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Introduction

The Science-Teacher Advanced Methods (S-TEAM) Project aims to enable more European teachers effectively to adopt inquiry-based methods through support and access to innovative methods and research-based knowledge, so leading to increased science literacy and uptake of science careers (NTU, undated). This sub-project is a contribution to these aims that is based upon the following rationale.

First, through using inquiry-based approaches in science education, we wish to facilitate the ability of learners to develop scientific thinking, since being able to think scientifically can be shown to underpin, in various ways, different European views of scientific literacy (WP8 Team, 2010) and, we assume, makes science careers more attractive and supports lay interest in science. Therefore, we need to theorise, in pedagogically useful ways, the connections between inquiry-based methods in European school science and scientific thinking. Third, to ensure its pedagogical usefulness, this theory has to be applied, tested, developed or modified in schools in cooperation with science teachers using inquiry-based approaches to science education. Fourth, lessons from this can be taken to ITE across Europe.

 Following the first two parts of this rationale, a five dimensional model of investigations has been developed (Smith, 2010). Based on Feist (2006), the fifth dimension comprises a sub-model of scientific thinking. The other dimensions of the model allow teachers to ask pedagogical questions concerning the range of investigations they are using – 1) Which form of pupil understanding (Folk or developing scientific) does the investigation relate to? 2) Does it originate from learners’ or teachers’ goals? 3) What issues of control are there for the teachers and pupils? 4) How open or closed is the investigation in terms of breadth of possible outcomes and/or their certainty.

The model has been used by the author and two teachers in analysing various examples of investigative activity in our own context of Scotland and found useful in highlighting what aspects of scientific thinking are supported, pedagogical issues that arise and possible improvements (Smith, 2010). Since then another teacher has collaborated to take the use of the model further.

The next steps are to work with a group of teachers to apply and develop the model in solving pedagogical issues in making science teaching more inquiry-based within Scotland’s curriculum framework and to take lessons from this to other European teaching contexts and Initial Teacher Education.

A pedagogical model of scientific thinking as part of a model of school science investigations.

The version of the five dimensional model of investigations, of which scientific thinking is one dimension, that is presented here is from Smith et al (2010). This is an attempt to refine the version in Smith (2010) into a more teacher friendly tool for reflection upon existing, and the design of future, practice. There is only space here for a brief outline of the process. Those requiring more detail are referred to these two papers. As befits this conference space, the focus here is on the collaborative process between Smith, other researchers, the two teacher co-authors, and one other teacher involved in its development to date.

The sequence of events is as follows. Smith read Feist (2006) and saw in it what seemed to him to be a useful basis for describing scientific thinking at the same time as concluding that supporting scientific thinking development should be a key aim of science education. However, Feist’s aim is not educational. He wants to help establish a Psychology of Science on a par with other disciplines such as Philosophy of Science, History of Science and Sociology of Science with its own academic association(s) and academic journal(s). An important part of his argument was the review that Feist carried out of existing studies of the cognitive activities of scientists and how these relate to the development of thinking in children and adults. This work provides powerful arguments for identifying certain cognitive activities as constitutive of scientific thinking. Smith extracted these cognitive activities from Feist’s text and, in cooperation with two teachers, tested and refined them against examples of practice (Smith, 2010, Smith et al, 2010). These cognitive activities are (currently, at least) called aspects of scientific thinking to avoid the over ready assumption that they are skills that can be practiced in isolation. Some aspects of scientific thinking (table 1), Feist argues, are found in both the implicit scientific thinking of children and adults, and the explicit scientific thinking of scientists – for example, observation, hypothesis formation and cause and effect thinking. In S-TEAM, we have come to call these the fundamental aspects of scientific thinking (WP8 TEAM, 2010) since they are fundamental to both everyday and scientific thinking and appear in various European statements of scientific literacy. That is not to say that the thinking of children, adults and scientists is the same in all respects. Other factors (Table 2) differentiate scientific thinking from everyday thinking, including the ability to separate and co-ordinate evidence, forms of visualisation (e.g. models and diagrams), controlling one’s thinking by making it explicit, and using metaphors or analogies. Along with language, these enable thinking to become ‘less and less immediate and sensory-bound and more and more consciously represented, explicit and metacognitive’ (Feist, 2006, p71). Of course, we assume, even if Feist may not say so explicitly, that those aspects in table 2 may also be found in other forms of thinking that are less sensory bound and more consciously represented, explicit and metacognitive. Indeed the model as a whole might be a useful basis for exploring the differences between disciplines, both scientific and non-scientific.

Table 1: Fundamental aspects of scientific thinking (Smith et al, 2010)
	Scientific Thinking (Adapted from Feist, 2006)

	Aspect
	What it involves

	I observe with any or all of my senses as required
	Fairly self-explanatory – all senses (not just vision) may be used as appropriate to input information

	I categorise what I observe as things and events
	Classifying information from observations into meaningful concepts or systems of concepts

	I recognise patterns in the categories of things and events


	Seeing patterns of relationships between different things and events the classified information above refers to (E.g. Thing A is always found with Thing B. Event Y always follows Event X)

	I form and test hypotheses
	Arises initially from pattern recognition. Begin to expect world to behave in certain ways and test these expectations

	I think about cause and effect
	Arises initially out of pattern recognition and/or hypothesis verification (e.g. recognition of pattern that Y follows X or verification of this as a hypothesis leads one to think about causes).

More sophisticated when one realises that co-variation is necessary, but not sufficient, for causality.


It should also be emphasised here that not every aspect of scientific thinking is necessarily involved in every scientific activity and so we should not expect them all to be involved in every school science investigation.

One further point seems worth making here. Another reason for thinking of them as aspects of scientific thinking, rather than as discrete skills, is their interactions and interdependence in development. To give two simple examples, the way we have previously categorised the world will effect how we now come to observe it and the theories we have previously developed will affect the hypotheses we now make about what we observe.

This model of scientific thinking became part of a wider, five dimensional model of school investigations. The wider model aimed to take account of many of the issues raised in debates between members of S-TEAM (teachers and academics) concerning both the purposes and difficulties of making ones teaching more investigative. This five dimensional model of science investigations, along with some practical questions it raises for teachers, is presented in Table 3. You will see from this table representation of the five dimensional model, however, that scientific thinking is a key dimension that connects the others. These other dimensions are to do with features of the investigations themselves- their origin, degree of teacher/ pupil control and certainty of outcome (openness). Also, we do not assume that the questions in the table are the only ones that could be asked. Teachers should feel free to add others that they feel apply to their own classrooms.  

Table 2: Further aspects of scientific thinking (Smith wt al, 2010)

	Scientific Thinking/scientific mind (adapted from Feist, 2006)

	Attribute/skill
	What it involves

	I effectively support theory with evidence
	This includes avoiding confirmation bias, not ignoring disconfirmatory evidence outright, avoiding distorted interpretations of evidence to fit preconceptions and distinguishing examples from principles.

	I visualise
	Visualisation in scientific thinking can take various forms including thought experiments, models and diagrams, graphs, charts and tables. These tables, for example, comprise an attempt in visualising scientific thinking.

	I am aware of my thinking and control it
	 Although beginning in observations, scientific thinking is not sensory bound but can make use of abstract concepts and theories. Scientific thinking involves being aware of these concepts and theories so that they can be challenged and modified. Along with this awareness is also an awareness of the thought processes being used and directing them towards goals such as understanding.

	I use metaphor and analogy
	Analogy – seeing how something (target) is like something old (source). Metaphor – an ‘as if’ comparison. Think about X as if it was Y. Both of these are used in scientific thinking in the process of hypothesis and theory formation, thought experiments, creativity and problem solving. In thinking about experiments in one context, we also may use analogies based on experiments from other contexts to design the experiments or to fix problems we are having with it. Analogy and metaphor also provide useful constraints to solutions to problems by focussing strategies

	I use the ‘confirm early-disconfirm late’ heuristic
	In practice, this may be rarely used in school science but is included here for completeness. Apparently many successful scientists when formulating theory look for confirming evidence first (‘make it a goer’), then seek to find evidence and arguments against it.

	I collaborate in thinking
	An important part of scientific thinking is both formal and informal collaboration with others in the sharing of reasoning and ideas. For professional scientists, this collaboration in discussing data and how to interpret it is important in conceptual change. There seems no reason to doubt that it also important for school students.


Table 3: Five dimensions of investigations and some associated teaching questions. (Smith et al, 2010)

	Dimension of Investigation
	Some Teaching Questions That Arise

	1) Origin in understanding. 

That is, does the question behind the investigation derive from pupils’ thinking inspired by everyday understandings, or does it derive from pupils’ thinking inspired by new scientific understandings they have developed or are developing in the coursework?
	a) Can I justify pursuing it within the content requirements of this course? If not, have I got time to pursue it for other reasons (e.g. 1b, 1c and 1d or 2b,

 b) What are the consequences, such as continued misconceptions, if I leave it?

c) Can I justify pursuing it because it is likely to promote engagement?

d) What aspects of scientific thinking (dimension 5) would be supported by this investigation?

	2) Origin in goals.

That is does the question behind the investigation arise from students’ and /or teachers’ goals?
	a) Did I instigate this investigation, or did the pupils, or is it the result of a jointly felt interest?

b) Did I instigate this investigation as a challenge to pupils’ pre-understandings?

c) Did the pupils instigate this investigation out of interest and will it promote engagement?

d) What aspects of scientific thinking (dimension 5) would be supported by this investigation?

	3) Control of the investigation.

That is, who will direct the activity – the students, the teacher or will control be shared in a partnership?
	a) Will the pupils be able to devise unaided a suitable investigative strategy, or do we devise it together, or do I suggest the strategy to them?

b) Am I controlling the investigation to ensure coverage of course aims and ability by the pupils to deal with assessment requirements? Can I achieve this without exerting this degree of control?

c) (Related to ‘a’ above) What aspects of scientific thinking (dimension 5) do they need to devise and carry out an investigation of this question and when and how do I put scaffolding in place when these aspects are absent or need help in developing? Are some of them only able to be practised when pupils have a certain amount of control?

	4) Degree of openness of the investigation

That is, how limited is the investigation in either the solutions that the students will come to, and/or in the scope of experimental, observational or text-based (including Internet) research required?
	a) Is the investigation question closed enough to be answered quickly and with a reasonable certainty that the pupils will come to scientifically accepted conclusions?

b) Is the question too open to be fitted in to the constraints of time and course requirements? 

c) In open and, possibly also, closed investigations, how will I monitor the development of pupil’s understandings and challenge any initial and/or developing alternate or misconceptions?

d) What aspects of scientific thinking (dimension 5) are supported by closed and open investigations? Are some of them particular to certain types of investigations?

	5) Aspects of scientific thinking used in the investigation
	a) What aspects of scientific thinking would be supported by this investigation and do I need to do other types of investigation to ensure all are practised effectively?


As noted above, this model has been tested by applying it to examples of teaching practice. Although not extensive in terms of numbers, these examples of practice ranged from more teacher-directed and controlled to more pupil-initiated activities and a few tentative lessons emerged. First, all forms of lesson were potentially supportive of many aspects of scientific thinking, even those directed by the teacher through demonstrations. In fact, we were surprised how many aspects of scientific thinking could be supported in this way. Realising this potential for supporting scientific thinking more explicitly, however, may require some analysis by the teacher of the forms of interaction and dialogue used in the classroom and how to indicate to the pupils when they are using scientific thinking, but the pressure is off to make dramatic changes to practice that always involve pupils in instigating and designing their own investigations. This, although desirable on occasion, seems impractical to many teachers as a typical practice. The key is to get the pupils to see the problems being investigated by either teacher led lessons or more investigative approaches as their own. That this can be done is shown in appendix 2. Second, it seems possible that by varying the types of activities, the aspects of scientific thinking can be supported in different ways, and a gradual pathway charted towards more independent, scientific thinking by the pupils. Third, there may be more opportunity to follow pupils’ thinking than we are aware off, or can always have the time to pursue.

The original examples of the use of the model in analysing their own teaching can be found in Smith (2010) and Smith et al (2010). Subsequently, another teacher has joined in using the tool for analysis – that is, for reflection. Smith has also used it as a tool for observing lessons. Appendix 1 and 2 contain examples from these that are also supportive of these tentatively drawn lessons.

We now have a model of scientific thinking that has already served some uses in the wider S-TEAM project -for example, for those working on scientific literacy (WP8 Team, 2010)- and for us as a small group. It now needs applying further by more teachers to test its usefulness further and to refine it if necessary.

Towards teacher collaboration in using the model.

Inevitably, our further trailing of the five dimensional model of investigations, with its sub-model of scientific thinking, is taking place firstly in Scotland. Scottish education is in the process of introducing a new curriculum – the Curriculum for Excellence
.  This new curriculum encourages a more investigative approach in science (The Scottish Government 2009a, 2009b) and, consequently, teachers are beginning to feel a discrepancy between much of their practice and what is being asked for now. During our collaboration on the model of investigations, one of us (Kelly) was seconded as a development officer for the Curriculum for Excellence in his local authority. Smith suggested to him the possibility of utilising Whitehead’s (1989, 2002) living theory concept as a guide in solving conflicts between actual practice and that desired – that is the conflict between their actual practice and the desire to make their teaching more investigative. Part of the thinking behind this was that similar conflicts were likely to occur for teachers across Europe and that general lessons might be learned for both experienced teachers and those undertaking ITE. Smith has used this approach before with groups of teachers to produce shared living theories (Brownlie et al, 2008, Smith, 2002). Teachers start by identifying living theory questions of the general form, “How do I improve/change my practice in order to….?” Theoretical frameworks, in this case the model of investigations, can then be used to support the finding of solutions. Other research, models, theoretical frameworks and the expertise of the teachers themselves are also drawn upon, as appropriate to the living theory questions. 

The S-TEAM project provided an opportunity for collaboration between a group of teachers and the academics involved in Scotland’s contribution. So, it was agreed to proceed and Kelly put out an invitation to teachers in his local authority to participate. Currently, six teachers have registered with the group, including Kelly and two meetings have been held. However, a difference emerged between this group of teachers and the one that Smith had worked with previously (Brownlie et al, 2008). This earlier group consisted only of teachers (Smith was still a teacher, himself) and had been meeting in Smith’s own school for some time to cooperate in their professional development by considering the relevance of research work to their own practice. Their meetings had been informal and the group, in time came naturally to a point when it wanted to conduct its own action research project. In retrospect, we were perhaps naive in thinking that this second group could quickly reach this situation. However, the approach of letting the teachers raise the issues and their experiences first did have reasons. Firstly, the research tradition favoured by the academics in the team is influenced by grounded theory. There is a natural resistance, therefore, to rushing overly quickly to prescriptions for practice and/or reliance on standards for practice. Instead, they have come to favour a view that sees teacher learning as involving changes in one’s sense of identity which requires a widening of research to include the informal aspects of this development (McNally et al, 2008; McNally and Blake, 2010a, 2010b). Smith has a view that teachers need to apply research for themselves in line with the complexity of their situation and the values that pertain within it (Smith, 2002, 2004) and that there may be times that they need to adapt research models and findings to their own situations, or use them to ask questions about any implications for their own contexts (Smith, 2002, 2004, 2009). So, there is also a reluctance here to prescribe practice. However, Smith does think that it is possible to bring models or tools to teachers to aid them in reflection about their practice and directions they may want to take it, in line with Whitehead’s (1989, 2000) living theory approach.

 However, together these perspectives meant that we did not bring much in the way of structuring the meetings, but were waiting for the teachers to set the agenda within the parameters that they would want to think about making their practice more inquiry based for their pupils and that it would support the Scottish curriculum. We had in mind the idea of the group as being a learning community.

The teachers, however, expected that we would bring more in the way of structure and so we were forced to rethink. We wanted to retain the above principles as far as possible, while providing a structure for the process that was motivating for the teachers, while helping them to make changes to their practice that they thought was important, while supporting scientific thinking and moving towards more inquiry-based forms of practice. We decided that a course module might be the answer for which the teachers could gain some form of accreditation.

Most importantly, however, the module needs to facilitate collaboration between the teachers and the academics in solving practice-based problems that are important to the teachers.

The module.

Perhaps the best way to illustrate the module is to provide the proposed module outline (appendix 3). Obviously, this is the version intended for Scotland, but it should be possible to adapt it to other national contexts.
 As will be clear from this outline, we intend that the module provides a structure for empowerment of the teachers through working together with each other and with the researchers from Strathclyde –it is a structured form of collaboration. 

One point that was raised as we discussed the module was that not all the teachers seemed ready to use the five dimensional model of investigations. It is useful to those who are at a certain point in thinking about their practice. Therefore, we have included am activity (pre-module and in the first session) to lead up to this model in session two. The activities aim to stimulate discussion between the teachers and the researchers and collaboration towards using the model to think about how much their activities support scientific thinking, what inquiry-based activities might be for them and what changes or innovations they want to try in their own practice. The pre-module activity draws upon material from other S-TEAM deliverables to help the teachers to begin to think about how we might distinguish different types of inquiry (open/closed inquiry and/or levels of inquiry) and the issues these raise for their own contexts. Of course, this run of the module is a test of the module and the materials, including the model of investigations. As we make clear to the teachers in the module outline and the pre-module activity, we are ‘investigating how to provide a structure that helps teachers to investigate how to change their practice so that they and their pupils are engaged in their science education in a more investigative way.’

Comment on collaboration

The model of investigations and the proposed module would not have taken the forms they have without much discussion between the authors and beyond. Some of these discussions have been quite heated, although never bad-tempered, as we exchange viewpoints from our different perspectives. This is a form of collaboration between teachers (present or retired) and academics that only projects such as S-TEAM and an earlier project into the early professional learning of teachers (The EPL Project, McNally and Blake, 2010a) seem to facilitate. It is a form of collaboration in which both teachers and academic researchers share the structuring of the research, the development of models and theory, the raising of questions for practice, and the development of interventions. The emphasis is on working with each other and empowering each other to develop theory and practice. Teachers are empowered to explore and understand their practice and to change it for themselves in line with the values that they hold or which pertain in their contexts. Academics are empowered to develop theory, models and tools that help in understanding the learning/teaching processes, but also are of practical significance to practitioners. Such collaborative projects may not necessarily need to be on such a large scale as S-TEAM or the EPL projects, but they are clearly useful and should be more widely encouraged.

One-way of understanding this collaboration is in terms of two dimensions: insider/outsider and interested/disinterested
 (Smith and Gray, 2010). These two dimensions are an extension of the idea that teacher-researchers could be disinterested-insiders (Smith and Easton, 2009; Smith et al; 2009). The teacher-researchers in the EPL Project were disinterested-insiders because they did not have direct stakes in the outcomes of the research. They were not researching their own practice, or anything that directly impinged upon it. Interested insiders who are researching their own practice do have a direct stake in the outcomes. Of course, interested/ disinterested and insider and outsider are relative terms. It is probably impossible to be completely disinterested when engaging in educational research, for example. However, the dimensions (Figures 1 and 2) do help in mapping out the perspectives that members of this group bring and, through that, the nature of this collaboration.
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Figure 1: A model of research stances in school-based educational research
Of course, the placements of the authors on these dimensions in Figure 2 are merely illustrative, rather than precise measures. For example, Smith is a retired teacher and so is now an outsider to the school context, but is still closer to the insider side of that dimension than McNally who also had significant teaching experience before moving into the outsider research world. Gray and Blake are outsiders, since neither have been teachers. However, Blake is the closest we have to being disinterested, since his skills include using qualitative and quantitative data to assess outcomes. However, he has contributed to the design of the module, so we cannot place him too far on the disinterested side, and perhaps should place him on the boundary. Gray, as S-TEAM Project Manager, clearly has a stake in the success of the initiative. Kelly is currently not working in schools, but retains his insider status through his responsibility for leading the development of the delivery of the new curriculum in his authority’s schools. He shares the same high level of stakes (interest) in the module’s success as Smith, McNally and Gray. Stanfield and Mackenzie have been indirectly influential in the development of the module, although Mackenzie did contribute to the development of the model of investigations and both have used the model. However, both have smaller stakes in the success of the module’s delivery.
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Figure 2: Collaboration in S-TEAM WP5 on empowerment of teachers to make their teaching more inquiry based.

Figure 2 describes, or at least outlines, the form of collaboration between teachers and researchers that has brought us to the point we are currently at. Smith has also found it useful in considering the roles he has played in this and previous projects. He has been in every box, apart from disinterested outsider. As regards this project, it perhaps also suggests that we should consider how to extend the disinterested outsider input into the evaluation of this module. That is something we can debate.

Implications for CPD and ITE

When this contribution to ECER was proposed, we expected to be further down the road of testing the model of investigations with experienced teachers and in drawing lessons for its modification and for its possible use in Initial Teacher Education. Only tentative initial conclusions can be drawn.

Firstly, when developing a model such as the five dimensional model of investigations, it is useful to take it to teachers for their comments and to help in bringing it to a form that is useful to teachers.  By implication, we should also be asking student teachers how to make the model clearer for them. Collaboration needs to be between researchers and teachers at all stages in their careers, including those who are not yet qualified. However, participation in this form of collaboration is itself a powerful form of CPD or ITE. 

Secondly, however, teachers, and again by extension, student teachers, need to be ‘ready’ for such models. Some are at a stage where they are prepared to work through developing their own understanding and application of them. Others may need activities that empower them to use such models. We hope that our pre-module activity and the activities in the module itself are empowering in this way. If this turns out to be the case for ourselves in partnership with the teachers who undertake the module, these activities may be templates for the types of activities that can be more widely used across CPD and ITE. The question is, how similar can they be for experienced teachers and for novice teachers. 

Thirdly, we think that we are onto something that, while not necessarily new, should be more to the front of our thinking. We should be thinking in our collaborations about mutual empowering each other (and less in terms of teaching, training, developing, and so on) from our different perspectives as outlined in figures 1 and 2. In collaboration, the members of the group, as interested or disinterested, insider or outsider, mutually empower each other to reach goals. When that collaboration is between teachers considering the relevance of some research, as in the information literacy project (Brownlie et al, 2008) or in the formation of the model of investigations, that collaboration can result in models that empower (some?) teachers to understand and change their own practice.  The collaboration between the researchers and teachers who have authored this paper has empowered us to at least to think about and design a module that we will test with a wider group of teachers that we hope will in turn empower them to understand and change their practice in ways that are important to them, while further empowering the researchers to understand the nature and difficulties of teaching science and to improve our conceptual models, and so improve our own practice as either teachers or researchers. 

Ultimately, we hope that this work will prove a useful case study that helps to empower others through being a resource for those endeavouring to make science education more inquiry based within their own schools and cultures.
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Appendix 1

Example: Analysis of a S1 Investigation into Renewable Electricity

Daryl Stanfield

This investigation used materials from Edinburgh University’s Renewable Energy Roadshow (http://www.renewableenergyroadshow.org/index.html). The investigation was designed to enable pupils to investigate how to harness renewable energy sources and gain an appreciation of the complex issues involved in planning and implementing renewable energy generation in the real world.  Pupils discussed the question “What is renewable energy and why do we need it”.  They then worked through a variety of experiments investigating the properties of wind, wave, tidal, solar and hydroelectricity.  Pupils were divided into groups and presented the task of powering an imaginary town via renewable energy.  They were provided with a map of the town, accompanied by an information sheet for the area and a power facts booklet telling them about wind, wave, solar and hydropower. These intended to give the students clues as to what types of renewable energy were possible for the town, and what issues they would have to consider in their discussion.  The pupils were given a strict budget of £10 million and were required to provide a detailed account of exactly what types of energy they bought, and how much of each energy.  The final task was for pupils to present their results to the rest of the class.  The table below shows the analysis of this investigation.

	Dimension of Investigation
	Aspects of scientific thinking)
	Analysis

	1) Origin in understanding. 


	
	The project is designed to meet CFE outcome (SCN 3-04b) and build on pupils prior knowledge of renewable energies.  



	2) Origin in goals.


	
	The question behind the investigation arises from the teachers’ goals.



	3) Control of the investigation.


	
	Control of investigation depends on pupil ability.  Able devise their own plan and strategy.  Less able pupils require extra scaffolding.



	4) Degree of openness of the investigation


	
	Investigation is moderately closed as information packs lead pupils to solutions.  



	5) Aspects of scientific thinking used in the investigation. 


	I observe with any or all of my senses as required
	Supported – pupils conduct experiments that utilise all senses to gain an understanding renewable energy sources 



	
	I categorise what I observe as things and events
	Supported? – Pupils gain information/knowledge (by classifying events) from renewable energy experiments then apply them to solving the renewable energy task.   



	
	I recognise patterns in the categories of things and events
	Supported? – pupils are expected to recognise that certain environmental conditions provide the conditions particular renewable energy sources to be appropriate. 



	
	I form and test hypotheses
	Supported – Pupils continually hypothesize then test ideas throughout investigation.  For example, during initial practical experiments investigating properties   



	
	I think about cause and effect
	Supported – Pupils must consider advantages and disadvantages of renewable energy sources and how they effect neighbouring environments.



	
	I effectively support theory with evidence
	Supported – Pupils are required to provide arguments backed up with evidence that support their ideas/theory. 



	
	I visualise
	Supported.  Pupil’s present conduct thought experiments and display their findings by annotating maps.



	
	I am aware of my thinking and control it
	Supported – Investigation includes “News Flashes” that alter variables and therefore need to be discussed.



	
	I use metaphor and analogy
	Not Supported.



	
	I use the ‘confirm early-disconfirm late’ heuristic
	Supported? Pupils in the group would lead arguments for an energy source, which was followed by questioning by all in the group of those arguments.



	
	I collaborate in thinking
	Supported – Pupils share ideas throughout.


As you can see, this analysis suggests that the investigation supports all of the aspects of scientific thinking, except the use of metaphor and analogy. Of particular interest (as so far in other examples, it has not occurred) is that the ‘confirm early-disconfirm late’ heuristic was used by the pupils.  This was apparent when pupils confirmed that a particular type of renewable energy source was appropriate and then looked for evidence and arguments against it. 

Appendix 2

Observation of Standard Grade Physics - transport

This class settled well and quickly and seemed generally enthusiastic. The following table and notes from my observation of the lesson from my perspective –non-physicist/ retired teacher and are not criticisms. 

The lesson was essentially divided into three activities: design of title page, analysis of football clip to calculate average speed of a ball from the edge of the penalty box into the goal (said by commentator to be 86mph), and going outside to calculate some average speeds themselves (mainly themselves walking or running between two points)
	Dimension of Investigation
	Aspects of scientific thinking)
	Analysis

	1) Origin in understanding. 


	
	This was a new topic that appeared to build on prior understanding as .pupils, (as a class, more difficult to assess individually – one pupil clearly was not clear about the equation for determining average speed, that others appeared to know well) evidenced awareness of some of the key concepts in discussion – average speed, instantaneous speed, force, for example. They also evidenced a lot of prior knowledge/ understanding of measurement.

See note 1



	2) Origin in goals.


	
	Teacher’s goal – to introduce and give experience of measuring average speed. Many adopted it as their own, however, through the challenge of the football example



	3) Control of the investigation.


	
	Teacher, but using, where possible, ideas suggested by the pupils



	4) Degree of openness of the investigation


	
	Closed in terms of aims but open to ideas from pupils. However, pupil ideas limited by prior understanding  (not a bad thing?) of measuring. Ideas taken from pupils included adjustment/ re estimation of goal kick to take account that it was diagonal from the penalty box line, rather than direct, ideas for measuring their own average speed, and ideas for dealing with measurement errors.



	5) Aspects of scientific thinking used in the investigation. 


	I observe with any or all of my senses as required
	Supported. In this case observations included measurements of distance and time using instruments and, in case of football clip, knowledge of the way a football pitch is set out.

	
	I categorise what I observe as things and events
	Supported in that they had to categorise events such as the kick at goal and themselves covering the distance between two points. Perhaps, relatively trivial though by time pupils have reached this stage.



	
	I recognise patterns in the categories of things and events
	Supported – data was examined for outliers and a discussion took place of how best to deal with these – eliminate, or take an average. Also, relationships between variables in equations.

See note 2



	
	I form and test hypotheses
	Supported

See note 3



	
	I think about cause and effect
	See note 1



	
	I effectively support theory with evidence
	Not sure from my observations – perhaps clearer for a Physics teacher



	
	I visualise
	Supported as pupils had to visualise (think about) how they would measure average speed of themselves, before going out to do it. Thought experiment preceded actual experiment



	
	I am aware of my thinking and control it
	Supported as pupils (again, as a class, at least) were clearly reflecting on what they were doing and what prior understanding/ knowledge was appropriate



	
	I use metaphor and analogy
	Not obvious, but see note 4



	
	I use the ‘confirm early-disconfirm late’ heuristic
	Supported through the football activity – set out initially to confirm commentators assertion re speed of ball.



	
	I collaborate in thinking
	Yes. Firstly through class discussion of how to measure average speed of kick, then through collection and pooling of data, and calculating average speed. See note 2

Secondly, through conduct of experiments outside as groups of pupils calculated average speeds


Notes

1) It was interesting that as the pupils drew their title pages for the topic of transport, none of them illustrated this with concepts drawn from physics. Instead, they tended to illustrate the topic with modes of transport, despite the fact that many of them, at least, appeared to have a good previous grasp of relevant physics’ concepts. I wondered if it is worthwhile S-TEAM giving some thought to the problem of helping pupils to see physics (or the science they are studying) as a means of understanding. The topic, perhaps, is not “Transport” but “The ways that physics help us to understand transport.”  I also noticed that there were opportunities to link the activity even more effectively with prior understanding. For example, I don’t know if it was missed or not, but one pupil mentioned force in relation to instantaneous speed - “that’s when force comes in”. That might have opened up a useful discussion and helped consolidate this and future activities in this topic more effectively. It would also have been a discussion of cause and effect. Of course, pressure of time and other teaching issues may have been on your mind, and you judged it more effective to move on

2) One pupil mentioned the technique of eliminating outliers and this was taken as being a good suggestion. Others mentioned averaging all the results. I did wonder if more discussion about why using all the data in calculating an average was a better technique in this case would have been useful. 

3) The way that the class worked together in both the football example and outside in these activities was impressive. Again time might have been an issue (they were keen to get outside) but I did wonder if there could have been some useful discussion, and further hypothesis formation, around the issue of why the class calculation of the average speed of the ball and that claimed by the commentator were so widely different. Could we, for example, have measured the angle better (say by measuring it on the screen as a fraction of the penalty box line?) to get a better estimate of distance? Can we improve our measurement of time? And so on.

4) If some authors (e.g. Lakoff and Johnson, 1999) are correct, all abstract concepts involve metaphor, so perhaps we need to look at this more carefully.

Overall this lesson illustrates the following to me.

1) That teacher led lessons can be effectively constructed as investigations and this example illustrates that well. Although teacher led, this lesson was investigative and supported many of the aspects of scientific thinking that should be effective as part of an ongoing programme.

2) That pupils may say things that offer opportunities for further investigation or for basing that investigation even more firmly in their understanding but, a) we miss those opportunities because we don’t hear them at all, or 2) we hear them but fail in the flow of the moment to see how to capitalise on them or fail to realise that such an opportunity was available. This seems bound to occur and is not meant as a criticism, but as something that we (teachers and advocates of inquiry-based teaching) should be aware of, and perhaps, once aware of it, can endeavour to minimise, although probably never eliminate entirely. 

3) That even if we do notice such opportunities as discussed in 2 above, other pressures/issues may have to be taken into account – time/ need to move on to the next planned step, for example. There will always be teaching decisions to be made in the ‘flow of the moment’
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The Scottish Context

Curriculum for Excellence (CfE) promotes the use of inquiry-based learning in the Sciences. Learning and Teaching Scotland’s companion guide, Curriculum for Excellence: Sciences, Principles and Practice states that:

experiences and outcomes in science provide opportunities for children and young people to develop and practise a range of inquiry and investigative skills, scientific analytical thinking skills, and develop attitudes and attributes of a scientifically literate citizen.

Science: A portrait of current practice by HMIe (2008) reviews the extent to which contemporary practice in science teaching is successfully promoting the four capacities of Curriculum for Excellence, and it too is clear that practical, inquiry or investigative learning activities are ‘key to developing successful learners in science’. However, drawing on the evidence of the inspection of primary and secondary schools between 2004 and 2008, the portrait is reserved about the depth or breadth of the provision of practical inquiry work in Scottish schools, conceding that in ‘secondary schools, too often, young people were not sufficiently active in their learning’ and that children’s ‘skills of scientific investigation were too limited’ in primary schools also.

The Role of S-TEAM

In evaluating the state of the art of inquiry-based science teaching and education in teacher education institutions and schools across Europe, the Science Teacher Education Advanced Methods (S-TEAM) project has found that many science teachers may use investigative methods in their practice, at least sometimes, but they also experience many obstacles. These include time, the structure of the curriculum, forms of assessment that focus on content and, perhaps, their own lack of experience of investigations, either in their own learning or through not having worked themselves in science. There may even be resistance at times from pupils or their parents. Even for those teachers who wish to use a more investigative or inquiry-based approach in their practice, there are often formidable problems to overcome. 

Proposal

This S-TEAM programme is designed to help teachers to work through the particular problems that they encounter in their own settings. The focus and format has arisen through discussion with a collective of East Lothian Science Teachers. Instead of being prescriptive, it attempts to be empowering to both teachers and, through them, their pupils. It will, therefore, be evaluated against the following question.

How does this programme further the empowerment of teachers (or student teachers) to themselves further the empowerment of their pupils to engage effectively in inquiry-based learning?

Although the programme does not attempt to be prescriptive as to what teachers do in their practice – it does not say, “Do inquiry this way” – it does however present a structure for empowerment based on a number of learning outcomes.

Outcomes
As a result of completing the programme it is intended that participants will have developed and applied collaborative understandings of inquiry-based learning in science through interventions to classroom practice, by demonstrating:

1. theoretical and critical understandings of inquiry through reading, discussion and analysis;

2. an applied understanding of inquiry through the design and implementation of a practical, hands-on intervention in the science classroom;

3. the foundation or enhancement of the classroom environment to accommodate inquiry;

4. a shared capacity for supporting fellow teachers in developing their understandings of inquiry-based learning in science (leading, in time, to the reproduction of programme outcomes with colleagues in school). 

Seminar Schedule

Between September and December 2010, eight twilight seminars will be offered, lasting from 4.30 pm to 6 pm, alternating between Tuesday and Thursday evenings. Food Court Classroom, Knox Academy, Haddington.

Participants will be required to work through a modest compendium of preparatory readings ahead of the first meeting. The readings are carefully selected to exemplify a range of theories and practices in inquiry-based science methods, as well as to introduce a number of approaches to analysis and reflection that will prove useful during the course as well as beyond.

Sept 16
Introduction: comparisons will be drawn between the arguments in the preparatory readings and the statement of scientific literacy that underpins A Curriculum for Excellence in Science.  Examining points of convergence and divergence, a lively discussion and analysis of findings will kick-start the metacognition of processes and practices in inquiry-based teaching and learning in science.

Sept 28
Analysis I: participants will undertake an analysis of video evidence of a passably competent, mid-level example of science teaching [exemplifying an instance of practice in which inquiry activity could be either improved or added in, provided by S-TEAM WP4, 5, or 8].

Oct 5
Analysis II: participants will undertake an analysis of video evidence of their own practice [should the requirement of a video clip be introduced as early as possible: flip cameras could for example be made available in seminar one, to thus allow enough time and equipment for filming]

Oct 28
Scientific Thinking: analysis of the participants’ own video evidence continues, perhaps in pairs or small groups, now employing the Scientific Thinking Tool.

Nov 11
Designing an Intervention: participants will discuss and begin the work of designing an intervention using inquiry (or alternatively advanced) methods for use in their own practice.

Nov 23
Supporting an Intervention: in support of putting into effect participants’ individual interventions, the group will provide collaborative critical friendship.

Dec 7
Conclusion I: presentation of the preliminary results of participants’ interventions to the cohort. [Will one session be enough for the presentations? Perhaps unlikely]

Dec 9
Conclusion II: continuation of presentations.

Feb/Mar 2011
Participants may elect to attend a proposed S-TEAM/ University of Strathclyde national workshop to present, as a group, the results and experiences of the programme and resulting interventions.

The twilight sessions represent 12 hours of participants’ mandatory CPD. The tasks required for completion of the programme may denote additional CPD hours.

Criteria for Completion

1. Full attendance at and participation in the programme.

2. The development of an inquiry-based, hands-on intervention for the science classroom.

3. Submission of an artefact demonstrating the impact of the intervention on learners, colleagues, or the participant’s own experience. The artefact may be of flexible format: as straightforward as a 1000 word summary report, for example, or, more complexly, a multimedia product.

4. The delivery of a brief, individual presentation of the (early) impact of the intervention to the programme group.

5. Elective involvement in a group presentation to be delivered at the S-TEAM/University of Strathclyde national workshop proposed to take place in February or March 2011.

Upon completion of the programme participants will receive a certificate in recognition of their work. It is anticipated that the programme will be submitted to the University of Strathclyde’s Board of Study to be approved as an award-bearing course. Subsequent to approval, the first group may then become eligible for accreditation of prior learning.

� For general information on this initiative, go to http://www.ltscotland.org.uk/understandingthecurriculum/whatiscurriculumforexcellence/ 


� We would welcome comments, criticisms and ideas for adaptation to other contexts.


� We are happy to email this pre-module activity on request and would welcome comments on how it might be improved and how it might be modified for particular national contexts.


� Not to be confused with interested/uninterested. 
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