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AFFECT AND MATHEMATICAL THINKING. ROLE OF BELIEFS, EMOTIONS, AND OTHER AFFECTIVE FACTORS Chair: Markku S. Hannula, University of Turku, Finland Co-ordinators: Inés M. Gómez-Chacón, Madrid Complutense University, Spain George Philippou, University of Cyprus, Cyprus Wolfgang Schlöglmann, University of Lintz, Austria One of the goals of the working group is to enhance discussion in the CERME conferences and research between the conferences. Working Group 2 “Affect and mathematical thinking - This includes the role of beliefs, emotions, and other affective factors“ at the CERME 4 -conference was succesful in creating an atmosphere of collaboration among its16 participants. In preparation to the conference took place a call for paper and as a consequence of a reviewing process, 11 papers were accepted for presentation at the conference. The conference program scheduled 7 sessions, each 105 minutes, for work in the group. The chair of the organizing team worked out a concept for this 7 sessions. In 6 of these 7 sessions should take place a presentation of the key ideas and results of the accepted papers followed by a general discussion to the papers. Each session was extended by further activities (small group discussions to various themes, role play, analysis of data, problem solving, etc.). The last session was used for a summary of activities during the conference and highlighting important research questions for the following years. Session 1 The chair opened the working group and welcomed all participants. To help the members of the working group to get to know each other better in a presentation game all participants had to introduce themselves and to present their interest in the field of affect. The interests in affect of the participants were very widespread: From meta-aspects (meta-cognition and meta-affect), various aspects from the relationship of affect and learning, reasons why students reject mathematics and leave schools, motivate students to learn mathematics and create a motivating atmosphere for learning meaningful mathematics, improve creativity in mathematics classrooms, for instance by problem solving, teachers relationship to mathematics and its influence to students mathematics learning processes and different kinds of research and research methods in the field. After this first activity the organizers started with a short report about the work of the working group on affect at the CERME 3. The main message was the list of research questions that were the result of discussions at CERME 3: * dimensions of affect, and measures of these: a need for multiple methodologies * a deeper study of the relationships between affective dimensions and mathematical outcomes, such as performance * the need to clarify the role of affect in problem solving episodes CERME 4 (2005)
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* influences on a person’s affective relationship with mathematics: e.g. early experiences with mathematics * exploring differences in affect over the age-range, and across social groups. * the possibility / difficulty / modality of changing teachers’ and students’ affect After a discussion of these research questions from CERME 3 Moscucci and Piccioni presented results of a research project of an Italian group (Moscucci, Piccioni, Rinaldi, Simoni and Marchini: Mathematical discomfort and school drop-out in Italy) to the relationship of affect towards mathematics and school drop-out. The causes of school drop-out there were separated in two groups: “exogenous variables” (social and familiar background) and “endogenous variables” (causes for drop-out that are connected with school system and education process). Mathematical discomfort – a negative attitude towards mathematics – was identified as a crucial reason for school drop-out. Especially elementary algebra leads to misconceptions and furthermore to problems in the learning process. Consequences are low performance and bad results in tests. Students dislike algebraic problems and develop negative attitudes toward mathematics, followed by negative attitudes in relation to school learning in general. Session 2 Panaoura & Philippou and Schlöglmann discussed in this session two aspects of metalevel concepts (meta-cognition and meta-affect). The concept of meta-affect was introduced by DeBellis and Goldin and describes affect about affect, affect about and within cognition and monitoring of affect, in a short form the notation encapsulates the ability of humans to handle affective situations. To get more insight in the complex process of formation and effect of meta-affect Schlöglmann applied Ciompi’s concept of “affect logic”. Affect logic postulates that thinking and acting of an individual is a consequence of his or her affective-cognitive schemata required in assimilatory and accomodatory processes. That means that learning processes have as a result not only cognitive knowledge, they lead also to knowledge about affective circumstances in connection with the cognitive context. Repeated learning processes to a certain content results in a metaaffect. This meta-affect controls following learning processes and the development of learning strategies. Panaoura & Philippou (The measurement of young pupils’ metacognitive ability in mathematics: the case of self-representation and self-evaluation) gave in their presentation an insight in the complexity of the concept of metacognition and the difficulties to measure metacognitive ability of young pupils. The authors use two dimensions of metacognition, self-representation of one’s mechanisms about her/his knowing and self-regulation of cognition and investigate their interrelation to mathematical performance. As instrument for the investigation a questionnaire with 30 Likert type items is used to get an image of pupils’ self-representation and three pairs of problems for evaluating their difficulty and the degree of similarity should 166
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give insight in pupils self-evaluation. Mathematical performance was measured through numerical, analogical and verbal tasks and matrices. Statistical analysis shows that the constructed instrument is suitable for measurement of young pupils metacognition. Furthermore the results show that pupils with more precise relation between their performance and self-representation are able to classify the problems in a more precise way. As an important consequence it seems that low achieving pupils are often unaware of their cognitive processes and abilities although this awareness is a necessary prerequisite for an improvement of performance. The session was finished with a discussion of affect in nonroutine problem solving processes. Schlöglmann presented Goldins’ (Goldin, 2000) description of affective pathways in a problem solving process and a model of Hannula (1998) to describe the influence of affect to cognitive processes. The group agree with the observation by Liljedahl that even a successful problem solving needs to include struggle in order to be emotionally rewarding. During the discussion of meta-affect and meta-cognition Hannula presented a division that is based on his earlier work (Hannula, 2001) (Figure 2). Figure 2. The four aspects of the meta-level of mind (Hannula, 2001). Metacognition (cognitions about cognitions) Cognitive emotions (emotions about cognitions)



Emotional cognition (cognitions about emotions) Meta-emotions (emotions about emotions)



Session 3 Mellone (Di Martino and Mellone: Trying to change attitude towards maths: A one year experimentation) presented results of an experiment in a grade 12 classroom to change students’ attitudes towards mathematics. The project started with a questionnaire with open-ended questions to explore students’ attitudes toward mathematics. The answers also gave information for the teaching experiment. Many students answered they would like to have more connection to everyday problems. To fulfil this demand, a course in trigonometry started with an experimental situation in the context of measurement. After this experimental phase followed a reflective phase with a systematisation of the results from the experiment, then utilization and on the end recapitulation. As a result of this project we have to take into consideration that changing the attitudes of students need a new situation for students as well in the teaching method as in the organization of the learning process. Session was continued by an input from Kaasila. All participants got the following task: Write down an experience, a situation that you remember from your school time. This experience should have some significance for you. To discuss the written document the panel was divided in groups and the document interchanges between CERME 4 (2005)
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the group members. The main points of these remembrances lead to a very intensive discussion within the groups. The session was finished with a homework for all participants. Liljedahl presented two nonroutine problems that should be solved by the working group members. An intensive problem solving process in the evening was the consequence. Session 4 Eaton & Kidd (Self-conceptualised perceptions of attitude and ability among student teacher) presented results of a study about self-conceptions of students who started an education for primary school teacher. In Northern Ireland there are two pathways to become primary school teacher, a four-year undergraduate course to require a Bachelor of Education (BEd) and a one-year postgraduate education to require a Postgraduate Certificate in Education (PGCE). The last one is open for all those who have a degree in a subject that is related to subjects in primary school. The investigation used questionnaires and interviews to collect data to students’ general attitudes, personal attitudes and abilities, their feelings when thinking about mathematics and their views on teaching mathematics. As a first result, the majority of students see themselves as possessing average or above average ability in mathematics but they are lacking in confidence in mathematics. They think that teachers have a strong influence on pupils’ attitudes and ability, even as society influences both. Comparing the two groups in teacher education there is a relevant statistical difference in the level of competence in mathematics – the postgraduate students feel more competent and more confident. Polo & Zan (Teachers’ use of the construct “attitude”- preliminary research findings) investigated teachers’ use of the attitude concept in their practical work at school. In research two concepts for attitudes are used: A “simple” definition of attitude, that describes attitude as a positive or negative degree of affect associated with a certain subject and a “multidimensional” definition, that includes three components in attitude – an emotional response, the beliefs regarding the subject and the behaviour toward the subject. The aim of the study is to see whether teachers in practice use the construct “attitude” and if yes what kind of definition is used. A further goal is the development of a diagnosis instrument for the practice in school. After a pilot study a questionnaire with multiple choice and open-ended questions was used to explore the situation. A first analysis of data shows that teachers mostly use a multidimensional idea of attitude but there exists a lack of a clear distinction between the definition of attitude and the identification of indicators. This is the reason because the definition is not really operative. Furthermore in describing causes for negative attitudes of students, teachers use characteristics and behaviours that hide their own responsibility for these attitudes. The diagnosis that a student has a negative attitude is more the result of a process to interpret students’ failure and not the starting point for a remedial action. 168
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Both presentations lead to an intensive discussion about the relationship of behaviour, observation of behaviour through researchers by using an observation concept and the interpretation of this observation. Session 5 In session 5 two papers of Finish team were presented. Both papers belong to an ongoing project about primary teacher students’ affect. Hannula (Hannula, Kaasila, Laine and Pehkonen: The structure of student teachers’ view of mathematics at the beginning of their studies) presented a statistic analysis of a survey study to explore the structure of student teachers’ view of mathematics. Especially for elementary school teachers their view of mathematics is seen as an important factor that influence the way of teaching and has a crucial effect to young pupils belief in a very formative stage of their mathematical development. Analysis of a questionnaire investigation showed 10 components that identify students’ view of mathematics. Two components grasping students past experience (encouragement by the family and estimation of the own mathematics teacher), three students beliefs (own talent in mathematics, estimation of their own diligence and difficulty of mathematics as a field), one the emotional relationship to mathematics and two to persons’ expectation about further success in mathematics learning and as a mathematics teacher. Using correlation between the components the authors identified three components as closely related and forming a core of a person’ view of mathematics – the own talent in mathematics, the estimation of the difficulty of mathematics and liking mathematics. Students with a positive view in the core components are also more confident in being a good teacher. Furthermore the background variables gender, course selection and grade are related to many of the variables and are explaining a fair amount of variation. Kaasila (Hannula, Kaasila, Laine and Pehkonen: Autobiographical narratives, identity and view of mathematics) presented the second study of the Finish group. While the aim of the first paper was to analyse the structure of students’ view of mathematics the second study used the results of the measures on self-confidence (measured by 10 items from the Fennema-Sherman attitude scale) and performance (measured by an mathematical skills test). 21 students were chosen for an interview (6 with positive self-confidence from the top 30 percent of the mathematical skills test, 8 with low self-confidence and weakest 30 percent in the skill test and 7 presenting the neutral level). For this presentation the focus was on 7 of these students who had advanced studies in mathematics in upper secondary school to answer the research question to the impact of own school experience to the view of mathematics and the construction of their views by using autobiographical narratives. Their stories lead to a division in three groups – success stories, victory through hardship stories, leaving eventually to a positive view with a negative dimension too and regression stories, leading to a negative view. To explain the mathematical identity of a student as a product of an CERME 4 (2005)
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education process their socio-emotional orientation (task orientation, socially orientation and ego-defensive orientation) and their coping strategies were important. Session 6 This session started with Morsellis’ presentation of a case study to creativity (Furinghetti and Morselli: Reflections on creativity: The case of a good problem solver). Basis of the study was a protocol of a students’ proof to a number theoretical problem. The protocol contained not only the proof but also a drawing that the student used in the problem solving process. Especially this drawing lead the thinking process as a metaphor and later the construction of a formal proof. Problem solving was not only based on cognition but it was also influenced by affective factors. Following DeBellis’ and Goldin’s affective category values, ethics and morals, the authors see aesthetic values strongly linked to creativity and creativity as an expression of personality. To be a good problem solver a student needs in addition to specific mathematical knowledge also flexibility, fluency and originality in thinking, openness to new experiences, motivation to search for novelty, concentration and persistency. Especially these non-specific mathematics-related characteristics are an expression of personality adept for good mathematical problem solving. An important sign of a successful problem solving is also the use of metaphors that help to express thoughts and lead the thinking process. The last presentation during working group sessions was given by Liljedahl (Liljedahl: Sustained engagement: Preservice teachers’ experience with a chain of discovery). Students’ engagement in mathematical activities is an important aim in mathematical classroom, but usually it is very difficult to sustain students’ engagement to the same task for a longer period. The author presented the concept of “chain of discovery” that facilitates a state of sustained engagement. Using the “Pentominoe Problem” he created an opportunity for a series of discoveries for students. Because each student had success, the solution initiated new questions and in the following new discoveries. This process sustained students’ interest in the task and strengthened their self-confidence. Successful experiences with respect to mathematical problem solving was also suitable to change individuals’ beliefs and attitudes about mathematics and about their own ability as a mathematical problem solver. Many studies about beliefs and attitudes showed that a change of beliefs, attitudes and self-concepts is an important prerequisite for a more successful learning process. Session 7 The last session was dedicated for a discussion about the implications of the working group presentations and discussions. The following conclusions were presented at the closing session of CERME4: 170
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1) Teacher education and school practices: When we pay attention to affect, we can influence affect through interventions. We need to train teacher students to pay attention to affect. An open question remains whether change of affect will lead to a change in practice. How stable will the change be? 2) Improvement in research: Recent research has added more clarity in terminology Research questions, theory and methodology have been linked. More refined methods have been used. Research has built links between theory and practice. 3) Implications to educational policy: Decline in affect precedes decline in performance; failure in mathematics is a major cause for school drop-out. Positive affect towards mathematics would allow more students to choose mathematically oriented lines of education. A great need for this exists. Summary and reflections The specific of CERME is to stimulate research in a field through the concept of the conference with working groups as the kernel of activities. This concept opens the opportunity to more discussions in small groups. In continuation to the discussion the contribution to CERME 4 should be considered in relation to the research question at CERME 3. Dimensions of affect, and measures of these: a need for multiple methodologies implications to teacher education and school practices. The discussion to the dimensions of affect are extended. On the one side the category values, ethics and morals is seen as necessary supplement to the categories beliefs, attitudes and emotions. On the other hand meta-level concepts are used to explain phenomena. But to measure such meta-level aspect is a very complicated task as we have seen in the case of metacognition and need deep methods. The concept metaaffect is more a description than an operative definition and is not suitable for CERME 4 (2005)
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measuring. In other concepts as attitudes we have much deeper analysis especially by using more statistical methods. A further step is to explore teachers’ use of affective categories and the consequences of this observation in classroom practice. A deeper study of the relationships between affective dimensions and mathematical outcomes, such as performance. The relationship between affect and mathematical outcomes is in the focus since the beginning of research in affect. But now we have more results that affect is strongly interwoven with self-concept and this self-concept influences learning as well as decision to leave school. Furthermore, this self-concept is also expression of metacognition as well as of affect. To get more insight in the complexity of selfconcept, research has also to use narratives as a source of information. The need to clarify the role of affect in problem solving episodes. Problem solving is on the one side strongly related the personality - openness of thinking, motivation to look for new challenges - but also to have cognitive means like metaphoric thinking and cognitive and metacognitive strategies. Problem solving needs also adequate classroom situations. It is necessary to give students opportunity to discover new things. Only successful problem solving processes develop motivation and self-confidence. Only if students have positive attitude to problem solving, success is possible. Influences on a person’s affective relationship with mathematics: e.g. early experiences with mathematics. Nearly all presentations at CERME 4 give hints to the importance of earlier experiences with mathematics to the affective relationship to mathematics. Mathematical discomfort, attitudes, self-conception, identity, metacognition and meta-affect refer to a developmental perspective. In many papers one of the aims is a change of affect, which is only possible if the property is a consequence of a learning process and not an innate characteristic. The presentations give many new results that affect towards mathematics is acquired through experiences in school and sometimes outside of school, is influenced by teachers and teaching methods but also by society. Exploring differences in affect over the age-range, and across social groups. The possibility / difficulty / modality of changing teachers’ and students’ affect towards mathematics. Many of studies deal with teacher and student beliefs. Teacher beliefs are of interest, because these are seen as an influencial factor for student beliefs. Differences in affect over the age-range need longitudinal investigations. Some presentations at the conference refer to differences across social groups especially the gender aspect is considered. We have also hints to the possibility to change affect towards mathematics. Ii is important that teachers reflect the affective situation of their students and accept that they have a responsibility not only for the cognitive but also 172



CERME 4 (2005)



Working Group 2



for the affective situation of their students. To do this it is necessary to develop diagnostic instruments that can be used in classroom situations. Also CERME 4 concluded with new questions that were discussed during the working group sessions and should be a guideline for research in the following years. These questions can also be seen as continuation of the discussion process started in earlier conferences. CERME 5 will show what we can say to these new challenges. References Goldin, G.A. (2000). Affective Pathways and Representations in Mathematical Problem Solving. Mathematical Thinking and Learning, 17(2), 209-219. Hannula, M. (1998). Changes of Beliefs and Attitudes. In: Pehkonen, E. & Törner, G. (Eds.) The State-of-Art in Mathematics- Related Belief Research: Results of the MAVI Activities. Research Report 184, University of Helsinki, 198 – 222. Hannula, M.S. (2001) The metalevel of cognition-emotion interaction. In Ahtee, M., Björkqvist, O., Pehkonen, E. and Vatanen, V. (Eds.) Research on Mathematics and Science Education. From Beliefs to Cognition, from Problem Solving to Understanding. University of Jyväskylä, Institute for Educational Research, 55-65
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SELF-CONCEPTUALISED PERCEPTIONS OF ATTITUDE AND ABILITY AMONG STUDENT TEACHERS Patricia T. Eaton, Stranmillis University College, Belfast, Northern Ireland Sonia Kidd, University of Ulster, Coleraine, Northern Ireland Abstract. This paper reports the preliminary results of a survey examining students’ attitudes to mathematics at the beginning of their initial teacher training programmes. It compares the attitudes of those students in Northern Ireland taking a postgraduate course with those undertaking an undergraduate degree and particularly focuses on their views of their own competence and confidence in mathematics, and their perceptions of how those views have been informed. It also analyses the emotional response of the students to mathematics. INTRODUCTION This paper reports the initial findings of a survey of attitudes to mathematics and the teaching of mathematics among students in Northern Ireland training to teach in primary schools (pupils aged 4 to 11 years). In Northern Ireland there are two pathways to teacher education, one being a four-year undergraduate Bachelor of Education (BEd) degree course and the other, a one-year Postgraduate Certificate in Education (PGCE), offered to those already possessing a degree closely related to a subject taught in the primary curriculum. In Northern Ireland primary schools, teachers deliver all subjects in the curriculum with Mathematics and English playing central roles and the structure of teacher education programmes reflects this. Two out of the three institutions in Northern Ireland involved in providing training to such students were involved in this wide-ranging study. This paper reports on one aspect of the study, namely that part concerning personal ability, emotional response and attitudes. THEORETICAL FRAMEWORK As the international view of teaching has shifted from didactic to constructivist with its image of learner as participatory, so research on teacher education has moved from a focus on the transfer of a body of knowledge to a more dynamic view of the classroom, with teachers being facilitators of learners’ knowledge construction. In this view of teaching, teacher beliefs and attitudes play an important role in shaping classroom practice (Bolhuis and Voeten 2004) and there is a substantial body of evidence examining this supposed link between teachers’ attitudes to and beliefs about mathematics and teaching, and classroom practice (Ernest 1988, Bishop and Nickson 1983, Fang 1996, Macnab and Payne 2003).
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Whilst there is a growing body of research literature concerning teacher beliefs and attitudes there appears to be no consistent definition for either of these terms despite some recent attempts to clarify thinking in this area (Di Martino and Zan, 2001). Alternatives include a single dimensional definition of attitude as emotional disposition (McLeod, 1992) while other definitions are more complex taking into account, emotions, beliefs and behaviour (Hart, 1989). Ernest (1988) also argues that attitude is multi-dimensional and distinguishes between a number of components including liking and enjoyment, difficulty, confidence and anxiety. In this paper the term belief is taken to refer to the personal constructs that influence a teacher’s practice (Nespor, 1987) while the multi-dimensional definition of attitude is used. Often, when teacher education courses are designed, little consideration is given to the set of beliefs which students carry and it is perhaps for this reason that student teachers are more likely to teach mathematics in ways in which they were taught (Ball 1988, Meredith 1993). In particular, the experiences that a student has during their own formative years in the classroom as a pupil have been shown to have a major impact on their behaviour as a teacher (Ernest 1989, Ball 1988, Hill 2000, Cooney et al.1998). It seems to be the case that student teachers revert to models of teaching that they themselves have experienced rather than try the often new and unfamiliar models that they study during their teacher training programmes (Borko et al. 1992). This would not be an issue if teaching styles had remained unchanged in the last twenty years or so, the time during which most of these student teachers have experienced mathematics classrooms, but new paradigms have come to light and in order to move student teachers to constructivist or even socio-constructivist approaches, where cognisance is taken of the complex interplay among all participants in the learning process – pupil, teacher and wider society – an analysis of beliefs must take place with a view to appreciating the importance of often latent ideas concerning the teaching process. The first section of this survey asks student teachers to explore their own beliefs and attitudes about mathematics with the two-fold role of initiating the self-reflection necessary as a precursor to change (Korthangen and Kessels 1999) and of informing the construction of teacher education courses designed to be responsive to current student thinking. The second section however looks at students’ perceptions of who has influenced those beliefs and who has influenced their ability in mathematics. Much has been made in the literature of examining what attitudes teachers hold but little on asking teachers why they hold the views that they do and how much influence others have on their belief systems. The aim is to encourage student teachers to think about the complex factors impacting on the learning experience and provide a starting point for analysing such views in subsequent courses. It could be argued for example, that a
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teacher who does not believe that their own views have been affected by their teachers will not take account of how their own outlook will impact on their pupils. Likewise a teacher who believes their ability in mathematics is not fixed but has been influenced by the teaching they received is perhaps more likely to encourage their own students to improve in mathematics and see the centrality of the role of the teacher in improving pupil performance. This survey provides a snapshot of current views of these student teachers and it is hoped to follow up this work with an analysis of just how this interface between beliefs and practice affects interactions in the classroom. METHODOLOGY A main objective in designing the research was to generate data from as many perspectives as possible using both qualitative and quantitative methods. The quantitative instrument used was a questionnaire survey. Qualitative data was generated from one-to-one interviews and focus groups with students from both institutions. The questionnaire was designed to elicit information about student teachers’ general attitudes, personal attitudes and ability, their feelings when thinking about mathematics and their views on teaching the subject. This paper will focus on the student teachers’ personal ability and attitudes. The questionnaire consisted of a list of statements and emotions and a five-point Likert scale was used throughout the questionnaire to facilitate the efficient collection of standardised data from a large proportion of the target population. To obtain a sample of student teachers taking undergraduate and postgraduate courses, data was collected from two of the three institutions offering primary teacher education courses in Northern Ireland. To maximise the number of responses, lecturers from the two institutions were asked to administer the questionnaires after their classes and to collect the completed questionnaires. In the event, 130 out of 156 BEd (83%) and 69 out of 70 PGCE (99%) students returned completed questionnaires. The BEd sample consisted of 130 students enrolled in the first year of a four year primary teaching course. The majority of the sample, 83%, was female. Approximately 7% of the sample were mature students i.e. 21 years and over. Of the 69 PGCE students, 11 were male (16%) and 43 were mature students (63%). In this institution a student is defined to be mature if they have not come directly from tertiary education. The questionnaire was designed by the authors and took into account the work of Macnab and Payne (2003). A small representative sample of students (7 in total: 3 BEd, 4 PGCE) from both institutions were interviewed in small groups (maximum 3) or individually. The semi-structured interviews, consisting of questions designed to draw out responses to the original questionnaire, were recorded and transcribed and 176
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the data categorised in relation to the key questions in the questionnaire. These interviews took place later in the course and at this stage the students had some experience of teaching in primary schools. Whilst it is realised that this is a very small sample and cannot be taken to represent the whole sample under study it was felt that the additional insight it provided was very valuable. This project is ongoing and only data from the ‘Personal Ability and Attitudes’ section will be discussed in this paper. RESULTS Students were asked to state their perceptions of their own ability in mathematics and the results can be found in Table 1. Responses show that the majority of both cohorts rated their own ability as ‘average’ with very few indicating ‘below average’ or ‘well below average’ (5.7% ‘below average’ or ‘well below average’ for PGCE and 10% for BEd).



Well below average Below average Average Above average Well above average



PGCE &BEd 2.5 6.0 68.4 21.0 0.5



PGCE 1.4 4.3 72.5 20.3 1.4



BEd 3.1 6.9 66.2 21.5 0



Table 1: Percentage rating of mathematical ability Furthermore, over one fifth of PGCE and BEd students did report their mathematics ability to be above average. It is hoped to explore in further detail, as more focus groups are carried out, what measures students use to rate their own ability. Student teachers were then asked to respond to ten statements regarding their personal ability and attitudes to mathematics and Table 2 summarises the responses. There was a notable difference between the two cohorts’ answers with regard to competence in mathematics. It would be interesting to explore in more detail the definition of competent used by the students when responding to this particular question but given that the purpose of this survey was to ascertain views of students at the very beginning of their training it was felt that giving them a more precise definition would be meaningless as they had not yet the experience to interpret possible definitions. While almost 67% of PGCE students ‘agreed’ or ‘strongly agreed’ that they felt competent in mathematics less than 45% of BEd students felt the same way and further analysis using t-tests revealed that this was a statistically significant difference (t(197) = 2.969, p 
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co ntrib u te to th e in teg ratio n o f the o re tical frames fo r learning w ith ...... trials with a sonic motion detector (CBR â€“ â€œComputer Based Rangerâ€� connected ..... For a deeper conceptual understanding of Calculus, instructions should 










 








WORKING GROUP 9 Tools and technology in mathematical didactics 

May 28, 2004 - Distance training, a key mode to support teachers in the integration of ICT? ... 1. The relation between the use of technology and learning. In fact, this .... teaching practice, but the use of new tools provokes the search for a new e










 








WORKING GROUP 9. Tools and technologies in mathematical 

Page 1 ... Tool use in a technology â€“ Rich learning arrangement for the concept of function ... Cognitive styles, dynamic geometry and performance in area tasks ...... information in books or reflect their learning process and try to find out .....










 








WORKING GROUP 6. Algebraic Thinking - Mathematik, TU Dortmund 

Weizmann Institute of Science, d. UniversitÃ  di Udine. A STARTING POINT. At the first meeting of the CERME Algebra Group in Larnaca, Cyrpus all participants.










 








WORKING GROUP 7. Geometrical Thinking - Mathematik, TU Dortmund 

by geometry understanding in a school context rather than in a laboratory ...... /TribuneLibre/EnseignementPrimaire/ConfMontrealmai2001.pdf ..... begins to be popular also at humane sciences as sociology, psychology, linguistics or ...... implicative










 








WORKING GROUP 7. Geometrical Thinking - Mathematik, TU Dortmund 

the couples GeometryI/GeometryII on one side and Reality/Theory on the .... the teacher's management does .... Advanced productions of 3 .... 3.http://smf.emath.fr/Enseignement/TribuneLibre/EnseignementPrimaire/ConfMontrealmai2001.pdf.










 








WORKING GROUP 5 Stochastic thinking - Mathematik, TU Dortmund 

Exploring introductory statistics: students' understanding of variation in histograms 539 ...... The roots of probabilistic reasoning in the psychological research go back to ..... http://www.stat.auckland.ac.nz/~iase/serj/SERJ3(1)_marquez.pdf.










 








WORKING GROUP 5. Stochastic Thinking - Mathematik, TU Dortmund 

Constructing stochastic simulations with a computer tool â€“ Students' competencies and ..... the result will be, their immediate answer is: â€œhow can I know?â€�. ...... Friederike: So, I think, for example, that you can use this in the insurance bu










 








WORKING GROUP 5 Stochastic thinking - Mathematik, TU Dortmund 

margin for innovative behaviour will be opened by introducing probabilities: if one is ready to 'weigh' the ..... connotations that always come back to mind if the mathematics involved becomes ..... ideas, an abstract model, and a human invention whi










 








WORKING GROUP 6 Algebraic thinking - Mathematik, TU Dortmund 

Solving an equation of the form AB=0, where A and B are polynomials of degree 1, .... Actually, the technique proposed by the curriculum poses several problems. We ...... in the primary school can facilitate this progressionâ€� i.e. â€œthe transfer o










 








WORKING GROUP 6 Algebraic thinking - Mathematik, TU Dortmund 

In the course of the discussion, doubts were raised .... relevant parts of ViÃ¨te's text into modern algebraic language. Dealing with the ..... intergers in two fifth.










 








WORKING GROUP 5. Stochastic Thinking - Mathematik, TU Dortmund 

Daniel J. Teague (March 11 2007) warns about the use of â€œI am confident. .... because in order to answer the question we put forward in the introduction, a positive .... sensitivity of test, a the prevalence of the disease and b the prevalence of t










 








WORKING GROUP 3 Building structures in mathematical knowledge 

that the best way that the participants could understand their research methods ... Group Leaders decided to offer this method of presentation for CERME5. .... Keywords: mathematical network, network knowledge, connections, structure, .... First the 










 








Mathematical Working Spaces: designing and evaluating ... .fr 

even when innovative materials are available. Different approaches to ... use of interconnected digital representations (Lagrange,. 2014). The aim is to .... The main rule: analytical definition of a segment ... Introduction to different kind of brid
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