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This report summarises the evaluation of a pilot development project, in which a curriculum material, intended for the courses Matematik A and B at the Swedish upper secondary school, has been constructed. The material is written for the use of the TI-Nspire technology, with which it forms a dynamic system. Three teachers and three classes from different theoretical programmes replaced their textbooks with this material during the later half of the spring semester, and their experiences was investigated through lesson logs, interviews, questionnaires and lesson observations. This report describes the main findings of the study, along with the more important conclusions that could be drawn. Some suggestions for further research, such as a main study, are also given.
Curriculum material and technology
Calculators and computer software have been used for a rather long period in mathematics classrooms. A development of the calculators has taken place through the years, from basic calculators to graphing ones, and now advanced calculators working with computer algebra systems (CAS) and with dynamic graphs and geometry. At the same time, computers have changed from being large and rather rare in mathematics education into smaller, mobile units that can more easily be used in instruction with continuity.  The software has simultaneously changed from more particular mathematics programs to more general ones. One observation is that calculators and computer software show a converging development, even if there are differences in the practical use of them. They can be combined through a system of software and hand units that gives the user the opportunity to choose when and where he/she wants to use the one or the other.
In mathematics instruction, textbooks play a central role. This is especially true in Sweden, where it often defines the curriculum for both teachers and students. There exist strong beliefs among them that if you do not follow the textbook, you might not fulfil the curriculum and then you fail in the National Tests. These have to some degree rewarded the use of technology in mathematics education, but this has not provoked any more extensive changes of the textbooks. These are essential the same as they were before technology was introduced. It is therefore of great interest to evaluate new types of material for classroom use that integrate technology in a more distinct way.
Within the Texas Instruments project Nspirerande matematik, especially developed curriculum material was used for parts of the courses Matematk A and Matematik B at Swedish upper secondary school. This material consists of both traditional texts and tasks, as in a common textbook, and of interactive material for the TI-Nspire technology. These interactive files give the students opportunities to discover mathematical principles and rules, to make conjectures and justifications, to exercise their skills and to make self-tests of what they have learned. Some tasks are especially designed as activities for inquiry and collaborative learning. The material has been used in three classes from the theoretical programmes at different schools in the middle and southern parts of Sweden during spring 2010.
Both teachers and students have had full access to both handheld units and computer software within the TI-Nspire technology, including links between the two. The technology used was in the form of computer algebra system. During the project, the teachers and most of the students had their older, ´grey version’, of the handheld unit replaced by the newer ‘black version’. This latter presents some important new features, like a changed keyboard with a touchpad. It is also important to note that the students were familiar with the hand units prior to being introduced to the curriculum material. These units had been used in combination with the usual textbooks and/or with the teachers’ self-produced tasks and activities.
Pilot teachers and classes
All three pilot teachers, here named Anna, Carl and Erik, are well experienced and have taught mathematics for many years at upper secondary level, especially within the theoretical programmes. Technology in mathematics teaching was in no sense new to any of them by the initiation of the project. Graphing calculators have been standard equipment in all courses at upper secondary level in Sweden for many years, and skilful use of technology in different forms is especially promoted in mathematics curriculum. There are, however, some differences in the extent of the pilot teachers’ technological competence. These differences appear within the use of computers in mathematics education, and the experience of CAS technology in instruction. Few teachers in Sweden work with CAS in their classrooms, although this type of handheld calculators has been allowed (but not promoted) at the Swedish national tests since 2006. In the project, CAS was used in the curriculum material and also presupposed for solving some of the tasks and working with the special activities in the material. This, of course, could present different challenges to the pilot teachers, depending on their prior experience.
A brief presentation of the teachers and their pilot classes:

Anna is a mathematics and chemistry teacher at a school in the centre of a for Swedish conditions rather large city. The students at the school are very mixed, both ethnically and concerning their mother tongue. Some hardly speak Swedish at all. The motivation and the ability of the students also vary to a great extent. Some students have considerable problems with their mathematics studies, at the same time as some have great ambitions and want to enter the International Baccalaureate (IB) programme. In Anna’s pilot class, which studied their first year at the Social Science (SS) programme, the students represented the whole scale, which was a dilemma. Her solution to this was that the curriculum material was only used in a smaller group (7-8 students), consisting of those who were planning to enter IB after their first year. Since it was a Matematik A-course, the material used was ‘Nspirerande matematik – Ma A’, more specifically the section with functions.
Carl is also a mathematics and chemistry teacher, working at a secondary school in a middle-size town. This has a history as an industrial community but is presently so to a much smaller extent. In fact, the school is partly situated in former industrial buildings. The students are living in the town and the in surrounding rural area. Some of them are immigrated new Swedes, but speak almost perfect Swedish. In the pilot class (≈ 25 students), which is a mix of those who study at the Natural Science (NS) and at the Technological (TP) programmes, the students are of mixed ability but generally rather motivated for studies in mathematics. They attended the Matematik B-course during spring 2010, so the material used was ‘Nspirerande matematik – Ma B’, in the section with algebra and functions, which represents the larger part of the course.

Erik works purely as a mathematics teacher at a secondary school in a town which history and development is a bit similar to that of Carl’s. The school is fairly newly built, with good premises. The student profile of the school show great similarity to the prior one, and the pilot class (≈ 30 students) also in this case consists of a mix of those who study at the Natural Science (NS) and at the Technological (TP) programmes. This class used the ‘Nspirerande matematik – Ma B’, in the sections with algebra and functions and with probability.

Aims for the study
The intention was to make a first evaluation of the use of curriculum material for the two mathematics courses, which is specially designed for the interactive use of TI-Nspire technology, based mainly on the experience of teachers and students. Of special interest are the ways it was used in the classroom work and in the teachers’ instructional practice. Students and teachers would have the opportunity to express their opinions of how well this material and this technology has functioned in a real educational situation, and what its potential is to facilitate learning and a deeper understanding of mathematical concepts and methods. But they have also been able to pinpoint possible problems and obstacles that they have encountered when using the material and/or the technology, as wells as how it has affected the students’ own motivation, interest and self-confidence when working with mathematical activities.
As being a pilot study, its intention is furthermore to form a basis for a possible larger evaluation study, which can involve more teachers and classes, and can stretch over a longer time period. In such a study, it can be possible to in another way do research of more subtle outcomes of education, such as deeper understanding of mathematical concepts and methods and how robust knowledge is over time.
The main aim for the pilot study is to evaluate and do research on the use of a material that has been produced by Texas Instruments, and for that purpose it has been funded by this company in cooperation with Malmö University. For obvious reasons, Texas Instruments have had certain wishes concerning the research questions that are formulated, but the authority over these, the methods and the realisation has been the researcher’s. It is of course of crucial importance for the evaluation of the study that this has been made with total scientific freedom, both during the research process and in the various types of reporting its results. In this study, Texas Instruments’ guidelines for research (Guidelines for research – Policies for independence and integrity of research, 2010), based on the research code of ethics of the American Educational Research Association, has been observed in all parts.
Theoretical framework
The theoretical background for this evaluation rests on the classical didactic triangle with its three main elements student-teacher-mathematics, discussed for example by Steinbring (2005). This model has, however, been presented in various ways, depending on the overarching theory of learning and on the special context. The focus here lies on processes of mathematical interaction between individuals in the classroom (e.g. Cobb & Bauersfeld, 1998), a mainly social constructivist view. Learning takes place through experiences that are mediated by tools (Vygotsky, 1978), that can be mental (like spoken language), symbolic (like mathematical signs) or physical (like compasses), and with assistance drawn from other, competent individuals. Calculators and computer software hold a special position here, as they can be seen as tools within all three aspects. 
The three pillars of the didactic triangle can be interpreted with a double meaning, both as the learning processes, where teacher and the learners interact around the subject matter, and as the individuals and the subject matter with the learning outcomes that are involved in the educational situation. This is shown in figure 1. 
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Figure 1. The didactic triangle with mediating tools as facilitators.
Another important ground for discussing the interactions is the theory of didactical situations, developed by Brousseau (1997), and which describes extensively the structure and the functioning of mathematical learning-teaching processes and its different phases. Of special interest here are the mechanisms of regulation of the didactical interactions between the teacher and the students (the didactical contract), which includes what actions that are expected and ‘allowed’ in the classroom work by the interactors involved (teacher and students).
A tool can develop into a useful instrument in a learning process called instrumental genesis (Verillon & Rabardel, 1995; Guin & Trouche, 1999), which has two closely interconnected compo​nents; instrumentalization, directed toward the artefact, and instrumentation, directed toward the subject, the student (See fig.2). These processes require time and effort from the user. He/she must develop skills for recognizing the tasks in which the instrument can be used and must then perform these tasks with the tool. For this, the user must develop instrumented action schemes that consist of a technical part and a mental part (Guin & Trouche, 1999; Drijvers, 2002, Drijvers & Gravemeijer, 2005). To learn instrumentation schemes does not in itself induce mathematical meaning and knowledge. Instead the teacher must actively guide the students in a controlled evolution of knowledge, achieved by means of social construction in a class community (Mariotti, 2002).
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        Figur 2. From artefact to instrument (Trouche, 2005) 
In the present research project, TI-Nspire CAS calculators together with emulating computer software are the physical parts of the instrumentation process. But the setting for this is within the curriculum material, which is intended as the basic mediating tool for the learning process, replacing the ordinary textbook.
Affective factors play a most important role in the outcomes of mathematical education. Debellis and Goldin (1997) suggested four facets of affective states: emotional states, attitudes, beliefs and values/morals/ethics. This has been elaborated further by others (e.g. Hannula, 2002), and especially the intentions and goals for the mathematical education that students and the teacher have are vital. They are not always coinciding, and that is particularly the case when technological tools and mathematical texts are used in instruction. There are also other elements of attitudes and beliefs that teachers hold that can present obstacles and cause problems for the using of these, such as the perceived change in their classroom practice or how they believe such teaching will impact on students’ learning (Brown et al, 2007; Pierce & Ball, 2009). Another important factor for teachers engagement in integrating technology into their instruction is whether it is included in the national respectively local curriculum or not, and if it therefore is allowed or even demanded in the national tests and examinations. This is especially true for CAS, which has the problem of becoming legitimized within the school culture (Kendal & Stacey, 2002).

Research questions

The research questions of the evaluation study are structured into three groups in accordance with the didactic triangle, and are generally based on the theoretical background and the aims for the study:

A.   Effects on teaching practice and learners
1. How is the integrated system of technology and written content used in the classroom by teachers and students?
2. How does the learning environment incorporating ’Nspirerande matematik’ facilitate teacher-student and student-student dialog on mathematics learning tasks in teaching practice?
3. What effects on classroom discourse, especially in the way teachers ask questions, can be detected when working with the system?
4. Which examples can be found of how the document structure of ’Nspirerande matematik’ has been used to promote student reflection?


B.   Teacher experience of the system

1. How has the ’Nspirerande matematik’ resources supported new approaches to teaching for the teachers involved in the project?
2. Which examples of difficulties or obstacles with using the material and/or the TI-Nspire technology can be found?

3. How well can teachers who are new to teaching with the technology use ’Nspirerande matematik’ with a relative minimum of preparation time?

4. What kinds of in-service training are suggested by the teachers in the project for the ‘average’ teacher, in order for him/her to begin using the technology and the material?
C.   Learning Outcomes

1. How do the teachers in the project estimate the effects of ’Nspirerande matematik’ on students’ development of deep conceptual understanding of mathematical concepts and methods, when the materials are used as designed?

2. How does the use of ’Nspirerande matematik’ together with TI-Nspire technology affect students’ motivation, interest and self-confidence when working with mathematical activities?
Research methods and methodology

This pilot study has the intention of giving a broad and general view of the outcomes of the use of the curriculum material and the TI-Nspire technology, both in terms of students’ and teachers’ views of these and of possible learning results that can be connected with them. Thus a pragmatic use of mixed research methods has been appropriate, mainly focussing on qualitative approaches, but also with some quantitative elements concerning the ways the material and the technology are used in the classrooms. This use of different methods is necessary in order to provide answers to all research questions, but also to strengthen the reliability of the results through method triangulation.

The classes and the teachers that participated in the project were each visited twice during the project. In comparing the data collected at the two occasions, it could be possible to detect signs of progression in a variety of ways, such as teaching practice, the students’ use of the material and the technology, dialog and collaborative learning, conceptual understanding etc.
The methods used were the following:
· Teacher lesson evaluations and observations. The intention was that the pilot teachers should fill in one form or log for each lesson in which they have used the material and the technology. These gave a general picture of how the lesson were organised and what sections in the curriculum material that were used. In these forms, the teacher also could make immediate records of interesting situations, remarks by students, etc. Research questions A:1, B:1, B:2 (see appendix I).
· Teacher interviews. A deep, semi-structured interview with the teachers was made in connection with each visit at the schools. All interviews were recorded and later transcribed. Some informal discussions with the teachers also contributed to the general impression. Research questions A:1, A:2, A:3, A:4, B:1, B:2, B:3, C:1, C:2 (see appendix II).
· Classroom observations. With each visit a lesson was to be observed by the researcher, using a special observation protocol. An informal observation of the school, the premises and the impression of the overall atmosphere there was also made. Research questions A:1, A:2, A:3, B:2, C:2 (see appendix III).
· Student interviews. Two students were chosen from each class to be interviewed in connection with the observed lesson at each visit. These interviews also had a semi-structured form, and all were recorded and later transcribed.  
Research questions A:2, A:3, A:4, B:2, C:1, C:2 (see appendix IV).
· Teacher questionnaire. After finishing this pilot project each teacher was presented with questions concerning their overall experience of using the material and the technology in school instruction and their estimations of the effects on students’ deeper conceptual understanding of mathematical concepts and methods. 
Research questions A:1, A:2, A:3, A:4, B:1, B:2, B:3, B:4, C:1, C:2 (see appendix V).
Within the project, all students and teachers have been guaranteed anonymity in all reporting and presentations. This will be observed also in this evaluation report. Furthermore, at the special report out meeting in September 2010, all involved will have the opportunity to give their point of view on what has been written, before its publication.

One general problem with the study is that so few teachers and student were involved. As will be discussed below, mainly two, but very different, working styles appeared in the three classes. The hypothesis is that many more styles, opinions and sets of experiences would have been shown with more teachers and students had been involved. So few general conclusions can be drawn from this study, which can be acceptable in a pilot study. Instead, the value of the findings lies within these three case studies, or examples, of how the material and the technology can be used in classrooms.
Data collection and analysis

The curriculum material was used during the later half of the spring semester 2010. Two of the pilot classes were then studying the Matematik B-course and one the Matematik A-course. In both cases, national test were run at the end of May, which to some parts affected the content of the project, but also had a potential of giving some hints of the cognitive outcomes for the students. The pilot teachers and students used the material full time from the introductory meeting in March (see figure 3) until the end of the semester, with one exception. In the Social Science class it was used for the ‘Functions’ section of Matematik A, and in the two Natural Science and Technology classes for ‘Algebra and functions’, and for ‘Probability’ in Matematik B. However, one of the classes returned to their usual textbook for the ‘Statistics’ section there, for reasons that will be discussed below. During the project, two of the teachers filled in logs or evaluations for each lesson. The exception was Anna, due to her special teaching situation, meaning mainly distance instruction via mail for her group, which in reality made these logs inapplicable.
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   Figure 3. Time-line for the evaluation project.
Visits were made as planned at the three schools by two occasions, one near the end of April and one near the end of May (see figure 3). All interviews were made and recorded, and also later transcribed. The students participating in the interviews had been asked in advance and had given their personal consent to this. At two of the schools, it was possible to interview one female and one male student each time, but at Anna’s school the pilot group only consisted of female students. Before the interviews, the students also were told the purpose of it, and were given guarantees for anonymity. The impression was also that they generally expressed their true and honest views of the material, the technology and their classroom work, without trying to answer in a way that they believed to be ‘correct’ in any way. Their answers contained both positive and negative statements, and had seemingly high credibility.
The three pilot teachers presented in most cases extensive answers to the questions asked, and also gave a clear impression of honesty in them. It was possible to discuss both their progresses and their shortcomings with the material and the technology, and they reflected on much on what they had done in class, both in the middle of the project and at the end of it. The answers to the teacher questionnaire confirmed the answers given in the interviews to a high degree, which improve the reliability of the findings. Other tests of the reliability were the lesson logs and the classroom observations that were made at each visit. Again, lessons could regrettable not be observed in Anna’s class. Her students’ work with the material would have been most interesting to record, because of the quite different working style they (and Anna) used.
All material was classified according to which research question it belonged. This was facilitated by the organisation of the interviews and the questionnaire, which contained elaborations of the overarching questions. A partial exception was that the interviews were semi-structured, so that an answer to one of the research questions in some cases could appear at the ‘wrong’ place.
Main findings
Effects on teaching practice and the learners
The presence of technological tools like CAS calculators and software in mathematics instruction makes it possible for the teacher to use a variety of different approaches and pedagogical working styles. The rich curriculum material with special activities and ready made TI-Nspire-files (tns-files) encourages this diversity, but it is also challenging for the teacher. An important question is how the pilot teachers in the project really used the material and what impact it had on their classroom practice.
All three teachers replaced the usual textbook by the ‘Nspirerande Matematik’ material, and this was in most cases printed out on paper, either by the teacher or the students, to form a compendium. It is obvious from the interviews that this compendium was seen as the new ‘textbook’, and that both teachers and students compared it in detail with what they were used to in prior textbooks, particularly the one that they had exchanged. The old textbook was to some parts still present in the background, and students frequently used it as extra material, especially before tests. In one case (Carl’s class), the compendium was in fact abandoned during the last section of the course. Anna’s group also used a compendium, but she also translated some parts of it into English, due to the fact that some of her students do not speak Swedish.
Two quite different working styles emerged among the pilot teachers. One, represented by Carl and Erik, was built on a rather ‘traditional’ way of teaching mathematics. Most of these lessons, the teacher started with a presentation in whole-class, followed by students working single, in pairs or in spontaneous grouping with mathematical tasks, and last a lesson summary and instructions for homework (see fig.4 and 5). Occasionally, a shorter
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Figure 4. Whole-class teacher’s presentation and individual working.

presentation of some special problem was made in the middle of the lesson, and this was also was noted in two of the observation protocols. For Carl, this plan was followed 13 lessons out of the 17 in which the material was used, and for Erik 18 lessons out of 19 essentially had this structure. The teachers estimated that the part of the lesson time spent in whole-class instruction was 20 % - 50 % in Carl’s case and 10 % - 80 % for Erik. The rest of the lessons mainly started from some larger problem or problems that were presented for the whole class, and this was then worked on in groups and finally discussed with all students involved. Most of these problems were larger activities from the material, in some cases involving the special tns-files that were available. During all students’ work, the teachers usually moved around the classroom for support, both for individual students and for groups.
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Figure 5. Working in pairs and with teacher’s support.

With the other working style, represented by Anna, students acted quite independent of the teacher, following a written plan of which sides in the material and which tasks they should work on by each lesson. Anna was rarely present in the classroom, but had personal contact with each student via mail. However, at some occasions, especially when the calculators were new to the students, Anna gave presentations of the technology and its features in whole class. During mathematics lessons, the students worked single, in pairs or sometimes in group, solving tasks and learning how to use the calculator. In this, they were depending on each other in many respects. They helped each other with the tasks and the activities, that sometimes presented great difficulties, and also with handling the technology in all aspects. It even happened that some of the students acted as a ‘teacher’ and instructed the others. Only when the group got totally stuck with something, they asked Anna for any help.
In working together in pairs or in groups, mostly consisting of three, the students have cooperated both around the technology and the mathematics. I all interviews, their representatives have expressed how the material has created possibilities to discuss both of these together. Many times the question, that one student poses to another, concerns the calculator, e.g. how to find a special command in the menus, but then it changes into more of an interest in the mathematical side of it. The voice of two students in Erik’s class:

F:   Sometimes you want to work by yourself to get into it and understand, but it is very good to be able to help each other.
M:   Yes, most of the time more will be done when you work in pairs. It is easier when you don’t know.
A student from Anna’ class:

We take much help of each other. If I can’t understand something, maybe someone in the class has done this task already and can easily explain it. So when you finally see it in front of you, you understand it all.

The students also point out that the mathematics in these discussions is on a more advanced level than before. By using this powerful tool, they can concentrate more on the meaning and features of mathematical concepts and on general problem solving methods. This is confirmed by the teachers, who have witnessed that the use of the calculators has raised the level of the mathematical discourse in the classroom.
For various reasons, students’ use of the computer software in the project has been very limited or almost totally missing. Only a few had installed it on their own initiative, either at school or at home, and the interviewed students had practically no knowledge of it. At the schools where the pilot classes study, computers are placed in special rooms or spaces, and the students are not equipped with their own laptops. Another problem has been that the local networks sometimes did not function so well, which also created difficulties for the teachers’ use of the software. Finally, the pilot teachers did not consider themselves to have such technological knowledge that they could easily install and implement the software. One of them told in the interview that he depended heavily on a computer interested colleague when he first started using the software for his own demonstrations and for distributing tns-files to the students.
Much of these problems with using the software probably also resulted in a rather low use of the tns-files for students’ investigating activities, in which they could ‘discover’ mathematics and reflect upon concepts and methods. Instead, the ready-made tns-files, with their computer-like features, where mainly used either for demonstration by the teacher or for examples the students.  Two of the students told in the interview that they had ‘looked on’ some of the files and tried to do what was instructed there. But at the same time they showed insecurity when asked about specific details about the files, such as the structure with different pages that are dynamically connected.


Teacher experience of the system

According to the pilot teachers, their working styles and approaches to teaching mathematics have not gone through any mayor change during the project. Instead, they have first and most taken advantage of the improvements for their own part when demonstrating mathematics for the students or giving them more complex tasks to work on. As Carl expressed it: 
It has affected me mostly so that maybe each or every second lesson I have used tns-files or something I have put in order myself for demonstration. Such that I earlier have made on the board, and which has taken longer time, has been much prettier in this way. It has been most rewarding for me in that respect.
Erik agrees with this to great extent, but he also adds that the material and the technology are much more demanding for the teacher, and that more time must be spent for preparation. At the same time, this can be valuable, because it gives the teacher new ideas and makes him reflect upon what methods to use in instruction.
An interesting question is whether the teachers have shown any progress in their practice during the project, which then the second visit could reveal. The answer is that this could not generally be seen, but maybe some changes in attitude were detected. In the observed lesson at the second visit, Carl used the material for an inquiring activity within probability. The students showed great interest and the lesson worked out very fine. Afterwards, at the interview, he said:
I should have done some of the earlier activities, but that I have not made, unfortunately. When I saw how it worked out today, maybe I should have done it earlier some times.

Carl also explained that if he were teaching this course again, he would work more with inquiring activities in group, because it was effective and the students seemed to learn fast with these.
For Anna, this experimental way of working with mathematics is not new. She has used this pedagogy before, but now it is possible for her to give more demanding tasks to the students. One special type of task is that the students write texts about mathematics, containing conjectures and thoughts about concepts and methods, reflections over the subject and the purpose of mathematical knowledge etc. Texts can, of course, also be written in files for the calculator, which Anna’s students in fact had discovered on their own. One change in the introduction of the calculators was however especially mentioned by her. Next time she will use more time for basis exercises in the beginning, to ameliorate the difficulties and the frustration that her students admittedly experienced when starting with such a powerful tool as their first advanced calculator.
During the project, there have been no mayor obstacles or difficulties with the calculators, neither for the teachers nor for the students. This is contrary to the software obstacles, which have been mentioned above. Especially the new, black hand units are appealing to the students, and they express no general difficulties in finding their way though menu systems, saving files etc. These advanced machines can even be exciting in themselves, as one of the students uttered. Anna’s students also described in detail the process when they learned how to use the calculator, and what the calculator taught them to do (the instrumental genesis). One student told how she could ‘come around’ difficulties by choosing another way to the solution.
One basic difficulty lies within the fact that it is CAS technology. The pilot teachers were not unfamiliar with that, and had for example used the Texas TI-89 before. But they had presented them in their classes as extended graphical calculators, and only used them as a kind of extra ‘aid’, as Erik described them. This curriculum material is based on CAS technology, and the content takes that angle rather consistently. Erik became critical on this point, and he claimed that the material was written for the use of CAS, that its’ purpose seems to be CAS instead of mathematical knowledge. When he was asked if not the fact that CAS is a part of the system inevitable must change the type of tasks it is used in, he answered: ‘No, it should still be an aid. It must not be too technical and complicated’. It also became clear that he in some cases abandoned the material when CAS tools were used there, for the students’ ‘understanding of the concepts’.
The difficulties with CAS were also mentioned by Carl, but mostly then in connection with constructing his own tns-files. He has appreciated the files in the material, but he wanted to have his own ones to supplement it. When he used the TI-89, he was quite comfortable with CAS, but did then not feel the pressure to construct more carefully prepared and pedagogic examples. With these TI-Nspire calculators, he wanted to use their possibilities and really change his way of teaching, and learning more about the calculators and the software is for him a vital prerequisite for achieving that.
In the interviews, both with teachers and students, there has been some critique of the text in the curriculum material, but this has often appeared partly diverging. One common opinion, though, is that it has to be more structured and also given a new layout. In all three pilot classes, the text was printed out as compendia, and especially the students wanted it to be more ‘textbook-like’. In particular they mentioned that it was rather difficult to find model examples to go back to later, when they got stuck in some complicated task or when they studied for a test.  Another thing is that the difficulty level often rose very quickly, from simple tasks in the beginning of a section to much harder tasks immediately after. Concerning the number of tasks, the opinion varied. Some students wanted more of shorter routine tasks for skill training, while others claimed that it was perfect with fewer and longer tasks, as in the material. It was, according to these, instead the regular textbook that had too many tasks, which caused time stress. As one of Carl’s students explained: 

What is good with this [the curriculum material] is that the course hasn’t so high pace. You have more time to understand certain thing, and you don’t have to think that you must get all tasks done.
Another item that was mentioned by both teachers and students is the long texts and explanations between the tasks. Most students are quite unaccustomed to reading longer mathematical texts, and the trend in regular textbooks has been that these have become shorter and shorter. Again, the opinions were quite diverse. The teachers claimed that students try to skip the texts if they manage without them, which was confirmed by some of the students. But at the same time, many agreed that those who took the time and effort to read them gained a much better understanding of the concepts and methods, and that it really was worth while. Especially Anna and most of her students were convinced that reading and writing much text improves learning. On the other hand, two of Erik’s students claimed that the text in the material sometimes was too difficult to read on their own, without the aid of the teacher, if they for example had been ill.
The pilot teachers were asked, judging from their experience with the project, how easy they think it would be for a teacher that is new to teaching with technology to start using this material. Here again, there were different opinions. Anna answered: ‘I think it is fairly easy, and it is simpler to start using the software than the hand unit. But if you are an overstrained teacher you need time’. She had also tested to give two black calculators to a couple of colleagues, and her impression was that they had learned it very quickly. Erik, on the other hand, claimed that the calculator is technically difficult for the teachers to use, and that it is vital that you show security and confidence towards the students if they are to learn using it in mathematics. And Carl explained: ‘It was easier than I first thought. So I think that any mathematics teacher could do that. But it is good if there is some teacher nearby that is capable technically’. One thing that all the teachers agreed on, though, was that it is necessary with a rather extensive teacher’s guide for the material, containing suggested planning of the courses, demonstration files and explanations of all tns-files and activities, extra skill training material, tests etc. It has sometimes, in their opinion, been difficult to understand the purpose of parts of the material and how it is intended to be used in the classroom.
The extent and kinds of in-service training suggested by the pilot teachers for the ‘average’ teacher, for him/her to be able to use the technology also varied. Anna said that ‘it is only a matter of attitude’ and would not specify any time-length. Carl told that he had learned the basics of it in a three day course, and that this would be reasonable. But Erik claimed that it would take much time, because CAS is relatively difficult to use. In addition, he said:

This in-service training must also be done so that you discover that for certain parts [of mathematics] the calculator is good, not only show what it can do. The sections must be firmly established in the customary mathematics. CAS is an aid.
This is also in line with what Carl has demanded (see above) for his part; a firm didactical training along with the more technical one. Otherwise it is difficult to make any real changes to one’s approaches to mathematics and to working styles adapted for the use of technology in the classroom.

Learning outcomes

The central point of all education concerns its outcomes, both cognitive ones, like skills and knowledge, and affective ones, like motivation, interest and feelings. Presenting new curriculum material and technology for mathematics instruction inevitable awakens the question whether these can contribute in a positive way to these learning outcomes.
During the project and also at the end of it, the pilot teachers were asked if they had observed any signs of a deeper understanding of mathematical concepts and methods among their students that could be referred to their use of the material. Both Carl and Erik answered that it had been too short time to draw any certain conclusions, and that it is impossible to compare with the result if they had not used the material. In the tests, especially the National Tests, they had not detected any general improvement, except maybe in the way their students could handle graphs of functions. Their estimation was also that it mainly was the more able students that had taken advantage of the possibilities with the calculators and the material, and that these students probably had developed a deeper understanding for some concepts, e.g. quadratic functions. On the other hand, many of their students with lesser ability had great problems with handling the technology and reading the text in the material. To the teachers’ opinion, there could be a risk that this category of students actually has learned less than with the usual textbook.
These observations are partly confirmed by Carl’s and Erik’s interviewed students, who all can be placed among those with medium or good mathematical ability. One of Erik’s female students explains: 

When we went from the book to this, this felt more professional. This is more maths. Before, it was almost as kindergarten. Now you come to a higher level.
But the differences in ability also put strains on the students, especially when something is presented in whole-class. Another of Erik’s students:
It is frustrating if you are in a class and others have difficulties but not I. Then it takes very much time to get it to work for all students in the group.

This experience coincides with what the teachers have told. In the beginning of the project they tried to go through how to press buttons, go into menus etc, but abandoned that after a while, due to precisely the problems the student refers to above. It simply took too much time. So their strategy was altered, so that after their rather swift presentations with computer and projector the students mostly helped each other, with a rather limited support by the teacher.
The experiences from Anna’s class were fairly different. Her students from the Social Science programme can not be considered as having high ability, according to her. In the interviews, they also told that they had had great problems with mathematics at compulsory level, before they started with Anna as a teacher and began using the calculators together with the material. On the other hand, these students were highly motivated and wanted to succeed with the Matematik A-course in order to enter the IB programme. So they made great efforts to learn how to use the calculators and to understand mathematics, even if they had to work almost independent of Anna. One of the students said: 

It has been demanding, with the technology, it has been frustrating and a challenge. But I see mathematics in a new light now!’
Another student: 

It was like a hill. But everybody encouraged each other and finally you got over it. In the beginning it was hard to understand, especially since we hadn’t used calculators before.
But according to the students, their hard work was rewarding. A third student:

This material has been extremely good and incredibly useful. Before, I had a hard time with maths, but now I have Anna and the material and new ways of thinking. So now I got a ‘Pass with special distinction’ at the National Test, which I had never dreamed of getting before. So it has improved my and the whole class’ attitude towards math. And you have to think in new ways all the time, otherwise you don’t find the right solutions.
These good results are confirmed by Anna, who estimates her students’ knowledge to be better than with the usual textbook and that they really succeeded beyond expectations at the National Tests. She also claims that the material is more stimulating than ‘ordinary’ books, and that ‘the interaction with the calculator develops a more investigating and inquiring attitude’. And to her opinion, it is the combination of the technology and the material that gives the opportunity for acquiring a deeper conceptual understanding of mathematics.
Common for all the interviews in the three pilot classes is that they give the impression of the use of the TI-Nspire calculators as being stimulating for the interest, motivation and also curiosity towards mathematics. For most of the students it was their first contact with a more advanced calculator, and at first it appeared both scaring and tempting for different ones of them. At the end of the project all the interviewed students agreed that the use of technology in mathematics was quite positive, and that they could not imagine going back to working only with paper and pencil. They were also curious of how the computer software functioned, and wanted to learn more about that.
When it comes to the curriculum material, the opinions were diverging, including over time. In the first interview, Erik said:
I believe they think it is rather fun. But students are very conservative. There are those who think that this is more laborious and others who think it is interesting and more fun and are working a little harder than they would otherwise. There are all categories.

He also explained about the slight resistance he had met in the beginning from parents and students, who questioned whether they got the right knowledge when they abandoned the usual textbook. But after a while many students spontaneously told him that they thought mathematics had become more fun, especially when they could work with graphs and when they could use more complex procedures.
In Carl’s class, two competing opinions appeared, to some extent following the lines between the two programmes that it was composed of. The students following the Technological programme were generally positive and was using the investigating activities more, whereas some of the students at the Natural Science programme told that they dislikes the material and wanted to go back to the usual textbook. Carl also indicated some gender differences, in that these NS students to a higher degree consisted of girls. In comparison, such gender differences have not been detected in Erik’s class, with approximately equal number of male and female students. The result in the end, however, was that the students who were negative in Carl’s class in the last part of the course got the upper hand, and the curriculum material was abandoned for the usual textbook in the last sections of it.
Finally, Anna’s students told about the negative attitude against mathematics they had when they started at upper secondary level, much due to their experiences at compulsory school. But this has changed dramatically, and now they believe mathematics to be interesting, challenging and also useful. Anna confirms this, and exclaims: ´They can be really turned on!’  One of the students said at the first round of interviews:
I think it is a great difference. When you have managed to solve a task, both to press the right buttons and to solve it right, you become so proud of yourself. […] It feels like I understand the wholeness of it. It becomes a new way of working and therefore it’s fun.

Another student in the second round of interviews:

When I started upper secondary school I felt that I had to take Matematik A during the first year, and after that as little as possible. But yesterday I actually sat reading about how I could take mathematics at the university! So I feel that my attitude is quite different now, and I feel so much better myself that I can manage these things!

Anna also has a strong belief that it would be quite wrong to try to restrain technology from being used in the classroom. But many teachers are afraid to use it, because they think it will be chaos or that you loose control. Anna believes that at the same time it will be chaos if the students are not allowed to work what they think is fun, and many students are very interested in computers and technology. She explains:

Before, I thought that you had to use the pencil to understand, but I see many today who ‘think’ with the keys.
Conclusions and summary
The main findings of this evaluation study form the basis for some general conclusions regarding the project. These will be presented here, and in some cases also compared to research results from other studies.

Effects on teaching practice and the learners

· The pilot teachers used essentially the same lesson plans and organisation of instruction during the project as before. For two of the teachers it meant a rather ‘traditional’ way of teaching, mainly based on whole-class teacher’s presentation, individual or cooperative students’ work with teacher’s support and finally a summary of the lesson. The third teacher used a more free and independent organisation, where the students worked in various grouping with rather little teacher contact. In this, the students had to help each other or even function as informal teachers in the group.
· Two of the teachers did not use the calculators as tools for students own learning and exploring to any larger extent. Balling (2003) distinguishes between the use of calculators as calculating tools, teaching tools and learning tools. In the project, these two teachers mainly used them as extensions of the calculators they had used before, which means as calculating and teaching tools. The CAS technology also proposed problems for especially one teacher, who even doubted the positive impact on students’ learning. This is also in accordance with what Pierce and Ball (2009) write about teachers’ attitudes. Using CAS can by the teacher be considered as an extra burden, especially for weak students, and distract them from core mathematical learning.

· The computer software was almost only used for teachers’ demonstration in the classrooms. The lack of computer equipment in combination with the teachers’ inexperience with installation etc. prevented this part of the material from being researched. But this demonstrating possibility was much appreciated by two of the teachers, who saw it as an enhancement of their normal teaching. Some of he students were curious of the possibilities with the computer software, and expressed their wish to learn how to use it.
· The curriculum material replaced the usual textbooks and was printed out as compendia. In their evaluations of the material both teachers and students compared it with the textbooks in all details. In those cases where differences could be seen, many of the students, and also their parents, questioned if the material could provide the ‘right’ knowledge for the course, and there were worries about the results in the National Tests. Also the attitudes from colleagues and/or the principal for the school could have been of importance for the pre-attitudes (see Pierce & Ball, 2009).

· The document structure of ‘Nspirerande matematik’ posed various problems for some, but could promote student reflection for many. One of the problems was that it contained much text ‘between the tasks’, and this was unfamiliar for the students. The author’s intentions seem to be discussing and explaining features of mathematical concepts and also using argumentation and proof for justification of mathematical rules. But reading this text was difficult or seen as unnecessary for many students, who often skipped it totally. Then the problem became that the next tasks appeared very hard for them, and sometimes impossible to solve. But those students that read all the text and reflected upon it instead experienced that their understanding of the concepts improved by this, and had no greater problems with the tasks. These students also said that the number of tasks were sufficient, while the others wanted more of simple, routine-type tasks.
· The combination of the calculator and the material promoted students’ discussions and presented opportunities to cooperate. In all three pilot classes, the students were used to working in pairs or in spontaneous groups. Much of the material was challenging for some students, in ways that the usual textbook did not match sufficiently. The technically advanced calculators also called for cooperation in acquiring proper action schemes (Drijvers & Gravemeijer, 2005). These two factors together created good opportunities for the students to develop a dialog on a rather advanced mathematical level, both with the teacher and with other students. However, no particular effects on the general classroom discourse could be detected in the observed lessons in the two classes mentioned before. In the third class, the discourse changed considerably towards more open and critical discussions concerning the material and the technology, but above all mathematical concepts and methods.


Teacher experience of the system
· The pilot teachers made no essential alterations of their approaches or their working styles due to the system. Maybe this was not to expect in such a short period, but the material opens for change in many ways. For one of the teachers, this material was in line with what she was used to, but for the others it presented a challenge. However, some signs of progress and change could be detected at the end of the project for one teacher, in the direction of more exploring activities for the students. This could imply a partial change of attitude to the ways mathematics education can be performed (see Brown et al, 2007).

· During the project, no mayor obstacles or difficulties with the calculators appeared. Neither the teacher nor the students mentioned any larger problems with the technique or in the way the calculator software appears. Interesting was the description some students gave of the instrumental genesis with its different parts (Guin & Trouche, 1999) they had gone through, and what that also had taught them in terms of mathematics.
· One teacher criticised the way CAS technology was used in the material. His impression was that this was written for the use of CAS and not for the mathematic knowledge. Belfort and Guimares (cited in Dick & Burrill, 2009) give a list of four possible shortcomings in constructing technology-based material, of which the first is: ‘The author’s interest is on mastering the use of the technology where the mathematics is secondary’ (p. 11). However, none of the other two teachers gave the same critique, and this might be misdirected in this case. The problem could instead lie in the fact that the use of CAS may change the classroom practice, which can be perceived as a threat (Pierce & Ball, 2009).

· The content of the material in combination with the technology caused problems for some students. As mentioned above, the long texts and explanations with alternating sections of tasks were perceived as difficult by some students. This was especially true for students with lesser mathematical ability, for whom the longer activities or tasks became obstacles. Research points in different directions there. Ruthven and Hennessey (2002) report that access to technology enables less-able students to participate in exploration, while Tynan (2003) concludes that the technical overhead, when learning new technological features, could be an extra burden for these students. This is also mentioned as an obstacle by two of the teachers in the project, while the third instead has seen this category of students succeed quite well with such activities.
· The opinion of how easy a teacher who is rather new to technology could start using it together with the material varied. One of the pilot teachers perceived it as being fairly easy, calling for only a shorter introduction, another that a more thorough course was needed. The third teacher said that it was easier than he thought. One explanation to this could be that the material was used in different ways by them, and that the demands of certain knowledge therefore differed. This is in line with what other researchers have found (e.g. Ball, 2004), especially in the connection with the implementation of CAS into the classrooms. All three teachers also mentioned the need for an extensive teacher’s guide accompanying the material and that different kinds of support, mainly in the start of using the material, would facilitate this implementation.

· The suggestions for the kind of in-service training that was needed for the ‘average’ teacher also varied. This is in a sense a continuation of the preceding question, but in a wider scale. The presumption could be, for example, that all teachers in one school would start using the material simultaneously. Again, the pilot teachers’ opinions could be a result of their view of their own needs. But it could also be how they perceive that their colleagues could react. Implementing in a larger scale has been researched for example by Ball (2004), and Pierce and Ball (2009). One conclusion these have drawn is: ‘The responses to this survey confirm that professional development for teachers needs to address attitudes and perceptions as well as technological skill development’  (p. 315). This is also the experience as expressed by the teachers in the present evaluation.
Learning Outcomes

· Two of the pilot teachers would not draw any certain conclusions about their students’ development of deep conceptual understanding of mathematics. One given reason for this is the fairly short time-span of the project. To the teachers’ meaning, such effects can only be detected in the longer perspective. However, their estimation was that the more mathematically able students have taken advantage of the material and the calculators in a way that in fact has made it possible for them to develop this deeper understanding of concepts. At the same time, the lesser able students might be at the risk of having learned less than with the usual textbook.
· One of the pilot teachers declared that her students had shown clear signs of a deeper conceptual understanding. This was also confirmed in the interviews with the students, who gave detailed descriptions of the laborious process to obtain this understanding. The students’ results in the National Test gave more evidence that they really had understood mathematics at a more advanced and also deeper level, and so did also the mathematical texts that the students must hand in to the teacher. It is important to note that these students are not among the most able ones, mathematically. One problem, though, with the conclusion here is that this teacher uses a non-traditional working style, and that she poses high demands of her students. These are highly motivated for studies, and consider her to be an excellent teacher. So the positive effect could be due to the teacher and student styles as well as to the material and the technology, or to the combination of the two. Most likely, judging from all data, it is the combination that has caused the effect.
· The calculators have been stimulating for the interest, motivation and curiosity towards mathematics. This is common for all three pilot classes, even if it was not true for all individual students. It is also in accordance with what most research of the use of technology in mathematics education shows (see e.g. Persson, 2009). For most students, it was also their first contact with a more advanced calculator.
· The students’ opinion of the curriculum material varied in the three classes. It was common that the interviewed students compared the material, which was mostly printed out as compendia, with their normal textbook. As mentioned before, the differences caused some of them to question it, particularly when the National Tests came nearer. These students first tried to use the other textbook parallel to the material, but this caused time stress and, in the end, negative attitudes. In one of the classes, it finally resulted in the abandoning of the material, even if the teacher was not satisfied with this. One explanation for this could be that the students had too little confidence in the material, since they had used it during relatively short time. As both teachers and students stated, it would have been a much better situation if they had worked with the material from the beginning of upper secondary school, which means from the start of Matematik A.
· In one of the classes, the students’ attitudes and feelings towards mathematics had changed dramatically. Their comparison was with what they had experienced of mathematics instruction at compulsory school, but as mentioned above, this effect could also be due to the fact that they had a new teacher and a higher motivation. However, the details in the interviews give evidence that it at least to some degree was the text, the tasks and the activities in the material that caused this change. The students found the mathematics there interesting, challenging and useful, and solving the problems gave them better self-confidence and self-esteem (cf. Hannula, 2002).
Limitations of the study

As mentioned in the methods section, this evaluation study has limitations in some fundamental ways that makes all conclusions local and particular. The research design is a case study with qualitative methods, and no essential generalisations are possible to make on basis of the data obtained in it.

First, there is the limited number of teachers and classes that have been researched. In order to see a greater variety of different lesson sequences, working styles, instruction organisation, attitude to and knowledge of technological tools, it is necessary to involve considerably more schools and teachers. Moreover, the selection of teachers in the project was not random. Instead all three teachers had knowledge and experience of technology and a well founded positive attitude towards it. What was totally new to all of them, however, was the curriculum material, and for this could in fact be detected some fundamental differences in opinion.
Second, the project was rather sudden introduced to the teachers in the middle of the spring semester, and then ran over a limited time period. At the end of spring, the National Tests took some time from the lessons, which caused disturbances in the use of the material. The rather short time also made it difficult to detect development that usually takes time, such as how the teacher’s instructional practice progresses or how the students develop deeper understanding of concept and methods. A better situation had been if the material had been used from the beginning of course ‘Matematik A’, when the students started at upper secondary level, and that the evaluation project then was performed over the whole first school year. The less time stress and the consistent use of technology together with the curriculum material could also have made the problems with negative attitude toward this much smaller.
Third, the number of classroom observations made was clearly too small. If the researcher had been able to visit lessons more often, he would have had the opportunity to observe the work and the progress in the classrooms ‘from the outside’, and not mostly as interview items. It would also have been possible to see individual students’ different ways of using the material and to record the instrumental genesis for them. That makes totally other and more reliable methods available.
Fourth, it was practically impossible for the teachers to use the material to its full capacity, as must have been intended. The reason for this was the shortage or even lack of available computers for the students. So even if they had access to the software, very few used it and some of the dynamic features of the material were lost. If the intention is to make research of the whole system of hand unit and software, then the classes involved must have a continuous access to computers in some form.

A legitimate question is then whether this evaluation project was worth while? Yes, the purpose of a pilot project is to ‘pave the way’ for a larger research project, and its findings are intended for constructing a general picture of which the more interesting research questions are and what the conditions are for getting reliable answers to them. This evaluation study has shown some of these and can also form a background for raising some interesting further questions.
Recommendations for further research
There are several ways to make a continuation of this pilot project. Some of these have already emerged in the discussion of the limitations of it. A suggestion is that a longitudinal study over a whole school year is made, preferably the students’ first year at upper secondary school (courses A and B). During this time, no other textbooks would be available, only the (revised) curriculum material, the software and the calculators. If extra material is needed, this could be constructed be the teachers in the research project. An interesting question is what type of such material that in fact can be needed.
More teachers and classes must be involved in a full scale evaluation project, maybe with a minimum of 8-10. These could either be selected from different schools or all come from only one or two schools. This last model could probably also solve one other research design problem: to get a sufficient diversity in the participating teachers’ pre-knowledge of and attitude towards technology in mathematics education. Implementing this type of material in a larger scale must inevitably involve teachers who are initially not so positive to it and that are afraid of the ‘risks’ with it and with technology in general.

If the project is meant to be successful, there are some basic preparations that must be done. The most important is that the participating teachers get a short course in the technical aspects of both the hand units and the software, including how to install this etc. Then, there is a need of an ongoing course and forum, where the teachers can discuss and exchange ideas about the didactical use of the material, at the same time as they develop new skills in using the system. All of this can of course more easily be arranged if the teachers all belong to one school. There, they can also function as support for each other. Besides that, it is also desirable with some kind of informal support via email and phone calls and in connection with the classroom observations (cf. Ball, 2004).

A larger scale evaluation project should also contain more of continuous observations of lessons and of students’ work with the material. This calls for regular visits by the researcher(s), and preferably more advanced recording methods. It would probably be most favourable to videotape at least some of it, even if observation protocols still would be used. Here some type of activity theory could form an appropriate background. To study how students working alone, in pairs or in groups acquire skills and knowledge, and the variety of how the instrumental genesis really takes place, would be of greatest interest and could e.g. form the basis for how the material could be adjusted for the possibility of more teacher-independent education in mathematics.
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Appendix I


      Teacher lesson evaluation
Lektionslogg för "Ma B med TI-Nspire"


Namn:_____________________     Datum:_____________    Grupp/klass:______________

Lektionens lärandemål: ______________________________________________________

__________________________________________________________________________

Matematikavsnitt i materialet: _________________________________________________

__________________________________________________________________________

Speciell matematikaktivitet under lektionen: ______________________________________

Hur fördelades lektionen i stora drag procentuellt mellan:

- Gemensam genomgång av matematiskt stoff    
_______

- Gemensam problemlösning/undersökning         
_______

- Arbete i grupp eller parvis

_______

- Enskilt arbete


_______

- Annat: ________________

_______

Hur användes "Nspirerande matematik" under lektionen (flera svar möjliga)?

-Av läraren:

(   Gemensam genomgång av matematiskt stoff



(   Gemensam problemlösning/undersökning



(   Stöd vid grupparbete



(   För enskild hjälp

- Av eleverna:
(   Gemensam problemlösning/undersökning



(   Arbete i grupp eller parvis



(   Enskilt arbete

Beskriv någon lärandehändelse du iakttagit under lektionen där "Nspirerande matematik" 

spelat en roll:___________________________________________________________

______________________________________________________________________

______________________________________________________________________

Beskriv eventuella svårigheter eller hinder med användningen av "Nspirerande matematik" som du noterat under lektionen: _______________________________________________________________________

_______________________________________________________________________

Har du introducerat eller arbetat på ett nytt sätt med det avsnitt av matematiken som lektionen handlar om, när du nu har tillgång till "Nspirerande matematik"? Beskriv hur!

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Övriga kommentarer: _________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Appendix II



Teacher interview
Lärarintervju

Lärare:________________________________________________     Datum:_____________ 

Undervisning

1. Hur har du använt materialet och teknologin hittills i undervisningen?
(hur frekvent, med vilket arbetssätt, inom vilka moment)



2. Har användningen av materialet påverkat ditt eget sätt att undervisa? I så fall hur? Har det t.ex. ändrat ditt sätt att ställa frågor?



3. Har användningen av materialet och teknologin förändrat elevernas sätt att samarbeta och kommunicera i klassrummet?


4. Har du sett exempel på hur elevers förståelse har påverkats av materialet? Beskriv så noga du kan vad som hände.


Lärarens erfarenheter

5. Har du använt dig av något för dig nytt sätt att arbeta med matematikundervisningen? På vad sätt har materialet underlättat detta för dig? Beskriv så noga du kan.



6. Har du upplevt några svårigheter eller hinder när du använt materialet? Vilken typ av svårigheter/hinder? Har de varit för dig som lärare och/eller för eleverna? Beskriv så noga du kan.



7. Hur lätt/svårt bedömer du att det är för lärare som är ganska ovana vid teknologi i undervisningen att komma igång med att använda detta material tillsammans med teknologin? Beskriv svårigheterna du menar att de kan få.

Resultat av undervisningen

8. Har du sett tecken på att elever har utvecklat en djupare förståelse för något begrepp och/eller någon matematisk metod med hjälp av materialet? Beskriv så noga du kan.



9. Har du sett tecken på att elevers intresse, motivation och självförtroende har förändrats när de börjat använda materialet och/eller teknologin? Beskriv på vilket/vilka sätt? Hur visar eleverna detta?
Appendix III


        Classroom observation
Observation av lektion

Lärare:________________________________________________     Datum:_____________  


Lektionens disposition:

Användningssätt av materialet och teknologin:


Kommunikation i klassrummet:
Svårigheter med materialet eller teknologin:

Motivation, intresse etc.

Uppnående av lektionsmålen:

Övrigt:
Appendix IV



Student interview
Elevintervju

Lärare:_____________________     Datum:_____________    Grupp/klass:______________

M/K: __________
Mat. förmåga: _______________    Spr. fömåga:______________

1. Vad tycker du om matte? Roligt/tråkigt, svårt/lätt, onödigt/användbart?




2. Hur van är du vid att använda räknare/datorer i matten? Tycker du att det är svårt att hantera dem?




3. Vad tycker du om materialet ni fått arbeta med? Är det svårt att förstå, för många/för få uppgifter, lätt/svårt att använda TI-Nspire-filerna?




4. Har du gjort någon/några av de speciella långa aktiviteterna i materialet? Hur tyckte du att de(n) var? Känner du att du har lärt dig något av dem?




5. Hur fungerar det med att det finns olika dokument i en aktivitet [visa på räknaren], med t.ex. text som beskriver vad du ska göra och där du själv kan skriva in resultat? Är problemet i aktiviteten lättare att förstå?




6. Hur går det med par- och grupparbete med teknologin? Pratar och visar ni varandra när ni löser uppgifter och problem? Eller arbetar du mest för dig själv?




7. Har du tyckt det var några speciella problem med att använda materialet och/eller räknaren/datorn? Förklara!




8. Är det någon skillnad på att ha matte med det här materialet och räknaren/datorn? Är det roligare, lättare, blir du mer intresserad, klarar du svårare uppgifter? Förklara!

Appendix V


          Teacher questionnaire
Lärarenkät

Namn:

Datum:


Eleverna/undervisningen

1. Hur har du under projektets gång använt materialet och teknologin i undervisningen?
Hur stor del av tiden, inom vilka moment i materialet, på vilka sätt (demonstration, elevernas egna aktiviteter, laboration)?


2. Har du märkt något motstånd hos eleverna mot att använda materialet och/eller räknarna?
Har de någon gång velat återgå till det ordinarie läromedlet? Vilka skäl har de i så fall angett för detta?


3. Har eleverna uttryckt någon kritik gentemot materialet? Beskriv i så fall denna så noga som möjligt.


4. Har eleverna uttryckt sin uppskattning av materialet och/eller visat en positiv attityd gentemot det? Ge exempel på sådant du iakttagit.


5. Har eleverna på någon punkt ändrat sitt sätt att arbeta med matematik, sedan de började arbeta med materialet och/eller räknarna?
Arbetar de exempelvis mer/mindre i grupper eller par, är de mer intresserade av undersökande aktiviteter.


6. Har du sett exempel på hur elevers förståelse för matematiska begrepp eller metoder påverkats positivt med materialet och/eller räknarna. Beskriv så noga du kan.

Läraren

7. Har det inneburit mycket arbete med att gå över till materialet från det ordinarie läromedlet och att delta i projektet? Beskriv i så fall detta extraarbete. 


8. Har du ändrat ditt sätt att arbeta med matematikundervisning med detta material? På vad sätt har materialet underlättat för dig? Beskriv så noga du kan.


9. Har du upplevt några svårigheter eller hinder när du använt materialet? Vilken typ av svårigheter/hinder? Har de varit för dig som lärare och/eller för eleverna? Beskriv så noga du kan.


10. Om du jämför materialet du använt i projektet med det ordinarie läromedlet, vilka fördelar resp. nackdelar ser du med det?



11. Kan man använda materialet som ”extramaterial”, dvs. plocka ut vissa övningar för att komplettera läroboken? Vilka för- och nackdelar ser du med att använda det på det här viset?


12. Vilken typ och vilken omfattning (i tid) av fortbildning menar du att det behövs för en lärare som ska börja använda materialet och räknarna? 
Är det svårt för en lärare som är relativt ovan vid teknologi att börja använda det?


13. Finns det speciella svårigheter med att räknarna är av CAS-typ? Eller det innebär mest fördelar? Förklara.

Resultat av undervisningen

14. Har elevernas kunskaper inom de matematikområden där du använt materialet blivit tillfredställande? Har de blivit bättre, lika bra eller sämre än med ordinarie läromedel? Är de annorlunda än du skulle förväntat dig med den vanliga läroboken? Förklara.


15. Har du exempel på att eleverna skaffat sig en djupare förståelse för begrepp och/eller metoder, som de har nytta av i kommande matematikkurser? Beskriv så noga du kan.


16. Ser du långsiktiga fördelar med att använda materialet konsekvent i gymnasiekurserna från Ma A och framåt? Vilka då?


17. Ser du någon påverkan på elevernas intresse, motivation och självförtroende när de använder materialet och räknarna, positiv eller negativ? Beskriv hur.

Summering

18. Hur ser du på hela projektet, så som det har utvecklats sig? Har det varit positivt/negativt, har det gett dig nya idéer och impulser, känner du att du vill fortsätta använda den här typen av material etc.?


19. Övriga kommentarer?

The subject matter/ learning outcomes





The teacher/education





Mediating�tools





The learner/student








An artefact


Its constraints


Its possibilities





A subject


Her/his knowledge


Her/his work method





An instrument ’to do something’


Part of the artefact + schemes





Instrumentation





Instrumentalization





Instrumental genesis


Needs time


Through subject’s activity
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18





27





3





7





27





22





21





19





April





March





May





June





Introduction meeting


Kista





1st visits





2nd visits





Teacher q.





Report finished,


Malmö









1 (30)

