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We discuss a ten-year experience at Université de Montréal with government-accredited programmes to train high-school Science teachers, and the problems and difficulties encountered when integrating science graduates into them. We then explain the rationale and the components of an alternative certification route, presently under development, through a master’s degree programme.

Québec is Canada’s largest province (1.7M sq-km) and second in population (7.6M); schools (K-11) are attended by 1.3M children taught by 80K teachers. In order to teach in Quebec’s schools, it is necessary to obtain certification from the province’s Ministry of Education upon completion of a Ministry-accredited university programme. 
In 1992, the Ministry requested a major revision of all teacher certification programmes. In the specific case of the secondary school level (grades 7 to 11), it was required that programmes changed from a 1-year undergraduate certificate, taken after completion of a (relevant) 3-year disciplinary bachelors degree, to a 4-year undergraduate programme in Education. Implementation of this reform started in 1994; at Université de Montréal (a major Canadian research university of 50K students), the first cohort under the new programmes graduated in 1998. It must be noted that Québec has a college system, offering both general and 3-year professional education programmes; while the latter (80K students) confers terminal degrees, the former (90K) is meant to prepare students and is compulsory for university work and corresponds to grades 12 and 13 (whence undergraduate being 3-year programmes). In particular, 100-level introductory courses in areas such as chemistry, physics, biology and mathematics, normally taken in universities elsewhere, are followed by students in pre-university college programmes; students applying to a university Science teacher-training programme must have followed the college courses required to enter a Science undergraduate programme. The 4-year pre-service teacher-training programmes for secondary school Science at Université de Montréal, while offered in a Faculty of Education, comprised all the courses of both a regular major and a minor from two science departments. 

However, in the late 90s, Québec approved a major Educational reform that, in turn, required another revision of teacher-training programmes. Now implemented at the elementary level, school reform started its official implementation in grade 7 in the 2005-2006 academic year.  In the case of science, it aims at providing the workforce with the know-how, and the general population with the culture, that are required to function in a knowledge-based society; and to develop science-related cognitive capacities and attitudes in everyone. Principles already present in the curriculum were maintained: socio-constructivism, experimental discovery, problem-solving, and science-technology-society integration. To these, new major interests were added regarding the development of competencies, both disciplinary (such as finding answers to scientific and technological questions, using S&T knowledge in everyday life, and communicating in a scientific language) and transversal (such as collaborative work, ICT-related, and communication skills). To prepare for this, pre-service teacher-training programmes were again modified in 2000; however, the basic principles of a college science requirement and 4-year programmes with some 50% credits in science departments, were preserved.

Parallel to this, a dearth of high-school science teachers has been a constant in Québec. Students completing a college science degree normally consider university programmes oriented towards medicine and the health sciences, engineering, and applied or basic science, rather than teaching in schools; and certainly those with the best college grades fall into this category. With the inception of 4-year programmes, a number of potential candidates with a completed B.Sc. were practically discouraged to consider a secondary school teaching profession, as continuing such programmes after graduation (and thus postponing gainful employment for an extra 4 years) is too taxing. In addition, the Province has recently experienced an influx of immigrants with university degrees and even teaching experience that were nevertheless not recognised as appropriate to grant them immediately a teaching permit. 
Thus, for the last 10 years, we have been confronted with the social problem of a lack of high-school (appropriately trained) science teachers, low enrolment in our pre-service teacher-training programme, and difficulty attracting and integrating science graduates (including recent immigrants) into an externally regulated certifying programme. The best possible solution has been achieved when all the science credits could be recognised and two internships, of the 4 required, taken concurrently; still, few have been able to complete the programme in less than 3 (quite demanding) years.
In fact, integrating science graduates into teacher certification programmes in science was dealt with in a piecemeal fashion. This was imposed by the circumstances: no real, formal alternative path was possible since the Ministry’s final decision on certification was based on whether the actual programme followed by the student was one of the accredited ones. Thus, files were studied individually by the science departments in order to decide, based on what courses had been taken, whether “one-to-one” equivalence could be given for specific courses in the programme. A major hurdle here was a University regulation concerning a statute of limitation: no course would be considered for equivalence if it had been taken over 10 years before. One may argue that this seems extreme in the case of, say, an introductory mechanics course for someone who is going to teach grades 7-11; but as an across-university rule, it requires a major intervention before it can be bent.  Easier to surmount was another regulation, concerning our own graduates, that no more than a certain percentage of courses could be used to obtain more than one diploma (the case of all the courses in a major or a minor for holders of an undergraduate degree).  A more difficult problem we dealt with (and still do) concerns degrees from certain foreign universities. One has sadly to admit that, in practice, many graduates even with advanced degrees do not possess some of the basic knowledge in their discipline that we require from North American students; just as an example, in some former French colonies systems seem to have been modeled after a classic, highly mathematical view of science with students thus having little contact with experimentation. This, though, will still be a reality in the foreseeable future and will have to be considered in any alternative programme proposed.
As for the 50% of credits of these programmes in Educational courses, the major hurdle for those few with teaching experience related to the recognition of past experience. Since the four practicums (one per year, done in partnership with schools and representing in total some 700 hours in schools) are meant to initiate professional integration as much as for learning about the system, it is hard to justify giving equivalence to experience obtained in a different educational context. Some results were achieved by collapsing the two first practicums into one and allowing some recognition in another one which has a strong emphasis on teaching the subject matter.
All in all, students with (at least) an undergraduate degree in science could not finish the teacher certification programme in less than 2 years, and more likely 3. In the specific case of science prospective teachers, the added frustration has repeatedly caused some attitude-related problems in the regular courses of the programme.
Recently, though, the Ministry has shown openness to consider alternatives to train science teachers, at least temporarily – this is, while the system still reports a lack of teachers in the area. At Université de Montréal, we are presently developing programmes intended to certify students with an appropriate degree in science (B.Sc. or further), as secondary school teachers; these will be full master’s (most likely 60-credit and not the regular 45-credit ones), “professional” M.Ed. programmes – as opposed to existent post-undergraduate 15- or 30-credit programmes, intended for continuing education of in-service teachers; nor will they be “research” M.A. ones.
One of the main challenges when planning this alternative certification concerns a problem that we already faced when devising the “regular” one. The new curriculum in schools has reinforced the idea of integrating sciences and technology at all school levels. Thus, our teachers must be prepared for “integrated,” “integrating,” and “integrative” learning tasks, whether helping students with, or designing, developing or evaluating learning in such “learning situations.” Yet the equivalent to “disciplinary teaching methods” (e.g., Science Methods) traditionally covered in Curriculum and Instruction units, in our institution is rooted on the French notion of Didactics, which differs from the German one and from C&I’s “Methods” in that it is based on the epistemology of the particular discipline and seeks to transpose “learned knowledge” into “learning knowledge” into “student (learnt/constructed) knowledge.” In a nutshell, it is very much akin to Lee Shulman’s PCK (Pedagogical Content Knowledge). Physics, chemistry, and biology didactics are known areas in this tradition. However, a didactics of “integrated science,” let alone with technology and society concerns, is yet to be fully developed. 
To face this challenge, we devised a series of “integrated projects” courses, each one team-taught by three science and one didactics professors in a specially designed “Didactics-Science-Technology” laboratory.  Briefly, these are project-based courses where students work on problems requiring knowledge and know-how from more than one scientific discipline. Prior to these courses, they follow one dealing with the use of ICT (mostly interfaces for microcomputer-based laboratories) and another one building instruments for specific laboratory measurements (mostly developing their own mbl interfaces). In the first integrated projects course, they are given a general setup or problem situation and they distil it into a set of several subprojects to be undertaken in teams. The topics, hypotheses and even protocols are supervised by a team of four instructors, one each from the departments of Biology, Chemistry, Physics and Didactics. Students must consult handbooks and discuss with the lab technician before ordering materials, and then carry out experiments and complete the projects; it is required that analyses and theoretical extensions be dealt with at a university level. The other two courses take the students towards thinking, designing, developing and even trying out projects intended for the secondary level that they can start applying on their last practicum. The experience acquired in three years with these courses will certainly be invested in the alternative route.

We are in the process of developing a masters programme intended for the certification of holders of at least a bachelor’s degree in science or engineering. In agreement with Ministry’s requirements, graduates should obtain the bases to develop professional competences in the areas of Foundations (e.g. teaching in urban and multicultural milieu, knowledge regarding the teaching profession and the provincial educational legislation), Educational Psychology (e.g. dealing with the development and difficulties of adaptation of adolescent learners, general class management), Didactics (e.g. science methods, evaluation, and including specific content courses), and Practice (e.g. application in real settings, building a portfolio and reflecting on practice). The first two blocks deal with educational, sociological and political aspects of the profession in much the same way that the undergraduate programme does. In particular, the didactics block pays attention to novelties in the high-school curriculum. Content-wise, students having a diploma in a specific discipline will have to become acquainted with the others. This is dealt with by following the same school curriculum structure, which divides S&T into fours big groups: the material universe (physics and chemistry), the living world (biology and ecology), Earth and space (geology and astronomy), and the technological world. As for methods, the emphasis is on inquiry, project-based, cooperative/collaborative, and problem-based learning, conceptual change, use of ICT, and laboratory work. In its present stage of design, the programme aims at people who already are or could be “substituting” for teachers in school boards; in that way, at least one of the two internships (practicums) proposed could be done while perceiving a salary, and there is the commitment of the school board not only regarding employment but also facilitating the participation of these students in the programme (a number of courses will be offered in the evening and in summer sessions). Finally, in compliance with Graduate Studies requirements, an activity of analysis and synthesis and involving a written production will end the programme. 

At the time of this writing, we are considering offering the programme in partnership with the other French-language Montréal university, the UQAM. Both institutions share not only a considerable experience in science teacher training, but the belief in the necessity of this intervention and its timely relevance.
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Useful links
· Québec’s Ministry of Education (Ministère de l’Éducation, du Loisir et du Sport)

Web site: www.mels.gouv.qc.ca/
· The new high-school curriculum, overview (grades 7-8 available, English version; other grades will be made available on the same site in coming months): www.mels.gouv.qc.ca/lancement/prog_formation_sec1ercycle/Overview.pdf 

· The new high-school curriculum, Science and Technology (grades 7-8 available, English version; other grades will be made available on the same site in coming months): www.mels.gouv.qc.ca/DGFJ/dp/programme_de_formation/secondaire/pdf/qep2004/chapter62.pdf
· The old programmes (English version for grades 7-11; grades 8-11 still in force at the time of this writing): www.mels.gouv.qc.ca/DGFJ/dp/programmes_etudes/programs.htm
· Accredited University pre-service Teacher-Training Programmes (French only): www.mels.gouv.qc.ca/dftps/interieur/prog_rec.html
· Education Statistics (French only, 2004): www.mels.gouv.qc.ca/stat/stat_edu/donnees_04/Statistiques_edu2004.pdf
· Université de Montréal. Web site: www.umontreal.ca
· Faculty of Education (French only) : www.scedu.umontreal.ca
· Undergraduate pre-service teacher training programme, Science and Technology (French only): www.etudes.umontreal.ca/index_fiche_prog/182810_desc.html
