
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



BRIDGING THE GAP BETWEEN 

THEORY AND PRACTICE 

What impact do the national curriculum exemplars 

and the associated matrix have on teaching and learning in 

science? 

A thesis submitted in partial fulfilment of the 
requirements for the degree of 

Master of Education 
at 

Massey University 

Anne Grace Radford 
2006 



ii 

Abstract 

Formative assessment continues to be influential in shaping teaching and 

learning. A National Assessment Tool, the Exemplars and associated 

Matrix have been designed and provided for teachers to support 

formative assessment practice. While considerable research exists on 

formative assessment, the impact of the exemplars and matrix on 

teaching and learning in science is unknown, therefore this Participatory 

Action Research study explores the impact on teaching and learning, 

assessment and the resultant teacher-student interactions in science 

learning. 

Two schools were involved in the action research project in 2004. Seven 

teachers participated in the research study. The students ranged in age 

from five to nine years . Through in-depth classroom observations, 

planned interventions and semi-structured interviews, two major themes 

emerged: the teacher participants' science knowledge and pedagogy; 

and , their formative assessment practice and knowledge. Two sub

themes emerged and impacted on the major themes: the 'teacher as a 

learner', and the research/professional development model. 

The matrix and exemplars were the vehicles for change and the findings 

of this research study, clearly show evidence of improvement to teaching 

and learning in science. 



iii 

Acknowledgements 

To the wonderful teachers I worked with, thank you. You are indeed 

inspirational and a joy to work and learn with. 

Thank you to my family and friends for your patience, support and I hope 

continuing friendship, as I became less and less hospitable and 

communicative. Graeme, I have appreciated your tolerance and care. 

The changes to your life have been many. 

To Mike W, you were so instrumental in starting me on this pathway. 

Your unfailing kindness, and your innate understanding and ability to 

develop 'talents' in others, are truly gifts. 

To my colleagues who have had to listen to me 'going on', I have so 

valued your forbearance, your expertise and the discussions we have 

had. 

To my supervisor, Doctor Jenny Poskitt, you are the master of formative 

assessment. Without you I would never have completed this Thesis. 

Your interest, encouragement and expertise meant everything. Thank 

you. 

Hold fast to dreams for if dreams die 

Life is a broken winged bird 

That cannot fly 

Langston Hughes 



iv 

Table of Contents 

Abstract .... .... .. ....... ....... .. .. .... .... ... ....... ... ... .......... .... ... .. .... ...... .... .. ..... ii 

Acknowledgements ... ..... ..... ... .. .... ...... ... ..... ..... ... ...... .. ... .. .......... .. iii 

Table of Contents ..... .. ...... ........ .. ...... .. ........ ..... ....... .... .... ...... ........ iv 

CHAPTER 1: Introduction 

The exemplars and associated matrix ... .. ... .... ...... .. .......... ......... 2 

The research problem .. .. ... .. ...... ... ... .... ... .. ...... ....... ... ... .... ... .. ..... 3 

The research question ... .. .... .... ..... .......... .... ............. ... ...... .. ....... 4 

The participating schools .. ... .... ..... .... ..... .. ...... ..... ... .. .... ... .. ... ..... . 5 

Emergent themes .......... .. .... ....... ...... ... .. .... ...... .. .... ..... ... .... ........ 5 

Organisation of the thesis ... .. ............ ..... .... ............ .. ..... .. .. ... ..... . 6 

CHAPTER 2: Literature Review 

Introduction ...... ........ ... ... .. .............. ........ ........... .. .... .. .... ..... ... ... .. 8 

What is understood by science teaching and learning? ..... .. .... . 9 

What is understood by formative assessment? ... ........ ...... ...... 13 

Putting the theory into practice: Science pedagogy .. ...... .. .. ... .. 16 

What factors interact with teacher change? 

The professional development model ........ .......................... ......... . 19 

Teach er as a learner .. ....... ... ................... ..... ...... ...................... .. ... .... . 22 

Understanding the National Science Exemplars and Matrix ...... ..... ... 24 

Contradictions, gaps and contributions in current research .... .. 26 

Chapter summary .. ... .. .... ... ..... ... .... ... ..... ..... .... .. ... .... ....... ... .... .. 27 

CHAPTER 3: Methodology 

Introduction ......... .. .. .. ... ... .... ... ...... .... .. ...... ........... ... ... ... .... .... .... 29 

Theoretical underpinnings 

Action research ...... ...... ..... .... .... ..... .. ....... ..... ....... ..... ...... .. ....... .... ... ..... 29 

Participatory action research ..... ... ..... ............................................ .... . 32 

Participatory action research and professional development. .... ........ 34 



v 

Research study ....................................................................... 35 

Structure of the study 

Research population ..... ...... ... ..... ....... .... ... ............... ....... .............. ...... 36 

Action research cycle .... ... .. .. ... ....... ..... .... ... .... .................................... 38 

Timetable ... ... .... .. ... .' ........ .. .......... ............... ... ..... ...... ....... ...... .. ............ 38 

Planning for action .. ...... ........ .... ...... ...... ....... ...... ...... ...... .............. ...... . 38 

Observations ..... .... .. ....... .... ............... ...... .. .. ........ ..... ..... .... ... ..... ... ...... 39 

Interventions ...... ............ ..... .. ..... .. ................... .. .. ... .. ......... .... ....... ....... 39 

Interview ............................................................. ........ ..... .. .... .. .... .. ... .. 41 

Data gathering tools ....... .. ... .......... ....... ............... ..... ..... ... ... .. ............. 41 

Document analysis ..... ... ......... ... .............. .... ...... ....... ..................... ..... 47 

Transcript analysis .. ..... ................................. .... .......... .. .... .... .. ..... ... .... 47 

Ethical considerations .. ...... .... .. ..... .. ..... .. ........ .. ... ................ .. .......... ... . 48 

Issues and difficulties ... .. ........ ... ...... ..... .. ... .... .. ..... ... .... .... ... ..... ........... 50 

Chapter Summary ..... ... ... ...... ........ .. ... .. ... ..... ............. .......... .. .. 52 

CHAPTER 4: Findings 

Introduction ... ... .... .. .. ... ... ................ ... .. ........ .. .. ... .. ... .. .. ...... ... .... 53 

Organisation of data ..... ..... .... .. .. ... ... ... ...... .... ... .. .... ... ........ .. ... .. 54 

Themes to emerge .. .. .... .......... .. ... ... ... .. ..... ....... ... ....... ............. 55 

Cycle One: 

1A Planning for action .... .... .. .... ...... ..... ........ ...... ...... .... ... .. ...... .. ... 56 

18 Observation of teacher participants .... ........... ....... ................ 58 

1C Intervention ..... ..... ........ ..... ...... .... .. .... ... .......... .. ... . .. .......... ....... ... 62 

1 D Reflection: Interviews ... ........ .... ... .. ..... ... .. .. ...... .... .. .... .. .... ..... ... ... 65 

Summary of cycle one ................................................ ...... ............. .. ... 68 

Cycle Two: 

2A Planning for action .. .... ...... .. .... .. .. ................. .. ............ ................. 69 

28 Observation of teacher participants ..................................... .. .... 70 

2C Intervention .. ........ ..... ....... ... ...... ............. .................. ... ... .. ..... ...... 73 

2D Reflection: Interviews ................. ..... .. .. ....... ........... ................ ... .. . 74 

Summary of cycle two ....... .................................................... ........ .. ... 77 

Cycle Three: 

3A Planning for action ........................... ......... .. ......... .................... ... 77 

38 Observation of teacher participants .. ....... .. .. .................. ... .. .. .. .. . 78 

3C Intervention .............................................. .. ... .......... ....... ............. 81 

3D Reflection: Interviews ..................... ..... .. .. .. .. ...... ... ... .... ......... ..... .. 82 

Summary of cycle three ................. ............ ......................................... 85 



vi 

Cycle Four: 

4A Planning for action ................. ..... ......... ...... .. ...... .. ..... .... .............. 86 

4B Observation of teacher participants ... .... .... ....... ............ ...... ....... 86 

4C Intervention .............. .. ....... ........... ......... ..... ........ ..... ...... ....... ..... .. 89 

40 Reflection : Interviews .. .. ... .. .. ... ..... .... ... .... .. ..... ...... ..... ......... .... ..... 90 

Summary of cycle four .. ..... ................ ...... ........ ... ..... .. .. .. ....... ...... .. ..... . 93 

Chapter summary ........ ....... .. .. ... .. ...... .... .... .... .... .... ... ... ... .... ..... 94 

CHAPTER 5: Discussion 

Introduction ...... ..... ...... ....... ... .... .. ....... ..... .... ... ...... ... ..... ....... .... . 95 

Science teaching and learning: Putting the theory into practice 

Co-constructivism ..... ....... ... .......... ............. .. ........ .. ...... .... .... ..... .......... 96 

Discourse .. ..... ... .. ...... .... ..... .. .... .......... ... ........ ..... ... ... ...... ...... .. .... ... ... . 100 

Questioning .... ......... .... ... ..... .... ...... ................... ................. ........... .... 100 

Planning ........... ... ... .. ........ .. ... ....... ....... ........ .. .... ..... ......... ... .. ...... .. .. ... 101 

Children investigating ...... .. ..... ... ...... ........ ... ... .... ..... ..... .. ... ..... .... ...... . 102 

Interacting with the exemplars and matrix 

The matrix .... ... ... ... ......... ..... ... ... ...... ... .. .. ..... .... ... ........ ... ... .... .. ... ... .. .. 103 

The exemplars ... .... ..... ................. .. .... ...... ......... .... ....... ........ ........ ..... 106 

Considering teacher change ...... ..... ... ........ .... ....... ...... ...... ..... 108 

Major themes to emerge 

Teachers' knowledge of science ........... . ........ ... .. ........ ...... .. ... ..... ... 108 

Teachers' formative assessment practice ....... ...... ..... ... ......... .. ... .... . 109 

Progression in learning ...... .. .... ....... .... ..... ... ........... .. ........ ..... ... .. ...... 110 

Sub-themes to emerge 

The action research/professional development model. ................. ... 110 

Teacher as a learner .. .. .... ..... ........ .. ...... ........ .... .... .. ....... .... .. ... ... .. .... 113 

Chapter Summary ....... ... ........ ...... ... ... .... ..... .. ..... .... .. ... .... ...... 114 

CHAPTER 6: Conclusion 

Introduction ...... ... ........... ............. .... ... ... ......... ... .... ... ..... ... ...... 116 

Factors to consider when using and implementing the 

National exemplars and matrix ........ ... .... ........... ...... ..... ... . 116 

Methodology selected ....... ........ .... ..... ... .. ......... ..... ...... ... ... .... 120 

Triangulation ......... ... ..... ... .. ...... ......... .. ... .. ......... ... ....... .... ....... 120 

Limitations of the research ....... .... ......... ............ ..... .... ... ........ 121 



Contribution to the literature ..... .. ...... .... .... ......... ... ... ... ..... ... ... 121 

Recommendations for further research ..... .. ... .... .................. . 122 

Chapter summary ... ....... .......... .. ..... .... ...... .. .......... .. .......... ..... 123 

References .... ..... ... ....... ......... ............ ..... .. ... ... ..... ....... .. .. . 125 

Appendices 

Appendix 1 Exemplars and matrix 

Appendix 2 Examples of field notes 

Appendix 3 Core questions asked in interviews 

Appendix 4 Examples of transcript analysis 

Appendix 5 Information letters 

Appendix 6 Collation of interview data 

Appendix 7 Planning format sample 

List of Tables 

Table1 

Table 2 

Emerged themes .. .. ........ .. ...... ... .... ... ...... .... .. ... .. .... .... .. 6 

Organisation of data ... ... ...... ....... ... .... .. .............. .... ... .. 54 

vii 



BRIDGING THE GAP BETWEEN 

THEORY AND PRACTICE 

1 

What impact do the national curriculum exemplars and the 

associated matrix have on teaching and learning in science? 

CHAPTER 1: Introduction 

This Participatory Action Research study is an investigation into the impact 

of the National Science Exemplars and associated Matrix on science 

teaching and learning. It aims to explore the impact on teaching and 

learning , assessment and the resultant teacher-student interactions in 

science learning. The impact of the exemplars and matrix on teaching and 

learning in science is unknown and has therefore led to this research . 

A Ministry of Education research project (Poskitt, 2002), has followed the 

development and the early implementation of the exemplars and the effects 

of the exemplars on teaching and learning within curriculum areas. However, 

the national research study did not look at individual teacher development 

and use of the exemplars over time, which was the aim of this project. The 

present research will inform the researcher's practice and understanding as 

a science advisor and an assessment facilitator in the Ministry of Education 

Assessment for Learning project. Knowledge gained about the procedures 

and issues confronting teachers in using the National Exemplars and the 

Matrix will help shape future professional development in Science. 
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The exemplars and the associated matrix 

The development of the National Curriculum Exemplars as a key component 

of the National Assessment Strategy (Ministry of Education, 2000) provided 

an alternative to National Testing of students at stages during their primary 

and intermediate schooling. 

With recent research and thinking in assessment (such as Crooks, 1988; 

Sadler, 1989; Gipps, 1999; Clarke, 2001; Black, & Wiliam, 2002; Clarke, 

Timperly and Hattie, 2003), changes in the purpose of assessment occurred. 

Assessment 'for' learning, that is formative assessment, became more 

preferable to assessment 'of' learning, or summative assessment. Interest in 

national testing waned in favo,ur of exemplar development, which would 

provide schools with a tool to moderate their own performance against a 

national standard and provide teachers and students with criteria and 

indicators of progression 1 to support their learning within specific curriculum 

areas. 

According to the Ministry of Education (2002 , p. 1) an exemplar is an 

"authentic example of student work annotated to illustrate learning, 

achievement, and quality in relation to the levels described in the national 

curriculum statement. Each exemplar highlights significant features of that 

work and important aspects of students' learning". Exemplars have been 

developed in each of the seven curriculum areas: English, mathematics, 

science, technology, social studies, health and physical well-being and the 

arts. The exemplars have also been developed in the equivalent Maori

medium curriculum areas. Features of the exemplars (see Appendix 1) are: 

• Examples of student work both, in an annotated and unannotated 

form. Annotated samples of work demonstrate appropriate criteria 

and achievement. 

• Links to the national curriculum document, and learning outcomes and 

teaching sequence according to a curriculum level. 

I . . . . . . 
Progress ion: refers to significant changes m knowledge, skills, processes and concepts across lime. 
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• 'Where to next', the next learning and teaching steps for students and 

teachers. 

• Teacher-pupil interactions, which provide a model for eliciting what the 

children think and how their learning could be extended. 

The associated matrices are a rubric-type framework, which specify key 

aspects of the particular curriculum area, and identify progress indicators for 

each of these aspects from novice (level 1) to expert (level 5). The progress 

indicators link closely to the annotations on the exemplars. The matrix has 

been divided into four categories or matrices of science: 

• Developing interest and relating science learning to the wider world , 

• Investigating in science, 

• Thinking in scientific ways, 

• Developing and communicating science understanding. 

In each of the matrices the key aspects and progress indicators provide an 

insight into the nature of science, and teaching and learning in science. The 

matrices are linked to the contextual and integrating strands and the levels 

of the National Science Curriculum. 

The research problem 

Effective and appropriate formative assessment is increasingly being 

recognised as playing a crucial role in the enhancement of learning. Sadler 

(1987) and Gipps (1999) argue that the use of 'concrete models' and 

frameworks (the exemplars and matrix) will enhance teaching and learning, 

and Gipps (1999) declares that exemplars can be used to explicate to 

teachers the nature of the skills being taught. As a result teachers' content 

knowledge can be developed. The aims of this research are to investigate 

the reality of these claims, in the absence of supporting research, and to 

explore the role of the exemplars and matrix in teaching and learning in 

science. 
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The research question 

Therefore the overarching research question is: 

What impact do the national curriculum exemplars and the associated 

matrix have on teaching and teaming in science? 

Implicit within the overarching question are several sub-questions. These 

were asked of the teacher participants in order to elicit their ideas and 

thinking about the National Exemplars and associated Matrix and, 

especially, to generate discussion: 

• In what ways do teachers interact with the exemplars and matrix? 

• What are the changes on teaching and learning in science, if any, 

resulting from the interaction with the science matrix and exemplars? 

• What factors have contributed to changes in teaching and learning in 

science? 

• What are the outcomes for students and teachers? 

To answer these questions, a Participatory Action Research (hereafter 

referred to as PAR) approach was chosen as it is underpinned by principles 

held by both action research and effective professional development. Such 

an approach focuses on problems that are of immediate concern to the 

practitioners, develops reflective practitioners, is a collaborative activity, is 

undertaken 'in situ ', improves the congruence between theory and practice, 

is dialogical and celebrates discourse, is participatory, and changes the 

competencies of practitioners (Hult & Lennung, 1980, cited in Cohen, 

Manion & Morrison, 2000; Noftke & Zeichner, 1987, cited in Cohen et al. , 

2000). 
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The participating schools 

Two schools were involved in the action research project in 2004. School A, 

an urban decile2 four, full primary school (years 1-8) with a roll of 300 

students; and School B, an inner city decile seven primary (years 1-6) 

school, of 350 children. Both schools had requested on-going adviser 

support with science or assessment. One syndicate from each of the 

schools, seven teachers in total , participated in the research study. The 

students ranged in age from five to nine years. Further detail is provided in 

Chapter Three. 

Emergent themes 

Data from each of the sources were aggregated into categories from which 

two major themes emerged as the teacher participants engaged with the 

exemplars and matrix. The major themes: the teachers' confused 

assessment practice (that is, the notions of progression in science and 

formative assessment practices); and the teachers' knowledge of science 

(that is, the nature of science, science conceptual knowledge, and science 

pedagogy). As the teachers participated in the PAR and worked with the 

exemplars and matrix, two sub-themes were revealed: the 'teachers as 

learners', and the nature of the PAR and the professional development 

model. The sub-themes influenced the way the teachers participated in the 

action research and the way in which they interacted with the matrix and 

exemplars. More detail about the sub-themes is provided in Chapters Four 

and Five. 

2 
Decile: the ranking system for all New Zealand schools on a scale of one to ten. It is a measure of socio-
economic position, with one being the lowest ranking and ten the highest. Some school funding is allocated 
on the basis of decile ranking. 
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Table 1: Emerged Themes 

Major Themes/Problems 

The teachers' assessment practice The teachers' knowledge of science 

• formative assessment practices • the nature of science 

• progression in science • science conceptual knowledge 

• science pedagogy 

Sub Themes 

The participants as 'teachers as learners' The nature of the PAR I PD Model 

Organisation of the thesis 

Chapter One introduces the research study. The purpose for the research, 

the research question, and the National Exemplars and Matrix assessment 

tool is described. A brief description of the research population and the 

themes to emerge are provided . 

Chapter Two reviews the literature. Current theories of teaching and learning 

in science, and formative assessment are discussed. The purpose and 

benefits of assessment tools, such as the National Exemplars and 

associated Matrix are documented 1n the current literature about 

assessment. 

Chapter Three examines the methodology used and discusses the 

theoretical basis for the researcher's choice of Participatory Action 

Research . It provides justification for the data collection and analysis 

techniques employed, and explains the practical aspects of the chosen 

methodology and techniques. 

Chapter Four presents the main body of the findings as the emergent 

themes are revealed and developed. The themes are justified through the 

triangulation of data from the various sources, observations, interviews, 

discussions and documents. Data and extracts, presented to support the 

researcher's claims, are collated according to the research cycles, and then 
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further organised according to the phases of Action Research; planning for 

action, observation, intervention and reflection. 

Chapter Five links the findings and the literature to identify the changes to 

teaching and learning in science and the issues and factors that impact on 

the changes, as a result of the teacher participants interacting with the 

National Science Exemplars and Matrix. 

Chapter Six draws the research to a close. Key findings from the Action 

Research study and the contribution that this research study could make to 

the literature are discussed. Brief discussion and comments on the 

validation of the research model, are followed by the limitations of the study 

and future research recommendations are provided. 
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CHAPTER 2: Literature Review 

Introduction 

Standards can be specified through a combination of descriptions and 

exemplars. 

(Sadler, 1987) 

"Exemplars can be used to explicate to teachers the nature of the skills 

being taught and as a result teachers' content knowledge can be 

developed". 

(Gipps, 1999, p. 160) 

The purpose and benefits of assessment tools, such as the National Exemplars 

and associated Matrix (see Appendix 1 ), that specify evaluative criteria and 

appropriate standards are documented in the current literature about 

assessment. There is however, little research to support and illuminate these 

assertions. It is the intention of this Action Research study to contribute to the 

literature on the impact of such assessment tools. 

In ascertaining the impact of the exemplars and associated matrix on teaching 

and learning in science, it was necessary to identify key aspects of teaching and 

learning in science and the nature and purpose of assessment. This Action 

Research study took place within a professional development context and 

therefore literature about professional development and factors that interact with 

'teacher change' are reviewed. 

This chapter then, will firstly consider the literature on science teaching and 

learning, followed by the literature on formative assessment. Science pedagogy 

is explored, as are the factors which impact on teacher change, the teacher as 

a learner and the professional development model. The chapter concludes by 

discussing the purposes of the National Exemplars and associated Matrix, the 

gaps in the literature, and the contribution this research could make to the 

literature. 
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What is understood by science teaching and learning? 

The understanding of science content and the teaching of it, has been 

embedded in constructivist theory. Radical constructivism is currently the 

leading theoretical position of constructivism. Von Glaserfeld (1990) introduced 

the term 'radical' constructivism to contrast with constructivism , the latter being 

predominantly built on the importance of prior knowledge and consequently 

referred to as weak or trivial constructivism. 

The first principle of radical constructivism holds that knowledge is not received 

passively but is built up by the cognising subject. In other words , students' 

heads are not empty vessels to be filled with knowledge; rather they construct 

their own meaning from words and visual images. When engaging in this 

construction of meaning, what the learner already knows is of paramount 

importance. As a result, there is a critical need to ascertain students' prior 

knowledge before beginning a science unit of work. 

Conversely Asoko (2002) asserts that there is little need for teachers to 

ascertain students' prior knowledge as much research (Osborne & Freyberg , 

1985; Driver, Guesne & Tiberghien , 1992, cited in Shepardson, 1997) has 

identified the misconceptions students' hold about given science concepts. To 

learn science from a constructivist philosophy implies direct experience with 

science as a process of knowledge generation in which prior knowledge is 

"elaborated and changed on the basis of fresh meanings negotiated with peers 

and teachers" (Watts, 1994, p. 51) . Teachers need then to focus on students' 

learning with understanding, rather than with the more recent emphasis on 

coverage of the curriculum. 

The second principle of radical constructivism states that the function of the 

cognition is adaptive and enables the learner to construct viable explanations 

for experiences. Consequently knowledge about the world outside is viewed as 

a human construction. A reality outside is not denied, but it is only possible to 

know about the reality in a personal or subjective way. Constructivism then is 

concerned with the way in which learners construct viable and useful 

knowledge. The only constructions that survive are those that prove to be 
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successful in dealing with the multiple contexts in which the learner is engaged. 

Knowledge is not only personally constructed but is also socially mediated 

(Prawat, 1993, cited in Ritchie; 1998 & Taylor, 1993, cited in Treagust et al. , 

1996). Therefore the process of constructing meaning is always embedded 

within the social setting of which the individual is part. 

Osborne's and Freyberg's (1985) research has shown that in relation to ideas 

taught in science, children from a young age develop their own meanings for 

words and their views of the world . These views are strongly held and are often 

different from the views of their teachers and the views of scientists. Treagust, 

Duit and Fraser (1996) assert that children often hold two inconsistent 

approaches to understanding science concepts, one intuitive and one formal. 

Children view their intuitive ideas as being sensible and coherent and often 

remain uninfluenced by science teaching. Students and teachers may also hold 

a passive view that conceptualised learning is the transfer of canonical 

knowledge (Treagust et al. , 1996) to memory. In which case science knowledge 

is viewed as an accumulation of facts , not as constructing learning. 

Constructivist teaching helps students develop constructions that lead to 

understanding of the scientific view. It is absurd to expect that students will be 

able to construct science conceptions, without any guidance, on the basis of 

pre-existing conceptions alone. Increasingly, constructivist writing has 

recognised the importance of discussion, not only student to student, but also 

with scientifically knowledgeable adults, as a means of enabling this 

construction (Solomon, 1994). Sutton (1992, cited by Sprod, 1998) maintains 

that practical experience itself does not bring about learning until it is animated 

by ideas, and these ideas are carried into words. It is critical to provide children 

with the opportunity to articulate their ideas so that they can understand their 

understanding, that is, become aware that their ideas are not the scientist's 

views. Without the opportunity for social discourse their ideas will not be 

challenged and moderated. Lawson (1990), cited in Lawson & Weser, 1990, 

argues that discourse improves thinking and develops reasoning skills, and 

reflective reasoners are more likely to change conceptions under instruction. 

Open discourse also allows students to assign language to their ideas and to 
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experience learning as a co-participatory activity (Tobin, 1997, cited in Dawson 

& Taylor, 1998). In so doing, students have the opportunity to experience 

science as a discursive activity in which value-laden knowledge claims are 

legitimised in accordance with canonical standards (Lemke, 1995, cited in 

Dawson & Taylor 1998; Roth, 1997, cited in Dawson & Taylor, 1998; Murphy & 

McCormick, 1997). 

Constructivist theory asserts that learners develop ideas and beliefs about the 

world before they receive formal instruction. Learners do not store concepts in 

isolated bits; they form relationships or connections between concepts to form 

propositions (Novak, Mintzes & Wandersee, 2000). Meaningful learning takes 

place when the learner seeks to relate new concepts and propositions to 

relevant existing concepts in their cognitive structure. The learner must be 

actively involved in resolving contradictions, gaps and disturbances that arise 

when new information is juxtaposed with mental structures. Therefore students 

experiencing the same situation and information will each construct divergent 

conceptions depending on their varied prior experiences and existing 

knowledge (Novak et al. , 2000). As a consequence, students' alternative 

conceptions may influence learning experiences in unpredictable ways if the 

teacher is unaware of them (Hewson, 1991 , cited in Stahly, Krockover & 

Shepardson, 1999). Not only does investigating students ' conceptions reveal 

important insight into the students' ways of thinking and understanding, it also 

helps teachers revise and develop their own knowledge and may lead to 

reconstruction of that knowledge. Awareness of students' conceptions can also 

inform the most appropriate way to present information. It is the similarities and 

the differences between students' science and scientists' science that are of 

central importance to the teaching and learning in science. 

Harlen (2000) raises several notions about the teaching and learning of science 

and the influence of teachers' understandings on the way they teach science. 

She claims that teachers' views of the nature of science are implicit in all 

decisions they make and influence the extent to which students learn through 

inquiry or learn about science and its findings. She furthers this argument by 

stating that if teachers see learning in science as being essentially the receiving 
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and mastering of information, then teaching will be organized in such a way as 

to cause this, rather than students developing understanding for themselves. 

Carr, Barker, Bell, Biddulph, Jones, Pearson and Symington (1994) assert 

many teachers view science knowledge as being unproblematic, science as 

providing the right answers, that truths in science are discovered by observing 

and experimenting , and that choices between correct and incorrect 

interpretations of the world are based on commonsense responses to objective 

data. Teachers' understanding of the nature of science is therefore critical to the 

quality of teaching and learning in science. 

Watts (1994) claims that constructivism implies a metacognitive position, which 

takes two forms. For teachers it is reflection and for students it is learning about 

learning. In science teaching and learning, emphasis is placed on active 

learners constructing and reconstructing their ideas. Taking responsibility for 

their own learning in ways they know they can, and being self determining 

within a social and caring learning community where ideas are communicated , 

shared , tested, negotiated and reported towards purposive ends. Constructivist 

teaching strategies need to encourage declaration about existing ideas and 

then promote consideration of whether other ideas make more sense. Contexts 

of learning influence the way in which individuals construct meaning . 

Gipps (1999) asserts that current understanding of the cognitive processes 

indicates that there is an intimate connection between skills and knowledge and 

the context in which they are taught. Skill components cannot be taught in one 

situation with the expectation that they will be applied automatically to another. 

Rogoff and Lave (1986, cited in Hennessey, 1993; Murphy & McCormick, 1997) 

posit thinking is not only context based but also situation specific. Learning that 

relies on rote or recall learning conceals students' understanding or the lack of 

it. When understanding is probed at a deeper level the learning is often found to 

be superficial. In order for students to develop deep learning3 it is critical that 

they understand what they are learning and how to realise that learning. 

3 
Deep learning: an intention to understand material for oneself and to critically interact with the content. 
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Formative assessment practices provide the strategies to facilitate deep 

learning. 

What is understood by formative assessment? 

Assessment for learning has been the subject of much recent research (Crooks, 

1988; Sadler, 1987, 1989, 1998; Black and Wiliam, 1998; Gipps, 1999; Clarke, 

2001 ; Clarke, Timperly and Hattie, 2003) and, as stated by Harlen (2000), 

involves gathering evidence relevant to students' learning, judging it against 

expectations, interpreting and using the judgements for specific purposes. 

Judgements can be made, by comparing against norms, criteria for 

performance or the student's previous achievement. Evidence about learning, 

gathered by teachers, can be fed back into teaching and also shared with 

students so that they have a better idea about how to take their next steps. 

Such assessment, as declared by Black and Wiliam (1998) , becomes formative 

when students act on the feedback to improve their learning. In order to do this, 

students need to be provided with opportunities to reflect on their learning; a 

fundamental principle of constructivism. 

In gathering evidence about learning, teachers and students need to be clear 

about the intended learning outcomes, know how to achieve these, and how 

they contribute to the longer term goals (Sadler, 1989; Harlen, 2000; Black & 

Wiliam, 2002; Clarke, 2001; Huinker & Freckmann, 2004). Criteria for 

evaluating any learning achievements and how to achieve them must be made 

transparent. Sadler ( 1987), Gipps ( 1999), Harlen (2000) and Black and Wiliam 

(2002) further this notion by suggesting that concrete examples should be 

provided as models. The exemplars and associated matrix, as described in 

Chapter One, are developed around this notion. Examples of student work are 

used to identify learning, and teaching ideas are provided. The learning and 

assessment activities need to be those that support the learning intentions and 

raise the expectations of students by asking questions that require higher order 

thinking (Harlen, 2000) . 
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Skills and knowledge are now known to be dependent on the context in which 

they are learnt and practiced (Resnick, 1987, cited in Askew, 2000; Gipps, 

1999). Therefore facts cannot be learned in isolation and then used in any 

context. Generalised skills do not develop from context specific learning. As 

Gipps (1999) states, isolated facts if learnt, quickly disappear from memory 

because they have no meaning and do not fit into the learner's conceptual map. 

This then provides a major challenge to teachers as they consider worthwhile 

goals in which to develop a progression of learning. 

The notions of comparability and teachers' ability to assess dependably are 

issues raised by Sadler (1987) and Gipps (1999) . They argue that by providing 

a definite framework, such as the matrix provided in the national assessment 

tool, which allows teachers to interpret criteria and standards, it is possible to 

achieve comparability among schools and to help children acquire evaluative 

expertise themselves. 

Sadler (1987) asserts that a way to specify standards is through a combination 

of verbal descriptions and exemplars. Exemplars, chosen to be typical of 

designated levels of performance, are not the standards themselves but rather 

denote the standards. Descriptions of the standards set out the properties that 

characterise the designated level of quality. This combination of descriptions 

and concrete exemplars offers an efficient way of specifying standards. Sadler 

(1987) argues that such an identification of standards does not mean that the 

tacit knowledge held by appraisers is redundant, as 'external formulations' 

cannot cover every conceivable case. Such a framework would also provide a 

means for achieving a common understanding, among teachers and learners, 

of what represents progress and therefore provide a way of achieving reliability 

in the monitoring of progress across schools. A critical aspect to achieving 

reliability4 would be the moderation of student work against the standards, and 

for teachers and students to engage in dialogue about what constitutes the 

standard. Teachers would need to be taught the process of interpretation and 

moderation. Gipps (1999) states that exemplars can also be used to explicate to 

4 
Reliability is "the extent to which an assessment wou ld produce the same, or similar, results on two or more 
occasions or if given to two assessors" (Gipps, 1999, p. V 11 ). 
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teachers the nature of the skills being taught and assessed, and as a result 

teachers' content knowledge can be developed. 

Pelligrino, Chadowsky and Glaser (2001) claim that data do not have meaning 

of their own and their value as evidence can only arise through an 

interpretational framework. Therefore a framework against which to judge what 

is important learning, identify progress, and how to measure it, is a critical tool 

in formative assessment. The National Exemplars and associated Matrix is such 

a tool. Deciding the next steps in students' learning requires that teachers have 

a clear understanding of the nature of progression. The next steps in developing 

students' process skills and attitudes can be identified by comparing students' 

behaviours and products with indicators of development; that is progression 

(Gipps, 1999; Harlen, 2000). Harlen (2000) raises the notion of progression as 

being a significant factor in quality teaching and learning and identifies key 

aspects as process skills, knowledge, attitudes and expectation of behaviour. 

Gipps (1999) asserts that progression is the move from novice to expert and 

this notion of progression is an underlying belief in the National Exemplars and 

associated Matrix. The matrix has identified a progression from novice to expert 

in the key aspects of science learning , and is organised around five levels of the 

New Zealand curriculum. The challenge for teachers is to be cognisant of these 

indicators, to have shared understanding of them, and to use them in providing 

feedback to students on their learning. 

Feedback to students on their progress is made more effective if it focuses on 

the learning intention , is non-judgmental and provides information about the 

next step and how to take it (Crooks, 1988; Sadler, 1989, 1998; Black & Wiliam, 

1998; Gipps, 1999; Hattie, 2002; Harlen, 2000; Clarke, 2001 ). Feedback also 

sends messages to students about their effectiveness and worth and plays a 

critical role in students' self-esteem and motivation (Crooks, 1988; Sadler, 1989. 

1998; Black & Wiliam, 1998; Gipps, 1999; Clarke, 2001). fnformation fed to 

students can only be considered to be feedback when it can be used to close 

the 'gap' in student learning (Sadler, 1987) and therefore students need to be 

provided with the opportunity to respond to the feedback. 
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Sadler (1989) states that a critical condition for improvement in learning is that 

students come to share the notion of the standard or desired quality that the 

teacher holds in their head. This then allows the students to monitor the quality 

of their work and adjust it as necessary. In order for students to access this 

standard, teachers must share learning goals with the students, convey an 

operational meaning of quality and help them to identify the next steps in their 

learning (Harlen, 2000). 

Students learn by taking the role of teachers and examiners of others (Sadler, 

1989) and in order to do so need the skills of collaboration. In working 

collaboratively in small groups, students are able to receive and give elaborated 

explanations, and tasks are the responsibility of the whole group; as a result the 

burden of failure on individual students is reduced, the perceived ability 

'stratification' is reduced (Crooks, 1988), and self esteem and motivation is 

enhanced . Students frequently accept criticism more readily from their peers 

who use the language that they understand . As stated by Crooks (1988) and 

Black and Wiliam (2002) , there is intrinsic value in peer assessment and 

collaboration, which develops the skills and attitudes for self-assessment and 

the enhancement of learning . 

Putting the theory into practice: Science pedagogy 

While constructivist and assessment theory identify key aspects of teaching and 

learning in science, teachers need strategies to put these theories into action . 

As Ritchie (1998) asserts, the teacher's role is to advise and provoke discussion 

and debate rather than assign pre-determined activities that may deal with 

students' questions. Through questioning, teachers learn more about students' 

pre-knowledge and the gaps and the misconceptions in that knowledge (Black 

& Wiliam, 2002; Harlen, 2002). This then provides the basis for the next-step in 

the student's learning. 

Questions can provide impromptu interventions as students engage in tasks 

and can extend students' thinking through immediate feedback on their task. 
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Such a process allows teachers to utilize Vygotsky's (1992, cited by Gipps, 

1999) concept of the zone of proximinal development thereby extending 

students' existing knowledge through scaffolding the learning so that the 

students begin to use and incorporate the learning into their thinking. As stated 

by Black and Wiliam (1999) and supported by Harlen (2000), teachers who 

question students in their learning shift in their role from presenters of content to 

leaders on an exploration and development of ideas in which students are 

involved. However, generic strategies such as asking good questions, peer and 

self-assessment, and feedback can go only so far. Choosing a good question 

requires a detailed knowledge of the specific subject. As Black and Wiliam 

(2000, p. 15) state "teachers need a thorough understanding of the fundamental 

principles of the subject, an understanding of the kinds of difficulties that pupils 

might have, the creativity to think up questions and then stimulate productive 

thinking". 

Pedagogical knowledge is equally critical to interpreting students' responses , as 

the responses will provide clues to the students' learning and the difficulties 

they may be encountering. Teachers with thorough pedagogical knowledge and 

an understanding of the common difficulties in learning the concepts are more 

able to support students' learning. In science many of the 'alternative 

conceptions' held by students are well documented (Osborne & Freyberg, 1985; 

Driver, Guesne & Tiberghien, 1992, cited in Shepardson , 1997) and can be 

anticipated by knowledgeable teachers. Teachers then can provide 

opportunities for discussion of these ideas and activities that will present new 

information and challenge students' thinking as they work towards an 

understanding of a more scientific model. 

Bransford, Brown and Cocking (1999, cited by Alton-Lee, 2002) also hold the 

view that there is a dynamic interaction between teachers' knowledge of the 

discipline and their knowledge of pedagogy, and that teaching does not consist 

of only a set of general teaching methods. Hattie (2002, p. 22) , in his study of 

expert and experienced teachers, found that content pedagogical knowledge 

was a defining feature and allowed experts "to organize and adapt knowledge 

structures to the diverse interests and abilities of their particular students". 
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Timperley (2003) furthers this notion of the importance of content knowledge 

when raising issues about teacher expectations. She asserts that there are 

three aspects to raising teacher expectations: an awareness of higher student 

achievement, where teachers are presented with information that is discrepant 

with their existing view about students' capability; that by challenging the beliefs 

of the impact of teach ing on learning, teachers are critiquing their own practice; 

and the provision of new pedagogical knowledge and content knowledge. 

Lezotte (1990) and Good and Brophy (1997, cited by Timperly, 2003) contend 

that teacher expectations may influence student achievement. Good and 

Brophy expand this notion as they propose that teachers' beliefs about their 

students' potential academic achievement, whether they be whole class or 

individual , become their goals for the students and shape their daily classroom 

actions, including what they believe to be appropriate curricula and instructional 

practice. This is evident in teacher planning where teachers are guided by their 

beliefs about what students need and how they will respond if treated in 

particular ways. Decisions are made on the basis of how best to achieve these 

expected goals. These notions support Delpit's (1995, cited by Timperly, 2003) 

bel ief that when expectations are low, decisions are likely to include non

challenging and non-academic curricula and teaching strategies which require 

less teaching to the students instead of more. Conversely, when expectations 

are high , teachers are more likely to assume that they can and will provide 

whatever programmes and resources students need to succeed (Reyes, 

Scribner & Scribner, 1999, cited by Timperly, 2003) and will effect deep learning 

for students. Entwistle (1992 , cited in Gipps, 1999) asserts that the 

characteristics of deep learning are: an intention to understand material for 

oneself, interacting critically with the content, relating ideas to previous 

knowledge and experience, using organizers to integrate ideas, relating 

evidence to conclusions, and examining the logic of an argument. 

Providing opportunities for students to construct knowledge, sharing learning 

goals and providing next learning steps, and making these next steps clear to 

students through the use of a framework and 'concrete models', are 

expectations of quality teaching and learning in science. However, while the 
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'utopian' state may be made explicit to teachers, it is the quality of the 

professional development model and the teacher as a learner that are critical to 

teacher change. 

What factors interact with teacher change? 

The professional development model 

Professional development is about the improvement and growth of a person's 

professional abilities, which in education impacts on what happens in 

classrooms and schools generally. Each teacher within a school is, in part, 

accountable for the success of the organisation and for their own performance 

as professionals (Barth, 1990). lngvarson, Meiers and Beavis (2005) state that 

a substantial level of professional community is vital to sign ificant change, and 

identify critical factors of a professional community as being time, analysis and 

talk about the specifics of what happens in classrooms and what students are 

doing or saying. In order for the professional learning community to engage in 

effective professional development, lngvarson et al. (2005) assert a number of 

factors have to be present: the opportunity for teachers to focus on what 

students are to learn and how to deal with the problems students may have in 

learning the subject matter, engaging teachers in identifying what they need to 

learn , and , having teachers plan the learning experiences that would help them 

meet these needs. 

It is also critical that teachers be provided with the opportunities to talk about 

the specifics of their teaching practice, student learning, sharing ideas and 

supporting each other as they attempt to implement ideas from professional 

development (Annan, Lai and Robinson, 2003). However, Huinker and 

Freckmann (2004) contend that in order to improve student outcomes, teacher 

conversations need to be focused around the learning goals and the decisions 

and actions taken throughout the lesson in monitoring and promoting student 

learning. Teachers need to be able to articulate the content the students will 

learn and identify the aspects of the task that are going to help students learn 

the content. This enables teachers to make more effective decisions in the 
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midst of teaching as they have a clear picture about the content that students 

are learning . In the monitoring of student learning it is essential to focus on how 

concepts unfold in reaching the goals of the lesson. Teachers must then be able 

to identify where students are in their understanding and where they are 

heading in concept development. This includes being precise about the 

concepts that students' struggle with and the concepts they understand well. 

Only then, argue Huinker and Freckmann (2004), can teachers make informed 

decisions about lesson modifications that provide support and challenge for 

students. 

Kennedy (1998, cited by lngvarson et al., 2005) states that the professional 

learning of teachers is more likely to improve the learning outcomes for children 

if it increases the teachers' understanding of the content they teach, how 

children learn that content, and how to teach the content in a way that is 

meaningful for the learner. The strong relationship between content focus and 

the reported impact on teacher practice has also been identified by Joyce and 

Showers (1982) and lngvarson et al. (2005) who assert that effective 

professional development programmes draw teachers into an analysis of their 

current practice in relation to professional standards for good practice. They 

also draw teachers into close comparisons of what their students are learning in 

relation to what students of that age and circumstances are capable of learning. 

Teachers need opportunities to examine student work collaboratively and in 

relation to standards, such as those in the exemplars and matrices, for what the 

students should know and be able to do leads to greater understanding of 

student outcomes and a greater discrimination about what counts as meeting 

those outcomes (lngvarson et al. , 2005). This also leads to the deprivatisation 

of teacher practice and allows teachers to gain feedback from colleagues 

(Annan et al., 2003; lngvarson et al., 2005). 

In order for teachers to actively participate in their learning, they must identify 

what they need to learn and identify how this could be done, thus planning the 

next cycle of improvement rather than having it planned for them. Teachers 

need time to trial new methods and receive follow-up feedback from colleagues. 

Reflection on practice and the development of understanding about change is 
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unlikely to be optimal without timely and insightful feedback on what one is 

doing. Joyce and Showers (1984) and Schon (1987) assert that teachers need 

to be given time to reflect on their current teaching practice and clarify their 

understandings of the new learning. Skills need to be demonstrated and 

teachers given the opportunity to practice using the skills in a training situation, 

with feedback and coaching. 

The span of time and number of contact hours has significant effects on 

professional development. Garet, Porter, Desimone, Birman and Yoon (2001 , p. 

933, cited by lngvarson et al., 2005) argue " professional development is likely 

to be of higher quality if it is both sustained over time and involves a substantial 

number of hours". The duration of the professional development, is significant in 

that the professional community is strengthened over time, as is the number of 

times participants meet for reflection, collaborative activities such as planning 

and developing curriculum materials. The contact time, the hours allocated to 

the development, is also critical to the effectiveness of the professional 

development. 

Increased teacher efficacy is dependent on how teachers think their practices 

have improved, that is increased competence and evidence that student 

outcomes have improved. Guskey (1985, cited by lngvarson et al. , 2005) found 

that asking teachers to try out new strategies and see the affects on students 

was a more effective professional development approach than trying to change 

teacher attitudes first. Effective integration of new skills requires programmes to 

have a clear theoretical foundation supported by research, a strong knowledge 

base, modelling in real settings, opportunities to practice the new skills and to 

receive feedback from a coach or supporting teacher (Joyce & Showers, 1982; 

Cohen & Hill, 2000, cited by lngvarson et al. ; Kennedy, 1998, cited by lngvarson 

et al., 2005; Hawley & Valli, 1999, cited by lngvarson et al. , 2005). 

Coburn (2003) asserts that two levels of change occur in professional 

development, surface and deep change. Surface change includes changes to 

resources, classroom organisation and programmes through the addition of 

specific activities, while deep change results in change to teachers beliefs, 
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norms of social interactions and pedagogical principles enacted in the 

curriculum. Coburn (2003) views 'teacher's beliefs' as teacher's underlying 

assumptions about how students learn, the nature of the subject matter, teacher 

expectations for students, and what constitutes effective instruction. These 

beliefs inform what happens in classrooms. Norms of social interactions are 

portrayed as teachers' and students' roles in the classroom, patterns of student 

and teacher talk and the manner in which teachers and students treat one 

another. She regards pedagogical principles as being inclusive of the way 

teachers and students engage with particular materials and activities over time, 

that is, the enacted curriculum. This then has implications for the nature of 

pedagogical approaches, representation of subject knowledge and learning 

opportunities for students. The more institutionalised the deep features are in 

teacher practice, the more likely changes will be sustained over time (Coburn, 

2003) . 

In summary, effective professional development focuses on what students are 

to learn and plans learning experiences for achievement. Teachers must have 

sufficient pedagogical and domain knowledge. A focus on student data 

confronts teachers with hard evidence that may challenge existing perceptions 

of success as discrepancies raise sharp questions about what is happening and 

why. The opportunity and expectation that teachers will work collaboratively and 

support each other in their learning as they share student achievements and 

reflect on their own practice is fundamental. That teachers accept responsibility 

for their learning, and determine what they need to learn and how to achieve it, 

is critical to the success of the development. In focusing teachers on their own 

practice and domain knowledge, outcomes for students are improved. 

Teacher as a learner 

The Teacher as a Learner has considerable impact on professional 

development and is therefore a key element to consider when planning, 

implementing and sustaining professional development. Shulman and Shulman 

(2004) assert that teachers who are learners have the following qualities: they 

are ready, that is they possess a vision; they are willing and therefore 
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motivated; they are able, they know what to do and are able to do it; they are 

reflective, they learn from experience; and they are communal, they are 

participating members of a learning community. 

In order to help teachers grow, regular time, opportunities to talk and encourage 

each other, and to compare and troubleshoot need to be provided. To this end 

the establishment of learning communities, which promote professional 

dialogue so that teachers are able to identify discrepancies between theories 

and practice, construct and reconstruct interpretive frameworks and attempt to 

make visible much of what is taken for granted about teaching and learning (Le 

Cornu, 2003), is essential. The aim is to enable teachers to change practices 

and social relationships in schools and classrooms to maximise participation 

and learning outcomes for learners. 

Dufour (2004) claims that the function of a learning community is to focus on 

students' learning and that teachers need to work together to ensure that 

students learn. A systematic process in which teachers can analyse and 

improve their classroom practice, and engage in on-going cycles of questions 

that promote deep learning and student achievement is critical to the success of 

the learning community. Teachers need to analyse their own current practice in 

relation to professional standards for good practice and compare their students' 

learning to what students of similar age and circumstance are capable of. The 

exemplars and matrices provide the 'vision', the standards of teaching and 

learning in science, and the criteria against which teachers can evaluate their 

own and others thoughts and actions. Teachers can also compare their 

students' learning with other students' work. 

Pivotal to change is teachers' willingness to change and their persistence in 

bringing about that change. Guskey (1985, cited by lngvarson et al. , 2005) and 

Dufour (2004) state that the teachers' willingness comes from teachers' 

recognition that their students' learning and achievement will improve as a 

result of the teachers' change in practice and understanding. In order to support 

the teacher as a learner, professional development needs to engage teachers in 

the pursuit of genuine questions and interests and needs to be embedded in the 
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culture of the teaching and learning process, with attention being given to both 

the curriculum area knowledge and the supporting pedagogies. Fiszer (2004) 

claims teachers' perceptions need to be considered in order to more effectively 

meet teacher development needs. If anxiety and frustration are overwhelming, 

then teachers will not be able to resolve the conflict and might retreat to the 

stability of old assumptions and patterns of thinking. However, in a supportive 

learning environment, such anxieties can be overcome. Peer and co-mentoring 

relationships in a learning community are characterised by a sense of 

collaboration. Le Cornu (2003) asserts that members focus not just on their own 

learning but how can they help their partner's learning. Noddings (1994, cited in 

LeCornu, 2003) calls for a caring attitude, as the act of affirming and 

encouraging others as well as encouraging the best in oneself, is crucial for 

development or change of teacher perceptions. 

The teacher as a learner is fundamental to the success of professional 

development and ultimately the achievement of quality student outcomes. The 

purpose and the focus of the professional development, such as a specific 

framework like the matrix, can also influence the effectiveness of teacher 

learning. 

Understanding the National Science Exemplars and Matrix 

The development of the National Exemplars as a key component of the National 

Assessment Strategy (Ministry of Education, 2000) provided an alternative to 

National Testing of students at primary and intermediate stages of their 

schooling. The purpose of national testing was to determine the performance of 

students in specific curriculum areas and years of schooling. Politicians and 

sections of society also favoured some comparison of New Zealand students 

and schools. The exemplars and associated matrix was an educational strategy 

to address key curriculum, pedagogical and assessment issues. As stated by 

Chamberlain (2000), exemplars would clarify curriculum expectations through 

the provision of annotated samples of student work and support a growth 
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model5 of learning by clearly signalling educationally significant learning 

progressions. The exemplars would also clarify evaluative criteria and 

contribute to assessment for improving learning and teaching, reporting and 

accountability. Teachers and learners would be provided with information that 

contributes to teaching and learning processes, and signals important things to 

watch for, observe, collect information about and act on. 

Research and thinking in the field of assessment and primary science (Crooks, 

1988; Sadler, 1987, 1989, 1998; Gipps, 1999; Harlen, 2000; Black &Wiliam, 

2002; Clarke, 2001 ; Clarke et al. , 2003) challenged notions about the purpose 

of assessment. Assessment for learning, that is formative assessment, became 

more preferable to assessment of learning, or summative assessment. 

Consequently interest in national testing waned in favour of exemplar 

development. Exemplars and the associated matrix would provide schools with 

a tool to moderate their own performance against a national standard and 

provide teachers and students with criteria and indicators of progression6 to 

support their learning within specific curriculum areas. 

As stated by Chamberlain (2000) the exemplars would provide national 

reference points in order to make statements about a student's achievement; 

they would inform goal setting at individual student, classroom and school-wide 

levels; students, teachers and parents would clearly recognise improvement; 

and partnerships focused on learning could be built. The exemplars would 

provide opportunities for professional reflection and enhance the quality of 

professional judgements about learning. They would be able to be used to 

inform evaluations that are ongoing, formative, pluralistic, and qualitative in 

context, concerned with the whole person in their context and shared with the 

learner (Gipps, 1999). 

5 Growth models acknowledge that learning proceeds at an individual rate; production models advance students 
according to a specified schedule of pre-determined steps. 

6 Progression is the significant changes in knowledge, skills, processes and concepts across time. 
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Contradictions, gaps and contributions in current research 

While much is written about the need for providing students with concrete 

examples of 'good quality' work that also identifies the features of worth (Sadler, 

1989; Gipps, 1999; Davies, 2000; Harlen, 2000; Black & Wiliam, 2002; Clarke et 

al. , 2003) no research could be found to substantiate these beliefs. Many 

educational communities have developed standards and exemplars, such as 

the Exemplification of Standards, Science Key Stages 1 and 2, levels 1 to 5 

(SCAA, 1995) and the Performance Standards: Volume 1 Elementary School 

(New Standards, 1997), which provide some concrete examples, but research 

to demonstrate their effectiveness as a tool is non-existent. 

The underlying concept of a matrix of progression is evident in 'progress maps' 

(Masters & Forster, 1996), 'progressions in investigating' (Hackling & 

Fairbrother, 1996), First Steps 'key indicators' (Department of Education 

Western Australia, 1997), 'rubric for understanding' (Wiggins & McTighe, 1998) 

and the 'indicators of development' (Harlen , 2000). Again , there is no research 

evidence of the impact of these notions to indicate the success or otherwise of 

their use in enhancing teaching and learning and, more especially, student 

achievement. 

Recent research on the trialling of the national exemplars and associated matrix 

(Poskitt, 2002) found that there was considerable variation in the way teachers 

perceived the exemplars and the associated matrix and their purpose. 

Teachers' understanding of assessment and their domain knowledge was often 

a limiting factor in the use of the exemplars. A significant finding of Poskitt's 

(2002) research was the need for professional development to support the 

implementation of the exemplars and matrix. 

Extensive literature exists that defines and discusses exemplary teaching and 

learning in science and explores associated issues such as the influence of 

content knowledge on teacher pedagogy. Effective assessment practice, which 

promotes the use of 'concrete models' and frameworks (Sadler, 1987) as 

assessment tools, 1s also identified in considerable literature. However a 
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significant gap exists in the literature about the effectiveness of these strategies 

on teaching and learning. 

Through the extensive observation of seven teachers at two schools this study 

aims to contribute towards and build on current literature about the 

effectiveness of such assessment tools and practice, and provide further insight 

into the issues of implementation of the National Exemplars and associated 

Matrix. 

Chapter summary 

A review of the literature has suggested that the use of an assessment tool, 

such as the exemplars and matrix, that provides a framework signalling 

educationally significant learning progressions and standards and, a model of 

what the standards 'look like' is fundamental to improving teaching and learning. 

Standards, expectations and the next learning pathway are defined and can 

therefore provide the basis of formative assessment, with specific and useful 

feedback about learning being given to students. 

Teachers' content and pedagogical knowledge is critical to student 

achievement. Without knowledge, teachers are unable to challenge and 

provoke thinking and therefore restrict students to impoverished learning 

opportunities. Science teaching and learning, as exemplified in the matrix with 

its underpinning of constructivism, is intent on causing understanding and 

thinking to occur as students interact with ideas and their environment. 

Effective teacher development is focused on what and how students are to 

learn, and the needs of teachers in providing the best learning opportunities for 

their students. Time for teachers to reflect on student achievement, against 

standards and their own practice, with a view to improving practice, is vital. 

Teachers' willingness and persistence to change and the ability to work 

collaboratively as part of a learning community, the 'teacher as a learner', is 

critical to effective professional development. These principles were 
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foundational to this research investigation, the methodology of which is the 

content of the next chapter. 
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CHAPTER 3: Methodology 

Introduction 

The purpose of this chapter is to describe the methodology used in this 

participatory action research study. It also discusses the way in which the study 

was structured, the data gathering and analysis tools used, ethical 

considerations, and issues and difficulties encountered during the participatory 

action research (PAR) study. The chapter is arranged and sequenced under the 

following sub-headings: theoretical underpinnings, structure of the study, the 

PAR research cycle, data gathering tools, ethical considerations, issues and 

difficulties. 

Theoretical Underpinnings 

Action Research 

Action research has been influential in the world of education and, as Scott and 

Usher (2000) state, has focused on improving practice. As such, action 

research has challenged a number of traditions including the distinction 

between theory and practice and the academic model of research where 

researchers were viewed as methodological and substantive experts. Norftke 

and Zeichner (1987) and Somekh (1995, both cited in Cohen, Manion and 

Morrison, 2000) and Coleman and Lumby (1999) however, view action research 

as the bridge between theory and practice. Theory and practice continually 

transform each other, providing new insights and alternative ways of viewing 

former tacit knowledge and assumptions, thereby broadening teachers' views 

on teaching, schooling and society. Concerns about relevance, accessibility and 

the relationship of theory to the practice of research are addressed in action 

research. 

The origins of action research were in curriculum reform that sought to make 

academic research relevant to the practitioners' problems. Lewin (1946, cited in 

Cohen et al., 2000) asserted there is a general idea that a change or 

improvement is desirable, and that change to teacher's practice is a means of 
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advancing educational practice in general. Ebbutt (1985, cited in Gipps, 1999), 

like Lewin (1946, cited in Cohen et al., 2000) recognised that teachers could 

themselves be researchers, with research geared to their practice. Stenhouse 

(1975, cited by Costello, 2003) and Whitehead (1985, cited in Cohen et al., 

2000) also support the teacher-as-researcher notion, especially within 

curriculum, and see it as a particularly powerful field of curriculum research. 

Teachers are able to make individual changes to their practice and develop 

both their pedagogical knowledge and their knowledge of particular curriculum 

such as science. 

Action research is methodologically eclectic (McKernan, 1991, cited by Gipps, 

1999) and requires that people remain open-minded about what counts as data 

or evidence and that researchers analyse their own judgements. As stated by 

Glesne (1999), it is vital to keep questioning one's own assumptions and 

perceptions and keep asking the question "why is it this way and not a different 

way?" Empirical data collected from teachers inform these judgements. 

Kemmis and McTaggert (1992) argue that all social action is to some degree 

unpredictable and risky. As a result the general action research plan must be 

flexible enough to adapt to unforeseen effects and previously unrecognized 

constraints. 

Increasingly, teacher research and 'issues' approaches to practitioner inquiry, 

especially action research, are positioned as vehicles for radical critique and 

challenge, designed explicitly to interrogate and alter the arrangements of 

schooling that perpetuate systematic inequities (Cochran-Smith & Lytle , 1999, 

cited in Coleman & Lumby, 1999). Thus action research becomes more 

important as a vehicle for change rather than simply a means of investigation. 

Nevertheless a tension exists between those who see practical and tacit 

knowledge as being valid and those who hold it to be invalid . 

There are some concerns as to the efficacy of teachers as researchers. Scott 

and Usher (1999) argue there is an assumption in action research that human 

beings are knowledgeable about their own situation and the fact that they are 

not removed from their own situation, as would a 'scientific' researcher, does 
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not disqualify their knowledge. Cochran-Smith and Lytle (1998, cited in 

Coleman & Lumby, 1999) claim practical knowledge generated by teacher 

researchers, particularly in the classroom, is regarded as low-status knowledge, 

as 'everyday', excessively local and particular, and possibly trivial. On the other 

hand as Kemmis and McTaggart (1992) argue, to do action research is to plan, 

act, observe and reflect more systematically and rigorously than one usually 

does in everyday life. Action research has increasingly become an accepted 

method of research and as researchers ensure that the community of 

researchers scrutinise their methods, it will be viewed as being more rigorous 

and valid . 

In the improvement of practice there are two aspects of action research to 

promote reflection among the practitioners and to bring about change. Schon 

(1984, p. 41) discusses the importance of "reflection, in a context of action, on 

phenomena which are perceived as incongruent with intuitive understandings or 

a reflective conversation with the situation". As a result the reflective practitioner 

will elucidate their understanding of the processes in education and enhance 

their own learning. The promotion of change and Schon's concept of reflection

in-action are linked, with the emphasis being on the action. Practical action 

research, which encourages 'reflection-on-action', is designed to promote 

teachers' professionalism by drawing on their informed judgement (Grundy, 

1987, cited in Cohen et al. , 2000) and attempts to understand and interpret the 

social situation with an intention of improvement. Kemmis and McTaggart 

(1992) further this notion and posit that the approach is only action research 

when it is collaborative, though it is important to realise that the action research 

of the group is achieved through critically examined actions of the individual 

group members. Elliott (1991, cited by Cohen et al., 2000) supports this view 

and states that action research is an empowering activity and has to be at a 

collective rather than individual level, as individuals do not work in isolation from 

each other, but are shaped by organisational and structural forces. 

Altrichter (1993) raises a contrasting issue with action research : it is in danger 

of elitism because of the nature of the people who volunteer for the 

collaborative activity. The strong methodological claims and the reintegration of 
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practice into the research process are demanding and often incompatible with 

the existing conditions and culture in which professionals work. Action research 

is clearly situated in a political context and is based on a concept of a socially 

responsible professionalism. Still the question needs to be asked about who 

decides what is acceptable and desirable, and who benefits or is empowered by 

the action research . Action research is unquestionably a political process 

because it involves making changes that will affect others at an individual or 

group level. 

Participatory Action Research 

Cohen et al. (2000) argue that action research is not done on other people, but 

by particular people on their own work to help them improve what they do, 

including how they work with and for others. This understanding is the essence 

of participatory action research (PAR). Action research focuses on practical 

issues that have been identified by participants and which are problematic yet 

capable of being changed (Elliott, 1978, cited in Cohen et al., 2000). In this way 

it is participatory as people work together towards the improvement of their 

practice. It is important then that it takes place in its natural setting for sustained 

change to occur. 

Greenwood, Whyte and Harkavy (1993) posit there are two important 

dimensions of PAR: the participatory intent of the research process, and the 

degrees of the participation actually achieved by a particular project. The 

degree of the participation in the project is influenced by the nature of the 

problem, the aims and capacities of the participants, environmental conditions 

that exist and the skill of the researcher. A participatory intent ensures that there 

will be a participatory process and that the facility exists for this to occur, such 

as the opportunity for participants to reflect on their own practice and share and 

collaborate on results with the rest of the research team. Participation at first 

generated by the researcher, becomes part of the participatory processes as 

participants identify and examine elements of their own practice that are of most 

concern to them. As Greenwood et al. (1993, p.1 76) state, participation 

"increases over the life of the project as a dynamic response to emergent 
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possibilities". Thus PAR is an emergent process, dependent on the participants 

and the conditions. 

Kemmis and Wilkinson (1998) assert PAR offers an opportunity to create 

forums in which people can join one another as co-participants in the struggle to 

remake the practices in which they interact and involves learning about the real 

practices of people in particular places. Each individual in a group tries to 

understand the ways in which their knowledge shapes their sense of identity 

and to reflect critically on how their present knowledge frames and constrains 

their actions. 

The role of teacher as a researcher is complex. The teacher has a responsibility 

to extend their own learning through empirical enquiry, meet school 

requirements and standards, while at the same time risk-taking in changing their 

practice, contribute to the professional learning of colleagues, and develop 

worthwhile and meaningful learning opportunities for individual students. The 

commitment to so many purposes, audiences and responsibilities raises ethical 

concerns as to where the teachers' primary responsibility and duty should be. 

Questioning of teacher expertise in research methodology and data collecting 

techniques, and the general value of their outputs, has been raised not only by 

researchers but by teachers themselves. As Dadds (1995, p. 5, cited in Cohen 

et al. , 2000) states, "educational theory is a commodity made by the experts in 

other higher institutions". However there is a growing body of support for 

accepting as valid the knowledge that is generated by those actively involved in 

the research (Hubbard & Power, 1999). The support is based on several 

assumptions: practicing teachers are most familiar with the classroom setting 

and students; and the potential for a variety of data gathering is great, given the 

time spent in school is extensive (Keating, Diaz- Greenberg, Baldwin & 

Thousand, 1998). 

PAR strongly encourages continuous learning on the part of professional 

researchers. This can be realized when professional researchers consider their 

own practices, the ways in which they collaboratively change the practices of 
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the participants, and the way they participate and interact with others in these 

practices. Thus in elucidating their understanding of educational processes, 

researchers also enhance their own learning and the resultant changes to their 

own practices and understandings can improve the quality of the research. 

Participatory action research and professional development 

Fals Borda (1979, cited by Kemmis & Wilkinson, 1998) states that participatory 

action research attempts to help people investigate and change their social and 

educational realities by changing some of their practices, which constitute their 

real ity, and as such can be an effective means of professional development. 

Participatory action research has similarities with professional development, 

such as the systematic gathering and analysis of data (Guskey, 2000), meeting 

the teachers' goals, focusing on their real and daily concerns, and building on 

earlier learning and experiences (Birman et al. , 2000, cited in lngvarson et. al, 

2005). 

The action research model, with its systematic cycle of plan, act, observe, 

reflect and analyse is in keeping with the way advisers work and therefore is 

more easily accommodated by the schools and individual teachers. Coleman 

and Lumby (1999) assert that since action research focuses on the problems of 

both practical and theoretical importance, it requires those who experience or 

own the real world problem to be actively involved with the researcher, at least 

in selecting the problem and sanctioning the search for solutions. In the 

educational setting , classroom teachers need to see the problem and its 

solution as being advantageous to them and to the enhanced achievement of 

their students before fully participating in any action research or professional 

development project (Guskey, 2000). Democracy in knowledge production gives 

the participants a stake in the quality of the results, increases the reliability of 

the information and the likelihood that results will be put into practice 

(Greenwood et al., 1993). Action research includes intervention strategies and 

guidance with the ultimate aim of improvement in learning and teaching, and 

requires the researcher to have an understanding of change processes and 
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what change 1s worthwhile and is therefore aligned to professional 

development. 

Research study 

Action research was the chosen methodology for this research because, as 

stated by Ebbutt (1985, p.156, cited in Cohen et al., 2000) "action research is 

the systematic study of the attempts to change and improve educational 

practice by groups of participants by means of their own practical actions, and 

by means of their own reflections upon the effects of their own actions". Elliott 

(1991, cited in Cohen et al., 2000) furthers this notion and claims the 

fundamental aim of action research is to improve practice, rather than to 

produce knowledge. In this research study the teacher participants were 

involved in the action research process, actively engaged in looking at their own 

practice, determining where they wanted to be and increasingly, as the action 

research developed, identifying interventions that would allow them to meet new 

goals and understandings. As such this research study is more accurately 

defined as PAR. 

Tyler (1949, cited in Cohen et al. , 2000) asserted that in order for continuous 

improvement to be made, it is necessary to have a conception of the intended 

goals. There can be no change in practice unless there is an awareness and 

discussion by those in the research study, of what constitutes worthwhile goals. 

In this PAR study the matrix and the exemplars provided the framework of 

'worthwhile goals'. The research study was carried out as part of an in-school 

professional development in science education and as such the expectation 

was that improvement to teacher practice and student achievement would 

result. This requirement sits well with the underlying philosophy of action 

research and in particular PAR. In this way, the process and the product of 

action research are intertwined, similarly the methodology and content of this 

research study intertwine. 
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Two schools were involved in the action research project. School A, an urban 

decile four full primary school (years 1-8) with a roll of 300 students had 

requested on-going support in assessment. They had been involved in the Atol 

Project7 in 2002 and 2003 and had requested further support with assessment, 

namely the National Exemplars and Matrix. Because of the teachers' needs and 

interests and the researcher's 'expertise' in science education, it was decided 

that the on-going development would be in science and the science exemplars 

and matrix. 

One syndicate agreed to be part of the research project. This involved four 

teachers. Two of the teachers, teacher 6 and teacher 7, job-shared. They both 

had responsibility for the class and shared the science topics. The other two 

teachers, teacher 4 and teacher 5, had their own classes. Three of the teachers 

had over twenty five years experience and one of them over fifteen years. The 

children were year three and four and aged between seven and nine. All 

teachers had previous experience at teaching this age and year level. 

School B, is an inner city decile seven primary (years 1-6) school, with a roll of 

350 children . A sampling of students using NEMP8 activities ascertained that 

there was limited understanding of basic science concepts and this, coupled 

with a lack of teacher confidence in science teaching and learning saw the 

senior syndicate engage in a science development in 2003. The development 

was not school wide as the junior syndicate was engaged in the Early 

Numeracy Development Project9 and it was considered to be counter 

productive to be part of two initiatives. In 2004, the junior syndicate engaged in 

the science development while the senior syndicate participated in the 

Advanced Numeracy Project10
. 

7 
Assess to learn Project: a Ministry of Education professional development assessment project and initiative. 

8 
National Education Monitoring Project. 

9 
Early Numeracy Development Project: a national Ministry of Education initiative for junior students 
and teachers. 

JO Advanced Numeracy Development Project: a national Ministry of Education initiative. 
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The junior syndicate comprised five teachers. All of the teachers were involved 

in the in-depth science development but only three teachers agreed to be part 

of the formal research project, which included gathering data during 2004. Of 

the two teachers who declined to be part of the research study, one was to 

retire at the end of 2004 and the other had taken on management 

responsibilities for the first time and was concerned with the workload she might 

encounter and her ability to do both tasks well. The three participating teachers 

were experienced teachers. Teacher 1 had fifteen years experience; teacher 2 

had nine years experience and teacher 3 had more than 25 years experience. 

All three teachers had previous junior teaching experience. The age range of 

the children was five to seven year olds and they were classified as year one to 

year three students. 

The schools were selected from those that wished to participate in school 

development, thus making it easier to engage teachers over a sustained period 

of time. By selecting two schools , a more diverse research population was 

observed . The teachers participating in the research project were competent 

classroom teachers. Two of the teachers expressed an interest in science, the 

other five teachers, by their own admission , lacked enthusiasm and interest. 

The teachers at School A had some solid understanding of assessment and 

some effective assessment strategies. 

Data were collected over the four school terms of 2004. School A participated in 

three cycles of research. The three participating teachers at School B engaged 

in three cycles of action research and two of the teachers continued on to 

complete four cycles. Each cycle of research included a 'taught' science unit 

and each unit covered a different contextual strand from the National Science 

Curriculum. The contextual strands: the physical world , the living world , the 

material world , and planet earth and beyond , are the contexts through which 

scientific knowledge is identified and developed in the New Zealand Curriculum. 

Two integrating strands: investigating, and the nature of science and its 

relationship to technology, are developed within the contextual strands. 
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Action research cycle 

The action research cycle was the same for each of the two schools. Initial 

meetings to explain the study were held with the teachers and the principal. The 

roles of the teachers and the researcher were discussed and clarified, with 

explicit and achievable actions determined. Teachers and principals identified 

the goals they wished to achieve as a result of being involved in the research 

study. Time frames and dates for the cycle of planning, teaching, observation, 

reflection and interviews, and determining the next-step were set. Each 

syndicate participated in the programme, outlined as follows. 

Timetable 

An initial meeting was held, with the school principal and teachers, to explain 

and seek consent for the Action Research Project. 

Activity schedule 

Over a four-week period, per term, the following activities took place: 

• one in-school planning session 

•two in-class observations 

• one after school intervention meeting 

• one after school reflection/feedback, 'setting the next step' session 

• one in-school interview session with each teacher participant. 

Planning for action 

The initial planning session comprised an introduction to the National Science 

Exemplars and associated Matrix, and the purpose, nature and structure of the 

exemplars were discussed. The session also included formative assessment 

theory and practice. The unit to be taught was collaboratively discussed and 

planned, but with the understanding that teachers needed to adapt the unit to 

meet the needs of their children. Learning intentions, the success criteria, and 

the appropriate learning activities were identified. Learning intentions expressed 

the conceptual science goals, the science processes and aspects from the 

science matrices. The success criteria contained the indicators of achievement 
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for the learning intentions. These success criteria were to be observed in the 

tasks or learning activities developed by the teachers. Some professional 

development around science conceptual knowledge and pedagogy was 

necessary so that teachers could 'teach' the science unit. 

Observations 

In most cycles, two observations were carried out over the period of the unit 

being taught. An intervention meeting followed each of the observations. 

Observation One 

Initially the researcher observed one lesson in the unit sequence, and recorded 

as field notes the interactions between the teacher and the students. As the 

research progressed observations also included child-to-child and, teacher to 

individuals or group interactions. 

Interventions 

Intervention One 

At the end of each observation cycle a meeting was held to share with the 

participants of each school what had been observed and to ascertain their 

understanding and perspective of the lesson. It was also necessary to gauge 

whether the researcher's interpretation was valid . Teachers shared stories of 

the children's learning and activities that they deemed to have worked well. 

They elicited ideas from the group, which included the researcher, about how to 

develop children's thinking and knowledge and how to adapt activities to better 

meet the children's needs. Teachers also sought clarification of their own 

science knowledge and understandings. 

Observation Two 

This was the second in-class observation within the 'taught' science unit. 
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Intervention Two 

The teachers engaged in discussions about their practice and the achievement 

of the children . They reflected on what they saw as the next step for them 

personally and for the children. They reviewed the science exemplars and the 

matrices and discussed issues, difficulties, successes and where to next. The 

researcher fed-back data gathered, as illustrated in the extracts following, and 

helped them identify changes in their practice. The researcher also challenged 

the teachers' thinking about their practice and raised issues, as they went 

through the reflection cycle, of research-led 'exemplary' science pedagogy and 

student achievement. 

Feedback: To Teacher 2 (FN 3: 37) 

By providing a variety and a number of activities in which the children explore 

a concept; you have helped them develop a depth of knowledge. 

Having them work in groups, where they can talk and try out their ideas and 

become aware that other people have different ideas, has further enhanced this. 

You have provided the opportunities for children to use aids, the earth and 

the sun, to help them with their explanations. You have a/so modelled how 

this might be done. 

What do you see as being the next step for you and for the children? 

After some discussion where ideas and issues were shared by the teacher and 

the researcher, the researcher made the following suggestion to the teacher 

participant: 

Feedback: To Teacher 2 (FN 3:37) 

Your next-step could be allowing the children to have more control over and 

management of the way they carry out their investigations and discussion. 

They have lots of modelling and are perhaps ready to apply some of this 

knowledge and accept responsibility for it. This may mean that activities are 

not always highly successful or organised. However this is an important part 

of the learning, as well. Perhaps you could begin by getting them to suggest 

how things could be done. 



Feedback: To Teacher 2 int C4 

(R int C4) What changes have you made to your practice? 

(T2 int C4) I have been trying to stand back a little bit and give them a bit 

more independence. Because I think with my science teaching in 

the past I have been really really organised. I have been trying to 

get them to do the investigating a little bit more for themselves. 
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Discussions took place after school and were sometimes part of the regular 

syndicate meeting time, and at other times they were expressly arranged for the 

specific purpose of discussion and reflection. 

Interview 

The interviews highlighted and identified critical issues to be developed in the 

next action research cycle. 

The Action Research cycle was repeated over the three terms for School A and 

four terms for School B, and always with the expectation that the teachers 

would drive the action research and that the pattern would be modified in order 

to be responsive to the needs of their students and themselves. 

Data gathering tools 

The main data gathering tools for the action research study were reflective 

journals, observations, interviews and document' analysis. Each of these 

methods is considered in the following sections. 

Reflective journals 

Teachers were encouraged to keep a reflective journal of their journey (Kemmis 

& McTaggart, 1992). The purpose was to record reflections about the practices 

they were examining as well as their learning about science concepts and 

pedagogy and the action research process. Over the duration of the 'taught' 

science unit, teachers were expected to record significant moments, thoughts 
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and actions. Teachers kept these personal journals in ways appropriate for 

them. However they were used to guide their own reflection and practice and 

provide evidence to support their ideas and their learning journey. The recorded 

data and reflective comments were available for triangulation purposes. 

Observations 

As stated by Glesne (1999), participant observations provide the opportunity for 

the researcher to become a 'trusted friend ' and develop sound relationships if 

carried out in an unobtrusive and non-judgemental way. The researcher learns 

first hand how the actions of the research participants correspond to their 

words , observes patterns of behaviour, experiences the unexpected and 

develops a quality of trust with others that motivates participants to tell the 

researcher information they might otherwise not. Further to this , interview 

questions develop through participant observation and are connected to known 

behaviours and the answers can therefore be better interpreted. Observation 

also informs the researcher and participants about other areas for investigation 

and development. A purpose of observation is to provide the basis for 

immediate reflection, and more so in the near future as the cycle of action 

research runs its course. Observation can also serve to meet the purposes of 

triangulation of data sources. 

The observations, while planned, were sufficiently unstructured to allow the 

situation to unfold and issues to emerge. Field notes (see Appendix 2) (Lofland 

& Lofland, 1984, cited in Scott & Usher, 1999) were kept in order to record : a 

descriptive running commentary; observation of the action process, which 

included teacher pupil interactions, lesson format and content; effects of the 

action (intended or unintended), and the way circumstances and constraints 

influenced the planned action and its effects. The flexibility and lack of pre

judgements by the researcher, was an advantage, allowing the researcher to 

pose questions and create new provocations for the participants (Adler & Adler, 

1994, cited by Gipps, 1999). Observational methods of data gathering allowed 

the researcher to further analyse and interpret the data at a later stage in 

quantitative and qualitative ways. 
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As posited by Glesne (1999), observation can range from mostly observation to 

mostly participation , and may change over time. Change was evidenced in this 

action research study where the first cycle was only observation, with all 

commentary and interactions between the teacher and students recorded as 

field notes. As the students and teachers began to see the researcher as a 

highly interested and 'trusted friend ,' she was included as part of the group and 

as a fellow research participant. Children readily shared their learning with the 

researcher, thus allowing her to question their thinking , understand their 

perspective, and based on their needs identify next steps for the learning 

(science understandings) and the action research development. Thus effective 

interventions that would elicit change were introduced to the research 

participants. The researcher was able to support teachers to think critically 

about the data and then collectively determine appropriate courses of action. 

Participation by the researcher provided a much deeper understanding and 

awareness of the site, and the teaching and learning in science. As a 

participant, the researcher became more aware of particular needs and 

practices of individual teachers. Teachers also began to ask for support and 

ideas while the researcher was in their classroom. They were anxious to share 

what they were doing and the exciting learning happening for the children. 

As teachers gradually accepted more ownership of the research they were able 

to effectively determine their own pathways. Interventions and changes to 

practice were considered and challenged before being adapted , adopted or 

discarded. However, as Scott and Usher (1999) state, it is critical to bear in 

mind that researchers cannot fully participate as they are involved in the act of 

translation and , at the same time making judgements (utilizing their value 

system) about the setting , which they are investigating. Glesne (1999) argues 

that it is vital to keep questioning one's own assumptions and perceptions and 

to ask, "Why is it this way and not a different way?" The role of the outside 

researcher, therefore, was one of encouraging critical reflection in and on 

practice. 

An advantage to staying in the situation over a long period of time (the three or 

four school terms of the action research study) was that the researcher was 
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able to observe how events evolved over time, and to record the dynamics of 

situations, the people, personalities, contexts, resources and roles (Cohen et 

al., 2000). Staying in a situation for a longer length of time also served to make 

the data gathered more valid and reliable. At the end of each session the field 

notes were analysed for meaning and the question asked , "What is going on 

here?" 

Analysis of the data also provided ideas for continuing development and data 

for discussion. In many instances, teachers were unaware of what was 

happening as children engaged in group work, due to the inability of being able 

to work with all of the groups at one time, and the data collected through 

researcher observation provided them with some insights into the learning that 

was occurring . 

On-going reflective thinking , analysis and interpretation by the researcher was 

likewise documented in a journal, along with emerging issues, ideas and 

difficulties and details of interventions. Spradley (1979 and Kirk & Miller, 1986, 

both cited in Cohen et al. , 2000) suggest observers should keep four sets of 

observational data: notes made in situ ; expanded notes that are made as soon 

as possible after initial observation ; journal notes to record issues, ideas and 

difficulties that arise during the field work; and running records of ongoing 

analysis and interpretation so that observations are systematic and thereby 

increase the reliability of data. As data themes became saturated the 

researcher was able to widen the scope of data collection and include 

observations of interactions: child to child and teacher to individuals or groups 

of children . 

Interviews 

The research interview can provide significant data and is described by Kvale 

(1996, p. 11 , cited by Cohen et al. , 2000) as an "interchange of views between 

two or more people on a topic of mutual interest". Interviews acknowledge the 

importance of human interaction for knowledge production and , as Kvale (1996, 

cited by Cohen et al., 2000) asserts, emphasise the social situatedness of 

research data. The purpose of the interviews is critical to the data gathering 
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process and enables participants, be they interviewees or interviewers, to 

discuss their interpretations of the world in which they live, and express how 

they regard situations from their own perspective. 

When used in conjunction with other methods of data collection in the action 

research, interview validates, clarifies or increases the knowledge gained. 

Cohen et al. (2000) suggest that a more responsive and informal interview, 

where what is being sought is more uncertain , allows the researcher to respond 

to what emerges. In this way the researcher can follow up unexpected results, 

validate other methods or go deeper into the motivation of respondents and 

their reasons for responding as they did . However a disadvantage is that the 

process and data are prone to subjectivity and the bias of the interviewer 

(Oppenheim, 1992, cited in Cohen et al. , 2000). 

The PAR study used a combination of structured and unstructured interviews 

(Morrison , 1993 cited in Cohen et al. , 2000). The structured approach provided 

the participants with a format that specified in advance, in outline form the 

topics and issues to be covered . A core set of questions (see Appendix 3) were 

used as prompts, so that the data collected provided insight into the research 

question: 

What impact do national curriculum exemplars and the associated 

matrix have on teaching and learning in science? 

The interviewer then decided on the sequence and wording of the questions 

during the course of the interview. Advantages of this approach were that the 

outline increased the comprehensiveness of the data and made data collection 

more systematic for each of the respondents, and allowed the participants to 

have reflected on the questions and be prepared , thus eliminating some of their 

anxiety. Logical gaps in data could also be anticipated and closed . The 

interview, however, could still remain fairly conversational and situational. 

Disadvantages were that important and salient topics could be inadvertently 

omitted and that any flexibility in the sequencing and wording of questions could 

result in different responses thus reducing comparability of responses. 
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Hour-long individual interviews were conducted with each of the teachers 

participating in the research study, at the end of each cycle of the participatory 

action research. With the teacher's permission these interviews were taped and 

transcribed. A copy was provided to the participants. The interview process and 

purpose was carefully explained and teachers were given a guarantee of 

confidentiality, and told that nothing they said would do anything to harm them 

or their students. They also had the option of declining to participate in the 

interviews or declining to answer specific questions. None of the participants 

took those options. 

Data were able to be collated from site to site and teacher-to-teacher. In order 

to form generalizations and aggregate data, some of the interview questions 

remained the same from school to school and cycle to cycle. As the research 

progressed it was necessary to adjust the research questions to take into 

account emerging issues and trends. The participants also raised questions of 

their own. At this point the interviews became more informal (Morrison , 1993, 

cited in Cohen et al. , 2000) . 

An advantage of this method is that it increases the relevance and salience of 

questions and interviews are built on what emerges from observations. A 

disadvantage is that different information is collected from different people. The 

approach is therefore less systematic and comprehensive if certain questions 

do not arise naturally. Data organization and analysis can also be difficult. As 

the data collected were to be categorized and classified at a later stage it was 

vital that the respondents' 'meaning' was interpreted and clarified during the 

interview. 

While group or focus interviews would have been cost and time effective for the 

researcher, none, apart from the two teachers who job-shared and who had 

their interview together, wanted to do this. They valued the opportunity to 

engage in reflection and discussion about their practice and learning without 

being distracted by other teachers' concerns. 
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Document analysis 

Document analysis of teachers' unit planning, the proposed activities to support 

the learning outcomes, student work, assessment data collected during and 

after the unit, provided insight into the changes made to teachers' science 

pedagogy and understanding. 

Transcript analysis 

While words in a transcript "are not necessarily as solid as they were in the 

social setting" (Cohen et al., 2000, p. 282), analysis and coding of the 

transcripts (see Appendix 4) provided key themes and pathways for the action 

research study. As stated by Cohen et al. (2000), the biggest tension in the data 

analysis is between maintaining a sense of wholism and atomising the data. In 

analysing the data the following strategies (Miles & Huberman, 1994, cited in 

Cohen et al., 2000) were used: noting patterns and themes, which may stem 

from repeated themes and causes or constructs; seeing plausibility, through 

using informed intuition to reach conclusions; clustering , or the setting of items 

into categories; making metaphors, or the connecting of data to theory; 

identifying and noting relations between variables; building a logical chain of 

evidence, noting causality and making inferences; and making conceptual and 

theoretical coherence. 

Each transcript was summarised and then analysed by repeated use of words 

or phrases, for patterns, trends and relationships. Clear trends emerged over 

the research period. This analysis was then compared teacher-to-teacher and 

site-to-site where commonalities and differences were identified. 

At the end of each observational phase, trends were feedback to the teachers in 

order to facilitate professional discourse and reflection about their practice. The 

action plan for the next cycle was planned collaboratively, with increasing 

teacher ownership and direction as the research proceeded. 
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Ethical considerations 

Bresler (1996, cited by Alton-Lee, 2001) argues that ethical practice in 

classroom research demands of the researcher 'contextuality', or researcher 

understanding of the complexity and the relevant contexts that shape what 

happens in classrooms. Advisers, as classroom practitioners who in the course 

of their everyday work regularly interact in a variety of classrooms, are well 

placed to undertake participatory action research in the ethical manner 

described by Bresler (1996) . 

The two schools selected for this project nominated science as their 

professional development focus for the year. The action research project 

strengthened the school development and benefited the researcher. In terms of 

the development, more time was allocated to in-school support and thus 

enhanced teacher practice. The concentration of the research, that is the length 

of time, the observation feedback and observation cycles, was more demanding 

of teacher time and as such needed to be clearly explained with the provision 

that teachers could choose to withdraw from some of it, if it became too 

demanding on their workload. Two teachers from School B chose not to be 

research participants and withdrew from some of the in-class observations and 

all of the interviews. A third teacher, from school B, withdrew from the fourth 

cycle , due to ill health . However the school was committed to the science 

professional development and expected all teachers participate fully in all 

activities other than the interviews and some in-class observations. 

In order to avoid issues of teacher overload and to ensure that the research 

project was not jeopardized , it was critical that the teachers and the school 

management (the Principal and the Board of Trustees) understood the 

commitment involved and the purpose of the research. To this end an 

information letter was sent to the Board of Trustees and Principal (see Appendix 

5). The research project was able to fund Teacher Release Days 11 for the 

research participants. Participants were released for one half day for the initial 

intervention at the beginning of each cycle. Participants were also released for 

11 
Teacher Release Days: The cost of a relieving teacher is paid to the school so that the participants can be released 
from classroom duties. 
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individual interviews. Other meetings took place at the end of the school day. In 

this way the extra workload was a little more easily assimilated into already 

busy lives. 

Consent 

Issues of informed consent arose only in so far as the data collected were used 

for research purposes and not just for the purpose of school and teacher 

improvement. The participants were accorded respect of their privacy and were 

guaranteed, as much as possible, (Massey University Human Ethics Code), 

confidentiality in that they would not be identified in any way. The research 

question, being open and holding no researcher bias, along with the 

aggregation of data across two schools lessened the concerns of teachers 

about being identified . Interestingly, both groups of teachers expressed a desire 

to meet and this was duly arranged. They were most eager to share stories of 

their learning and that of their students. The purpose and the audience for the 

research were made clear to the participants. All individual data were shared 

with the respective teachers. 

Teachers' voice 

In order to ensure that both the researcher and the teachers brought their 

insights to bear upon the data, a process of dialogue was critical. This process 

was enhanced by the meeting opportunities within the action research cycles as 

described previously. Cladinin and Connelly (1988, cited by Alton-Lee, 2001) 

and Brobeck (1990, cited by Alton-Lee, 2001) challenge as unethical, research 

that makes judgements about practice that discounts or ignores the voice of the 

teacher in determining the significance and construction of meaning of 

classroom events. In all interactions with the participants their voice or opinion 

was sought. Each session began with the expectation that they would share 

what was happening and why. As the discussions unfolded the participants 

challenged each other's thinking and practice. Each participant knew that his or 

her voice was valued and valid and that collectively understanding of good 

practice would be constructed. 
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Each participant was viewed as being the expert in his or her own classroom 

and treated accordingly. As Scott and Usher (1999) posit, the way the 

researcher behaves towards the participants in their research determines the 

status of the data and the conclusions formed. This then obligates the 

researcher to make explicit their behaviours and their role in the construction of 

knowledge formed fro~ the research. The participants viewed the researcher as 

having some of the knowledge, and equally challenged her assumptions and 

views. 

Conflict of interest 

Consideration was given to possibilities of conflict of interest arising, such as 

being an adviser and distinguishing between that and the role of researcher. 

Appropriate action was identified. Adviser code of conduct would prevail and the 

needs and the rights of the school would be paramount. The rights and 

responsibilities of all parties were negotiated at the outset of the research 

project. Happily a conflict of interest did not arise. 

Being in classrooms requires that respect for the teacher and the children is 

shown and that every effort is made to protect their self-esteem. As with 

advisory work, trust is a critical aspect, as is confidentiality. Getting to know the 

teacher and children prior to the start of the research and being a co-learner 

and co-participant helped to establish a good working relationship . 

Issues and difficulties 

An enduring critical issue with action research is whether it is indeed research . 

Cohen and Manion (1989, cited in Cohen et al., 2000) argue that action 

research focuses on a specific problem in a particular setting and is not 

rigorously scientific. They also claim that because it is situationally specific it 

cannot be extended beyond that situation and therefore lacks validity and 

generalisability, thus not meeting underlying beliefs about research . Much 

criticism levelled at action research is that it does not have a critical dimension. 

Altrichter (1993) supports this notion and calls for action researchers to 

scrutinize their 'methods-to-use', as research methods are no longer a given. 
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He also states that research methods should be put up to the research 

community to be scrutinized, thus developing a set of practitioner-based rules 

that would then validate action research as an acceptable research 

methodology. Winter (1989, cited by Cohen et al., 2000) unlike Cohen and 

Manion (1989, cited in Cohen et al., 2000) claims action research requires a 

validity model of its own. In order to minimize issues of validity in action 

research projects, consideration needs to be given to triangulation and sample 

size of the research population. 

Triangulation 

Triangulation is described by Cohen et al. (2000) as the use of two or more 

methods of data collection which attempt to map out or explain more fully the 

complexity and richness of human behaviour by studying it from more than one 

stand point. Thus this research study used a variety of data gathering methods 

(as discussed previously) . The recognition that the use of one method may bias 

and distort the researcher's picture of the slice of reality being investigated was 

also taken into account (Lin, 1976, cited in Cohen et al ., 2000). Lin also argues 

that the more the methods contrast with each other the greater can be the 

researcher's confidence in the validity of the data . However, Fielding and 

Fielding (1986, cited in Cohen et al., 2000) hold that methodological 

triangulation does not necessarily increase validity, reduce bias or bring 

objectivity to the research as researchers always view data from their own way 

of 'knowing'. 

Cohen et al. (2000) identify a number of methods of triangulation and argue that 

using a variety of methods does increase validity. Time triangulation involves 

repeat visits to teachers, in order to see if changes are habitual and are 

therefore embedded in practice. In this research each of the teachers was 

visited not less than four times and sometimes six, during each term they 

participated in the research . The visits included initial planning, observations, 

interventions and interviews. While three terms for School A and four terms for 

School B were a significant time frames, the opportunity to continue or follow-up 

the research over a greater length of time provided further insightful data. 

Space or cross-sectional triangulation was also a feature of this research as two 
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individual schools were involved in the research. As observations occurred at 

both a group and individual level, another means of triangulation was utilised . 

Sampling size gave credibility to the research , with seven teachers and two 

schools. Sufficient data were gathered to be able to make generalizations and 

inferences from them to other cases and settings, and will be discussed in 

Chapter 6. 

Validity 

Validity is dependent on the fit between what the researcher records as data 

and what actually occurs in the natural setting being researched (Cohen et al. 

2000). Participant checks on the data and researcher interpretation, debriefing 

by peers or collaborators, prolonged engagement in the field, reflective journals, 

triangulation and persistent observations in the field confer dependability. By 

contrast Ruddock (1981 , cited in Cohen et al. , 2000) claims that qualitative 

methodologies, whilst possessing immediacy, flexibility, authenticity, richness 

and candour, are criticized for being impressionistically biased , commonplace, 

insignificant, ungeneralisable, subjective and shortsighted . However, Cohen et 

al. (2000) state the strength and reliability of qualitative research is that it is 

context and situation specific, authentic, comprehensive , detailed , honest, and 

is meaningful for respondents. It should be remembered that the importance of 

action research activity is its enhancement of teacher understanding about their 

practice, action within it, and the situation in which they work. 

Chapter summary 

This chapter has described the methodology of Action Research and how it is 

put into action. Similarities and differences have been drawn with the 

professional development method that advisors customarily undertake in their 

advisory role of providing indepth professional development. Issues, concerns 

and methods related to access and the data collection have been discussed. 

Aggregation of data and data analysis required for the development of 

emergent themes was explained. The next chapter discusses the findings of the 

participatory action research study. 
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CHAPTER 4: Findings 

Introduction 

The intention of this Participatory Action Research study was to investigate the 

impact of a National Assessment tool, the Exemplars and associated Matrix, on 

teaching and learning in science. In developing an understanding of the impact, 

the researcher was constantly challenged to view the data from three different 

perspectives: a learning, teaching and research perspective. The 'voices' of the 

students and the teachers provided rich and detailed data as teachers and 

students connected with science and came to understand when and how 

learning occurred and how it was best facilitated . 

As the action research iterated through four cycles, themes emerged as being 

significant and became more densely textured over time. Other themes 

emerged and dissipated as teachers' and students' practices changed and 

evolved. Whilst it is impossible to take the reader through all the themes, issues 

and solutions of the PAR study, the strongly converging themes, in which data 

were triangulated across methods, as well as within methods, are shared with 

the reader. 

This Chapter then, describes the purpose of the study, the organization of the 

data over the four cycles (as outlined in the Table following), the themes to 

emerge and presents the Findings of each of the Cycles. 
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Organisation of Data 

Table 2: Organisation of Data 

Action Research Presentation of Data in each Phase of the Action 

Cycles Research Cycles 

A Planning for Action 
Plan 

Determining starting point 

Planning the science unit to be taught 

Professional development before action 
Observe 

B Observations of Teacher Participants 

Act c Interventions (two per cycle) 

D Reflection : Individual Interviews 
Reflect 

Collation of data from Individual 

Interviews: 

Tables 1-16 Appendix 6 

Key trends to emerge from data 

In keeping with the action research methodology of 'plan, act, observe and 

reflect' (Kemmis & McTaggart, 1992), data from each of the four cycles 

undertaken in this action research study are organised according to the 

headings, as shown in Table 2 above. Data from each cycle informed the next 

iteration. The Planning for action phase occurred prior to the Observation 

phase. This was necessary as teachers needed to plan the unit of work they 

were to teach , become familiar with the National Exemplars and Matrix, and in 

the case of School B, became familiar with formative assessment practice. 

Within the Observation phase of each cycle, two observations of each teacher 

occurred over a three or four week period . Each observation was followed by 

an Intervention session . In the intervention session teachers responded to 

observational data collected by the researcher, and collectively generated 

solutions to emerging trends. A benefit of having intervention sessions at the 

end of each 'observation' day was that knowledge and resources about science 

content or pedagogy could be shared so that teachers were able to continue 

with the teaching of the unit and not become dispirited when they were working 
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beyond their comfort zone. The professional development was viewed by the 

participants, as being timely and effective. 

The Reflection phase of the cycle contained the individual interview of each 

teacher, conducted by the researcher. Data collected from the interviews largely 

informed the next action research cycle. Problems identified during the 

interviews, by the researcher and the teachers, were fed back to teachers at the 

Planning for action phase of the following cycle and provided the foci for on

going development. 

For purposes of efficiency, data are collated according to the cycles undertaken 

(Cycles 1, 2, 3 and 4) and then further organised according to the phases of 

Action Research, as described previously. By presenting the data in this way, 

emerging themes, changes and actions taken are more evident, and are 

reflective of the action research process in which the teacher participants were 

engaged . 

Themes to emerge 

Two sub-themes were revealed against which the investigation into the impact 

of the National Assessment tools (the Science Exemplars and Matrix) on 

teaching and learning in science could be interpreted. These sub-themes were 

the 'teachers as learners', and the nature of the action research and 

professional development model. 

Over the three cycles of action research for School A and four cycles for School 

B, data from the observations, interviews, informal discussions, document 

analysis and the professional development sessions 'interacted' with the above 

sub-themes to reveal two problems: 

• Teachers' limited science conceptual knowledge, science pedagogy, and 

knowledge of the nature of science restrict their understanding and use 

of the matrices and exemplars. 



• Teachers' confused notions of progression in science and formative 

assessment practices restricted their understanding and use of the 

exemplars and matrices. 
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The reader will discern these sub-themes and two underlying problems 

throughout the four cycles. 

The preliminary discussions and professional development in the planning for 

action phase established the participant baseline data, as near as possible, of 

teaching and learning in science. Teachers' initial views of the National 

Exemplars and Matrix and science teaching and learning were revealed and 

impacted on the direction and priorities for development over Cycle One. Each 

cycle subsequently influenced the direction and priorities of the next cycle, thus 

putting into effect the phases of Action Research . 

Cycle One 

1 A Planning for action 

Discussion about teaching and learning in science and the National Exemplars 

and the associated Matrix occurred when the researcher first approached the 

teacher participants at the two schools about becoming part of the Action 

Research study, and concerns and professional development needs were 

identified by the teachers and the researcher. Therefore the initial planning for 

action for this action research study had several previously identified foci: 

developing an understanding of formative assessment (Black & Wiliam, 2002), 

planning a science unit, identifying science learning goals, developing teachers' 

understanding of science concepts, and, developing an understanding of the 

National Science Exemplars and Matrix, their purpose and their features. 

The teachers decided to base their three to four week science unit of work 

around the ideas in an exemplar, which had similar contexts to that which they 

had selected . Both schools decided to explore structure and function, but in 

different contexts: School A, butterflies and School B, crabs. The exemplar 
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provided teachers with learning intentions 12 or goals, and activities on which to 

base their unit of work. The teachers used the student-teacher conversations 

contained in the exemplars as a model for questioning: students were asked to 

explain and justify their ideas so that their thinking could be challenged, thereby 

developing deeper understanding of science concepts. Following discussions 

about the matrix and its purpose, the teachers decided to include some aspects 

from the matrix as learning goals, namely "Using Scientific Vocabulary" (Matrix 

D) and "Thinking in Scientific Ways" (Matrix C). 

Teachers' initial reaction to the four matrices was less than enthusiastic as they 

were overwhelmed by the number of matrices, aspects and indicators (see 

Appendix 1 for explanation of terms) , and were unable to understand them: 

(ON 1: 1) " heavens, how can we get our head around these? There are far 

too many and we will never be able to use them." 

However the teachers decided to start with small beginnings and selected one 

or two aspects to focus on. 

While the teachers from School A had some knowledge of formative 

assessment, they found it difficult to apply that knowledge to science teaching 

and learning . School B had little understanding of current assessment practice 

and therefore professional development on formative assessment (Black & 

Wiliam, 2002) and assessment practice (Clarke, 2001) was critical , formative 

assessment being fundamental to good teaching and learning. Identifying the 

learning intentions and success criteria in a science context revealed teachers' 

limited conceptual knowledge and their difficulty in deciding on appropriate 

learning goals. Teachers were able to identify the activities or experiences they 

wanted to provide, such as visiting the rock pools, but were unable to decide on 

the learning that would occur. They were unable to identify 'structure and 

function of plants and animals' and 'carrying out observations' as being learning 

goals. Researcher support was essential in helping teachers to define learning 

12 Learning Intentions (LI) identify learning goals. LI often have associated success criteria (SC), which are the 
criteria for achieving the LI (Clarke, 2001). 
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intentions and success criteria, thus establishing worthwhile goals and criteria 

for determining student achievement in science. The researcher challenged the 

teachers to identify the learning goals they wanted the students to 'get better at' 

over time. In responding to the challenge, teachers questioned notions of 

progression in learning: was the progression related to science conceptual 

knowledge or was it related to skills such as investigating in science, did 

progression occur within the duration of a unit of work or did it occur from one 

unit of learning to the next unit of learning? 

Teachers were introduced to a planning method that put into practice formative 

assessment principles and challenged the teachers to identify key learning 

goals and criteria for achievement, followed by the development of associated 

activities. The researcher encouraged teachers to think about the following 

notions. Do the planned activities develop intended learning goals? Are there 

sufficient opportunities for students to engage in discourse and to communicate 

their explanations? In what ways would students have the opportunity to 

develop a deep understanding of concepts, as opposed to coverage of 

concepts? Are there opportunities to elicit students' understandings, and for 

students to have 'real experiences'13? 

1 B Observation of teacher participants 

Two observations of each teacher participant occurred over the period of time 

the science unit was taught. The observations were timed so that the first one 

occurred at the beginning of the unit and the second one occurred towards the 

end of the unit. The intention was that data from the observations could be 

shared with the teachers and any interventions could be responded to within the 

remaining time frame of the unit of work. 

Field notes recorded teachers using aspects and indicators from the matrix as 

learning goals about which to focus the teaching and learning. Observations of 

both teachers and students, over the three or four week period (each school 

13 
Real experiences are defined as hands on learning outside the classroom, access to experts, and experiencing real 
situations rather than relying on books and the Internet. 
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had a different time frame) revealed growing confidence and use of the "Using 

Scientific Vocabulary" aspect (Matrix D). Three teachers began to focus on 

further indicators and aspects from the matrix, such as "reflect on their learning, 

change their minds in the light of new evidence or information, explain their 

thinking", and "investigating", to structure the learning activities and the 

conversations they had with their students. The widening of their focus was the 

result of growing confidence in science teaching. Teachers began to share the 

learning goals with their students thereby providing a focus for students' 

learning and raising their students' (and their own) awareness and 

understanding of the nature of science. One teacher was sufficiently confident 

to develop the success criteria with students while other teachers provided 

them for their students. The following extracts exemplify the differences: 

(Tl. FN2: 34) Teacher: How will we know if we have learned everything about 

crabs? We will know about crabs when: 

we can name its parts 

say where it lives 

say how a crab moves 

say what the parts of a crab are for 

say what a crab eats. 

(T4. FN1 : 2) Let's read out what we are learning today: We are learning that 

scientists put animals in groups because they have special 

characteristics. What are the characteristics? 

After critically reflecting on their practice, teachers provided opportunities for 

students to engage in more meaningful learning . Opportunities were provided 

for students to engage in discourse where they began to challenge each other's 

ideas. As teachers became aware of the ideas their students had they were 

able to create 'gaps' in students' understanding and establish learning 

pathways: 



(T 4. FN 1: 28) Teacher: Two things to think about for tomorrow: how can a 

dead fish lay an egg? Where do the eggs come from? 

Student: That 's confusing. 

Teacher: They sure are. We need to find out a bit more about them. 

This teacher included herself as a learner and modeled her 

thinking for the students. 

(T?. FN1 : 8) Teacher: How might you group the animals? 

Student A: You could group them mammals and non-mammals. 

Student B: You could put birds together and put them into 

ages, such as adults. 

Teach er: How do you decide if they are adult? 

Student C: They are different sizes. 

Student D: But they could be different sized pictures. 

Student C: They might not have all of their feathers on, 

they might just be born. 

Student B: We could have male and female. 

Student C: How could we tell if it was male or female? 
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Teachers changed their expectations of their students' learning outcomes as 

their own knowledge of the nature of science, and science concepts developed. 

They supported students to work in scientific ways: students were expected to 

have theories , to find out whether these were correct, and to provide evidence 

to support their ideas. Students were encouraged to "accept uncertainty", to 

"reflect on their learning" and "use scientific vocabulary", these being aspects 

teachers had identified in the matrices as being important. These changes 

occurred within Cycle One and were the result of timely reflection on practice, 

intervention following each observation, and teachers working collaboratively to 

support each other with science conceptual development. The following excerpt 

illustrates the changes to teachers' practice and expectations of students: 
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(T3.FN2: 2) Students' (5 year olds) ideas were recorded under the following 

categories as they revisited the 'theories' (generated before their visit 

to the rock pools) about what they would find at the rock pools. 

Students had to decide: 

YES I NO I NOT SURE 

Teacher: Do we need to change our mind about the brown penguins? 

Student: We need to put the crab under YES 

Teacher: Did we find a crayfish? 

Student: No. They are in deep water. 

Teacher: What about the brown penguin? Would it fit in the rock 

pool? 

Student: No it is too big. 

Teacher: Do you think there are some things you want to change? 

The teacher put the brown penguin in the NO column and 

continued through the list. 

Observations revealed that teachers' ability to ask good questions impacted on 

the quality of the data they collected and its usefulness in determining the next 

learning step for students. Teachers' science conceptual knowledge directly 

impacted on the questions they asked their students. Some questions merely 

elicited the knowledge students had gained while some teachers were able to 

probe and extend students' thinking. One teacher (T3.FN2: 4) engaged the 

students (five years old) in thinking about the crab and raised their awareness 

of structure, function and habitat. The teacher has also been able to determine 

the depth of the students' understanding. Another teacher (T7.FN1 : 6) 

generated a list of 'facts' and had no notion of the students' understanding of 

these facts. Neither did the process of generating a list provide the teacher with 

ideas about the next learning steps. The following extracts demonstrate the 

differences in teachers' questioning. 



(T7. FN 1 : 6) Teach er: This week we have been learning what? 

Student: Animals and what one is and what isn 't 

Teacher: That's great. So what can you tell me about animals? 

Student A: An animal has four legs or two 

Student B: Alive 

Student C: Sound 

Student D: Moving 

Student E: Breathing 

Teacher: They can eat, but they have other things as well - they 

have babies. 

(T3. FN2: 4) Teacher: How is this crab different to that other one? It (this 

crab) carries its house everywhere and if danger comes it 

hides. How does it hide? 

Student: It slithers inside. 

Student B: It goes backwards into its house 

Teach er: What would happen if he took all of his legs out? 

Student C: It leaved its house behind. 

Teach er: What happens if he gets too big? 

Student D: He looks for another one he can fit into. 

1 C Intervention 
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The intervention sessions occurred after school , at the end of each observation 

phase. The purpose was to provide an opportunity for teachers to : share 

highlights, reflect on their practice, for the researcher to feedback observational 

data, for further problems to be identified , and for professional development to 

occur. During these informal sessions, discussions were guided by questions, 

with the express intention of improving teachers' practice through reflection on 

their own actions. Teachers were also expected to support their ideas with 

evidence. 

The following reflective questions were asked: 

• how do you feel the unit is going? 

• what are the highlights so far? 

• what are the outcomes for students? 
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• why did you do ... ? 

• why did you do it that way? 

• how has your practice changed? 

• how can I help you? 

• what support do you need? 

• what is your next learning step? 

• what might you do differently and why? 

A significant shift in teacher professional 'talk' became evident in the 

intervention and reflective sessions in the first Action Research Cycle. Talk 

changed from a focus on student behaviour to one of student learning and 

especially the quality of the learning. One teacher commented: 

(T2. DNI: 47) Once I would have done some art, written a story and called it 

science. The students' knowledge is so detailed. They have 

gone off to find out very specific information and they are using 

the scientific vocabulary. 

Teachers began to select aspects identified in the matrix and exemplars as 

being worthwhile goals to assess, such as "suggesting explanations" and 

"reflecting on their understanding", rather than the science knowledge that had 

been the key focus of assessment previous to this study. Teachers used 

aspects and indicators, such as "Using Scientific Vocabulary", as criteria for 

reflecting on students' achievement of science concepts. As a consequence 

their expectations of student achievement were raised as their own and their 

students' science knowledge developed: 

(DN1 : 48-49) The children's knowledge is much greater than we have expected 

and achieved in the past. 

All teachers were intent on providing the best opportunities for their students to 

develop their understandings. Teachers reflected on their practice, by 

considering why they did things as they did, and what they might do differently, 
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and made changes to their science unit plans so that the needs of the students 

were met. Discussion revealed teachers were becoming increasingly focused 

on what the students were learning and how they were thinking, in contrast to a 

previous focus on activities. To enhance scientific learning, the timing of 

science learning was changed from the afternoon to the morning . A strong sub

theme to emerge was the 'teacher as a learner' , with teachers willingly 

reflecting on and selecting ways of improving their practice: 

(FN1 : 17&18) The classification activities worked really well. Children had to 

justify what they thought and they were able to reassess what 

they learnt - what we think we know, what we now know and 

what we learnt. They had to reflect on their learning. 

While changes to teachers' awareness of students' learning and outcomes 

developed through the use of the exemplars and the matrices, limited teacher 

science knowledge constrained their development and created issues that 

might not have otherwise occurred . The researcher raised the notion of student 

discourse and the critical part it plays in developing students' understanding, 

thus challenging some of the teachers, as they felt inhibited by their own lack of 

science knowledge and were reluctant to allow free discussion , as they did not 

always have the 'answers'. Teachers also recognised the need for quality 

questioning, but felt inadequate in their questioning skills to elicit and challenge 

student understanding if meaning was to be co-constructed . In order to facilitate 

the changes for students, teachers expressed the need for more teaching 

strategies to support the learning . 

Much of the second intervention in Cycle One was based around developing a 

common understanding of the matrices as teachers' knowledge of the nature of 

science and investigating was insufficient to allow them to assign meaning to 

the aspects and indicators. The notion of progression in science, identified in 

the matrix, emerged as a challenging issue for teachers, as they were unclear 

of goals and skills worthy of progressing . The purpose of assessment was 

revisited as teachers had become confused and held a number of views such 

as: 



(SM. FN1: 30) Is the purpose of assessment to find out everything the students 

know or to trick them so that you can find how well they know it? 
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Discussion around teaching strategies identified ways of eliciting students' 

ideas and developing students' conceptual understandings. As emphasis was 

placed on students exploring and discussing, teachers required on-going 

support in identifying appropriate learning activities, ways of modifying them to 

meet student needs and in understanding the science concepts being taught. 

Teachers referred to the exemplars for teaching strategies and activities at the 

outset of Cycle One but the exemplars became less helpful as teachers began 

to meet the identified learning needs of their students. 

10 Reflection: Interviews 

Each teacher participated in a reflective session where they were interviewed 

by the researcher. Teachers were asked to reflect on their practice, student 

achievement, the matrix and exemplars and the professional development 

model. Teachers brought student work to share as evidence of student 

achievement and around which to base reflective conversations. (Refer to 

Chapter 3). 

Data gathered at the end of each cycle were collated according to broad 

categories : teacher interaction with the exemplars, teacher assessment 

practice, teacher pedagogy, and the professional development I research model 

(refer to Tables 1-16 in Appendix 6 for detail). Each category was analysed for 

key trends and is further expanded in the emerging themes: Engagement with 

the exemplars and matrix, pedagogy, teacher as a learner and the action 

research model. 

Engagement with the exemplars and matrix 

Engagement with the exemplars and matrix emerged as a significant trend as 

these tools provided the teachers with teaching strategies, standards, 

expectations of student achievement and learning goals. Understanding the 
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matrix emerged as an issue due to teachers' limited science knowledge. 

Teachers were confused about the meaning and the complexity of the ideas in 

the matrix but saw it as identifying key goals and understandings in science. 

Teachers recognized the need for professional development and the need to 

develop their practice and understanding: 

(T 4 int C 1) Some of the aspects and indicators are not clear. There are 

similar ones in different matrices. We need professional 

development to help us understand them. What is the 

difference between them? 

The exemplars explicated the standards and set expectations of student 

achievement beyond the teachers' expectations and caused them to reflect on 

their own practice. 

Pedagogy 

Teachers' pedagogy developed, especially related to formative assessment 

practice. Learning goals were shared with the students, and teachers were able 

to identify student learning and provide feedback to students on their 

achievement of the learning goals. Teachers identified outcomes other than 

knowledge and began to identify the differences between students in terms of 

science understanding: 

(T4 int C1) There is a huge distinction between children's abilities. The 

matrix has made me more aware and more focused (on the 

learning). I wasn't convinced that there was going to be big 

factors between the two levels (of the matrix indicators) and yet it 

was quite obvious once I got started .... I have broadened my own 

knowledge about teaching science. 

The need to improve teachers' questioning skills was identified by both the 

researcher and the teachers as being vital, if they were to challenge students 

and to have them thinking more deeply about their learning: 



(T7 int C1) I will ask a question and then I will say such and such and add in 

my bit .. . I have to keep telling myself, just to let the kids answer 

then I can ask another question and take them further. 

Teacher as a learner 
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The manner in which teachers responded to challenges to their thinking, 

understanding and practice emerged as being a significant theme. As teachers 

saw the improved outcomes for students they became more critical of their own 

practice and its effect on student achievement. The following extract is 

representative of the comments made by all of the teacher participants: 

(T1intC1) I need to know more. I want to know more. It's the difference 

between just doing it (providing science activities) and wanting to 

understand more of what I can do as a content-based learning 

area, but it (science) is moving into the skills more and more .. . It 

doesn 't just reflect on the science teaching, but it is reflecting on 

all of my teaching. 

Teachers' enthusiasm and motivation was evident as they described student 

outcomes of the 'taught' unit. Focused planning , with clearly identified learning 

goals, developed from the matrix, and supporting activities contributed to the 

'success' of the unit. 

At the beginning of Cycle One, the ways in which the teachers worked together 

in their own school was a point of difference. School A collaboratively planned 

and supported each other with ideas, getting equipment and resources to 

share, and were 'in and out' of each others' rooms sharing ideas and 

information about children. School B teachers met to share administrative 

details with some planning being discussed and shared, but teachers largely did 

their own planning or worked with one other member of the syndicate. School B 

began to work as a team and it was the effect of this, that provided much of the 

emotional 'high' around the development, as illustrated by the following 

comment: 



(T1 intC1) The professional dialogue is happening and it is happening 

because people want it to happen, not because someone has 

tried to generate it. It is just buzzing. 
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Teachers' individual responsibility for teaching and learning in science emerged 

as an issue. In this action research study all teachers were expected to 

participate and to then reflect on their own practice and learning. In School A, 

although they worked collaboratively, one teacher accepted the responsibility 

for the unit and decided on the context and what would be assessed, this was 

accepted by the rest of the team. Changes were made to this practice in Cycle 

One as teachers individually accepted responsibility for the teaching and 

learning in science. 

(T 4 int C 1) We are all buzzing; the level of teaching and learning has really lifted. 

I think it has been your input and the fact that we are more 

accountable for ourselves. 

Action research model 

The teachers also valued an outside facilitator supporting their learning , the 

opportunity to reflect on their practice and having time allocated within their day 

for professional development, in the 'planning for action' phase. 

Summary of Cycle One 

Teachers' limited science knowledge and pedagogy, their limited assessment 

knowledge and practice emerged as a problem. However teacher expectations 

of student achievement were raised through using the exemplars, and the 

matrices provided the framework of 'how and what' to teach in science. 

Focused planning and the teachers' determination to improve their practice and 

science pedagogy were emerging trends in the focus on improving teaching 

and learning in science. 
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Cycle Two 

2A Planning for action 

As Participatory Action Research is an emergent process, the researcher was 

intent on creating opportunities and the expectation that participants would be 

involved in the process and determine their own learning. Therefore Cycle Two 

began with teachers collectively reflecting on the previous unit, and the 

researcher feeding back trends, to the participants, that had surfaced during the 

interviews around the emerged themes of: teacher pedagogy, teachers' limited 

science knowledge and understanding of the nature of science, and the ways 

teachers engaged with the matrix and exemplars. Trends to emerge were: the 

use of the matrix to identify students' learning during the unit, and confusion 

over whether the aspects and indicators were inherent in the learning activities, 

or needed to be planned for. 

The teachers raised a number of issues around formative assessment: what 

counts for progression in science, what data are useful to collect, how could 

next-step learning be provided for students, how to provide feedback to 

students, how to record data in a useful way, and how to identify the differences 

between levels in the matrix. While teachers could talk about and use 

assessment data formatively , they still continued to see 'valid ' assessment as a 

summative activity. Both the teachers and the researcher identified a need for 

more teaching strategies around questioning , eliciting students' ideas, helping 

students generate questions, developing students' thinking , and investigating. 

Increasingly teachers were challenged by the researcher to focus on student 

learning , as opposed to student participation , and consider how they would 

structure and manage activities, how they would meet identified goals, and how 

they could do things differently so that student learning could occur. However, 

the teachers' limited understanding of the science concepts and the nature of 

science inhibited their choice of activities and teaching strategies. 
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28 Observation of teacher participants 

Classroom observations revealed changes to teachers' practice and their 

determination to address issues they had identified as being critical to teaching 

and learning in science, many of which had been made apparent through using 

the exemplars and matrix. Eliciting students' prior knowledge had become 

accepted practice and teachers concentrated on co-constructing ideas, 

challenging students' thinking and having students explain their ideas so that 

'gaps' in their knowledge could be identified or created, thereby providing a 

focus for learning. The following excerpt illustrates teachers' growing 

confidence and science understanding, and the changed way they interacted 

with the students and the science concepts: 

(T3. FN3: 7) Students were learning how to use a thermometer. Teacher 

and students looked at the numbers and talked about their use: 

Student A: It measures hotness. 

Teacher: Put your hand on the red bulb bit to see what happens. 

Now take your hand off and see what happens. 

Does it go down faster than it went up? 

Student B: It goes slower 

Teacher: What is going on with the thermometer? What are we 

taking away? 

Student C: Hotness. 

Teacher: What is the word that tells us about hotness? 

Student D: Heat 

Due to the teachers' developing knowledge of science and the nature of 

science they became aware that investigating (exploring a situation: Matrix B) 

was a goal of teaching and learning in science. A new issue to emerge was the 

need to develop teachers' questioning skills and strategies to support 

investigating, rather than simply eliciting the students' knowledge. Field notes 

recorded the changes to learning opportunities, and consequently the learning 

outcomes, provided by teachers with students now able to "collect data in 

systematic ways" and 'justify their ideas" (aspects identified in Matrix B and C) 

as demonstrated by the following extracts: 



(T2. FN3: 14) Students were working in groups using thermometers to measure 

the temperature of various waters. 

Student A: It is at 30. Write it down. 

Student B: No everyone has to have a turn. 

Students talked about how to hold the thermometer and how to 

put it in the container. 

Student A: It is going down fast because the water is much 

colder. 

Student C: The wind is blowing on it and making it go down. 

Student B: The heat is going outside. 

Student D: The light is getting into number two and making it hot. 

Student C: The wind is getting into number one and making it 

cold. 

Student B: No I think the heat is getting out and the wind is 

getting in. 

(T4. FNI: 37) Teacher: Who can explain about a circuit? 

Student A: It runs in a circle and goes through the wire and the 

Battery. 

Teacher: What goes around the circuit? 

Student A: The current goes in a circle in the wire 

Teacher: It goes through it, and then goes around again where? 

Explain about circuits and currents in your group 

Students shared their ideas and attempted to make sense of 

what they knew and what they have found out: 

Student B: A circuit is something like a circle and makes things 

Go. 

Teacher: Add something to it J 

Student C: A battery, wire, and bulb is in a circuit 

Teacher: What happens if the circuit doesn 't go? 

Student D: If it is broken it won 't work. 

Teacher: Can you demonstrate that for me? 
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Teacher T4 encouraged students to help each other, and add to the 

conversation especially when students had difficulty in articulating their ideas. 

Students' achievement and engagement in science grew as the teachers 

provided more opportunities for discourse, sharing and explaining of ideas, and 
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constructing meaning, with the expectation that students would support each 

other's thinking and learning. Teacher questioning of students began to shift 

from clarifying questions to more challenging ones that sought to identify 

student depth of understanding. 

The emerged problem of teachers' limited science knowledge continued to 

impact on the teachers' expectations of students as evidenced in the following 

excerpt: 

(T6. FN1: 44&45) Teacher: Today we have been more successful at getting 

our bulbs to go. Can someone explain what they did? 

Student A: I tried all the ideas in my head and one worked. 

Student B: We tried five times 

Student C: We put the bulb in the holder and then clipped 

the wires in the bottom through there (the screw) and it 

would go through there and around and around through 

there and it will go. 

The students continued to share ideas and the teacher 

responded : 

Teacher: I have heard a lot of words and ideas. Let's write 

them up and use some scientific words - flow, circuit .. . 

The words were written on the board but meaning was not 

assigned to them. 

The development of teachers' pedagogy allowed them to use strategies that 

caused deeper understanding: students' learning was revisited to ascertain their 

understanding, students were helped to make links between learning episodes 

and teachers provided opportunities for students to reflect on their learning: 



(T1 . FN3: 1) Teacher: What did we learn yesterday? 

Student A: When we put our hand on the table yesterday, the 

hot went into the table. 

Teacher: What happens when we open the door? 

Student B: Hot air went out. 

Teacher: What happened to the air in our classroom? 

Student C: It got cool. 

2C Intervention 
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In the meetings with the researcher, discussions became increasingly teacher 

led, rather than researcher led, and teachers challenged each other's ideas and 

practice. As a result of increased teacher understanding of science concepts 

and pedagogy, students were given more independence, were more aware of 

working scientifically, were investigating and using equipment, and were 

providing explanations for their ideas. An emerging trend was the teachers' 

ability to reflect on and identify areas of change in their own practice and areas 

requiring further development, as illustrated in the following excerpt: 

(TS. DNP: 6) The matrix made me realise that 'knowledge ' isn 't everything in 

science. There are other aspects and teachers can deal with 

those. You need to keep science simple and develop thinking 

skills etc. 

In becoming more skilled at reflecting on their practice, teachers were able to 

identify several issues: their limited conceptual knowledge inhibited their ability 

to provide a variety of activities in which to develop students understanding , 

their lack of confidence and knowledge of the investigative process and their 

need for better questioning skills was vital for improved student outcomes. 

The problem of teachers' limited science knowledge continued to impact on 

their practice as they encountered difficulties in formative assessment: the 'what 

to notice', how to provide the next learning step, and understanding the 
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matrices. As a result progression in learning emerged as a significant problem. 

The researcher had concerns about the teachers' interpretation of the aspects 

and indicators, and the differences between the indicators over Levels 14
. The 

teachers' limited science understanding and, the lack of 'exemplars' to describe 

and exemplify the aspects made interpretation difficult. Teachers were asked to 

identify student learning against the indicators causing concern , in an attempt to 

clarify the meaning in relation to actual student work and behaviour. As 

teachers looked at the matrix indicators and identified individual students 

meeting these criteria they came to understand individual learning needs. A 

shift in teachers' pedagogy occurred as they became concerned with meeting 

the learning needs of individuals rather than whole class teaching, as had 

previously happened. 

20 Reflection: Interviews 

The interviews became more reflective, with teachers sharing and analysing 

personal constructs and determining their next learning steps. The 'teacher as a 

learner' began to impact significantly on the teachers' practice. 

Engagement with the exemplars and matrix 

Teachers' limited science knowledge and their pedagogy of teaching and 

learning in science were on going problems, although as they used the matrix, 

some aspects and indicators (such as Using Scientific Vocabulary) became 

tacit knowledge and as such teacher understanding developed. 

(T4 int C2) The matrix forces you to focus on the different things 

(communication, investigating, scientific ways of working and 

science in the wider world) ... 

It draws you into it so that 's really useful. It takes you away from 

just knowledge. 

14 
Levels refer to the curriculum levels as defined in the Matrix. 
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The impact of unfamiliar contexts on student achievement emerged as an issue 

as teachers became more familiar with the matrices. Teachers came to 

understand the impact of prior knowledge on learning and, the usefulness of the 

indicators in identifying the students' next learning step. Using levels, rather 

than indicators to describe students' learning was unhelpful and unreliable. 

(T2 int C2) Last time they worked at Level Two vocabulary, but this time 

around because the context has been harder (students had little 

prior knowledge of the context) they are working mainly at Level 

One. 

Changes to notions about standards and expectations of achievement, for 

teachers and students, resulted in clearer identification of specific learning. 

(TS int C2) If we see someone who is doing these things we are able to say 

- they have got a very good understanding of that concept 

because they can explain what they are thinking. 

Pedagogy 

As teachers' understanding of formative assessment developed, assessment 

was viewed as being more useful. Teachers increasingly used feedback to 

students to share how they were learning, how they were thinking and to 

encourage students to be 'risk-takers'. As teachers refined their practice and 

further developed their assessment knowledge, new issues emerged as being 

problematic: school-wide assessment of learning and school-wide data 

collection. These issues emerged as teachers came to appreciate that student 

achievement data was only useful if it could be responded to, in order to 

improve student learning, and showed a progression in learning. 

Teachers' science pedagogy changed with teaching and learning becoming 

more co-constructivist and students engaging in more discourse. Teachers felt 

more accountable for student achievement and accepted they had to develop 

their own scientific knowledge: 



(T1 int C2) You have to know what you are teaching before you can get it 

across to the students. If you don't know yourself then you are 

not going to have the confidence to actually provide them with the 

right learning opportunities so that they get better learning as 

well. If you know the content not only can you meet the criteria 

(the matrix aspects and big ideas) but also you are far 

more flexible in how you approach it. 

Teacher as a learner 
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In this second cycle, teachers began to reflect more deeply on their practice, 

why they did things and what they needed to change, and were able to identify 

personal areas for development. Teachers provided each other with 

considerable support and continued to share their practice and their students' 

achievement as they analysed student work and anecdotal information. 

Action research model 

The researcher reflected on the interaction between the teachers and the 

researcher. The teachers conferred 'expert' status on the researcher and in 

order that teachers became 'participants' it was essential that this did not 

become a barrier. However as teachers' practice became subject to more 

scrutiny, coaching from a more knowledgeable peer or facilitator (the 

researcher) became vital to the development. An emerging issue was the 

importance of meeting regularly so that the researcher could provide support as 

the teachers struggled with trying to effect the changes, many of which were 

around teachers' science knowledge and pedagogy. The following comment is 

indicative of the change: 

(T3 int C2) It's been valuable having your input. We ran out of ideas and you 

helped us with the different learning activities that could build on 

our ideas. 
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Summary of Cycle Two 

While teachers' knowledge of science developed through using the matrices 

and the exemplars, they continued to be constrained by their own limited 

science conceptual knowledge, limited constructivist pedagogies and limited 

formative assessment practice and knowledge. Nevertheless as some aspects 

became tacit knowledge teachers included more aspects in each unit of work, 

thus developing their knowledge, and the assessment focus moved beyond 

science concept knowledge. 

Learning goals were more consistently shared with students and used as 

assessment criteria, with teachers providing feedback to students on their 

thinking and about changing their minds, thus identifying things of value for 

students. Planning continued to be a critical factor in the success of the science 

units. Emerged themes manifest themselves in new issues as teachers and 

students become more skilled and intent on refining their scientific 

understanding and practice. 

Cycle Three 

3A Planning for action 

The emerged theme of progression became more complex during Cycle Three 

as teachers considered the recording of student achievement against the matrix 

indicators and moderating students' work in order to develop reliable teacher 

judgements when using the indicators as assessment criteria . Teachers felt that 

in trying to cover all aspects, progression from one level to the next would be 

difficult, and raised the issue of whether some aspects were more significant 

than others. Although teachers expressed concerns about the matrix and the 

exemplars: some aspects contained too many ideas and were difficult to 

understand and some indicators (of an aspect) were similar across levels and 

therefore defining the next learning step was difficult, they did attribute changes 

in their practice to the use of the matrix, as illustrated in the following extract: 

(DNP1: 10) The matrix is providing the breadth of science and an 

understanding of standards and expectations. 
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Issues and concerns for the researcher were still largely centred on classroom 

practice: the alignment of teachers' assessment beliefs to practice, science 

conceptual understanding, the expectations and differences between levels, 

and strategies for developing students' thinking. As teachers' pedagogy 

developed they required more knowledge and support around thinking 

strategies to share with students, investigative skills and strategies, and more 

specifically fair-testing. They still needed support in developing their science 

conceptual knowledge and identifying appropriate learning activities in which to 

progress students' science understanding and thinking. 

A change in emphasis in planning the units of work was evident: teachers now 

identified students' needs and the next learning steps before selecting the 

context of learning. Each learning intention was supported by a number of 

activities, thus providing more learning pathways and more opportunities to 

develop deeper understanding. As teachers began to understand that skills 

cannot be taught in one situation with the expectation that they will be 

automatically applied to another, the need for more student learning 

opportunities to facilitate the transfer of concepts and skills became apparent. 

38 Observation of teacher participants 

As teachers' familiarity and understanding of the matrices developed, changes 

in their pedagogy and student outcomes became more evident. Teachers' 

assessment practice became more integrated into their teaching and field notes 

recorded more teachers using the matrix indicators as learning intentions, which 

they shared with students and referred to during discussions about learning. 

Feedback to students was around thinking, and not just knowledge. Teachers 

also showed themselves as learners to their students: 

(T4. FN1 : 62) Teacher: I'm not sure either, but if we were thinking like a 

scientist how would we work? 

(T2, FN3: 34) Teacher: We will refer back to our diagrams (before views) at the 

end of our unit and see whether we have changed our minds. 
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As teachers used formative assessment data to shape learning, they provided a 

variety of strategies and opportunities for sharing knowledge. Teachers used 

assessment data formatively to make decisions about students' learning and 

the learning pathways: 

(T4. FN1 : 64) Teacher: What have other people discovered? 

Students shared what they had done, all the time trying to 

determine whether the substances were alkaline, acids or 

carbonates and why they got the reaction they did . Students 

wanted to know why this had happened. 

The teacher wrote up the students' question and 'parked ' it to be 

referred to at a later stage. The students were happy that the 

question had not been ignored. The teachers' explanation , when 

asked why she had made that decision, was: 

It would have distracted from what we are learning. We need to 

keep to our learning intentions. We will return to it at the end of 

the unit, once we have reflected on what we have learned. 

Field notes over the cycles identified a number of changes to teachers' 

pedagogy. Students had more opportunities to engage in discourse with their 

peers, and readily challenged each other's ideas: 

(T3. FN3: 26) New entrant students were independently drawing a diagram 

of sun and the earth . As they worked they talked about their 

drawings and challenged each other's ideas. 

Student A: You don 't need to put all those bits around the sun. 

The sun goes to the earth. 

Student B: The sun is huge 

Student A: That is not how you do it. You don 't need all that stuff. 

(Lines coming out from the sun). 

Student C: It has a ring around it. 

Student C: You forgot a ring around the sun. 

Student D: You don 't need one around the sun. 
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Teachers also provided opportunities for students to model their ideas, thus 

helping to put abstract ideas into action. Teachers' talk became more explicit 

about the way scientists work and students were given more opportunities to 

carry out independent investigations and co-construct their understanding. For 

four teachers this was still a challenge, while for the other three it was accepted 

practice. The following excerpts demonstrate the differences in teachers' 

practice: 

(T7. FN1: 76) Teacher: Turn to the person next to you and talk about what is 

happening. Who will share what they thought, what you saw 

happening? 

Student: It went bubbly when we put in the tartaric acid and the 

citric acid 

Teacher: What did we learn today? 

Student A: If you use heaps of substances that aren 't acids we 

would have a bigger reaction. 

Teacher: Perhaps we could look at changing the quantities 

Tomorrow and see whether you are right. 

A student commented : we have done really well today because 

we put all the things in the right way - the right order and the right 

amount. 

(T4. FN1 : 64) Teacher: What reaction did you get? 

Student A: It changed colour 

Teach er: What else happened? 

Student A: Nothing 

Teacher: So what substances have we got here? 

Student A: An acid and I don 't know what the other one is. 

Teacher got the checklist of what happens when an acid and a 

carbonate and an alkaline and a carbonate are mixed. 

Teacher: Let's stop the class and see if they can help. 

We have a question for good scientific brains. 

She explained what had happened and asked for ideas. 

Student B: They could both be carbonates 

Student C: They could both be alkaline 

Teacher: They are not powders so they can't be alkaline 

Student C: O.K. They must be acids and you don 't get a reaction. 

The teacher complimented the children on their scientific thinking . 
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Teacher T4 consistently used feedback to show students learning that was 

valued: students' thinking, being risk-takers, working scientifically and their 

concept development. She also modelled the 'teacher as a learner'. 

3C Intervention 

A significant trend emerged during this cycle. A growing familiarity with the 

matrix enabled teachers to describe student achievement in terms of the matrix 

"aspects" and "indicators" and provide the next-step learning, with links being 

made to other curriculum areas. Contexts of learning were selected to support 

learning needs identified by the matrices. 

As teachers' knowledge and understanding of science concepts and 

constructivist teaching developed, they became more aware of the students' 

ideas and misconceptions and how these were at variance with scientists' 

ideas. These differences began to form the basis for discussion and · 

investigation. As teachers became more focused on student achievement a 

number of new issues emerged. There was a growing awareness that students 

needed several opportunities in which to develop knowledge and skills and this 

placed considerable pressure on teachers as they endeavoured to find more 

activities or to modify the ones they already had. This was, in part, due to the 

ongoing theme of teachers' limited conceptual knowledge of the context. 

Emerged themes became more complex, rather than being 'solved'. Students 

needed to model their understanding, the management of the students and the 

activities was difficult and grouping students so that optimum learning occurred 

for all students was challenging. 

(T1 int C3) The matrix indicators and aspects are more about what I need to 

be doing for the students, rather than what they need to be doing. 

I have to ask 'what am I going to be doing as a teacher to make 

sure these are met'. 
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Interpretation of the aspects continued to be varied and one teacher's 

insistence that her level two students could be described by the level four 

indicators is an example of this. It also highlighted the danger of 'atomising' 

aspects for the purpose of progression, rather than viewing all of the aspects 

within a level as being interdependent and contributing to understanding in 

science. 

Developing a progression of learning around worthwhile goals was raised as an 

issue by the researcher. Teachers decided the aspects, such as "Using 

Scientific Vocabulary", which had become tacit knowledge and were now 

inherent in the way they taught, were not appropriate. Other aspects, for 

example "reporting", were considered to be worthy of progression. 

30 Reflection: Interviews 

The same trends continued to emerge from the individual interviews, albeit they 

became more complex as teachers refined their practice. 

Engagement with the exemplars and matrix 

The exemplars and associated matrix influenced teachers' practice and the way 

they viewed science teaching and learning and their expectations they held for 

their students: 

(T7 int C3) We would have got the activities around levels two and three and 

done them. 

We never would have thought - what things can they do and 

what is the next-step. 

Now we look (at the matrix) and think the students are here, what 

do we have to do to get them to the next step. 

Assessment knowledge and pedagogy 

Teachers' ability to ascertain worthwhile goals, establish 'reliability' in the way 

they understood and interpreted indicators, moderate and establish standards 
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and expectations of student achievement, continued to be hindered by their 

limited science and assessment knowledge. Even so, change did occur: 

(T 4 int C3) We are developing inquiring minds - they have the skills now to 

ask questions and to test their questions and predictions. They're 

just about able to learn independently. You need to revisit 

activities and let the students try different combinations of their 

ideas and theories so that they learn in-depth. 

They see patterns and relationships more clearly because it is 

Happening again and again. But they see variations and say 'oh 

what is happening here? 

Why is that happening? They can do something about it. 

Teachers began to identify goals for progression from unit to unit around 

student needs. Still, the issues of school-wide data collection and progression 

continued to challenge teachers as they tried to determine key aspects as 

worthwhile learning goals in which to effect a progression. 

(T1 int C3) 

Pedagogy 

We need to know what the children will need at the next level -

that's the school-wide thing. It's not so much the content but the 

skills of how to learn it (the science content) and what learning is. 

The matrix provided teachers and students with a more comprehensive view of 

science. As a result teaching strategies changed, teachers shared the learning 

with the students, co-constructed ideas and understandings with them, and 

provided opportunities for the students to carry out their own investigations. 

Focused, organised and explicit planning allowed teachers to engage in more 

deliberate acts of teaching. 

Teacher as a learner 

The importance of working collaboratively and having open discussions was 

expressed by all of the teachers: 



(T2 int C3) Helping each other has really enriched our programmes, instead 

of putting things in the too hard basket we are challenging 

ourselves and it is impacting on the children. 
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The teachers' attitude to the action research study was instrumental to its 

success. Teachers were totally committed to improving their practice and the 

achievement of their students and the following comment is characteristic of all 

the teachers: 

(T6 int C3) What has changed for me is my enthusiasm and willingness to 

give science a go. The fact is I know that I am going to make a 

difference for those children and that for me is the bottom line. If 

I am going to make a difference for the kids then I will try 

anything. 

(T5 int C3) I've thought it through (the lesson) and I think that is a big thing. 

It's good; I mean I'm only growing. I don 't like it but it has actually 

done me the world of good - especially because I have been 

teaching for such a long time. 

Action research model 

As teachers saw the improved outcomes for students they began to value the 

observations and the feedback on their practice. Teachers were far more 

reflective, they confronted old assumptions about teaching and learning and 

new ones about participation of students. The discussion and support became 

more specific and detailed. The following excerpts illustrate the value of 

reflection and coaching, as well as the need for researchers to be empathetic 

and to form relationships built on trust and respect: 

(T6 int C3) It's almost the ultimate of teaching to have someone with the 

knowledge able to come in and share, but allow people to learn. 

Which is what we are doing. But you have to have the right 

people. 



(T4 int C3) The meetings after the observations have been useful because 

we have had to reflect and think about where we are going to go 

next. 

And to have someone asking the questions, to point you in the 

right direction is really useful. I really like this model (action 

research) and I think the in-class observations and support, even 

though it is uncomfortable, is definitely worthwhile. It's the 

professional input and how often do you get a chance to discuss 

something in your room. 

Summary of Cycle Three 
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Assessment emerged as a significant theme and became more complex as 

teachers' knowledge and practice developed . Teachers began to focus on 

school-wide issues of assessment: what data to collect and how to make 

assessment of matrices aspects and indicators more manageable. Teachers 

continued to have detailed 'head notes'15 and in fact made no change to 

assessment practice in terms of collecting and recording data. 

Students' needs were determined by good assessment practice and teachers' 

increased knowledge of science began to shape learning opportunities. As a 

result, student outcomes changed , with deeper learning occurring as students 

worked in more constructivist and scientific ways. Students were increasingly 

reflecting on their learning and were more empowered to think and learn for 

themselves. Each classroom was developing as a learning community and 

teachers were promoting particular learning attitudes of open-mindedness and 

being responsible risk-takers. 

15 
Head notes are the information and ideas teachers ' hold in their heads about students ' achievement. 



86 

Cycle Four 

4A Planning for action 

The two teachers from School B who continued into Cycle Four, identified 

progression in student learning as being critical. Interpretation and the 

differences in meaning between the indicators and aspects emerged as being 

problematic because of the teachers' limited science understanding. In order to 

continue building knowledge of the matrices, teachers revisited them, identifying 

the learning students brought to the new unit, and the gaps that still existed . 

Matrix indicators and aspects provided the assessment criteria and the foci 

were: "investigating, collecting data in a systematic way" and "explaining and 

justifying ideas". Discussion around these aspects was essential to clarify 

teachers' thinking and understanding. 

As teachers and students learned to work in a constructivist way further issues 

emerged: students needed a number of skills in order to be able to investigate 

and they also needed teachers to provide the opportunity for them to work 

independently, scientifically and systematically. Teachers were challenged to 

'exploit' learning opportunities so that multi-faceted learning (reflecting on 

learning , metacognition , taking individual needs into account) occurred . While 

the planning had become accepted practice, teachers still needed support in 

identifying worthwhile learning goals and in developing their understanding of 

the science concepts . 

48 Observation of teacher participants 

Field notes revealed that over the past three cycles students had developed 

significant investigating skills of "exploring a situation, collecting data 

systematically, making predictions" and "asking questions" and were now 

expected to process and interpret their data. Aspects and indicators previously 

developed were now part of the teachers' and students' discourse and 

influenced the way they worked , but the teachers' lack of conceptual 

understanding did at times influence the questions and constrain the thinking 

and learning, as illustrated by the following extracts: 



(T1 . FN3: 75) Teacher (to five and six year old students): We have some 

wonderful mixtures. We have started off with a powder and a 

liquid and we now have some very interesting substances. What 

has happened? Are some substances a powder or are they 

liquids? What else have you found out? 

Student A: We have something that is not a powder and it is not a 

liquid. But we don 't know what it is. 

Teach er: Can you describe it? 

Student B: It is hard but it is a liquid. 

Teacher: Where did the powder go? 

Student C: The powder went into the water so we don 't have any 

more powder left. 

Student D: We have some hard bits that are in a liquid. It isn 't a 

powder any longer. 

(T2. FN3: 77) Teacher: Before you mix the substances I want you to think about 

their physical properties. I then want you think about what might 

happen to the physical properties when you mix two substances 

together. You will then need to record your prediction. 

Student: Some substances might not mix. They might stay the 

same. 

Teacher: Can you explain that a bit more? 

Student: The two colours might not mix, they might stay the 

same. 

These students were six and seven years old. 
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Progression in learning continued to be a problem. However as the teachers 

decided to develop a progression across aspects within a matrix, rather than 

atomising one aspect and trying to develop a progression from level one to level 

three, they came to understand how the aspects in the matrix were related to 

each other and not independent entities. For example in order for students to 

"process and interpret" data they need to have "explored a situation" and 

collected data "systematically", using "scientific conventions". 

Observations revealed that teachers' assessment knowledge and practice had 

become much more integrated. Students and teachers worked more in 

partnership and students contributed to learning intentions and success criteria. 
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Students began to accept more responsibility for their learning, were more 

motivated and the changes in student learning were significant, as were the 

changes in the teachers' pedagogy. While much of the learning had been 

around science conceptual understanding at the outset of the research project, 

learning in Cycle Four was evidenced in the way students worked scientifically. 

Students were given more independence in setting up and managing their 

investigation and were expected to use the whole investigative process. The 

following excerpt illustrates the way the year two (six year old) students worked : 

(T1 . FN3: 73) Students were very intent on carrying out their investigations 

and recording their data, especially making the predictions and 

finding out whether they were correct. All information was 

carefully recorded on the following sheet: 

Mix We think I Predict We Notice X -V 

Teacher: L can you share with us what you found out? 

Student: We mixed D and oil. 

Teacher: What did you predict would happen? 

Student: It would be icy and bumpy. 

Teacher: What do you mean by icy? 

Student: It would be white. 

Teacher: Did you think it would be cold if it were white? 

Student: Yes. 

Students were encouraged to relate new knowledge to what they already knew. 

Teachers scaffolded the learning in ways that best facilitated the development 

of the students' understanding. As students became more cognisant of learning 

goals and reflecting on their learning, they readily shared their ideas. Students 

now had the skills to carry out independent group investigations. Teachers 

modelled the investigative process so that students were able to record their 

data systematically, use scientific vocabulary and work as 'scientists': 



(T2. FN3: 83) The teacher reminded the students of how to carry out an 

investigation and what they would need to think about: 

• Remember we are mixing a solid and a liquid. 

• When you are predicting you will need to think about the 

physical properties of the substances. Make sure you write down 

your prediction before you start. 

• You will need to look carefully to see if there is a change in 

texture, colour, smell, solid or liquid. 

• Remember how to measure, and how to keep things fair. 

The equipment was set out for the children, they were put into 

groups and then they organised the group tasks and how to 

manage the investigation. 

Every student was intent on the investigation and made sure they 

worked "like scientists", the criteria for which had been 

established over previous learning opportunities and modelled by 

the teacher. 

• They measured carefully and all checked it was correct 

• They collected data systematically and recorded everything 

• Students challenged each other to provide explanations 

• They were able to talk about their predictions 

• They were able to use words to describe the physical properties 

of substances 

•They kept their equipment and workspace clean 
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As students worked independently teachers moved around the room asking 

questions of students and challenging their thinking. A significant change in 

practice occurred for Teacher 2, who had strongly felt the students could not 

independently investigate. 

4C Intervention 

Growing familiarity with the matrices allowed teachers to more 'scientifically' 

describe their students' achievement and identify the next learning step for 

students. Teachers were amazed at the achievement and engagement of their 
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students, the considerable changes to their own teaching practice, and the 

depth of knowledge about 'science' for both them and their students. 

As teachers' science pedagogy developed, new issues emerged. Teachers 

wanted students to investigate 'flawlessly'. They did not see as valid students 

reflecting on their investigative process, identifying how to improve it and then 

carrying out further trials. Moreover the teachers saw the management of the 

investigative activities as being problematic. They also saw the collecting of 

individual student data in 'investigating' situations as problematic. 

The ongoing theme of teachers' limited conceptual knowledge continued to 

raise issues of: the conceptual pathway of the science ideas, the need for more 

activities in which to develop students' understanding of science concepts, and 

how to provide individual students with the next learning steps. 

The problem of teachers' pedagogical knowledge changed as their practice 

developed. Teachers were now more concerned with the theoretical 

underpinnings of the nature and purpose of investigating, the validity of allowing 

students to investigate independently, the way learning and meaning takes 

place, ownership of learning, and conceptual understanding in science. 

Professional reading and discussion around these points was necessary. 

Understanding formative assessment, and a commitment to raising students' 

achievement, focused the teachers on identifying the differences between the 

indicators and aspects. A need to develop further formative assessment 

strategies became apparent to the teachers and the researcher. 

40 Reflection: Interviews 

The trends that had emerged in previous cycles were on-going, but the teacher 

as a learner became more significant as the two teachers took more risks with 

their practice, and trialled new strategies and ways of working. 
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Engagement with the exemplars and matrix 

Another issue was raised, that of implementation. All teachers felt that without 

support, teachers would not use the exemplars and matrix with understanding 

and their use would not be sustained. 

(T2 int C4) If teachers were just given the matrix I don 't think they would be 

able to use it as effectively if they did not have the support the 

way we have. 

Assessment knowledge and pedagogy 

Teachers' notions of progression over year levels developed but continued to 

be a problem as teachers grappled with what progression was and how it 

impacted on them. Progression was seen at a classroom level and a school

wide level: 

(T1 int C4) The long-term overview is important so that children can have 

experience in all aspects. For juniors some have to be scaffolded 

really carefully. Some [aspects] they need to learn before 

others ... We need to build on aspects and indicators school

wide. The older children need to deal with the more complex 

ones. 

While teachers were adamant that progression should occur, the decisions 

about worthwhile goals on which to base progression, and its management, 

proved difficult and requires further thought and research. 

Pedagogy 

Teachers were able to identify individual achievement, determine learning 

pathways and provide learning opportunities for students, including students' 

with diverse needs: 



T1 int C4) B (a special needs student) has managed to do all of this (science). 

He has loved it. And at the same time I can challenge the more 

able children by asking them questions and providing different 

challenges for them. Just pushing them that bit further. 
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Outcomes for students changed over the four cycles. Students were working in 

a more co-constructivist way, had a better understanding of the nature of 

science and the way in which they themselves learned. Student achievement 

was raised, as students knew the learning goals and how to achieve them: 

(T2 int C4) I've been trying to stand back and give them more 

independence ... they have loved having ownership of their 

investigating - setting them up themselves and making choices. 

(T1 int C4) Students not only have the knowledge but they are aware of the 

differences in their thinking as well. 

Planning was identified by the teacher participants as being fundamental to 

success, as learning goals and learning pathways were clearly identified , and 

teachers took responsibility for developing their scientific knowledge. The 

following excerpt illustrates the changes to teachers' practice and thinking: 

(T1 int C4) As the year has gone on they (students) have got better at 

explaining their learning .. . to me it's the big link between 'what 

we are learning, what we already know and what we need to find 

out. ' 

Teacher as a learner 

Over the four cycles the two themes of the action research model and the 

teacher as a learner were influential in the success of this action research 

project. The teachers identified as being significant: working collaboratively, 

having a commitment to the development, reflecting on their practice, and the 

support of an outside facilitator. The following excerpts demonstrate the 

themes: 



(T1 int C4) We have developed a strong professional dialogue amongst our 

team. There is a culture that has been established of absolute 

honesty of what works and what doesn 't. We have helped each 

other. There have been no barriers and we have just wanted to 

get into it. The whole team involvement has been really 

important. 

Teachers valued the opportunity to reflect on their practice and their learning 

and to be able to articulate their learning. When they did this as learners they 

were able to simultaneously facilitate the same learning process for their 

students. 

(T2 int C4) The self-reflecting has been really positive. Without the interviews 

I don 't think that (self-reflecting) would have happened .. . The 

meetings after school were really good as we could discuss 

things if we got stuck otherwise we might have given up. 

(T1 int C4) You have scaffolded us in learning how to use the science 

exemplars and the matrix and putting in the science ideas so 

that we've grown like the kids have grown in their learning. So 

you have modeled exactly for us as teachers what we should be 

doing with the children. I think that has been huge. 

Summary of Cycle Four 
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Teachers and students developed a greater awareness and understanding of 

science and the teaching and learning of it. Teachers considered the planning 

as being a vital factor in the success of the development. The teachers 

identified worthwhile learning goals, and how to recognise and achieve the 

goals. In raising student achievement, the enthusiasm and confidence of both 

themselves and their students improved greatly. Students constructed their own 

understandings as teachers challenged their students' thinking and ideas, and 

allowed them to trial, explore and engage in discourse. Students had clear 

expectations and support to achieve learning goals and become independent 

learners. Teachers accepted responsibility for effective teaching and learning in 
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science, and identified their own knowledge as being critical to the students' 

achievement: 

(T1 int C4) My knowledge has made the biggest difference to the students' 

achievement. Also the planning, thinking things through, knowing 

where you are headed and what you want to achieve. 

Chapter summary 

Two problems emerged as being foundational to the research study: teachers' 

limited science knowledge and pedagogy, and , teachers' limited formative 

assessment practice and knowledge. These continued to iterate through the 

four cycles . Changes to the teachers' expectations of student achievement, 

developed through the National Exemplars and associated Matrix, were 

instrumental in motivating the teachers to reflect on their practice and to make 

the changes that resulted in improved outcomes and achievement in science for 

their students. Teacher and student questioning improved, students more 

independently carried out investigations and teachers focused on student 

learning rather than activities per se. A more comprehensive understanding of 

the nature of science, science conceptual knowledge, science pedagogies and 

formative assessment practices appropriate to effective science teaching and 

learning were developed. The teacher as a learner and the nature of the 

professional development/action research model significantly influenced these 

understandings. 

Chapter Five, the Discussion, will consider these changes, the factors that 

impacted on their development and links to the literature. 
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CHAPTER 5: Discussion 

Introduction 

This research study set out to investigate the impact of the National 

Exemplars and associated Matrix on teaching and learning in science. The 

seven teacher participants in the study were teachers of five to nine year 

olds, with the major cohort of students falling into the six and seven year old 

group. Therefore changes to teaching and learning in science are viewed 

and interpreted through that lens. This chapter revisits the literature 

reviewed in Chapter Two and the data and the emerging themes presented 

in Chapter Four. Drawing these together, the study identifies, with theoretical 

underpinnings, the changes to teaching and learning in science and the 

issues and factors that impact on the changes, as a result of the teacher 

participants interacting with the National Science Exemplars and Matrix. 

The researcher argues that the National Science Exemplars and Matrix 

provide a framework which identify and describe the important goals of 

science, signal "educationally significant learning progressions and clarified 

curriculum expectations and standards" (Chamberlain , 2000, p. 3) , provide 

the focus for dialogue and professional development and, as a 

consequence, impact on teaching and learning in science. In interacting with 

the exemplars and matrix two problems which restricted the teachers' 

understanding and use of the exemplars and matrix were revealed: firstly the 

teachers' limited science conceptual knowledge, science pedagogy and 

knowledge of the nature of science, and secondly the teachers' confused 

notions of formative assessment practices and more specifically progression 

in science. The researcher contends that fundamental to addressing these 

problems, was the nature of the action research model and the 'teacher as a 

learner'. 

Science teaching and learning: Putting new theory into practice 

The teacher participants in this research study, like most primary school 

teachers (Harlen, 2000), had little understanding of the nature of science 
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and as a consequence this impacted on the way they taught science in their 

classrooms. In viewing science teaching to be the 'telling' and learning of 

'scientific truths' (Carr et al., 1994) teachers covered science concepts which 

were 'told' to students with little opportunity for them to engage in deep 

learning (Entwistle, 1992, cited by Gipps, 1999). 

The matrix, in providing a broad framework for teaching and learning in 

science, was instrumental in raising the teachers' awareness of the nature of 

science and identifying for them additional worthwhile goals of science: 

investigating in science, the way scientists work and think, communicating 

scientifically and the way in which the work of scientists interacts with 

society. As a result of the teachers' growing awareness and understanding 

of the nature of science, developed through using the exemplars and matrix, 

changes to the teachers' pedagogy were effected. As teachers endeavoured 

to provide opportunities for students to work, think and communicate their 

understandings in scientific ways, the teachers identified a need for teaching 

strategies that would cause learning to occur. Constructivist theory 

underpinned the changes to the teachers' science pedagogies. 

Co-constructivism 

Co-constructivist theory purports that any significant change that occurs in 

learning , happens in the head of the students and therefore students must 

play an active role in 'constructing ' their own meaning (van Glaserfield , 

1990). In order to realise this , the teachers increasingly provided the 

opportunities and the expectation that students would share, explain and 

justify their ideas, and negotiate meaning, thus supporting the claims of 

Prawat (1993, cited in Treagust et al., 1996) that through discussion 

meaning is constructed. Some students began to have the same 

expectations of their peers when they worked collaboratively and, as Sadler 

(1987) states, learned by taking on the role of teachers and examiners of 

others. The teachers also found that in working collaboratively, students 

were able to give and receive elaborated explanations, thus constructing 

their own understanding and challenging the ideas of others (Sadler, 1987; 
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Resnick, 1989, cited in Gipps, 1999). Increasingly teachers made more 

provision for students to engage in group work, rather than participating in 

whole class or individual activities, and found that in working collaboratively 

the tasks became the responsibility of the whole group and reduced the 

possibility of failure (Sadler, 1987). 

The expectation that the students would work collaboratively required 

additional skills that teachers had to attend to before the students were able 

to work effectively in this way. Students had to learn to work co-operatively 

and, especially for the youngest students, learn to take turns and to listen to 

each other. In grouping students so they could work collaboratively two 

issues were raised: should the groups be mixed ability so that the older and 

or more able students could guide the other students and record the groups' 

ideas, or should the more able students be put together so that they could 

challenge and extend each other's understanding? Thus highlighting the 

dilemma of whether teachers should be concerned with the management or 

the cognitive engagement of students (Windschilt , 2002, cited in Le Cornu & 

Peters, 2005). In response one teacher set an individual goal of trialling 

different grouping and management strategies, and monitoring the changes 

in students' achievement and engagement. 

The need to develop teaching strategies that allowed for individual children 

to be challenged and supported in their learning became evident as teachers 

became more aware of students' learning and saw the students as 

individuals. 

(T 4 int C3) The matrix criteria have been broken down to such a stage where 

you have to think about the individuals. You cannot use it to judge 

the whole class. It supports more individual type work. 

In order to support individual students' learning, teachers had to access the 

students' ideas. The teachers provided their students with opportunities for 

the declaration of existing ideas, through dialogue and through writing down 

their ideas; the consideration of other ideas (both other students' and 
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scientists' ideas) to see whether they made more sense; and the opportunity 

to change their minds as they co-constructed meaning. As Jenlick (1996, 

cited in Le Cornu & Peters, 2005) states, learning is a process of 

accommodation or adaptation, based on new experiences and ideas. 

While some conflict exists as to the purpose and usefulness of eliciting 

students' ideas prior to beginning learning experiences in science (Asoko, 

2002), eliciting students' prior knowledge was an enlightening activity for five 

of the teacher participants, as they had previously not considered what their 

students might already know. In gaining an awareness of the differing views 

their students held, the teachers came to understand the complexities of 

teaching science. Teachers were also led into examining their own science 

concepts and in some instances shared the misconceptions that their 

students held . 

Over the research cycles the teachers came to appreciate that it was not just 

the students' ideas alone that were important but the differences between 

their ideas and the science ideas to be taught (Hewson , 1991 , cited in 

Stahly, Krockover & Shepardson , 1999; Watts , 1994; Novak et al. , 2000; 

Davies, A, 2000). For three teachers this changed the context and structure 

of learning opportunities so that they provoked discussion and debate rather 

than assigning pre-determined activities to deal with students' questions 

(Ritchie, 1998). 

(T1. FN2: 53) I need to create a gap in their ideas so that we have a pathway 

forward. I want them to prove or disprove ideas. 

Moreover, in order to create 'gaps', teachers had to ensure that their own 

scientific understandings were sufficient to challenge the students, present 

other conflicting ideas and scaffold the students' learning as they 

constructed new understandings. As stated by Harlen (2000) and Black and 

Wiliam (2000) , teachers need a thorough understanding of the fundamental 

principles of a subject if they are to cause thinking to occur, and to this end 

the teacher participants undertook professional reading and professional 
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development supported by the researcher. They grew to rely on each other 

as they pooled their knowledge and accepted responsibility for finding the 

knowledge they needed. In developing this 'community of learners' the 

teachers were putting into practice the principles of participatory action 

research, which aim to improve understanding and practice and the 

situations in which the participants function through collaboration and 

critique of their practice. 

In order to develop a deep understanding of science concepts, Ogborn, 

Kress, Martins and McGillicuddy (1996, cited by Asoko, 2002) assert 

teachers have to give abstract ideas some form of physical reality to 'talk 

them into existence' . The teachers effected this by providing students with 

opportunities to model their understanding. 

(T3. FN3: 40) Teacher: Who would like to have the first turn to show us what 

happens? What will the sun be doing? 

Student A: Staying still. 

Teacher: What will the earth do? 

Student B: The earth is going to go around the sun. 

Student C: I don 't think that is quite right. 

Teacher: 0 . K. who wants to have a turn? 

Does the earth go around the sun that fast? 

Students modeling the earth spinning . 

Teacher: Stop. Is it day or night? 

Student E: It is night. 

Teachers also focused on finding ways to introduce and explain useful and 

relevant ideas at appropriate times and in ways that made sense to their 

students. As Sutton (1992, cited in Sprod, 1998) asserts, practical 

experience does not itself bring about learning until it is animated by ideas. 

This was difficult for teachers who were skilled at organising and managing, 

but not skilled in strategies for managing students' intellectual engagement 

in science (Windschilt, 2002, cited in Le Cornu & Peters, 2005). Explanation 
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and challenging students' ideas is much more than 'telling', and difficult for 

teachers if they do not have the science knowledge. 

In changing from being the 'tellers' of information to being concerned with 

students constructing understanding, the teachers became facilitators of 

student learning and therefore concerned with the management of learning 

and learning opportunities. Teachers provided opportunities for students to 

model , collaborate and reflect on their learning and as a consequence 

students engaged in more discourse. 

Discourse 

The teacher participants in providing more opportunities for students to 

engage in discourse found discourse also improves thinking and develops 

reasoning skills . As Lawson (1990) asserts, reflective reasoners are more 

likely to change conceptions under instruction and as a result students' 

ideas can be socially mediated . Prawat (1993, cited by Ritchie , 1998) states, 

it is through socially mediating ideas that students have their ideas 

challenged by their peers and others and sometimes it is only then that 

students become aware that other people hold different ideas. As Crooks 

(1988) claims, students are often more accepting of criticism from their 

peers. As a consequence, teachers phrased talk around learning, moved 

from whole class interaction to groups, with pairs talking about ideas and 

then sharing them collectively. The importance of questioning skills in 

facilitating students' thinking and understanding quickly became evident. 

Questioning 

Phrasing a question requires a detailed knowledge of the context, an 

understanding of the difficulties that students might have in constructing 

meaning (Asoko, 2002) and the creativity to construct questions that would 

stimulate productive thinking (Black and Wiliam , 2000). The teachers' 

questions improved significantly over the cycles of action research as they 

became more comfortable and knowledgeable about co-constructivist 
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teaching and developed their own science knowledge. Questions changed 

from merely eliciting students' ideas (surface learning 16
) to being more 

probing and thus extending students' thinking (deep learning), thereby 

utilizing Vygotsky's (1992, cited by Gipps, 1999) notion of scaffolding . 

Teachers used the matrix indicators to help them frame questions, challenge 

and extend students, and cause thinking to occur, as their students 

constructed meaning from their experiences and ideas. Thus, growth in 

teachers' questioning skills was directly attributable to the matrix and 

exemplars: 

(T6 int C1) 

Planning 

I have the matrix on my knee when I am talking to the children. 

Then when I get stuck I can look at it and think " oh yes that is 

what I am trying to do". 

The teachers identified planning as being a significant factor in the success 

of the action research study. The planning (see Appendix 7) , with its 

identified learning goals and criteria for success, caused teachers to be 

focused and knowledgeable about what they taught and about what 

students' constructed meaning. Teachers were then able to ask more 

effective questions. This finding is supported by Vygotsky (1992, cited by 

Gipps, 2001), Cavalcante, Newton and Newton (1997, cited in Asoko, 2002), 

Clarke (2001 ), and Black and Wiliam (2002) and Clarke et al. (2003), who 

state lessons that introduce a conceptual structure, that is are scaffolded, 

are more effective in causing students to think and understand. 

As the teachers put into practice the principles of co-constructivism they 

became critically conscious of the dynamics of their classroom culture, 

classroom management and the patterns of classroom discourse, as well as 

the thinking and learning within them (Windschilt, 2002, cited in Le Cornu & 

Peters, 2005). Therefore, the focus in planning units of work moved from 

identifying learning goals, success criteria and supporting activities to 

16 S rf: I . I . . . f u ace eammg: rote eammg and memonzat10n o facts . 
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discussing the best teaching strategies to use and how learning 

opportunities could be best exploited to allow learning to occur. 

Teachers narrowed their teaching focus and the number of concepts they 

wished the students to 'learn' and began to appreciate that depth of 

understanding, and not coverage of a number of learning goals, was 

important for deep learning. Brown, Collins and Duguid (1995, cited in Bell & 

Baker, 1997) and Prawat (1993, cited in Ritchie, 1998) argue that the more a 

concept is used, the more it will be recast and understood in a more densely 

textured form and as such has implications for planning learning 

opportunities. In narrowing the contexts of learning, teachers also developed 

their understanding of science in a deeper and more flexible way, which 

allowed them, as Hattie (2002, p. 22) asserts, "to organize and adapt 

knowledge structures to the diverse interests and abilities of their particular 

students". The teachers were able to engage in more explicit acts of 

teaching. 

Children investigating 

The students' participation and skill in investigating was evidence of their 

teachers' changing pedagogy and understanding of science. The teachers 

had held a view of 'investigating', usually developed through their own 

science experiences, that tended to see investigating as a research model17 

or a fair-testing model where results were almost predetermined and proved 

the science 'truths' (Watts, 1994). They therefore had deemed investigating 

to be unsuitable for young students (five to nine year olds). 

The teachers, in developing their own understanding of investigating in 

science through using the framework in the "Investigating in Science" (Matrix 

B), changed their students' understanding and achievement in investigating 

so that students were able to independently carry out simple trials, 

systematically collect data and explain and interpret their results. Through 

collaboratively carrying out investigations, students were able to construct 

17 
Research Model: Information gained from books or talking to people, and therefore a secondhand 
experience. 
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conceptual understandings through negotiating meaning with their peers and 

teachers (Watts, 1994). 

Interacting with the exemplars and matrix 

While it could be argued that the changes to teachers' practice and 

understandings could be achieved through professional development and 

discussion about co-constructivist teaching , the teachers and the researcher 

believe that the matrix and the exemplars were fundamental to raising 

teachers' awareness of teaching and learning in science. The exemplars 

and the matrix also provided a framework (Dufour, 2004) around which to 

base professional discussions, which in turn identified specific professional 

development needs such as the development of teachers' science 

conceptual knowledge. 

The matrix 

The matrix raised teachers' awareness of the nature of science, identified for 

them additional worthwhile goals of science, and provided the teachers with 

expectations for the way science could be taught and learned. The matrix 

aspects were at times the learning goals, such as "making predictions" and 

"asking questions" (Matrix B: Investigating in Science), while at other times 

they were inherent in the activities provided and informed the way the 

learning activity could be structured , such as "reflecting on their 

understanding" and "using quantitative ideas" (Matrix D: Developing and 

Communicating Scientific Understanding) . However, while some of the 

aspects were inherent in the activities, that is they provided a pedagogical 

function , they could also be shared with the students as learning goals 

(intentions) and formatively assessed (Black & Wiliam, 1998; Gipps, 1999; 

Harlen, 2000; Clarke, 2001 ; Clarke et al. , 2003). 

(T1 int C3) The matrix aspects and indicators have become a 'generating' 

influence for how you 'do' the teaching. 
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Teachers could see how ideas were linked and interdependent within and 

across matrices. For example, students do not carry out "simple trials" 

without "having a question" to answer, "an idea of what might happen", 

"carrying out observations" and "collecting data" (Matrix B: Investigating in 

Science). In "explaining their ideas", students need to have the appropriate 

"science vocabulary" (Matrix D: Developing and communicating Scientific 

Understanding). The matrix, supported by the exemplars, provided the 

teachers with manageable learning pathways (Sadler, 1989; Harlen, 2000; 

Clarke, 2001; Black &Wiliam, 2002; Huinker & Freckmann, 2004). Initially 

the teachers were concerned that an assessment focus on learning goals 

other than knowledge would be harmful to students' science knowledge. 

This proved to be unfounded and teachers soon insisted, and were 

supported by student work and researcher observations, that the students' 

conceptual knowledge had improved. 

The teachers floundered in trying to develop a progression of learning and 

determine the long-term goals of science, especially those to be addressed 

school-wide. In learning to use and understand the matrix aspects and 

indicators, the teachers had focused on one or two aspects at a time. In 

atomising the matrix in this way, they then had difficulty in seeing the 

aspects as part of a whole. Teachers had at first thought they needed to 

progress their students within an aspect from level to level, and it was only 

with intensive discussion and further understanding that they began to see 

that all of the aspects contributed to the notion of 'science'. The 'overall 

progressions' in each matrix were too global for the teachers to understand 

and as a result were not useful as assessment criteria, or learning goals. 

Teachers changed from selecting aspects from the matrix that looked 

reasonably familiar or achievable to selecting aspects and indicators that 

they identified as being 'gaps' in their students' learning. As a result the 

matrix indicators and aspects drove the teaching and learning, and contexts 

of learning were selected to support the identified needs. This was also 

indicative of a change to teachers' thinking about the matrices. At first they 

had considered that the aspects and indicators were to be 'covered' and had 
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not appreciated their value in describing students' learning and identifying 

pathways for progression in learning. 

As the teachers' confidence grew, they became more intent on improving 

the learning outcomes for students and began to consider more aspects and 

indicators from the matrix, which then caused them to view science teaching 

from a more constructivist perspective. Although the teachers' knowledge of 

science developed, the pathway was not without frustrations. Some matrix 

aspects and indicators are context dependent and not the generalised skills 

or processes that the teachers had originally thought. This supports the view 

of Resnick (1987, cited in Gipps, 1999) and Gipps (1999) that skills and 

knowledge are known to be dependent on the context in which they are 

learnt and practiced, and transfer to another situation is not guaranteed. 

Rogoff and Lave (1988, cited in Hennessy, 1993) also claim that thinking is 

not only context based but is also situation specific. Therefore in order for 

students to transfer knowledge and skills from one context, or situation, to 

another, the learning has to be scaffolded (Vygotsky, 1992, cited by Gipps, 

1999) by the teacher, with comparisons being made, similarities and 

differences identified and a decision made about whether the knowledge or 

skills are useful in a new situation. As a consequence, the teachers found 

that some of their understandings of the matrix aspects and indicators had to 

be renegotiated as they and their students worked in different contexts . 

Considerable support and debate in using and understanding the matrix was 

necessary as many of the indicators were difficult to interpret and appeared 

to be very similar. As teachers became more familiar with the matrix, some 

aspects and indicators became tacit knowledge and caused the teachers to 

view the matrix as being more manageable. Teachers felt that the matrices 

were more helpful for teaching than assessment purposes. Paradoxically, 

when the researcher asked the participants to describe their students' 

learning, they did so using the aspects and indicators, from the matrix, as 

criteria. The teachers also identified the need to be very clear about the next 

learning steps, as described in the matrix, in order to progress their students' 

learning: 
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I need to know in my head what Level 1 looks like and Level 2 

looks like so that I can move them on (the students), especially 

the bright little ones. 

Many of the teachers reported that they had 'only kept anecdotal notes' and 

not done any proper assessment. These notions would suggest that the 

teachers still have a confused idea of the role of assessment in effective 

teaching and learning. 

The exemplars 

The exemplars initially provided the teachers with teaching strategies and 

activities, science conceptual knowledge, models of questioning and 

discourse and the next steps in the students' learning. As Sadler (1987); 

Gipps (1999) ; Harlen (2000) and Black and Wiliam (2002) argue, concrete 

examples should be provided as models that denote standards for 

achievement. The teachers became aware of the gap between the 

expectations of achievement and standards held nationally, and their own 

expectations of their students' achievement. 

Lezotte (1990, cited by Timperly, 2003) and Good and Brophy (1997, cited 

by Timperly, 2003) argue that teachers' expectations influence student 

achievement as the beliefs teachers have about their students' academic 

potential become the goals for their students and shape their daily 

classroom actions, including what they believe to be appropriate curriculum 

goals. This is evident in the following excerpt: 

(TS int C1) I have under estimated kids ability at this age, to cope with the 

scientific vocabulary and the thinking ... I looked at the exemplar 

and I saw what they thought was a good example (of student 

work) and / looked at the questions and I thought I have sold 

these kids short. 

We need to go back and start again and raise our expectations. 
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In developing their own science knowledge and pedagogy to meet the 

identified standards, teachers raised their students' achievement in science 

thus supporting the view of Alton-Lee (2002) and Timperley (2003), that by 

being presented with information that is discrepant with their existing ideas 

about student capability, teachers' beliefs on the impact of teaching and 

learning can be challenged, through the critique of their own practice. While 

the teachers initially compared their students' work to the samples of work in 

the exemplars, over the action research cycles they became less concerned 

with the exemplars as their own science knowledge and understanding 

developed, thus supporting Gipps' (1999) notion that teachers' knowledge 

and understanding can develop through the use of exemplars. 

(T2 int C4) As we have become more confident in using the matrix by 

ourselves ... 

We have developed an idea of what the levels might look like 

and we have not used the exemplars. 

Not all aspects and indicators are exemplified in the exemplars and teachers 

had to make their own judgements about the meaning of some of the 

aspects and indicators, and the differences between them. As a result the 

teachers' confidence in their own professional judgement developed. The 

teachers elected to moderate student's work against examples developed 

within their syndicate and raised the notion of moderating work against the 

student work of the other research school, in order to establish comparability 

(Sadler, 1989) in the way they interpreted the matrix, and to develop a more 

comprehensive notion of standards. 

The exemplars and matrix provided teachers with worthwhile learning goals 

of science, provided learning pathways for students, raised the teachers' 

expectations and standards and in so doing raised their students' 

achievement in science. As teachers' understanding of science developed, 

so too did their pedagogical skills and understanding. 
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Considering teacher change 

This next section considers the two problems that restricted the teachers' 

use and understanding of the exemplars and matrix: the teachers' 

knowledge of science, and the teachers' formative assessment practice. 

Factors that were instrumental in addressing the identified problems will also 

be discussed. 

Major themes to emerge 

Teachers ' knowledge of science 

The teacher participants' restricted conceptual knowledge, science 

pedagogy and knowledge of the nature of science impacted critically on their 

understanding of science, the expectations they had for their students and 

the professional development itself. It also accounted for, in part, the 

variations in the teachers' performance. Some of the teacher participants, in 

their previous science teaching, had avoided practical work or 'real 

experiences' , limited their students to research based investigations, 'told ' 

the students the science, avoided equipment or activities that might go 

wrong, and minimized students' opportunities to ask questions and find 

answers through exploration. Teachers initially had difficulty in probing 

students' thinking, eliciting the students' ideas, challenging the students' 

ideas, and in providing alternative views for students to consider. Harlen and 

James (1996, cited in Harlen, 2000); Black and Wiliam (2000), Guskey 

(2000) and Cohen and Hill (2000, cited in lngvarson, 2005) agree that 

without sufficient pedagogical skills and content knowledge, teachers limit 

students to impoverished and restricted learning opportunities. 

As teachers' conceptual knowledge and understanding of the nature of 

science developed through the matrices, they became aware of the 

difference this made to their students. Learning activities need to be 

continually adjusted in the light of formative assessment data, and while the 

teachers recognized this they were not always able to do so because of the 

limitations of their own conceptual knowledge. As stated by Segall (2004), 

deeper knowledge of content helps teachers select the best explanations 
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and examples, and the most appropriate methods and techniques through 

which to engage students with content. 

(T4 int C3) A change of attitude would be one of the biggest changes for 

the children. They are thinking like scientists and their whole 

interest in science, their ability to observe, question, and 

their excitement has changed. 

Teachers' conceptual knowledge is critical. Without it, teachers are unable to 

provide the next learning pathways for students, ask the questions that 

stimulate the students' thinking , and provide and adjust learning activities to 

take into account formative assessment data, thus restricting student's 

learning opportunities and progression in learning . The teachers identified 

their own knowledge of science as being insufficient to allow them to raise 

student achievement and became intent on resolving the problem through 

professional development and discussion. The result of this is evident in the 

cycles of action research (see Chapter 4) . 

Teachers ' formative assessment practice 

Changes to the teachers' formative assessment practice began with sharing 

learning goals (learning intentions) with the students, being able to identify 

'what to notice' (Harlen , 2000), developing notions of standards, and having 

appropriate expectations of student achievement. The matrix and exemplars 

were instrumental in developing teachers' knowledge and understanding of 

standards, providing the next learning step for students and providing 

feedback criteria to students about their learning . These are all fundamental 

principles of formative assessment. 

In developing a notion of the next learning steps, teachers came to 

understand worthwhile learning goals, thus shifting their teaching and 

assessment foci . The move from seeing specific 'knowledge' as the goal of 

science to understanding and accepting as valid the longer-term goals of 

science, such as "thinking scientifically, reflecting, justifying" and "explaining 
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their understanding" (all of which required the students to have in-depth 

science conceptual understanding), was gradual and linked to the teachers' 

notions of progression in learning . 

Progression in teaming 

In gathering evidence about learning , teachers and students not only need 

to be clear about the intended learning outcomes and how to achieve these, 

but, as Sadler (1989) states, how these contribute to longer-term goals. The 

teachers' notions of progression grew as they began to view science 

teaching as the progression of on-going worthwhile goals developed from 

unit to unit and across years, from novice to expert (Gipps, 1999; Harlen, 

2000). However, while teachers were able to affect progression from unit to 

unit within their own classrooms and provide learning pathways for students 

(Sadler, 1989; Harlen, 2000; Black &Wiliam, 2002; Clarke et al. , 2003; 

Huinker & Freckmann, 2004), the notion of school-wide progression was a 

difficult concept. The inability of teachers to make decisions around school

wide progression is linked to their own limited knowledge of science and 

science pedagogies and the compartmentalized way in which they used the 

matrix, as previously discussed. Further experience in using the matrix and 

investigation of progression is required . 

Sub-themes to emerge 

The action research I professional development model 

This research study employed principles of professional development and 

action research. The 'professional development' model was crucial to the 

impact on teaching and learning in science and put into practice the notions 

held by Cohen and Hill (2000, cited in lngvarson et al., 2005); Guskey 

(2000); Annan et al. , (2002); Huinker and Freckmann (2004) and lngvarson 

et al., (2005) that professional development should focus on what students 

are to learn, how to deal with the problems the students may have in 

learning the content matter, and planning learning experiences to achieve 

the learning goals. Also vital is the opportunity for teachers to identify and 
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plan their learning needs, the next cycle of improvement (lngvarson et al. , 

2005). 

The teachers, in identifying critical elements of change, supported the notion 

held by Guskey (2000) that the professional 'community' takes achievable 

and incremental steps towards change with feedback and feed forward 

being provided in order to maintain the confidence of change: 

(T4 int C4) We are learning too and you have to be content for a while just 

to havea look at one or two aspects (the matrix) or three or four 

and develop that and then keep building on your knowledge. 

Professional development, as previously discussed, is akin to the principles 

of action research held by Eb butt ( 1985, cited in Cohen et al. , 2000) and 

Elliott (1978, cited in Cohen et al., 2000). Participants in action research are 

engaged in looking at their own practice, determining where they want to be 

and identifying the interventions that would allow them to meet their goals. 

(T1 intC1) The science gave us a structure and a framework to use and 

then (participants) realised I know that, I can do that, or I have 

done this and then you get the sharing .. . /f you don 't have a 

framework, a point of commonality then it is hard to generate 

that kind of support and discussion and an idea of sharing. 

Opportunities were provided for the teachers to examine student work 

collaboratively, and in relation to the standards thus leading to a greater 

understanding of what counts as meeting those standards (lngvarson et al., 

2005; Timperly, 2003). In deprivatising the act of teaching (Annan et al. , 

2003), teachers were able to gain feedback from their colleagues. Action 

Research also holds the expectation that participants work as a team and 

share and collaborate on results of their practice (Kemmis & McTaggert, 

1992; Greenwood et al., 1999) with an emphasis placed on improving 

practice. 
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This PAR study saw many changes to the teachers' practice and therefore 

the achievement of the students. This was, in part, due to the length of time 

and the number of hours invested in the research study. As Garet et al., 

(2001 , cited by lngvarsaon et al. , 2005) state, professional development is 

likely to be of a higher quality if it is both sustained over time and involves a 

substantial number of hours. The researcher was able to provide timely and 

insightful support (Joyce & Showers, 1984; Schon, 1987) to the teachers. 

Because of the level of support, the teachers in cycles two, three and four 

selected contexts of learning that were challenging to them in terms of their 

science knowledge and the pedagogies necessary to ensure their students 

engaged with and understood the science concepts. The systematic 

gathering and analysis of data , meeting the goals of teachers, addressing 

their real and daily concerns (Guskey 2000; lngvarson et al. , 2005) and , the 

cyclic and iterative nature of the action research were key factors of the 

development. 

Coburn (2003) asserts that two levels of change occur in professional 

development, surface change and deep change. The teachers in this 

research study meet Coburn's criteria for deep change: changes were 

made to the teachers' underlying assumptions of how students learn as they 

became more knowledgeable of constructivist theories and their 

implementation , they significantly developed their understanding of science 

and science pedagogical skills and knowledge, and they raised their 

expectations for students. The teachers ' beliefs of how students' learn 

inform what happens in the classroom: it affects the interaction between the 

teacher and the students, the roles of the students and teacher in the 

classroom, the manner in which they treat each other, and the patterns and 

quality of the teacher-pupil dialogue. The teacher participants in this 

research study changed from being the providers of knowledge and 

activities to being co-learners with their students, intent on causing thinking 

and therefore change to occur for their students. 

All the teacher participants in the research study commented on the 

relationship of respect, empathy and trust between the members of the 
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'learning community' . They identified the support of their colleagues, the 

quality of the professional discussions and reflection , and the expectation 

that all teachers would be in part responsible for the development of their 

colleagues (Le Cornu, 2003) as being a 'highlight' of the research study. The 

notion of a learning community is also fundamental to action research , as is 

collaborative activity (Kemmis & McTaggart, 1988, cited in Cohen et al., 

2000; Elliot, 1991 , cited in Cohen et al., 2000). 

The PAR model supported the notions of Cohen and Hill (2000, cited in 

lngvarson et al., 2005) that professional learning is more likely to improve 

student learning if it increases teachers' understanding of the content they 

teach, how students should learn it and how to represent and convey that 

content in meaningful ways. The PAR design was influenced by the extent to 

which the teachers were able and prepared to engage in their own 

development, the 'teachers as learners' . 

Teacher as a learner 

The 'teacher as a learner' had considerable impact on the extent to which 

the teacher participants changed their practice and the way in which they 

participated in the Action Research study. Guskey (2000) and lngvarson et 

al., (2005) suggest that the extent to which professional development 

influences knowledge and practice is enhanced by the extent to which that 

programme also strengthens the 'teacher as the learner' and the level of 

professional community. The matrix and exemplars provided the vision 

(Shulman & Shulman, 2004) and caused the teachers to confront previously 

taken for granted assumptions about teaching and learning (Le Cornu, 

2003), thereby ensuring that their students' achievement was not 

compromised by their own lack of knowledge. 

Such was the level of community, the teacher participants' dialogue was 

focused on their students' learning and the teachers accepted responsibility 

for the achievement of all the students in their team. The teachers became 

co-learners and co-mentors in a process of discovery where the focus was 



114 

not just on their own learning but also on how they could help their 'partners' 

learning (le Cornu, 2003). Teachers at both School A and School B 

identified the importance of working collaboratively and the changes they 

had made to the way they worked : 

(T2 int C4) We have been purpose orientated and that has been critical. 

Next year we are going to set things up to work together, and 

work around a focus. We will plan and discuss our units during 

the period. We will try and work in the same way. 

Le Cornu and Peters (2005) assert that students' levels of participation in 

the learning process are inextricably linked to their teacher's levels of 

participation in their own learning processes, and this was certainly evident 

as the cycles of the Action Research progressed in this research study. As 

the teachers became more reflective and were prepared to take risks , they 

provided more challenging opportunities for their students, as illustrated in 

Cycle Three and Four (see Chapter 4). 

Chapter summary 

The matrix and exemplars were the vehicles for change. The matrix 

provided a framework for identifying and describing key goals of science. In 

endeavouring to understand and meet these goals, the assumptions 

teachers held about teaching and learning in science were challenged . The 

teacher participants became increasingly concerned with the cognitive 

engagement and management of students' learning and provided learning 

opportunities that took into account the learning needs of individuals. 

Teachers no longer provided pre-determined activities that developed the 

science 'truths', but rather provided learning opportunities that encouraged 

debate and discussion, allowed students to become aware of differing views 

and the gaps in their understandings, enabled students to work 

collaboratively, and encouraged students to reflect on their learning and 

change their minds. Teachers scaffolded students' learning and made 
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changes to pedagogies in order to support their students' learning so that 

thinking and changes to understandings would occur. This in turn 

necessitated that teachers improve their science conceptual understandings. 

In working with the exemplars and matrix, teachers had their own scientific 

knowledge developed and came to understand expectations and standards 

of teaching and learning in science and the learning pathways for students. 

The exemplars provided teaching strategies, contexts of learning and 

samples of students' work against which teachers could moderate their 

students' work. 

Teachers used the matrix aspects and indicators in a variety of ways. Some 

aspects and indicators were used for goal setting , determining the structure 

of the learning opportunities and providing assessment criteria, while others 

were inherent in the learning activities. Considerable discussion about the 

aspects and indicators was necessary to ensure that the teachers held a 

common understanding about their meaning and intent. 

The participatory action research/professional development design was 

critical in effecting the changes to the teachers' practice and the students' 

achievement. The systematic gathering and analysis of data, meeting the 

teachers' needs, the iterative nature of the research , the number of hours 

and the length of time of the development were fundamental to its success. 

The teacher participants worked collaboratively and supported their 

colleagues as they reflected on and changed their practice; a way of working 

that they can transfer to other situations. Each teacher was committed to 

changing their practice and developing the necessary knowledge and 

understanding to ensure the achievement of their students in science. 
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CHAPTER 6: Conclusion 

Introduction 

This action research study set out to investigate the impact of the Science 

Exemplars and associated Matrix on science teaching and learning and this 

chapter draws the research study to a close. Key findings are discussed with 

specific reference being made to the use and implementation of a National 

Assessment tool, the Exemplars and associated Matrix. An explanation of 

why the methodology was chosen and the validity of the research is 

provided. Consideration of the limitations of the study are acknowledged and 

recommendations for future research are made. 

The findings of this research, while clearly showing evidence of 

improvement to teaching and learning in science, have raised issues and 

concerns about the effectiveness of the exemplars and the matrix if they are 

not thoughtfully implemented. In identifying critical factors this research 

study can add to the limited literature around the use and implementation of 

the exemplars and matrix. 

Factors to consider when using and implementing the National 

exemplars and matrix 

It is the view of the researcher that the exemplars and matrix need to be 

introduced to schools in two contexts: firstly that of formative assessment 

and secondly the curriculum context. Formative assessment involves 

gathering evidence about students' learning (Harlen, 2000) and requires that 

both teachers and students are clear about the intended learning outcomes, 

know how to achieve these and how they contribute to longer term goals 

(Sadler, 1989; Harlen, 2000; Black & Wiliam, 2002; Clarke, 2001; Clarke et 

al., 2003; Huinker & Freckmann, 2004). Sadler (1987); Gipps (1999); 

Harlen (2000) and Black and Wiliam (2002) contend that exemplars and a 

framework (matrix) provide criteria and denote standards for evaluating any 

learning achievements. 
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Understanding the aspects and indicators of the matrix requires knowledge 

of science and the pedagogies required to affect them. Some aspects and 

indicators are context dependent, rather than generalised skills and 

processes (Resnick, 1987 cited in Gipps, 1999); Gipps, 1999), which can 

cause confusion unless they are interpreted with the benefit of science 

knowledge. As primary teachers generally have little idea of the nature of 

science and science conceptual knowledge many of the aspects and 

indicators may appear as abstract ideas. Therefore the aspects and 

indicators must be put into action and introduced in the context of teaching 

and learning in science. 

Some aspects and indictors proved to be difficult to understand, some 

differences between indicators over curriculum levels are minimal, and there 

appear to be similar aspects across matrices. As a consequence they are 

open to interpretation. This then raises the issue of comparability, especially 

so if the intention is for the matrix to be used as a National tool for 

determining 'evaluative criteria' (Chamberlain , 2000). Therefore it is 

essential that discussions are initiated and facilitated by people with both 

curriculum and assessment knowledge. While it could be argued that the 

purpose of the exemplars is to provide the explanation or model, not all 

aspects are exemplified. 

Teachers tend to view the exemplars as providing the inspiration and model 

of how to teach science and initially use the exemplars as a 'science unit'. 

Without support and direction they tend not to compare their students' work 

with that of the exemplar in order to develop a notion of appropriate 

standards and expectations or the evaluative criteria (Sadler, 1987; Gipps, 

1999; Harlen, 2000; Black & Wiliam, 2002). Again, in order to do this in a 

meaningful way, curriculum expertise is necessary. 

Understanding of formative assessment practice (Sadler, 1989; Black & 

Wiliam, 1998; Gipps, 1999; Harlen, 2000; Clarke et al., 2003) is also vital to 

the implementation of the matrix and exemplars. This study has shown that 

even with a fundamental understanding of formative assessment, teachers 
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find it difficult to use the matrix and exemplars for assessment purposes. 

After considerable professional development, the teacher participants still 

viewed the matrix as defining teaching rather than learning. 

(T4 int C3) The matrix is more about guiding teaching, rather than 

assessing students. Eventually it will become more useful 

for assessment practices, at the moment it is most useful for 

my teaching. 

Issues around assessment, especially that of progression, emerged and 

signalled the differing views teachers held. To moderate these views, 

considerable discussion and professional development about formative 

assessment was required . 

Some teachers viewed progression as occurring only within an aspect, while 

others were concerned with how they could 'cover' all of the aspects within a 

curriculum level over a two-year period . The notion of using aspects and 

indicators as assessment criteria to be used formatively from one unit to the 

next was challenging for teachers and the idea of school-wide progression 

of aspects is still unresolved. It is conceivable that the purpose of the 

National Exemplars and Matrix as an assessment tool might not be realised 

unless significant support is provided . 

The way in which the exemplars and matrix are introduced to teachers , and 

the way in which they are then used, impacts on the teachers' 

understanding and the issues that may arise. The teachers in this study 

initially selected two aspects to develop, as they were overwhelmed with the 

enormity of the matrix. They then added aspects as they became familiar 

with the matrix and the initial aspects became tacit knowledge. 

However in atomising the matrix in this way, issues of progression were 

compounded as teachers only progressed students across a narrow aspect. 

It became clear that there was a need to frequently visit the more global 

"overall progression" so that teachers were constantly reminded of the whole 
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and not just the parts. The teachers considered the "overall progression" to 

be too broad to use for assessment purposes, as they did not have sufficient 

knowledge to be able to understand or identify what the criteria for 

progression were. As such, they tended to ignore it, therefore compounding 

the focus on and atomising of individual aspects. 

In ensuring that teachers come to understand the aspects and indicators, it 

is critical that teachers include them as learning goals, firstly in their 

planning and then as learning goals shared and reflected on with their 

students. Referring to the matrix regularly during the teaching of the unit and 

asking teachers to describe their students and share student work in relation 

to the matrix, proved to be advantageous in developing teachers' 

understanding. The teachers also needed support in developing appropriate 

pedagogies for the teaching of science and in developing their own science 

knowledge to manage the pedagogies. Some in-depth knowledge is 

required in order to effect this process. 

The participatory action research model is an effective way of providing 

professional development, as the teachers are participants and opportunities 

are created for them to participate so that real concerns, which are particular 

to them, are addressed as they reflect on and change their practice. 

Developing a collective understanding through the creation of knowledge 

enhances the group's effectiveness as it functions at a metacognitive rather 

than a functional level and therefore serves to develop a sense of 

community (Head , 2003). 

All of these factors , plus the teachers themselves, who demonstrated 'the 

teacher as a learner', accounted for the success of the project in improving 

teaching and learning in science. The teachers would consider that their 

understanding of the matrix and the exemplars is still under development. 

Over the timeframe of the project, they worked with three of the four 

matrices and felt competent in the use of one of the matrices. This then is an 

indication of the time, the support and the type of development model 
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needed to bring about effective implementation of the National Matrix and 

Exemplars. 

Methodology selected 

Participatory action research was chosen because of its alignment to 

professional development and was therefore acceptable to the teachers 

participating in the research. PAR provides understanding and description of 

peoples' personal experiences and is responsive to local situations and 

conditions, and the needs of the stakeholders. Data are therefore collected 

in a naturalistic setting. Democracy in knowledge production gives the 

participants a stake in the quality of the results and increases the reliability 

of the information, as does the combined methods of triangulation , both 

group and individual. Action research is also responsive to the changes that 

occur during the study. 

Triangulation 

Seven teachers, 150 students and two schools participated in the 

participatory action research. The relative size of the study also allowed the 

researcher to provide more support and time to the participants. The variety 

of data collection methods allowed triangulation of the research evidence, so 

that the researcher could have confidence that the emerged themes were 

valid . The two participating schools, while coming from the same region , 

were cross-sectional in that they were drawn from different decile ratings . 

A number of visits took place over a four-term period (one school year) . 

Because of the time scale, the action research was iterative and as Altrichter 

(1993) asserts , it is the iterative nature of action research that is its main 

rigour. The researcher conducted forty-five classroom observations of up to 

one hour, twenty-one interviews of an hour, forty-five interventions, and 

seven professional development and planning phases. The interviews and 

observations provided rich and detailed data (Sieber, 1973, cited in Johnson 

& Onwuegbuzie, 2004) that allowed analysis of key themes. 
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Limitations of the research 

Given the complexity of teaching and learning in science and the limitations 

of the research study there is much this thesis does not encompass. The 

limitations of the research are that it was confined to two schools , both in the 

same region and both primary schools , and that only the junior syndicates of 

each of the schools were involved in the research . While seven teachers 

and 150, five to nine year old students were involved; the research did not 

extend to older students. 

Contribution to the literature 

As stated by Fitz-Gibbon (1997, cited in Cohen et al. , 2000) the educational 

community needs evidence on which to base its judgements and actions, 

and the implementation of untried and untested recommendations in 

educational practice borders on being unethical. This PAR study has 

attempted in a small way to bridge the gap between theory and practice by 

investigating the National Exemplars and associated Matrix as an 

assessment tool and its impact on teaching and learning. 

The research study supports the literature of pedagogical content 

knowledge, theory based reforms in which teachers' understanding and 

depth of content knowledge is critical , formative assessment theory and 

practice, the effectiveness of the exemplars and matrix as an assessment 

tool , effective professional development and participatory action research . 

This study could also build on and add to the literature and the research of 

Poskitt (2002) on the implementation of the New Zealand National 

Exemplars and associated Matrix as an assessment tool for teaching and 

learning . Poskitt's research followed the early implementation of the 

exemplars and matrix and focused on the effect of the exemplars and matrix 

on teaching and learning within curriculum areas, but did not look at 

individual teacher development within a curriculum area, over time, as does 

this study. 
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Conclusions drawn from this study could be generalisable to other similarly 

talented teachers. The teacher participants were effective classroom 

practitioners where a culture of learning existed , they knew their students, 

were aware of the problems that might emerge and knew how to deal with 

these. Each of the two syndicates worked in a collaborative way, which was 

enhanced through the PAR study. 

As an adviser in Science Education and in Assessment, the findings have 

informed my practice by making me cognisant of issues that could arise in 

using the matrix and exemplars and their impact of the teaching and 

learning in science. My 'traditional' views of professional development have 

been challenged by the action research design: its iterative nature, the 

length of time committed to the development, the number and frequency of 

the observations, and the feedback and opportunities for reflection . A culture 

of learning is vital to the success of an action research study. The 'teacher 

as a learner' and the degree of 'learning community' are more meaningfully 

established and therefore effective in changing teacher practice if the 

participants have ownership of the 'problems' under investigation . 

While this approach was efficient with a small group of teachers , the 

sustainability and effectiveness over a large school as a whole school 

development would require further investigation. However, as Guskey 

(2002) states, there is not one method of professional development and 

rather it needs to be suited to the context or situation. 

Recommendations for further research 

This Action Research study has identified further areas of research. Some 

issues to arise during this study have been unresolved because of the 

limitations of the study. Progression in Science Education, at a classroom 

level and a school-wide level is such an issue. Teachers' limited science 

conceptual knowledge and understanding of the nature of science made the 

interpretation and understanding of the matrix difficult. However these 

difficulties with the matrix may reflect not only teachers' limited scientific 
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understandings but also some potential areas of refinement for the matrix, 

an aspect that would require more extensive research to ascertain. 

The difficulties in interpretation also raise issues about the reliability and 

comparability of the matrix as a national assessment tool. Will all teachers 

and all schools interpret the aspects and indicators in the same way? Does 

this indeed matter? Further research around the matrix and exemplars to 

include a larger population, more diverse teachers, a wider age range of 

students and different types of schools, and in another curriculum area could 

allow different themes to emerge which may be convergent with or divergent 

from the findings of this research study. 

Chapter summary 

The research study has shown the potential impact of the exemplars and 

matrix and , has successfully put into practice the theory, bridging the gap 

between theory and practice, the academic and the practitioner. The matrix, 

with its underpinning of constructivist principles, challenged the teacher 

participants to see their teaching as a process that focuses on conceptual 

change (von Glaserfeld , 1990; Watts, 1994). Having been made aware of 

the 'worthwhile goals of science', teachers had the will (Shulman & 

Shulman, 2004) and were able to put into practice, with support, some of 

these goals and in so doing changed their own practice and the learning 

outcomes for their students. 

Critical to the development, the changes to teachers' practice and the 

outcomes for students, was the professional development and PAR design. 

The teachers identified as being vital the sense of community and the 

collaborative way of working, which was enhanced by and in turn enhanced 

the 'teacher as a learner'. 

The teachers' commitment to their students' learning, and the impact on 

teaching and learning, assessment and the resultant teacher-student 

interactions in science learning are clearly evident in the following comment: 



(T4 int C3) It is lovely and people are getting their materials (science) 

together and just having quite interesting discussions 

with children and you know the parents are coming in 
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and talking about the science. It is a whole culture of learning. 
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DEVELOPING INT EREST AND RELATING SCIENTIFIC LEARNING TO THE WIDER W O RLD: 
ABOU T T HIS MATRIX 

This matrix focuses on interest. attitudes, and values in science. The progress Indicators relate to the general aims of 
science education (Science in the Ntw Zealand Curriculum, page 9), which provide a foundalion for effective, lifelong 
science teaming and an understanding or lhe role that science plays in societies. 

SCIENCE MATRIX A: DEVELOPING INTEREST AND RELATING SCIENTIFIC LEARNING TO THE WID ER W ORLD 

KEV ASPECT OF LEARNING: EXPERIENCING AN D SHOWING AWE, WONDER, AND INTEREST 

At all levels, science education fosters students' ability to: 

display curiosity abou1 the world around them; 

demonstrate enthusiasm and excitement about how science works; 

take an interest in a particular scientific topic or activity; 

pursue scientific intereSIS. without prompting. outside the formal learning environment; 

display initia1ive and commitment when seeking answers to their questions; 

express awe and wonder or enthusiasm about an observation. eKperience, idea, or e..:planation; 

develop and declare an interest in some aspect of science or the environmenl; 

persevere to solve problems and overcome difficulties while pursuing their own interest in science; 

share wilh and involve others in their own interesl in science; 

take responsibility for their own and others' learning in science and the environment. 
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INVESTIGATING IN SCIENCE: ABOUT THIS MATRIX 

This matri~ should be selected if the teacher's intention for learning is to develop students' abilities to carry out 
scientific investigations to answer their own and others ' questions. The matrix links to the integrating strand Developing 
Scientific Skills and Attitudes {Science in the New Zealand Curriculum, pages i.1-51) and reflects some or the processes 
and conventions of the scientific community. 

About Investigating 

These indicators are intended to apply to a broad range of types of investigation. While cariylng out scientific 
investigations, students need to be able to select and use the key aspects of learning most appropriate to the context of 
their scientific work. The order of the key aspects or learning in this matrix may appear to form a logical sequence. bul it 
is unlikely to reflect the actual creative experience of an investigation. Evaluation. processing, inlerpreting, and 
communication are ongoing aspects or anv investigation and can lead to changes as the investigation proceeds. {See 
Science in the New Zealand Curriculum, page 47, note 3.) 

LEVEL 1 

OVERALL PROGRESSION Participates in investigative activities. 

SCIENCE MATRIX B: INVESTIGATING IN SCIENCE 

KEY ASPECTS 
OF LEARNING 

Exploring a Situation 

Asking Questions 

Making Predictions 

Using Systematic Approaches and 
Scientific Conventions 

PROGRESS INDICATORS 

LEVEL 1 

Contributes observa tions to a c.tass 
e.xp4oration. 
With support, identifies obsetVed slmiLlrities 
and differences. 

With support, asks Questions aboul a given 
siluation. 

Says what they think will happen in simple 
lnvestigatN'e situa tions. 

Collects and records simple data rrom 
observations. 

LEVEL 2 

Conlributes meaningfu l ideas and 
actively participales in an investigation. 

LEVEL 2 

Makes observations and looks for patterns or 
relationships, with prompting as needed. 

Describes some observations. 

Con1ributes Questions in discussions. 

Predicts possible outcomes for simple trials 
and gives reasons. 

Carries out observations and sinlple trials 
based on the ir own Ideas and collects 
relevant data. 

The types of investigations include fair testing, pattern seeking, classifying and ider:lifying, making things or developing systems. 
researching, and e.xploring. 

Scientific Conventions (refe rred to in the progress indicators) 

Work safely (e.g., ensure that hazards are identified and appropriate measures t 1ken}. 

Behave ethically (e.g., cause no unnecessary suffering to living things). 

Report results and procedures clearly and honestly (e.g., use diagrams. tables. ~raphs; sep;irate questions. procedures. and 
outcomes). 

Try to ensure that the evidence presented is credible (e.g., make precise observctions. use instruments to measure as 
accurately as necessary, repeat measurements to check uncertainty). 

Try to eliminate competing explanations (e.g., control the varicibles). 

Work collaboratively. 

Take into account previous research. 

LEVEL 3 

Initiates aspects of systematic 
investigations within a supportive 
frameY • .1ork. 

LEVEL 3 

Makes a series or observations lo look for 
patterns or relationships. 

Desc.ribes or n'!presents !he observations 
made with some accuracy and detail . 

Generates questions and participates in 
choosing questions to investigate. 

Uses their own ideas to make testable 
predictions. 

Plans and carries oul more svstemalic trials, 
using measurement to Identify patterns and 
test ideas. 

Suggests more than one wav to investigate a 
question. 

Begins to use some scientlfic conventlons. 

LEVEL 4 

With support. initiates and sustains 
invest igations using S•Jme scientific 

conventions. 

LEVEL 4 

Makes more detailed observa tions and 
suggests pattems and/or relatlonshlps 
related to a scientific idea. 

Communicates about observations with 
accuracy and detail 

Generates. discusses, and chooses 
interesting questions to Investigate. 

Uses their developing scientific ideas to 
make testable predictions. 

Plans and carries out systematic 
. Investigations 10 gather evidence to test their 

ideas. 

Uses an Increasing range of measurements 
and conventions. 

LEVEL 5 

Initiates and persists with sys lematic 

and meaningful investigations using 
scientific conventions. 

LEVEL 5 

Makes inc reasingly focused and detailed 
observations relevanl to identlfled scientific 
patterns and relationships. 

Communicates detailed obser1ations 
accurately and svstematicaUv. 

Refines worthwhile questions for systematic 
lnve~ligation. 

Uses scientific ideas to make tes1abh.• 
predictions. 

Plans and carries out systematic invesligations 
to produce evidence supporting a scientific 
idea or answering a science-re lated question. 
Uses app ropri ate data-gathering instruments 
and conventions. 

Processing and Interpreting Wllh prompting, identifies observed 
similarities and diffe~nces to reach 
conclusions in simple investigations. 

Reaches concluslons to simple investigations Organises dara to display obvious trends and Organises data to display trends, patlerns, 
and relationships. 

Selecls WitYS to organise data to ldentif./ 
trend s and relationships. 

Evaluating the Investigative Process 
as a Continuous Activity 

Reporting 

Participates in teacher-assisted evaluations. 

Talks rreely about ideas and aspects of their 
investigation. 

that are linked to their own understanding. patterns and to reach conduslons. 

Reaches simple conclusions and links them 
to their own understandings. 

Talks about features of investigations and With support, looks for s~engths and 
suggests. simple improvements. weaknesses in their own investigations and 

suggests improvements. 

Reports on some or all of their investigation 
in an oiganised way. 

Refers to their observations. 

Presents an organised report link.Ing findings 
to their obser\'atlons. 

Uses findings to draw conc lusions related lo 
simple scientific ideas. 

ld•ntifies the strengths and weaknesses or 
their own and others' lnvestlgalions and 
makes appropriate Improvements. 

Reviews data·gathering procedures honestly 

Presents a well·organised report using data 
to support !heir conclusions. • 

Readies relevant conclusions, recognising 
how these relate to scientific ideas. 

Identifies ~nd reflects on the strengths and 
weaknesses of their own and others' 
investigations to inform the next step. 

With support critiques data-gathering: 
procedures in order to rec ognise limilatlons to 
the c.laims that can be made from the data. 

Presen ts a selec.tive and well-reasoned report 
supported by relevant data. 
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THINKING IN SCIENTIFIC WAYS: ABOUTTHIS MATRIX 

This matriJ< should be selected if the teacher's intention for learning is to develop students' abilities to construct their 
own understanding in scientific discussions with others. The focus is on exploring science as a human activity, 
understanding the thinking and working processes in communities of scientists. and modelling some of these processes 
in school science. The progress indicators link to the integrating strand Making Sense of the Nature of Science and Its 
Relationship to Technology (Science in the New Zealand Curriculum. pages 24-41) and renect the values and procedures 
of the scientific community as well as learning strategies known to develop personal und ersta nding. Teachers can apply 
them to students' own school·based science or use them to help students explore the stories of professional science in 
the past or present. 

Explanations often involve the use of analogies, metaphors, and models. 

LEVEL 1 LEVEL 2 

OVERALL PROGRESSION Contributes to a discussion that seeks to Offers relevant contributions to a 
explain an experience. scientific discussion. 

SCIENCE MATRIX C: THINKING IN SCIENTIFIC WAYS 

KEV ASPECTS Of 
LEARNING 

Suggesting Explanations 

Comparing and Evaluating 
Explanations 

Evaluating the Quality ol 
Evidence and Accepting 
Uncertainty 

Understanding How the Science 
Community Operates 

PROGRESS INDICATORS 

LEVEL 1 LEVEL 2 

Offers simple explanations for observations or Suggests cause·effect links for observations 
events. or events. 

Begins to use their own experiences to Prefers one explanation. 
support their Ideas. Accepts that their ideas may change if 
Recognises thal other people may have someone suggest!; a bener idea. 
different ideas. 

Rerngnises that 'we' do not have an Recognises that 'we' are uncertain about an 
explanation. explanation. 

Recognises that scientists find things out and Recognises that scientists test their ideas to 
share their Ideas. select the best explana tions. 

LEVEL 3 LEVEL 4 LEV'EL 5 

Considers and justifies contributions to Considers alternatives and use s Deb;1tes alternatives and uses evidence 
a scientific discussion . evidence to justify preferred theories to srpport or challenge theories and 

and explanations. expl:inations. 

LEVEL 3 LEVEL 4 LEVEL 5 

Suggests explanations supported by some Suggests an explanation and considers With reference to relevant scientific ideas, 
evidence. others linked to the evidence. seek·i other possible explanations that fit the 

evid, ·nce. 

Explains why 1hey changed or did not change Attempts to eliminate or support Clari ·ies or changes their explanation, 
their Ideas. referring to the evidence. explanations using evidence. pres·mting a case based on evidence and 
With support. clarifies or changes their ideas Clarifies or changes their Ideas after argu nent. 
in the light of the evidence. considering the evidence and argument. Condders suggested explanations and uses 

evid1:nce to support or eliminate them. 

Accepts there is not enough evidence to Is aware of the need to assess the quality of Asse;ses the quality of the available 
choose an explanation. evidence. evid1 ·nce. 

Recognises that scientists develop new Recognises that sc ientists debate their ideas Reco ~nlses that scientists st rive to add to or 
ideas. building on previous science ideas. with others in the scientific community. chan~e lht> understandings held by the 
E.xplains that scientists seek out evidence to Explains that acceptance of an idea depends scier tific community. 
support or refute ideas. on evidence and argument. Ex.pie ins that scientists present their ideas for 

critic JI scrutiny by 01her scientists. 



ACCESS THE SCIENCE MATRIX PAGES ONLINE AT www.tkl.org.nz/r/assessment/exemplarslscilind~e.php · 

DEVELOPING AND COMMUNICATING SCIENTIFIC UNDERSTANDING: ABOUT THIS 
MATRIX 

This matnx should be selecled ir the teacher' s inlenlion for learning is to develop students' abilities to explain events 
using i\ccepred scientific ideas. The focus is on using scient ific ideas to explain events and phenomena. The progress 
indicators relate to the four contextual strands: Making Sense o ( the Living World, Making Sense of the Malerial World, 
Making Sense of lhe Physical Wo~d. and Making Sense of Plane! Earth and Beyond. 

Specific lea ming contexts are not identified in either the matrix or the curriculum because, in practice, teachers will 
choose the con1exts thal are most appropriate ror their students. Teachers can refer to resources such as the Minis1rv of 

Education's Making Better Sense series and Building Science Concept s series for specific content knowledge. 

LEVEL 1 LEVEL 2 

OVERALL PROGRESSION 
Shares their explana1ions about Begins to use some scientific ideas to 

experiences and observations. explain everyd~y events or experiences. 

SCIENCE MATRIX D: DEVELOPING AND COMMUNICATING SCIENTIFIC UNDERSTANDING 

KEY ASPECTS 
OF LEARNING 

Using Sclentine ld&•I In 
Constructing Explanations 

Using SclentirJc: Voeabul•ry 

Communicates Explanations 
UsingAfd.s 

Using Quantitative Ideas 

Refloctlng on Their Undentondlng 

PROGRESS INDICATORS 

LEVEL 1 

Shares Ideas about scientinc rxperienus. 

Uplores new vocabulary and uses ii to label 
observable fe11ures. 

Tilks about th•ir Ideas. 

Makes comparativt- statements. 

Is aware of <.hen.res in thelrO'Nn 
und1,standlnc. 

LEVEL 2 

Offers explanations ro, eKperiences. using 
some scient ific ideas. 

Experimenls w ith vocabulary and uses correct 
labels 10 describe experiences. 

Begins to explain with 1he he lp of simple 
aids. 

Makes comparative s1a1ements abou1 
relationships. 

Describes changes in !heir own 
understanding. 

LEVEL 3 

Uses scientific ideas to eA.plain some 
everyday events or experiences. 

LEVEL 3 

Constn1cls a plausible explan..-tlon for an 
eKperience. using some scient ific Ideas. 

ln\lelops and uses sclentinc vocabulary and 
symbols, 
Recognises that some words have special 
scien1llk meanings. 

Communicates scientific ideas with tha help 
of aids. 

Recognises that we use mei'lsurement to 
Increase ptecision in eAplana1ions. 

Discusses lhe changes i n their own scientific 
Ideas. 

LEVEL 4 

links scientific ideas to e:i1plain 
everyday events or experienc.es. 

LEVEL 4 

Constrvcts 11n explanation for an experience, 
using appropriate scientific ideas. 

Uses a range or scientific lenns and symbols 
appropriately. 

Conect!y distinguishes between scientinc and 
evef\'day meanings fat renns used. 

Helps an audience to understand a scienrlftc 
explanation with the help of aids. 

Uses measurement and reference to 
quantities in explanations. 

With support, evaluates their own 
explanatlons and sc.ientific onderstinding. 

LEVEL 5 

i....• j, -W'•o · ., ... , ~.~-;;,: _. 

Uses scientific ideas coherently to 
cxpl;1ln everyday and unfomiliar events 
or experiences. 

LEVEL 5 

Consirucls a wl!ll·~asoned and coheren t 
eJ.plc: nation for an experience, using 
signi 'icanl and .1ppropriate scientific Ideas. 

Uses a range of scientific terms and symbols 
appr >pri•Uely. with Increasing reference lo 
abstract ideas. 

Help; an audience to understand scientifk 
Idea? i)nd explanations, using aids 
appfl1priately. 

Begius to use quantitative re lationships as 
part »f explanations. 

Eva IL ates their °"'-'n uplanations and 
scler.tific underslandinK and the connections 
they 1ave made. 



1(b) Exemplar Example 

Science: Living World THE NEw zeA1 ANo cuRR1cuLu11 exe11PLARs*··· ~,._ 
Investigating in Science . 
Deve loping and Communicating Scientific Understanding 

ACC(SS THE SCIENCE EXEMPLARS ONLINE AT wwwJkt.org.nz/rlassessmenvexemplars/scU 

3 4 5 

Leaves Sort-up 
THE LEARNING CONTEXT 

The teacher's Intended outcomes were for the students to: 
• classify leaves according to observable features 
• use observable features of leaves to create keys to 

group the leaves and name the groups . 

The intended outcomes were aligned to the following "big 
ideas": 

• Scientists classify things according to shared features. 
• Scientists use labels to distinguish different groups. 

The class went for a walk in the school grounds and gathered 
leaves. The teacher asked the students to group their leaves, 
using any classification system they chose. The students 
found it difficult to choose groups for the leaves, so the 
teacher set them an activity that gave them practice in 
classifying objects using everyday Items. When they were 
ready, the teacher gave each student a set of the same 
leaves. She asked them lo observe the leaves closel y and 
suggest ways to describe them. This helped the class lo 
discuss and agree on a common language to label the leaves. 

During this process. the teacher inlroduced new vocabulary, 
such as "serrated". She then asked the students to divide 
their leaves into two groups and suggest a label for each 
group. The class repeated this process twice more unlil they 
each had eight subgroups. 

The teacher encouraged the students lo make more detailed 
observations at each step and. as the investigation 
progressed, she decided whether to proceed with the next 
grouping. She determined the students• prior understanding 
and used this to inform the teaching. She also introduced 
the structure of a simple key, a commonly used scientific 
convention, and modelled the sequential process of creating 
the key for this investigation . 

Teacher-student conversation 

Discussing Sam's findings: 

Teacher: 
Sam: 

Teacher: 
Sam: 
Teacher: 
Sam: 
Teacher: 
Sam: 

Tell me about the leaves you've collected. 
They're green, mostly, but lots of different greens. 
These are big ones. This one's really little. 
What do they feel like? 
Some are smooth, but some of them are serrated. 
What do you mean by the word "serrated"? 
They have lillle prickles on them, like a saw. 
Were you surprised by any of your findings? 
I thought there would be more smooth leaves, but 
there were nearty as many serrated ones. 

WHERE TO NEXT? 

To move Sam towards the next learning step, the teacher could 
help him to focus on: 

• exploring lhe idea that changing the criteria for dassification 
can result in different groupings using J)<ompts such as "How 
could you divide the groups again?" and "If we staned sorting 
again, could we soc! the leaves in a differenl way?" 
(investigaling in science) 

• observing the features of the leaves more closely, for example, 
by carefully drawing one of the leaves and labelling the 
relevant features (developing and communicating scientific 
understanding). 

The teacher could: 
• allow Sam to ask his own questions for the next investigation 
• return to the idea of observing and classifying items according 

to their allributes (for example, the physical properties of 
items in the Material World strand). 
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Science: Living World THE NEW ZEALAND CURRICULUM EXEMPLARSd .. ,~_, .' 
Investigating in Science 
Developing and Communicating Scientific Understanding 

ACCESS THE SOENCE EXEMPLARS ONLINE AT www.tkl.org .nz/r/assessmenVexemplarslsd / 

HiBll 2 3 4 5 

Leaves Sort-up 
CURRICULUM LINKS 

Science in the New Zealand Cufficulum 
Achievement Objectives 

Level 1: Making Sense of the Nature of Science and Its 
Relationship to Technology 
Students can share and compare their emerging science ideas. 

Science in the New Zealand Curriculum, page 26 
httpJ/www.tki.org.nz/r/science/curriculum/p26_27 _e .php 

Levels 1 and 2: Developing Scientific Skills and Attitudes 
Information gathering: Students can : 

• make observations and simple measurements 
• talk about their observations and measurements. 

Sci.nee In the New Zealand Curriculum, page 45 
http:llwww.tki.org.nz/rlscience/curriculumlp44_51_e.php 

Level 1: Making Sense of the Living World 
Students can share their experiences relating to the living world, 
and group the living world according to some of its attributes. 

Science in the New Zealand Curriculum, page 54 
httpJ/www.tki .org.nz/r/sciencelcurriculumlp44_51_e.php 

Te Whariki 

Strand 5: Exploration 
Goal 3 
Children experience an environment where they leam strategies 
for active exploration , thinking and reasoning . 

Goal 4 

Te Whariki: He Whanki Matauranga mo nga Mokopuna 
o Aotearoa/Early Childhood Curriculum, page 88 

Children experience an environment where they develop working 
theories for making sense of the natural, social, physical, and 
material worlds . 

Te Wh§riki: He Whiiriki Miitauranga mo nga Mokopuna 
o Aotearoa/Early Childhood Curriculum, page go 

REFERENCES 

Ministry of Education (1993) . Science in the New Zealand 
Curriculum. Wellington : Learning Media. 

Ministry of Education (1996). Te Whiiriki: Ha Whiiriki Miitauranga 
mo nga Mokopuna o Aotearoa/Early Childhood Curriculum. 
Wellington: Learning Media. 
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Science: Living World 
Investigating in Science 

THE NEW ZEALAND CURRICULUM EXEMPLARS 

Developing and Communicating Scientific Understanding 

ACCESS THE SCIENCE EXEMPLARS ONLINE AT www.tki.org.nzJr/assessment/exemplars/sciJ 

Leaves Sort-up 
WHAT THE WORK SHOWS 

The class used a classifying and identifying type of investigation to arrange the leaves into groups according to clear criteria . 

Sam used his observational evidence to support the various subgroups that he made. He was able to identify two features each time 
he created two new subgroups. 

/ t·.-11·rs t'io11.• 

• -~l' i 
Q ' • 

' , 
I \ ~"' /'i I . 

Progress Indicator 
Investigating in Science 

Exploring a situation 

. ....__ .. _____ _/ 

Two subgroups of leaves 

With support, Sam is ab/" lo idf>nlHy obsf>rved similarnies and 
differences in order to create new subgroups . 

Us ing systematic approaches and scientttic conventions 
Sam collf>cls and mcords simple data from his obS9rvalions 
using a simple (concrete materials) key. 

Four subgroups of leaves 

Progress Indicator 
Developing and Communicating Scientific 
Understanding 

Using scientific vocabulary 
Sam explores and uses new vocabulary and uses ii to label 
observable features when he says, "Some are smooth, but some 
of them are serrated . . They have little prickles on them. like a 
saw." 

Reflecting on their understanding 
Sam is aware of changes in his own understanding: "I thought 
there would be more smooth leaves, but there were nearly as 
many serrated ones ." 

Mlfllll•T•Y o• •DUC:,tlflO• 
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1(c) Terms used in matrix 

Aspects 

Aspects are the identified key aspects or goals of learning in science. Each of the 

four matrices has specific aspects or goals of learning. These goals describe the 

concept, such as Developing and Communicating Scientific Understandings (Matrix 

D) and are the expected learning outcomes for students. 

Progress Indicators 

Progress indicators are the growth over time of each of the aspects, related to the 

Levels of Science in the New Zealand Curriculum (levels 1- 5). They provide a 

notion of the next learning step for students and can be used as criteria against 

which to judge student's achievement. 



Appendix 2 - Examples of Field Notes 

2(a) Observation Notes (Year 3 and 4 students, T4) 
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2(b) Notes from discussions at Intervention 
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Appendix 3 - Core questions asked at the interviews 

At the beginning of each session the teachers were first asked: How have 

things gone? What have been the highlights for you and the students? After the 

teachers had shared what was 'on-top' for them the researcher then used the 

following questions, to aid teachers' reflective processes: 

• Has the matrix and exemplar made a difference to teaching and learning 

in science? 

• What are their changes for you and the children in teaching and 

learning in science? What has caused these changes? 

• What did you specifically focus on during the unit? 

• How well did you achieve your learning intentions? 

• What were the outcomes for the students? 

• What factors influenced these outcomes? 

• What things hindered or helped you during the unit? 

• What changes have occurred in your attitude towards the teaching of 

science? 

• What is the next step for you? 

• How are you going to achieve that? 

• Have the exemplars and matrix provided ideas for 'what to notice' when 

students are engaged in science? 

• Which aspects of the matrix did you have in your head? 

• As you interacted with the children what were you trying to encourage? 

• What is the next step for the class and some individual students? 



Appendix 4 - Examples of transcript analysis 
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Appendix 5 - Information letters 

5(a) Example of letter to Board of 

Trustees, Principals, Teachers 

Massey Letter Head 

I Note: a l1' t1c·1. s1111ilar Iii c,mtent tu the unc beklll , 
\I as sent 10 the Pnnc1 pal and the Goard or 

Trustecs.J 

Project Infor mation Sheet for .... ... . .. Teachers 

Project Title 

What impact do the National Curric11lu111 Exemplnrs and the associated Matrix have 0 11 

teach ing and karning in Science? 

Project Info rmation 

Researcher Introduction 
I am a Primary Science Adviser I Assessmenl Facilizator employed by The Centre f or 
Educational Developmenl, Massey University. I am under!aking a Master 's Thesis in 
Education and would like TO carry oul my research abolll The Narional Exemplars as I work 
with zhe Junior Syndicale, in Science Educalion professional developmenl. 
My Supervisor is Dr JM Poskill, Direclor, /nsli!We for Professional Development and 
Educational Research, Massey University. Ph 356 9099 Exm 8293. Jenny will work closely 
wilh me and guide the research componenl of my work. 

Participant Recruitment 
Staff members have requested school based professional development in Science 

including The Science Ma!rix. 
Five teachers will be involved. 

Project Procedures 
Dara will be gathered through observation, questioning, discussion and interviews 

in association with the in school professional development programme in Science. 
Dara will be recorded i11 wrillen form (field notes) and 0 11 computer. 
Interviews will be audiolaped and transcribed either by me or a Massey University 

(l(fministrator. With the understanding that all informaTion is anonymous and co11fidemial. 
All data will be stored securely in my office at Centre f or Educational 

Development. All complllerised data will be secured by password. 
Findings will be shared with the participants throughout the research as part of 

the illlerve11tio11 associaTed with action research. A summary will be provided and the full 
research project will be available to staff upon completion. 

The research findings will be of immediate use for the staff and students 
of. ....... .. ..... . 

The general research findings will be shared with advisory colleagues in Science 
and Assessment for use in their work in schools of the region. 

The research findings could contribute to the wider field of assessment tool 
developmenJ in New 'Zealand. 

Participant involvement 
The participants will be involved in an action research project where by three 

Science units will be planned, implememed and evaluated with a clear focus 0 11 using !he 

I - 1 



matrix to focus on st1tde11l achievement. I will be providing professional support 
Throughout in my Science Adviser's role. 

The aczion research cycle will be as follows: 
lntroductio11 to the Matrix and the Exemplars 
Pla11ni11g session for the unit of work 
In -class observation 
lmervemion - feedback 10 reachers, determining 11exr-srep in !he w1i1 
Jn-class observa1ion 
RP/lN"!i(l!l (1•1tl fefdfJ(ll:." 
lnlerview, se11ing 1tp ihe next-step 
Teacher participarion will be more illlensive 1ha11 rhal expecred of a school 

development. Teacher i111erviews will be more stmclllred and require more time. Teachers 
will be asked to keep a reflective journal. Jn all other respects, the expectation and time 
will be that required for quality professional development. 

Pa11icipant 's Rights 
Statemelll of rights includes: 
You have the right to: 

decline to participate; 
decline to answer any particular question; 
withdraw from the study at any time; 
ask that the audiotape be turned off a t any time during the interview; 
ask any questions about the study at any time during participation; 
provide information on the understanding that your name will not be used unless 

you give permission to the researcher; 
be given access to a summary of the project findings when it is concluded. 

Project Contacts 
You are invited to contact me or my supervisor at any stage to seek clari fication on any 
matters. 
This project has been reviewed and approved by the Massey University Human E thics 
Committee, Palmerston North. Application 04/64. If you have any concerns about the 
conduct of this research, please contact Professor Sylvia V Rumball, Chair, Massey 
University Human Ethics Committee: Palmerston North, telephone 06 350 5249, emai l 
humanethjcspn@massey.ac.nz . 
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S(b) Example of Consent Form 

Massey Letterhead 

I Note . . \ ~im1l;,r r011~cnt llll•ll w~s ~lf'.11'.li b) lh<' 

lh« f'rinc1p:il anti lhc nn:irJ " ' Tru~ll'l'S I 

Consent Form 
Teacher Participation 

Project Title 

What impact do the National Curriculum Exemplars and the associated Matrix lwve 
on teaching and learning in Science? 

THIS CONSENT FORM WILL BE HELD FOR A PERIOD OF FIVE (5) YEARS 

I have read the Information Sheet and have had the details of the study explained to me. My 

questions have been answered to my satisfaction, and I understand that I may ask further questions 

at any time. 

I understand that I may withdraw from this research project at any point. 

I agree to participate in this study under the conditions set out in the Information Sheet. 

I agree I do not agree to the interview being audio taped. 

Signature: ........................... .......... ........................................ Date: 

Full Name - printed: 



Appendix 6 - Collation of data from individual interviews 

Cycle One 

Table 1: Teacher Interaction with the Exemplars and Matrix 

Matrix Exemplars Using Teacher knowledge Issues 

•Variety of ways to •Are a model for •Comparing ·Provides •Time 
use matrix -Planning ideas student work overview of 
• Indicators -Teacher-pupil against exemplars science 
inherent in the conversations - raised teacher 
activities - Questioning expectations 
• Indicators -Teaching 
identified strategies 
differences - Next-step 
between children learning 

-Assessment 
strategies 

• Standards and 
expectations are 
explicit 

Table 2: Teacher Assessment Practice 

Formative Standards and Data collection Student Teacher focus 
assessment expectations achievement 
·Learning goals •Standards and •What information ·Development of •Focus on all 
shared with the expectations should be knowledge ch ildren 
children raised collected and how • Using Scientific succeeding 
• Reflecting on ·Moderating should it be vocabulary 
children's student work recorded. • Thinking is 
knowledge and against exemplars developing 
development •Notion of quality •Students 
•Know what to developing motivated 
notice, provide •Parental interest 
next-step due students' 
•Responding to enthusiasm 
students' learning •Skills developing 
during unit ·Students have a 
•Notion of bigger view of 
progression science 



Table 3: Teacher Pedagogy 

Planning Teacher Co-construction Teaching Teacher knowledge 
confidence strategies 

•Learning •Teacher •Development of •Teaching •Awareness of the 
outcomes are enthusiasm and children's thinking strategies varied need for transfer 
more focused confidence ·Need for children and support the of new skills to 
•Activities support growing to engage in talk learning other learning 
the learning ·Teachers attitude •Children need outcomes areas 
•Densely textured to science research skills • Promote student •Notion of 
learning occurring changing - thinking standards 
•Depth not positively •Students •Assessment 
coverage developing deep practice 
·Focused understanding, developing 
concepts not coverage. ·Teachers asking 
narrower focus •Questioning skills how to improve 
•Units more vital and need outcomes for 
focused on improving students 
development of •Overview of 
skills and attitudes science 
•Importance of developing 
real experiences 

Table 4: Professional Development Model 

• Changed the way the teachers work together in School B 
• The nature of the discussions - teacher talk about practice and student learning 

Cycle Two 

Table 5: Teacher interaction with the Exemplars and Matrix 

Matrix Exemplar Using Teacher knowledge Issues 

•Matrix explains ·Less use of •Changing aspect •Aspects ·Some aspects 
how and what to exemplars - just during unit if not becoming clearer and indicators 
teach - ie ideas for teaching appropriate as see children's - hard for young 
investigating strategies e.g. •Aspects - work children 
•Matrix and graphing determine •Matrix more - not clear 
exemplars are a •Exemplar helps activities helpful as become •Indicators don't 
package determine a inherent in activity familiar with it differentiate 

standard provided •Some aspects between levels 
context dependent and indicators enough 
•Using more becoming tacit, so •Some aspects 
indicators and developing new too big - don't 
aspects in the aspects have enough 
planning detail and open 

to interpretation 



Table 6: Teacher Assessment Practice 

Formative Data collection Standards and Student Teacher focus 
assessment expectations achievement 
•Prior knowledge •Collect data over •Developing •Children seen as •Focussed on 
collected and time notion of levels individuals what children 
used ·Concern with •Determining a ·Children thinking learning 
•Know what to school-wide data standard and and working 
notice •Using expectation - scientifically 
•Planning from assessment for exemplar helpful •Children reflect 
data collected summative •Developing on their learning 
•Variety purposes- notion of and evaluate their 
assessment reporting, but not progression thinking 
methods and exclusively •Using matrix to •Deeper learning 
opportunities ·Teachers more see where -Learning not just 
•Using concerned with children are at about knowledge 
assessment progression over and providing the •Outcomes for 
formatively: time next-step during children have 
finding the next- •How and what to the unit changed-
step, changing show progression thinking and 
activities in an issue explaining, 
•Observe and talk changing their 
to children to elicit minds and 
understanding opinions 
•Self & peer •Parents getting 
assessment involved. 
against aspects 
&indicators 
•Matrix indicators 
as LI/SC, shared 
with children 



Table 7: Teacher Pedagogy 

Planning Teacher Co-construction Teaching 
confidence strateqies 

•Planning flexible •Teacher •Determining and • Revisit original 
- , not fully enthusiasm and building on prior thinking, see 
developed, check confidence knowledge whether they have 
daily that ideas/ increasing •Layering of changed their 
activities are •Doesn't give up information , thinking and why 
appropriate on teaching making links to •More 
•Matrix aspects science, prior knowledge assessment 
developed unit to •Students talking strategies used 
unit. Revisit some and sharing • Changing: more 
aspects over the thinking/ideas discussing, 
year •Students reflecting on 
•Science not just becoming more understanding, 
in science time responsible for sharing and 
•Densely textured finding their own explaining and 
learning , revisiting answers - not investigating 
activities, fewer relying on teacher • Children allowed 
activities, and to solve more 
narrower content everything independence 
focus . • Children know •Teachers reflect 
•Planning where they are on matrix at end 
focused, going and how to of the unit and can 
organised, depth get there. They identify the 
not coverage review their science way of 
•Including more learning and add working 
aspects and onto it. •Not so 
indicators knowledge based 
overtime ·Questions 
•Plans questions focused around 
before lessons matrix and 

indicators -
probing, expect 
explanations and 
justifications 

Table 8: Professional Development Model 

• Professional support is critical 
• Equipment and resources and new activities are really helpful 
• Help when stalling is essential 
• Providing Science knowledge and pedagogy has helped 
• Planning has made all the difference 
• Collaboration critical 
•Team discussion 
• Reflecting on practice 

Teacher 
knowledqe 
·Knowledge 
about science I 
nature of science 
developing 
•Teachers 
accepting 
uncertainty 
• Assessment 
strategies 
improved 
•Better at 
selecting 
appropriate 
aspects 
• Children seen as 
individuals 
·Growing 
accountability for 
student 
achievement 
·Increased 
awareness of 
questioning , 
conversations and 
the influence on 
students learning 
•Understanding of 
matrix developing 
•More aspects 
covered , many 
tacit 
•Greater 
expectation of 
achievement 



Cycle Three 

II Table 9: Teacher Interaction with the matrix and exemplars 

Matrix Exemplar Using Teacher knowledge Issues 

• Aspects shape •Provide an • Not restricted by • Better at • Some aspects 
the way teachers expectation planned indicators selecting aspects and indicators not 
teach • Not used this and aspects, and indicators clear 
and are inherent time change if need to •Challenges • Are there some 
in activities • Exemplars up •Uses matrix to teachers key aspects for 
• Matrix provides skill teachers, reflect on practice- •Teachers' school wide 
pathway and model teaching when things go understanding of coverage 
expectations ideas wrong, during and a standard and • Confusion over 
·Context • Clarify teachers at the end of a expectation is how many 
dependent thinking unit. developing aspects to cover 
• Indicators about •Provides a •When planning •Many indicators 
teaching and framework for new unit and aspects tacit 
learning students learning •Older children to knowledge 
·Clarifies • Explain the begin use matrix 
teachers thinking differences to determine 
·Provides a between the pathways 
framework for levels and what ·Moderate 
students' learning the indicators and students work 
• Include several aspects mean. using exemplars 
aspects in and the matrix 
planning 

Table 10: Teacher Assessment Practice 

Formative assessment Data collection Standards and Student Teacher focus 
expectations achievement 

• Peer assessment • Report to ·Moderation of •Thinking •Matrix provides the 
• Modify activities based on parents and students' work - improving next-step, provides 
data collected children using class, syndicate, • Change minds extension for 
•Assessing knowledge and indicators and and against in the light of new students 
aspects aspects exemplars. evidence •Not restricted by 
•Concern with school-wide • School-wide ·Teachers aware •Accept planned aspects, 
progression and coverage data collection of indicators uncertainty change if need to 
• Use indicators and aspects under before and after •Students •Revisits matrix at 
for reporting consideration. appropriate level motivated end of unit - what 
• Uses assessment formatively •What and how - can then •Increased has been covered, 
- much data to provide the next- understanding of what gaps exist 
changes plan in light of collect step the concepts and •Seeing children as 
evidence and data collected ·What data is the •Developed ideas the nature of individuals 
•Assessment more accurate most helpful of standards, and science •More 
as know what to notice the differences •More knowledgeable 

between levels independent in about student 
trialling and achievement 
exploring •Notion of 
•Students reflect progression in 
on their learning student 
•Know what they achievement 
are learning •Doing more 
•Students science 
transfer learning 
to other 
situations 



Table 11: Teacher Pedagogy 

Planning Teacher Co-construction Teaching Teacher 
confidence strategies knowledge 

•Planning is explicit •Teachers are •Challenging •Sharing learning •Matrix is focus 
and has focused motivated children and learning for learning 
teachers' teaching. •Teacher as a •Teacher and process with •Aspects, 
·Select activities learner children co- children indicators 
that link to •Teachers looking constructing •Allowing more becoming tacit 
children's learning at own understandings. independent •High 
•Densely textured effectiveness and •Students trialling and expectations of all 
learning teaching challenging each exploring students 
•Real experiences •More responsible other ·Deliberate • Indicators 
and hands on for students •More discussions teaching and driving teacher 
•Planning is learning about thinking appropriate questions, 
organised and •Teachers' talk is and learning strategies questioning 
resourced through different - more ·Share learning •Variety of improved 
out the unit scientific with students activities but •Changed 
•Activities support ·Teachers are •Teacher as a revisiting to teaching 
the learning enthusiastic and learner ensure depth of strategies 
intentions and motivated •Change minds in understanding ·Knowledge of 
success criteria light of new ·Science not just science concepts 
•Fewer activities evidence a lot of episodes, and the nature of 

links from unit to science improved 
unit •Assessment 
•Students' needs strengthened 
driving teaching •Selecting more 
·Prior knowledge appropriate 
used aspects and 
•Integrating indicators 
science into other •Selecting 
curriculum areas, important goals in 
·Changing science 
practice to allow ·Accepting 
children to uncertainty in 
develop ideas science - do not 
and thinking expect to have all 

the answers 

Table 12: Professional Development Model 

• Critical to work together, planning and supporting each other with ideas and resources 
• Collaboration and talk about practice 
• Resources and equipment - from the researcher and each other 
• Facilitator I researcher support 
• Reflective practice 
• Observations 
·Planning 



Cycle Four 

Table 13: Teacher interaction with the Exemplars and Matrix 

Matrix Exemplar Using Teacher knowledge Issues 

•Not using •Exemplar not •Aspects to •Don't look at •Context 
overall used this time structure next-step, dependent 
progression as standards activities confident to set •Still struggling 
·Matrix A not becoming own with some 
used clearer. •More aspects aspects 

•Didn't need covered each 
activities or time- many 
strategies tacit 

I 
Table 14: Teacher Assessment Practice 

I 
Formative Data collection Standards and Student Teacher focus 
assessment expectations achievement 
•Know what to •School-wide •Better notion of •Achievement •Children are seen 
notice data collection levelling raised, meeting individuals 
•Provides the and progression •Progression higher 
next -step an issue clearer - within expectations, 

•How to record an an aspect and deep learning 
issue across aspects •Thinking 

developing 
•Bigger idea of 
science 
•Parents involved 
•Motivated: know 
what they are 
learning and how 
to get there 
•Making choices I 
trialling/ collecting 
data purposefully 
•Have criteria and 
reflect on their 
learning 
•More ownership 
of their learning 
•Apply and 
transfer 
knowledge, refer 
back to it 



I Table 15: Teacher Pedagogy 

Planning Teacher confidence Co-construction Teaching strategies Teacher knowledge 
• Check daily that •Teachers really • Students can • Review learning •Matrix aspects 
ideas/ activities enjoying science reflect on learning , and add onto it developed unit to 
are appropriate •More confident change minds, • Indicators as LI unit 
• Deliberate acts challenge each • Revisit and • Revisit some 
of teaching other. change activities: aspects over the 
•Planning flexible ·Teachers more mileage from year 
-a number of challenge activities, •Matrix guides 
pathways, but not children's thinking • Better organised , questions, so can 
fully developed as ·Move from think through challenge children 
need to see way research to management •More aspects 
children develop investigating • Focussed and covered , many 
• Real experiences explicit teaching tacit 
• Densely textured • Assessment •Review matrix at 
learning strategies end of each unit 

improved ·Teachers 
• Students know accepting 
where they are uncertainty 
headed and how •Better at selecting 
to get there appropriate 
• Lifted teacher aspects 
expectation about •Teacher 
of achievement knowledge of 

science I nature of 
science developed 
·Increased 
accountability for 
student 
achievement 

Table 16: Professional Development Model 

• Professional development is critical 
·The action research model has been critical - observation , intervention , reflection 
·Planning 
• Working Collaboratively 

I 



Appendix 7 - Planning format sample 

Context: Duration: 

Achievement Objectives: 

Big Science Ideas: Matrix Aspects: 

. 
. . 
. . 
. . 
. . 

Assessment -

Learning Notes to Inform 
Success Criteria Learning Activities 

Intentions Teaching and 

Learning 

Specific Learning Notes to Inform 
Learning Activities Learning Intention 

Outcomes Teaching and Learning 

Resources: 


