background. This in sum is about half of the program. One semester is reserved for the thesis; the rest is arbitrarily selectable from the full range of offerings. Therefore the structure is approximately

25% first subject

25% second subject

25% selectable courses

25% Master’s thesis

Additionally each individual program has to contain 25% of the credits from both of the two faculties of Informatics and Electrical Engineering, and has to include 50% lectures and 25% practical. This allows the student to define his or her individual program within a wide range of possibilities between theory and practical, between hardware and software and even medical or economic courses. This allows the range that could be covered only with a number of specialised Master programs. Examples for the subjects are:
· Security in Information Technology

· System-on-Chip-Design

· Computational Intelligence

· Computer Graphics

· Software technology

· Mobile and Wearable Computing

· Analog and Mixed-Signal Chip Design

· Biomedical Engineering

· Management Tools in Telematics

· …

This shows the complete range from theoretical aspects to practice oriented engineering.

Teachers in Graz always are researchers and are interested in attracting students into their catalogues and ultimately into doctorate programs. This interest leads to a competition between the teachers, which keeps the quality of the courses at a high level. Our statistic shows that students are more interested in attractive and modern contents than in obtaining their degree easily.

In our opinion this ultimately leads to the fact that our students have to organise themselves, develop their own interests and skills and therefore obtain unusually good results. All of them, currently we do have about 1200 degree holders, could find good jobs either in industrial or academic environments or in research facilities, as well in Austria or abroad.

A study commission is responsible for the program and is allowed to define the subjects and included courses every year, but because of the flexibility within the courses and the interest of teachers to keep their lectures up-to-date no major changes were required in the last years. 
4. Conclusion

The concept of supplying students with a solid basis in natural science, informatics and electrical engineering and giving them to opportunity of getting to know a wide range of approaches and viewing points helps them to develop their own personality and to meet a wide range of demands. Keeping the Master’s program flexible due to a high percentage of selectable courses with varying content the adaptation to trends and requirements can be handled both by individual teachers and the study commission within the yearly changes. Students can select from a wide range of subjects and can therefore concentrate on there interests. Details of the study are available at www.tugraz.at.
Graz University of Technology is constantly working on the implementation of the goals of the Bologna Process, it plays an active role in the development of the European Higher Education Area. In 2004, the university was awarded the ECTS-Label for the correct use of ECTS. This fact and the flexibility and range of the program also make it attractive for foreign students to complete a part of their studies in Graz within the European exchange programs. 
