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‘For the first couple of sessions, I was just like, ‘Just give me the answer.’ I just wanted a bit of paper to […] say ‘do this’. But now at the end of it, I think it wouldn’t have been ingrained in my practice.’
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Introduction

This paper describes our experience in working with teachers to think about how to make practice more inquiry-based: one in which we as the academics were thinking in terms of collaboration while the teachers were expecting delivery of a professional development module. Partly, this is the story of the balance found between those expectations through underpinning the PISCES module and, subsequently the follow-up ARIES module, with the idea of empowerment. Partly, it is an attempt to conceptualise the form of professional learning that evolved. First some quotes to set the scene.

T5 The first couple of sessions, I was just like ‘Just give me the answer’.  I just wanted a bit of paper to go away and say  ‘do this’. ……. I think it’s embedded more in my practice because I’ve discovered it. I think if I, because I have to be honest, after the first couple of sessions, the amount of hours you were putting into the extra reading and the wee homework tasks and things, I was thinking ‘I could have done this over two sessions of CPD’ but now at the end of it, I think it wouldn’t have been engrained in my practice. 
T1:  Normally you’d probably go away with, like what we were saying, a little list of ‘try this, try that’, and you read it and you think ‘that’s a great idea’ but then you don’t actually do it. The way it was delivered, I think really made you, because you did have to report back and really think about it.   And we had some great discussions as well.  It was presented in a really good way for us to actually use it rather than just….
T6 (Cutting in):  It’s good that it wasn’t prescriptive.  Because if it was prescriptive that’s as far as it would have gone.  But also I don’t think they’d any idea what we’d all do, because we’re all different people.  

(Comments by participating teachers after completing the PISCES module)

As these comments indicate, the PISCES module was a form of CPD/TPD
 that has been successful in supporting this group of teachers in developing their practice. Yet, as the comments also indicate, it achieved this without “giving answers” or “giving lists of ‘try this, try that.’” PISCES was not “prescriptive.” By now, you will have at least two questions:
1) What is PISCES?

2) What exactly did PISCES achieve and how did it do it?

This paper sets out to answer these two questions, along with the third mentioned above.

3) How can we conceptualise the learning processes involved for both the participating teachers and ourselves as deliverers of the module?

What is PISCES?
PISCES (Promoting Inquiry Skills for a Curriculum for Excellence in Science) is a CPD module that developed through a particular set of circumstances. Three of us (Smith, Blake and McNally) were working on a part of the S-TEAM project
 concerned with developing modules that could be used to equip student teachers to use more inquiry-based methods as they left teacher training. Encouraged by Gray (the Project Manager), it was felt that to make these modules realistic, we had to know more about the actual problems faced by teachers in schools who may with to increase their use of inquiry methods. The opportunity to get together with a group of teachers came about when another of us (Kelly) was seconded to the role of Development Officer for his local education authority and so was in a position to invite teachers along.
It was meeting with these teachers that shaped PISCES. They did not want us to act as collaborators, or even consultants, in a knowledge-building process: they expected, because we were from a university, some form of accredited CPD. This gave us a dilemma. We did not feel that we had ‘out of the box’ solutions for teachers to apply to their own contexts for making pupil learning more inquiry-based. That is, we could not be prescriptive about what the teachers should do. 
The solution was to think in terms of empowerment through helping the teachers to conceptualise issues for themselves. Through this, the basic PISCES outline (Table 1) emerged. Empowerment to conceptualise the issues and possible interventions was achieved through bringing two analytical tools or models to the teachers. One of these was the Herron Model of Levels of Investigation (Forsman, and Kurtén-Finnäs, 2010; Herron, 1971). The other was the five dimensional model of investigations, including a dimension of scientific thinking that we have developed in STEAM and reported on previously (Smith. 2010; Smith et al., 2010a, 2010b). Very briefly, the dimensions can be listed as follows:

	Basic outline of PISCES

	Empowerment, not prescription

	Accredited module giving empowerment to teachers:

· To conceptualise issues of inquiry

· To devise and implement own intervention questions

· To try out answers to the questions in their practice

· To evaluate the outcomes of their interventions




Table 1: Basic outline of PISCES
1. Origin in understanding 

2. Origin in goals (of teacher or of pupils, or shared by teacher and pupils)

3. Control of the investigation (by teacher, by pupils, shared by teacher and pupils)

4. Degree of openness of the investigation

5. Aspects of scientific thinking used in the investigation

The first four dimensions are the results of thinking with ‘teacher hats on’ about what might be pedagogically useful questions about investigations. In our own subsequent work with teachers, these dimensions seem to have been stable and there has been no perceived need to add others or to modify the existing ones. However, that does not exclude the possibility for the future or for others working in other contexts or cultures. The fifth dimension derives from the work of Feist (2006), and offers a model of scientific thinking. This dimension or model has also worked well with our teachers but there is again no suggestion that it is all-inclusive or final. What does seem clear to us, as we will elucidate later, is that models such as this can be useful to teachers in thinking about and developing their practice.

A scenario we imagined that might provide an opportunity for an investigation was when the pupils ask questions.  Sitting outside the classroom, it is easy to say to the teacher, “There’s your opportunity. Don’t tell them the answer but set up a situation so that they find out for themselves.” And indeed, some teachers will do just that. However, others might want to or need to think through the implications more carefully and the dimensions of the model aim to support this, particularly in helping to think through some of the conflicting pressures that they may be experiencing.
It could be argued that this was prescriptive to a degree, as the tools will inevitably ‘channel’ thinking.  Certainly, the Herron model has a prescriptive edge to it in its original format (Table 2), but becomes less so with the modifications (Also, Table 2) made to it in response to the teachers’ thinking in the first session. These modifications were made after the teachers used the model in a pre-module activity aimed at supporting thinking about using more inquiry in their own contexts and any possible problems that may arise. The five dimensional model was designed to avoid prescription, as far as possible, and to empower them to describe what is actually going on in their lessons and to open up awareness of the pedagogical decisions that they can make. 
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Figure 1: PISCES module sessions
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Table 2: Original Herron Model (black type) and modifications/additions (red Type) made by the PISCES’ teachers.

Support through the group was given to fine tuning the intervention questions and the strategies for tackling them that the teachers came up with. Accreditation was through the presentations that the participating teachers gave on what they had done, its early impact on themselves, their pupils and/or colleagues and what they had learned. The module lasted six sessions, as shown in Figure 1. This brings us to the second question.
2 What did PISCES achieve and how?

The actual work of the teachers will be presented in more detail elsewhere, as space does not allow this here. Suffice it to say that all of us in the audience (former teachers, now working as academics, development officer, other researchers) were very impressed with the range, imagination and quality of the interventions that the teachers carried out. The age range of the pupils involved was also significant – from primary 1 (age about 5) to fifth and sixth years in secondary school (ages about 16-17). The teachers agreed that PISCES had been challenging in both requiring effort and engagement on their part and in making them think about their practice in new ways.

For achieving their high quality interventions, the teachers identified the important features of PISCES as being:

· The two models that helped them to think about issues in making their work more investigative, while also supporting their planning and evaluation of their interventions.

· The supportive comments from the group about their planned interventions.

· The fact that there was an expectation that they would do something in their practice and that they had to present on it. 

· The learning from seeing the presentations of others and discussing together what they all had done.

The teachers also saw PISCES as a beginning, not something ending with the completion of the module, and were looking at how they might continue as a learning community. This ultimately resulted in them ‘commissioning’ the academic team to deliver a set of outcomes in a follow-up module that we called ARIES (Advanced Resources for Inquiry and Evaluation in Science). This is also an indicator of the success of the module for the teachers. They were prepared to be challenged further in thinking about their practice. For us on the delivery side of PISCES, it raises many interesting questions, one of which we begin to explore in the next section.
3 How do we conceptualise the learning processes the teachers and ourselves?

In this section we want to begin to think about how to conceptualise the learning of the teachers that we witnessed during the module. We use two concepts for this. One of those concepts is Pedagogical Content Knowledge (PCK)- a concept beginning with Shulman (for example, 1986). The other, which we tentatively introduce ourselves, is Pedagogical Process Knowledge (PPK) that seems to us to arise from the activity within PISCES and could be a useful partner to PCK.
This aim is not without its difficulties. Although PCK is argued to be a useful concept (for example, Abell, 2008; Bausmith and Barry, 2011; Bullough Jr., 2001) and generative in the sense that it has opened up thinking about the distinctive forms of professional knowledge of teachers in different subjects and set people asking new questions about the knowledge, skills and abilities of teachers, their supervision, and their assessment (Berry et al, 2008); there is neither a clearly shared understanding of its definition or of its relationships with the other forms of knowledge (for example, disciplinary or subject matter knowledge [SMK], and teachers’ knowledge of their own contexts) that teachers also require (for useful reviews, see Kind, 2009; Park and Oliver, 2008).  
The problem in agreeing a definition of PCK (and, indeed, the other components of teacher knowledge) lies in the complexity of ‘being a teacher,’ as well as the different aims (teacher educators for different subjects and educational stages or researchers seeking explanation of educational outcomes, such as differences between successful and unsuccessful teachers) of authors who use the term.  That makes if difficult to be absolutely sure if PPK offers anything genuinely new to the mix of concepts, or is just a recombination of factors already recognised somewhere. That said, we have not to date found anything which matches exactly our concept of PPK. It may be that the concept of PPK is making something explicit: foregrounding a component of teacher knowledge previously in the background.
Based on Kind’s (2009) review, we can characterise the debates about PCK as centring around two main issues. Firstly, there is the debate about what to include and what to categorise as other categories of teacher knowledge (Kind, 2009). For example, van Dijk and Kattmann (2007) distinguish clearly between SMK and PCK, whereas Hashweh (2005) includes SMK within PCK. Then, there is the related debate as to whether PCK is transformative or integrative of these other forms (Kind, 2009). In integrative conceptions or models, PCK summarises the whole of the teacher’s knowledge base –like a chemical mixture in which individual components such as SMK and context keep their identity, but are ‘indistinguishable at a macroscopic level’ (Kind, 2009, p 180). In transformative models, PCK is new knowledge that arises from ‘transforming subject matter, pedagogical and contextual knowledge for the purposes of instructing students.’ (p180). Kind uses the analogy of a chemical compound formed by the rearrangement of previously existing components that are then difficult to separate. SMK is then a separate component in the mixture, which then reacts to produce a unique form of knowledge.
However, whatever stand one takes on these issues, there is a clue to commonality in the name of the concept – the focus is on knowledge of content associated with a discipline. An important core across the variety of conceptions of PCK is the teacher’s knowledge of how to organise the required content knowledge of a discipline (of science, say) for learning by one’s students. What is missing, or at least is not as explicit as they may be, are the thinking and inquiry processes of a discipline. Our concept of PPK tries to fill that gap.

In working towards a concept of PPK, perhaps a useful starting point is the definition of PCK offered by Park and Oliver (2008). Based upon an analysis of various views of PCK, these authors reach what they believe to be a comprehensive working definition of PCK for their own study.
PCK is teachers’ understanding and enactment of how to help a group of students understand specific subject matter using multiple instructional strategies, representations, and assessments while working within the contextual, cultural and social limitations in the learning environment. (p264, emphasis in original)

This definition is a good starting point here because:

1) Our teachers were concerned that their pupils understood the content in the way required by the curriculum and the assessments that they were likely to have imposed from outside. Although we perceive a need for a concept of PPK, it does not replace PCK or eliminate a concern with content.
2) They used multiple strategies to support the pupils’ learning. As their focus was on inquiry-based methods, however, we would prefer to change  ‘multiple instructional strategies’ to ‘multiple strategies for supporting learning.’

3) As their modification to the Herron model shows, the teachers were aware of the contextual limitations of the learning environments they worked in. Although not discussed in the data to the same extent, it seems unlikely that they do not also consider the cultural and social limitations in the learning environment.

However, focussing on making one’s practice more inquiry-based highlights some factors in learning that this, and similar definitions do not sufficiently spell out. There are differences between the science taught in schools and the ‘real thing’. Stewart and Cohen (Pratchett et al, 1999) amusingly describe how teachers may have to ‘lie’ (honourably as it is argued to be essential to their learning) to their pupils by giving them models or explanations that are not really true or distort what scientists really think in some way – for example, presenting atoms as miniature solar systems.  Teachers, especially when teaching their specialism, have to reshape their SMK from the form they bring from their own academic training to the form required for teaching in school (Kind, 2009) – a re-conceptualisation of science from lab to school (Sharma and Anderson, 2009). In other words, the conceptual content of school science and academic science can be different.
Is there this gap between school science and academic science when the focus is on processes such as inquiry and scientific thinking? This is obviously a complex question, since conceptual content inevitably plays a role in influencing inquiry and thinking processes. For example, the ‘machine or clockwork’ metaphor that dominated physics conception of causality following Newton led scientists in other fields to think about, for instance, biological organisms and human behaviour around this same metaphor, even when physics had abandoned it (Midgely, 2004).  Nevertheless, it is possible that the underlying processes are similar, whatever the conceptual content.  For example, as indicated earlier, the model of scientific thinking we used in PISCES derived from Feist (2006). This work involved a major review of the literature on the actual work of scientists, their thinking and how the ‘scientific mind’ develops and relates it to findings in developmental, cognitive and social psychology. The evidence he presents is suggestive of similar underlying features in the thinking - observations, hypothesis formation, use of analogy, etc. - of children, adults, novice and expert scientists. The differences can be described in terms of the awareness and conscious directing of those processes and other qualitative variations. For example, Feist cites evidence that expert scientists are more willing to discard hypotheses than novices, think more complexly about their area of expertise (i.e. do not see things as ‘black or white’), and are able to generate analogies more easily.
Whether or not the above speculation about the common basis to everyday and scientific thinking holds up to more scrutiny, we need a concept similar to PCK that allows us as teacher educators, science teachers and educational researchers to think about it. Below is our first attempt to define such a concept. It reworks Park and Oliver’s definition of PCK in line with the comments above and in terms of empowerment that underpinned our own work in PISCES.
Pedagogical Process Knowledge (PPK) is teachers’ understanding and enactment of how to empower pupils to develop the processes (for example, aspects of inquiry and scientific thinking) involved in a discipline using multiple strategies for supporting learning, representations and methods of evaluation while working within the contextual, cultural and social limitations in the learning environment.
PPK development through PISCES

As with PCK, the features of PPK are likely to vary between different contexts and cultures. Below, we present out initial, and, therefore, tentative and incomplete analysis of the developments or changes in PPK in our teachers. The analysis is further complicated by the fact that some features of what is learned run into each other, making it difficult to clearly distinguish between them. There is, therefore, a balance to try to achieve between describing what the teachers learned from PISCES, while avoiding creating artificial categories that mask the actual complexity. 

PPK emerged form PISCES as including the following features.

· Teachers learning to give pupils more control, to empower pupils to ask their own questions, to use their prior knowledge and to find out for themselves.

· A recognition that the opening or starter question that the teacher might initiate inquiry with could be expressed in a more open way and that resources could also be opened up to the pupils. 
· Finding out what the pupils wanted to know and recording it for reference through the topic.
· Learning by the teachers of the value of allowing the pupils to make connections for themselves. 
· Learning to allow their pupils to make, and learn from, mistakes

· Pupils also have a perspective on the process of learning and part of PPK was learning to deal with that pupil perspective. 
· Learning how to get the pupils to handle safety issues and risk assessment was an issue to learn to deal with in handing over more control. 

· Learning that it is OK for pupils to ask the teacher for information as part of their inquiry

The above handing over of control, encouraging genuine questioning by the pupils, allowing them to learn from mistakes, to find out for themselves and to use their prior knowledge can, perhaps, be summarized as:

· A PPK focusing upon creating environments in which the pupils are active, rather than passive, learners. 
One feature of PISCES picked out by the teachers was that it asked them to do the same as they were asking of their pupils when making their teaching more inquiry based – they were inquiring as well, but aided by the conceptual tools provided. This led to some features of PPK that might be quite context dependent. 
· A realization that developing their practice involves thinking for themselves.
· Using conceptual tools to analyse one’s context and practice and to change it.
 Both tools were used for these purposes, but the ways in which they used them varied. Also, they were much happier with the Herron Model once it had been modified.
Perhaps the general conclusions we can draw are:

· That the tools and the way PISCES was presented gave enough flexibility for the teachers to adapt and change their practice in individual ways, resulting in variations in PPK.
· That the tools were useful in reflecting about the realities of their own contexts and what was possible to change in making their practice more inquiry-based and develop their own PPK.
This is line also with authors who emphasise that PCK only develops when the teacher has experience of practice (for example, Bullough Jr, 2001; van Dijk and Kattmann, 2007). This also means that it is difficult to put it into propositional forms (Bullough Jr., 2001) and this is probably also true of PPK. What we might be seeing is the beginning of the teachers using the models to start to articulate their PPK. Certainly, as this discussion of theory (see appendix) shows, bringing theory to practice as part of their PPK for the PISCES teachers depends on having experience in the classroom and thinking about it themselves for its relevance and applicability.
One feature of PPK – perhaps one that doesn’t only apply to it – is

· The realization or, perhaps, re-affirmation by the teachers, of the value of sharing practice. 
Although they have to develop their own PPK, there is a great value in seeing how others have solved practice problems. This is as likely to apply to organization of content, as well as to supporting processes of inquiry and thinking.
One final feature of PPK that three of the teachers developed (T5 and two who were unable at short notice to attend the focus group) needs mentioning as it might later be useful in thinking about the nature of the gap (if it exists for processes) between academic science and school science. These teachers intervened with classes of three different stages – 5 to 6 year olds, 12 year olds and 16 to 17 year olds. The common feature was: 
· the idea of (and learning how to) set up of situations in which the pupils were working (or imagining that they were) as scientists. 
Discussion
PISCES has shown that it is possible for teachers, even in a crowded curriculum, to more often seize opportunities to engage their pupils in learning through inquiry and there are a number of educational reasons for doing so. These include including facilitating an understanding of the nature of science, to meet a need to do science as well as to learn it, to approach something like ‘authentic scientific activity’ (McNally, 2006), to promote a sense of agency or self- as an active learner (Crick, 2009), to foster creativity (Haigh, 2007) and to support children to become curious, critical and enquiring about a complex and changing world that is not easy to assimilate (Williamson and Morgan, 2009, page 288).
However, the idea of doing ‘authentic scientific activity’ in the school laboratory is problematic, even if the underlying thinking processes are possibly similar, as discussed. There is a gap to be closed between inquiry in research and school science (Gengarelly and Abrams, 2009. The 5D model was intended to go some way to connecting the work that is done by teachers using classroom investigations to (features of?) authentic scientific thinking. The model aimed to empower both ourselves (as S-TEAM workers) and teachers to think pedagogically about supporting our young people in developing aspects of scientific thinking that underpin inquiry and authentic scientific activities generally. 

And our results do support the observation that both models did empower the teachers to theorise in pedagogically useful ways, the connections between investigation in school science and scientific thinking, and supporting them in taking, and creating, opportunities for investigations, and to think through a rationale and justification for so doing so in the contexts of their own work place and with particular sets of pupils – what Williamson and Morgan (2009) call a ‘critical pedagogy’.
 Since this was a focus on process, rather than so specifically upon content, we have characterised this as developing Pedagogical Process Knowledge (PPK). In these terms, the success of PISCES lies in its provision of conceptual tools that allowed the teachers to develop and better structure their PPK for themselves. It did not bring recipes but a foundation for cooperation and reflection between the academics and teachers on developing their practice, particularly their PPK. It was empowering and it is interesting that in ARIES the teachers have began to develop the scientific thinking dimension themselves, one of them in co-operation with her pupils.
Our hypothesis is that PPK is often less developed than PCK and we also hypothesise that this may be due to teachers having fewer tools for reflection upon it. In developing their PCK, teachers have access to the content as outlined in the syllabus, textbooks aimed at their age groups, materials prepared by colleagues, and any internal and external assessment questions their pupils will face. The models from PISCES played a similar role for PPK, but in a relatively non-prescriptive way that allowed the teachers to solve process issues for themselves with their own pupils and contexts.
Of course introducing a new concept of PPK raises issues about its relationships with the other components of teacher knowledge.  How one perceives this relationship depends in part how one defines these components. What is clear that teacher knowledge is complex to describe and explain. We will confine ourselves here to some initial observations and speculations about some of the relationships between PCK and PPK as defined earlier. It may also help to convince any who are still doubtful that we do need the concept.
There is an element of ‘what teachers do’ already within the concept of PCK. For example, Bullough Jr (2000) discusses the component of arranging ideas for teaching to a learning mind. The aim is not simply to show the relations between the ideas (as they are arranged for academic purposes) but to support the learner in mastering them.  However, the focus does seem to be very much on the arrangement of content with the assumption that the pupils will master it if it is appropriately presented. There is little emphasis on the pupils discovering and mastering the required content for themselves. This still requires the teacher to have a PCK related to the context, but also requires a PPK that interacts with this. Here is an example.
T8 was unable to attend the focus group. However, T8’s presentation during PISCES gives some insight into the relationship between PCK and PPK.  Not every reader will have a Biological background, so we will try and keep it simple.
 Basically, he was working with pupils at the top end of secondary school who were preparing for the Scottish Higher exam in Biology. They were studying genetics and had already acquired an understanding of inheritance patterns involving genes for two different characteristics when those genes are found on different chromosomes and each gene has two forms. For example, the gene for body colour in fruit flies may have a normal form and an ebony-bodied form and the gene for wings may have a normal form and a vestigial form. Each fly has in each cell two forms of the genes (called alleles) for body colour and for wing type. Therefore, if we call normal colour N and ebony bodied n, and call normal wings W and vestigial wings w, a fly may be:

NNWW, NNww, NnWw, nnWW, Nnww, nnWw, nnww,
 These are called genotypes. Capital letters show the characteristic that shows (is dominant) if the fly has one of each allele. For example, a fly with NnWw will have normal colour and normal wings. The pupils knew how to calculate the expected ratios of offspring with the characteristics being studied from crosses involving parent flies with different genotypes where the genes were found on different chromosomes – i.e. the expected ratios of flies with normal colour and wings, to normal colour and vestigial wings, to ebony-bodied and normal wings to ebony-bodied and vestigial winged.
It should be noted that T8 is an experienced and highly regarded teacher who felt already quite expert at guiding pupils through the more ‘set piece’ inquiries but saw PISCES as a challenge to consider how to use inquiry in other areas of teaching. Once the pupils were assumed to have the above knowledge, T8 would follow with a PowerPoint explanation of what happens when genes are on the same chromosomes at different distances apart. The distances apart are significant because, sometimes, genetic information crosses over between the pairs of chromosomes and the further apart they are, the more likely this is to occur. However, T8 had concerns about the pupils’ actual understanding of this part of the topic using this method. So, instead, a situation was set up in which the pupils worked in groups as consultants to an (fictitious) external agency to find the reasons why they were not getting the expected ratios of results from breeding fruit flies for some characteristics of fruit flies not previously studied by the pupils – they had to discover for themselves that the explanation was that the genes were on the same chromosomes. We can characterize T8’s previous teaching method as (Figure 2):
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Figure 2: Pedagogical Process 1 (PP1)
And his new approach as:
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Figure 3: Pedagogical Process 2 (PP2)
The change (thought out by the teacher himself) from PP1 to PP2 represented a development of PPK. At least it does for us, since the processes are so very different. PP2, according to evidence he presented, led to the pupils developing the required understanding, while also supporting aspects of scientific thinking that were probably less well supported by PP1.  Our concept of PPK involves knowledge of supporting processes such as scientific thinking and so this can be said to have developed. However, PCK still played a part. T8 found it necessary to act as a prompter to thinking – like a researcher with more experience saying, “I wonder if we thought about…..” This new PPK required a re-organisation of PCK as well – a PCK that now organises content knowledge as prompts that help the pupils to reach the required content goals through thinking about data for themselves.
So, although PCK and PPK are distinct, they interact with each other. Also, the more we focus on PPK, the more we see new opportunities for changing our practice and for developing or re-organising our PCK. However, the knowledge is context based: it is developed in the practice of teachers. They can only assume that it will work with different groups of pupils across different courses and ages. On this broader scale, PCK and PPK are combining to form the teacher’s theory of practice – practitioner theory. Their practitioner theory, as it becomes more complex, enables them, as we witnessed in the follow-up module to PISCES, to form hypotheses about what will work with other classes and courses, to experiment with their practice, and to learn from it. It is in this process that they begin, as they said in the focus group (see appendix), to look for the relevance of educational theory for themselves. We cannot just give teachers the answer, as our teachers might have originally wished, but we can empower them to develop their practitioner theory to incorporate a wider range of ideas about combining PCK and PPK for themselves. The challenge is to use that insight more widely in working with teachers to research and develop educational practice.
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‘Just give me the answer’: developing pedagogical process knowledge (PPK) as part of practitioner theory in the demand for inquiry-based science teaching.

Colin Smith1, Allan Blake1, Fearghal Kelly2, Peter Gray3, Michelle McKie4, and Jim McNally1   

ECER Conference, Berlin, September, 2011

PPK development through PISCES in more detail

As with PCK, the features of PPK are likely to vary between different contexts and cultures. Below, we present out initial, and, therefore, tentative and incomplete analysis of the developments or changes in PPK in our teachers. The analysis is further complicated by the fact that some features of what is learned run into each other, making it difficult to clearly distinguish between them. There is, therefore, a balance to try to achieve between describing what the teachers learned from PISCES but avoiding creating artificial categories that mask the actual complexity. PPK emerges from our data as having the following features:

Following from applications of both the expanded Herron model and the first dimensions of the five dimensional model to their practice, perhaps the main PPK development among the PISCES’ teachers involved them learning to give pupils more control, to empower pupils to ask their own questions, to use their prior knowledge and to find out for themselves. 

T4: It surprised me how much the pupils could actually do by themselves: if you give them a bit of room to do different things, they’ve got a lot of ideas, a lot of prior knowledge of science with(out) everything we tell them, and it really surprised me how much they were capable of doing themselves.  

T5: So, before when I thought I was using Inquiry learning, perhaps it wasn’t, I was in more control of different aspects of it.. 

T2:….you start to realise that there’s a lot more that you can do to get them asking more questions, rather than them just knowing that they’ll going to find out the answer.  But if you leave it to in their hands, they’ve got to actually put in the work in to find out, because you’re not going to hand it to them on a plate any more. 
T1:  Or having a genuine Inquiry rather than them just asking the questions  (FC agreeing) that they think you want them to ask, where it’s not a question really coming from them, even though they’re asking it.  They think, ‘T1 wants me to ask this question. I’ll ask it.’
Much of the other features of PPK are related to - or are, perhaps, sub-features of -this transfer of some control from the teachers to the pupils. One way of achieving this was through a recognition that the opening or starter question that the teacher might initiate inquiry with could be expressed in a more open way and that resources could also be opened up to the pupils. 

T5: ….you can have more factors open so that your resources could be more open.  Your leading question could be more open.  Probably lots of different factors could be more open.  
This teacher, a primary school teacher of 5 and 6 year olds at the time, talked in her presentation about working with the pupils on the topic of friction by moving away from the worksheet approach used in her school and opening up resources (ramps, model cars, etc) by having them in a science corner where pupils could examine them, manipulate them and come up with ideas of their own to investigate. Another feature was finding out what the pupils wanted to know and recording it for reference through the topic.

T4: ….starting a topic, getting the kids, the pupils, to ask more questions about what they want to know about the topic before we even started and what they already know.  We’ve always done what they already knew but we’ve never asked what they wanted to find out.  We’ve never really cared to ask what they wanted to find out before.  …. So we try and use the post it notes and the ideas you guys were doing, and put them on the board, what questions they want to ask and see if we can answer them throughout the lesson. (Emphasis added)
T5: We use the post-its for everything.  I’ve always got them up  somewhere now.

T6: If someone’s picking the question that day, they’re like ‘pick mine, pick mine, please pick mine’.  If theirs has already been picked, they get quite excited about their own post-it being answered, and that being the topic of the day.

One teacher set up a whole program aimed at modeling the asking of questions, giving the pupils the confidence to ask questions and to identify whether the questions were answerable or appropriate.

T2:… mine wasn’t about individual lessons, it was about getting the pupils to think in a different way.  It was all about how they asked questions and showing them how they could ask questions and what questions could look like.  Getting them to develop their own questions.  To give them the confidence to ask their questions, and then identify whether they were appropriate questions or not at the time.  So that wasn’t based on a specific topic, it was based on giving them new skills which they could use for the entire year and later on at school as well, hopefully.  

 Another aspect of PPK around handing over more control was the learning by the teachers of the value of allowing the pupils to make connections for themselves. 

T6:  It’s like when they do the oxide one, they put their water in and they mixing it up. And they heat it up again.   And they think ‘cool’.  This is just what I started with. Then you see the light bulb going on.  They really do understand.  But if you stopped them before they got to that stage…. they wouldn’t have made that connection.  

T2:  I had a great kind of example of the same kind of thing today.  We’re doing acids and alkalis….  They’ve already looked at the PH scale so they know it runs all the way from red through yellow and green to blue.  Today they were looking at neutralising acids.  So they started off with the red solution.  And they would have known that it would eventually turn blue if they were adding an alkali but when you got to that point where it turned orange and then green, they were just fascinated that this was happening even though at the start we discussed that that’s what would happen.  When they saw it happen themselves they were like ‘I see what’s going on here’.  It was a great moment.  And I thought ‘why is it so interesting now when they knew it was going to happen?’ and it’s just because they’re discovering it for themselves, ….. They were just absolutely fascinated by it. Because they were getting to do it and seeing it for themselves.
A difficult, and perhaps therefore a powerful, PPK lesson for the teachers was learning to allow their pupils to make, and learn from, mistakes.

T5:  Allowing them to go down the wrong avenue.  I found that extremely difficult at first.   And so you know that the result isn’t going to achieve it.  It’s like what you said in your presentation that reminded me, actually… 

Interviewer:  And do you see value in that now?

T5:  Yes.   Although it still eats me up inside when I know ‘that’s not right’.  

T6:  They do remember it far better if they’ve done it personally, rather than when you tell them that’s not going to work because of this.   They’ll do it again the following week.  

TI:  They won’t understand why maybe, because you’re just telling them the theory: You’re saying ‘OK, That’s not going to work because this, this, this.’

T6:  And even when you ask them:  ‘Think about what’s going to happen with this.’  

T1:  We’re asking them to do a really complex thing, to picture what’s going to happen  if they’ve never ever seen it happen before.   We’ve seen it happen, so we’re like ‘just imagine’.   From what?  But just from physically seeing, they think : ‘oh, I can see why it’s not working.’

However, pupils also have a perspective on the process of learning and part of PPK was learning to deal with that pupil perspective. For example, pupils do not like making mistakes if it means ending up with messy notes, with lots of changes. One teacher dealt with this as follows.

T6 …., so they get many whiteboards and they get to put all their plans and all their thoughts and things like that on there, and then at the end of the lesson they get to put what they now think is their right answer and it keeps their jotters more tidy, because that was some of the feedback, they didn’t like writing things in their jotters to then have to scribble it out or to change it or anything.  ….. they’ve got somewhere else to put their plans so they form their ideas on there. 

Pupils being and learning to be safe was discussed on several occasions by the teachers and was an issue to learn to deal with in handing over more control. One discussed it in the focus group.

T6: …. my class are working at risk assessing now because they were all doing different things.  And I made them very aware that safety was a big issue for me, especially the topic … we were doing fuels and they wanted to do really, really crazy things.  But now they’re better …  And you don’t see them doing as many stupid things. They’re OK at doing things by themselves.  They know to check with me first of all.  They are far more independent in everything that they’re doing.

The above handing over of control, encouraging genuine questioning by the pupils, allowing them to learn from mistakes, to find out for themselves and to use their prior knowledge can, perhaps, be summarized as a PPK focusing upon creating environments in which the pupils are active, rather than passive, learners. There is a change in thinking by both the teachers and the pupils in such an environment and it does not necessarily mean that the pupils are not allowed to ask the teacher for information. T6 puts it this way.

T6:  …, quite often you think,  goodness, Inquiry means going away and doing something but Inquiry could just be them saying ‘how do I actually carry this out, this is what I’m looking to do but I don’t know a test for carbon dioxide so how do I do that?’  And that’s Inquiry because they’re  asking it, like I didn’t think of that as being Inquiry before really.  So that’s a change for me.

One feature of PISCES picked out by the teachers was that it asked them to do the same as they were asking of their pupils when making their teaching more inquiry based – they were inquiring, as well.

Interviewer:  I get the impression that if it had been something rigid and inflexible and  prescriptive, then it would have been a bit of a contradiction in terms, when you’re trying to -

T6:  It would have been really tokenistic just saying to the kids ‘You’re enquiring today but you’re not because I’m giving you how you’re going to do it and telling you what mistakes there are.’  It doesn’t mean anything.

Interviewer:   And in a similar way, if this CPD had been delivered in that fashion, right OK. 

T6:  It’s good that way because what’s the point of teaching us differently from the way we’ve to teach the pupils?  It’s related to each other because it gave you a way of doing it. 

This led to some features of PPK that might be quite context dependent. In particular, this form of CPD led them to realize that developing their practice involves thinking for themselves.

T1 It (PISCES providing tools for thinking, rather than recipes) was really useful, wasn’t it?  I think if they’d come in and given us a lesson plan, like some people I spoke to at the education conference were saying ‘well, do they come in and give us a set of lesson plans?’  I said, ‘no, it’s not about that, in a way it’s almost like what we’re asking our students to do.  It’s to have you thinking for yourself.’  
T2:  There was so much freedom in what we could choose to do. 

T5:  There wasn’t really a right or a wrong answer. 

T2: They gave us a task and we went away and did it.  Like I say, all of us came back with a different response or a different technique or whatever. None of us came back as having chosen the wrong thing to do because it was so open to do it.   But we all followed the Inquiry path.  That was the guideline, the science for that.  We all used the tool.

Interviewer:  Anything else?  OK, would you recommend the module to your colleagues?

Chorus of:  Yes.

Interviewer:  Why?

T2:  Because it just really got you get involved.  It didn’t just say ‘here’s the tricks, off you go’.  It said ‘find out the tricks and learn it for yourself and try it for yourself.’  

T6:  I am doing an assessment in a moderation circle now so it’s looking at especially the new Curriculum of Excellence first year course.  And it’s the point where everyone’s thinking ‘how do I assess it?  How do I moderate it?’ And this helped me massively. The things I’m doing with my first years are the things I did with my third years.   It works really well.  It’s really easy to assess.  And the moderation of it hopefully will work out quite well.  A lot of people are panicking. ‘How do I deliver the Curriculum for Excellence?’  This was it for me.  It’s a really, really better way of delivering it. 

Obviously, since PISCES provided particular tools to think out their practice, this led to another feature of PPK that might be particular to this – using conceptual tools to analyse one’s context and practice. Both tools were used for these purposes, but the ways in which they used them varied. Also, they were much happier with the Herron Model once it had been modified.

T6:  See the first table (The Herron Model), I really didn’t like that one, and I didn’t see how you could really use it but when we added in the extra bits, the 2A, the 2B and the 2C. It was because it (the original) was saying that so many things were open but, for example, you could have open equipment, but in a school it’s never going to be fully open.  Pupils can’t have access to anything at all they want.  If they’re wanting to do specialist things,  we can’t do it in the school…. I liked it better when it was adapted.
T5:  When I was designing the investigation of the classroom, I actually used the table of scientific thinking.  I used the bit about scientific thinking but I used the zero to five scale to think about how open my tools were, how open my question was. I used a mixture. 

T1:  I think with the first one as well with it being simpler, it was probably a good introduction because it did get us starting to think about Inquiry.  Perhaps if we’d been given a big expanded version which is more opened up, it might have been an awful lot to have been hit with on the first day.

That this aspect of PPK development had led to embedded changes in practice is made clear by the teachers but the discussion is a little confused, due we think to the variety of ways in which the tools were used and the teachers switching from talking about one to the other. There seems some agreement that the modified Herron model was a very useful initial planning tool. The 5 dimensional model seems to have been used more for either/or/or both an initial evaluation of what was already occurring in one’s practice when teaching a topic and an evaluation of what was occurring after the intervention. However, it was harder to ‘get to grips with.’ We give the discussion at length, so that the reader can see for themselves. 

T5:  When I was designing the investigation of the classroom, I actually used the table of scientific thinking.  I used the bit about scientific thinking but I used the zero to five scale to think about how open my tools were, how open my question was. I used a mixture. 

T1:  I think with the first one as well with it being simpler, it was probably a good introduction because it did get us starting to think about Inquiry.  Perhaps if we’d been given a big expanded version which is more opened up, it might have been an awful lot to have been hit with on the first day.

T6:  At first I found it quite difficult to go through that one and know what to put in as your answers and things like that.  It was quite useful we were given a booklet with examples in it that were already answered.  I found that I was using that to go through it to see what have they put in there for their investigation.   So, that’s the sort of thing that I’m wanting to put into that box. 

Interviewer:  So the template itself wasn’t  clear.  It was only when you saw the examples-

T6:  Yes, you got the examples at the same time.  I would have found it hard to put the answers, to put what your evidence in the template, without having the examples.

T5:  That ’s why I think  I preferred the zero to five one to work out the degree of openness and my starting question without the scientific table bit.

T6: Because it also pointed out if you were using the ???, what wasn’t open,  what you had to change that way, where you had to make your improvements.

Interviewer:  So did that particular tool, the zero to five scale, did that allow you to adapt your practice, then, to make your…?  Yes, T6 and T5 are nodding, yes.  T1 and T4.

T2: Not just the practice but the way that we put it together

Interviewer:  The way that you plan?

T2:   The way we think about it and plan it.  I think that was the important thing, not just  changing our practice but changing the way we think about implementing our practice.  

T4:  I think it got us thinking about when we say, what is open investigation, the zero to five model.  I would have thought perhaps the question of equipment.  It didn’t really occur to me whether I gave the answer or not. The other aspects of it that hadn’t occurred to me are involved in making an investigation open, are actually something I need to think about and generally increase the level of Inquiry.

Interviewer:  That’s fine. So they were useful in helping your practice and making your practice more Inquiry-based. 

T1:  I think again they were quite flexible.  You know, you didn’t have to use them but they were quite a good analytical tool, just to look at what you would have originally done.   And then giving you areas that perhaps you could adapt.   Just to make small changes.  You could leave or use whatever parts, like you were saying.  You just focused on one particular area.  So, adaptable.

Interviewer:  So any step is a step in the right direction if you’re just able to…? 

T1:  Yeah.

Interviewer: So, just thinking about what you were saying F.  Do you think the tools were more useful at the planning stage or more useful at the evaluation stage, when you look back on the lesson  and say ‘OK, that went well or I could have done this.’  Because you were involved, Alan was telling me that you all had to do an evaluation.  Is that right?  Uh huh.  Would you say – where were they useful?

T2:  I would say that the time and place you’d use the tool would be before you approached doing the intervention, so you’d use it as your intervention before you give the lesson.  Now it would act as an evaluation if you’d done that kind of lesson before, and if you were repeating that lesson from last year this year but applying the tool to it, you’re using it to evaluate how you did it before.   And then you’re making changes to how you’re going to do it this year.  Then afterwards, I suppose, you can use the tool to say ‘how much did I actually do that using the tool?’   But I would say it was more in the planning stages, than it was in the evaluation stages. 

Interviewer:  T3, you’re agreeing. 

T3:  Yes, I used it in the planning.

T5:  I used it in the planning, so I had an idea of what I was wanting to do, and using it to see how I could make it more open, using the zero to five on.,  I keep going back to this because it was one of those light bulb moments.   You know the scientific learning grid, scientific thinking it was, I used that as an evaluation tool for my lesson.  What were children observing?  What metaphors, what did I see in the lesson?  So I used that metaphor and analogy.

Interviewer: That was good for evaluating your lesson.  But would you agree that the zero to five scale was a good tool for planning?

T5:  Brilliant tool for planning.

Interviewer:  Brilliant tool for planning, but you think that the thinking skills is more, reflecting back on it, this is how- 

T5:  This is what I saw. 

T6:  I think on the bigger one as well, if you had used that at the planning stage, you would have just had in all the boxes, ‘not supported, not supported, not supported’.  Because you weren’t really doing it.  Because they went in quite specifically into different areas of it.  I used the zero to five one as a sort of audit, ‘what am I doing already?, where do I need to make my improvements?  What is it I need to change?’  And then in my evaluation stage it was like,  ‘Is it more open?’  I didn’t really just want to just use the zero to five to say ‘I’m now meeting level four or whatever’ so I used the other one and said ‘right, this is where it was before’ and I did do it before and after but they were both done in retrospect.  And I said, ‘ right, so that wasn’t supported before, but now it is because this is what I’m doing.’   It was just for myself because it is actually more open now and this is why because these are the different things I’m doing.  

Interviewer:  And I’m sorry but I’m not sure if you’re talking about the zero to five one,

T6:  The zero to five was to begin with and then I used the scientific thinking one to see where these things were and then referred that back into the zero to five scale, saying ‘this is all supported now so I must be at a level four but I’m in between four and five.   This is where I need to go next, now.’

Perhaps the general conclusions we can draw are:

· That the tools and the way PISCES was presented gave enough flexibility for the teachers to adapt and change their practice in individual ways.
· That the tools were useful in reflecting about the realities of their own contexts and what was possible to change in making their practice more inquiry-based

This is line also with authors who emphasise that PCK only develops when the teacher has experience of practice (for example, Bullough Jr, 2001; van Dijk and Kattmann, 2007). This also means that it is difficult to put it into propositional forms (Bullough Jr., 2001) and this is probably also true of PPK. What we might be seeing is the beginning of the teachers using the models to start to articulate their PPK. Certainly, as this discussion of theory shows, bringing theory to practice as part of their PPK for the PISCES teachers depends on having experience in the classroom and thinking about it themselves for its relevance and applicability. Again, we quote at length.

T4:...  When we first started training, a lot of theory was thrown at us to begin with, that’s what we started with before we entered into classrooms.  I wouldn’t say at that stage, I think later on, now I’ve had some more experience, coming back and reading over what we’ve seen, I can see how I can apply more what I’ve read about and what I‘ve learned into my practice.  And it’s picking up on different learning styles and things like that, and how we can use them....

T6: I’ll give you this as an example.  Before I started at my school in August there, my class didn’t have a teacher from February, …. I was thinking “I don’t know these classes and I don’t know what to do’ .  It’s because you don’t know the kids, you’ve never seen these classes. You can’t really sort it out in your head, I don’t think, until you see the classes.   I saw the classes and everything in theory fell into place.  But you can’t have theory without the practice.  But then the theory can help it once you’ve started but you need to be at a certain level, I think, before adding more theory in helps you to improve. You can’t just read theory and go off and do it.  That’s never going to happen. You have to kind of identify to yourself what’s not working for you, what it is you’re wanting to improve and then you go and look for the theory of how you improve that and then it helps, for me anyway, that’s what I would do.   So I think it’s the same…

Interviewer:  So it means nothing in isolation.  It’s not useful until there comes a stage-

T6:  In the classroom.

Interviewer: Has the module shaped your views on this, the relevance of theory?  

T1:  Yes, because that’s what we started out with, we had our pre-module task and we read some papers at the start as well, so I think, for myself, as we were doing the pre-module activity and looking through, I was a bit exactly like what EM’s just  said, thinking ‘I don’t know what this is going to look like in the classroom, the theory is all very well and good but what is that going to do for me?’  And then between us having discussions and then actually trying things out, then yes, it relates back to it and then it all starts to come together.  

Interviewer: OK. Anything else?  No?  Was the module a useful method for bringing research to practice?  Yeah?  T3, T6.  T4, you’re still looking uncertain. You’re thinking

T4:  No, I agree.

One feature of PPK – perhaps one that doesn’t only apply to it – is the realization or, perhaps, re-affirmation by the teachers of the value of sharing practice. Although they have to develop their own PPK, there is a great value in seeing how others have solved practice problems. This is as likely to apply to organization of content, as well as to supporting processes of inquiry and thinking.

T6:  You came back afterwards and you could talk it through.

? T3/? T1:  Absolutely, because you have what you did but you also have what everyone else did as well now.

T4:  I’ve learned from you guys and like I’ve embedded what you did into my practice as well, which was a big part of it.

T1:  Just sharing good practice and having some feedback.  

T6…. everyone had different ideas of how to solve that.  So Pisces was great that way because you had a lot of support, with people doing the same thing as you so they were going out trying different things and they could say  ‘I tried this but then I tried this and that worked or that didn’t work. You may want to try it with this type of class.’   So it was good that way.

T2:  The return to the group after trying.  There was quite a build up to planning the intervention and carrying out the intervention and then coming back to feedback on the intervention.  So much CPD that we see, I suppose it goes all the way back to teacher training where they say ‘here’s a bit of educational theory.  Now off you go and apply that to your teaching’ and then that’s it.   You’re like, OK I could see how that would work and you could use the theory and all that.   But this, there were clear expectations that you were going to go into your class and do things significantly differently for once and there was an expectation for you to be able to come back and feedback to people about it.  So it wasn’t just, ‘we’ve given you the information, off you go, you’re free.’   It was ‘Here’s the information, go and try it out.  Go and tell us how you got on with it.’  If it was a disaster, then OK it was a disaster but you’d tried it and you’d learned from it and you’d discuss it with others and you’d find out how others did it and how you might do it next time.

T5:  I think the pressure, when we were told that we had to give evaluations, I was horrified, just the thought of having to present to people but it actually gives you the kick up the butt you need to actually go and put into practice and really seriously evaluate yourself and without having to feed back to the group, probably would ‘oh yes, it’s been wonderful’  

T1:  Or if you’d hit a wall, you would have just said, ‘Maybe, that hasn’t worked’ and just shelf it, whereas coming back you could say to everyone ‘I’ve hit a wall.  What’s going on?’ And having everyone’s input as well, so that was really valuable, and like you say, did give you the incentive because you knew you couldn’t just stand in front of everyone and say ‘ not really tried anything.’  Caught out if you hadn’t done your homework.

One final feature of PPK that three of the teachers developed (T5 and two who were unable at short notice to attend the focus group) needs mentioning as it might later be useful in thinking about the nature of the gap (if it exists for processes) between academic science and school science. These teachers intervened with classes of three different stages – 5 to 6 year olds, 12 year olds and 16 to 17 year olds. The common feature was the idea  and setting up of situations that the pupils were going to work as scientists. T6 found that the 5 to 6 year old pupils, in the context created, could do more than the original worksheet way of teaching allowed – they asked for metre sticks to measure, talked about graphing and, less relevantly to their experiments in this topic of friction, asked for goggles, all because these were things involved in being real scientists. The other two teachers set up scenarios in which outside bodies had come to their research groups to identify (for the 12 year olds) an unusual, single celled organism (requiring them to use their knowledge of plant and animal cells) and (for the 16/17 year olds) to explain some unexpected genetic results (requiring them to work out that the genes were found on the same chromosomes and the effect of crossing over on the formation of recombinants). These throw up interesting questions about the interaction between content and process that we begin to look at in the discussion.

�  1= Strathclyde University and S-TEAM, 2 =East Lothian Council, 3 =NTNU and S-TEAM, 4= Strathclyde University.


� CPD (Continuing Professional Development) TPD (Teacher Professional Development). These terms seem interchangeable but because, for us at least, it does not contain any hint of ‘doing things to teachers’, we use CPD here.


� S-TEAM aims to disseminate inquiry-based science teaching methods (IBST) to teachers and teacher educators across Europe and associated countries. Although, PISCES contains the Scottish curricular initiative, ‘Curriculum for Excellence,’ as part of its title, this was as an ‘advertising ploy’. PISCES is intended, as part of a European project, to be adapted and used across Europe.





� Those wishing to see these with supporting evidence from the teachers talking should see appendix 1. Also, it is not claimed that all our teachers’ PPK development showed all of these features.


� Another issue being set aside at this point is differences (if any) in aspects of thinking, as opposed to the effect of content on those aspects, between the scientific disciplines. 


� Those wishing to go further could look up terms such as meiosis, dihybrid cross, linked genes, crossing over, recombinants. An animation can be found at http://www.biostudio.com/d_%20Meiotic%20Recombination%20Between%20Linked%20Genes.htm


�  1= Strathclyde University and S-TEAM, 2 =East Lothian Council, 3 =NTNU and S-TEAM, 4= Strathclyde University.
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