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Question: Why do I have to learn this stuff? 

Answer: Because mathematics is very useful, you need it later on, in university or college and in a lot of jobs.

Summary
In August 2007 a new interdisciplinary subject was introduced into Dutch schools for upper secondary education (16-18): advanced Science, Mathematics and Technology (aSMaT). This new subject integrates maths and science and is meant as an advanced course for students who already take science. Development started in January 2006 and development of content continues during the first years of introduction. ASMaT is an optional subject: schools decide whether they offer it to their students and students may be free to choose this subject. 

To guarantee a high quality of content as well as cooperation of teachers, development of aSMaT takes place in networks of teachers and experts from colleges and universities. ASMaT is taught by teams of teachers of science and mathematics, cooperation with institutes of higher education and other institutes is encouraged. One of the requirements of the content is that students experience  that in science and technology the use of concepts, algorithms and heuristics from the fields of mathematics is quite often necessary. Also students and teachers should experience coherence between the science subjects and between science and mathematics.
1. Introduction
In the Netherlands nearly all students in upper secondary education are required to study mathematics as one of their exam subjects. One of the reasons given to students and parents is that mathematics is an absolute requirement for all sciences and for a lot of other disciplines. Students in upper secondary also learn that mathematics is a universal language of science. 
However, during their years in secondary school, this necessity of maths is not at all obvious to students. In their experience, mathematics is an isolated subject which they might or might not like, but which has not much or even nothing to do with their other subjects.
Moreover, the subjects students can take in upper secondary, especially science subjects, seem to lack appeal. As in other western countries, the Netherlands suffers from a declining enrolment in technology and science in higher (tertiary) education. Also, mathematics seems to be sn obstacle for many students in college and university.

There are indications that interdisciplinary subjects with topics which are of present interest have more appeal for students. So is it possible to develop and implement such an interdisciplinary subject with cooperation of teachers and staff from higher education and let mathematics be an integral part?
Is it possible to get mathematics teachers to participate in the development and the teaching of such a subject, within a team of science teachers?

In this paper we will discuss these and other questions. We present an overview of the development process of aSMAT, some preliminary experiences with implementation and the role of mathematics and mathematics teachers. 

2. Dutch educational system
In the Netherlands after finishing primary school pupils enter either pre-vocational education (vmbo) or general education (lower secondary). After three years in lower secondary they either go into pre-college education (havo)  or pre-university education (vwo). See figure 1. In each stream students sit for a school based exam and finish with a central exam. 

Figure 1. Dutch educational system
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In this paper we look at upper secondary, havo and vwo. In both streams students study some basic subjects (Dutch and English language, social studies, etc.), they have to choose a combination of subjects and two elective subjects of which one is related to the chosen combination. In both havo and vwo there are four combinations of which two are science combinations. All combinations but one contain mathematics. The two science combinations are Science and Health end Science and Technology. See figure 2
Figure 2. Subjects in science combinations in upper secondary
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Of the students who study science subjects in secondary education, a minority continues with science, technology or mathematics in tertiary education. 
Moreover mathematics seems to be a major problem for many students, both in secondary education and in tertiary education. There is a lack of transfer from what is learned during maths lessons to other situations, students have problems using formulas in a sensible way and in general don't know how to use mathematics.
" Student choices are mostly determined by their image of S&T professions, the content of S&T curricula and the quality of teaching.

Findings: ...Accurate knowledge about S&T professions and career prospects are key elements of orientation, but are currently fraught with stereotypes and incomplete information. Science and technology face increasing competition for good students from new, more fashionable subjects in higher education.

Recommendations: Provision of accurate information is an important aspect of any policy to increase the attractiveness of S&T studies and careers. This encompasses not only the information provided to students but also interactions between all the stakeholders (education, scientists, business, etc.). Governments and relevant institutions should also provide adequate resources for teacher training and classroom activities. Flexible, more attractive curriculum structures with updated S&T content should be devised. As many governments and other bodies undertake actions to promote S&T career paths, the exchange of information on best practices and evaluation tools assumes even greater importance."

From: OECD (2006) Evolution of Student Interest in Science and Technology Studies Global Science Forum, Policy Report
In the Netherlands the separate curricula of science and mathematics in upper secondary education are fairly traditional, there is a lack of interdisciplinarity at this level, especially mathematics is an isolated subject. There are few contacts with colleges or university or with professionals outside education.
In the light of all this the Dutch Ministry of Education decided in 2005 to introduce a new interdisciplinary subject in upper secondary education, aimed at students who study science subjects. This new subject should involve biology, physics, chemistry, earth science and mathematics in an interdisciplinary way, it should give students a realistic idea of what to expect in college, university and in professions in the field of S&T. 
3. Advanced Science, Mathematics and Technology (aSMaT)
The general aims of aSMaT are the following: to make the natural sciences and technology more attractive and to let students experience coherence between the different subjects of the sciences and mathematics. 
The subject aSMaT is a supplement to the subjects physics, chemistry, biology and mathematics. It completes the natural sciences, and can be regarded as a good preparation for a study in higher education in the field of science and technology (a steppingstone towards science and technology).

It is an optional subject: school management decide whether the school will offer aSMaT, if a school offers aSMaT they may offer it to all students who take science subjects or to part of those students. Students without science subjects are not supposed to study aSMaT.
Some characteristics of aSMaT are

· the content is mainly interdisciplinary; 

· it is to be taught by teams of teachers with a degree in biology, chemistry, earth sciences, mathematics and/or physics;
· students experience the usefulness/necessity of mathematics in sciences;
· most subjects start from a context: concepts follow from the context;
· structural and permanent contacts between secondary education and higher education;
· development of content in networks of teachers from secondary education and experts from colleges and universities, sometimes involvement of other institutes or business enterprises
· content is flexible and up-to-date;
· school based exam only.
3.1 Development and implementation
In 2005 it was decided that this subject should be developed. Development started in January 2006, one of the immediate goals was to enable schools to offer the subject from August 2007. (The Dutch school year starts end of August). So the challenge was to develop a not yet existing interdisciplinary subject: an outline, two exam programmes (havo and vwo), sufficient content to start teaching for one year, convince teachers prospective students and school management that this is a subject worth teaching and studying, all within 18 months.
The global timetable is given in figure 3
Figure 3. Timetable of development and implementation of aSMaT

	2006
	development of outline and exam programmes, publicity 

	2006-2009
	development of content, publicity

	August 2007
	start of implementation, publicity

	2007-2010
	monitoring and evaluation of implementation, system of quality development and sustenance, publicity 

	2010
	advice to ministry of Education on the curriculum of aSMaT


3.2 Development of content

Development of content takes place in an interactive process. Content is organized in units of 40 hours of study load, which should be about 20 lessons with a teacher and 20 hours homework, excursions, etc. A unit is called a module and consists of material for students, information for teachers and some tests. All modules have to fit into the topics of the exam programme (see figure 4)

Figure 4. Topics of exam programme  aSMaT for havo and vwo

	
	Havo
	Vwo

	A
	Skills (tested in connection with B-I)
	Skills (in combination with B – I)

	B
	The language of science
	Foundations of science and technology

	C
	Environment: threats and protection
	Earth and climate

	D
	Health and healthcare
	Stellar information and processes

	E
	Tracking and protecting
	Biophysics, biochemistry, bioinformatics

	F
	Improving the quality of life
	Biomedical technology and biotechnology

	G
	Breaking new grounds
	(Sustainable) use of raw materials, energy and environment

	H
	Communication and navigation
	Materials, process- and production technology

	I
	Men leap over where the hedge is lowest
	Tools, vehicles and products


At the start we
 asked ourselves whether we would manage to develop sufficient materials of the required quality for students. ASMaT should be a subject that connects to higher education, in topics, quality of content and skills. 
Other important questions concerning mathematics in aSMaT were. 
· Would we succeed in making mathematics an integral part of the content? 
· Would we succeed in getting mathematics teachers involved, both in developing content together with science teachers and in becoming part of a teaching team during implementation? 
· Another question which had to be resolved concerns the nature of mathematics in the subject content: mathematics as a tool (use the mathematics you learned in your maths classes, it doesn't have to be very complex in the eyes of the teacher) or mathematics as an object for further study, with topics like Complex numbers, Dynamic systems or Cryptography, so students would be really challenged?

Quite a lot of people, mainly from the mathematics community from universities, favoured the second option. However, the way in which topics were chosen and developed influenced the type of mathematics in aSMaT, even if no explicit decision was taken on this.
Development of a module is interactive, in small groups of teachers of 2 schools and one or two experts from universities, colleges or institutes like a forensic institute or a meteorological institute. The first version of a module is tested in two independent schools, an evaluation report is given by teachers and by students. There are clear structures, a time schedule, quality demands and control, there is freedom within boundaries and there are  some rewards in money/time, and in recognition as author. The end product gets the official stamp of certified aSMaT module and is published on our website (free for use by all schools). 
The first version of a module is not only evaluated by teachers and students, experts evaluate quite a number of aspects, amongst them whether maths is incorporated (if maths belongs in the subject) and if the quality is good. Ideas for improvement on this and other aspects are given to the authors.  The end product is validated and if all requirements are met is certified.
By the end of 2009 we will have developed around 50 modules, 20 for havo and 30 for vwo.
Subjects for the modules are suggested by university staff together with teachers, groups of teachers and by teachers in cooperation with colleges. Overall the subjects come from the present practice in university research, in professions and in technological development. In every module there is opportunity for practical work, preferably outside the school walls.
3.2.1 Mathematics in modules.

Would we succeed in making mathematics an integral part of the content? 

In January 2008 te first 20 or so modules were analyzed by a mathematics teacher (Josien Heijn). Most of the material contains some mathematics, mostly from the normal curriculum. Some modules use quite a lot and/or mathematics which is not part of the normal curriculum. A few modules do not use mathematics, ie Brains and learning. See figure 5 and figure 6 

Figure 5. Examples of Havo modules (by Josien Heijn)
+ = average amount and not outside maths curriculum

++ = quite a lot and/or outside maths curriculum

	Module
	code topic

exam pr.
	mathematics



	The best egg
	F
	+

	Communication and navigation
	H
	++

	Forensic evidence 
	E
	++

	Sports records 
	G
	+

	Dynamic modelling
	B
	++

	Partying and no hangover
	F
	+

	Glue and attachment
	I
	+

	Digital techniques 
	I
	++

	Statistics and technology[image: image2.emf]Teacher teams for aSMaT
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	B
	++

	Living soil
	C
	+

	Aerosols and clean air
	C
	++

	Improvement through logistics
	B
	++


Figure 6. Examples of Vwo modules (by Josien Heijn)
( = hardly any or no mathematics

+ = average amount and not outside maths curriculum

++ = quite a lot and/or outside maths curriculum

	Module
	code topic

exam pr.
	mathematics



	Forensic evidence
	H
	+

	Dynamic modelling
	B
	++

	True or false?
	H
	+

	Farmacology
	F
	+

	H2-car
	G
	++

	Zero-energy greenhouse
	G
	+

	Measuring galaxies
	D
	++

	MP3-player
	I
	++

	Brains  and learning
	E
	(


What type of mathematics do we find in these materials? 
Mostly developers use mathematics which belongs to the normal curriculum, as a tool. In other words: students mainly have to use what they learned in maths lessons in a different context. One may think of processing data (often collected by the students), using and adapting formulas and graphically visualising results,  That in itself is a very worthwhile exercise in our experience, transfer is often quite difficult for a student.
Occasionally there are subjects which go beyond the maths curriculum. Examples are Bayes statistics in Forensic evidence (havo), differential equations in Dynamic modelling (vwo) and Boolean logic in Digital techniques (havo). One of the challenges in teaching (and studying) aSMaT is that not all students study the same subjects. As far as mathematics is concerned, there will be students who take mathematics A, which includes Statistics but not that much Analysis and students who take mathematics B, which includes far more Analysis but no Statistics.  So the mathematics in a module may be well-known for one student and quite new for another student in the same group.
There is use of software: Excel, Powersim and Coach 6. All students possess a graphic calculator.
3.3 Implementation, the start
From the start of development an important question was whether we would succeed in convincing sufficient teachers, school boards and students that aSMaT is a valuable subject to study, even if not all the content is known and even if it has to be taught by teams of teachers, instead of one teacher, as is customary in the Netherlands. 
Schools who offer aSMaT need to form a teaching team of at least three different teachers with the right specialisation. There are demands on the timetable and on support by a technician. Teachers in the team need time to prepare and to consult with each other, they also need time to participate in networks of schools which offer aSMaT. All in all it is a rather demanding subject, in terms of competency, time and money. So at the start of our endeavor we (NDC) said we would consider it a success if 20% of the schools for upper secondary education would offer aSMaT in the first year. 
It turned out to be about 34% of the schools. From quite a number of teachers we heard  that more students than expected had chosen aSMaT; teachers sometimes complain that their groups are too large. 
ASMaT schools are encouraged to participate in networks of schools, if possible connected to a Regional Support Centre (RSC). An  RSC consists of a university, a college and a number of schools. The coordinators of RSC, from the universities and colleges, support teachers with the content of modules, facilitate meetings of teachers, provide maintenance of modules, help with contacts in the region for out-of-school activities, and so on. 
Would we succeed in getting mathematics teachers involved, both in developing content together with science teachers and in becoming part of a teaching team during implementation? 
We know that there are maths teachers involved in development of modules, but as we didn't register the number of teachers working on a module, nor their specialisation, we don't know how many.

We asked schools who plan to introduce aSMaT as an exam subject, to register with us. On the forms one of the items we ask is the composition of the teaching teams as planned by the school (registration is before actual implementation).

The results as known in April 2007 you see in figure 7. More than 60% of the schools at that stage indicated that a mathematics teacher would be part of the team.
Figure 7. Teaching teams, planned participation of teachers (2007)

[image: image1]
3.4 Implementation, the first experiences
At the moment of writing (March 2008) our information about what actually happens in schools is fragmented. We hear news from individual teachers, on conferences, through our email, from the coordinators of the RSC (see 3.3) and from teacher unions. The information shows a lot of variation. We sent an instrument to monitor quality of aSMaT to schools, both teachers and management, in March. We sent a questionnaire for a first survey to schools end of March. We expect to have more information in the summer.
It is clear that there is a lot of enthusiasm, but that teachers and schools are struggling with the organisation and the subject itself. Team teaching is new to many of the teachers involved, there clearly is still something to learn for them. Our knowledge of the ideas of students on aSMaT is even more fragmented. The same module is apparently considered very interesting in one school and boring in another school. Students will be involved in the evaluation of the implementation of aSMaT.
We will encourage and support development and sustenance of quality of teaching and exams. We will also monitor and evaluate the implementation of aSMaT as the ministry of Education expects an advice on the curriculum in 2010.

4. Research

As developers we are interested in two main questions.

· Does aSMaT contribute to increased motivation for science and technology and a higher level of participation? 

· Do students and teachers experience more coherence between science and mathematics in schools which offer aSMaT as an exam subject?
There are quite a few research type activities surrounding the implementation of aSMaT, from activities to enable evaluation to PH D research. As a lot of research activities require cooperation of schools and teachers, filling in of surveys, interviews and observations in the classroom, we try to keep an eye on that part of the activities and to coordinate as much as possible the involvement of schools, in order to prevent an overload and consequently negative reactions of schools and teachers.  Also we try to use as many research results as possible to help with improvement and evaluation.
5. Conclusion

During the first years of development and the first year of implementation aSMaT may be considered successful. More schools than expected decided to introduce this new and rather demanding subject. Secondary and higher education cooperate in development and implementation. Students are interested. Teachers indicate that they like working together with colleagues from different disciplines. Development of content is on schedule. As far as mathematics is concerned, mathematics is an integral part of many modules, mathematics teachers are involved in development and teaching, together with their colleagues from other fields. 
There is reason for a a bit of celebration.
However there is no reason al all to sit back and relax. 

We have no clear idea yet how implementation is going, but there is a strong suspicion that on many schools facilities for teaching this subject are not very good. An unknown number of teachers do not know how to work in a team. Teachers are struggling with new and complicated content and skills they are not accustomed to. We don't know what students think about this subject, will they still like it after one year?. We don't know how well mathematics is integrated in the implemented curriculum. How many students and teachers just skip the more difficult maths in some modules? Are students becoming more at ease with maths through these modules or is it just a boring bit of maths they get through as fast as possible?
There is a lot we don't know. There is certainly room for improvement in many areas. Improvement of quality on all aspects will be a major issue in the coming years. An important means to reach this will be networks of schools and Regional Support Centres.

To be continued.
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