“Inquiry learning is… difficult to define!”: Primary school teachers’ conceptions of inquiry teaching in science education.
Abstract

In spite of being advocated in curriculum documents for many years, the teaching of science though inquiry learning is still a problematic issue in primary school education.  This study sought to identify primary school teachers’ conceptions of teaching science through inquiry learning (“Inquiry teaching”).  20 practicing teachers participated in phenomenographic interviews regarding their conceptions, or ‘ways of experiencing’, inquiry teaching.  It was found that teachers’ experience inquiry teaching in a surprisingly small number of qualitatively different ways.  Inquiry teaching is experienced as “Student- centred experiences”, where teachers will focus on providing interesting sensory experiences to students. Second, inquiry teaching may be experienced as “Teacher- generated problems”, where teachers will focus on challenging students with interesting problems to solve.  Finally, inquiry teaching can be experienced as “Student- centred questions”, where teachers will focus on helping students to ask and answer their own questions.  These results illustrate a rift in thinking and language between teachers and teacher educators that has profound repercussions for preservice and in-service teacher education programs.
Introduction

Inquiry in science education has been promoted as one of the most fruitful means of achieving the modern science educators’ goals.  (Bybee, 2000; National Research Council, 2000; Queensland studies authority, 2010).  However, even after many years of research and practice, inquiry learning as a referent for teaching still struggles to find expression in the average teachers’ day (Abd-El-Khalick, Baujaoude, Duschl, Lederman, Mamlok-Naaman, Hofstein et al., 2004; Goodrum, Hackling, & Rennie, 2001). Inquiry based learning has been found to foster students’ engagement with the processes of science (National Research Council, 1996), is aligned with the achievement of scientific literacy (O'Niell & Pollman, 2004), and is based on a long history of advocacy going back to Dewey, Pistalozzi and other classical writers in science (Bybee, 2000; DeBoer, 2004).

A large amount of research has been undertaken in an attempt to address this issue of non implementation.  One particular approach seeks to understand teachers’ understanding or ‘conceptions’ of the teaching of science in ways which foster inquiry learning (for example, see Entwistle, Skinner, Entwistle, & Orr, 2000).  This research is guided by the proposition that conceptions have an influence on teacher practice (Åkerlind, 2004; Ho, 2001; Kember, 1998).  Conceptions of a phenomenon have also been found to influence teachers’ reaction to new ideas during professional development and inservice opportunities, for example,  teaching practices that do not agree with teachers’ underlying beliefs are often rejected (Porlán & Pozo, 2004).

Hence the focus of this paper was to explore teachers’ conceptions of teaching science in ways which foster inquiry based learning in students (hereafter referred to as ‘inquiry teaching) in order to elucidate teacher ways of working and inform the literature regarding teacher conceptions of teaching in ways that foster inquiry based learning in science. 

Previous studies into teacher conceptions of teaching science through inquiry tend to generate as many conceptions as there are participants in the study (Fazio, 2005; Seroussi, 2005).  It was considered more fruitful to the theory – teaching nexus to develop a categorisation scheme that could sufficiently reflect the kinds or ‘groups’ of conceptions that exist among practicing primary school teachers.  This information could, in turn, assist preservice and inservice teacher programs working with teachers to identify, modify, and challenge the conceptions teachers are potentially using when confronted with the objective of teaching science through inquiry.

Methodology

Phenomenography is the theoretical framework chosen to inform this study (Marton, 1981, 1988).  Phenomenography seeks to create a limited number of categories that can describe the potentially infinite number of different conceptions or beliefs participants may have of a phenomenon (Marton & Pong, 2005).  Phenomenographic methods can assist in the description and clarification of complex ideas without simplifying those ideas, and secondly have the potential to uncover new understandings of a phenomenon (Dean, 1994). Phenomenography is said to rest on a non-dualistic ontological perspective (Marton, 2000) in which the aspect of reality under consideration exists as a relationship between the person (the knower) and an object (the problem, or the phenomenon). From Marton and Booth (1997);

There is not a real world ‘out there’ and a subjective world ‘in here’. The world is not constructed by the learner, nor is it imposed upon her; it is constituted as an internal relation between them. (p. 13)

Space here does not permit a thorough nor sufficient discussion of the Phenomenographic methodology, and only key concepts will be lightly touched on following as necessary for interpretation of the data.  For more information see Ireland (2010, in press).
A way of experiencing something is referred to as a conception (Marton, 2000). Although a conception is a way of experiencing something, the researcher- developed categorisations of those conceptions are known as categories of description (Marton & Pong, 2005). A single category of description thus expresses one possible way in which many participants, or the same participant at different times, might conceive of an experience (Marton & Pong, 2005). Although conceptions belong to participants, categories of description are the creation of the researcher. 

Variation in qualities that participants perceive makes up their awareness of a phenomenon (Marton & Booth, 1997). The totality of that experience is described in phenomenography through the use of the structure of awareness (Marton, 2000). Booth (1997) described the structure of awareness as consisting of the theme – the object in the focus of the awareness (such as ‘force’ in a physical sciences question regarding the forces acting on a cyclist), which is surrounded by a ‘thematic field’ of related concepts and ideas that are directly related to the theme (such as ‘gravity’, ‘mass’, ‘weight’ etc).  The boarder between theme and field is not one of rigid exclusion, but that ideas within the field may become the theme and vice versa depending on the shifting awareness of the individual.  Further, the objects within the thematic field are not isolated, but joined logically to one another through “unity of context or unity of relevance” (Booth, 1997, p. 141).  Also, as one moves between conceptions it can be seen that different aspects will move from the focus to field of awareness, and vice versa (Cope, 2004). 

Finally, the individual is aware of many things which do not bear relevance to the task at hand, things which “are unrelated to the theme but coexist with it in space and time” (Marton, 2000), such as the time of day or the pressure of their shoes on their feet, which are not present in the individual’s awareness and thus constitute the margin of awareness. 
As this model of the structure of awareness is used during the data analysis stage of the thesis, it is presented schematically as figure 1;
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Figure 1. The structure of awareness
This is one way of understanding the awareness structure of participants in this study.  Marton and Booth (1997) also made use of referential and structural aspects of the structure of awareness to more clearly define the experience of participants. The referential aspect refers to the overall meaning given to the experience, which may differ among participants or even for the same participant over time (Pang, 2003). Structural aspects represent those discernable qualities that make up the phenomenon itself. The structural aspects are of two kinds; the internal and external horizons. The internal horizon comprises the parts that are discernable as making up the whole. As Marton (2000, p.113) explained, the internal horizon represents how the object of study and its parts ”are delimited from and related to each other and to the whole”. The external horizon includes those features that help discern a phenomenon from its context (Marton, 2000).  It also extends to all other contexts (Marton & Booth, 1997) in which the phenomenon has been observed. 

Cope (2004), pointed out that “the aspects of the phenomenon which are discerned as part of the internal horizon of awareness have been called dimensions of variation” (see also section 2.3.1). These may include such aspects as the role of the teacher or epistemological beliefs. Dimensions of variation are used in this study to highlight the qualitative differences between categories. In some cases, a dimension of variation may be present in each level of the outcome space (that is, in each category of description) yet the dimension expands as it moves from lower to higher levels. In this case, the dimension of variation is known in this study as a theme of expanding awareness (Åkerlind, 2005b). 

In order to facilitate the clear comprehension of the outcome space, the tabulated presentation used by Cope (2004) will be adapted to this study, as well as the graphic depiction given in figure 1 from Marton and Booth (1997) above. An example of this table of the outcome space is presented in table 1 below;

Table 1
Outcome space of dimensions of variation as presented in this study

	Category
	Referential aspect (meaning)
	Structural aspect

	
	
	Internal horizon
(parts) 
	External horizon (context or boundary)

	Category 1
	Meaning 1
	Dimensions of variation
	Context (Limited)

	Category 2
	Meaning 2
	Dimensions of variation as they vary from category 1
	Context

	Category 3
	Meaning 3
	Dimensions of variation as they vary from category 1&2
	Context (broadest)


The categories of description and their relationships are expressed by the use of an outcome space in Phenomenography;  “[the] categories of description depict the different ways in which a certain phenomenon is experienced and the logical relationships between them [i.e., the categories of description] constitute the outcome space for that phenomenon” (Marton & Booth, 1997, p. 136). 
Richardson (1999) claimed that the outcome space of phenomenographic analysis should be seen as a construction of the researcher, and not as externally existing entities. Viewing the outcome space as a researcher-developed construction was supported by Svensson who argued that the “description developed will be dependent on the perspective of the researcher and the empirical and theoretical context of the research” (Svensson, 1997, p. 168). In other words, in support of the non-dualistic ontology of phenomenography, the outcome space and categories of description are not there waiting to be discovered by the researcher, but must be “constructed” by the researcher from the evidence presented in the data (Walsh, 2000). 
Certain rigor must be adhered to in the developing of an outcome space. “Ideally, the outcomes represent the full range of possible ways of experiencing the phenomenon in question, at this particular point in time, for the population represented by the sample group collectively” (Åkerlind, 2005c, p. 323). Marton and Booth (1997) present three criteria for judging the quality of the outcome space;

· That each category in the outcome space reveals something distinctive about a way of understanding the phenomenon;

· That the categories are logically related, typically as a hierarchy of structurally inclusive relationships; 

· That the outcomes are parsimonious – that the critical variation in experience observed in the data be represented by a set of as few categories as possible.

No studies have yet attempted to define the dimensions of variation that make up different categories of description of primary school teacher’s conceptions of teaching science through practices which foster student inquiry, or have made use of an outcome space to describe the relationships between those conceptions in terms of levels in aspects of variation. This study intends to address these gaps in the literature.
Participants

Participants were sought for this research using relatively standard processes for phenomenographical research; in as much as phenomenography seeks for variation in the participant’s conceptions of a phenomenon, it also seeks for variations in the qualities participants possess (Koballa, Glynn, Upson, & Coleman, 2005), such as age, years teaching, and previous experience with science.  Thus, participants were actively sort in order to represent as much variation in their qualities as possible in their roles as primary school educators.  
Participants were 20 primary school teachers in a major metropolitan city in Australia, Bowden et al. (1992) finding that between 16 and 24 participants are ideal for expressing variation in the data without duplication of effort.  Nine participants had been teaching for over 10 years.  13 teachers taught in upper year levels while seven early childhood teachers also participated.  Five of the participants where male, which is approximately representative of the proportion of male to female teachers in the broader teaching environment. (See table 2).  

Table 2: 
Comparison of teacher demographics

	Teacher
	demographics 

	sex
	5 Male, 15 female

	years teaching
	Avg = 11.7 years

	Year levels taught
	Prep-3
1-1
2-2
3-0

3/4 -1
4-1

4/5-1
5-2
6-3
6/7-2
7-4

	Teacher age
	9 under 35 years old

11 over 35yrs old


Participants were sought firstly as principals of 40 schools were contacted by mail inviting them to nominate participating teachers. Through this approach 13 participants were identified.  Second, the researcher, who is a professional consultant, approached one school and in return for their cooperation offered a professional program for the school. This approach identified 6 participants all of whom were team teachers of the three different year levels and a prep teacher. Third, in order to balance out the participant sample, a young, male teacher of upper year levels was actively sort out from a school that had previously been included in the study to participate as the 20th interview. 
Data gathering
Data were gathered using semi structured, open ended interviews of around 43 minutes each.  Teachers were interviewed at their place of employment typically after the school day, though three were interviewed before school started and one during a lunch break.  The interview proforma is available in appendix A.
The interview process was informed by the phenomenographical research tradition (Åkerlind, 2005a).  During interviews the researcher attempted to bracket such things as preconceived notions of what teaching science though inquiry should “look like” in order to explore the phenomenon from the participants perspectives (Bowden, 2005).  This involved such processes as not using terminology the participant did not first use or quoting from other participants in the research (Ashworth & Lucas, 2000). 
The phenomenographic data gathering began with the question;

Can you tell me about a recent teaching experience you have had in which you feel you taught science through inquiry particularly well?
As noted by Samuelwicz and Bain (Samuelowicz & Bain, 1992), a incongruence sometimes occurs between teachers espoused beliefs (or conceptions) and their ‘theories in use.’  This was deal with in this study by asking teachers to explain their conceptions in terms of actual behaviour, that is, concrete examples of what they said and did within the classroom, as well as the teachers’ explanations for such behaviours.  

The interview outline (see Appendix B) included advised prompts for probing further into the practices and pedagogical reasoning of teachers. However, the prompts were not necessarily given as exact or explicit statements during the interview. As Åkerlind (2005a, p.113) pointed out, “any resulting suggestion that as many questions as possible should be phrased in precisely the same way comes from an objectivist paradigm, where one can assume that if interviewees are presented with the same stimulus they will then be responding to the same object or phenomenon.”
Data analysis

Data were analysed in the phenomenographic tradition, as follows;

A pilot study was undertaken to test the validity of the study and hone the skills of the researcher.  From the pilot study alone two distinct conceptions of inquiry teaching emerged, supporting the validity of the study.  Also, it was found teachers preferred the phrase ‘inquiry learning’ to ‘inquiry teaching’ as the latter appeared to be confused with a process of improving teaching by inquiring into it, thus this second phrase was occasionally used in interviews.  It was decided that the interviews were of sufficient quality to be included in the rest of the study, becoming interviews 1 and 2.  

Following the pilot study, the remaining 18 interviews were taken.  All Interviews were transcribed by the researcher or a professional transcription service verbatim, however, cursory or tangential comments (such as “umm” and “like”) were cut from the transcription if they did not contribute meaning.  Words and phrases emphasised by participants are highlighted in italics in the data.  As each interview was transcribed, the researcher developed a personal profile for each transcript. Åkerlind (2005b) recommended that prior to arranging or structuring perspectives within the study each participant’s perspectives must be well apprehended. The main researcher drew up individual profiles for each participant, which also helped maintain the internal validity of the study by attending to an as accurate as possible reproduction of the meaning intended behind all quotes used.

After the first 9 interviews, the researcher presented an unpublished conceptual paper at ASERA 2008.  The preparation of this paper involved a low level and very general analysis of the data obtained thus far, and three categories were presented.  They were inquiry as “experiencing it themselves” (the Experience centred conception), inquiry as “Don’t give the answer” (the Process centred conception) and inquiry as “What do you want to know” (the ‘life skills’ or skills centred conception).  As can be seen, the first category shares the same general title as in this final thesis, however, the second two categories are far more rigorously defined.

Åkerlind (2005c) emphasised the requirement for maintaining an open mind during the data analysis stage to allow the categories of description to ‘emerge’ as much as possible from the data, making further use of the bracketing procedures discussed above. After the final interview was transcribed, the researcher returned to the data as a whole, analysing it afresh. 

After the full 20 interviews were gathered, the main researcher then went back to the interview data and attempted to derive the categories of description from a phenomenographic perspective.  Data became quite unworkable and complex, with over 100 nodes of individual meaning, until the researcher experienced a ‘revelatory moment’ which was that no matter how the data are considered, every conception will fit into one of three categories; 1) giving students interesting sensory experiences, 2) providing challenging problems and 3) Helping students to ask and answer their own questions.  
Time was then spent attempting to rigorously define and provide a defensible interpretation of each category.  A brief attempt was made at organising the large amount of data into categories and subcategories, which resulted in a very large results section too ambitious for the current paper and which will be dealt with in future publications.  The sub categories are more accurately called ‘approaches to teaching’ than ‘categories’ as they focus on teacher behaviour and not just conceptualisations (McKenzie, 2003, p. 42).

Data analysis then continued, resulting in the three final categories and outcome space as they are found in the current paper.  The outcome space (including each category) was thoroughly re-assessed for its power in describing the complete set of data.  Once the outcome space was developed and validated, the data analysis phase was complete.
Validity and reliability

This study takes the position that validity and reliability are still important ideals for that high quality qualitative research to adhere to (Cope, 2004), even though such research rarely departs from a positivist world view (Morse, Barrett, Mayan, Olson, & Spiers, 2002).  
Various processes were employed to substantiate the validity and reliability of this study. 
…

In order to maintain the integrity of the research process a conscious process was engaged in order to search out disagreements and conflicts with the comfortable traditional approaches to organising conceptions of teaching through inquiry (as recommended by Ashworth & Lucas, 2000). 
…

Findings were also presented at workshops for staff and postgraduate students at QUT, including a group of post graduate researchers (13 February 2010), and numerous meetings with doctoral supervisors. This process was employed to assist in the establishment of communicative validity of the study (Kvale, 1996) 
Once the outcome space was developed and validated, the data analysis phase was complete.
Results

Although teachers share a number of perceptions in common, three qualitatively different ways of conceptualising the teaching of science through inquiry were revealed. The outcome space is now discussed;

Outcome space for the awareness structures

Figure 2 below displays the outcomes space in terms of the structures of awareness for the three categories.  As can be seen, the three qualities that move into and out of awareness are the teacher acts of 1) providing interesting physical experiences to students, 2) challenging students with problems to solve or 3) helping students to ask and answer their own questions.  Each of these qualities is in focus at a different time depending on what category the teacher is employing, the other two qualities moving out towards the thematic field or margin of awareness. 
It is important to note that, as a hierarchical structure of awareness, teachers who made use of the most inclusive category 3 did at times provide interesting experiences or challenging problems in order to teach.  Also, there is far more in teacher awareness than these three entities, however, in order to be faithful to phenomenographic methodology, only those entities that express the critical variation between categories are discussed here. 
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Figure 2. Outcome space for the awareness structures
The three categories are now discussed in detail.
“Experiences” or the Student centred experiences Category

Inquiry teaching is experienced as Student centred experiences (category 1) when teachers structure their teaching around a concern for students’ personal experiences during learning with a focus on sensory events. That is, there is an expectation that the students will see, hear, feel and do interesting things that will focus their attention, have them asking questions, and improve their engagement in learning, as is illustrated in the following quote;
T19
“…they’re finding things out for themselves and it’s more meaningful to them, I think. Like if we try and tell them something they may not remember it. But if they have done it themselves that learning is more valuable.” (Italics added).

The focus of this category is educating and engaging students through their physical interaction with science itself (in the broadest sense).  In particular, students are engaging with science materials in some way. Examples include growing tomato plants in various conditions to observe what qualities made them flourish (t1), playing with live worms after reading about them (t5), and watching videos about volcanoes to highlight science content material (t20). Examples of this category also include allowing students unstructured play with equipment during a science lesson (t3, t4, t5), as free choice activities during student’s free time (t16), or as teachers taught students how to perform an activity and allowed them to re-perform it before school (t6, t9). Scientific proofs, that is, science content demonstrations by teachers, or students making use of experimental procedures to obtain expected results, are also seen as belonging to this category.

In this category teacher’s expressed the opinion that the benefit to students was that students were ‘experiencing’ science for themselves, thus they were more engaged in their learning, enjoying themselves playing with materials and seeing the relevance to their own lives more easily. Students would thus be more engaged and interested in doing ‘science’ during school, and would gain a deeper understanding of any content outcomes teachers may have had. 

The Student centred experiences category was seen as ‘inquiry’ in that students were encouraged to ask questions about the experiences they were having. In essence the first conception of inquiry teaching follows a very inductive process. Students are exposed to the environment as a stimulus to generate interest and knowledge. This perspective seems to assume scientific ideas are developed through direct experiences. In a manner supportive of the hierarchical arrangement of categories, some teachers described this as their predominant way of experiencing inquiry teaching (t1, t3, t5, t10, t16, t20), while others used it as one activity among many during a science unit (t2, t4, t7). While there may be some temptation to see this as the most teacher centred category, it is perhaps predominantly student centred in that teachers expressed concerns about how students learnt best and that they became better people through experience inquiry.

In terms of the structure of awareness as per Cope 2004, the dimensions of variation are outlined in Appendix B.
 “Problems” or the Teacher Generated Problems Category 

Inquiry teaching is experienced as Teacher generated problems (category 2) when teachers structure their teaching around a given problem they have designed and that the students are required to solve. The problem is central to the teaching experience as teachers feel it helps students engage with the topic at hand. In this category, teachers expect students will have greater ownership over the content material covered through resolving the problem, as is illustrated in the following quote which illustrates the nature of this category;
T17: … Usually I begin with a question or a problem or a story and there’s a problem in the story that has to be solved. And then we, as a class group, find out how we’re going to solve this problem. So it might be through acting it out, it might be making a model, it might be drawing diagrams, whatever we’re going to do and then we go about doing it. …  So that’s how I see inquiry-based learning is beginning with some sort of question or story so that that’s the stimulus to move on and helping them to find ways of “Well what are you going to do about it?”

Examples include; working out how to lift a heavy box using only a cylinder and plank (t14); responding to an imaginary letter from an under water theme park world for information on how to set up a new exhibit (t18); building a tower using paper and sticky tape that would support a tennis ball (t10); setting students the task to ‘find out about natural disasters’ (t17) or an undersea animal (t6) from the internet or library. Examples may also include designing, building and testing energy efficient shoebox houses (t4); testing water absorption into the atmosphere (t15); measuring viscosity, the co-efficient of bouncing, or the hardness of rocks (t7); developing tests to compare towel absorbency (t16), or as part of a broader unit on energy - working out how to light a light (t4). 

The word problem is used in the title over the more syntactically correct challenge as it more faithfully represents the wording teachers use in describing their practice.  As with Student centred experiences, some teachers made use of Teacher generated problems as part of a broader curriculum (for example, t4, t16), while others considered the Teacher generated problems category as what it meant to teach science though inquiry all the time (for example, t10, t17). 

In this category teacher’s expressed the opinion that the benefit to students was that because students were focused on solving a problem, they were more committed to the learning, could more readily see its relevance, and would developed confidence and competence in problem solving through successfully meeting the challenge that would flow on in to other curriculum areas and life in general. By giving students problems to solve, as opposed to just experiences of science as was the case with category 1, teachers aimed at giving students a deeper understanding of science. As teacher 16 explains, the experience of science ‘experiments’ alone is not enough to educate students through inquiry teaching; 

T16: And so you go out to the supermarket and you get all the things and you grab the random science book and you find experiments that you know you’re going to be able to do at school. I find that, yes, while the kids enjoy it - it lacks content. It lacks the depth of learning because each different experiment will cover a different facet of science so it doesn’t really get into the how’s and why’s. It’s a bit Professor Sumner Millar. You know it’s like “The glass and a half” and they go “Wow” and then that’s about it. (Emphasis added).
Category 1 and 2 were seen as hierarchical in that during the Teacher generated Problems category teachers would occasionally use experiences to help students solve problems, while the reverse was not observed. In terms of the structure of awareness as per Cope 2004, the dimensions of variation are outlined in Appendix B.
“Questions” or the Student Generated Questions Category 

Inquiry teaching is experienced as Student generated questions (category 3) when teachers structure their teaching around helping students to ask and answer their own questions. The student’s questions (NOT teachers) are central to the teaching experience as teachers see students as being more motivated and engaged with science content and materials when they are seeking to answer their own questions, as is illustrated in the following quote which illustrates the nature of this category;
T18
I mean to me inquiry learning is giving children the opportunities to find out new things, and to ask the right questions to learn about new things in a collaborative way, and to be able to not just be given the knowledge and stand out the front. I think that’s the traditional approach, is that the teachers stand there and give the children the knowledge that they’re expected to know. Whereas inquiry is taking it to that other side, where the children find out what it is that they want to know, and we give them the tools to be able to do that. 

The focus of this category is on helping students to ask and answer their own questions. Examples include negotiating a topic with students, such as ‘under the sea’ (t6) or ‘micro-beasts’ (t8), then organising students to generate questions and research their answers within that topic. This category also includes scientific investigations where teacher selects the topic, but helps students to generate and answer their own questions in relations to that topic, such as developing a way of testing advertising claims for superior products (t4), or exploring the qualities of successful balloon rockets (t2). The focus is on helping students to ask and answer their own questions. 
As opposed to categories 1 and 2 where some teachers saw it as the way they teach “all the time”, all teachers who used Student generated questions saw it as only one way among many ways of teaching science. Occasionally teachers focused on using the scientific method as a means of answering questions; however, this method was in all cases taught previously as a non-inquiry lesson. As illustrated from the practice of teacher 4;

T4
Ok, we did a ‘design a fair test’. So they had to design a test to test basically [whether the things ] that were advertised on TV were actually doing what they said they were doing. … one child did nappies – like Huggies verses Snugglers -  they did three different paper towels. So Viva verses whatever. Bubble gum, so brands of bubble gum, which ones made the biggest bubble. … and they had to come up with the conclusions and that sort of thing. Start off with the hypothesis, so they had to say which one they thought would be the best. And then they tested it, and then they came up with their conclusions and then they had to present it to the class as a PowerPoint and a demonstration. 

In this category teacher’s expressed the opinion that the benefit to students was that students are better motivated because they are answering their own questions and learning about what it was that they wanted to know. As further illustrated in the practice of teacher 2;

T2
…  When I think of inquiry based learning, that is where the children are posing questions, and formulating ways to answer that question. In science, testing hypotheses or what have you, going through the scientific process testing their own questions that they have posed and finding conclusions to their own questions. In my mind, that’s what inquiry based learning is for me. 
While all categories are considered to be predominantly student centred, Category 3 is clearly the most student centred of them all, allowing for student negotiation of topic and demonstrating concern with students in a broader context than simply completing curriculum mandated tasks. The following quote by teacher 6 illustrates focus on skills a Student generated questions category;

t6: ...I think that’s inquiry and if I can spark that in kids, in being able to give them the skills to always be able to find the answers to things, whether the answers be hugely complex or just simple then I think that’s pretty much the inquiry approach. It’s pretty much about the skills they can use forever.
In terms of the structure of awareness as per Cope 2004, the dimensions of variation are outlined in Appendix B. 
Summary
In summary, the three main categories in which teachers experience inquiry teaching in science are (a) the Student centred experiences category, (b) the Teacher generated problems category and (c) the Student generated questions category.  The most inclusive of these being the Student generated questions category. The implications of these findings and their relationship to established theoretical perspectives of science education will be discussed in the next section.
Discussion

The three categories, taken together, indicate that teachers conceptions are in part congruent with the literature in responding to curriculum documents and professional development programs.  Teachers are aware of ‘inquiry’ as an important contributor to the modern curriculum; that it involves in some way the use of questions; and that it can be highly engaging and motivating to students. 

However, these results illustrate that teachers are conceptualising the role of inquiry in three separate ways that are diverse from standards promoted in the literature.  Teacher are either looking to 1) engage students with interesting experiences, 2) challenge students with interesting problems or 3) help students ask and answer questions they find interesting.  Inquiry in science education, however, is asking for more than all this.

In particular, there is a notable lack of terminology from recent models of inquiry in the vocabulary teachers use to describe their actual practice.  The categorisation scheme presented here more accurately represents the language and practice of teachers more than such terms as ‘open, guided, structured and full inquiry’.  This leads us to question the impact of our own teacher education practice.  Are such ideas making an impact on teacher thinking and practice?  In the words of one teacher;

T8: I’ve seen the nice little piece of paper that says “This is inquiry and you’ve got this and you’ve got that and then you do this and you do that.”  But to me that just seems like a lot of jargon and it didn’t mean a lot. 

Porlán and Pozo (2004) have shown that PD that does not take into account prior beliefs is minimalised in effectiveness.  This study indicates that, for example, if a teacher is experiencing inquiry as a student centred experiences category, it may be expected that they will use student questions to highlight and engage students, rather than as an important tool to guiding the entire teaching experience. By understanding where teachers are coming from in terms of underlying conceptions, it is hoped that teacher educators can better connect with teachers’ prior understandings to enhance the effectiveness of teacher training programs.

Likewise, it is believed that educative programs that make teachers aware of the categorisation scheme here presented will be able to challenge teacher thinking and help teachers to adopt the more inclusive Student generated questions category.  Research also needs to be conducted in this regard.

Teacher education programs that make greater effort to know and take into account actual teacher conceptions, and that are built around language that is familiar to teachers, can expect to be more successful in exposing teachers to new and more successful ways of teaching.  This research has assisted in this regard revealing the three ways in which teachers experience inquiry teaching – as ‘student centred experiences’, as ‘teacher generated problems’ or as ‘student generated questions’. 
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Appendix A: Interview Schema

Bracket: know their world

There is a lot of discussion in education and curriculum documents about inquiry learning. I am doing a study to find out about what perceptions teachers have of teaching in ways that foster inquiry based learning in science. There are no wrong answers here-I am predominantly interested in exploring your ideas and experiences. I want you to feel that I am the learner here and you the expert regarding your own practice, I will try to be like a blank slate – I want you to do all the talking and I’ll do the listening. I just want you to tell me about your experiences with inquiry, and dig down into your understanding and practice of the what and why of inquiry in your classroom!  OK?

Do have any questions?

Well, can you tell me a bit about yourself as a teacher? (Who do you teach, how long have you been teaching, what experiences led you to teaching, have you any past experience with science as a profession?) 
“Can you tell me about a recent teaching experience you have had in which you feel you taught science through inquiry particularly well?” 

Regarding a specific teaching experience;

Teacher role

Student role

Assessment

Goal

Outcomes

Cues Teacher role : How did you go about teaching? Where and how did this take place?

Student role : How did the students go about learning during the teaching experience you just described? 

Assessment : How did you know that the students had learnt something?  What was the role of assessment in your program?

Goals : What were you trying to teach? What did you want students to learn? Why did you choose to do it that way?

Outcomes : How do you know if your approach is working?  What do you feel were the results of this approach? What did inquiry offer?

What is easy about inquiry science, what is difficult, what challenges you in implementing an inquiry science program?
Regarding inquiry learning (in the context of the interview, teachers preferred the term over ‘inquiry teaching’); 
What is inquiry learning?

Cues: When did you first hear about teaching science through inquiry learning? What does it mean to teach science through inquiry? 

Can you think of a time when you thought differently about what it means to teaching science through inquiry?

Complete this sentence “Inquiry learning is…”

Before we conclude, is there anything else you’d like to add?
Appendix B : Outcome space as per Cope 2004
	Category
	Referential aspect (meaning)
	Structural aspect

	
	
	Internal horizon

(parts) 
	External horizon (context or boundary)

	Experience centred category
	Inquiry teaching is experienced as providing stimulating experiences to students.
	· Role of teacher as facilitator.  Also teacher is “knower, but not teller” (knows correct answer, but holds back in order to draw out student understanding rather than ‘feed it to them’.)

· Role of student as active learner (Student is asking questions, getting involved, discussing observations, ‘being a scientist’ etc)
· Purpose of student centred experiences as focal to teaching

· Purpose of student generated questions as supportive of teaching

· Source of knowledge: the teacher (as interpreter of students ‘own’ experiences)
	“Chalk and Talk” 

· Purpose of teacher generated problems as not part of teaching science through inquiry



	Experience centred category
	Inquiry teaching is experienced as providing challenging problems to students
	· Role of teacher as facilitator;  Also “feigning ignorance” (knowing answer, but not only ‘not telling’ actively pretending not to know at all as part of the ‘game’ of helping students solve problems.)

· Role of student as engaged learner (not only active, but also contributing to solve the problem)

· Purpose of student centred experiences as supportive of teaching

· Purpose of teacher generated problems as focal in teaching

· Purpose of student generated questions as supportive of teaching

· Source of knowledge: the teacher (as with previous category.)
	Its not inquiry if it’s just ‘wow, look at that’ experiences.  It needs to be given depth and context through providing a challenging problem.

	Student generated questions  category
	Inquiry teaching is experienced as helping students to ask and answer their own questions.
	· Role of teacher as facilitator; “Not knower, prepared to learn.” (teachers actually prepared to deal with content they are unfamiliar with, are occasionally co-learners with students, but can lead to de-emphasis on content outcomes)

· Role of student as engaged learner (as with previous categories, however now students have some say in content outcomes)

· Purpose of student centred experiences as focal to teaching

· Purpose of teacher generated problems as supportive of learning

· Purpose of student generated questions as supportive of teaching

· Source of knowledge: an expert (usually teacher, but not always.  Could be visiting expert, and correctly performed experiments should yield expected results.)
	Most inclusive definition, thus also saw ‘chalk and talk’ as belonging outside inquiry teaching.


Focus: Student generated questions 
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Thematic field: associated with awareness but not focal
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