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COMPARATIVE STUDIES IN MATHEMATICS EDUCATIONCOMPARING THE INCOMPARABLE? Birgit Pepin, University of Manchester, UK And Eva Jablonka, University of Umeå, Sweden Richard Cabassut, IUFM d’Alsace, France OVERVIEW This Working Group is a newly-established group, and its specific interest was to encourage and represent research in comparative and international mathematics education- a very wide theme to investigate. We invited proposals concerning research on the processes of, and contexts for, teaching, learning, and the relationships among them, in international settings and comparing these. Furthermore, we were also interested in the methodologies and epistemologies used when carrying out such international and comparative studies. In line with the nature and aims of the conference, we wanted to provide a forum for international and comparative mathematics education researchers to discuss and communicate, collaborate and research, in an atmosphere of mutual respect. As expected, the variety of contributions to this Working Group shaped the thematic nature of the debates, and we aimed at developing deeper understandings of each others’ research interests and areas. The participants represented a variety of countries, amongst them Iceland, Israel, Germany, France, Finland, Portugal and the UK. The Group discussed eight papers, and two posters, selected from 11 paper submissions. It appeared that our acceptance rate was lower than for other group, after a rigorous reviewing process. However, those eight accepted papers covered a wide variety of areas and issues in the field of comparative mathematics education. In order to be able to discuss the common concerns, the papers were grouped under four themes: x Socio-historial view (Bjarnadottir) x Culture and assessment (Vollstedt, Eisenmann et al, Vantourout) x Curriculum and policy (Da Ponte et al, Törnroos, Brown) x Methodology (Cabassut) The particular papers addressed specific areas, such as x Examples of comparative methodologies in the teaching of mathematics in France and in Germany;
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x Factors related to student's mathematical literacy in Finland and Sweden; x ‘Proportion’ in school mathematics textbooks : a comparative study of textbooks in Portugal, Brazil, Spain and the USA; x A comparative study of assessment activity involving pre-service teachers; x Types of algebraic activities in two classes taught by the same teacher; x Meaning-making in mathematics education in Hong-Kong and in Germany; x Development of the mathematics education system in Iceland in the 1960s in comparison to some neighbouring countries; x Comparison of three countries’ examination systems introduction of graphic calculators.



INDIVIDUAL PAPERS IN SUMMARY In Cabassut’s article he discusses methods and methodology used in three comparative studies (comparing France and Germany) and highlights the problems involved in comparing internationally. These concerns are also linked to Eisenmann et al’s study where a teacher taught the same curriculum content in two schools with different socio-cultural characteristics. It can be argued that we ‘compare the incomparable’ at times, and do not pay sufficient attention to variations within a system. Furthermore, and based on Eisenmann et al’s study, it can be challenged to what extent we can take “elements”, conceptually and methodologically, from international comparative studies (“big cultures”) to national comparative studies (“small cultures”). Is it possible to just “zoom in” or zoom out”? Bjarnadottir takes a socio-historical view to compare the mathematics education system in Iceland with that of Denmark. Similarities were found and it can be argued that these relate to historical developments as well as to cultural traditions. Culture is also a theme that is pertinent to, and resonates with, findings from Vollstedt’s study who compared students’ perceptions of what it means to be a student of mathematics. In theoretical terms it must be asked how we can connect, and interpret, culture and the differences found in different countries. Moreover, and this was a theme for long discussions, it can be argued that we have to develop a more differentiated view of culture, if we are to explore the nuances of this concept. We contend that there are different levels of culture, i.e. classroom culture, teaching culture, a national system’s culture, or mathematical culture, and each may need its own way of exploring the inherent phenomena. The study by Törnroos made use of PISA 2003 data to explore factors that may enhance, or impede, students’ mathematical literacy performance in Finland and
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Sweden. Interestingly, many of the factors were common to both countries. However, the strengths of the relationships differed, and questions were raised about, for example, the mathematics textbooks used in particular schools. This was a theme that Da Ponte et al explored in the context of Portuguese, Brazilian, Spanish and American middle schools, and with respect to the topic of ‘proportions’. Brown, in his paper, used the implementation of the graphic calculator into high school mathematics examinations to compare how different examination authorities (Denmark, Australia, International Baccalaureate Organisation) established policies for the introduction of these. PERMEATING STRANDS Whilst there were considerable differences in terms of themes that were developed in those eight papers, there were common concerns related to all studies. The following questions exemplify those issues raised: x why using a comparative approach? x what are the issues that arise when using a comparative approach? x To what extent does the comparative approach help us to reconsider our own practices? x How can we develop a better understanding of the similarities and differences in terms of 'culture'? Furthermore, our work in the Working Group 15 can be summarised under the headings of “Curriculum”, “Teachers/students”, “Assessment” & “Culture” where culture seemed to be a pervasive strand. The following grid summarises how the individual studies relate to those strands.
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Q1 : why using a Q2 : what are the issues that comparative arise when approach? using a comparative approach?



Curriculum Da Ponte et al



Cabassut



Q3 : to what extent does the comparative approach help us to reconsider our own practices?



Q4 : how can we develop a better understanding of the similarities and differences in terms of 'culture'?



Da Ponte et al Da Ponte et al



Bjarnadottir



Bjarnadottir



Törnroos



Törnroos (Kandemir et alposter)



Teachers students



/ Eisenmann et al



Vollstedt



Vollstedt



Assessment Vantourout Törnroos



Cabassut



Eisenmann et al



(Vale& Palhares poster)



Vollstedt



Vantourout



Brown



Törnroos



Vantourout



Brown



CONCLUDING REMARKS Considering the variety of papers and approaches to comparative mathematics education, it is clear that this is too wide a field to be covered in eight papers, or over seven sessions. However, the Working Group provided an opportunity for researchers in the field of comparative mathematics education to examine their findings, theories and underpinning beliefs. Participants were able to develop understandings of, discuss and represent issues related to, and encourage scholarship in their particular area. In addition, it provided a space where members could network and connect to other research groups.
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DEVELOPMENT OF THE MATHEMATICS EDUCATION SYSTEM IN ICELAND IN THE 1960S IN COMPARISON TO THREE NEIGHBOURING COUNTRIES Kristín Bjarnadóttir Ph.D. Iceland University of Education Mathematics education in Iceland was behind that of its neighbouring countries up to the 1960s, when radical ideas of implementing logic and set theory into school mathematics reached Iceland, mainly from Denmark. Introduction of ‘modern’ mathematics in Icelandic schools is compared to its parallels in Denmark, Norway and England. Similarities are found in expectations of social and economic progress, promoted by the OECD, expectations of increased clarity and improved understanding of mathematics, a clash between different cultures of teacher education and egalitarian trends in providing ‘education for all,’ with the implication ‘mathematics for all’. The differences lie mainly in different societal structure, characterized by Iceland’s recent independence from Denmark, its sparse population and underdeveloped decision-making structure. RESEARCH QUESTION AND RESEARCH METHOD Increasing international influences in Iceland in the 1960s, partly channelled by the OECD, brought international currents of school mathematics reform. This initiated discussions and questions about the situation of Icelandic education, science and mathematics education in particular. The question to be discussed is: To what extent did mathematics education in the 1960s develop similarly or differently in Iceland from that in its neighbouring countries, and what explanations can be offered for this? Three countries have been chosen for comparison: Denmark, due to the long-lasting cultural relationship between the countries, and Norway and Britain, two countries geographically close to Iceland and in cultural contact. The research question was the subject of a recent Ph.D. study by the author of this paper, Mathematics Education in Iceland in Historical Context – Socio-Economic Demands and Influences (Bjarnadóttir, 2006). In that thesis a description of Icelandic society and the educational system was provided in order to explain the fundamental reasons for mathematics education and its absence in Iceland at various times, and thus for differences from the neighbouring countries. The research method was historical. The history of mathematics education was told within the framework of the history of education and the general history of Iceland, traced through scholars’ published works, legislation, regulations, reports and documents preserved in official archives. Where applicable, events were explored by referring to contemporary articles in newspapers and journals. Supplementary knowledge was acquired through interviews with persons involved or knowledgeable
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observers, and from published memoirs, biographies and textbooks, in addition to some personal experiences and a few memoirs of contemporaries. RESEARCH FRAMEWORK No other theoretical study than the above mentioned thesis by Bjarnadóttir exists about mathematics education in Iceland and its comparison to other countries. The thesis will therefore be the framework for this study concerning Iceland, together with a textbook and articles written by Guðmundur Arnlaugsson (1966, 1967, 1971), a prime promoter of ‘modern’ mathematics in Iceland. In Denmark, an anthology edited by P. Bollerslev (1979): Den ny Matematik i Danmark, was written on the theme of ‘modern’ mathematics. From there J. Høyrup’s article: ‘Historien om den nye matematik i Danmark – en skitse’ will be cited. Another source is a report from a national meeting of the Danish Mathematical Society about the mathematics in Denmark in 1981 (Rapport fra landsmødet om matematikken i Danmark 1981). Gunnar Gjone (1983) has written an account of the 1960s school mathematics reform movement in Norway: ‘Moderne matematikk’ i skolen. Internasjonale reformbestrebelser og nasjonalt læreplanarbeid, and Barry Cooper (1985) has made a study of the introduction of ‘modern’ mathematics to England: Renegotiating Secondary School Mathematics. A Study of Curriculum Change and Stability. The OEEC (1961) published a report on its 1959 seminar in Royaumont: New Thinking in School Mathematics, containing its conclusions and the results of a questionnaire survey made on the status of mathematical education in the member countries of the OEEC. The report is extremely useful for comparison of the status of the countries in question. MATHEMATICS EDUCATION IN ICELAND BEFORE 1960S Iceland is an island in the North Atlantic, similar in size to Ireland. The population did not grow markedly until the 20th century. In 1970 it reached 200,000. It was ruled by Denmark from 1397 until 1944. Cultural relationships were confined to Denmark for most of that period, and Danish influences lasted still longer. From the early 19th century until 1930 there was only one ‘learned school’ in Iceland, which was situated in Reykjavík, the capital, from 1846. Danish school authorities offered a choice of a mathematics-science stream and a language-history stream at learned schools in Denmark from the 1870s. Icelandic school authorities chose the language-history stream exclusively for the Reykjavík School, due to the small number of pupils attending the school. A mathematics-science stream was first established in 1919. This decision was to cause a chronic lack of mathematicallyeducated people and mathematics teachers well into the 20th century. All university education in mathematics had to be acquired abroad until 1941, and after that only
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within a programme for engineering students. Mathematics education at the Teacher Training College, established in 1908, declined during the period 1920–1960 due to lack of tenured teachers. Primary-school teachers were not accepted at the university, and so had no opportunity of further education except abroad. The mathematics education of teachers was therefore meagre and the tradition of mathematics education in the country is extremely short, compared for example to a widespread public tradition of enjoying literature (Arnlaugsson, 1971). By the mid1960s a number of young intellectuals held up constructive criticism on the Icelandic educational system (Hannibalsson, 1965–1967), while university mathematics teachers had become aware of international reform trends (Arnlaugsson, 1967). SCHOOL MATHEMATICS REFORMS IN THE 1950S AND 1960S Questions arose in many countries in the 1950s about mathematics teaching at the upper secondary school level. There was discontent with mathematics teaching in the United States after the World War II. Induction testing for the war had presented evidence that many young people were incompetent in mathematics. The war focused national attention on the growing need for trained personnel to serve an emerging technological society (Osborne and Crosswhite, 1970, pp. 231–238), involving problem solving, such as making and cracking of codes. This led to growth in the field of discrete mathematics, probability and statistics and operational research, which again led attention to school mathematics (Gjone, vol. 1, p. 1). An international reform movement in mathematics education had at least three points of origin. During the 1950s several important school mathematics projects were launched in the United States. There was also a broad reform movement in Frenchspeaking Europe in the mid-1950s (Gjone, vol. 2, pp. 8–62) and another from 1957 in England, where the School Mathematics Project (SMP) was developed (Cooper). From 1959 the reform started to expand – psychologists and pedagogues became more interested in mathematics and natural science teaching – to new pupil-groups and new grades. OEEC experts found that reform was necessary within the member countries to meet demands from industry and its new techniques. The experts knew about the movement in the USA, and wished to implement a reform of a similar kind in Europe (Gjone, vol. 2, pp. ii–iii). An important seminar on new thinking in school mathematics was held by the OEEC at Royaumont, France, in November 1959. The member countries and the United States and Canada were invited to send three delegates: an outstanding mathematician, a mathematics educator or person in charge of mathematics at the Ministry of Education, and an outstanding secondary school teacher of mathematics. The seminar was attended by representatives from all the invited countries except Portugal, Spain and Iceland (OEEC, 1961, pp. 7, 213–219). While originally the intention was to place increased emphasis on applied mathematics, there had also been discussions amongst mathematics educators on the relations between the ideas of the French group of mathematicians, Bourbaki, on
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unifying mathematics, and the theories of the Swiss psychologist Piaget, who wrote in his ‘Comments on mathematical education’ (in Howson, A.G. (ed.), 1973, Developments in Mathematical Education, Cambridge Univ. Press, Cambridge): … having established the continuity between the spontaneous actions of the child and his reflexive thought, it can be seen from this that the essential notions which characterize modern mathematics are much closer to the structures of ‘natural’ thought than are the concepts used in traditional mathematics (Gjone, Vol. 2, p. 54).



At the Royaumont seminar these theories won support and its final recommendations included a combined syllabus of applied mathematics and modern algebra, and that modern algebra should be the basic and unifying item in the subject of mathematics. In the teaching of all secondary school mathematics, modern symbolism (i.e. from logic and set theory) should be introduced as early as possible, as it represented concepts that bring clarity and conciseness to thinking. The reforms were primarily conceived for a select group of pupils, but there are indications that a broader group was also borne in mind (OEEC, pp. 105–125). The above description of school mathematics will be called hereafter ‘modern’ mathematics. The Royaumont Seminar was a central event for the Nordic countries. Their participants organized cooperation on reform of mathematics teaching, and the Nordic Council set up a committee under its Culture Commission (Gjone, 1983, Vol. 2, 62). Each of four countries – Denmark, Finland, Norway and Sweden – appointed four persons to the committee, Nordiska kommittén for modernisering af Matematikundervisningen (The Nordic Committee for Modernizing Mathematics Teaching), NKMM, which dominated mathematics instruction in the Nordic countries for most of the 1960s (Gjone, vol. 2, p. 78). Iceland did not participate in the NKMM cooperation, but all the Danish representatives made an impact in Iceland through their writings. The prime promoter of ‘modern’ mathematics in Denmark (Høyrup, p. 57), Svend Bundgaard, a guest speaker at the Royaumont seminar, was also to exert influence in Iceland through his personal contact with Guðmundur Arnlaugsson, the prime promoter in Iceland (Bjarnadóttir, pp. 267–268). MODERN MATHEMATICS IN ICELAND COMPARED TO DENMARK, NORWAY AND ENGLAND Status in the early 1960s An OEEC questionnaire survey in connection with the Royaumont seminar in 1959 shows that the content of mathematics education in all the countries in question included the same topics, in spite of different educational systems, while they were not all taught at the same age. Iceland was in most respects a year later than the other countries and Icelandic students completed matriculation examinations at the age of 20 (OEEC, pp.187–206, 233–237). In the early 1960s mathematics education in Iceland was in most respects similar to what it had been since the 1920s, except that a greater number of people were



CERME 5 (2007)



2406



Working Group 15



receiving instruction. The focus was on pupils aiming at further education, while others received no detailed attention. No development took place and there was little initiative in compulsory education. The upper secondary level still adhered to the requirements and standards of the Danish school system (Bjarnadóttir, pp. 366–377). The OEEC questionnaire survey reveals that only 30% of secondary mathematics teachers in Iceland had full certification requirements, while the corresponding numbers were 95% for Denmark, 100% in Norway and 80% in the United Kingdom (OEEC, p. 158). Considerable class stratification existed in schools at the secondary level in Iceland between the grammar schools and the general lower secondary schools. It was demonstrated by differently rigid syllabi and different requirements for qualifications of their teachers. At the grammar schools and their entrance examination grade, university education was a requirement for teachers, and fulfilled if possible, while teacher training college education was more likely to be accepted at the general lower secondary level (Bjarnadóttir, pp. 189–191). By the 1950s there were two broad traditions in England, of selective and nonselective secondary school mathematics. Two versions of mathematics were taught to two different categories of pupils, largely in two different types of schools, by teachers who, broadly speaking, had been educated in two different types of postschool institution: the university and the teacher training college (Cooper, p. 63). The curriculum of the selective schools was an amalgam of ‘academic’ and ‘practical’ mathematics, with more emphasis on classical mathematics rather than arithmetic, preparing pupils for further study of mathematics and science. The non-selective schools were concerned almost entirely with the ‘practical’ (Cooper, pp. 36–42). In Norway also there were two directions within the school system, each with a long tradition, a movement originating from ‘below’ in beginners’ education, and a movement from ‘above’ from higher education, each supported by its own teacher organization (Gjone, vol. 8, pp. 14–15, 18–19). Another trait in common was an emerging expansion of upper secondary education. A demand for ‘education for all’ was manifested in alternatives to the selective grammar school structure, in Denmark by a Higher Preparation Programme, HF (Rapport fra landsmødet, p. 195–196), in England by the GCE, General Certification of Education programme (Cooper, p. 42), and in Iceland by lower secondary school continuation departments and upper secondary modular schools (Bjarnadóttir, p. 322– 330). These structures naturally implied ‘mathematics for all’. Reasons for Introducing ‘Modern’ Mathematics In the late 1950s the government and opposition in England were increasingly concerned with the adequacy of arrangements for teaching and research in scientific and technological areas, and in particular with potential shortages of manpower in these fields. Many politicians and commentators assumed that Britain’s economic success would depend on scientific research on industrial processes. Concern was
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expressed by many in educational organizations about possible and perceived shortages of specialist teachers of the subject, and about the mathematical education of non-specialists (Cooper, p. 91). In Norway general optimism that technology would be conducive to economic development of society – strongly emphasized by OECD – was an important factor in bringing the authorities’ attention to what was happening in other countries (Gjone, vol. VIII, p. 13). A sign of international reform trends in Denmark was demands from the technical and industrial sphere for a betterqualified working force. A need for increased expertise was emphasised, simultaneously with an economic up-swing (Rapport fra landsmødet, p. 193). In all the countries, proposed changes were legitimised by reference to the nations’ need for scientific and technological manpower. There was no pressure in Iceland from any industry, but there was an obvious lack of mathematically trained teachers. Fear of being left behind seems to have been common to the countries in question. The implementation of ‘modern’ mathematics reform in Norway was influenced by the view that Norway could not stay outside the development going on in Europe and USA (Gjone, vol. 8, p. 8). In Iceland, Guðmundur Arnlaugsson had made a survey which he interpreted as demonstrating poor standing of children and adolescents in mathematics (Bjarnadóttir, p. 252), and this was confirmed by a survey made by physicist S. Björnsson (1966) indicating that the lower secondary syllabus in mathematics, physics and chemistry was markedly behind that in the Norway and Denmark. Nor did the British want to be left behind, as stated in a quotation from the editorial of the British journal Mathematics Teaching in April 1958: … much of the psychological work of Piaget suggests that many of the essential notions of modern algebra (which are regarded as a university study) have to form in the pupil’s mind before he is even ready to undertake the study of number … Such topics as the algebra of sets or relations might be taught with a profit not merely in the sixth form but lower down the school as well. In other countries they are learning how to do this, and unless we learn too we shall be left behind. Of course, such ideas have to be presented in a suitable way. The formal axiomatic way … presented ... at university would never do in school. The idea must be presented in terms of concrete applications with a similar structure (Cooper, p. 76).



The quotation leads attention to the Piagetian theories. Arnlaugsson expressed in his writings (1966, 1967) expectations that the new concepts would facilitate deeper understanding of arithmetic and mathematics in general. In the foreword of his textbook (1966) he stated a clear echo from the Piagetian theories: The emphasis on skills and mechanical ways of work has moved aside for demands for increased understanding. This development has pushed several basic concepts from logic, set theory and algebra down to primary level. The experience from many places indicates that children – even very young children – can easily adopt these concepts, which previously were only introduced at university level, and enjoy them. Furthermore, they seem to be conducive to increased clarity and exactness in thinking and arithmetic (Arnlaugsson, 1966, pp. 4–5).



CERME 5 (2007)



2408



Working Group 15



Arnlaugsson also recommended to teachers readings by psychologist Jerome S Bruner (Arnlaugsson, 1971; Bjarnadóttir, p. 422) who was influenced by Piaget (Gjone, vol. 2, p. 30). Bruner’s theories, especially on discovery learning, and those of Piaget seem to have been the main impetus of the educators in their hope that the concepts of ‘modern’ mathematics would lead to better understanding. Two OECD experts presented to Icelandic educators in 1965 the idea that education, especially in mathematical subjects, was considered central to social and economic progress (Bjarnadóttir, pp. 27–28). The initiation of ‘modern’ mathematics experiments in Iceland was wholeheartedly supported by the Minister of Education, who also was minister of OEEC/OECD affairs. The minister succeeded in convincing the parliament to allocate funds for the reform experiments within the framework of overall school research and reform on the initiative of OECD (Alþingistíðindi A 1966: p. 99). In Denmark, the OECD theories led to the view that it was necessary to improve mathematics teaching as early as in primary school. This demanded intensive re-training of primary school teachers, put into practice at the Royal Danish School of Educational Studies/Danmarks Lærerhøjskole. As early as 1958 an extensive programme for retraining of teachers was established (Høyrup, pp. 56–57), to which Reykjavík education authorities later sent their teacher-trainers. Implementation The international initiative for implementing ‘modern’ mathematics into schools came from university educators, and university people had most to say about the content. This was also the case in the countries in question here. In England in 1957, a conference was held on a personal initiative for the purpose of bringing together, for the first time, those who taught mathematics in schools and universities and those who used mathematics in real life (Cooper, p. 91). In Norway only a small number of individuals were involved in implementing school mathematics reform, among them participants at the Royaumont seminar (Gjone, vol. 8, p. 15–16). In Denmark there were only a few initiators (Rapport fra landsmødet, p. 198). The Royaumont resolutions reached Icelanders mainly through personal contacts with Danish participants at the Royaumont seminar. The reform experiments at all three school levels were essentially initiated by one man, in cooperation with his colleagues: grammar school and university teacher Guðmundur Arnlaugsson. From 1964 he experimented with using American ‘modern’ mathematics textbooks at Reykjavík Grammar School, and in 1966 he wrote a new mathematics textbook (Arnlaugsson, 1966) on numbers and sets for the lower secondary preparation grade for grammar school. That same year, experiments began with translated Danish textbooks by A. Bundgaard et al. (1967–1972) for the primary level, created within the Nordic NKMM cooperation and channelled to Iceland through Arnlaugsson’s personal contact with A. Bundgaard’s brother, Svend Bundgaard. This material, chosen in some haste without knowledge of the content for the later grades, turned out to be extremely orthodox modern mathematics (Høyrup, p. 59), and its
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implementation became controversial. It spread rapidly and reached the majority of the Icelandic age cohorts born in 1962–1965. The Icelandic and Norwegian educational contexts were similar in their centrally organized structure of textbooks, curricula, law and regulations (Gjone, vol. 8, p. 8). The differences in reactions to foreign educational currents lay in the decisionmaking process. The proposals for ‘modern’ mathematics reform in Norway went into a process which lasted several years. There was a developed process, from controlled experiments within a limited number of schools, to proposals from a subject committee, to a proposal from a curriculum plan board to the School Council, reconsideration, and subsequent debate in newspapers and parliament. This went on while the worldwide excitement about modern mathematics reached its peak. Final decisions were not taken until after that, and ‘modern’ mathematics was first formally introduced nationwide when the curriculum plans had undergone this process. At that time the most abstract concepts had retreated into the background (Gjone, vol. 8, pp. 7–10). In Iceland important steps in the implementation process were missing. The decision-making process was underdeveloped, few people had relevant knowledge, and fewer still were involved. The process went from one experimental stage to another, while one might conjecture that the process in itself created more knowledgeable personnel, who were to lead the developmental work of the following decade. The primary school experiment went out of control, and no national curriculum document existed until a preliminary one was produced at about the time that the experiment was coming to an end (Bjarnadóttir, p. 388–389). The success of the reform Generally, the redefinition for the university-bound streams went on without major difficulties, and is e.g. in Norway evaluated as a necessary adjustment to university mathematics (Gjone, vol. 8, p. 11). The mathematics teachers at the Reykjavík Grammar School and in the first-year courses at the University were the same individuals, Guðmundur Arnlaugsson and his colleagues, and their intention was to ensure coherence between the school levels. The upper secondary level went through a process of implementing and developing a ‘modern’ mathematics syllabus, and its subsequent retreat, without any major conflict. The redefinition of the syllabus contributed to a wider variety, meeting different demands from an explosively growing number of pupils attending upper secondary school (Bjarnadóttir, p. 378). The problems emerged when the ‘modern’ mathematics was implemented ‘lower down’. The set-theoretical mathematics syllabus in Icelandic primary schools aroused debates and reactions. Parents and the public realized that school mathematics teaching was changing radically. Different computation algorithms were one of the side effects. In many cases Icelandic school teachers missed the point of the reform, and saw only yet another method, in addition to the old ones (Arnlaugsson, 1967, p. 43). And the public saw cumbersome methods, wordy explanations and a decline in computation skills. Parents had difficulties in assisting their children, and indeed
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were not expected to. More problems emerged when new teachers, who were not familiar with the material and the mathematical language, took over grades four to six (Bjarnadóttir, pp. 296–299). The age level 11–13 was a common vulnerable area. In this section there was a clash between the perspectives of the two types of teachers belonging to the two subcultures, trained at universities vs. teacher training colleges, where the former were the initiators and the latter were expected to implement the university version of mathematics (Cooper, pp. 265–266, 282; Gjone, vol. 8, pp. 14– 15, 18–19; Høyrup, pp. 55–59). In fact, similar problems occurred in other countries. Introduction of “modern” mathematics in primary schools in the USA proved to be the beginning of the end (Gjone, vol. 1, p. 53). However, the implementation of ‘modern’ mathematics also contributed to a dialogue between the subcultures of teachers and dissolution of the border between them. Only five years later domestic primary mathematics study material was created, turning away from ‘modern’ mathematics to tasks of a more investigational nature. This material was created by young teachers, the majority of whom were women, while earlier no-one was considered able to take on such a task. The strenuous experience of introducing the highly theoretical material thus released teachers’ creativity and initiative, however disturbing it may have been for the young children to adapt to. SUMMING UP The experiences from the World War II created a demand for different content of mathematics in the western world, but also an increased demand for education for all. Mathematics reform in Iceland and its neighbouring countries, Denmark and Norway, was embedded in general school reforms. The currents to dissolve social stratification, to improve public education and to improve and alter mathematics education, were realized in the implementation of ‘modern’ mathematics. Its implementation thus caused a clash between two cultures of teachers and schools in all the countries in question, but it also contributed to dialogue across social borders, and thus may have contributed to dissolution of stratification in the educational systems. The reactions were in many respects similar in the four countries. The changes aroused expectations of economic and social progress and improvement in understanding of mathematics. These expectations turned out to be too high in most cases. The social and economic progress took a long time to develop. Curriculum change innovations operate at many levels. Even if those involved were concerned with content, pedagogy and the ‘attitudes’ established, the redefinition achieved was probably primarily one of content. Mathematics teachers remained ‘transmission’ oriented but new content was, in many cases, being transmitted (Cooper, p. 281). In Iceland, however, where school mathematics had not received any attention since the 1920s, the implementation of ‘modern’ mathematics in the context of a meeting of different educational currents, however unfortunate in many respects, contributed
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POLICY CHANGE, GRAPHING CALCULATORS AND ‘HIGH STAKES EXAMINATIONS: A VIEW ACROSS THREE EXAMINATION SYSTEMS R G Brown Visiting Research Fellow Department of Education, University of Bath This paper focuses on policy changes brought about by the implementation of the graphics calculator into high stakes end of high school mathematics examinations. The paper uses a comparative approach to consider how two examination authorities, located in Denmark, Australia along with an International examination authority went about establishing policies for the introduction of the graphics calculator and later how these authorities had to adapt these policies to meet changing needs. Similarities and differences in the implementation process are also described.



INTRODUCTION In the early 1990’s the graphing calculator (hereafter GC) first began to appear in mathematics classrooms in the USA, Australia and many European countries. These calculators provided the rapid production of graphs and incorporated all the functionality of the scientific calculators that were already being used in high school mathematics. The “early adopters” in many countries felt that these calculators would allow students to develop a better conceptual understanding of mathematics by supporting an investigative approach to mathematics (Dunham & Dick, 1994; Penglase & Arnold, 1996). The introduction of the GC soon led to calls for their use in examinations (Harvey, 1992). These calls immediately provided challenges for those responsible for setting examinations (hereafter known as Examining Authorities, EA) as the GC had the capacity to complete many of the traditional pencil and paper test items with the push of a button. The EA’s needed to develop policies that took account of a wide range of competing requirements in mathematics examinations, such as equity, the style of questioning, the rules concerning what was an acceptable written solution, whether questions should be GC active or should be excluded all together. In conjunction with, a recognition of the marked increase in the repertoire of techniques and skills a student was required to assimilate (Drijvers & Doorman, 1996). This paper, reports on part of a larger comparative study by (Brown, 2005), and has its focus on the changes in policy within three “national” EA’s as they went about implementing the introduction of the GC into their system wide ‘high stakes’ end of secondary school mathematics examinations. The three authorities are the Danish Ministry of Education (DME), Denmark, the International Baccalaureate Organization (IBO) and the Victorian Curriculum and Assessment Authority (VCAA), Victoria, Australia are described in the following section. Followed by a description of the research project and the policy initiatives enacted by the EA’s. The paper concludes with a discussion of these policy initiatives.
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EXAMINATION AUTHORITIES (EA) The Danish Ministry of Education (DME) The Danish Gymnasium programme is a three-year course leading to the Upper Secondary Leaving Examination. At the time of the study there were two courses of study from which the students choose one: the language line and the mathematics line, the focus of this study. For the mathematics line all students must complete at least Blevel mathematics a (2 year course) whilst the majority choose A-level mathematics, either as a three-year course, or as a one-year course after B-level. International Baccalaureate Organization (IBO) The International Baccalaureate Diploma Programme caters for over 1800 schools in more than 124 countries (IBO, 2006) and is an internationally recognized pre-university qualification. The International Baccalaureate therefore provides an interesting contrast to a national system, its cross cultural mix of students, teachers and examiners as well as its three different languages provides a contrasting set of values to those, which appear in a national system. Like the other examination boards described in this paper all students must select at least one mathematics course from the 3 programmes offered. Victorian Curriculum and Assessment Authority (VCAA) The Victorian Curriculum and Assessment Authority (VCAA, formerly the Victorian Board of Studies (VBOS)) administer the Victorian Certificate of Education (VCE). The aim of the VCE programme is to provide students with a qualification, giving them access to universities. The course of study is a two-year course leading to the Victorian Certificate of Education. There are three courses of study in mathematics from which the students may choose one or two. Differences There are a number of structural differences between the three examination boards. The government of Denmark, through the Minister of Education is directly responsible for the management and administration of examinations and curricula development. Whereas in Victoria, the VCAA is a statuary authority, which reports directly to the Minister of Education, but retains some independence from the government. Whilst the IBO is a non-profit educational foundation governed by a Council of Foundation located in Switzerland. Thus whilst in the cases of the VCAA and the DME there is governmental monitoring of the educational administration, in the case of the IBO it is managed by elected representatives from each of the regions. METHODOLOGY A descriptive multiple case study (Yin, 1994) was used for the larger study as it met the requirement of being able to take account of a wide range of variables within the contemporary context of the study of policy implementation. The criteria established relating to the selection of EA’s for the study were; CERME 5 (2007)
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x Similar curricula and a final high school ‘high stakes’ mathematics examinations prior to university entrance x Two stage process for the implementation of the GC into the mathematics examinations, that is allowed use followed by required use x Examination authorities at similar stages of the implementation i.e. the GC adopted at similar times The relevant EA documents relating to the policies, curriculum and examinations that accompanied the introduction of the GC into the EA’s ‘high stakes’ examinations formed the data for this study and included x Curriculum documents for each of the 3 EA’s (DME, 1993, 1999b; IBO, 1987, 1997b, 1998; VBOS, 1996c, 1999b) x Examinations from each EA (DME, 2007; IBO, 2007; VCAA, 2007a; VCAA 2007b) x Other policy statements issued in respect to the use of technology and conduct of examinations (DME, 1996, 1997a, 1997b, 1998, 1999a, 1999c; IBO, 1992, 1995, 1997a, 1997c, 1999; VBOS, 1995, 1996a, 1996b, 1996d, 1997, 1998, 1999a, 1999c) x Interviews with the question writers for each of the EA’s regarding the setting of examinations in a GC assumed environment with a follow up survey of the questions writers. This study was partly historical as it considered the changes that had been put in place prior to the introduction of the GC and then considered how these policies were modified to take account of the skills to be assessed with pencil and paper versus those where students could use technology along with newer models of the GC. As a consequence the study was not affected by policy changes during the data collection phase, in contrast to Paechter’s (2000) study, where the researcher had to incorporate ongoing changes of policy. RESULTS: COMMONALITIES This paper will describe the policy decisions that took place as a response to or aligned with the introduction of the GC into ‘high stakes’ examinations. These are described in the following section. Mathematics content changes and graphing calculator specifications In all cases there was minimal changes to the curriculum and in each case these changes were not directly attributable to the introduction of the GC. Each authority established its own requirements concerning the types of GC allowed in the examinations. These decisions were driven by a number of factors including the functionality of the GC and the availability of various brands and models (especially CERME 5 (2007)
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relevant for the IBO). There were two approaches to such decisions, either an open approach with restrictions on maximum capabilities (e.g. GC could not have symbolic manipulation capabilities (DME, 1999b; IBO, 1999a; VBOS, 2000)) or to provide minimum specifications, e.g. GC must have the following capabilities (or functionality) 1



-



decimal logarithms, values of x y and x y , value of �, trigonometric and inverse trigonometric functions, natural logarithms, values of e x (IBO, 1999b)



Statements in curriculum guides on use of technology in Mathematics In the case of the VCAA there were outcome statements that specifically indicated the expectation regarding the use of technology (including the GC) which stated that Outcome 3 On completion of each unit the student should be able to select and appropriately use technology to develop mathematical ideas, produce results and carry out analysis in situations requiring problem-solving, modelling or investigative techniques or approaches. (VBOS, 1999b, pp. 161- 162)



Further descriptions of the how this Outcome Statement could be achieved were also provided (VBOS, 1999c). However, for the IBO there were minimal statements on the use of the GC within the curricula and assessment materials. The DME Mathematics Faculty consultant stated that … we do not require students to do very much with a graphic calculator simply because the way that the law is written is that they should just have a graphic calculator. We don't have requirements that they should have a TI83 (Texas Instruments GC) or whatever. So all we can build on is they are able to draw graphs and so on (DME3, 2001).



This lack of specification was of concern to the faculty consultant and indicates the difficulties of introducing technology without setting standards for that technology. Use in all examinations In the cases of the IBO and the VCAA, the GC was required in all mathematics examinations, however for the DME only one of the examinations required the GC, the other was technology free. The reason for this is not directly related to the introduction of the GC but instead is a result of government legislation. The Danish government legislated that at least one of the examinations should be technology free (DME, 1997), as a result of publicly expressed concerns regarding the skill level of students in mathematics at the end of gymnasium level (Christoffersen & Svaneborg, 1996). Implicit or explicit statements on the use of the GC in an examination question. Examiners responsible for writing questions struggled with the setting of questions in a GC assumed environment, and it soon became evident that some questions could be solved with the push of a button whilst others were unaffected by the GC. So examiners, and EA’s, resorted to ways to ensure that students either did not waste their time trying CERME 5 (2007)
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to solve a problem algebraically when a GC solution was more appropriate or the skill being tested was to be done without the GC. Each of the EA’s in this study developed statements to restrict or encourage the use of the GC these are summarized in the table 2. EA DME



Graphics Calculator Excluded Solve by calculation; Calculate Find equation of tangent Use definite integral



IBO



Find exact



VCAA



Use Calculus; Find exact



Graphic Calculator Active Use your graphics calculator



Use your graphics calculator; Write down approximated coordinates; Find to an accuracy of six significant figures Find to an accuracy of three significant figures



Table 2: Statements used on examinations to indicate the use (or non use) of the GC in a particular question.



Interestingly the restriction of the use of the GC excluded questions ranged from 0% for the IBO to 47% for one mathematics subject in the VCAA (Brown, 2005). Perhaps indicating that for some examiners they were still focused on the assessment of skills that had been automated by the GC. Guidelines for acceptable graphics calculator based solutions. Each of the boards provided rules for what constituted an acceptable GC based solution, which are summarised in the following table, Table 3. EA DME (DME, 1999a)



IBO (IBO, 1999b)



VCAA (VBOS, 2000a)



Working and Marking instructions A mark would be awarded for a correct answer and possibly incorrect one (but close), but without an explanation of the method used and information included, such as a sketch of the graph (including indicating the window dimensions), it would not be possible to obtain full marks. Where candidates are asked to show, prove or justify their answer, then correct mathematical reasoning must be used. A reference to a calculator operation such as “I used the Solve command to find that …” would be insufficient. When candidates are answering questions they will be expected to demonstrate their mathematical set up of the solution before using the GDC. That is, candidates need to demonstrate their thought processes in the development of their solutions. Correct mathematical terminology must be used to gain method marks If candidates are required to find the solution to a problem which can be solved using the inbuilt functions of the GC, other than those normally found on a scientific calculator (eg sin, cos, tan), they are required to show all the steps in the solution Where a numerical answer to a question, or part of a question, is required, this may be obtained using any of analytical, numeric or algebraic approaches as appropriate unless instructed otherwise.



Table 3: Instructions to students on an expected response to an examination question



It can be seen that the EA’s have slightly different policies regarding the instructions given for a GC based solution. In the case of the DME and the IBO these instructions specify that working must be shown, whereas for the VCAA the instructions indicate that when a GC is used in a question then any solution can be found by any method.
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The DME first published their instructions after the completion of the standard-level mathematics written examinations in 1999. These instructions were intended to indicate the mark allocation for differing GC based solutions ranging from zero marks to full marks for a complete solution with all working including a description the GC window. Whereas, the IBO has specified that working must be shown and the use of correct mathematical notation is required. In contrast the VCAA has focused on describing when and when not to use a GC solution. It is apparent therefore, that the examining boards have different expectations on what a GC based solution should look like. DISCUSSION This study considered the policy changes that coincided with the introduction of the GC, as well as those implemented prior to the first GC required examinations. The initial policy announcements by the EA’s indicated that the GC would be required in examinations from the year 2000. These announcements were followed by curricula and assessment documents, which recognised the new policy but provided little evidence of change in the content of the curriculum or the structure of the examinations. However, as the first examinations requiring the GC approached further policy initiatives were introduced. These included x Setting minimum specifications of the functionality of the GC x Indicating when, and when not, to use the GC in examination questions x Describing what constitutes an appropriate GC based solution x Use of no GC examinations The realisation of the need for these changes can be seen as a consequence of two issues surrounding the GC. Firstly, the capability of the technology and secondly, the need for fairness for all students sitting the examinations. In terms of the GC’s functionality prior to the introduction of the GC many mathematics questions could only be completed with the use of a standard algorithm, which the question writers wanted assess a students’ ability to use. However, the GC opened up a multiplicity of methods to the student (Arnold & Aus, 1997a, 1997b; Ruthven, 1996), thereby making difficult for question writers to assess a particular skill. The introduction of technology has led to a debate on mathematics skills (see Gardiner, 1995; Ralston, 1999; Waits & Demana, 1998; Wong, 2003; Wu, 1998, for a wider discussion), which the question writers inadvertently become part of when writing examination questions. The EA’s, in their attempt to side step the mathematics skills issue, endeavoured to follow a middle path and tried to balance these competing solution methods by using key words that restricted the solution method to a particular problem or left it open to the student to choose. Within the parliament in Denmark a debate had ensued on the skill level of students leaving the Gymnasium and as a consequence a “technology free” examination paper was introduced (DME, 1997a). The implementation of this CERME 5 (2007)
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examination paper, however, was not directly attributable to the introduction of the GC but part of the ongoing mathematics skills debate in that country. The use of such a paper did not limit the use of questions in the technology allowed paper where the wording indicated when the GC was not to be used. Many of the problems that question writers faced from a technological standpoint can be explained by (Kaput, 1998) who stated that “The computational medium alters the growth of mathematical content, changes which content is important and for whom, changes the means by which it can be known, taught or learned …” (p. 1) As stated earlier for all EA’s, the GC had been introduced into a virtually unchanged mathematics curriculum, furthermore, only limited changes to examination procedures were deemed necessary to accommodate the GC. The minimal changes to the curriculum and assessment models were admirable, and undoubtedly intended to help teachers feel less threatened by the introduction of the GC. However, it left question writers with the challenge of ‘retrofitting’ a new technology to an older curriculum, especially given recognition on the part of the question writers, and others (Kieran & Drijvers, 2006), of the difference between GC and pencil and paper techniques. High stakes examinations are intended for the purposes of ‘certification, selection and motivation’ (Peterson, 1987) and as a consequence these examinations must ensure that they are valid assessments of the content of the curriculum as well as ensuring that the assessments are fair to all. Where fairness of assessment implies that “the test results neither overestimate nor underestimate the knowledge and skills of members of a particular group … Fairness also implies that the test measures the same construct across groups.” (Gollub, Bertenthal, Labov, & Curtis, 2002, p.143). Question writers are therefore bound to ensure that there is a ‘level playing field’ for all students sitting the examinations as well as ensuring that the examination is an assessment of the curriculum. To ensure fairness the EA, whilst assuming that all students have covered the content of the curriculum, are required to take account of the differences in the types of technology available as well as capability of such technologies. Thus the EA’s have felt obliged to set minimum requirements for the technology as well as excluding some types of GC from examinations. The difficulties associated with not establishing minimum requirements are clearly indicated by the faculty consultant in Denmark who stated, “it is up to the teachers to decide how much they want to use the facilities of the GC other than the most basic ones.”(DME3, 2001), thus presenting a dilemma for question writers, how much do they assume that the teachers and students know about the functionality of the GC. CONCLUSION Each of the three examination boards saw the need to develop additional policies that accompanied the introduction of the GC. In particular these policies were required to take account of differing functionalities within available technologies, endeavouring to CERME 5 (2007)
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come to terms with “what mathematics skills should be tested”, (an unresolved debate (Forster, Flynn, Frid, & Sparrow, 2004). And combined with minimal change to the curricula content and the structure of the examinations then question writers resorted to the use of particular instructions so that they could assess students knowledge of a particular skill or concept. It is apparent therefore that Examination Authorities considering introducing hand held or possibly computer based technologies into their high stakes examination systems need to take the following into account x how they will take account of the range of capabilities of the allowed technologies, x how they will ensure that the examination assess the skills as laid down in the curriculum, x whether they need to rewrite their mathematics curricula, x whether the current examination structure is appropriate. In conclusion EA’s will need to recognise that technologies continue to develop and they will need to establish policy structures that allow changes to take place as the availability and affordability of advanced technologies places them in the hands of students. REFERENCES Arnold, S., & Aus, B. (1997a). Graphics Calculators: Why Should I? Part 1. The Australian Mathematics Teacher, 53(2), 8-11. Arnold, S., & Aus, B. (1997b). Graphics Calculators: Why Should I? Part 2. The Australian Mathematics Teacher, 53(3), 6-9. Brown, R. (2005). The impact of introduction of the graphics calculator into "high stakes" mathematics examinations at the system wide level, Swinburne University of Technology, Hawthorn, Victoria, Australia. Christoffersen, T., & Svaneborg, V. (1996). Folketingets forespørgselsdebat 30. jan 1996 - og nogle konsekvenser heraf. LMFK, 1996(4), 2. DME3. (2001). Interview. DME. (1993). Gymnasiebekendtgørelsen Bilag 22 Matematik (pp. 11). Copenhagen: Danish Ministry of Education. DME. (1996). Eksamensbekendtgørelsen. Copenhagen: Danish Ministry of Education. DME. (1997a, 26. maj 1997). Bekendtgørelse om ændring af bekendtgørelse om gymnasiet, studenterkursus og enkeltfagsstudentereksamen nr 354. Retrieved 3/04/07, from http://www.retsinfo.dk/_GETDOC_/ACCN/B19970035405-REGL DME. (1997b, 24. November 1997 af Jørgen Elgaard Larsen). Bilag til Beretning 1997. Retrieved July 4, 2005, from http://pub.uvm.dk/beret97b/hel.htm#matematik DME. (1998). Bilag til Beretning 1998. Copenhagen: Danish Ministry of Education.
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