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Introduction

This report presents a set of training materials based on research into the nature of teachers’ transformations when using computer models and simulations. The training materials provide activities to enable teachers to learn about the innovations and about the nature of the research into their implementation, and to take account of these ideas in their own implementation of the innovation.

These workshop materials are intended to support trainers in developing workshops for teachers to help them understand the innovations and the research, and to implement these ideas in their practice. A suggested structure is that there are two workshops, the first introducing the ideas and providing opportunities for teachers to consider these in relation to their existing practice. They plan and evaluate a trial lesson, which forms a focus for the second workshop in which they plan further work. The materials included are:

· Trainers’ Notes

· Briefing Sheets

· Teachers’ Workshop 1

· Teachers’ Workshop 2

· Activity Resources

It is intended that the materials can be used as either in the form in which they are presented in this report, or electronically as a combination of web-based material and downloadable documents. The materials in this report have therefore been structured in such a way as to allow this flexible use.
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Overview

Overview

The curriculum is in a constant state of rapid change. The role of teachers in implementing curriculum innovation is critical, though in the absence of suitable training, the intentions of the innovation may be transformed. The STTIS project is concerned with researching these transformations, and developing materials for training teachers in curriculum innovation.

These training materials are based on research into the nature of teachers’ transformations when using computer models and simulations. They provide activities to enable teachers to learn about the innovations and about the nature of the research into their implementation, and to take account of these ideas in their own implementation of the innovation.

The nature of the innovation

Nowadays, both in education research and in school practice, increasing attention is paid to modelling activities, and there is wide consensus concerning the educational usefulness of learning how to interpret and build computer models. 

Our choice to study the transformations science teachers make of the use of computer modelling reflects both our acknowledgement of its great educational potential and our resolve to work towards removing some of the obstacles for its incorporation in the secondary curriculum.

In our study of the use of computer modelling we focus on the use of spreadsheets in different physics topics. Spreadsheets have a number of attributes which make them suitable for use as a modelling tool in the school laboratory and thus popular with the science teachers.

Transformations – the results of research

In the STTIS, framework the UK team chose to investigate the use of computer modelling and simulation in the teaching of science in secondary schools. Eight teacher case studies were carried out.  The case studies were concerned to investigate how teachers incorporate these tools in the curriculum.  

The teachers in our case studies were selected by their willingness to participate and to attempt to make serious use of computer modelling and/or simulation in their science classrooms.  The choice of modelling software as well as the context of its use were left to be made by the teachers. 

The research identified some factors which may influence the take-up of computer tools in science lessons, and  provided some indications about what may affect the successful use of a computer tool.  

About the workshops

These workshop materials are intended to support trainers in developing workshops for teachers to help them understand the innovations and the research, and to implement these ideas in their practice. A suggested structure is that there are two workshops, the first introducing the ideas and providing opportunities for teachers to consider these in relation to their existing practice. They plan and evaluate a trial lesson, which forms a focus for the second workshop in which they plan further work. The materials included are:

· Trainers’ Notes

· Briefing Sheets

· Teachers’ Workshop 1

· Teachers’ Workshop 2

· Activity Resources

The Trainers Notes give further information about the innovations and the research, the rationale of the workshop and notes on the activities. These are supported by the trainers’ Briefing Sheets, which give detailed information about all these aspects. Teachers’ Workshop 1 and Teacher Workshop 2 includes all the activities for teachers with supporting notes, and the Activity Resources are for use by teachers to support the activities.
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Trainers’ Notes

The Overview section at the beginning of these materials gave some brief information about the nature of the innovations and the research, and about the workshop materials. These ideas are expanded on below with references to the trainers’ Briefing Sheets and the teachers’ Activity Resources where more information can be found. These notes also address the rationale of the workshops, the aims and structure of each workshop, and include detailed notes on the individual activities.

In STTIS's research framework any act of communication is necessarily transformative. Communications are not simply 'received' but are re-made, re-constituted, transformed by the receiver. The project's main objective is to investigate science teachers' transformations of educational innovations.  Small-scale intensive studies in the participant countries have led to the elaboration of some rules of transformation of innovation and in the development of relevant materials for teacher training. Further information about the STTIS project can be found in Briefing sheet 1 ‘About the STTIS project’.
These training materials are based on research into the nature of teachers’ transformations when using computer models and simulations. 

The nature of the innovation

Nowadays, both in education research and in school practice, increasing attention is paid to modelling activities, and there is wide consensus concerning the educational usefulness of learning how to interpret and build computer models. A discussion of the benefits of computer modelling and of the range of activities that can be undertaken in the classroom can be found in Briefing Sheet 2 ‘Why use computer models?’.

The choice of the UK group to study the transformations science teachers make of the use of computer modelling reflects both our acknowledgement of its great educational potential and our resolve to work towards removing some of the obstacles for its incorporation in the secondary curriculum. Some of the other groups in the STTIS consortium also chose to look at computer modelling, some chose to look at another important use of informatic tools in science teaching, namely datalogging or MBL (microcomputer-based laboratory). The training materials presented here draw on the findings of the STTIS research as a whole on the use of informatic tools.

In our study of the use of computer modelling we focus on the use of spreadsheets in different physics topics. Spreadsheets have a number of attributes which make them suitable for use as a modelling tool in the school laboratory and thus popular with the science teachers. In these training materials, we have chosen to look in particular at the use of spreadsheets for modelling in two contexts – ‘Electricity’ and ‘Forces and motion’.

Transformations – the results of research

In the STTIS, framework the UK team chose to investigate the use of computer modelling and simulation in the teaching of science in secondary schools. Eight teacher case studies were carried out.  The case studies were concerned to investigate how teachers incorporate these tools in the curriculum. A summary of the research undertaken can be found in Briefing Sheet 3 ‘The STTIS research into computer simulation and modelling’.

The teachers in our case studies were selected by their willingness to participate and to attempt to make serious use of computer modelling and/or simulation in their science classrooms.  The choice of modelling software as well as the context of its use were left to be made by the teachers. Examples of the case studies can be found in Activity Resource 1 ‘Computer modelling: case studies’, with further discussion in Briefing Sheet 5 ‘Computer modelling: case study commentary’. 

A key difference between the case studies was in the way the teachers handled the tension between subject matter and computer experience.  Some teachers were more interested in using the computer to deliver the science content, while some focused more on the experience the pupils would have with the informatic tool. The research identified some factors which may influence the take-up of computer tools in science lessons, and provided some indications about what may affect the successful use of a computer tool. 

Key features which emerged from the research as a whole can be found in Activity Resource 2: ‘Transformations of curriculum innovation: dimensions of analysis’, and details of how this applies to the research on computer modelling are given in Briefing Sheet 6 ‘Dimensions of analysis’. An overview of key findings is in Briefing Sheet 7 ‘Summary of research on teachers’ transformations’.
About the workshops

This set of resources contains materials to support trainers in developing workshops for teachers to help them understand the innovations and the research, and to implement these ideas in their practice. A suggested structure is that there are two workshops, the first introducing the ideas and providing opportunities for teachers to consider these in relation to their existing practice. They plan and evaluate a trial lesson, which forms a focus for the second workshop in which they plan further work. The materials included are:

· Trainers’ Notes  These give further information about the innovations and the research, the rationale of the workshop and notes on the activities. These are supported by the trainers’ Briefing Sheets, which give detailed information about all these aspects. They also exist as web pages on the training website.

· Briefing Sheets  These contains background activities for the trainer to use to support them in managing the workshop activities. They include edited materials from the relevant STTIS reports. Being fairly substantial, these are not used for web pages, but are available as downloadable documents from the website.

· Teachers’ Workshop 1  This section contains an introduction to the nature and purposes of the workshop, and all of the activity sheets for teachers. These materials are available both as web pages and as downloadable documents from the website.

· Teachers’ Workshop 2  As for Workshop 1, these activities will be available as web pages and downloadable documents.

· Activity Resources  This section contains additional material which is required by teachers as part of workshop activities. Like the Briefing Sheets, they include edited materials from the STTIS reports, and are not used for web pages, but are available as downloadable files.


The rationale of the workshops

Teachers’ decisions about what they do in their classrooms are dependent on a variety of factors, which can be usefully summarised under the following four headings:

· Content – includes the content of the proposed innovation and the content of the existing curriculum, and the perception of the teacher about how the new relates to the old.

· Beliefs about learning – include what teachers think that they ought to be doing to support pupils in the classroom, what pupils find easy or difficult and why, and the role and nature of motivation.

· Values – include what teachers believe about the nature of their subject, about the purposes of education, about their own role as a teacher, and so on.

· Contexts, customs and constraints – includes a wide range from local factors such as classroom layout or the availability of resources, to more global factors such as prescriptions laid down by government, as well as teachers’ knowledge of the subject they are teaching, their repertoire of pedagogic strategies, their social skills, and so on

The training materials are modest in scope, and can have only limited impact on these factors. What can be done in these materials, however, is to make teachers aware of some ways in which the curriculum is transformed in implementation, and how these factors affect the transformations that teachers make.

The training materials should have some small impact on teachers’ capabilities, and they may have a role in helping them to change some of the contextual factors within which they work, though the materials are unlikely to have any major effect on teachers’ values. The materials should however help in making these factors explicit so that teachers can make informed choices in their implementation of new ideas.

If teachers are to be able to make explicit the factors that inform their decisions, they need to do this in the context of their own teaching. Training which is divorced from their own practice is unlikely to have long term consequences. The materials therefore use an approach in which there is an initial and final training session, with a period of some weeks in between in which teachers can use the ideas in their own practice.

The structure of the workshops

The first workshop is designed to help teachers to plan and teach a trial lesson using a computer simulation or model. In a second workshop they will evaluate this trial lesson, drawing on research findings. They will build on the experience of the trial lesson using computer models in order to plan more extended sequences of lessons within the schemes of work.

Teachers’ workshop 1

To support teachers’ in planning the trial lesson, in the first workshop they will: 

· review their current practice on the use of computer simulations and models;

· learn more about the curriculum innovation;

· review some of the research findings through 'stories' about teachers' implementation of the innovation;

· plan a trial lesson that takes account of the aspects above.

The activities in this workshop are grouped into the following sections:

· Section A: Exploring current practice

· Section B: Learning about the innovation

· Sections C, D, E and F: Transformations of curriculum innovations

· Section G: Planning

Teachers’ workshop 2

To support them in evaluating the trial lesson and in further planning, in this workshop they will: 

· review and evaluate the trial lesson;

· learn more about research work through examples of case studies, relating these and their own experiences to the general findings of the research;

· consider again the factors that affect their planning choices and review the potential of using computer simulations and models.

The activities in this workshop are grouped into the following sections:

· Section H: Evaluation

· Section J: Relating to research case studies

· Section K: Innovation and transformation

The following notes on each of the sections give additional information to the trainer on running the teacher activities. The activities themselves are accompanied by extensive notes addressed to the teacher on the aims of each activity, background information and rationale, and detailed instructions on what to do. These notes do not repeat this information, and trainers should read the notes alongside the activities themselves. The purpose of these notes is to point to specific aspects of each activity that should be brought out in discussion. The notes will refer at appropriate points to the Briefing Sheets that trainers can draw on for additional information.

As far as possible, activities have been designed to be as independent as possible, in order that trainers can adapt and select activities as appropriate to the interests and needs of different groups of teachers. Where activities do require earlier activities to have been done, then this is indicated in the notes below. In this set of materials, two topics are used to provide the context for parallel sets of examples in Section B ‘Learning about the innovation’. These topics are ‘Forces and motion’ and ‘Electricity’. Relevant extracts from the National Curriculum which are helpful in identifying suitable areas to be modelled can be found in Briefing Sheet 4 ‘‘Electricity’ and ‘Forces and motion’ in the National Curriculum’. Trainers can chose whether to use both of the sets of example models, or to use one set and treat the others as extension material. The time that is required to run the workshops would depend on this choice, as well as the prior experience of the teachers in using spreadsheets, particularly for this kind of work. For teachers with some experience, or if only one topic was used, each of the first and second workshops should last about half a day. For teachers with less experience, and attempting both topics, the first workshop would require a whole day session or two half-day sessions, with another half-day for the second workshop.  

Notes on Section A  Exploring current practice

The main aims of this section are:

· To review how computer simulations and models are used in the teachers’ existing science curriculum.

· To evaluate their existing use of computer simulations and models.

· To identify particular areas of existing teaching that they would like to address.

Notes on the activities follow:

A1  Auditing current practice

Teachers will bring with them to the workshop their own views about the merits, or otherwise, of using computers in science teaching. The views will influence the way they react to new ideas introduced, and they will certainly want to discuss these views with others during the workshop. This activity is therefore an essential starting point for the workshop, as it allows teachers to raise issues that they want to raise, to set their own agenda, and to relate the remaining activities in the workshop to their own practice.

A2  Evaluating current practice

This activity focuses on teachers identifying problems in their existing practice. It is possible that they will identify these issues without specific prompting in the course of Activity A1, and if this is the case then this activity could be omitted. It may be, however, that in such a discussion they may tend to focus spontaneously on aspects concerned with the availability of suitable hardware, which is frequently a major issue. In this case, this activity is intended to broaden the discussion.

Notes on Section B  Learning about the innovation

The main aims of this section are:

· To learn how to use the dynamic nature of a spreadsheet to explore the effects of changing variables in simple relationships and how these can be represented graphically.

· To learn how spreadsheets can be used to explore the behaviour of more complex relationships involving power laws and several variables.

· To learn how a spreadsheet can be used to model situations that evolve over time through iteration.

· To consider the usefulness of these models in teaching and learning.

Notes on the activities follow:

B1  Thinking qualitatively and quantitatively

An important feature of a spreadsheet is that it is possible to change input values, and to see immediately the effects on the values of the output variables. This is sometimes expressed as providing support to answer ‘what if?’ questions. One way of thinking about the effects of changes is qualitatively – looking at the direction of the changes, or what increase and what decreases. Another way is to think about them quantitatively. In the examples here, the calculations of distance, time and speed are more straightforward than the calculations on electric circuits. For KS3 pupils, being able to work quantitatively with the former is expected, but not with the latter. Pupils are expected however to be able to reason qualitatively about electrical circuits.

B2  Using graphs

In the same way that spreadsheets are able to show immediately the effects of changing input values on output values, they can also be used to show the effects on graphical representations of the output values. For teachers who have had some simple experiences in using spreadsheets this would be a suitable place to start, omitting Activity B1. 

In the examples here, the graphical representations of distance, time, and speed are more challenging than the graphical representation of Ohm’s Law. In the former case, there are three ways in which the same ‘journey’ is represented – in tabular form, as a velocity-time graph and as a distance-time graph. Pupils need to be able to make the links between these multiple representations in order for the pupil to understand the relationships. The Ohm’s Law graph represents a simple linear relationship. The spreadsheet here is useful in that by changing input values, pupils can see the relationship between these values and the slope of the graph. Both of these examples address statements found in KS4 of the National Curriculum.

B3  Beyond linear relationships

Previous activities involved linear relationships. The ‘Force and motion’ and ‘Electricity’ examples here both involve power laws, though the structure of the models are rather different. For teachers who have had experiences in using spreadsheets with graphical representations this would be a suitable place to start, omitting Activities B1 and B2.

In the ‘Forces and motion’ example, the system evolves over time, and the velocity and time are calculated after different time-intervals. This is done directly using formula which relate velocity and distance directly to time. They could also be calculated by an iterative method (see Activity B5). Calculating directly is a more straightforward technique for students to understand, though the advantage of the iterative technique is that it can be used in situations where calculating directly is too difficult. There is a lot of work that can be done here in predicting and interpreting the shape of the graphs as the starting conditions are changed. Particularly challenging is the case of a positive velocity and a negative acceleration (e.g. throwing a ball in the air).

In the ‘Electricity’ example, the calculations of power in the electrical circuits are ‘one-off’ calculations (the system does not evolve over time). What is challenging in these examples (particularly in the case of two lamps), is to predict and interpret the qualitative effects on each of the variables of changing resistance or voltage. 

B4  Dealing with several variables

These examples are very closely related to the examples given in the previous activity (Activity B3). It would therefore be desirable if Activity B3 was completed before this one. This activity could be omitted if desired, or be treated as extension work, before proceeding to Activity B5. The ‘Forces and motion’ examples extend the treatment by considering force and mass as the input variables rather than acceleration. The example with two forces can be effective in bringing out the idea that zero force (balanced forces) does not imply no motion. The ‘Electricity example’ extends the work on power in series circuits (Activity B3) to parallel circuits, but otherwise the issues are the same.

B5  Iteration

This final activity introduces the technique of iteration to build ‘evolutionary models’ to explore phenomena which would be difficult or impossible to represent analytically. The examples chosen are terminal velocity and capacitor discharge. Terminal velocity is included in the KS4 national Curriculum and can be explored qualitatively at this level. However, both of the examples are appropriately dealt with quantitatively at post-16 level, and students could then be expected to be able to understand how the calculations are carried out, or even to construct such models themselves. In Activity J1, case studies of teachers using a spreadsheet to model capacitor discharge are discussed; if it is planned to include activity J1 in the workshop, it would be very helpful to have used the capacitor discharge model in this activity.

Notes on Sections C, D, E and F: Transformations of curriculum innovations

The main aims of these sections are:

· To compare different ways in which teachers may transform the use of computer simulations and models.

· To explore factors that may influence the transformations.

· To consider these issues in the light of their own teaching experience.

The stories in these sections bring out key ideas in the research findings. The issues have been drawn from the findings of the STTIS project as a whole, but have been adapted where appropriate to the context of computer modelling and simulation. Notes on the activities follow:

Section C  Transformations: content (C1  Computer modelling and subject knowledge)

Each of them illustrates a different kind of relationship between the use of computer modelling or simulation and scientific knowledge. The first three stories are about teachers who see computer modelling as potentially providing more effective ways of doing the kinds of things they are already doing. Simulations are seen as something that can provide a useful resource for consolidation of knowledge (Story A), as an alternative to practical work (Story B) or as a way of supporting students in using practical ideas to test predictions (Story C). However, computer modelling can be seen as providing new possibilities in learning about scientific modelling itself (Story D), or as teaching about skills that may be useful outside the context of science (Story E). 

Section D  Transformations: beliefs about learning (D1  Computer modelling and beliefs about learning)

Two common issues which arise when considering the use of computers, not just for modelling but for any educational purpose, are the possible benefits of increased motivation (Story A) and the potential difficulties raised by lack of technical competence (Story B). Particular benefits related to the use of simulations in science is that they may make theoretical ideas more memorable through visualisation (Story C) and that they allow pupils to become intellectually engaged in theoretical thinking (Story D). Motivation is often thought of as making something ‘enjoyable’ (Story A) though this does not happen simply by using a computer (Story D); motivation is a complex issue related to the content of what is being learned, teaching styles, the previous experiences and aspirations of the learners and so on. Some teachers believe that working with computers allows learners to take more responsibility for their learning, by creating their own models (Story E) and through a more active engagement with the task (Story F).

Section E  Transformations: values (E1  Computer modelling and values)

One issue here is how teachers see the nature of science itself and its consequences for learning. Computer modelling may bring gains but may have drawbacks depending on how a teacher perceives what it is to learn science. The issues raised in these stories are concerned with the importance of experiencing phenomena first-hand (Story A), understanding of science as a body of concepts and theory (Story B), experiencing what is like to ‘do’ science, understanding about the process of constructing scientific knowledge (Story D) and providing a context for learning ‘transferable’ skills (Story E).

Section F  Transformations: contexts, customs and constraints (F1  Computer modelling and constraints)

These stories bring out some of the important constraints that need to be considered when implementing an innovation. The first three stories are about time constraints; teachers often report that computers do not in fact save time (Story A), while others think that there are gains, but only in the longer term (Story B). One of the factors which is particularly important in its impact on time is the technical demand made by the software and the competence of the pupils in using it (Story C).

The next three stories are about the physical constraints imposed by the availability of resources. How resources are used can have a major impact on the way that computer modelling is integrated into the teaching and on the style of learning. Computers may be used in small group work during the course of others activities (Story D) or for independent work in a whole class setting (Story E). Activities may be less effective than they could be because of the resource constraints (Story F).

The final set of three stories are about teachers’ own competence and confidence, and their attitudes towards this. Some teachers feel that it is particularly important to retain control when using computers (Story G) and some find that the use of computers have made them become more open in their style of teaching (Story H). Though some teachers are worried that pupils will know more about computers, others see that what is important is the teacher’s expertise in science (Story I).

Notes on Section G  Planning

The main aims of this section are:

· To plan, teach and evaluate a lesson drawing on the new ideas introduced in these workshop materials. 

· To prepare for the next workshop session by reading case-study material.

Notes on the activity follow:

G1  Using the new ideas

Whatever selection of activities are used in this workshop, this final activity should be seen as essential. It is a central feature of the design of these workshops that teachers should have the opportunity to try out ideas they have learned from the workshop in the classroom. In their planning of the trial lesson, teachers are encouraged to make explicit the reasons for their choices, and to think about how they relate to some of the issues raised in the workshop. This may be difficult for some teachers for whom this kind of process is not part of their usual practice. Eliciting this kind of thinking should be a major focus for the trainer in this activity.

Notes on Section H  Evaluation

The main aims of this section are:

· To report back to the group about their experiences in teaching using a computer simulation or model.

· To evaluate these experiences taking account of the factors that affect the transformation of curriculum innovation.

Notes on the activity follow:

H1  Evaluating the new ideas in the classroom

After teachers have had an opportunity to teach a trial lesson using ideas from the workshop, it is very important that they be given the opportunity to evaluate the lesson and to share their ideas with others. The activity gives explicit criteria against which the lesson should be evaluated. These criteria relate to the ‘Stories of transformations’ from workshop about ‘Content’, ‘Beliefs about learning’, ‘Values’ and ‘Contexts, customs and constraints’. Teachers are thus encouraged to make explicit their evaluation. This may be difficult for some teachers for whom this kind of process is not part of their usual practice. Eliciting this kind of thinking should be a major focus for the trainer in this activity.

In preparation for the next workshop, after teaching the trial lesson, teachers should evaluate the lesson against the given criteria, and may be given case study material drawn from the STTIS research (Activity Resource 1) to consider in the light of their own experience. These will be discussed in Workshop 2.

Notes on Section J  Relating to research case studies

The main aims of this section are:

· To consider some examples of case studies and to relate these to the general findings of the research on teachers’ transformations.

· To review their own experience and compare it with the case study material.

Notes on the activity follow:

J1 Computer modelling: research on teachers’ transformations

In this activity, teachers move from simplified accounts of issues found in the research (the ‘stories’) to looking at actual case studies. Activity Resource 1 describes two case studies of teachers using spreadsheets to model capacitor discharge. In order to understand what these teachers are doing, it is very helpful if teachers have worked with the capacitor discharge model in Activity B5. Briefing Sheet 5 gives a commentary about the research findings in general arising from the STTIS research on these case studies. This forms useful background reading related to the questions raised in the activity. 

Also in this activity, teachers consider the ‘dimensions of analysis’ used in the research on teachers’ transformations (Activity Resource 2) and relate these to their own experience and to the case study work.. These dimensions relate to the work on all of the curriculum innovations studied by STTIS. Briefing Sheet 6 ‘Dimensions of analysis’ reproduces the information in the activity sheet, adding examples about the computer modelling innovation.

Notes on Section K  Innovation and transformation

The main aims of this section are:

· To reconsider the ‘stories’ about transformations in the light of their further experiences.

· To build on work already undertaken in planning a single lesson to consider how to extend the approach to planning for progression in the use of computer modelling.

Notes on the activity follow:

K1  Review and further planning

In this activity, teachers look back on the experiences that they have had in the two workshops and their trial lesson, and reflect on what they have learned and how their ideas and beliefs have changed (or not). They also look to the future and consider how to begin to use the ideas in longer term planning. This, of course, can only be a start of the process, as there is much work to be done here in thinking about how schemes of work could be changed to incorporate the new ideas; however, it is a useful point at the end of the workshop to begin to think about this process and to share with others the challenges that they think this will bring. 

Resources

The following are lists of the additional resources intended for trainers (the Briefing Sheets) and teachers (Activity Resources). These are available as downloadable documents.

Trainers’ Briefing Sheets

· BS1  About the STTIS project

· BS2  Why use computer models?

· BS3  The STTIS research into computer simulation and modelling

· BS4  ‘Electricity’ and ‘Forces and motion’ in the National Curriculum

· BS5  Computer modelling: case study commentary

· BS6  Dimensions of analysis

· BS7  Summary of research on teachers’ transformations

Activity Resources

· AR1  Computer modelling: case studies

· AR2  Transformations of curriculum innovation: dimensions of analysis
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Briefing Sheet 1

About the STTIS project

The project Science Teacher Training in an Information Society (STTIS) is a research project funded by the European Commission, Directorate General Research within the TSER programme. Five European Universities are involved in a common research where objective and tasks are shared: Denis-Diderot, ParisVII, Federico II da Napoli, Oslo, Autònoma de Barcelona, and Sussex (STTIS, 1998).

The issues

The project deals with general questions and challenges that the present situation of the Information Society poses to science educators. They can be summarised as: 

Information has to be understood 

Science teachers need to have updated knowledge to be able to face with new information. Mastering information requires not only to understand its scientific contents but also to be able to deal with many types and sources of information and to become agile in adapting to and incorporating innovation. Messages (spoken, visual or written) displayed in many different ways (through texts, schemas, drawing, graphs, etc.) should be well understood. 

Information to be taught has changed 

During recent years, changes in the curriculum are common in many countries as a result of social requirements. Science teachers have to incorporate into their courses new elements coming from the results of education researches, from the use of new ways to receive and send information, from new hypothesis about learning and processing information.
Information is always transformed by the receiver.

Communications are not simply 'received' but are re-made, re-constituted, and transformed by the receiver. The act of understanding is always transformative, as information is selected, prioritised, interpreted, and decisions based on it are taken and acted upon. In the case of information offered to teachers, the processes of selection and interpretation may have important consequences. 

When teachers are faced with curriculum innovations (new teaching strategies, new codes or images to represent some ideas, new informatic tools), they incorporate and adopt information at the same time as some transformation processes are going on. The teacher is necessarily an agent who mediates between innovation designers and students. It is not enough to propose new materials or new tools to renovate science teaching; transformations that can be foreseen should be anticipated. 

Information means have to be mastered. 
Many new didactical sources are offered with informatic support; mastering computer-based tools representing and transmitting information is essential. As well a becoming competent in using different technologies (e.g. various software, internet communications, etc.), teachers need to understand the different ways to present messages and be able to read the information given in a message. 

The research

In this general scenario, four related areas of research have been defined for the project STTIS: 

· Nature of the use made by science teachers of informatic tools: teachers’ transformations when 'adopting' informatic tools in science classes. 

· Difficulties in teaching and learning symbolic representations: teachers’ transformations when 'adopting' symbolic representations.

· Implementing new teaching strategies on some specific contents: teachers’ transformations when 'adopting' innovative teaching strategies.

· Transversal study of teachers' transformations when assuming innovations. Inferring general rules of transformation from the results of the preceding sections and identifying factors that determine the way innovations are interpreted.

The outcomes of the different pieces of research will be applied to the design of new teaching materials for trainers of in-service teachers. 

The UK contribution

STTIS research in the UK falls within the following three distinct but related areas: 

· the nature of the use made by science teachers of computational modelling tools;

· the difficulties involved in teaching and learning graphic representations such as the ones that appear in popular science textbooks on the topic of energy;  

· the transformations which occur when teachers implement innovative strategies related to the teaching of energy.

Building on the findings of these researches, two sets of materials have been developed for training teachers in the use of innovations: one of them is concerned with the use of computational modelling and simulation, and the other with the teaching of energy transfer and the direction of change.
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Why use computer models?

Nowadays, both in education research and in school practice, increasing attention is paid to modelling activities, and there is wide consensus concerning the educational usefulness of learning how to interpret and build models. Different computer-based modelling environments, especially designed for educational purposes, have been developed to build and/or use models. Several approaches based on tools which do not require much previous mathematical knowledge, make modelling accessible to younger students. On the other hand, approaches that require some capabilities of manipulating equations help pupils gain a better understanding of the role of mathematics in science. 

Often the fitting of experimental data is the first kind of modelling activity pupils are involved with; metaphorically this descriptive level can be called the “Kinematics” of modelling. On the other hand to build a model starting from guesses or hints about possible causes or nature of the phenomenon to be described can be called the “Dynamics” of modelling. A perhaps more useful way of classification of modelling activities focuses on the types of learning mode that these encourage and distinguishes between ‘exploratory’ and ‘expressive’ activities (Mellar and Bliss, 1994). ‘Exploratory’ modelling activities allow pupils to interact with given models, i.e. models which are based on the assumptions of others, and thus to compare and contrast their own ideas with those provided in the model. Many simulations and some microworlds are often used for this type of learning activity. ‘Expressive’ modelling activities, on the other hand, allow pupils to create their own models, i.e. to model their own assumptions; after formulating their ideas into a model, they can then experiment with and reflect on these ideas and on how well the model represents them. Tools often used for this type of activity include LOGO, spreadsheets and modelling systems.

Moreover, some of the computer models used in the ‘exploratory’ mode describe complex phenomena that are not accessible to direct observation and/or to exploration in the context of the school laboratory. That such models can be easily visualised (via computer graphics), studied and/or modified enables pupils to explore problems they would not have tackled otherwise and thus to reach a deeper understanding of these phenomena and their underlying mechanisms. A further corollary is that pupils can attain a rich qualitative understanding of complex processes and their effects without worrying about the mathematics that account for them (Feurzeig and Roberts, 1999).

On the other hand, model building in the ‘expressive’ mode is a powerful activity for engaging pupils in doing and thinking about science (Spitulnik et al., 1999). It provides a real context for them to build scientific arguments, to state a position, and then to justify that position with evidence.

Rather common learning difficulties related to modelling have to do with two issues: -the same mathematical model can describe several physics phenomena, according to the meaning given to the model variables; - the capability of interpreting and using already built models is different from that of building a good model for the case in study. 

In the above paragraphs we outlined briefly the benefits of computer modelling activities for the learners of science. According to Feurzeig and Roberts (1999), acquiring fluency in model-based inquiry should become an essential goal of pre-university science education. However, as they point out a number of obstacles stand in the way of effective adoption and integration of modelling activities in the school science curriculum. Our choice to study the transformations science teachers make of the use of computer modelling reflects both our acknowledgement of its great educational potential and our resolve to work towards removing some of the obstacles for its incorporation in the secondary curriculum.

In our study of the use of computer modelling we focus on the use of spreadsheets in different physics topics. The case of spreadsheets as a modelling tool is an interesting one to consider and worth saying few things about. Spreadsheets have a number of attributes which make them suitable for use as a modelling tool in the school laboratory and thus popular with the science teachers (Brosnan, 1994). They can be used in either of the learning modes we discussed above; they can be used to write both static and dynamic models and can therefore be employed in a wide variety of situations; they can be used for data handling and graphing or display work; and finally, they are general-purpose software packages, often taught as part of the Information Technology subject, and also used in other curriculum areas.

References

Brosnan, T. (1994) Using Spreadsheets to Develop Understanding in Science. In Mellar, H., Bliss, J., Boohan, R.,Ogborn, J., Tompsett, C. (eds) Learning with Artificial Worlds: Computer Based Modelling in the Curriculum. pp. 76-84.

Feurzeig, W., and Roberts, N. (1999) Introduction. In Feurzeig, W., and Roberts, N. (eds) Modeling and simulation in science and mathematics education. (New York: Springer-Verlag). pp.xv-xviii.

Mellar, H., and Bliss, J. (1994) Introduction: Modelling and Education. In Mellar, H., Bliss, J., Boohan, R.,Ogborn, J., Tompsett, C. (eds) Learning with Artificial Worlds: Computer Based Modelling in the Curriculum. (London: The Falmer Press) pp. 1-7.

Spitulnik, M.W., Krajcik, J., and Soloway, E. (1999) Construction of Models to Promote Scientific Understanding. In Feurzeig, W., and Roberts, N. (eds) Modeling and simulation in science and mathematics education. (New York: Springer-Verlag). pp. 70-94.

Briefing Sheet 3

The STTIS research into computer simulation and modelling

In the STTIS, framework the UK team chose to investigate the use of computer modelling and simulation in the teaching of science in secondary schools. Eight teacher case studies were carried out.  The case studies were concerned to identify possible factors which favour or hinder the take-up of the selected informatic tools in science classes, and to investigate how teachers incorporate these tools in the curriculum.  The main questions are:

· What are the fits (matches) or gaps (mismatches) between the intended or expected use of the tools and the way the teachers actually use them in practice?

· What do teachers identify as more successful and less successful examples of uses of the tools, and what reasons do they have for identifying them as such?

· Are teachers conscious of transforming suggested uses of tools in their own practice, and if so what reasons do they give?  If not, are there clues about what may determine the teacher’s practice?


The teachers in our case studies were selected by their willingness to participate and to attempt to make serious use of computer modelling and/or simulation in their science classrooms.  The choice of modelling software as well as the context of its use were left to be made by the teachers. All teachers were observed making use of the informatic tools. In all instances, record notes were kept for each observation, worksheets and pupils’ work were collected and interviews were held with the teachers. The generation and writing up of the case studies followed a series of steps.  Firstly, together with the other partners, we identified the important themes we wanted to address.  These are:

· Accepting / changing external goals  The designer of a computer tool may have certain intentions and goals concerning its use. The teacher may choose to commit to these goals or reject them. There is no doubt that whatever the attitude taken, there are reasons for it, sometimes embedded in his/her ideology and/or values.

· Rationale vs Practice  The case study will attempt to identify whether there is any perceived difference between the rationale the teacher offers for his/her use of the informatic tool and his/her actual practice.

· Actual /Realising goals (of teacher)  The case study will also express an opinion as to whether the teacher succeeded (or not) in accomplishing the goals s/he him/herself had set for the lesson(s).

· Teacher’s knowledge  Important information about the teacher’s knowledge and relevant experience will be included.

· Effects of physical objective circumstances  The implementation of the computer tools is conditioned by diverse circumstances (technical, physical, subjective, etc.).

· Existing practices  These include the possible effects of the national curriculum, and of other institutionalised practices such as examinations.


Based on this pre-determined framework of issues the data for each of the teachers was assembled and key themes were identified. A first draft of the case study was drawn up.  These drafts were then checked in discussion between the two researchers, against the data, and were modified as necessary.  

A key difference between the case studies was in the way the teachers handled the tension between subject matter and computer experience.  Some teachers were clearly interested in using the computer to deliver the science content, some focused more on the experience the pupils would have with the informatic tool, and others were somewhere in between. Technical difficulties also made their presence felt in almost every case.  Both the computer and the informatic tool make lots of practical demands that have to be dealt with.  Interestingly, the way and the extent to which this was done differed quite a lot from teacher to teacher.

The research identified some factors which may influence the take-up of computer tools in science lessons.  These can be seen as being related to the teacher’s knowledge, experience and styles of teaching; to the tool’s curriculum implications; and to the context and culture of its use. The research also provided some indications about what may affect the successful use of a computer tool.  These are related to the users of the tool, to the tool itself, to the subject matter and to the context of its use.
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‘Electricity’ and ‘Forces and motion’ in the National Curriculum

The workshop includes computer models related to the topics ‘Electricity’ and ‘Forces and motion’. This briefing sheet includes extracts from sections of relevance to these aspects that appear in the National Curriculum for England for Key Stages 3 and 4

Source: DfEE/QCA (2000) The National Curriculum: Handbook for secondary teachers in England (Key stages 3 and 4).  London: HMSO.]]]

Key stage 3

Sc4 Physical processes: Electricity and magnetism

Circuits

1a)
how to design and construct series and parallel circuits, and how to measure current and voltage

1b)
that the current in a series circuit depends on the number of cells and the number and nature of other components and that current is not 'used up' by components

1c)
that energy is transferred from batteries and other sources to other components in electrical circuits

Sc4 Physical processes: Forces and motion

Force and linear motion

2a)
how to determine the speed of a moving object and to use the quantitative relationship between speed, distance and time

2b)
that the weight of an object on Earth is the result of the gravitational attraction between its mass and that of the Earth

2c)
that unbalanced forces change the speed or direction of movement of objects and that balanced forces produce no change in the movement of an object

2d)
ways in which frictional forces, including air resistance, affect motion [for example, streamlining cars, friction between tyre and road]

Force and rotation

2e)
that forces can cause objects to turn about a pivot

2f)
the principle of moments and its application to situations involving one pivot

Force and pressure

2g)
the quantitative relationship between force, area and pressure and its application [for example, the use of skis and snowboards, the effect of sharp blades, hydraulic brakes].

KS 4: double science

Sc4 Physical processes: Electricity

Circuits

1a)
that resistors are heated when charge flows through them

1b)
the qualitative effect of changing resistance on the current in a circuit

1c)
the quantitative relationship between resistance, voltage and current

1d)
how current varies with voltage in a range of devices [for example, resistors, filament bulbs, diodes, light dependent resistors (LDRs) and thermistors]

1e)
that voltage is the energy transferred per unit charge

1f)
the quantitative relationship between power, voltage and current

Sc4 Physical processes: Forces and motion

Force and acceleration

2a)
how distance, time and speed can be determined and represented graphically

2b)
about factors affecting vehicle stopping distances

2c)
the difference between speed and velocity

2d)
that acceleration is change in velocity per unit time

2e)
that balanced forces do not alter the velocity of a moving object

2f)
the quantitative relationship between force, mass and acceleration

2g)
that when two bodies interact, the forces they exert on each other are equal and opposite

Force and non-uniform motion

2h)
how the forces acting on falling objects change with velocity

2i)
why falling objects may reach a terminal velocity.

Briefing Sheet 5

Computer modelling: case-study commentary 

Activity H1 is concerned with case studies looking at the use of computer modelling in teaching science. Activity Resource 1 gives some information about the lessons of three teachers, Albert, Ivan and Stewart, each of whom is using a spreadsheet to teach about capacitor discharge.  In the STTIS report, there is some more detail about these case studies. There is also information in the STTIS report about further case studies and interviews, and a discussion of the findings. These points are summarised here.

Albert – ‘Medium becomes message’

There seem to be two main transformations in this case study.  First, we see Albert transforming the message into the medium.  He is conscious and explicit about it.  This transformation seems to be the product of both his sense of adventure and his sense of safety.  He clearly is doing something new he does not have to do, but which he believes in.  However, he does not want to take chances.  He knows from previous attempts that pupils are not competent enough using the computer, and he believes that their incompetence would get in the way.

So, he chooses a topic which he firmly believes that the pupils have understood very well: the charging and discharging of a capacitor.  He has done all the relevant practical work with them and he has also demonstrated a relevant ‘simulation’ to them.  He wants to use the ‘physics’ as a vehicle to get the pupils familiarised with the process of using a spreadsheet for modelling in science.  He also has some aims which are relevant with the modelling process itself, for example he wants them to understand how an iteration works.  On the other hand, any aims which are pertinent to the teaching of the relevant content knowledge, such as to learn to represent mathematically and/or graphically what is going on during a capacitor discharge, seem to be of less importance.

The second transformation discloses a discord between Albert’s rationale as just described and his practice, and seems to arise from the insecurity he admits about his knowledge of the subject content. As a result the process of modelling becomes a process of following steps and copying a set of formulae on to a spreadsheet.  As a further consequence, we believe that Albert only partially realised his goals.

Together with these two main more general transformations we see other smaller ones taking place. For example, in order to re-establish his control of how the lesson progresses at the start of the second lesson chooses to keep the pupils away from the computers when he explains to them how the model works.  The fact that the school provides computer laptops for the students makes it easier for Albert to control the class’s interaction with them without having to move the pupils to different purpose rooms.

The physics examination syllabus is always in Albert’s mind, but this does not seem to stop him from trying something ‘a little bit off’ it, since he believes that in the long term his venture will pay off.

Ivan – ‘Computer as a work-a-day routine’

Ivan is an experienced science teacher who uses IT as a work-a-day routine in a teaching programme where everyone is supposed to think about things and relate these things to other things.  For him the use of computer is not a special teaching strategy, and therefore he gives it a very casual treatment.

Ivan is also a keen user of computer modelling; he has used it for teaching physics for some thirteen years and he keeps looking for new software packages to use.  He is very aware and clear about the advantages the use of modelling may bring to pupils’ learning of physics.  These he seems to see as being accomplished over the longer term and he is not anxious to make them happen overnight.  So, in the actual lesson he did not push the big picture very much.  Within the span of an individual lesson his practice seemed not to conform with his rationale.  However, looking realistically at his rationale, it could only be consistent with his practice in the space of many lessons and not only one, and over this longer time scale his practice is consistent with his rationale.

His teaching style changed with the change of physical circumstances, that is when the pupils moved from the classroom to the computer room, and this is important to note.

The actual modelling task - modelling the discharge of a capacitor - is a popular one among science teachers.  The calculations involved are easy enough and the step-wise approach of the model gets the pupils to think about the nature of the change.  The teaching of this change used to be difficult and the use of computers has made it much easier.  Moreover, its knowledge is required by the standard examination syllabus.  Ivan is aware of all this but he does not make a big deal of it.

Ivan also knows that he is not a typical case in his school.  Most of the other science teachers do not use computers as much in their teaching.  He knows this and also that there are plenty of opportunities in the physics curriculum where the use of IT could be beneficial to the pupils.  He has, however, not pushed a lot the use of IT very much in his department; he has suggested uses for it, but has not overstressed it.

Stewart – ‘Flexible autonomous varaiation’

In what sense is Stewart making ‘transformations’?  He has (over many years) kept to a settled idea – even ‘ideology’ – of modelling as laying bare physical ideas in a transparent way.  It taught him a lot, and he believes it will do the same for students.

A spreadsheet is not of itself a tool whose designers had these kinds of intentions. But Stewart has accepted – and made his own – the intentions of those who promoted the use of modelling programs in teaching physics (when spreadsheets barely existed and had little of their present power).  Stewart is not fixed on the spreadsheet as the only tool: in the interview he describes several other modelling systems he has used or is investigating with a view to using them as well. 

The main kind of transformation he is involved in is what we might call ‘flexible autonomous variation’.  Stewart knows what he wants to achieve, and his practice is consistent with his rationale.  Nevertheless, within that framework he is constantly experimenting with new ways of doing things.  Sometimes this is to deal with a problem he has found in the past.  Sometimes it is “just to see how it would work”.  It is in that sense that we want to call his transforming activity ‘autonomous’.  By ‘flexible’ we mean to indicate that Stewart is willing and able to modify his lessons as they develop, shifting the emphasis as the situation seems to him to demand, whilst keeping a clear goal in sight. 

Moreover, he seems to realise his goals; the students were engaged with modelling much as Stewart hoped and expected.  There is good such evidence, in how they confidently and correctly describe their models, in how they debate with one another about what the models mean and why a model may be wrong or how it could be improved, and in how they are led to ask and attempt to answer a number of interesting and important questions.

It is important to remember that Stewart (and his colleagues) are working in a curriculum framework which does not include modelling as a necessary feature.  So Stewart is also transforming the intentions of the curriculum and examination designers, which are largely concerned with conceptual understanding in physics, by assimilating them to the modelling ‘ideology’ he has accepted.  So he is involved in a transformation one might call ‘ideological re-direction’ of aims; of changing how to approach achieving an aim, in function of an ideology.

We have little doubt that the key to understanding Stewart’s autonomous flexibility is his long history of experience, based on an initial commitment.  No doubt good conditions have helped.  They may not even be necessary, though in most cases they probably are.  But they are not sufficient.
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Dimensions of analysis

Activity Resource 2 gives a summary of the analysis of the STTIS research about the factors that affect transformations of curriculum innovation. In the analysis, three broad dimensions are discussed.

· The relationship to accepted subject content

· Teachers’ convictions (beliefs about learning, and values)

· Teachers’ habitual practices, and those expected of them (contexts, customs and constraints)

This sheet reproduces the material in Activity Resource 2, giving examples (in boxes) of these factors related to the computer modelling case studies.

The relationship to accepted subject content

An important issue is teachers’ concern for the match of an innovation to existing syllabus content. This is especially true in the cases where the ‘up-take’ of an innovation is optional. The innovation is easier to accept when the content-distance between the ‘new’ and ‘old’ knowledge is rather small. Moreover, innovations are easier to accept if they address:

· Curriculum areas not presently taught but which teachers would value. (Note that in many systems this would involve the development of new curricula so that work on these new areas would not be seen as distracting from the syllabus content).

· Those curriculum areas currently taught but where teachers believe that present methods are ineffective. Experimentation is more likely to be viewed as reasonable if what exists is felt not to be good.

How may the ‘new’ be seen in relation to the ‘old’. The following two kinds of transformation were observed in the research:

‘New’ is considered as an add-on to the ‘old’. The innovation is ‘added to’ rather than ‘substituted for’ something else. In this case, certain ideas of the innovation are included, but the adoption of the general framework of the innovation is ignored or deferred and thus possible contradictions between the new and the old are ignored.  There is a good deal of switching between using the innovation and not using it depending on the context. ‘Old’ and familiar contexts attract ‘old’ and familiar strategies.

It was rare for computational modelling itself to be seen as something important to learn. Again, its job was seen as to serve other ends, usually to communicate or reinforce theoretical ideas ‘better than’ or in addition to more traditional blackboard presentations of theory. In some respects, this general perception of the computer as facilitating other learning is a kind of transformation. A tool with new potential for things to learn is confined to a role of the servant of the usual.

For example, in one case study, a computer simulation was used to teach alpha particle scattering. The activity was demoted by being left until after the end of the teaching of the topic.  It was seen not as essential for learning, but as a supplementary activity which could facilitate the answering of exam questions.  It was moreover used in the same way in the lesson; the computer simulation was portrayed as nothing more than a modern version of the mechanical gravitational analogue.

The ‘new’ becomes like the ‘old’. Teachers transform the use of an innovation to one as close as possible to a more traditional structure of content. The existing framework remains unchanged, and the new ideas are adapted so that they may be accommodated within it. 

The teacher’s perception of the degree to which an innovation ‘fits’ the required subject content is critical to its acceptance. If the fit is not good enough, the use of the innovation will be transformed to make the fit closer. Where the innovation carries with it both a new ‘tool’ and new subject matter, and the latter is too far from what a teacher expects or understands, both are likely to be transformed. But against this, there are some successful ‘curriculum packages’ which put together new tools, contents and practices in a convincing way. 

Teachers’ convictions (beliefs about learning, and values)

It is striking that, when asked, most of the teachers in the case studies express strong convictions and beliefs about what should be taught in the classroom, and about what can facilitate learning and engage students. It seems that teachers develop strong views, on which they act, and any proposal which runs counter to those views is unlikely to succeed. In consequence any proposal for the use of an innovation is likely to meet objections on the grounds of some conviction, which will have to be overcome if the proposal is to succeed. Some characteristic kinds of conviction are:

Convictions about goals for students: Teachers, as one would expect, have strong views about what ideas can be taught with a particular age of pupils. It was not the case that all teachers agreed about what would be easier or more appropriate with a particular age of pupils; nevertheless, they seemed to repeatedly appeal to this notion of easiness or appropriateness for their students, when they talked about using a particular approach. 

Teachers’ convictions about what would be the most desirable outcome for their pupils from the use of a particular tool played a very important role, since computer tools can be (potentially) seen as merely tools to increase the pupils’ motivation for and involvement in learning.

Convictions about time: The notion of time, whether this was preparation time for the teachers, preparation time for the pupils, or teaching time that an innovation would require, was an important consideration for the teachers. This played an important role when the implementation of an innovation was considered optional by the teachers.

Teachers’ expectations concerning time investment required were not particularly uniform, since many of them were driven by the rhetoric that computers save teaching time. This rhetoric however does not appear to survive experience of using computers in teaching, since often it is based only on the processing capabilities of computers, and overlooks the time needed to discuss results, trace errors in a model, and manage equipment.

Teachers’ habitual practices, and those expected of them (contexts, customs and constraints)

Every case study shows a teacher trying to achieve a fit between the use of the innovation, and the habitual classroom practices with which that teacher and his or her class are familiar. 

Old resources and practices: Where the innovation itself was not accompanied by detailed guidelines or teaching material to use, the intentions of the innovation were liable not to survive into the actual teaching event when they were in conflict with or marginal to the teacher’s practices. 

Integration of the innovation into the teaching process: The extent to which an innovation is integrated with other teaching materials varies widely. Innovation may be isolated from the curriculum, and may happen as single’ one-off’ lessons. On the other hand, innovations may be integrated cautiously, through small-scale integration of new ideas into old materials.

Different degrees of integration of the computer tools into the teaching process were observed in the research. There were the ‘one-off’ events: the teacher had decided to use a certain tool, and constructed a single lesson around it. In other case studies, the use of a computer tool was integrated within a lesson sequence planned by the teacher, and in certain cases, within the use made of computer tools elsewhere in the school. Within a single lesson, on the other hand, some case studies showed teachers (often rather experienced ones), integrating use of computer tools with other activities, within an overall guiding plan. There are examples of modelling activities, integrated with laboratory work and problem solving; even of real interplay between modelling and experiment as when a student was challenged to decide between his (correct) model and some (wrong) experimental results he had obtained, leaving an open question as to which was right. Finally, some teachers saw it as necessary to integrate the use of computer tools into a coherent sequence of teaching across several lessons. 

Examinations and syllabus requirements: It seems to be of paramount importance that teachers perceive the innovation as addressing or helping towards fulfilling the examination syllabus requirements. 

Almost all the teachers observed and interviewed made a reference to the examination syllabus and attempted to link it with the use of the computer in the classroom. For example, though one teacher always had the syllabus in mind, this did not stop him from trying something ‘a little bit off’ it, since he believed that in the long term his venture would pay off. For another teacher, the justification for using a particular simulation lay in the conviction that it covered part of the examination syllabus and that it potentially covered it a little better than the standard textbook, in the sense of helping the pupils to answer more of the exam questions better.
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Summary of research on teachers’ transformations

An important point to bear in mind is that the teachers who took part in this research into the use of computer modelling were not representative. Computer modelling is not something that you are likely to find happening in a typical science lesson in an English secondary school. So the case studies should be seen as giving a picture of what is possible, but not of what happens on average.

Variation was expected in how the teachers incorporated the use of computers in their teaching and was indeed detected in the case studies. It mattered a great deal what teachers believed of themselves, who they were, what they could do and how they related to other people, all of which differed from teacher to teacher.  Knowing about the school in which the case study took place also was important. As well as differing provision of resources, differences in ethos determined in many cases the expectations both the teacher and the pupils had of each other, and thus of their interaction with the tool.

Concerning the provision of computers and informatic tools, it has not stopped being an issue for schools.  Even in the schools we visited, which on the whole had an acceptable level of provision, the lessons we observed were unquestionably adapted to it, though not heavily constrained by it.

Technical difficulties made their presence felt in almost every case.  Both the computer and the informatic tool make lots of practical demands that will have to be dealt with.  Interestingly, the way and the extent to which this was done differed quite a lot from teacher to teacher.

The most significant difference however, among the case studies was in the way the teachers handled the tension between subject matter and computer experience.  Some teachers were clearly interested in using the computer to deliver the science content, some focused more on the experience the pupils would have with the informatic tool, and others were somewhere in between.

Overall, we can say that the use of computers in the science classroom still stands out, that is, it is not fully naturalised or blended into the scenery.  It has not stopped being an option for the teacher, who consequently has to have reasons to justify it.  Still, however, it is not completely innovatory either, and there seems to be an increasing pressure for teachers to incorporate it in their teaching.

The research identified some factors which may influence the take-up of computer tools in science lessons.  These can be seen as being related to the teacher’s knowledge, experience and styles of teaching; to the tool’s curriculum implications; and to the context and culture of its use. These factors are listed in Table 1.

In addition, the research provided some indications about what may affect the successful use of a computer tool.  These indications point to issues which are related to the users of the tool, that is the teacher and the pupils; to issues specific to the tool; to others specific to the subject matter to be taught with the aid of the tool; and finally to those related to the context of its use, that is the physical objective circumstances surrounding its use. These factors are listed in Table 2.

The factors identified above are not by any means the only ones that may influence the take-up of a computer tool and its successful use in the science classroom; they however give us some indication of the areas which are important to consider in this discussion.

Table 1: Factors influencing the take-up of computer tools in science lessons

Teacher’s knowledge, experience and styles of teaching

· Experience with specific tool, kind or family of tool.

· Familiarity with tool’s use. Uses more familiar to science teachers, such as use of computer for generation and analysis of data collected through experiments are more likely taken-up.

Tool’s curriculum implications

· A place for the use of the tool in the teaching of the subject matter.

· The right opportunity in the scheme of work.

· The computer and tool doing what teacher wants or expects them to.

· The computer and tool facilitating and improving the teaching of the subject matter. 

· The computer and tool contributing to success in exams.

· Time considerations.

Context and culture

· Access to computers, e.g. access to network rooms.

· Access to software.

· Quality and reliability of computer and tool.

· Computer and software compatibility.

· Suitability of software for educational purposes and appropriateness for particular age group.

· Disposition of teacher.

· Teacher feelings of competence and/or self-confidence.

· Teacher’s professional aspirations.

· IT as a motivational incentive for pupils to learn.

Table 2: Factors affecting the successful use of computer tools

Issues related to the teacher

· Careful adaptive planning of lesson.

· Flexibility of teaching approaches.

· Teacher’s commitment to the use of the computer tool.

· Teacher’s knowledge of tool’s limitations and consequences.

· Teacher’s knowledge of subject matter.

· Teacher has thought about and internalised the goals of teaching using the computer tool.

Issues related to the pupils

· Pupils’ motivation and attitude towards the use of computers for learning.

· Pupils’ competence with computer and tool.

Issues specific to the tool

· Abstraction involved in mathematical modelling.

· Translation of mathematical formulae into computing instructions, in spreadsheets.

· Interface problems.

Issues specific to the subject matter

· Difficulties involved in learning the particular ideas.

Issues related to physical objective circumstances

· Individual access to computers.

· Change of physical circumstances: classroom versus computer room.

· Quality and reliability of computer and tool.

Science Teacher Training in an Information Society

(STTIS)

Teacher Workshop (UK)

Computer modelling

Activities for Workshop 1 (Sections A – G)

Teachers’ Workshop 1

Introduction

This first workshop is designed to help you to plan and teach a trial lesson using a computer simulation or model. In a second workshop you will evaluate this trial lesson, drawing on research findings, and plan further work. To support you in planning the trial lesson, in this workshop you will: 

· review your current practice on the use of computer simulations and models;

· learn more about the curriculum innovation;

· review some of the research findings through 'stories' about teachers' implementation of the innovation;

· plan a trial lesson that takes account of the aspects above.

For more details about the rationale behind the workshop, look at the section on Aims. If you want to see a list of all the activities in the workshop, go to the Activities section, from where you can also download Word files of the activities.

Aims

The main aims of the activities are:

Section A: Exploring current practice

· To review how computer simulations and models are used in your existing science curriculum.

· To evaluate your existing use of computer simulations and models.

· To identify particular areas of existing teaching that you would like to address.

Section B: Learning about the innovation

· To learn how to use the dynamic nature of a spreadsheet to explore the effects of changing variables in simple relationships and how these can be represented graphically.

· To learn how spreadsheets can be used to explore the behaviour of more complex relationships involving power laws and several variables

· To learn how a spreadsheet can be used to model situations that evolve over time through iteration.

· To consider the usefulness of these models in teaching and learning

Sections C, D, E and F: Transformations of curriculum innovations

· To compare different ways in which teachers may transform the use of computer simulations and models.

· To explore factors that may influence the transformations.

· To consider these issues in the light of your own teaching experience.

Section G: Planning

· To plan, teach and evaluate a lesson drawing on the new ideas introduced in these workshop materials. 

· To prepare for the next workshop session by reading case-study material.

Activities

This is a list of all the activities in the first workshop. If you want to browse through the activities, then you can view these documents directly as web pages. If you wish to do the activities, in most cases you will find it easier to download the documents as Word files.

Section A  Exploring current practice
Activity A1: Auditing current practice
Activity A2: Evaluating current practice

Section B  Learning about the innovation
Activity B1:  Thinking qualitatively and quantitatively
Activity B2:  Using graphs 
Activity B3:  Beyond linear relationships
Activity B4:  Dealing with several variables 
Activity B5:  Iteration 

Section C  Transformations: content
Activity C1: Computer modelling and subject knowledge

Section D  Transformations: beliefs about learning
Activity D1: Computer modelling and learning

Section E  Transformations: values
Activity E1: Computer modelling and values

Section F  Transformations: contexts, customs and constraints
Activity F1: Computer modelling and constraints

Section G  Planning
Activity G1: Using the new ideas

Section A  Exploring current practice

Computer modelling and simulations are beginning to be used more in science in schools, but their use is not widespread. Most teachers have used them only occasionally if at all. In this section, you will review and evaluate how computer models and simulations are used in your existing teaching, and identify particular areas that you would like to address. In considering how you might introduce new ideas into the curriculum, it is clearly important to consider what is already there. 

It may be possible simply to add a new approach to existing approaches, though it may be, for example, that an existing approach needs to be modified to allow a new approach to be incorporated. Before looking at some ideas about computer modelling that may be new to you, it is helpful to look at problems with existing approaches. The new ideas may or may not address the problems that you identify, but by defining your own agenda, it will help to put the new ideas in perspective.

The activities in this section are: 

· Activity A1: Auditing current practice

· Activity A2: Evaluating current practice

Section B  Learning about the innovation

The activities in this section are intended to help you learn more about computer modelling and simulation. There are basically three kinds of software that you can use for computer modelling in schools:

· Simulations that have been written to model specific phenomena;

· Modelling programs that can be used to construct a wide variety of models

· Generic software tools, in particular spreadsheets.

In this section, you will be looking at the last of these types of software, and exploring how spreadsheets can be used for computer modelling in science. In each of the activities, there are examples of models related to two topics: ‘Forces and motion’ and ‘Electricity’. In the sequence of activities in this section, there is also progression in the conceptual demands and in the complexity of the computer modelling ideas. 

The activities in this section are: 

· Activity B1  Thinking qualitatively and quantitatively

· Activity B2  Using graphs

· Activity B3  Beyond linear relationships 

· Activity B4  Dealing with several variables

· Activity B5  Iteration

Section C  Transformations: content

This is the first of four sections which looks at the transformations made by teachers of curriculum innovations, and the factors affecting these. This section looks at the relationship of computer modelling to subject content, through the use of stories based on research into the work of teachers implementing this innovation. How do teachers see the role of computer modelling and simulation in relation to their existing practice? How does it relate to the subject knowledge of science? Is it another kind of practical work or is it something different altogether? What kinds of things are being taught about science and about computers when simulations are used?

The activity in this section is: 

· Activity C1: Computer modelling and subject knowledge

Section D  Transformations: beliefs about learning

This section continues with the use of ‘stories’ about teachers’ transformations based on research. The focus here is on exploring factors related to teachers’ beliefs about learning. When teachers were asked how they approached computer modelling, and their reasons for it, they had strong views about how pupils could be supported in their learning. What are pupils learning when they use a simulation? Are the technical skills required to use a simulation or create a model to be seen as a hurdle or a benefit? How is motivation affected and what is the relationship with learning? Do pupils learn more from running a model or from creating their own?

The activity in this section is: 

· Activity D1: Computer modelling and learning

Section E  Transformations: values

Our actions are guided by what we see as important and what we value. This section looks at the factors related to personal values that may influence teachers’ transformations of the innovations. Again, the issues are addressed through the use of ‘stories’ based on results of the research. When teachers described their work on computer modelling, they referred to personal values about what should be in the curriculum and how it should be taught in the classroom. What kinds of experiences should pupils have in learning science and what kinds of understandings about science do we want them to have? Can computers distort pupils’ images of science? Should computers be seen as a tool for learning science or should they be seen as a part of science itself?

The activity in this section is: 

· Activity E1: Computer modelling and values

Section F  Transformations: contexts, customs and constraints

This is the final section which looks at the transformations made by teachers and the factors affecting these. The activities in this section focus on the way in which innovations are constrained by the contexts within which teachers work and their customary practices. 

Even when teachers were committed to the use of computer modelling, it might not always have been easy to implement it because of the particular contexts within which they worked. What are the times pressures in the existing curriculum, and do computers save time or do they need additional time? How does the distribution of hardware in a school or department influence the ways in which computer modelling can be integrated into the curriculum? How does computer modelling change the role of the teacher? How do teachers’ understanding and experience with computer modelling affect the way that they use it?

The activity in this section is: 

· Activity F1: Computer modelling and constraints

Section G: Planning

In this section, you will use some of the ideas that you have learned in the earlier activities to plan, teach and evaluate a lesson. In planning and evaluating your lesson, you will be thinking about the ‘stories of transformations’ and how these relate to your own practice. In this way, you can consider how your choices have been influenced by factors such as subject content, your beliefs about learning, your values, and by customary practices and constraints.

In the next workshop, you will be discussing the planning and evaluation of this lesson, and drawing on this experience for a more detailed study of the case studies and findings of the research work.

The activity in this section is: 

· Activity G1: Using the new ideas

Section A  Exploring current practice
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Activity A1  Auditing current practice

Aims

· To review how computer simulations and models are used in your existing science curriculum.

Background

Computer modelling and simulations are beginning to be used more in science in schools, but their use is not widespread. Most teachers have used them only occasionally if at all. However, in considering how you might introduce new ideas into the curriculum, it is clearly important to consider what is already there. It may be possible simply to add a new approach to existing approaches, though it may be, for example, that an existing approach needs to be modified to allow a new approach to be incorporated. In this activity you will review how computers in general are used in your existing teaching, and in particular the role of computer models and simulations. 

What to do

1. Look at your schemes of work and identify where ICT is included. What kinds of uses do you make of computers (datalogging, simulations, CD-ROMs for reference material, and so on)? Which are most common?

2.  Are computers being used in others ways which are not included on the schemes of work? Is there a lot of scope for individual initiative? Do different people use ICT to different extents?

3.  How would you judge your hardware resources? Is your main provision in science laboratories or in computer suites? 

4.  What software resources do you have that can be used for computer modelling and simulation? 

5.  What sources of ideas do you have for using or creating computer models and simulations (for example, books of examples of how to build models on spreadsheets)?

Section A  Exploring current practice
Page 1 of 1

Activity A2  Evaluating current practice

Aims

· To evaluate your existing use of computer simulations and models.

· To identify particular areas of existing teaching that you would like to address.

Background

You may have already identified aspects of using computer models and simulations that you think are problematic, and that you would like to try to address. This activity may help to clarify these and to identify others. Before looking at some ideas about computer modelling that may be new to you, it is helpful to look at problems with existing approaches. The new ideas may or may not address the problems that you identify, but by defining your own agenda, it will help to put the new ideas in perspective.

What to do

1.  Working as a group, identify those aspects of your existing use of computer models and simulations that work well.

2.  Now try to identify as many problems as you can in using computer models. These may relate to a number of factors, for example:

· pupils’ lack of competence in using computers;

· lack of suitable hardware or software resources;

· constraints in the nature of the curriculum that make it difficult to introduce simulations;

· your own lack of experience of using computer in general or computer simulations in particular.

3.  From your group’s list, choose one or two that you as an individual consider to be the key difficulties.

Section B  Learning about the innovation
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Activity B1  Thinking qualitatively and quantitatively

Aims

· To learn how to use the dynamic nature of a spreadsheet to explore the effects of changing variables in simple relationships.

· To consider the usefulness of these models in teaching and learning.

Background

In this activity you will look at some simple spreadsheets, which can be used for exploring the behaviour of relationships involving three variables. The models are put forward as possible resources which could be used in the classroom, though they are not intended to be exemplary. Indeed, you are encourage to think about how they could be adapted and improved.

For this activity you will need the spreadsheet files ‘models1a’ and ‘models1b’. Each model is on a different sheet in the spreadsheet workbooks. There are notes on each model - point to the first cell to display the comment. 

What to do

1.  Model 1a.1 is just about the simplest spreadsheet model you could have. It calculates the speed of a journey by dividing the contents of the cell with the ‘distance’ value by the contents of the cell with the ‘time’ value. The current values are 100 km and 2 hours. What will happen to the speed if you make the distance bigger? Will it get bigger or smaller? What will happen to the speed if you make the time bigger? Try these out on the spreadsheet and see what happens. Here we are thinking qualitatively about the nature of the relationship.

Of course it is also possible to think quantitatively about the relationship. What would happen to the speed if you doubled the distance? What would happen to the speed if you doubled the time? Try these changes.

When you make a change, all the original values change. In order to compare the effects of making a change, it may be useful to be able to see the original values as well as the new ones. Look at Model 1a.2, which is similar to Model 1a.1, except there are three different columns which do the same calculation.

2. In a spreadsheet model, a relationship is expressed between variables, but the order of the calculation is fixed. In the above models you can use the relationship between distance time and speed to calculate speed but not the other two. In order to do this, different formulae would need to be written. This is illustrated in Model 1a.3.

3. Model 1b.1 is about components in an electric circuit. With it you can explore the qualitative effects on the current of changing the numbers of cells or the number of lamps in the circuit. What happens to the current if you increase the number of cells? What happens to the current if you increase the number of lamps? Try this out. As in the models involving speed, you can also think quantitatively about the effects of the changes. (Model 1b.2 is similar, but with three identical columns in order to make comparisons more easily.)

4. In the previous models you could change the numbers of components. In Model 1b.3 you can change the type of components. You can enter L or H corresponding to low or high power lamps. What is the effect on the current of using higher power lamps? In this model you can only explore effects qualitatively (the formulae used to make the calculations are more complex).

5.  Do you think that these models are useful in the classroom? What age pupils do you think that they are suitable for? How would you integrate these activities into your existing teaching? Can you think of any improvements that you would like to make to these models? 
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Activity B1  Thinking qualitatively and quantitatively (cont.)

Force and motion

Model 1a.1

In this model, you can calculate the speed of a journey from the distance and time. 

Note that you can only change the values in the boxes. All the other cells are locked. 

[image: image1.wmf]Model 1a.1

Speed of a journey

Distance (km)

100

Time (h)

2

Speed (km/h)

50




Model 1a.2

This model is similar to Model 1a.1. You can calculate the speed of a journey from the distance and time. There are three columns for doing separate calculations so that you can compare the results.
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Model 1a.3

In Models 1a.1 and 1a.2, you could only calculate the speed knowing the distance and time. Here, you can calculate any one of the three variables (speed, distance or time) if you know the values of the other two.

Note that the units used in this model are metres and seconds. These are the conventional units that will be used in the later models.
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Activity B1  Thinking qualitatively and quantitatively (cont.)

Electricity

Model 1b.1

In this model, you can calculate the current flowing in a series circuit. To start with, the model calculates the current in a circuit with two cells and to lamps. You can change the number of cells and lamps.

Note that you can only change the values in the boxes. All the other cells are locked. 
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Model 1b.2

This model is similar to Model 1b.1. You can calculate the current in a series circuit from the numbers of cells and lamps. There are three columns for doing separate calculations so that you can compare the results.

See next page for model.
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Activity B1  Thinking qualitatively and quantitatively (cont.)

Electricity
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Model 1b.3

In this model, the numbers of components (cells and lamps) are fixed. However, you can change the type of lamp in a circuit and see the effect on the current. Enter L for a low power lamp or H for a high power lamp. 
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Activity B2  Using graphs

Aims

· To learn how to use the dynamic nature of a spreadsheet to explore the effects of changing variables on graphical representations of relationships.

· To consider the usefulness of these models in teaching and learning.

Background

In the previous activity, you saw how spreadsheets can be powerful because of their dynamic nature. You can change one value and other values will update dynamically on screen. Spreadsheets have a particular value in helping to answer ‘what if?’ questions. This dynamic nature is not limited just to values in cells, since the values can also be linked to graphical representation.

For this activity you will need the spreadsheet files ‘models2a’ and ‘models2b’. Each model is on a different sheet in the spreadsheet workbooks. There are notes on each model - point to the first cell to display the comment. 

What to do

1.  Model 2.a1 is concerned with velocity-time graphs and distance-time graphs. In interpreting these graphs, it useful for pupils to be able to explain in words what is being shown. For example, the initial values shown represent an object moving at 20 m s-1 for 10 seconds, then slowing down to 5 m s-1 for 5 seconds before going back up to the original velocity of 20 m s-1 for another 10 seconds

How would you change the values on the sheet so that the line on the velocity-time graph remains horizontal? Predict what you would expect the distance-time graph to look like. Try it out.

What values would you need to enter so that the velocity-time graph looked the opposite of the one shown, i.e. so that the lines at the beginning and end were low and the one in the middle was high? How would this be described in words? What would you expect the distance-time graph to look like? Try it.

How could you make the slope of the distance-time graph increase in each stage? Try it.

2.  In Model 2b.1 you can plot a graph of V against I in a circuit with a resistance R (Ohm’s Law). What kind of relationship would you predict? Enter values for V in the first column, and look at the shape of the emerging graph.

Model 2b.2 is essentially the same except that there are two columns in which you can calculate the current for different values of the resistance. What effect do you think that changing the resistance would have on the shape of the graph? Enter some values of V and then change one of the R values to test this out.

3.  Do you think that these models are useful in the classroom? What age pupils do you think that they are suitable for?

4.  How would you integrate these activities into your existing teaching? Would you use these models before you did practical work, after you did practical work or instead of practical work? Can you think of any improvements that you would like to make to these models?

5.  If you have a basic competence in using a spreadsheet, then you could try constructing some of the examples you have seen. Models 1a.1, 1a.2, 1a.3, 2b.1 and 2b.2 are good staring points. Do you think it would be useful for pupils to construct these kinds of model?
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Activity B2  Using graphs (cont.)

Force and motion

Model 2a.1

In this model, you can plot a velocity-time graph and a distance-time graph for a journey in three parts. You can enter the velocity and duration for each stage of the journey, and the computer calculates the distance of each stage.
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Activity B2  Using graphs (cont.)

Electricity

Model 2b.1

In this model, you can plot a graph of V against I in a circuit with a resistance R (Ohm’s Law). You can enter values of V in the first column, and the computer will calculate the value of I in the second column and plot points on a graph so that you can see the pattern. You can also change the value of the resistance. 

[image: image8.wmf]Model 2b.1

Ohm's Law

R (ohms)

100

V (volts)

I (amps)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

I (amps)

V (volts)


Model 2b.2

This model is similar to Model 2b.1, which plots a graph of V against I in a circuit. In this model, there are two columns for different values of the resistance so that you can compare the effects of changing the resistance. The graph plots two sets of points with different colours corresponding to the two resistances. 
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Activity B3  Beyond linear relationships

Aims

· To learn how spreadsheets can be used to explore the behaviour of more complex relationships involving power laws.

· To consider the usefulness of these models in teaching and learning.

Background

In all of the earlier models, the relationships were linear. One variable was either directly proportional or inversely proportional to another. In other words, if one variable is doubled, the other would either double (directly proportional) or halve (inversely proportional). In these models there are relationships in which one variable is proportional to the square of another.

For this activity you will need the spreadsheet files ‘models3a’ and ‘models3b’. Each model is on a different sheet in the spreadsheet workbooks. There are notes on each model - point to the first cell to display the comment. 

What to do

1.  Model 3a.1 shows the behaviour of an object with constant acceleration, in which you can change the values of the initial velocity and acceleration. Velocity-time and distance-time graphs are displayed. For each change below, predict what would happen to the shape of each graph and then try out you predictions by changing the values on the spreadsheet:

· Increase acceleration to 2 m s-2 (on the spreadsheet this is written as m/s/s because it is not possible to use superscripts within a cell on a spreadsheet).

· Increase acceleration to 3 m s-2.

· Change initial velocity to 10 m s-1 with an acceleration of 1 m s-2.

· Keep initial velocity as 10 m s-1, and change acceleration to zero.

2.  On Model 3a.2, the scales of the axes adjust automatically in order to plot the range of calculated values. The disadvantage of this is that it is not easy to compare the relative sizes of the vales, but it does mean that you can explore a wider range of values, including negative values. 

Starting with an initial velocity of 10 m s-1, predict what you think will happen with a negative acceleration. Try out values of -1, -2, -3 m s-2.

3.  Models 3b.1 and 3b.2 are concerned with the power output of series circuits containing one and two lamps respectively. For Model 3b.1, what effect do you think changing V would have on the power output? What effect would changing R have? For Model 3b.2, what is the effect of changing one of the resistances on the total power output and the output of each lamp?

4.  Do you think that these models are useful in the classroom? What age pupils do you think that they are suitable for? How would you integrate these activities into your existing teaching? Can you think of any improvements that you would like to make to these models?

5.  Do you think it would be useful for pupils to construct these kinds of model? Would it be useful for them to copy a model that had already been constructed? Or would you expect them to be able to contribute to the design of the model themselves?
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Activity B3  Beyond linear relationships (cont.)

Force and motion

Model 3a.1

In this model, you can plot a velocity-time graph and a distance-time graph for an object with a constant acceleration. There are two variables that you can change: the initial velocity of the object and the acceleration. 

The velocity is calculated from the formula v = u + at, and the distance travelled is calculated from the formula s = (u + v) t / 2.

The scales of the axes on the graphs are fixed. This allows you to compare the relative sizes of the velocity and distance as you change the variables.
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Model 3a.2

This model is identical to Model 3a.1, with the exception that the scales of the axes automatically adjust in order to plot the range of calculated values. This means that you can explore a wider range of values than in the previous model, including negative values.

(Model not shown here.)
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Activity B3  Beyond linear relationships (cont.)

Electricity

Model 3b.1

This model calculates the power output (watts) in a circuit from the values of V (volts) and R (ohms). It does this by first working out the current from the formula: 
       I = V / R
and then working out the power from the formula: 
       P = V I
Another way of working out the power would be directly from the formula: 
       P = V2 R
The cells are duplicated so that different values for the variables can be entered and the results compared. 
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Activity B3  Beyond linear relationships (cont.)

Electricity

Model 3b.2

In this model, the power output is calculated separately for two components in a series circuit. It does this by calculating the voltage drop across each of the components and the current through each component, and then finding the power from the formula: 
P = V I
The cells are duplicated so that different vales for the variables can be entered and the results compared. 
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Activity B4  Dealing with several variables

Aims

· To learn how a spreadsheet can be used to explore more complex relationships in which there are several variables.

· To consider the usefulness of these models in teaching and learning.

Background

In the first activity, you looked at models of simple relationships involving three variables, one of which was calculated from the other two. The models in this activity involve many variables. They each have three or four independent variables, and a number of dependent variables. This means that pupils would need to be systematic in the way in which they explore and interpret the behaviour of such models.

For this activity you will need the spreadsheet files ‘models4a’ and ‘models4b’. Each model is on a different sheet in the spreadsheet workbooks. There are notes on each model - point to the first cell to display the comment. 

What to do

1.  Model 4a.1 represents the behaviour of an object that is acted on by a constant force. Since both F and m are constants in this model, and a = F /m , then a is constant, and this model is similar to Model 3a.1 which shows the behaviour of an object with a constant acceleration. What effect would you predict on the graphs of changing the mass? What effect would you predict of changing the force?

2.  Model 4a.2 is similar to the previous model, except that it represents an object being acted on by two opposite forces. What effects would you predict on the graphs of changing the mass, the initial velocity, and the two forces? What would you expect to happen if the two forces were equal to each other?

3.  Model 4b.1 is concerned with the power output of a circuit containing three lamps, two of which are in parallel. What effect do you think changing V would have on the power output of each lamp and on the total power output? What effect would you predict on the total power output and the output of each lamp if one of the resistances was changed?

4.  Do you think that these models are useful in the classroom? What age pupils do you think that they are suitable for? How would you integrate these activities into your existing teaching? Can you think of any improvements that you would like to make to these models?
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Activity B4  Dealing with several variables (cont.)

Force and motion

Model 4a.1

In this model, you can explore the behaviour of an object that is acted on by a constant force. You can change the values of the mass of the object, its initial velocity and the force acting on it. The model calculates the acceleration and plots a velocity-time graph and a distance-time graph.

Since both F and m are constants in this model, and a = F /m , then a is constant, and this model is similar to Model 3a.1 which shows the behaviour of an object with a constant acceleration.
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Activity B4  Dealing with several variables (cont.)

Force and motion

Model 4a.2

This model shows the behaviour of an object that is acted on by a two opposite forces. You can change the values of the mass of the object, its initial velocity and the magnitude of each force acting on it. If the values of the two forces are equal, then there is no resultant force on the object, so the acceleration is zero and the object continues with its initial velocity.
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Activity B4  Dealing with several variables (cont.)

Electricity

Model 4b.1

In this model, there are three components, two of which are in parallel, and the power output is calculated separately for each of them. As for the series circuit in Model 3b.2, it does this by calculating the voltage drop across each of the components and the current through each component, and then finding the power from the formula:
       P = V I
The cells are duplicated so that different vales for the variables can be entered and the results compared. 
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Activity B5  Iteration

Aims

· To learn how a spreadsheet can be used to model situations that evolve over time through iteration.

· To consider the usefulness of these models in teaching and learning.

Background

The models in this activity are iterative models. They are concerned with processes that evolve over time, and when these models are run, each variable is successively calculated from the values of the variables in the preceding time interval. The advantage of this numerical technique is that it makes it easier to construct models of situations that would be difficult, or even impossible, to represent analytically.

For this activity you will need the spreadsheet files ‘models5a’ and ‘models5b’. There are notes on each model - point to the first cell to display the comment. 

What to do

1.  Model 5a.1 shows the behaviour of an object falling in air. Before looking at the model, it would be useful to read the notes that accompany it. Explore the effects on the shape of the graph of changing the initial velocity, the mass, the drag factor and the acceleration due to gravity.

It is also interesting to explore the effects of changing the value of the time interval of the iteration. This leads to effects that are related to the method of calculation rather than to the actual behaviour of the physical system.

2.  Model 5b.1 shows the exponential decay of a capacitor discharging. Before looking at the model, it would be useful to read the notes that accompany it. Explore the effects on the shape of the graph of changing the capacitance, the potential and the resistance. Again it is interesting to explore the effects of changing the value of the time interval.

3.  Do you think that these models are useful in the classroom? How would you integrate these activities into your existing teaching? Would you use these models before you did practical work, after you did practical work or instead of practical work? Can you think of any improvements that you would like to make to these models?

4.  If you are competent in using a spreadsheet, then you could try to see how these iterative models have been constructed and to attempt to create one yourself. Do you think it would be useful for pupils to construct these kinds of model? Would it be useful for them to copy a model that had already been constructed? Or would you expect them to be able to contribute to the design of the model themselves?

Section B  Learning about the innovation
Page 2 of 3

Activity B5  Iteration (cont.)

Force and motion

Model 5a.1

This is an iterative model, which shows the behaviour of an object falling in air. When falling, the object is subject to two forces – the weight of the object acting downwards and the air resistance acting upwards. The air resistance is proportional to the square of the velocity. When the air resistance is equal to the weight of the object, then the resultant force is zero, and the velocity of the object reaches a constant value.

In the model, the sequence of calculations is as follows:
  -  velocity is calculated from current velocity and acceleration
  -  air resistance is calculated from the velocity and the drag factor
  -  resultant force is calculated from air resistance and weight
  -  acceleration is calculated from resultant force and mass
The sequence then repeats, calculating the velocity in the next time interval.

In addition to the variables related to the system itself (initial velocity, mass, drag factor, acceleration due to gravity) you can change the time increment (Dt) which is used in the iteration. The value of this needs to be chosen appropriately. If it is too small, then there will be insufficient change in the values in each iteration. If it is too large, then the calculation may behave erratically.
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Activity B5  Iteration (cont.)

Electricity

Model 5b.1

This is an iterative model, which shows the exponential decay of a capacitor discharging.

In the model, the sequence of calculations is as follows:
  -  charge is calculated from current charge and change in charge over the time interval
  -  potential is calculated from charge and capacitance
  -  current is calculated from potential and resistance 
  -  change in charge is calculated from the current and the time interval
The sequence then repeats, calculating the velocity in the next time interval.

In addition to the variables related to the system itself (charge, potential and resistance) you can change the time increment (Dt) which is used in the iteration. The value of this needs to be chosen appropriately. If it is too small, then there will be insufficient change in the values in each iteration. If it is too large, then the calculation may behave erratically.
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Activity C1  Computer modelling and subject knowledge

Aims

· To consider ways in which the use of computer modelling may be transformed by teachers.

· To explore factors related to the links between computer modelling and subject knowledge that may influence the transformations.

· To consider these issues in the light of your own teaching experience.

Background

The use of computers in science teaching may make it possible to do what is currently done better. It can also make possible things that are not currently done and actually change the nature of what is being learnt. How do teachers see the role of computer modelling and simulation in relation to their existing practice? How does it relate to the subject knowledge of science? Is it another kind of practical work or is it something different altogether? What kinds of things are being taught about science and about computers when simulations are used? The following stories address these questions.

[N.B. These stories are based on research into the work of teachers implementing the use of computer modelling. Though they are not based on particular individuals, they do focus on issues that were identified in the research.]

What to do

1.  It is best to do this activity in a group of two or three. Before you start discussion, however, work individually and read through each of the stories on page 2. For each story, decide whether you are:

· broadly sympathetic to the position outlined in the story (S)

· broadly unsympathetic to the position outlined in the story (U)

· neither (N)

Write the appropriate letter next to each story.

2.  Discuss each story in turn within the group. It may be useful to think about the following:

· What is the key idea of the story?

· Are there points that the teacher makes that we all agree with?

· Are there points that the teacher makes that we all disagree with? If so, is this because we disagree in principle or because we think the teacher has said something factually incorrect? Or because they say something which may apply in their own situation but not in yours?

· What are the issues where we do not reach a consensus? What are the reasons for this?

3.  After discussion, work individually again and look back over all of the stories. Pick out a few key sentences, which you agree with and think address the most important ideas for you. Underline them. Pick out a few sentences that you disagree with strongly. Underline them in a different colour or style. (Make a note of what the colours/styles mean so that you can work it out later.) You will be returning to these sheets in a later session.
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Activity C1  Computer modelling and subject knowledge (cont.)

Stories

A  I have used simulations in my teaching now on several occasions, usually at the end of a topic as part of their revision. We have a number of different simulations in the department. Before I start a topic I will sometimes look at what we have to see if there is anything that would fit in with what we’re doing in the scheme of work.  I think that a good simulation can be more effective for consolidating knowledge that pupils have learned than watching a video, for example, or reading a textbook.


B  Don’t get me wrong, I think that practical work is a very important part of teaching science, but sometimes I worry about the amount of time that we spend on it. I am keen to use simulations which could replace some of the practical work that we do, as this would give pupils more time to focus on learning the concepts. I think that we could use time efficiently using computer models.


C  I suppose that I see computer modelling as a complementary activity to practical work. In practical work we collect data, and we try to come up with a formula which accounts for the patterns. In modelling we start from a formula, and then make predictions about what should happen, which we can then test out experimentally. When I use a computer model, I usually start off by doing practical work, but I think that sometimes it might be interesting to start with a simulation first.


D  What we currently teach puts a lot of emphasis on learning scientific knowledge, but I think that computer simulations and models have something different to offer. I have tried to get pupils to think about the process of constructing a computer model, and how they need to break down the original problem and make simplifications. There are interesting mathematical techniques to learn and problems to solve in order to make the model work. 


E  I always try to include as much work with the computer as I can in my lessons, and I have used a number of computer models and simulations. Sometimes they relate quite well to what we are already doing, but at other times they deal with things that I suppose are a bit off the syllabus. I don’t worry too much about this as there are other things apart from the subject matter that they can learn about. They learn useful computer skills, such as how to use a spreadsheet, which I think will be useful in the longer term.
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Activity D1  Computer modelling and learning

Aims

· To consider ways in which the use of computer modelling may be transformed by teachers.

· To explore factors related to beliefs about learning that may influence the transformations.

· To consider these issues in the light of your own teaching experience.

Background

In the research, teachers often expressed strong views about how pupils can be supported in their learning. This is not surprising, since, pupil learning is after all their major concern, and they have built up a great deal of expertise in this area. Beliefs about how pupils learn clearly influence how innovations are taken up. What are pupils learning when they use a simulation? Are the technical skills required to use a simulation or create a model to be seen as a hurdle or a benefit? How is motivation affected and what is the relationship with learning? Do pupils learn more from running a model or from creating their own? The following stories address these questions.

[N.B. These stories are based on research into the work of teachers implementing the use of computer modelling. Though they are not based on particular individuals, they do focus on issues that were identified in the research.]

What to do

1.  It is best to do this activity in a group of two or three. Before you start discussion, however, work individually and read through each of the stories on page 2. For each story, decide whether you are:

· broadly sympathetic to the position outlined in the story (S)

· broadly unsympathetic to the position outlined in the story (U)

· neither (N)

Write the appropriate letter next to each story.

2.  Discuss each story in turn within the group. It may be useful to think about the following:

· What is the key idea of the story?

· Are there points that the teacher makes that we all agree with?

· Are there points that the teacher makes that we all disagree with? If so, is this because we disagree in principle or because we think the teacher has said something factually incorrect? Or because they say something which may apply in their own situation but not in yours?

· What are the issues where we do not reach a consensus? What are the reasons for this?

3.  After discussion, work individually again and look back over all of the stories. Pick out a few key sentences, which you agree with and think address the most important ideas for you. Underline them. Pick out a few sentences that you disagree with strongly. Underline them in a different colour or style. (Make a note of what the colours/styles mean so that you can work it out later.) You will be returning to these sheets in a later session.
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Activity D1  Computer modelling and learning (cont.)

Stories

A  I think that computer simulations are a very powerful learning tool because pupils are motivated by using computers. So, if they are learning science on a computer that will make the experience more enjoyable and will help them to concentrate better. Pupils are using all this new technology when they are at home, so we need to be able to provide them with similar experiences in school if we are going to keep their interest.


B  I’m not always convinced that pupils are learning science effectively on a computer, because they need a certain level of competence at the computer skills before they can concentrate on the science. I’m thinking in particular of when they use a spreadsheet, as I need to teach them a lot of skills about how to use the program, though this is now less of a problem than it used to be.


C  I think that computer simulations are very useful for making things memorable for pupils. In that sense, they are a bit like practical work. When pupils read something in a textbook, they are likely to forget it. But if they see a computer simulation of something, then they are much more likely to remember it, and to be able to write about it later. I think that this visual memory is very powerful, which is why I would be reluctant to let pupils build their own computer models. I would be worried that this might just reinforce ‘wrong knowledge’.


D  I don’t think that pupils are necessarily motivated to do work on computers, and I wouldn’t see that ‘having fun’ is a particular goal that we should be encouraging. However, I think that some of the best learning that I’ve seen is when pupils have been using computer models. Trying to predict and interpret the behaviour of a model when it is run is quite intellectually demanding. When they are really engaged in this I think they learn a lot.


E  I think that it is important for pupils to make their own models as well as using simulations that have already been constructed. They need to be able to understand how models work and they can only do this if they have made them for themselves. I think that they learn a lot from the process of building their own model, as it involves a lot of testing and debugging, and I think that they learn a lot from their mistakes. 


F  When they are working with computer simulations and models, pupils are much more actively engaged than when they are doing other kinds of tasks. So, I feel less in need of ‘being a teacher’ and can allow them to get on with their work more independently, because in a sense it is now the computer that is making them think.
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Activity E1  Computer modelling and values

Aims

· To consider ways in which the use of computer modelling may be transformed by teachers.

· To explore factors related to personal values that may influence the transformations.

· To consider these issues in the light of your own teaching experience.

Background

Our actions are guided by what we see as important and what we value. Often, we may not make our values explicit, but they have an effect all the same. When teachers described their work on computer modelling, they referred to personal values about what should be in the curriculum and how it should be taught in the classroom. What kinds of experiences should pupils have in learning science and what kinds of understandings about science do we want them to have? Can computers distort pupils’ images of science? Should computers be seen as a tool for learning science or should they be seen as a part of science itself? The following stories address these questions.

[N.B. These stories are based on research into the work of teachers implementing the use of computer modelling. Though they are not based on particular individuals, they do focus on issues that were identified in the research.]

What to do

1.  It is best to do this activity in a group of two or three. Before you start discussion, however, work individually and read through each of the stories on page 2. For each story, decide whether you are:

· broadly sympathetic to the position outlined in the story (S)

· broadly unsympathetic to the position outlined in the story (U)

· neither (N)

Write the appropriate letter next to each story.

2.  Discuss each story in turn within the group. It may be useful to think about the following:

· What is the key idea of the story?

· Are there points that the teacher makes that we all agree with?

· Are there points that the teacher makes that we all disagree with? If so, is this because we disagree in principle or because we think the teacher has said something factually incorrect? Or because they say something which may apply in their own situation but not in yours?

· What are the issues where we do not reach a consensus? What are the reasons for this?

3.  After discussion, work individually again and look back over all of the stories. Pick out a few key sentences, which you agree with and think address the most important ideas for you. Underline them. Pick out a few sentences that you disagree with strongly. Underline them in a different colour or style. (Make a note of what the colours/styles mean so that you can work it out later.) You will be returning to these sheets in a later session.
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Activity E1  Computer modelling and values (cont.)

Stories

A  I am concerned about the use of computer models because I think that it is essential that pupils get first hand experiences of the physical world. This is what understanding science is all about. Simulations give the impression to pupils that it is easy to manipulate variables and to discover relationships. In reality it is very difficult to carry out experiments on the real world, and I think computers don’t help pupils in appreciating this.


B  In my teaching my aim is to give pupils a basic understanding of science so that they can understand the world around them and how it affects their own lives. Learning science is about learning a body of concepts and theories. We all know how difficult it is for pupils to learn concepts, and if computer simulations can help pupils to get a better understanding of these, then I think they are very valuable. 


C  It is essential that pupils learn about how science is carried out and what scientists actually do. They should get an opportunity to carry out investigations themselves so that they can have the experience themselves of ‘being a scientist’. All scientists now use computers as part of their day-to-day work, and computer modelling is part of what science is about. So if pupils don’t use simulations and computer models, they don’t really understand modern science.


D  What I want my pupils to understand is the process of science and how people make and test out theories. Science has always been like this, but computers now allow pupils to understand this better. They can see how models can be created and how they can be tested to see if they account for the data. What is important is that they can understand how the science has gone into the model. They can see that it can be expressed mathematically and that this relates to what actually happens in reality.


E  Science is an essential part of the curriculum because it has its own unique way of looking at the world. So I think it has an important role to play in providing a context for learning computer modelling skills. I’m thinking of things like how different kinds of formulae behave or how to interpret the shape of a graph. Doing this on a computer also helps with learning about programming techniques, like iteration for example. These could be learnt abstractly, but it is more worthwhile if they are learnt in a context.
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Activity F1  Computer modelling and constraints

Aims

· To consider ways in which the use of computer modelling may be transformed by teachers.

· To explore factors related to contexts, customs and constraints that may influence the transformations.

· To consider these issues in the light of your own teaching experience.

Background

Even when teachers were committed to the use of computer modelling, it might not always have been easy to implement it because of the particular contexts within which they worked. There are customary practices that may be difficult to change, and there are other constraints that may hinder changes. What are the times pressures in the existing curriculum, and do computers save time or do they need additional time? How does the distribution of hardware in a school or department influence the ways in which computer modelling can be integrated into the curriculum? How does computer modelling change the role of the teacher? How do teachers’ understanding and experience with computer modelling affect the way that they use it? The following stories address these questions.

[N.B. These stories are based on research into the work of teachers implementing the use of computer modelling. Though they are not based on particular individuals, they do focus on issues that were identified in the research.]

What to do

1.  It is best to do this activity in a group of two or three. Before you start discussion, however, work individually and read through each of the stories on page 2. For each story, decide whether you are:

· broadly sympathetic to the position outlined in the story (S)

· broadly unsympathetic to the position outlined in the story (U)

· neither (N)

Write the appropriate letter next to each story.

2.  Discuss each story in turn within the group. It may be useful to think about the following:

· What is the key idea of the story?

· Are there points that the teacher makes that we all agree with?

· Are there points that the teacher makes that we all disagree with? If so, is this because we disagree in principle or because we think the teacher has said something factually incorrect? Or because they say something which may apply in their own situation but not in yours?

· What are the issues where we do not reach a consensus? What are the reasons for this?

3.  After discussion, work individually again and look back over all of the stories. Pick out a few key sentences, which you agree with and think address the most important ideas for you. Underline them. Pick out a few sentences that you disagree with strongly. Underline them in a different colour or style. (Make a note of what the colours/styles mean so that you can work it out later.) You will be returning to these sheets in a later session.

Section F  Transformations: contexts, customs and constraints
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Activity F1  Computer modelling and constraints (cont.)

Stories

A  I use computers a lot in preparing my teaching materials because it saves time, so I hoped that using computer simulations in the classroom would also save time. However, in practice it does not seem to have worked out like that, because I seem to do things in more detail when I use a simulation than I did before. 


B  Using computer models is not part of the syllabus, and in that sense there is no incentive to use them. They are just going to take up more time because pupils will need to learn how to use the programs. However, I think that it is worth putting in this time, because it will pay off in the longer term.


C  I don’t think that it is the job of the science teacher to teach pupils the technical skills of how to use a computer or how to write formulae in a spreadsheet. There are more important things to learn with computer models. When I use models with pupils, however, I seem to spend a long time teaching them these basic skills anyway.


D  I only have access to one or two computers in the science laboratory, and I am rarely able to book a computer suite for a whole lesson. This means that it is difficult to make computer modelling a central feature of a lesson, as it is not possible for all the pupils to do the activity at the same time. Having several pupils on one computer does mean however that good discussions sometimes develop.


E  When I have used computer simulations, I have always taken the class to a computer room. This can sometimes be a worry, because the whole lesson relies on the computer network working which isn’t always the case. Also, the room is not really ideal as a place for class discussion, so I tend to let them work more independently than normal. I feel that I have lost control over them a bit.


F  One difficulty of having to use the computer suite is that it is difficult to integrate the simulation activity into the rest of the work. It’s not practicable just to go to the room for a few minutes, so sometimes I feel that I have to make the activity artificially longer than it would otherwise be. It’s not possible just to use the computer in a spontaneous way at the points in the lesson where it would make most sense.
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Activity F1  Computer modelling and constraints (cont.)

G  I enjoy using computers a lot and I am quite confident with them. However, I have found that it is important to plan carefully how I will use a computer simulation. I write out detailed instructions for pupils to follow. If I don’t do this, pupils tend to experiment too much with the simulation and get off the point. They also start asking questions that I’m not able to answer!


H  When I started using computer models, I realised that I was learning a lot of things about topics I thought I already understood! Interacting with a computer model gives you new insights, and I think that this is very stimulating both for teachers and pupils. It has made me change the ways that I have taught some of my lessons, though I think it will need some more experience before I feel fully confident.


I  I am not very experienced at using computers myself, but I have enjoyed working with pupils creating their own models on spreadsheets. I think that my role in the classroom is to help them with the science, so I am not too worried if some of them know more about spreadsheets than I do. I always find that I am able to learn from them as much as they learn from me.


Section G  Planning
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Activity G1  Using the new ideas

Aims

· To plan, teach and evaluate a lesson drawing on the new ideas introduced in these workshop materials. 

· To prepare for the next workshop session by reading case-study material.

Background

Before the next session, you should try to include the use of computer modelling is a lesson drawing on the ideas that you have learned in the earlier activities. In planning and evaluating your lesson, try to think about the ‘stories of transformations’ and how these relate to your own practice.  You will be discussing this at the next session. You will also be looking in more detail at case-study material about teachers involved in the research on transformations of innovation, and it will be useful to read this material before the next session. 

What to do

1.  Plan a lesson in which you use computer modelling. You may wish to draw on the models that were used in Section B, or you may use computer simulations that are already available to you in the school. If you are reasonably competent at using a spreadsheet you may want to adapt examples of models from this workshop or to write your own. You can find out more information about computer modelling and simulations from the Virtual Teachers’ Centre. This has information and ideas for activities, discusses how to use a spreadsheet to make models, and gives some details about commercial simulation software. You can find this at:

http://vtc.ngfl.gov.uk/resource/cits/science/inact/infosheets/modelling/model.html
You can find reviews of software for science teaching, including simulations, on the ‘Educational Software Database’. This is also on the NGfL website at:

http://vtc.ngfl.gov.uk/resource/esr
While you are planning, make some notes that justify your choice of resources and how you intend to use them in the lesson. Think about the ‘stories of transformation’ that you looked at in Section C, D, E and F, and how your choices have been influences by factors such as the subject content, your beliefs about learning, your values, and by customary practices and constraints.

2. After teaching the lesson, make some notes about your evaluation of the lesson. In the next session, you will discuss your lesson and your evaluation with the other members of the group. You should include the following criteria in your evaluation:

· How well do you think that the computer activity fitted in with your existing scheme of work?

· Did the pupils learn effectively using the software?

· What criteria did you use to assess whether pupils were learning?

· Do you think that these ideas are important for pupils to learn?

· Do you think that the work helped pupils in preparation for test and examinations?

· Did you find that you needed to adopt new classroom strategies to implement the approach?

· Did you feel uncertain about your own competence with the software or your understanding of modelling?

· Were you limited in what you could do because of constraints in resources?

3.  In preparation for the next session, it will be useful to read the document (Activity Resource 1) that contains case study material about teachers implementing use of computer modelling. 
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Teachers’ Workshop 2

Introduction

This second workshop is designed to help you to build on the experience of the trial lesson about computer modelling in order to plan how to incorporate it in a systematic way in the schemes of work. To support you in developing this work, in this workshop you will: 

· review and evaluate the trial lesson;

· learn more about research work through examples of case studies, relating these and your own experiences to the general findings of the research;

· consider again the factors that affect your planning choices and review the potential of using computer simulations and models.

For more details about the rationale behind the workshop, look at the section on Aims. If you want to see a list of all the activities in the workshop, go to the Activities section, from where you can also download Word files of the activities.

Aims

The main aims of the activities are:

Section H: Evaluation

· To report back to the group about your experiences in teaching using a computer simulation or model.

· To evaluate these experiences taking account of the factors that affect the transformations of curriculum innovation.

Section J: Relating to research case studies

· To consider some examples of case studies and to relate these to the general findings of the research on teachers’ transformations.

· To review your own experience and compare it with the case study material.

Section K: Innovation and transformation

· To reconsider the ‘stories’ about transformations in the light of your further experiences.

· To build on work already undertaken in planning a single lesson and to consider how and to extend the approach to planning for progression in the use of computer modelling.

Activities

This is a list of all the activities in the second workshop. If you want to browse through the activities, then you can view these documents directly as web pages. If you wish to do the activities, in most cases you will find it easier to download the documents as Word files.

Section H: Evaluation
Activity H1: Evaluating the new ideas in the classroom

Section J: Relating to research case studies
Activity J1: Computer modelling: research on teachers’ transformations

Section K: Innovation and transformation
Activity K1: Review and further planning

Section H: Evaluation

In the previous workshop you were asked to plan and teach a lesson using a computer model or simulation that fitted into your existing scheme of work, drawing on the new ideas that had been introduced. In this section, you will report back to the group about your experiences. As a group you will discuss these experiences relating them to the factors that affect the transformations of curriculum innovation.

The activity in this section is: 

· Activity H1: Evaluating the new ideas in the classroom

Section J: Relating to research case studies

The ‘stories’ that you looked at in the first workshop, about the ways in which teachers approach and implement curriculum innovation, were simplified accounts drawn from real case studies. They were simplified because they viewed the factors that affected teachers’ transformations in isolation. Reality is more complex, since transformations are brought about not by single factors, but by factors that overlap and interact with each other. In this section, you will look at examples of case studies from the research that attempt to capture some of that complexity. You will relate the case studies and your own experience to the general findings of the research on teachers’ transformations.

The activity in this section is: 

· Activity J1: Computer modelling: research on teachers’ transformations

Section K: Innovation and transformation

In this final session, the focus is on further planning. You will consider again the ‘stories’ about transformations, and think about whether any of your ideas have changed. In the planning of the first lesson, you were asked to consider how ideas affected the choices that you made. Having taught and evaluated the lesson, it is important to revisit these issues, before building on this work to consider how the new approaches can be incorporated into the curriculum as a whole, and to think about sequences of lessons.

The activity in this section is: 

· Activity K1: Review and further planning

Section H  Evaluation
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Activity H1  Evaluating the new ideas in the classroom

Aims

· To report back to the group about your experiences in teaching using a computer model or simulation.

· To evaluate these experiences taking account of the factors that affect the transformations of curriculum innovation.

Background

In the previous workshop you were asked to plan and teach a lesson using a computer model or simulation that fitted into your existing scheme of work, drawing on the new ideas that that had been introduced. In planning and evaluating the lesson, it was suggested that you think about the factors that affected the choices that you made. In the workshop, you also explored factors affecting the transformations of curriculum innovation through ‘stories’ that drew on the case studies of teachers who took part in the research. These factors were categorised as related to:

· Content

· Beliefs about learning

· Values

· Contexts, customs, constraints

The factors are reflected in the evaluation criteria that were suggested in the previous activity.

What to do

1.  Briefly describe to the others in the group the nature of the lesson that you planned and taught, and the key points of the evaluation.

2.  After everybody in the group has reported back, then consider each of the evaluation criteria below:

· How well do you think that the computer activity fitted in with your existing scheme of work?

· Did the pupils learn effectively using the software?

· What criteria did you use to assess whether pupils were learning?

· Do you think that these ideas are important for pupils to learn?

· Do you think that the work helped pupils in preparation for test and examinations?

· Did you find that you needed to adopt new classroom strategies to implement the approach?

· Did you feel uncertain about your own competence with the software or your understanding of modelling?

· Were you limited in what you could do because of constraints in resources?

On which of these points is there a measure of agreement? On which points do you disagree? Why?

Section J  Relating to research case studies
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Activity J1  Computer modelling: research on teachers’ transformations

Aims

· To consider some examples of case studies involving computer modelling.

· To relate the case studies to the general findings of the research on teachers’ transformations.

· To review your own experience and compare it with the case study material.

Background

The ‘stories’ that you looked at in the first workshop, about the ways in which teachers approach and implement curriculum innovation, were simplified accounts drawn from real case studies. They were simplified because they viewed the factors that affected teachers’ transformations in isolation. Reality is more complex, since transformations are brought about not by single factors, but by factors that overlap and interact with each other. The case studies presented here attempt to capture some of that complexity. The lessons of three teachers, Albert, Ivan and Stewart are presented in these case studies. They are all using a spreadsheet to teach about capacitor discharge, but they each use the software in different ways.

What to do

1.  Read the case studies in the document ‘Activity Resource 1’ (Computer modelling: case studies).

2.  Consider the following questions in relation to these case studies.

Albert

· What appears to be Albert’s primary objective in using a computer model?

· How does he view the pupils’ competence in using a spreadsheet? How does this influence what he does?

· How does he support pupils in constructing the model?

Ivan

· What are Ivan’s longer term objectives in teaching?

· What were his shorter term objectives?

· Did the lesson go as planned? How did he respond to changes in circumstances?

Stewart

· What is Stewart doing in this lesson which is different from what he has done in the past?

· What view about the relationship between model and data is communicated to students?

· To what extent is the availability of resources a critical factor?

3.  Read the document ‘Activity Resource 2’ (Transformation of curriculum innovation: dimensions of analysis), which gives a summary of some findings of the research into teachers’ transformations. These findings are expressed in general terms, without examples from particular curriculum innovations. Can you relate any of the aspects identified in this summary to the case studies or to your own experience?

Section K  Innovation and transformation
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Activity K1  Review and further planning

Aims

· To reconsider the ‘stories’ about transformations in the light of your further experiences.

· To build on work already undertaken in planning a single lesson to consider how to include computer modelling more systematically into your schemes of work.

Background

Now you have planned and taught a single lesson, this final activity is concerned with how computer modelling can be incorporated more systematically into the curriculum as a whole. In the first workshop you considered some stories about teachers’ transformations of innovations. For each of the areas, you identified a few key sentences that you thought addressed the most important ideas for you. In the planning of the first lesson, you were asked to consider how these factors affected the choices that you made. Having taught and evaluated the lesson, it will be helpful to look again at these key ideas, and to think about whether any of your ideas have changed. Many no doubt will have remained the same, as many of our ideas and beliefs are very stable and fundamental to the way we see ourselves as individuals. Some ideas though may change in the light of experience. For example, we are often surprised that tasks that seem difficult are accomplished easily when we try them with pupils, and what we think of as easy tasks turn out to be more difficult than we thought.

What to do

1.  Look back to the activities in sections C, D, E and F, and consider the key sentences that you identified. Do you still agree with each of these points? Are there other ideas from these stories that you now think are more important? If you have changed your ideas, what caused you to do so?

2.  Plan how you could use computer models and simulations systematically in your schemes of work. You should think about how to achieve progression in computer modelling by building up the ideas over longer periods of time. You might do this in one of a number of ways, for example, by considering:

· a sequence of lessons within a topic over a time period of a few weeks;

· a number of different topics within a single year;

· a specific concept (such as current flow or velocity and acceleration) over the whole experience of a pupil at the school.

As in planning the single lesson, make some notes that justify the choices you have made. Think about how your choices have been influences by factors such as the subject content, your beliefs about learning, your values, and by customary practices and constraints.

You may wish to refer to the websites that were given in the first workshop as a source of ideas about the range of resources available:

Information about computer modelling: and simulations at the Virtual Teachers’ Centre:
http://vtc.ngfl.gov.uk/resource/cits/science/inact/infosheets/modelling/model.html
Reviews of software on the NGfL ‘Educational Software Database’ at:
http://vtc.ngfl.gov.uk/resource/esr
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Activity Resource 1

Computer modelling: case studies

The lessons of three teachers, Albert, Ivan and Stewart are presented in these case studies. They are all using a spreadsheet to teach about capacitor discharge, but they each use the software in different ways. They are not intended as representative case studies. Indeed, the use of computer modelling in science classrooms is rather rare, so they are best seen as examples of possibilities.

Albert

The two lessons observed had to do with modelling the capacitor discharge curve through a resistor with Excel and were part of a sequence on electric circuits.  Before then the class, which had five 17 year-old girls aiming to get between A and C at their Physics A’ level the year after, had studied the factors that affect the characteristics of the capacitor charge and discharge curves through data logging.  They had also used the reed switch method to measure a capacitance both experimentally and with the aid of a circuit simulations programme called ‘Crocodile Clips’.

The teacher, Albert is a biologist by first degree and has taken up teaching A’ level physics for the last 2 years.  He describes himself in his new role:

“I'm learning at the same time as the girls are, a lot of the time.  I'm more than a few pages ahead in the book, but nevertheless often things come up in lessons that they think of that I haven't and so I'm having to think very much on my feet, which I find tremendously stimulating. [...] This is [also] stimulating the girls to be very very questioning and I think it's a much better way to learn for all concerned.  It’s fun, but it’s quite a lot of stress.”

Pupils’ practical work seemed to be usually preceded by a number of demonstrations which he carried out, before it was “handed over to” the pupils.  In the same spirit, the day before the modelling sequence in question he disclosed:

“I’ll be going home and making sure I’ve gone over every detail of this and set it all up myself.” 

Having said that he likes being in control, Albert seems also to be a person who is not afraid to experiment, in all sorts of ways.  He likes to introduce something new in his teaching (this capacitor modelling activity he used for the first time), even if he risks to fail in doing so.  He sees himself as being at the avant-garde in the use of computers in teaching in his school.  Not only does he use computers much more than his colleagues - in about a quarter of his lessons - but his department has more recent computers than the rest of the school - “they had to upgrade to catch up with us”.

In general Albert sees the use of computers in teaching science “very closely tied to actual practical work - experimental work”.  His experience using modelling: he had used Excel in relation to teaching about velocity and acceleration once before with another class, not very successfully.  The problems he had encountered he attributed to the fact that the pupils were not adept enough at handling Excel.  According to him “it got in the way of physics”, seeming to suggest that one of his aims using modelling had been to facilitate the delivery of the content.  This time he believed he would manage better because the pupils were a bit more practised with Excel. For Albert pupils’ competence with the software is one of the main factors that determine success.
Albert’s strongest criterion, however, for choosing Excel to use appeared to have to do with his competence in using it and not with the pupils’:   

“I’m very familiar with Excel... so I feel comfortable using this.  I wouldn't be diving into this if I weren't adept at solving the sorts of problems that kids come up with.” 

One of the things Albert was hoping to achieve by using modelling in this lesson was that the pupils began to see mathematically what is going on in the set up.

“It’ll also I think introduce them to the mathematics, ... the use of increments to study an exponential curve.” 

This is a valid ‘modelling’ aim which however he did not rate as so important because “they’re going to do it in maths a little bit later on”.  He was also hoping that the pupils could see the power of the computer as a tool to investigate what-if questions; that the pupils’ physics knowledge, which he believed was good, would be consolidated; and finally, but most importantly for him, that the pupils learnt a new technique/method which he could later use with other topics.  

In other words, Albert had short-term ‘modelling’ aims but also a more basic longer-term aim that he wanted to achieve: to acquaint the pupils with the use of spreadsheets in science, so that he could use them in the future for the teaching of other topics:

“We're using the physics in a way as a vehicle to pick up a new technique, a new skill, which I hope will then be used later on.” 

The first lesson started with Albert explaining to the pupils how one can calculate how much charge has been discharged in a given t.  To do that he chose to first present them with the final formula and then attempt to deconstruct it to its primary component formulae. Then Albert said that they would be using a computer to calculate the capacitor discharge with the aid of this formula.  The pupils showed some resistance to the idea of using a computer (“But you can do it by hand.”), which he attempted to counteract with reasons such as “it is quicker”; “then you can change the values”; “the graph that comes out is more accurate”.
The goal he set for them is to make a graph like the one he had given them. Albert took them step by step through what they should write (he had prepared the spreadsheet as a transparency) not only in terms of the formulae, but also in terms of the computational equations they needed to put in each cell.  The way he put it to them:

“I will tell you how to put the equations in.  You do not have to invent them this time.  Other times I will let you invent them.” 

A difference between his spreadsheet and the pupils’, a mistake in one of the computational formulae, plus the problem of absolute addressing in Excel created confusion.  The talk was mainly centred around software manipulations. The end of the lesson arrived before most girls had time to do the chart Q=f(t).

Albert’s account of the lesson in the interview that followed it was:

“It felt very slow to me.  We weren’t making the progress that I’d wished to.  I thought we would have got the graphs drawn with a few minutes to spare at the end of the lesson, actually, five or ten minutes to spare so that we could actually start putting in different values and see what happens and then beginning to discuss that.  But too many of the girls really hadn't finished doing all the copying and pasting and filling down that needed doing.  I felt that they understood fairly clearly the process that we were going through, the calculation of the small charges that flowed in each time interval, I think they got that idea quite well.  I think they were beginning to get the idea of how that was put onto the spreadsheet.  But I don't think they made the connection between one row and the next to see how the iteration worked clearly.  I think they were just translating my numbers on the screen into their numbers on the sheet without trying to understand where the actual values were coming from; so that needs to be clarified.  I'll get them to label up the spreadsheet with that kind of information.” 

 “From a physics point of view I don't think they learned much they didn't know already, so, the benefits are in the practice of using the computer and in seeing the computer being applied in a physics situation which they haven't seen enough of and the benefits will be gained much later when they're able to do this for themselves on some of the topics like velocity and acceleration.  But there's quite a long way to go to get them competent enough to really feel the benefits.” 

The second lesson unfolded much more smoothly.  Albert re-established control of the class by keeping the pupils away from the computers at the start of the lesson and talking them through the first row of the model, clarifying where there was input coming from outside and where there was input generated by the programme itself.  He assessed their understanding by getting them to talk to him about the next row.

He then got them to check that their models conformed to his and subsequently asked them to change the values of the resistance and capacitance in order to see what these changes did to the resulting graph.  Finally, he asked them to print out their graphs so that they could work out from them for homework the half-life and compare their finding with what they had calculated with the computer.

In the interview after the lesson, Albert seemed much happier about how the lesson had gone.  He once more stated what he thought to be the most useful thing that the pupils gained:

“...familiarity with the machine and with Excel.  The physics actually was a vehicle for them to learn about the machine rather than the other way round.  Now I'm hoping that they'll become sufficiently familiar with the machine that we can use it as a vehicle to extend their understanding of velocity, acceleration, momentum, kinetic energy and the rest.” 

Ivan

Ivan has been using modelling in teaching physics for some thirteen years.  In general, he has been a keen user of IT for teaching purposes. Ivan’s commitment to the use of IT is not shared widely in his school.  IT has not yet been built into the school’s science curriculum, though Ivan has often made suggestions to his colleagues about how they could incorporate a modelling activity in their lessons.

The observed lesson was about the discharge of a capacitor with a class of twelve 16-17 year-old boys.  The pupils had looked at capacitors and had got a feel for how they behave and what they might be like as a circuit element.  They had looked at RC discharge experimentally as a demonstration carried out by Ivan using a data logger.  More specifically, they had looked at the resulting graph and had talked about the mathematical model behind it.  Ivan had even mentioned the relevant differential equations to the more mathematically able ones without of course expecting that they would be able to solve them.

Ivan’s plan for the lesson had been that the pupils would enter and run the model on a spreadsheet.  The model would then generate a graph which the pupils would compare with the graph they got experimentally.  Ivan would move them onto thinking about how they could tell whether the two graphs have the same shape.  Ivan had hoped that by the end of the lesson the pupils would get onto constant ratios as a property of the curves, which can come out via the algebra or via the numbers.

The main objective of Ivan’s lesson was that pupils learn how to use different representations for different purposes.  The same way he wanted them to learn that there were two ways to determine whether one curve is exponential or not - each with its own merits -, he wanted them to see that there was more than one way to represent the same change.  In this case Ivan wanted the pupils to see that the discharge of the capacitor could be represented by the exponential curve they got experimentally; by an iterative mathematical model; or by solving a differential equation.  But the key point for him was that they eventually became able to choose the most appropriate description for the situation.

“I want them [...] to begin to be flexible enough [...] to see that sometimes it’s useful one way, sometimes another way and sometimes a third way.  So, the idea of picking the appropriate description to the operation.” 

There were also other more immediately realisable objectives that Ivan wanted to attend to:

“I want them to appreciate that a set of mathematical statements can in some sense, reproduce what’s happening physically[...]; that there is some process of mapping to be carried out between what they observe and what they hypothesise and those meet, in the sense that those produce the same curve.  So, a very low level thing everyone will get without a problem.” 

In the actual lesson Ivan seemed to concentrate on achieving the short-term goals, putting aside the bigger objective, perhaps responding to the fact that a smaller fraction of the pupils was competent with spreadsheets than he had expected.  He spent more time giving instructions about setting up the model than about thinking about it when he introduced the task at the start of the lesson.  Interestingly his input to the lesson was minimised when the class moved to the computer room; it seemed as if he wanted to make space for the pupils to think and discuss between themselves.  Throughout the lesson he monitored the pupils’ progress but did not overtly intervene to ‘push it’; he rather modified his teaching strategies to facilitate it.

Most pupils produced the graph of the capacitor discharge and investigated how its shape changes when the resistance and capacitance were altered.  Some had a first attempt at comparing the experimental and theoretical curve.  Only a third of them appeared to give any thought to what the rule might be from point to point on the two curves, as Ivan had wanted them to.  This development did not seem to worry Ivan very much.  He casually deferred this goal and re-examined how he would proceed in the following lesson:

“Because some struggled today with the mathematical model, I want them to leave it for the minute.  [Next lesson] I will gather them around one computer in the Physics Department and we’ll look for the pattern that connects one number to the other.  I want them to talk about the physical model and arrive at the notion of constant ratios.  Then we’ll change resistance and capacitance and look at constant ratios of experimental data.  Then we’ll go back onto the non-experimental data.” 

Stewart

The two lessons observed were part of a sequence on electric circuits.  Before them had come work on potential difference, current and internal resistance of a source.  The next step was to study the discharge of a capacitor.  Stewart had decided to do something new: previously he had given students a lot of experimental work with capacitors and then tried to model the discharge; now he intended to reverse the order, and develop models before trying any experiments. 

“I just thought I would try it this way this year, just to see if we could just take the equations, build the picture, and implement it without any further experience of capacitors.  In the past I spent a long time, maybe a week or two, doing basic capacitor experiments and getting some data first.  I just did it the other way round this year, just to see how it would work.” 

A key factor appears to be Stewart’s self confidence.  He is quite willing to take risks. 

“…today’s work will be mainly constructing the computer model…last lesson I gave them some ideas about the sorts of things that ought to go into the model.  But the critical thing is that they will have to create the model on the spreadsheet.  Not many people do that.  That’s very difficult.  I don’t know whether they’re going to do it or not.  I mean, I wouldn’t expect everyone in the group to be able to do that.  Some will.” 

In the event, the risk was justified.

“I am pleased that all but two of the boys managed to get the model on their own without any further help…  What really worked nicely was that most of the boys got the model and started playing with it.  I liked that.  And then they were able to go away, make some measurements, bring the data back and start questioning, matching, comparing the data with the model.  And in that respect it was a far greater success than I expected.” 

Stewart’s confidence is further evidenced by the fact that he is willing to let later teaching develop out of what happens – planning ‘on the fly’.  Thinking about the next lesson: 

“Tomorrow I think we need…to look carefully at what the model can tell us about the discharge process in theory…  We are going to have a look at time constant – what does that mean?…  Can the time constant lead us to choose a sensible value of dt?  Does the voltage affect the discharge time…etcetera.  There are a host of questions there…  There are a lot of ideas for a lesson there.  I would obviously, in the next 24 hours, think about how I might play that one with the group.” 

This is what he did, but as it turned out the next lesson also took up something else that was also on Stewart’s mind when talking about the first lesson.  It was the question whether one should believe the model (or the computer) or the data (which may have been suggested to him as important by the interviewer):

“I try to stress that…the model is an attempt to account for the data, not the other way round…  I think generally children tend to…think that the computer is absolutely paramount…(that) it gives a more accurate or true a picture of nature.” 

In the second lesson one student had done the experiment wrongly, leaving a source connected while the capacitor ‘discharged’.  He questions the possibility of testing whether the data curve shows a constant half-life, as Stewart had just asked them to do.  Stewart (not yet knowing the problem) responds very directly and forcefully:

Stewart: “You’ve got your model and you’ve got your data.  Why do you think it’s wrong?  This is your theory graph.  You think this data is wrong.  Data can’t be wrong.  You measured it – unless you measured it incorrectly of course. Do you want to go and repeat it?  Why do you think you measured it incorrectly?” 

Stud. “Because it’s not doing the same sort of results as the model.” 

Even one of the cleverest students in the class, who had built his model without difficulty and had demonstrated very good understanding of it in talking about it, had some trouble thinking about discrepancies between model and data.

An important factor in Stewart’s ability to improvise seems to be that he has thought about and internalised some clear, deep and general goals of teaching through modelling:

“Do they understand the physics that has gone into the model first and foremost; that’s the most important thing.  Secondly…do they understand what the mathematical model is allowing them to do?  Some of them will think that it just simply replaces doing an experiment, which is not what I’m trying to get across…  Really what I would like them to be thinking is: Ah, this is the theoretical way of understanding what is going on in the laboratory…”

This thinking of Stewart’s has a long history.  He can remember his first meeting with modelling:

“…the Dynamic Modelling System – the thing that was in Nuffield – I think that made a big impact on me.  I saw it when I first came to the school in 1985 and I thought, this really makes you understand physics – it really does…I remember … thinking ‘This is great, I wish I’d done this before I went to the University to do physics, this is really giving an insight’.” 

He is very clear however that a teacher, including himself, has a lot to learn before being able to use modelling with confidence:

“…there is quite a steep learning curve to go up before you could actually do a lesson like that off the top of your head…  The first thing I would say to a new teacher is that you need to play with a modelling system, because it’s going to teach you a lot of physics, a hell of a lot.  And you’ve got to be totally honest: we all think we are incredible experts after having done our degrees.  I thought, well there is not much that I don’t know about physics (but) … I learned so much, so much…  I think you’ve got to give it time to develop gradually.” 

The school is extremely well equipped with resources, and this no doubt made a positive contribution. However, there is reason to think that this is not a dominant factor.  Stewart has done similar work in the past in much less good conditions, and – even more important – he notes that several of his colleagues would not attempt it even now under excellent conditions:

“Modelling is being used a lot by me, because I’m interested in it. Some of my colleagues take up ideas when I show them, ‘This is what I’ve done, have a go’.  So I think it will be a big factor in the future, but at the moment it is just a few keen people that are trying it.” 

 “If you talked to some of my colleagues they would say, ‘Total waste of time’.  ‘Cause at the end of the day they’ve got to…do A-level questions; that’s what you’ve got to work on.  So we have two very extreme views in this department…luckily I’m head of science, so I can do what I like.” 

Activity Resource 2

Transformations of curriculum innovation: dimensions of analysis

The following is a summary of the analysis of the STTIS research about the factors that affect transformations of curriculum innovation. This research was based on a variety of different kinds of curriculum innovation, of which the work on computer modelling considered in these workshops was a part. In the first part of the workshop, you considered four different kinds of factors related to the nature of transformations: Content, Beliefs about learning, Values, and Contexts, customs and constraints. These factors cannot be seen in isolation, however, and there is overlap between them. In the analysis, three broad dimensions will be discussed. [The links to the activities in the first workshop are given in parentheses.]

· The relationship to accepted subject content [Section C]

· Teachers’ convictions (beliefs about learning, and values) [Sections D and E]

· Teachers’ habitual practices, and those expected of them (contexts, customs and constraints) [Section F]

The relationship to accepted subject content

An important issue is teachers’ concern for the match of an innovation to existing syllabus content. This is especially true in the cases where the ‘up-take’ of an innovation is optional. The innovation is easier to accept when the content-distance between the ‘new’ and ‘old’ knowledge is rather small. Moreover, innovations are easier to accept if they address:

· Curriculum areas not presently taught but which teachers would value. (Note that in many systems this would involve the development of new curricula so that work on these new areas would not be seen as distracting from the syllabus content).

· Those curriculum areas currently taught but where teachers believe that present methods are ineffective. Experimentation is more likely to be viewed as reasonable if what exists is felt not to be good.

How may the ‘new’ be seen in relation to the ‘old’. The following two kinds of transformation were observed in the research:

‘New’ is considered as an add-on to the ‘old’. The innovation is ‘added to’ rather than ‘substituted for’ something else. In this case, certain ideas of the innovation are included, but the adoption of the general framework of the innovation is ignored or deferred and thus possible contradictions between the new and the old are ignored.  There is a good deal of switching between using the innovation and not using it depending on the context. ‘Old’ and familiar contexts attract ‘old’ and familiar strategies.  

The ‘new’ becomes like the ‘old’. Teachers transform the use of an innovation to one as close as possible to a more traditional structure of content. The existing framework remains unchanged, and the new ideas are adapted so that they may be accommodated within it. 

The teacher’s perception of the degree to which an innovation ‘fits’ the required subject content is critical to its acceptance. If the fit is not good enough, the use of the innovation will be transformed to make the fit closer. Where the innovation carries with it both a new ‘tool’ and new subject matter, and the latter is too far from what a teacher expects or understands, both are likely to be transformed. But against this, there are some successful ‘curriculum packages’ which put together new tools, contents and practices in a convincing way. 

Teachers’ convictions (beliefs about learning, and values)

It is striking that, when asked, most of the teachers in the case studies express strong convictions and beliefs about what should be taught in the classroom, and about what can facilitate learning and engage students. It seems that teachers develop strong views, on which they act, and any proposal which runs counter to those views is unlikely to succeed. In consequence any proposal for the use of an innovation is likely to meet objections on the grounds of some conviction, which will have to be overcome if the proposal is to succeed. Some characteristic kinds of conviction are:

Convictions about goals for students: Teachers, as one would expect, have strong views about what ideas can be taught with a particular age of pupils. It was not the case that all teachers agreed about what would be easier or more appropriate with a particular age of pupils; nevertheless, they seemed to repeatedly appeal to this notion of easiness or appropriateness for their students, when they talked about using a particular approach. 

Convictions about time: The notion of time, whether this was preparation time for the teachers, preparation time for the pupils, or teaching time that an innovation would require, was an important consideration for the teachers. This played an important role when the implementation of an innovation was considered optional by the teachers.

Teachers’ habitual practices, and those expected of them (contexts, customs and constraints)

Every case study shows a teacher trying to achieve a fit between the use of the innovation, and the habitual classroom practices with which that teacher and his or her class are familiar. 

Old resources and practices: Where the innovation itself was not accompanied by detailed guidelines or teaching material to use, the intentions of the innovation were liable not to survive into the actual teaching event when they were in conflict with or marginal to the teacher’s practices. 

Integration of the innovation into the teaching process: The extent to which an innovation is integrated with other teaching materials varies widely. Innovation may be isolated from the curriculum, and may happen as single ‘one-off’ lessons. On the other hand, innovations may be integrated cautiously, through small-scale integration of new ideas into old materials.

Examinations and syllabus requirements: It seems to be of paramount importance that teachers perceive the innovation as addressing or helping towards fulfilling the examination syllabus requirements. 
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