UNIVERSIT�T DORTMUNDFACHBEREICH INFORMATIKLEHRSTUHL VIIIK�NSTLICHE INTELLIGENZ

MLnet Report:Training in Europe on Machine LearningLS-8 Report 17Katharina MorikMario EllebrechtDortmund, 13. April 1995

Universit�t DortmundFachbereich InformatikUniversity of DortmundComputer Science Department

Forschungsberichte des Lehrstuhls VIII(K�nstliche Intelligenz),Fachbereich Informatikder Universit�t DortmundISSN 0943-4135Anforderungen bitte richten an:Universit�t DortmundFachbereich InformatikLehrstuhl VIIID-44221 Dortmund

Research Reports of Chair VIII(Aritficial Intelligence),Computer Science Departmentof the University of DortmundISSN 0943-4135Please direct your requests to:University of DortmundFachbereich InformatikLehrstuhl VIIID-44221 DortmundeMail: reports@ls8.informatik.uni-dortmund.deftp to ftp-ai.informatik.uni-dortmund.dein directory /pub/ReportsWWW: http://www-ai.informatik.uni-dortmund.de

MLnet Report:Training in Europe on Machine LearningLS-8 Report 17Katharina MorikMario EllebrechtDortmund, 13. April 1995

1ReportMLnet************Training in Europe on Machine Learning

TABLE OF CONTENTSAbstract............................................................................................................................. 3Introduction....................................................................................................................... 3Teaching ML in Belgium.................................................................................................. 5Belgian Science Organisation....................................................................................... 5Belgian Situation for ML.............................................................................................. 5Teaching ML in France..................................................................................................... 6French Science Organisation........................................................................................ 6French Situation for ML............................................................................................... 6Teaching ML in Germany................................................................................................. 7German Science Organization...................................................................................... 7German Situation for ML............................................................................................. 8Teaching ML in Great Britain........................................................................................... 9British Science Organization........................................................................................ 9British Situation for ML............................................................................................... 9Teaching ML in Italy....................................................................................................... 10Italian Science Organization....................................................................................... 10Italian Situation for ML.............................................................................................. 11Ph.D. Program............................................................................................................ 12Masters........................................................................................................................ 12Teaching ML in the Netherlands..................................................................................... 13Science Organization in the Netherlands.................................................................... 13Situation for ML in the Netherlands........................................................................... 13Teaching ML in Portugal................................................................................................ 14Portuguese Science Organization............................................................................... 14Portuguese Situation for ML...................................................................................... 14Teaching ML in Spain..................................................................................................... 15Spanish Science Organization.................................................................................... 15Spanish Situation for ML............................................................................................ 15Teaching ML in Denmark............................................................................................... 16Danish Science Organisation...................................................................................... 16Teaching ML in Greece................................................................................................... 16Greek Science Organisation....................................................................................... 16Teaching ML in Luxemburg........................................................................................... 17Science Organisation in Luxemburg.......................................................................... 17Teaching ML in Ireland................................................................................................... 17Irish Science Organisation.......................................................................................... 17Teaching ML in Austria and Slovenia............................................................................ 17

2Inquiry............................................................................................................................. 18Results of the inquiry...................................................................................................... 20Computer Science....................................................................................................... 20AI................................................................................................................................ 21ML.............................................................................................................................. 26Conclusion....................................................................................................................... 29A First Tentative Summary............................................................................................. 31Annex A (Questionnaire)Annex B (Inquiry database)Faculties that have answered the questionnaireFaculties that have not answered the questionnaire

3MLnet Report:Training in Europe on Machine LearningKatharina MorikUniversit�t Dortmundmorik@ls8.informatik.uni-dortmund.deMario EllebrechtUniversit�t Dortmundellebrec@ls8.informatik.uni-dortmund.deAbstractMachine learning techniques offer opportunities for a variety of applications and the theory of machinelearning investigates problems that are of interest for other fields of computer science (e.g., complexitytheory, logic programming, pattern recognition). However, the impacts of machine learning can only berecognized by those who know the techniques and are able to apply them. Hence, teaching machinelearning is necessary before this field can diversify computer science. In order to find out, wheremachine learning is taught in which context and to what extent, MLnet has gathered data from severalEuropean countries. In this report, an incomplete overview of the training situation in Europe is givenand a questionnaire for obtaining a more complete survey is proposed.IntroductionMachine learning was one of the first challenges in the field of computer science. Alan Turing claimedthat computers must learn and programming should be replaced by teaching. McCarthy proposedsystems that were capable of taking advice. In recursion theory learnability was investigated. However,the hardness of learning problems decreased the scientific efforts in machine learning (ML) and artificialintelligence (AI) became more concerned with the fields of natural language processing, knowledgerepresentation, and theorem proving. The practical applications of knowledge-based systems, however,brought the topic to the front again. Building up a knowledge base requires system support. Machinelearning offers support to form concept structures, to design rules, and to revise the knowledge base.Meanwhile, results from logic programming and new approaches in complexity theory provided a betterbasis for machine learning research than the one available in early days of computing. Also the muchmore powerful computing equipment encouraged researchers to pick up the results from past researchand develop new ideas. In the United States of America ML became the hot topic in AI. In Europe, asmall but enthusiastic community came into being by the first European Working Session on Learning,organized by Yves Kodratoff at Paris in 1985. Since then, some European or National research projectshave investigated theory and practice of ML. These projects have established some expertise in the fieldof ML, both in the academic and industrial environment. The question now is: in how far is the skill toapply ML disseminated by teaching?¥Do researchers from ML projects teach ML regularly or frequently or only rarely?¥What is the coverage of the ML teaching activities? Is there only one place per country whereML is regularly offered as a course topic or is ML part of the standard curriculum at almost allEuropean universities?¥Are professors who were not involved in ML projects now aware of ML results and incorporatethem into their regular courses?

4¥Is ML taught within AI courses or as a topic in its own right?¥At which level is ML taught (for master students or only for Ph. D. students)?¥Are there specific training activities in industry with respect to ML?In order to find some answers to these questions, the author started an inquiry at the MLnet meeting atLeuven in 1992. This inquiry has some methodological problems.¥The education systems of European countries are diverse. Notions such as "undergraduate" or"diploma student" do not refer to the same situation (age, prior knowledge, etc.) at differentcountries.¥The organization of science differs from one European country to another. So, the teachingconditions (who is allowed to teach what where and how long can the person stay at one place)are so disparate that also in this respect English concepts cannot be used easily.¥In several countries research staff is frequently exchanged. Together with the fact that thelecturers of several ML courses are active researchers this means that within one year aflourishing center for ML can become "a desert" with respect to ML teaching.¥ML could be a fashion topic which is taught by regular personnel just one or twice and bedisregarded afterwards.It follows from the lack of a common terminology or a reference structure for education systems -- thefirst two points -- that it is impossible to design a questionnaire to be filled in by the main nodes ofMLnet for their respective countries. No standard questionnaire but a more descriptive text is requiredfor each country. It follows from the ever changing teaching situation -- the last two points -- that acollection of ML courses does not offer an answer to the questions above. A sample of courses couldwell give a misleading picture of the situation in Europe if not the data are analysed carefully: what is thestatus of the lecturer, what are the conditions for researchers of this status, is this person planning tocontinue activities in ML, does the institution continue teaching ML even if this person has moved, etc.For someone who is not familiar with the AI community of the particular country, this is a huge amountof work! The efforts of the analysis of the data would outweigh the benefits of the data collection.Therefore, a more qualitative approach is preferable: for each country, an overview of the teachingsituation is given by the respective main node of MLnet. The results of the two statements -- one aboutthe education system and one about the teaching situation -- are then compiled and presented withinMLnet.This report is the compilation of the answers that I have got due to my queries at MLnet meetings(Leuven 1992 and Wien 1993) and various e-mail communications. A second round following thisreport will help to complete and correct the picture. A second round is necessary, because the situation ateach country is not yet completely described (in particular, I have no information about industrialtraining activities) and some countries are not described at all, namely Luxemburg, Denmark, Ireland,and Greece. This report is intended¥to establish a basis for discussing commonalties and differences of the state of ML teaching atdifferent countries¥to propose a questionnaire to be answered by the main nodes and¥to provoke those whose teaching activities are missing or where the situation of the country isnot well described to send me more information.All comments will be taken into account for the second report.A final methodological remark concerning MLnet structure could also raise some discussions. Asbecomes clear from the preceding remarks the procedure that I propose ascribes the role of a national

5representative to main nodes. We may discuss whether main nodes should serve as distributors withintheir countries both, from the national community to MLnet and vice versa. This would probably make itnecessary that all European countries become involved in MLnet. Moreover, playing this role demandsquite a lot of time from the main nodes. Giving an overview of the ML teaching situation in the owncountry requires to start an inquiry in the own country, triggering colleagues to send me someinformation about their teaching activities. As main nodes are currently granted in the same way as allother nodes (in particular, no man power -- e.g., student labour -- is financed) their extra work is notacknowledged. Some main nodes may prefer to become regular nodes, be informed and travel to MLnetactivities without the burden of extra work. If work load differs, funding should differ, too.Teaching ML in BelgiumBelgian Science OrganisationThe Belgian higher education system comprises a large number of institutions, which are under controlof the French or Flemish Communities. The Belgian state only provides the basic framework forrecognition of diplomas and similar major issues. Responsibility for higher education is with theCommunities. The education institutions are organised and run by the Communities and also by theprovinces and communes. In addition to the universities, there are a number of non-university public andprivate higher education institutions.The Belgian higher education system of both the Flemish and French Communities offers amultitude of courses and degrees at different levels. In principle, there is a distinction between highereducation of the short type, higher education of the long type at university level and university courses.Non-public education institutions must fulfil the legal requirements if they wish to award degreesrecognized by the state or claim public funding.Higher education of the short type is supposed to prepare the student - at an academic level - for acareer in industry. Study courses usually take three years and conclude with a diploma. Higher educationcourses of the long type usually take four to five years, divided into two cycles. This type of education atuniversity level is supposed to promote a view to the practical application of scientific knowledge.Studies conclude with a diploma.University education comprises a sequence of three cycles, each concluded with a degree that isrequired for admission the next cycle. The first cycle usually takes two years and is completed with theCandidat/Kandidaat diploma., while the second cycle takes another two or three years and is completedwith the Licenci�/Licentiaat degree, which qualifies for the profession. The third cycle is completed withthe Docteur/Doctor degree and takes at least two years. After another two years, but usually longer, theAgr�g� de l«enseignement sup�rieur/Geaggregerde voor het hoger onderwijs degree can be completed.Belgian Situation for MLBelgium has four Flemish and four French universities. Only the Katholieke Universiteit Leuven and theBrussels University have specialised courses on ML. At Leuven, Maurice Bruynooghe and Luc DeRaedt teach ML. It is one of the centers for inductive logic programming. Students learn the theoreticalbasis and the programming of ML techniques. Topics of ML are offered regularly to diploma and Ph. D.students.Antwerp university and Louvain-La-Neuve have an introductory course on AI with a chapter onKnowledge Acquisition and ML including Neural Networks.Possibly there exists a postgraduate program for industry at Gent university that also covers MLtopics.

6Teaching ML in FranceFrench Science OrganisationThe French higher education system is characterized by the competition between state universities on theone hand and state-run or private elite institutions, the Grande Ecoles.. In contrast to the highly selectiveEcoles, whose courses have traditionally placed an emphasis on high standards and a close relation to therespective career areas, the universities have to a large degree been able to maintain a leadership in basicresearch.Long-term study courses last at least three years and are offered by both universities and GrandesEcoles. At universities, the courses fall into three successive study cycles. The first two take two yearseach, while the third on lasts at least one year. Each study section is concluded with an examination anda Dipl�me national (e.g. 1. DEUG, 2. Licence, Ma�trise,MIAGE, 3. DESS,DEA), after which studies canbe completed. Some universities may offer only the first two cycles to students.The first study section (

Dipl�me d«

�tudes univ�rsitaire g�n�rales) serves the purpose of generaleducation and preparation for the following studies. The minimum amount of studies as fixed by thestate is 350 to 550 hours a year. Each year, at least two written exams have to be sat under supervision.The real significance of this first study section is its preparatory and selective function for the followingsection. The dropout and repeat rate is about 50%. Accompanying course guidance serves students whodo not fulfil achievement requirements.In the second study section (Licence, Ma�trise, etc.) students have a choice of three different typesof study courses and certificates:1. Students who want to work in research or education traditionally do the Licence exams one yearafter the DEUG, and after another year the Ma�trise exams.2. Students aiming at a career in the engineering sector or in industry go for the

Ma�trise dem�thodes informatiques appliqu�es � la gestion. These study courses are particularly work-intensive.3. In addition, three-year study courses being completed with the Dipl�me d«ingenieur or theMagist�re were introduced to compete with the Grand Ecoles. These highly sophisticated courses, towhich only 30 to 40 students a time are admitted, combine introduction to peak research with animplementation of its results in practical.The Grandes Ecoles vary considerably regarding their performance requirements and the standardsof education they offer. They have a relatively high degree of freedom in determining the study coursesthey wish to run and in the award of diplomas. The value of the diplomas depend on the reputation of theEcole. The degrees of various highly respected Ecoles are approved by the state. As a rule, the studycourses last three years, but in certain cases they might take up to five years. The curriculum is designedto begin with multidisciplinary lessons and to focus increasingly on the selected subject in the course ofthe study programme. The strong orientation on practice is achieved by practical courses and by teachersfrom industry. The curriculum is very extensive and the workload is very high, but nevertheless thedropout rate remains low.French Situation for MLThe University Paris-Sud, LAFORIA, the University Nancy I, and the University of Montpellier areoffering courses on ML regularly. In general, master students are in the fourth year at university and Ph.D. students start in the fifth year and end in their ninth or even tenth year.At the University Paris-Sud, special courses on ML are offered regularly. A Ph. D. program doesnot exist but topics of ML are regularly offered for Ph. D. theses.

7At the University Paris VI (LAFORIA), there is a program for Master of Science in AI. About 80students each year take part in this track. Since 1989, once a year a course on ML and KnowledgeAcquisition is offered. The general part (from October to December) covers in 10 hours generalization,induction, ID3. The context is data analysis and information theory. There are also 10 hours on NeuralNetworks. The specialized part offers to about 10 to 15 students Machine Learning and KnowledgeAcquisition in 20 hours. There is also a special course of 20 hours on Neural Networks.At the University of Nancy I, for students at master level 20 hours on Machine Learning andKnowledge Acquisition are offered. A Ph. D. program for Artificial Intelligence, started 15 years ago,includes 30 hours on Machine Learning and related topics. Neural Networks, Case-Based Reasoning,Pattern and Speech Recognition are also covered.At Montpellier, courses specialized on ML or Knowledge Acquisition are taught. The courses areeither for students being in the fifth year at the university or for those in the fourth year. The courseshave a length of 20 hours and are offered once a year. The first course on ML was given 1989. It ispossible to write the diploma thesis on a ML topic.Teaching ML in GermanyGerman Science OrganizationIn Germany, education is a matter of the federal states, not of the overall government. Therefore, lawsconcerning the universities may differ from one federal state to the other. However, the typical career ofa scientist consists of being a student, an assistant or researcher, and then becoming a professor.Studying one main discipline (e.g. computer science) and another secondary discipline (e.g.medicine, linguistics, mathematics) takes about 6 to 8 years depending on whether the student has toearn his or her living. The studies are accomplished by a diploma thesis which itself takes at least 3months, but regularly 6 to 9 months.After the diploma, most students become employed by the industry. Those, who want to doresearch, work in a research project (funded by National or European funding agencies) or becomeassistants (employee of the university). In both cases, they write their Ph. D. theses while performing theresearch of the project or while helping in teaching (e.g. tutoring, designing and correcting exercises,teaching programming languages). Some assistants are additionally involved in research projects.Another opportunity is a Ph. D. grant which is much less money but allows one to concentrate on the Ph.D. thesis. At some universities there exist Ph. D. programs where the students get good grants andparticular courses are offered for the Ph. D. students. Such a Ph. D. program is funded by the GermanNational Science Foundation (DFG). At Freiburg, there exists one for "Human (and Machine) Learning".Writing a Ph. D. thesis takes about 3 to 5 years, sometimes even longer depending on how demandingthe research project is.After the Ph. D. thesis the scientist has to write a habilitation thesis and do some teaching. Thiswork period (taking again about 5 years time) is funded in almost the same ways as the Ph. D. thesis.Normally, research is then done at another federal state, because scientists are regularly employed nolonger than 5 years by the same employer (in academia: the federal state minister for research). Asstudents in the first year at university are about 20 years old1 , a habilitated scientist is about 34 yearsold. Then, the scientist is qualified to become a professor which is the only permanent research positionat universities. The qualification is only accepted if the scientist gives at least one course a year (about28 hours) at the university where he (sometimes: she) passed the examination for habilitation. Travel

1 After school, men have to serve the state either by military or civil service. Women are probablysupposed to serve the state by raising children but have (therefore?) no military duty.

8costs to the teaching location are not paid. Teaching itself is minimally paid. Positions as professor arepublicly announced. The faculty of the university decides in a first round which candidates are put on alist. In the second round, the federal ministry for research selects a candidate from the list. Then, theuniversity and the candidate negotiate about staff (regularly 2 to 3 assistants and a half secretary positiongo along with a full professor) and equipment. If they cannot come to an agreement, the next candidatefrom the list starts negotiations. From the first public announcement of a vacant position until theestablishment of the candidate as the professor it takes 1 to 2 years, sometimes it takes even 5 years.Research institutions (German Research institutions (German National Research Center forComputer Science - GMD, German Research Center for Artificial Intelligence - DFKI, Max Planckinstitutes)) are in principle able to employ scientists for longer than 5 years. The majority of researchers,however, depends on project funds at varying locations.The most important consequence of this system for our overview is, that active researchers whowork in a project have to change frequently so that the expertise that has been built up at one universitycan rapidly disappear. It may well happen, that during the life-time of a research project, there areseminars on ML each semester, and after the project ML is not even mentioned in the AI lecture. This isparticularly so, if the professor himself was not involved in ML but had assistants who wrote the projectproposal and performed the investigations.This (western German) rule is now also applied to the east of Germany. Before, in the GermanDemocratic Republic, scientists used to stay at one place, regularly the one where they had alreadystudied. There were permanent positions without the need to acquire external funds. There is no uniformprocedure in which the eastern permanent positions are changed into positions of the western type.German Situation for MLThe most elaborated subfields of AI in Germany are Natural Language Systems, Theorem Proving andKnowledge Representation, and Computer Vision. These have a long tradition and are at a very highstandard. At almost all German computer science faculties, there are regularly courses on AI offered.However, ML is not regularly included, although the situation is currently changing to the better. An AIlecture has about 28 to 56 hours lessons plus 28 hours exercises. AI courses are most often offered tostudents after their first examination, about their third year at the university.Special courses on ML are offered regularly at the universities of Dortmund, Kaiserslautern, Leipzig,and will become a regular matter at the Technical University Berlin. Such a seminar or lecture regularlyhas 28 hours lessons and possibly another 28 hours exercises. At Dortmund, the complexity theoreticapproach to ML (within the institute for Theoretical Computer Science) and the AI approach arerepresented. At Kaiserslautern, case-based reasoning, integrated ML-KA systems and recursion theoreticanalysis of learnability is represented. At Leipzig, the recursion theoretic algorithmic learning theory isestablished. At other universities, assistants offer from time to time a seminar on an ML topic.At the university of Osnabr�ck, ML is addressed by seminars in the linguistic department. At theuniversity of Freiburg ML topics are taught at the psychological department and the one for socialimpact of computer science, mainly in the context of the mentioned Ph. D. program.At the German Research Center for AI (DFKI), mainly Natural Language Systems and KnowledgeRepresentation are represented. At the German National Research Center for Computer Science (GMD)there was a strong group in ML but the future is unclear as project funds are exceeded. Industrialresearch laboratories are mainly Mercedes Benz (Ulm), Siemens (Munich), and IBM (Heidelberg).Siemens has decided to concentrate its activities in ML in the USA. In the context of Natural LanguageProcessing, there might be some activities in ML. IBM had some activities in building up knowledgebases in a linguistic context, but is currently not involved in systematic ML research at Heidelberg. Bothcompanies, Siemens and IBM, support their researchers to do teaching, but at the time being I do notknow of activities to teach ML. Mercedes Benz still is engaged in ML. The Krupp Research TransferInstitute has developed an ML system and markets it. The Brainware software house at Berlin is

9involved in several research projects on learning and earn their living by ML applications. I do not knowwhether they also offer training to the industry with respect to ML.As a summary, ML has not yet become a standard part of AI lectures and the Computer Sciencecurriculum. However, at some places ML is extensively taught and topics from ML are offered regularlyat these places (Dortmund, Kaiserslautern, Leipzig, TU Berlin). At very many universities, seminarshave been offered by assistants or researchers. The tendency to include ML into the AI course isupwards.Teaching ML in Great BritainBritish Science OrganizationHigher education institutions are classified in two groups since the Further and Higher Educations Actsof 1992: Universities and Colleges/Institutes or Higher Education. The universities are independent, self-governing organizations and are authorized to award their own degrees. The quality of educationprovided by institutions is closely monitored by the Higher Education Quality Council, which has beenestablished by all the organizations representing degree-awarding institutions.The number and structures of courses available at higher education institutions in the UK havechanged markedly over the past decade and are still doing so. The traditional pattern of a single or jointhonours degree lasting three (or four) years still exists, but increasingly courses are becoming geared tospecific job opportunities. The principal development has been the introduction of modular courses andalso the concept of CATS (credit accumulation and transfer) has become a trend, although this impliesgreat a drawback for the student.Most higher education institutions offer honours degree courses lasting either three or four years.Successful completion of the courses confers the title Bachelor of Science (BSc) upon the holder. Four-year courses often involve one year spent abroad or in industry. Many courses exist, whose durationranges between one and four years. These include the Diploma of Higher Education and Higher NationalDiploma (HND). The latter is administered by the Business and Technology Education Council (BTEC).These courses are well-established and nationally respected, and are generally seen as being as tough andrigorous as academic degrees, but with the main focus on the world of work.Post graduate qualifications include Master«s degrees and PhD. Master«s degrees can be obtainedby either study or research, and last one or two years. Doctorates normally take three years of academicresearch.British Situation for MLIn Great Britain, ML is taught at the King’s College at London, at the Department for Cognitive andComputer Studies of the University of Sussex, and at the University of Aberdeen. At Aberdeen, once ayear a course for diploma students offers topics from ML in the context of Knowledge Acquisition.Derek Sleeman together with a tutor is teaching this course called "Applied AI". It takes 12 months tomake a diploma in computer science. ML is regularly offered as a topic for the master thesis.At the King’s College at London, Alan Hutchinson is teaching ML topics to students in their thirdyear at university. The course is open for students of Philosophy.At the University of Sussex, overview courses on AI include introductory ML material. In addition,a ML course for students in their third year is provided, which comprises 10 lectures plus lab sessionsand interactive working using an in-house ML toolkit.

10Teaching ML in Italy2Italian Science OrganizationUntil mid seventies the University system in Italy was quite centralized and hierarchical (for manyaspects similar to the old German and French system). At that time the only permanent positions werethe ones of Professors. Each Professor (usually a man, only occasionally a woman) has his (her) owninstitute with few (usually one or two) assistants. Courses were given by Professors and sometimes alsoby assistants or other qualified people (the ones who got Libera Docenza) not necessarily employed bythe university. The assignment of a course to an assistant or to a Libero Docente was made on an annualbasis. Only one degree was offered by University: the "Laurea" degree which can be achieved after acompletion of the curriculum. The number of courses (or credits) and the number of years are determinedby a national law and are the same for each university offering that particular degree. National Lawprescribes also the titles of the compulsory courses (usually 50- 60% of the total) for each curriculum.There was no Ph.D. program: in the seventies after the laurea one could start a training in the Universitysince some fellowships were offered by the Government. These fellowships last usually four years andthe winner has to do research (and also some didactic activity) under the responsibility of a Professor. Nofinal dissertation was required and no academic title was issued. (for many aspects this was a form oninternship).This organization of the university was under pressure during the late seventies so that in 1981 a new lawreorganized the University. The current situation includes three kinds of permanent positions:¥ Full Professor¥ Associate Professor¥ ResearchersEven not formally required currently it is almost impossible to get a position as researcher without aPh.D. title or to have almost completed a Ph.D. program. Two major novelties were:¥ creation of Departments and plans for abolishing Institutes¥ creation of Ph.D. curriculaHowever the centralized organization of the Universities was maintained: to get a position of Full orAssociate Professor one should be a winner of a national contest where each candidate is examined by anational committee in that particular discipline (e.g. Algebra, Geometry, ..., Computer Science,Computer Engineering, Electronic Engineering, Telecommunications, etc.). The number of newpositions as well as the distribution among Universities and scientific areas (such as mathematics,medicine, physics) is decided by the central government under suggestion of a national committee forUniversities.Concerning Ph.D. programs the government used a very cautious approach in authorising universities inopening Ph.D. curricula. In particular many Ph.D. Programs were established by consortia ofUniversities. The management of the Ph.D. program is centralized; the number of Ph.D. students in eachprogram is decided by the central government on an annual basis. Each winner of the contest for enteringa Ph.D. program gets a fellowship from the government (around 7 -8 K ECU) per year and is a full time

2The section about teaching ML in Italy was contributed by Piero Terrosso and is presented here almostin the original form.

11student. The length of the Ph.D. is fixed for a given program (four years in Computer Science) and thetitle of Ph.D. is given by a national committee under suggestion of the Ph.D. Program Committee.Obviously this mechanism is quite rigid and does not encourage to pursue some topics since the nationalcommittee could disagree on some areas. In Italy areas such as AI are not always appreciated in theComputer Science academic community.Italian Situation for MLIn Italy there are two different degrees in the area of Computer Science: the degree in Scienzedell’Informazione (in the following we call it Computer Science) given in the School of Sciences and theone in Ingegneria Informatica (we call it Computer Engineering, even if in some cases it is barelydistinguishable from Computer Science) offered in Schools of Engineering. Whereas Computer Sciencehas a relatively long tradition (more than 20 years), Computer Engineering is quite new as anautonomous degree. Until recently, Schools of Engineering offered a degree in Electronic Engineeringwith a specialization in Computer Engineering.The most important places for Computer Science are the universities of Pisa, Torino and Milano, even ifthis degree is offered also at the universities of Udine, Bologna, Genova, Firenze, Roma, L’Aquila,Salerno, Bari and Catania. Among them Udine, Salerno, Bari and Salerno are the oldest ones.In the current version of the curriculum in Computer Science there is no compulsory course on AI, butmany universities offer a course on AI.At Torino, most students taking the AI course have already followed a course on Logic and a course onAdvanced Programming Languages (devoted to logic programming, functional programming and object-oriented). At Torino, the course on AI is quite long (around 100 hours of classroom, students are requiredto develop an implemented project) and cover classical topics (problem solving, knowledgerepresentation, design of knowledge-based systems, natural language interpretation). The field of ML iscovered with about 8 hours of classroom.A similar situation occurs at Pisa (also at University of Pisa there are courses on Logic and AdvancedProgramming Languages). With respect to the organization of the AI course it is similar to the one ofTorino apart from less emphasis on the design of knowledge-based systems and no classroom on ML.At the University of Bari, there is a significant tradition on Pattern Recognition. However, in the last fewyears the area of AI has grown, so that there is a course on AI now similar to the one given at Torino.Moreover there is a specific course in the field of Learning. The title is "Theory of learning" and itcovers topics of learning in humans and machines. The core of the course is on symbolic machinelearning.At the university of Udine, there is no specific course on AI (AI specific topics are addressed in othercourses), but there is a course devoted to knowledge engineering which covers knowledge acquisition.At the university of Catania teaching ML has now begun.At several universities there are courses devoted to topics such as Cybernetics (currently, in most cases,this course covers Neural Networks), Pattern Recognition or Computer Vision. Some of them address theproblem of sub-symbolic learning.With respect to Computer Engineering, there is no compulsory course on AI, but the curriculum foreseestwo optional courses: AI and KBS. Among the best reputed places for Computer Engineering(Politecnico of Torino, Politecnico of Milano, University of Genova, Pavia, Bologna, Roma and Napoli)only Milano, Pavia, Genova and Roma offer courses on AI. In particular Roma is quite active in AI, butthe course on AI provides just a very limited insight into ML (very few hours of classroom). At Genovaand Milano AI is strongly related with Robotics and ML is not a major concern..

12In conclusion, at the "laurea" level (both Computer Science and Computer Engineering) there is nospecific course on ML (apart the case of Bari); there are some on AI, but only few devote some attentionto ML. It is worth noticing that courses have to cover broad fields. Specific topics are addressed duringthe work for a thesis. In order to get a "Laurea" degree the student is required to prepare a writtendissertation which takes usually more than one year (equivalent to 8-9 nine months of work full time);most theses involve also the development of software, so that good students are the actual developers ofthe research prototypes. If we consider the topic of the theses, the relevance of AI and ML is much betterthan with respect to the course alone.At the University of Torino around 20% of the students taking a degree in Computer Science (about 200a year) develop a thesis on AI. Symbolic ML is well present with 10-12 theses per year, topics such ascase-based reasoning and genetic algorithms are also covered.At the University of Pisa around 10% of the students taking a degree in Computer Science (about 250 ayear) develop a thesis on AI or a related area. Because of the situation of AI at Pisa many of the thesesare related to Logic Programming or Knowledge Representation. No theses on ML.At the university of Bari about 30 theses for year (out of a total of 180) are devoted to AI; many of themare related to MLAt the University of Udine there is a good number of theses on AI (around 20 per year - that is 25% ofthe total), no one on ML, some of them on KA.At the University of Rome (Computer Engineering) there are about 20 theses on AI per year. Almostnone of them deals with ML.Ph.D. ProgramIn the Ph.D. curricula the relative strength of Computer Science and of AI within Computer Science isapparent. The universities of Pisa, Torino, Milano, Roma offer a Ph.D. in Computer Science whereasother Departments (mainly in the School of Engineering) offer a Ph.D. in Computer Engineering andSystem Science or Electronics and Computer Science/Engineering. The Ph.D. curriculum of Torino -Milano (courses are shared) offer a course on AI (one out of 8). The course is short (usually 25-30 hoursof classroom), but Ph.D. students are additionally required to make independently a study on a specificsubject, write a state of the art on the topic and give a seminar.ML cover 20% of the course. ML topics are addressed also in the independent study. While at Torinosymbolic ML is a relevant topic of interest because the baseline of the AI group, at Milano computationallearning receives attention mainly because of the interest of professors in Theoretical Computer Science.The Ph.D. curriculum of Pisa does not offer any course on AI (some Ph.D. student addresses topics of AImainly from the point of view of Logic Programming). The Ph.D. curriculum of Roma does not have anyspecific course on AI, but there is a number of Ph.D. candidates working on AI.In conclusion, only at Torino (and partially at Roma) AI plays a relevant role both at the "Laurea"degree level and at Ph.D. level. At Torino ML is the main topic of interest within AI, at Rome not. At thelaurea level, among the universities offering AI courses, only Bari devotes specific attention to ML.Theses at the "Laurea" level are the best way for introducing students in a particular topic: ML is pursuedespecially at Torino and Bari.MastersIn recent years, some Masters have been created in Italy. Apart MBA given by some universities, Masteris not an official degree recognized by the State. In many cases Masters have been created and organizedby consortia between one (or more) university and public and private industrial organizations. Usuallythe number of students (who are already graduated with "Laurea") enrolled in a Master Program is quitelimited (20-30), and in many cases they get a fellowship provided by an industrial partner in theconsortium. In other cases fellowships are given on funds of CEC or national funds for Innovation.Master programs usually take one year to one year and a half and include a period of work in industry.

13The content of the master program usually changes on an annual basis, and in some cases someinitiatives have been shut down ore radically changed. To my knowledge, no master program is directlyrelated to the field of AI, however some of them may have a course on AI. For example, at TorinoCOREP (a consortium centered around Politecnico of Torino) has a Master in Computer Science andAutomation and another one in Computer Science and Telecommunication. In both master programsthere is a course on AI (particular emphasis is on KBS, only a two-hours seminar on ML).Teaching ML in the NetherlandsScience Organization in the NetherlandsThe system of higher education in the Netherlands is provided by 85 predominantly private Hogescholenin addition to the ten state and three private universities. The Hogescholen offer a strongly practical andvocational training, concentrating mainly on applied research work, therefore maintaining direct contactwith the economic environment. On the other hand the universities have always pursued independentfundamental academic research and concerned themselves with the academic fostering of futuregenerations.The universities have strongly contrasting profiles. While the universities at Delft, Eindhoven andTwente are technically oriented, the other universities often place emphasis on arts and social sciences.At both Hogescholen and universities, a period of four years is allocated to first level studies.Undergraduates may extend this by a further two years without incurring penalties. First level studieslead to a vocational degree, and have two distinct stages.The first year of study, the propedeuse, is a general, preliminary stage with the purpose ofintroducing the student to, and testing his aptitude for the intended field of study. The propedeuse yearconcludes with a qualifying exam (which can be repeated only once) and is followed by three years ofintensive study for the student«s specific qualification. The first two years of the second stage are fairlydisciplined, and it is only in the third year that the undergraduate is afforded more freedom of choice andthe possibility of more independent work. At the universities, the so-called doctoraal studies for naturalscience lead to the title doctorandus (drs.) After completion of intensive specialized studies at theHogescholen, the title of baccalaureus (br.) is awarded.Upon graduation, most students leave the higher education system. Only a very small numbercontinue with their studies. To gain admission to post-graduate courses, an application to the admissionscommittee of the respective faculty must be made. The length of study ranges from 1.5 to four years. Thesecond level should offer 10 to 15% of graduates who wish to pursue an academic career the opportunityto complete a doctoral thesis within the framework of a research project. Both university andHogescholen graduates ca apply for so-called AIO-positions (Assistent in Opleiding). In 1989, therewere 3480 AIO-positions, with numbers on the increase. Candidates are selected by the faculty, not thedoctoral tutor, which also applies for the funds for the research project. Successful AIO-applicantsreceive a salary for a maximum period of four years and, where necessary, are also employed on a smallscale in teaching.Situation for ML in the NetherlandsAt the Netherlands, AI courses are given at almost all universities with a Computer Science faculty.Some of the courses include topics of ML. Special courses on ML are taught at the university ofAmsterdam. At the Department of Social Science Informatics of the University of Amsterdam, there is aregular program to study AI. Within this program, special courses on ML are offered to students in theirsecond and to those in their third year at university. In the third year, students select a subfield of AI astheir main interest area. "Knowledge analysis and modelling" is one such area and includes ML. Thefirst course lasts 8 weeks and gives an introduction in basic techniques of ML. The second course lasts

1414 weeks and teaches applications of ML to Knowledge Acquisition. The program is open for studentsof other programs such as Computer Science, Psychology, Social Science Informatics. Logic and LogicProgramming is presupposed.The Department of Social Science Informatics, University of Amsterdam together with the AIOnetwerk AI, a network for Ph. D. students in AI, additionally offers a short intensive course on ML. Ittakes two days and teaches basic techniques of ML.The Faculty of Mathematics and Computer Science of the University of Amsterdam teaches ML inthe context of theoretical computer science. It is offered every other academic year to students in theirthird year at university. It lasts 8 weeks. The focus is on Computational Learning Theory, in particularMinimal Description Length and Kolmogorov complexity.Teaching ML in PortugalPortuguese Science OrganizationHigher education in Portugal is organized into two subsystems: university and polytechnic education.The aim of university education is to ensure a solid academic preparation. It also provides the studentswith technical knowledge, entitling them to engage in professional activities. The aim of polytechniceducation is to provide the students with a solid technical knowledge of a higher level and supply themwith both practical and theoretical scientific knowledge and its application to professional activities.Institutions of higher education in Portugal can be tutored exclusively by the Ministry ofEducation, are dependent on other Ministries or are private and cooperative institutions.University education grants the Licenciate, Master of Science and Doctorate degrees, whilepolytechnic education grants the Bachelor’s degree and the Diploma of specialized higher studies. Thedegrees and diplomas conferred by establishments of higher private and cooperative education areequivalent in value and outcoming results to the corresponding degrees and diplomas granted by publicinstitutions.The two subsystems of higher education are correlative, making it possible for students to transferfrom one system to the other. In fact, a student of a course of polytechnic education may request atransfer to a course of university education and vice versa. In the same manner, the holders of alicenciate«s degree acquired through university education have the opportunity to be admitted to coursesof specialized advanced studies.Portuguese Situation for MLIn Portugal, AI and particularly ML is lectured at the Coimbra University and at the University of Porto.Also at the University of Lisboa courses on ML are given from time to time. Ernesto Costa, PavelBrazdil, and someone from the group of Alfredo Garcao-Steiger are the lecturers. Courses are given atundergraduate level or for diploma students.

15Teaching ML in Spain3Spanish Science OrganizationIn Spain, the universities make up almost all of the higher education sector. Since 1970 there have beenonly a few, highly specialized disciplines in higher education outside of the universities. Studies atSpanish universities are organised according to the four types of institutions: Facultades and EscuelasT�cnicas Superiores (faculties), Escuelas Universitarias (a higher education facility offering three-yearcourses for degrees with a professional qualification) and Colegios Universitarios (institutionsestablished to relieve the larger universities and often situated in the "Provinces" and at which the firstthree years of studies at the faculties can be taken).It is possible to take long-term degree courses, comparable to standard university study, and short-term degree courses at Spanish universities. The Licenciado degree is awarded after five or six year«sstudy at a faculty. The three-year studies at the Escuelas Universitarias end with the Diplomado degree.Following successful study in the long-term courses, students can add a third study stage to gain the titleof Doctor, which requires at least two years« study in doctorate courses and the submission of a doctoralthesis.Spanish Situation for MLIn Spain, there are 18 Computer Science Schools that offer a 5 years long curriculum in ComputerScience (first and second cycle). Studying 5 years is the prerequisite for starting to study within a Ph. D.program. Other Computer Science Schools that offer only a 3 years curriculum (first cycle) do notqualify their students for a scientific career, but are industry oriented. From the 18 places, 10 offer PhDprograms in AI. Out of these 10 Computer Science Schools 7 different Computer Science Schoolsbelonging to 6 different Universities provide students with courses on ML. Overall, there are 12 coursesdistributed as follows:¥2 courses given at the Computer Science School of the Polytechnical University of Catalonia(Barcelona) in collaboration with CEAB (Blanes).¥2 courses given at the Polytechnical University of Madrid (in two different schools : ComputerScience and Telecommunications)¥3 courses given at the Computer Science School of San Sebastian (2 of these courses arepractically the same under different names given in alternate years)¥2 courses at the University of Deusto (Computer Science School) of Bilbao (one of them incollaboration with CEAB)¥2 courses at the University of Granada (Computer Science department)¥1 course at the Autonomous University of Barcelona in collaboration with CEAB.All the courses are addressed to graduates in Computer Science or Engineering or Mathematics with agood background in Computer Science. The length of the courses is 20 to 40 hours.Six of these courses are almost exclusively devoted to Inductive Learning and Similarity-Based Learning(SBL). Four other are more general (SBL, Explanation-Based Learning, Analogical Reasoning, andsome notions of Discovery and Connectionist Learning). One course is very specific: Learning ofCausal Networks. The main point is that only two courses DO NOT teach ML as stand-alone systems

3 This section is an edited version of the text provided by Ramon Lopez di Mantaras.

16but within the framework of architectures that integrate learning and problem solving (these are courseswhere CEAB participates). It is very clear that what people teach depends on their research activities:most of the research projects are related to inductive learning with the goal of acquiring knowledge infirst generation Expert Systems. Another important remark is that nobody teaches courses entirelydevoted to Knowledge Acquisition separately from ML but many ML courses include some KnowledgeAcquisition topics.As a final comment, there are several courses on Robotics that include learning techniques for planning.These courses are given by people that are active in Robotics research.Teaching ML in DenmarkDanish Science OrganisationFor a long time (until 1928), Copenhagen University was the only university in Denmark. The other twouniversities and another two university centers were founded this century, and have full academicfreedom in research and teaching. Besides the universities, the Ministry of Education administers severalspecialised institutions, which carry out research as well as training of the highest standard within themain fields of study entrusted in each institution. The Minister of Education lays down regulation foradmission to studies, study programmes, degrees, staff employment and expulsion of students.The periods of study are generally rather long, most programmes take five or six years, sometimes evenlonger. As regulations from the Ministry of Education are general rules for examinations etc., there areadditional study and examination regulations determined by the individual institutions.The kandidat-examen is the most common final examination, which takes about six years to finish.Since 1988 a bachelor’s degree is introduced. After three years of study in a kandidat-programme andhaving passed the prescribed examinations, the title B.Sc. may be gained at universities and university-centers.The university-centers offer one- or two-year project-oriented basic studies as a basis for the majorstudies on an intermediate or kandidat level.In 1988, 114,000 students attended courses and programmes in 100 institutions of Danish further andhigher education.Teaching ML in GreeceGreek Science OrganisationThe system of higher education in Greece has changed remarkable in the last years. Today, there is anumber of universities offering training in the common disciplines. In order to attend, students have topass examinations at central institutions in Greece. With the poor financial situation of the universitiesand the strong competition among applicant, it is quite difficult for a student to be admitted to adepartment of his preference.Since 1989, postgraduate studies are established at the Master’s level and the Doctoral level, but at manydepartments there do not yet exist study programmes.

17Teaching ML in LuxemburgScience Organisation in LuxemburgThe Luxembourgian higher education system and its courses are specifically oriented on the highereducation and study courses systems of the neighbouring countries, in particular Belgium, France, TheNetherlands and Germany. It offers a variety of study courses and academic degrees at various levels.The Institut Sup�rieur de Technologie offers three-year study courses in applied informatics and severalother technical disciplines. Through the impartment of a broad scope of general knowledge, severalapplication and laboratory phases, but without too large a degree of specialization, the courses preparestudents for medium-level technical professions in industry, public administration and applied research.On the basis of performance shown at the end of a semester, a conseil de promotion decides on whetherstudents should be admitted to the next study section. Before the studies are completed, all students arerequired to do practical training comprising 16 weeks and in-depth practical training lasting six weeksunder the supervision of the practical training agency and in direct cooperation with industry. If studiesare completed successfully, the Dipl�me d’ing�nieur-technicien is awarded.Teaching ML in IrelandIrish Science OrganisationNo Information available.Teaching ML in Austria and SloveniaThe Ljubljana University in Slovenia regularly offers AI courses (45 hours lectures, 45 hours exercises)and ML is one of the topics. The courses are provided for students in the first year and the fourth year,respectively. There are also special courses on ML (30 hours of lectures) for students in the second year.Ivan Bratko, Nada Lavrac and Igor Kononenko are the lecturers. They also give courses at theUniversit�t f�r Bildungswissenschaften at Klagenfurt, Austria. These courses are on KnowledgeAcquisition (Engineering) and cover a range of ML techniques. They are for students in their third yearat the university.In Austria, the Vienna University (Gerhard Widmer) and the University of Graz (Wolfgang Maass)offer (frequently) courses that cover ML topics.

18InquiryAn inquiry has been carried out by the AI Department of the University of Dortmund in order to obtainan objective view on the situation for ML based on empirical data. For that purpose, a database ofaddresses has been compiled from various sources with the intention to include all computer sciencefaculties in the EC and some main European universities outside of the EC (at the time the inquiry wascarried out).A questionnaire (cf. Annex A) has been prepared to meet the requirements to answer the questionsformulated at the beginning of this report. The questionnaire was sent out to all 300 faculties (cf. fig 1) in236 different cities (cf. fig 2) and 14 countries included in the addresses database (cf. Annex B).

Questionnaires sent out per country2 0 6 2 72 3 15 3 47 5 912 4 11 2 8B

DK E L F

IRL GB GR SICZ NL P fig 1

Number of different citiesB CZ D DK L E S F P GB GR I IRL NL fig 2

19Of the 300 questionnaires sent out, 74 were returned, including two from universities which do not offerComputer Science as a regular study topic (cf. fig 3). This corresponds to an overall return quota ofabout 25% (cf. fig 4).

Absolute numbers of returned questionnaires52 0 4681 7 4262B

DK E F GB

IRL NL P fig 3

Return quota0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % DK IRL NL D E B P GB I F SCZGRLfig 4

20Results of the inquiryComputer ScienceTo learn about the structure of the different educational systems and the comparability of training anddiplomas, two basic questions about the situation regarding Computer Science were asked. As a result,the size of the faculties and the time it takes students to graduate differ enormously (cf. fig 5 and 6)However, a qualification needs o be made. The German state supposes students to achieve their diplomadegree after nine semesters (4.5 years). The answers to the questionnaire fit exactly the prescribed time.Knowing the German situation, however, we must conclude that the answers do not reflect the actualtime needed by the majority of students. To tell the truth, German students of Computer Science studyabout 12 semesters, i.e. they graduate after six years. Hence, the different duration in different countriesreflects not only the actual situation, but also the attitude of those answering the questionnaire: theyeither choose the actual duration or the prescribed duration.

Average number of of students per faculty02 0 0 4 0 0 6 0 0 8 0 0 100012001400160018002000E F D I P NL GB IRL DK B fig 5

Average duration of study in Computer Science0123456E I P D DKNL IRLB GBF fig 6

21AIThe situation in Europe regarding AI can be determined by several data. The average numbers (cf. fig 7)of diploma/master theses per year with an AI topic are quite high and in some countries make up for fivepercent of all theses (cf. fig 8).

Average number of diploma/master theses with AI topic024681 0 1 2 1 4 1 6 1 8 2 0 E I F IRLNL B GBDKD P fig 7

Percentage of diploma/master theses with AI topic0 , 0 0 % 1 , 0 0 % 2 , 0 0 % 3 , 0 0 % 4 , 0 0 % 5 , 0 0 % 6 , 0 0 % B DKIRLNL GBI F E D P fig 8

22AI courses are offered by the most Computer Science faculties (cf. fig 9), in most countries by all.

Percentage of faculties regularly offering AI courses0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 100%GBIRLF E NL I D DKB P fig 9Faculties offering a Ph.D. program in AI are numerous in some countries (cf. fig 10), but in othercountries they are the exception (cf. fig 11).

Absolute number of faculties offering Ph.D. program in AI024681 0 1 2 1 4 1 6 GB D E F NL B DK fig 10

23

Percentage of faculties offering Ph.D. program in AI0 , 0 0 % 10,00%20,00%30,00%40,00%50,00%60,00%70,00%80,00%90,00%GB E F DK B NL D fig 11Regular AI courses, held by permanent faculty staff, are common (cf. fig 12).

Faculties with AI courses regularly held by permanent staff024681 0 1 2 1 4 1 6 1 8 GBD F E NL I B DKIRLP fig 12

24There is a great difference among the countries with regard to their AI curriculum and its structure.While an introductory course including exercises (cf. fig 13 and 14) and later on a specialised course iscommon and a regular part of the curriculum (cf. fig 15), some countries only require their students tovisit more AI courses if they are specialising in AI (cf. fig 16).

Average amount of lectures and exercises on AIfor students not specialising in AIhrs05 0 1 0 0 1 5 0 2 0 0 2 5 0 P E NL F I IRLGBD B DKintro lectureintro exercise seminar lecture seminar exercisespecial lecturespecial exercise

Ph.D. lecture

Ph.D. exercisefig 13

Average amount of lectures and exercises on AIfor students specialising in AIhrs05 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 3 5 0 4 0 0 E P I NL F D GBB IRLDKintro lectureintro exercise

Ph.D. exercisefig 14

25

Average number of AI courses required by the curriculumfor students not specialising in AI00 , 2 0 , 4 0 , 6 0 , 8 11 , 2 1 , 4 1 , 6 B D DK E F GB I IRL NL P introductory courseseminar specialised course

Ph.D. programfig 15

Average number of AI courses required by the curriculumfor students specialising in AI00 , 5 11 , 5 22 , 5 33 , 5 44 , 5 5E P B D GB I F IRL NL DK introductory courseseminar

Ph.D. programfig 16

26In most countries, AI is not introduced to students before the second year of study (cf. fig 17).countryintrocoursespecialcoursePh.D.program

NL2,203,006,00

GB2,252,924,09

D2,693,315,13

F2,713,573,60

B3,334,005,33

DK3,334,503,67

IRL3,004,000,00

P3,001,001,00

E3,174,176,00

I4,004,000,00 fig 17As a summary, the situation for AI in the European countries is quite good. AI is a regular part ofComputer Science training at most universities, and to a satisfying degree.MLCompared to AI, the numbers of theses with an ML topic are quite low (cf. fig 18 and 19). EspeciallyPh.D. theses are rare at European universities.

Sum of theses per year with ML topic051 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 GB NL F E D I B DK IRL P diploma/master thesesPh.D. thesesfig 18

27Average number of theses per year with ML topic0123456NL E F GB I B IRL DK P D diploma/master thesesPh.D. thesesfig 19Nevertheless, quite a number of faculties state, that ML is a regular topic of theses there (cf. fig 20). Insome countries these are even the majority (cf. fig 21).

Absolute number of faculties having ML as a regular topic of theses0123456789GB D NL E F IRL DK B P diploma/master thesesPh.D. thesesfig 20

28Percentage of faculties having ML as a regular topic of theses0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 100%IRL GB NL E D P F DK B diploma/master thesesPh.D. thesesfig 21Fig 22 shows the most frequent research topics

Research topics0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % neural networks top-down induction genetic algorithms knowledge acquisition inductive inference explanation-based learning case-based reasoning conceptual clustering

ILP statistical clustering other statistical d.a.

knowledge revision reinforcement learning

PAC learning identification in the limit otherneural networkstop-down induction genetic algorithms knowledge acquisitioninductive inferenceexplanation-based learning case-based reasoning conceptual clustering

ILPstatistical clustering other statistical d.a.

knowledge revision reinforcement learning

PAC learning identification in the limit otherfig 22

29It can be clearly seen that in nearly all countries ML has not yet won a firm place within the curriculum.Where ML is taught at a significant level, it is mostly done in seminars or in a lecture in its own right (cf.fig 23).

Average number of hours spent for ML in AI courseshrs02 0 4 0 6 0 8 0 1 0 0 1 2 0 NL E P DK F GB I IRL B D

Ph.D. exercise

Ph.D. lecture special ML exercise special ML lecturespecial AI exercisespecial AI lecture seminar exercise seminar lectureintro exerciseintro lecturefig 23ConclusionIt is not widespread that non-permanent staff like researchers or Ph.D. students hold ML courses(cf. fig 24).

Faculties with ML courses held by non-permanent staff012345GB D F B P fig 24

30In a summary, the situation for ML in Europe is heterogeneous. In some centers of excellence within anumber of countries, ML is a standard part of training and research (cf. fig 25), but in general, ML is notrecognised as an indisputable field. Sometimes up to 50% of the faculties within a country do not teachML at all (cf. fig 26).

Average number of hours spent for ML in special interest coursehrs051 0 1 5 2 0 2 5 DKNL E I D GBB F IRLP lectureexercisefig 25

Percentage of faculties not offering in ML in any AI course0 % 5 % 1 0 % 1 5 % 2 0 % 2 5 % 3 0 % 3 5 % 4 0 % 4 5 % 5 0 % P B D DKF E GBNL I IRLP B

DK F E GB NL IRL fig 26

31A First Tentative SummaryRegarding the questions mentioned at the beginning of this document, tentative answers can now bestated on the basis of the inquiry.¥ML has not yet become a standard topic of Computer Science but has achieved attention withinAI courses - be them taught within the Computer Science department or within a department ofsocial sciences.¥As a topic in its own right, ML is taught at some universities per country which can be viewedas "centers of excellence" concerning ML.¥ML topics to diploma and Ph.D. students are offered at several places - namely the centers ofexcellence produce a high number of theses on ML topics.It is still unclear whether teaching ML at other places is a temporary matter due to the high attention USscientists pay to ML or whether ML will take its way into the standard curriculum of AI.

Annex A(Questionnaire)

page 1

QuestionnaireMLnet************Prof. Dr. Katharina Morik ¥ Lehrstuhl VIII (AI) ¥ Fachbereich Informatik ¥ Universit�t Dortmund ¥ Germany

Computer Science1How many students study computer science at your faculty?About students2How many years do students - on an average - study computer science at your faculty?About . years

Artificial Intelligence (AI)3Does your faculty regularly offer AI courses which are held by professors/assistantsin permanent position?Yes No 4Does your faculty offer a Ph.D. program in AI?Yes No 5How many diploma/master theses per year are concerned with AI topics?About theses6In which year of study do students usually take the respective AI courses?(please check the year the several courses begin)year of studystart ofintroductorycoursestart ofspecialisedcoursestart ofPh.D.program first year second year third year fourth year fifth year later(please indicate the year) please check

page 2

7How many hours does a student of computer science, who is not specialising in AIspend in an AI course? Please enter an average number or a probable rangetype of courselecture(hours)exercise(hours)courses requiredby the curriculum(number) introductory course seminar special interest course course in Ph.D. program( not majoring in AI) please enter number8How many hours does a student of computer science, who is specialising in AIspend in an AI course? Please enter an average number or a probable rangetype of courselecture(hours)exercise(hours)courses requiredby the curriculum(number) introductorycourse seminar special interestcourse

Ph.D. program inAI please enter number

Machine Learning (ML)9How many hours are spent for ML in AI courses?Please enter an average number or a probable rangeIf ML is not a regular topic, please indicate nil please enter numbertype of courselecture(hours)exercise(hours) introductory course seminar special interest course in AI special interest course inML

Ph.D. program in AI page 3

1 0 Which main topics of ML are taught?(multiple checking possible, we do not propose any structure of the field of ML here, butmerely name frequent topics)top-down induction ofdecision treesreinforcement learningknowledge revision conceptual clusteringcase-based reasoninginductive inference explanation-basedlearningneural networksPAC learning inductive logicprogrammingstatistical clusteringidentification in the limit genetic algorithmsother data analysis fromstatisticsknowledge acquisition others(please name) please check1 1 Are there ML courses because of research projects held by non-permanent personnel?(e.g. researchers, Ph.D. students)Yes No 1 2 Is ML a regular topic of diploma/master theses?Yes No 1 3 How many diploma/master theses a year are concerned with an ML topic?About theses1 4 Is ML a regular topic of Ph.D. theses?Yes No 1 5 How many Ph.D. theses a year are concerned with an ML topic?About Ph.D. theses1 6 Finally, please fill in your faculty’s/department’s address, the name of the person handlingML related affairs and ways to contact you as available.NameAddressTel./FaxE-MailThank you very much for supporting our project by spending the time to answerthis questionnaire.

Annex B(Inquiry database)The following pages contain all data from the inquiry database. There are two parts: the firstone features the faculties that have returned the questionnaire, including mailing and returndate and all statistical data. The second part contains all other faculties that have notsubmitted any data.An effort has been made to put the mass of data into readable shape. On the head of everypage there are the titles of the different fields of the datasets listed below. The followingabbreviations are used:no.Database reference number nc.Faculty not concerned by the inquiry?; datasetis not used in statistical analysis if field is J cc.European country code pz.Number for the postal zone within the state

In the first part, the numbers refer to the questions on the questionnaire. Tables (i.e. questions7, 8, 9 and 10) appear almost in the same form as they do in the questionnaire. The table forquestion 6 has been converted to show the year of start of the different AI courses (from leftto right in the questionnaire) one below the other.