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Abstract  

The New Zealand curriculum requires science to be taught through the Nature of 

Science (NOS). NOS, which includes the skills and processes used by scientists to explain 

the world in which they live, is deemed necessary for improving the scientific literacy of 

21st century learners and, therefore, the prosperity of modern societies. In New 

Zealand, as in many other countries, NOS has been given prominence in the science 

curriculum for more than a decade, yet teachers are still grappling with how to transfer 

this policy to practice. This thesis investigates how to support teachers teach science 

through NOS, with a particular focus on the role of the Head of Department (HOD) in 

developing NOS pedagogical content knowledge and supporting teachers to acquire this 

knowledge. 

 

Adopting a qualitative, case study methodology, the study conducted document analysis 

and semi-structured interviews in three secondary schools in New Zealand. The cases 

were science departments consisting of the HOD, another science teacher and focus 

groups of Year 9 or 10 students. The documents analysed included tÅÁÃÈÅÒÓȭ ÓÃÈÅÍÅÓ ÏÆ 

×ÏÒË ÁÎÄ ÕÎÉÔ ÐÌÁÎÓȟ ÁÓÓÅÓÓÍÅÎÔ ÔÁÓËÓȟ ÓÔÕÄÅÎÔÓȭ ÅØÅÒÃÉÓÅ ÂÏÏËÓ ÁÎÄ ÓÔÕÄÅÎÔÓȭ 

workbooks. A case study approach was taken to gain in-depth knowledge of the 

participantsȭ understandings and experiences of working with NOS as implementing 

this intent of the NZC has been challenging for science teachers. Two paradigms were 

used to analyse the data; interpretive and leadership for learning. 

 

The problems associated with implementing the science curriculum reforms in New 

Zealand and internationally have been well documented. Many of these problems 

concern a need for teachers to have multiple knowledges beyond science content 

knowledge. At the local level of the classroom, teachers also need to combine knowledge 

of learners and their characteristics alongside knowledge of educational goals. Science 

teachers, however, also need NOS content and NOS pedagogical content knowledges 

since Nature of Science is a focus in the curriculum for the science learning area. 

Professional learning is needed to develop these later knowledges for both teachers and 

their HODs. For those in leadership roles, such as HODs, the learning is not confined to 

NOS on its own.  
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This research has demonstrated the importance of the HOD taking ownership of the 

change process and the knowledges needed to build teacher confidence in NOS. Building 

on the literature, the case study HODs were better able to lead change when there was 

multi -level support from within the school as well as coaching from an external 

facilitator. Knowing how to build trusting, risktaking learning conditions within the 

department was important , as was knowledge of the teachers as adult learners. HODs 

were able to build teacher confidence in NOS through dialogue, modelling and 

monitoring  to highlight the knowledge and strategies needed for teaching science. 

 

KotterȭÓ (1995, p. 9) eight step model for change was used as the lens through which to 

analyse the research data. This was adapted to an educational context and included a 

teÍÐÏÒÁÌ ÄÉÍÅÎÓÉÏÎ ×ÈÉÃÈ ×ÁÓ ÍÉÓÓÉÎÇ ÉÎ +ÏÔÔÅÒȭÓ ÍÏÄÅÌ. TÈÅ ÒÅÓÕÌÔÉÎÇ ȬRoundabout 

Change Modelȭ provides reflective questions and prompts to guide HODsȭ leadership of 

change, such as teaching science through NOS. Furthermore, identifying the key steps in 

change leadership will provide guidance for policy makers and professional learning 

and development facilitators working in this field. 
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CHAPTER 1: INTRODUCTION 

Background  

A  continuing challenge for science educators both in New Zealand (NZ) and 

internationally has been to transfer national policy to practice. Teachers have had 

difficulty interpreting and implementing the Nature of Science (NOS) strand in the 

science curriculum. The question is why? This thesis interrogates this matter. 

 

One starting point for exploring why this transfer is so challenging for those at the local 

level of schools is to focus on the knowledge needed by teachers of science to undertake 

the task of transferring national policy intent to the local level. Science teaching is a 

complex activity as it necessitates teachers having academic knowledge of the 

discipline, knowledge of how to teach that discipline, and strategies to match the needs 

of specific student learners. 3ÈÕÌÍÁÎȭÓ (1986) seminal work on categories of teacher 

knowledge raises awareness of this complexity but not specifically for teaching and 

learning in a particular learning area, for example of science. Subsequently others, such 

as Grossman (1990) have worked with and added to these categories in the context of 

other teaching disciplines, which for Grossman concerned the teaching of English. 

'ÒÏÓÓÍÁÎȭÓ ÁÄÄÉÔÉÏÎ ÏÆ ȬËÎÏ×ÌÅÄÇÅ ÏÆ ÃÏÎÔÅØÔȭ ÅÎÃÏÍÐÁÓÓÅÓ Ȱknowledge of districts in 

which teachers work, knowledge of school [settings], knowledge of specific students 

ÁÎÄ ÃÏÍÍÕÎÉÔÉÅÓ ÁÎÄ ÓÔÕÄÅÎÔÓȭ ÂÁÃËgrounds, families, particular strengths, weaknesses 

and interestsȱ (p. 9) . It is these categories of teacher knowledge which acknowledge the 

complexity of this task for those teaching science at the secondary school level of 

schooling, the focus for this thesis.  

 

Teacher knowledges necessary for science teachers are stipulated in science curriculum 

policy and documents but are largely restricted to subject rather than pedagogical 

content knowledge. However, a body of science educators have long expressed disquiet 

regarding the sufficiency of these policies and documents (Bull et al., 2013; Gluckman, 

2011; Tytler, 2007; Young & Glanfield, 1998). The knowledges for teaching science span 

across four context strands, namely: Living World (biology), Material World 



2 
 

(chemistry), Physical World (physics) and Planet Earth and Beyond (astronomy and 

geology). There is also a core, unifying strand referred to as Nature of Science (NOS) 

which I have selected as my thesis focus. The term NOS is a recognition that science is 

more than a body of knowledge to be acquired. Rather, it brings the skills and processes 

used by scientists into greater prominence to understand the world in which we live 

and work.  

 

Secondary school teachers will most likely have acquired content knowledge in their 

teaching disciplines through university degrees. While those with science in their 

degrees may think as scientists, additional knowledge regarding the teaching and 

learning processes (pedagogical content knowledge) have long been deemed necessary 

for the teaching of science in schools yet they are left for those at the local level to 

acquire themselves. This is a particular concern for the Nature of Science component of 

the science curriculum which has been a focus in science curriculum around the world 

for at least the past two decades (Abd-El-Khalick, 2012b; Abd-El-Khalick & Lederman, 

2000; Hipkins, 2012; Lederman et al., 2013b; Spiller & Hipkins, 2013). There is no 

straightforward way to address this challenge because multiple  knowledge bases are 

required to teach a discipline and science is no exception (Gess-Newsome & Lederman, 

1999; Shulman, 1987). These generic teacher knowledge bases feature in Figure 1 

where they have been situated within the context of science teaching.  
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Figure 1  

Diagram showing the multiple knowledge bases specifically required to teach science. 

 

The issue of what constitutes the knowledge necessary to teach science is examined 

through a focus on one component of science teaching, the Nature of Science (NOS). 

Figure 1 shows how the two NOS knowledges, content, and pedagogical content 

knowledge (PCK) (shown in the shaded blue region at the top of the Venn diagram) 

cohere to the two science knowledges shown in the lower two óovalsô of the Venn diagram.  

 

Pertinent questions which may help to recognise the challenge of policy transfer to 

practice include: Why is this so? What can be done to alleviate the problem? Who could 

support school leaders and teachers to solve the problem? The aim of this study is to 

explore and shed light on these vexed questions.  

 

This thesis aims to contribute to the body of knowledge that helps practising teachers 

and school leaders be confident with the intent of science curriculum policy and their 

discretion to be responsive to the needs of students at the local level of schools. My 

interest builds on researchers such as Hanuscin et al. (2011), Vannier (2012), and 

Jenkins (2009) who have argued that the development of pedagogical content 

knowledge (PCK) is the knowledge area requiring the next attention. This study focuses 

ÏÎ ÏÐÅÒÁÔÉÏÎÁÌÉÓÉÎÇ ÔÈÉÓ ÓÁÍÅ ÓÈÉÆÔ ÓÏ ÁÓ ÔÏ ÄÅÖÅÌÏÐ ÓÃÉÅÎÃÅ ÔÅÁÃÈÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ ÏÆ 

how to teach science through the processes and skills of NOS. My research design, 

NOS content knowledge

PCK for NOS

Science 
pedagogical 
knowledge

Science 
content
knowledge
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ÔÈÅÒÅÆÏÒÅȟ ÉÎÔÅÒÒÏÇÁÔÅÓ ÓÃÉÅÎÃÅ ÔÅÁÃÈÅÒÓȭ ÂÅÌÉÅÆÓ ÁÎÄ ÐÒÁÃÔÉÃÅs in order to understand 

what they think and do, and the reasons why. 

 

Having introduced the broad discipline of science for a teaching context, I now relate 

this to my country setting of New Zealand to explain the intent of the latest New Zealand 

curricul um as it pertains to the learning area of science; particularly its guidelines for 

teaching, what this means for the teaching of science and how teachers teach. 

Rationale  

Evidence of declining student achievement in science is one reason used to justify the 

need for closer interrogations of knowledges required for science teachers. Firstly, the 

Program for International Student Assessment (PISA)1 results in science for NZ have 

been declining since 2006 when it first became a main focus area of PISA (May et al., 

2019). Although the decline is minimal, United Kingdom (UK) researchers Grey and 

Morris (2018) suggest that downward trends are indicative of an education system in 

crisis and, therefore, require reform. Why should this trend be a concern? Why should 

the world worry about such PISA results? Answers to these questions are linked to 

ȬÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȭ ÁÎÄ ÔÈÅ ȬÇÌÏÂÁÌ ÅÃÏÎÏÍÙȭ. First, PISA assesses the degree to which 15-

year-old students have obtained the key knowledge and skills, in reading, mathematics 

ÁÎÄ ÓÃÉÅÎÃÅȟ ÅÓÓÅÎÔÉÁÌ ÆÏÒ ÓÕÃÃÅÓÓ ÁÓ ÉÎÆÏÒÍÅÄ ÃÉÔÉÚÅÎÓ ÉÎ ÔÈÅ ÍÏÄÅÒÎ ×ÏÒÌÄȢ 0)3!ȭÓ 

science questions do not claim to assess curriculum content knowledge but rather 

ȬÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȭȟ ×ÈÉÃÈ 0)3! ÄÅfines as: 

the ability to engage with science-related issues, and with the ideas of science, as 

a reflective citizen. A scientifically literate person is willing to engage in reasoned 

discourse about science and technology, which requires the competencies to 

explain phenomena scientifically, evaluate and design scientific enquiry, and 

interpret d ata and evidence scientifically (OECD, 2016, p. 28). 

 

 
1 PISA, an international assessment conducted by the OECD, was introduced in the year 2000 and 
measures 15-year-old students' reading, mathematics, and scientific literacy every three years.  
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3ÉÎÃÅ ÔÅÁÃÈÉÎÇ ./3 ÈÅÌÐÓ ÓÔÕÄÅÎÔÓ ÔÏȟ Ȭengage with science-related issuesȭ, Ȭexplain 

phenomena scientificallyȭ ÁÎÄ Ȭinterpret d ata and evidencÅ ÓÃÉÅÎÔÉÆÉÃÁÌÌÙȭȟ ÏÎÅ 

explanation could be that a decline in PISA results signals attention to the teaching of 

NOS is a matter to address. 

 

3ÅÃÏÎÄÌÙȟ ÓÃÉÅÎÃÅ ËÎÏ×ÌÅÄÇÅ ÈÁÓ ÂÅÅÎ ÌÉÎËÅÄ ÔÏ Á ÃÏÕÎÔÒÙȭÓ ÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔȢ 

International organisations like United Nations Educational, Scientific and Cultural 

Organization (UNESCO) and the Organisation for Economic Co-operation and 

Development (OECD) provide country rankings reflecting a growing concern of the need 

to be competitive in a global economy in which countries such as China are playing an 

ever more important role (Jenkins, 2009). For these reasons PISA results influenced 

educational policy reform in participating countries (Breakspear, 2012). 

 

A third justification for the urgency for change in science education is the differentials 

associated with equity-related2 issues. For NZ, PISA results show one of the largest 

spreads in student achievement for the countries surveyed, particularly in relation to 

-àÏÒÉ ÁÎÄ 0ÁÓÉÆÉËÁ ÓÔÕÄÅÎÔÓȢ -àÏÒÉ ÁÎÄ 0ÁÓÉÆÉËÁ ÓÔÕÄÅÎÔÓȭ ÐÅÒÆÏÒÍÁÎÃÅ ÉÎ 0)3! ÓÃÉÅÎÃÅ 

assessments has declined since 2006 and is well below the OECD average (May et al., 

2019). This poses a challenge for students, teachers, schools, and policy makers in NZ as 

ÈÁÖÅ ÔÈÅ -àÏÒÉ ÁÃÈÉÅÖÅÍÅÎÔ ÒÅÓÕÌÔÓ ÉÎ ÏÕÒ .ÁÔÉÏÎÁÌ #ÅÒÔÉÆÉÃÁÔÅ ÉÎ %ÄÕÃÁÔÉÏÎÁÌ 

Achievement (NCEA). These results show that the degree of inequity has increased 

ÄÅÓÐÉÔÅ 0ıÔÁÉÁÏ ɉ-àÏÒÉ-medium science) education, for which a national curriculum was 

established in 1996 (Stewart, 2011). This contrasts with the overall success of Kura 

+ÁÕÐÁÐÁ -àoriȟ ×ÈÉÃÈ ÁÒÅ -àÏÒÉ ÌÁÎÇÕÁÇÅ ÉÍÍÅÒÓÉÏÎ ÓÃÈÏÏÌÓ (kura) in NZ. These 

schools, which ÁÉÍ ÔÏ ÒÅÖÉÔÁÌÉÓÅ ÔÈÅ -àÏÒÉ ÌÁÎÇÕÁÇÅ, have a philosophy and practices 

×ÈÉÃÈ ÒÅÆÌÅÃÔ -àÏÒÉ ÃÕÌÔÕÒÁÌ ÖÁÌÕÅÓȢ 

 

A fourth  justification  causing anxiety amongst science educationalists internationally is 

the decline in the number of students taking science subjects beyond the compulsory 

years (Buabeng et al., 2015). 7ÈÉÌÅ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ "ÕÁÂÅÎÇȭÓ ÓÔÕÄÙ ×ÁÓ .Å× :ÅÁÌÁÎÄȟ 

this is also a concern in other countries, such as the UK where there are declining 

 
2 Equity-related refers to students not been disadvantaged because of their background, including socio-
economic status, gender, or ethnicity . 
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numbers taking science subjects at A-level (Osborne et al., 2003). Although many 

students view science as difficult or irrelevant (Hipkins & Hodgen, 2012) other 

researchers attribute  this decline to increased subject choice and students taking a 

mixture of humanity and science subjects (Osborne et al., 2003).  

 

In summary, there are multiple justifications causing science educationalists to be 

concerned about the state of science education both in NZ and internationally all of 

whom are calling for change. Regardless of the cause for concern, these justifications 

have several negative flow-on effects.  

Negative flow -on effects for science education  

One negative flow-on effect for science education is the reduction in intakes into initial 

teacher education (ITE) programmes for those majoring in science. In an effort to 

increase the number of science graduates entering ITE programmes in NZ, the Ministry 

of Education (MoE) has offered scholarships to pre-service teachers specialising in 

curriculum areas of teacher shortage such as science (MoE, 2020d). A further effect is 

ÔÈÁÔ ȬÂÁÂÙ ÂÏÏÍÅÒÓȭ3 have either retired or are approaching retirement which 

contributes to a worldwide shortage of qualified science teachers (Ingersoll & Perda, 

2009). Given the shortage of qualified science teachers, there is a need for effective 

professional learning and development (PLD) to support teachers who are newly 

qualified and/or teaching outside their areas of expertise.  

 

Justifications as to why science standards are declining, and students are failing to take 

science beyond the compulsory years may relate to the ways science is defined in policy 

document and the ways science is taught in schools. It is these areas that this thesis 

study interrogates, namely the professional learning and development to support 

science teachers translate the intent of policy to classroom practice.  

 

In the next section, I explore curriculum policies whose purpose was to address these 

concerns through a broader lens, specifically, Nature of Science. 

 
3 Baby boomers are usually referred to as babies born between 1946 and 1964, during the baby boom 
postɀWorld War 2. 
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Policy: The introduction of Nature of Science (NOS)   

To address the perceived inadequacies of school science courses and shifts in the roles 

science and technology play in society, policy makers worldwide have included NOS in 

science curricula. This was designed to give more clarity to what science should look 

like. It has, however, not always been referred to as NOS. For example, by the 1960s 

ÓÃÈÏÏÌ ÃÕÒÒÉÃÕÌÕÍ ÒÅÆÏÒÍÅÒÓ ×ÅÒÅ ÓÅÅËÉÎÇ ×ÁÙÓ ÔÏ ÒÅÌÁÔÅ ȬÓÃÉÅÎÃÅ ÁÓ ÄÉÓÃÏÖÅÒÙȭ ÔÏ ÈÏ× 

students learnt science and how they were taught. Additional evidence at this time 

furthered the notion of discovery, viewing science as more than a body of knowledge but 

also encompassing processes such as observing, classifying, describing, communicating, 

making hypotheses, controlling variables and interpreting data (Gagné, 1965). 

 

Many other western world countries have been including NOS in their curriculum 

documents, for example, How Science Works (Turkenburg-van Diepen, 2013) in England, 

the Next Generation Science Standards (NGSS Lead States, 2013a) in the United States of 

America (USA) and the Australian Curriculum: Science (Australian Curriculum 

Assessment and Reporting Authority (ACARA), 2015) in Australia. Further details of 

these documents are included in Chapter 2 (the first of two Literature Review Chapters). 

For now, it is sufficient to say that each of these countries has found the transfer of 

science policy to practice challenging. 

Science Policy in New Zealand 

In the 1990s, in line with what has become a worldwide trend (Jenkins, 2009), New 

Zealand ÉÎÔÒÏÄÕÃÅÄ ./3 ÉÎÔÏ ÔÈÅ ÓÃÈÏÏÌ ÃÕÒÒÉÃÕÌÕÍȢ .ÁÍÅÄ ȬScience in the New Zealand 

Curriculumȭ (SNZC) (MoE, 1993), ÔÈÉÓ ÃÕÒÒÉÃÕÌÕÍ ÄÏÃÕÍÅÎÔ ÈÁÄ ÔÏ ÓÁÔÉÓÆÙ ÓÔÕÄÅÎÔÓȭ 

learning needs within the school system and also provide a foundation for those 

considering careers in science. As technology was woven into the NOS aspect of science, 

ÔÈÉÓ ÂÌÕÒÒÅÄ ÔÅÁÃÈÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ of what and how to teach NOS (refer to Figure 2). 

While one of the three achievement aims supporting this referred to the changing nature 

of science, the second and third aims referred to investigating and understanding the 

application of science to technology. Perhaps this link to technology is why NOS was 

largely ignored in the New Zealand curriculum during the 1990s. Jenkins (2009) later 
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found curricula that attempted to embrace science and technology with regard to 

ȬÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȭ ÅÎÃÏÕÎÔÅÒÅÄ ÍÁÊÏÒ ÄÉÆÆÉÃÕÌÔÉÅÓȢ 

Figure 2  

Diagram from Science in the New Zealand Curriculum showing NOS woven through 

content strands with technology (Ministry of Education, 1993, p. 7). 

 

As with many other countries, the education system in NZ is a three-tier model which 

includes primary schools, followed by secondary schools (high schools) and tertiary 

education at universities and/or polytechnics. Science is one of the eight learning areas 

that the NZC (MoE, 2007) specifies for schooling with curriculum levels 1 to 8. Of note, is 

the difference in initial teacher education (ITE) for primary and secondary school 

teachers in NZ. While both secondary and primary school teachers have mandatory 

preparation programmes for teaching, secondary school science teachers are also 

required to hold a science degree. Although this provides the teachers with science 

content subject knowledge, the degree on its own does not address the pedagogical 

content knowledge needed to teach science. In contrast, primary school teachers may 

only have high school level science (Blackmore et al., 2018) and are not required to hold 

a science degree. This means they may lack specialist science content knowledge which 

can affect their confidence to teach science. Interestingly, the National Educational 
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Monitoring Programme (NEMP)(University of Otago, 2017) showed a drop in interest in 

science for students between years 4 and 8, the final years of primary/intermediate 

schooling in NZ. )Æ ÔÈÅ ÐÒÉÍÁÒÙ ÓÃÈÏÏÌ ÔÅÁÃÈÅÒȭÓ ÌÁÃË ÏÆ ÓÃÉÅÎÃÅ ÑÕÁÌÉÆÉÃÁÔÉÏÎ ÉÓ ÏÎÅ 

contributing cause, this signals work is needed to address the effect of this downward 

trend on the engagement of science students in science in secondary schools. 

 

In the New Zealand Curriculum (NZC) (Ministry of Education, 2007), the science learning 

area saw a shift from the Nature of Science being introduced as a component of the 

1993 science curriculum (MoE, 1993) to being an overarching strand giving emphasis to 

what science is and what scientists do (Vannier, 2012). NOS focuses on skills such as 

scientific literacy instead of science content knowledge and ÉÓ ȰÔÈÅ ÒÅÑÕÉÒÅÄ ÌÅÁÒÎÉÎÇ 

ÆÏÒ ÁÌÌ ÓÔÕÄÅÎÔÓ ÕÐ ÔÏ ÙÅÁÒ ρπȱ (MoE, 2007, p. 29). The NZC describes NOS as the strand 

through which students: 

¶ develop the skills, attitudes, and values to build a foundation for 

understanding the world;  

¶ appreciate that while scientific knowledge is durable, it is also constantly 

re-evaluated in the light of new evidence; 

¶ learn how scientists carry out investigations; 

¶ come to see science as a socially valuable knowledge system; 

¶ learn how science ideas are communicated and 

¶ make links between scientific knowledge and everyday decisions and 

actions (MoE, 2007, p.28) .  

These outcomes are pursued through the four major content areas, mentioned earlier 

(Living World, Material World, Physical World and Planet Earth and Beyond), Ȱin which 

scientific knowledge has developed and continues to developȱ (MoE, 2007, p. 28). 

Science is now required to be taught through a NOS lens drawing upon whatever 

science context is in focus and appropriate. The four NOS strands underpinning this 

shift include: 

¶ Understanding ab out science ɀ this requires students to appreciate that 

scientists ask questions about our world that lead to investigations and that 

open-mindedness is important because there may be more than one explanation. 
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Students also need to be able to identify ways in which scientists work together 

and provide evidence to support their ideas. 

¶ Investigating in science  ɀ this requires students to build on prior experiences, 

×ÏÒËÉÎÇ ÔÏÇÅÔÈÅÒ ÔÏ ÓÈÁÒÅ ÁÎÄ ÅØÁÍÉÎÅ ÔÈÅÉÒ Ï×Î ÁÎÄ ÏÔÈÅÒÓȭ ËÎÏ×ÌÅÄÇÅȟ ÁÓË 

questions, find evidence, explore simple models, and carry out appropriate 

investigations to develop simple explanations. 

¶ Communicating in science ɀstudents learn to use a range of scientific symbols, 

conventions, and vocabulary, engage with a range of science texts and begin to 

question the purposes for which these texts are constructed. 

¶ Participating and contributing  ɀ students learn to relate the science they are 

doing to their world and make informed decisions that impact on their world 

based on this science (MoE, 2007). 

An emphasis on NOS in the NZC ÁÎÄ ÏÔÈÅÒ ÃÏÕÎÔÒÉÅÓȭ ÃÕÒÒÉÃÕÌÁ moves science teaching 

beyond the mere acquisition of content knowledge and memorising of facts to 

teaching content knowledge through the transferable processes and skills of NOS. 

 

Despite this emphasis on teaching through NOS in the NZC, the declining performances 

of students in science at local, national, and international levels persist. This concern 

means further questions need to be asked. One of these is to question the ways in which 

teachers are supported in their practice to implement NOS. 

NOS implementation issues  

Why has the teaching through NOS been fraught with difficulties? 

 

The intent of the NZC is Ȱto make science more engaging and more equitableȱ thus 

allowing Ȱlearning success for students from diverse backgroundsȱ (Hipkins, 2012, p. 5). 

As the NZC no longer puts an emphasis on teaching subject content knowledge, the shift 

required to teach science through NOS represents a new challenge for teachers and 

those who support their work. The need for PLD to implement NOS in the classroom has 

been signalled since the mid-1990s (Baker, 1999; Bell et al., 1995; Gluckman, 2011; Lee 

et al., 2014).  
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One issue that may explain challenges in the implementation of NOS in the classroom is 

the absence of a strong belief of the importance of NOS as a way to teach science. It is 

recognised that for many teachers NOS is a new component, not one included in their 

own education in science (Hipkins, 2012) and, therefore, not a surprise that they are 

challenged to make this shift (Schwartz & Lederman, 2002). This means that, despite 

secondary school teachers having science degrees, this emphasis of NOS is still a 

challenge. One might assume an understanding of NOS is included in science degrees, 

but perhaps this too is another area for investigation?  

 

Another challenge for postsecondary science education has been to move from a 

ȬÐÒÏÄÕÃÔȭ ÔÏ Á ȬÐÒÏÃÅÓÓȭ ÃÕÒÒÉÃÕÌÕÍ ÄÅÓÉÇÎ ÉÎ ÕÎÄÅÒÇÒÁÄÕÁÔÅ ÓÃÉÅÎÃÅ ÃÌÁÓÓÅÓȢ 4ÈÅ ÌÅÃÔÕÒÅ-

ÂÁÓÅÄ ÄÅÌÉÖÅÒÙ ÏÆ Á ÂÏÄÙ ÏÆ ËÎÏ×ÌÅÄÇÅȟ Á ȬÐÒÏÄÕÃÔȭȟ ×ÈÉÃÈ ÆÏÃÕÓÅÓ ÏÎ ȬÌÅÁÒÎÉÎÇ ÁÂÏÕÔ 

ÓÃÉÅÎÃÅȭ ÄÏÅÓ ÎÏÔ ÁÌÉÇÎ ×ÉÔÈ ./3 ×ÈÉÃÈ ÉÓ ÁÂÏÕÔ ȬÐÒÏÃÅÓÓȭ (Crippen & Archambault, 

2012). There is evidence that university science teaching programmes have, in recent 

ÙÅÁÒÓȟ ÅÎÄÅÁÖÏÕÒÅÄ ÔÏ ÏÆÆÅÒ ÄÉÆÆÅÒÅÎÔ ÌÅÁÒÎÉÎÇ ÏÐÐÏÒÔÕÎÉÔÉÅÓȟ ÓÕÃÈ ÁÓ ÔÈÅ ȬÌÅÁÒÎÉÎÇ-

science-by-ÄÏÉÎÇ ÓÃÉÅÎÃÅȭ ɉ,3$3Ɋ ÍÏÄÅÌȟ ÔÈÁÔ ÍÏÔÉÖÁÔÅ ÓÔÕÄÅÎÔÓ ÔÏ ÔÈÉÎË ÁÎÄ ÁÃÔ ÌÉËÅ 

scientists (Labouta et al., 2018) and hence teach NOS. The LSDS model, unlike 

traditional undergraduate laboratory practicals where students typically follow a 

ȬÒÅÃÉÐÅȭ (Thomas et al., 2017), is inquiry-based and in an authentic context.  

 

A further challenge contributing to the difficulties in implementing NOS in the 

ÃÌÁÓÓÒÏÏÍ ÉÓ ÔÅÁÃÈÅÒÓȭ ÌÉÍÉÔÅÄ ÁÕÔÈÅÎÔÉÃ ÓÃÉÅÎÃÅ ÅØÐÅÒÉÅÎÃÅÓ ÏÕÔÓÉÄÅ ÔÈÅ ÃÌÁÓÓÒÏÏÍȢ 

Schwartz and LedermanȭÓ (2002) study of two beginning secondary science teachers in 

the United States of America (USA) in their pre-service year and first year of full-time 

teaching, explored the impact of science community work on teaching of NOS. They 

found the teacher who had carried out research as a graduate and worked as a 

volunteer for organisations such as environmental groups, experienced how scientists 

work and was able to draw on this in the classroom. This finding, although confined to 

one country, has implications for pre-service teaching programmes given the 

considerable international literature to support the poor understanding of NOS by pre-

service teachers and the need for improved pre-service teaching of NOS (Abd-El-

Khalick, 2012a; Bilican et al., 2014; Toplis et al., 2010; Vázquez-Alonso et al., 2013). One 
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solution could be to have teachers work alongside a scientist during their initial 

education education (ITE).  

 

Science teachers, therefore, can complete a science degree and participate in ITE and 

yet still not have a good understanding of NOS and how to implement it in the 

classroom. Career long professional learning is necessary which brings me to my next 

ÐÅÒÓÐÅÃÔÉÖÅ ÒÅÌÁÔÅÄ ÔÏ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ ÒÏÌÅ ÏÆ ÔÅÁÃÈÅÒÓȭ ÐÒÏÆÅÓÓÉonal learning and 

development for teaching science through the Nature of Science.  

Professional Learning and Development (PLD)  

The need for effective PLD that enables science teachers to teach through NOS is a 

further challenge. Details of what constitutes effective PLD are discussed in Chapter 3, 

the second of two Literature Review chapters. Since the attributes of the facilitator are 

an important feature of effective PLD, the Ministry of Education in NZ introduced a new 

PLD model in 2017 which was updated in February 2020 (MoE, 2020c). As an 

accountability measure, under this new model facilitators are now required to be 

accredited. It is from my professional role as an accredited PLD facilitator that my 

interest in NOS has been stimulated, prompting me to undertake doctoral study. 

Research interest  

A passing comment from a teacher drew my attention to the notion that some teachers 

ÐÅÒÃÅÉÖÅ ÓÃÉÅÎÃÅ ÁÓ ÂÅÉÎÇ ȬÁ ÐÉÌÅ ÏÆ ÆÁÃÔÓȭ endorsing the view that subject /discipline 

knowledge is sufficient for teaching science. I then explored 0ÏÉÎÃÁÒïȭÓ (2016) quote, 

ȰÓÃÉÅÎÃÅ ÉÓ ÂÕÉÌÔ ÕÐ ÏÆ ÆÁÃÔÓȟ ÁÓ Á ÈÏÕÓÅ ÉÓ ×ÉÔÈ ÓÔÏÎÅÓȠ ÂÕÔ ÁÎ ÁÃÃÕÍÕÌÁÔÉÏÎ ÏÆ ÆÁÃÔÓ ÉÓ ÎÏ 

ÍÏÒÅ Á ÓÃÉÅÎÃÅ ÔÈÁÎ Á ÈÅÁÐ ÏÆ ÓÔÏÎÅÓ ÉÓ Á ÈÏÕÓÅȱ (p. 141) in relation to the Nature of 

Science (NOS).  

 

)Æ ÓÏÍÅ ÔÅÁÃÈÅÒÓ ÔÈÉÎË ÓÃÉÅÎÃÅ ÉÓ Á ÐÁÒÔÉÃÕÌÁÒ ÂÏÄÙ ÏÆ ËÎÏ×ÌÅÄÇÅȟ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ Á ȬÐÉÌÅ 

ÏÆ ÆÁÃÔÓȭ ÂÙ 0oincaré, then this is a problem. This is because there is more than one 

kind of knowledge to teach science as I have already argued. It is not just knowledge of 

the subject (Shulman, 1987). This view has prompted me to ask questions such as: 

what knowledge and support do teachers need to teach NOS? What enables this to 
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happen and what are the barriers? Is it just  content knowledge? Does a science degree 

supply the knowledge necessary for teaching science? Where is pedagogical content 

knowledge for NOS addressed? How does professional learning and development 

serve science teachers? 

 

Understanding pedagogical content knowledge for NOS is a prime interest in my 

professional work for two reasons. First, science is important, both to the individual 

and for society. The individual needs science to understand the modern world and 

society is dependent on individuals who are aÂÌÅ ÔÏ Ȱfully participate in a smart 

country where knowledge and innovation are at the heart of both economic growth 

and ÓÏÃÉÁÌ ÄÅÖÅÌÏÐÍÅÎÔȱ (Gluckman, 2011, p. 1). This brings me to my second interest 

ÉÎ ./3Ȣ "ÅÌÉÅÖÉÎÇ ÔÈÁÔ ÔÅÁÃÈÉÎÇ ÓÃÉÅÎÃÅ ÔÈÒÏÕÇÈ ./3 ÉÓ Á ÍÅÁÎÓ ÏÆ ÄÅÖÅÌÏÐÉÎÇ ȬȬÓÃÉÅÎÃÅ 

ÆÏÒ ÁÌÌȭȭ (MoE, 1993, p. 11), has been a major part of my work as a science facilitator for 

eight years. My sole professional focus has been supporting teachers to implement 

NOS in the classroom. Since mortar is necessary to make stones into a house, NOS, 

(which is about processes and skills relating to the real world), is necessary to make 

ÓÃÉÅÎÃÅ ÍÏÒÅ ÔÈÁÎ ÁÎ ȬÁÃÃÕÍÕÌÁÔÉÏÎ ÏÆ ÆÁÃÔÓȭ. Hence the aim to produce more engaging 

and relevant teaching for students in the 21st century. This view has been held by 

scientists and science educators internationally for the past 100 years (Kimball, 1967; 

Lederman, 1992; Sarton, 1918). For example, scientific and technological literacy to 

solve present day and future world problems were the focus of the world conference, 

Science for the twenty-first century: A new commitment held in Budapest in 1999. Science 

in society and science for society were themes that featured prominently during the 

ÃÏÎÆÅÒÅÎÃÅ ×ÉÔÈ ÃÌÁÉÍÓ ÔÈÁÔ ȰÓÃÉÅÎÃÅ ÓÈÏÕÌÄ ÂÅ ÁÔ ÔÈÅ ÓÅÒÖÉÃÅ ÏÆ ÈÕÍÁÎÉÔÙ ÁÓ Á ×ÈÏÌÅ 

and contribute to improving the quality of life for every member of present and future 

generationsȱ (Hoyningen-Huene et al., 1999, preamble). This view of science education 

ȬÆÏÒ ÁÌÌȭ ÏÒ ÃÉÔÉÚÅÎÓÈÉÐ ÓÃÉÅÎÃÅ ÉÓ ÒÅÆÌÅÃÔÅÄ ÉÎ ÓÃÉÅÎÃÅ ÃÕÒÒÉÃÕÌÕÍ ×ÏÒÌÄ×ÉÄÅȢ &ÏÒ 

example, the New Zealand Curriculum (NZC) states that students are ÔÏ ȰÅØÐÌÏÒÅ ÈÏ× 

both the natural physical world and science itself work so that they can participate as 

critical, informed, and responsible citizens [emphasis added] in a society in which 

ÓÃÉÅÎÃÅ ÐÌÁÙÓ Á ÓÉÇÎÉÆÉÃÁÎÔ ÒÏÌÅȱ (MoE, 2007, p. 17). Even though the NZC has been in 

use since 2007, what many teachers see as being important differs from the intent of the 

NZC (Spiller & Hipkins, 2013). 



14 
 

 

This problem is not unique to New Zealand. Orpwood (2001) has already indicated that 

in Canada the implemented curriculum is not the same as the intended curriculum. The 

reasons for this are complex. For example, as previously mentioned, it can be posited 

that primary schools teachers may lack the confidence and ability to teach science 

(Vannier, 2012) whereas national examinations influence what secondary school 

teachers teach and assess, especially in Years 11-134. Another source of complexity for 

teachers and principals is the need to respond to requirements from government 

organisations. In NZ the Educational Review Office (ERO) and the New Zealand 

Qualifications Authority (NZQA) are two entities that influence how the curriculum is 

implemented. The constraints authorities such as ERO and NZQA impose through 

accountability measures have been attributed as reasons why science content 

ËÎÏ×ÌÅÄÇÅ ÈÁÓ ÄÏÍÉÎÁÔÅÄ ÔÅÁÃÈÅÒÓȭ ÌÅÁÒÎÉÎÇ (Millar & Osborne, 1998).  

 

This study, which focuses on secondary school science teachers in NZ, seeks insights 

into how HODs can lead the implementation of the national initiative of teaching science 

through NOS and the people, conditions and processes that support this change. The 

focus is on secondary schools because my work as a science facilitator has primarily 

been in this educational sector. Since the literature indicates the importance of 

professional learning and development (PLD) for effective teaching, this study is 

seeking understanding of how teacher learning about NOS can be enhanced. The 

research questions aim to capture what helps ÔÅÁÃÈÅÒÓȭ ÌÅÁÒÎÉÎÇ ÁÔ ÔÈÅ ÓÃÈÏÏÌ ÌÅÖÅÌȢ 

Thesis Outline  

This thesis, which is composed of nine chapters, investigates how HODs can lead 

learning on how to teach science through Nature of Science. The first chapter introduces 

the reader to the rationale for the study and the context for the research study. It 

describes the knowledges needed to teach science as a background to NOS, as this thesis 

×ÉÌÌ ÂÅ ÅØÐÌÏÒÉÎÇ ÔÅÁÃÈÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ ÏÆ ÔÈÅ ÓÃÉÅÎÃÅ ÎÁÔÉÏÎÁÌ ÐÏÌÉÃÙ ÁÎÄ ÈÏ× ÔÈÉÓ is 

enacted in practice. The reasons for engaging in this research are outlined and the 

process of moving towards the research questions is explained.  

 
4 Years 11-13 represent the final three years of secondary school in NZ. 
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Chapters 2 and 3 explore the literature in order to provide the background for this 

study. Chapter 2, Science education policy and teaching, explores the state of science 

education policy both in NZ and internationally. There is a particular focus on content 

knowledge and pedagogical content knowledge (two of 3ÈÕÌÍÁÎȭÓ ÔÅÁÃÈÅÒ ËÎÏ×ÌÅÄÇÅ 

categories) as they relate to Nature of Science (NOS). Chapter 3 is about professional 

learning in the department; how HODs create shared understandings of NOS. There are 

layers of leadership in a secondary school, however, the HOD is the person who needs to 

lead the learning in the department. The advantage of the HOD leading the learning is 

they are one of the teachers and are, therefore, closest to the classroom teacher. It 

concludes with an exploration of change leadership since focusing on NOS instead of 

science content knowledge requires teachers to think differently about teaching science. 

 

In Chapter 4, the two theoretical frameworks, interpretive and leadership for learning 

are introduced and justified and the methodology for this thesis is presented. I discuss 

the worldviews that I hold and outline why a qualitative case study research approach 

is suited to this study. After discussing the methods, I employed for gathering data, I 

make clear the ethical process I went through and how I ensured the trustworthiness of 

my data. The limitations of my methodology are discussed followed by the learnings 

from my pilot study. The chapter concludes with an outline of the process I used for 

selecting my schools and participants. 

 

The fifth chapter is the first of three chapters of my findings provid ing raw data 

ÓÈÏ×ÉÎÇ ÔÅÁÃÈÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ ÏÆ ./3 and how they were acquired. It shows how 

national policy is being transferred to practice. This chapter describes the different 

types of teacher and student data that were gathered for the first of three case study 

schools, School A. Chapter Six provides the findings for the second case study school, 

School B, in the same format as Chapter Five. The findings of the remaining case study 

school, School C, are provided in Chapter Seven in the same format as Chapter Five. 

 

Chapter 8 discusses the findings in Chapters 5, 6 and 7 looking through a different lens, 

the Leadership for Learning (LfL) lens. Leadership is required within a department to 

enable change and ensure national policy is enacted. It includes an exploration of 
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ÄÉÆÆÅÒÅÎÔ ÃÈÁÎÇÅ ÍÏÄÅÌÓ ÁÎÄ ÔÈÅ ÁÒÇÕÍÅÎÔ ÆÏÒ ÕÓÉÎÇ +ÏÔÔÅÒȭÓ ÅÉÇÈÔ ÓÔÅÐ ÃÈÁÎÇÅ ÐÒÏÃÅÓÓ 

as the lens for making sense of my data. Finally, in Chapter 9, I discuss my conclusions, 

the limitations of this study and make suggestions for further research. I conclude this 

chapter with my research aims and research questions. 

Research aims and questions  

This thesis is about ÉÍÐÌÅÍÅÎÔÉÎÇ Á ÎÁÔÉÏÎÁÌ ÉÎÉÔÉÁÔÉÖÅ ÔÏ ÉÍÐÒÏÖÅ ÓÔÕÄÅÎÔÓȭ ÓÃÉÅÎÔÉÆÉÃ 

literacy by teaching science through NOS. My study aims to look at how schools take on 

this initiative with a particular focus on how HODs work with science teachers to 

improve their NOS content and pedagogical knowledges. My research questions, 

therefore, are: 

Main question:  

How can Heads of Department (HODs) lead the implementation of the national initiative 

of teaching science through Nature of Science? 

Sub question: 

How can (/$Óȭ ËÎÏ×ÌÅÄÇÅ ÏÆ ÃÈÁÎÇÅ ÔÈÅÏÒÙ ÁÓÓÉÓÔ ÔÈÅÍ ÉÎ ÄÅÃÉÓÉÏÎÓ ÁÂÏÕÔ people, 

conditions, and processes? 
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CHAPTER 2: LITERATURE REVIEW - Science education policy and 

teaching  

Intr oduction  

The literature review is presented in two chapters, Chapter 2, and Chapter 3. Chapter 2, 

Science education policy and teaching, firstly explores the recent development and 

focus of science education policy both in New Zealand (NZ) and internationally. A 

recurring theme in these policies is the need to develop scientifically literate citizens. 

Secondly, the challenges schools face transferring this policy to practice are discussed 

with a particular focus on the Nature of Science (NOS) aspect of the policy as this is 

assumed to enhance scientific literacy (Van Dijk, 2014). Approaches to pedagogical 

practice and the challenges associated with the teaching and learning of science are 

then explored. Chapter 3, Leadership for professional learning, examines support to 

transfer national science policy to practice.  

Science education policy : scientific literacy for all  

In the past 30 years setting science education policy has been a focus of governments 

worldwide, with a greater understanding and knowledge of science been seen as an 

important prerequisite for solving issues facing society, and supporting a country's 

economic growth and prosperity (Osborne & Dillon, 2008; Sahlberg, 2006). Osborne 

and Dillon (2008) argued that a curriculum based on teaching biology, chemistry and 

physics, and aimed at preparing students for a science degree or career requiring 

science, did not provide the majority of students with the necessary science knowledge 

and skills to participate in the world today. In an attempt to address this problem, 

science education reform worldwide has made scientific literacy a specific focus. 

  

The need for scientific literacy proposed by the United Nations Educational, Scientific 

and Cultural Organization (UNESCO) World Conference in 1990, Education for All, 

signalled a significant change in focus for science education. In the final report of this 

conference it was argued that, Ȱa scientifically literate [world] populat ion was essential 

ÆÏÒ ÅÃÏÎÏÍÉÃ ÄÅÖÅÌÏÐÍÅÎÔȱ ÉÎ ÔÈÅ ρωωπÓ (Inter -Agency Commission World Conference 

in Education for All, 1990, p. 14). &ÕÒÔÈÅÒÍÏÒÅȟ ȰÓystems of higher education [needed 
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to] be strengthened to train scientists, engineers, managers and other professionals 

×ÈÏ ɍ×ÏÕÌÄɎ ÌÅÁÄ ÔÈÅ ÎÁÔÉÏÎÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÅÆÆÏÒÔ ÉÎÔÏ ÔÈÅ ÎÅØÔ ÃÅÎÔÕÒÙȱ (p. 14). The 

reason delegates at the UNESCO conference argued for this shift of focus to scientific 

literacy was an endeavour to make science accessible to all, people in both 

underdeveloped and developed countries. Although this shift in focus had an 

educational agenda, the underlying driver was political. It was a response driven by the 

need to increase the prosperity, or economic growth, of countries.  

 

The shift in focus to scientific literacy, proposed in the 1990 UNESCO conference report, 

signalled a change in emphasis from science content knowledge to one that includes 

understanding the processes of science and how science works. For example, in the USA 

the National Science Education 3ÔÁÎÄÁÒÄÓ ÁÔ ÔÈÉÓ ÔÉÍÅ ÃÌÁÉÍÅÄ ÔÏ ȰÐÒÅÓÅÎÔ Á ÖÉÓÉÏÎ of a 

scientifically literate populace [and to] outline what students need[ed] to know, 

ÕÎÄÅÒÓÔÁÎÄȟ ÁÎÄ ÂÅ ÁÂÌÅ ÔÏ ÄÏ ÔÏ ÂÅ ÓÃÉÅÎÔÉÆÉÃÁÌÌÙ ÌÉÔÅÒÁÔÅ ÁÔ ÄÉÆÆÅÒÅÎÔ ÇÒÁÄÅ ÌÅÖÅÌÓȱ (1996, 

p. 5). In the UK, the Beyond 2000 report (Millar & Osborne, 1998) aÒÇÕÅÄ ÔÈÁÔ ȰÔÈÅ 

science curriculum from age 5 to 16 should be seen primarily as a course to enhance 

ÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȱ (p. 13). In Australia, the first of five principles recommended by a 

major research report undertaken by the Department of Education, Training and Youth 

Affairs on the quality of teaching and learning ÉÎ !ÕÓÔÒÁÌÉÁÎ ÓÃÈÏÏÌÓ ÓÔÁÔÅÄ ÔÈÁÔ ȰÔÈÅ 

ÐÕÒÐÏÓÅ ÏÆ ÓÃÉÅÎÃÅ ÅÄÕÃÁÔÉÏÎ ÉÓ ÔÏ ÄÅÖÅÌÏÐ ÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȱ (Rennie et al., 2001, p. 

455).  

 

Fensham (2008) continued the international theme of growing scientifically literate 

citizens in the 2008 UNESCO report, Science education policy-making: eleven emerging 

issuesȢ 4ÈÉÓ ÒÅÐÏÒÔ ÒÅÃÏÍÍÅÎÄÅÄ ÒÅÐÌÁÃÉÎÇ ȰÔÈÅ ÇÅÎÅÒÉÃ ÕÓÅ ÏÆ ȰÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȱȟ ÁÓ Á 

goal of school science education, with more precisely defined scientific knowledge and 

ÓÃÉÅÎÔÉÆÉÃ ÁÂÉÌÉÔÉÅÓȟ ÔÈÁÔ ÈÁÖÅ ÍÅÁÎÉÎÇ ÂÅÙÏÎÄ ÓÃÈÏÏÌȱ (p. 9) for students at all levels. 

Furthermore, this report recommended ȰÐÏÌÉÃÙ ÍÁËÅÒÓ ÓÈÏÕÌÄ ÃÏÎÓÉÄÅÒ ×ÈÁÔ ×ÉÌÌ 

encourage a better balance between teaching science as established information and 

ÔÈÏÓÅ ÆÅÁÔÕÒÅÓ ÏÆ ÓÃÉÅÎÃÅ ÔÈÁÔ ÁÒÅ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÔÈÅ .ÁÔÕÒÅ ÏÆ 3ÃÉÅÎÃÅȱ (p. 8). Moreover, 

three years after the 2008 UNESCO report, Looking Ahead: Science Education for the 

Twenty-First Century, a Report from tÈÅ .: 0ÒÉÍÅ -ÉÎÉÓÔÅÒȭÓ #ÈÉÅÆ 3ÃÉÅÎÃÅ !ÄÖÉÓÏÒ 

(Gluckman, 2011) also advocated for growing scientifically literate citizens.  



19 
 

 

Possibly the most significant indication of the policy shift from understanding science 

concepts to scientific literacy, was the decision by the Organisation for Economic 

Cooperation and Development (OECD) to change their worldwide Programme for 

Internatio nal Student Assessment (PISA) to assess not just science conceptual 

ËÎÏ×ÌÅÄÇÅ ÂÕÔ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÁÎÄ ÁÐÐÌÉÃÁÔÉÏÎ ÏÆ ÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙ (Harlen, 

2001; OECD, 2000). Such a shift to include scientific literacy within this international 

assessment acknowledges the important role of scientific literacy. That is, developing 

deeper understanding about science concepts and processes as a key driver that 

supports personal decision making and participation in this global age.  

 

At a time when science education reform around the world was beginning to focus on 

developing scientifically literate students, most nations advocated that the development 

ÏÆ ÓÔÕÄÅÎÔÓȭ ÖÉÅ×Ó ÏÆ ./3 ÓÈÏÕÌÄ ÂÅ ÁÎ ÏÂÊÅÃÔÉÖÅ ÏÆ ÓÃÉÅÎÃÅ ÅÄÕÃÁÔÉÏÎ (National 

Research Council, 1996)Ȣ $ÅÖÅÌÏÐÉÎÇ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ./3 ×ÁÓ ÓÅÅÎ ÁÓ Á ÖÉÔÁÌ 

component of scientific literacy (e.g., Abd-El-Khalick & Lederman, 2000; Lederman, 

2007; Millar & Osborne, 1998). There is no singular meaning of the term NOS (Abd-El-

Khalick & Lederman, 2000), however, the New Zealand Curriculum (NZC) (MoE, 2007) 

describes NOS as a strand through which students learn what science is and how 

scientists work. This curriculum states that through NOS students will develop the 

skills, attitudes and values for understanding the world, appreciate that scientific 

knowledge changes when there is new evidence, learn how scientists carry out 

investigations and learn how to communicate scientific ideas. 

 

In summary, in the past three decades, there has been an international drive to develop 

scientifically literate students to support the economic prosperity of countries. Evidence 

of this can be found in a number of reports including the 1990 UNESCO conference 

report (Inter -Agency Commission World Conference in Education for All, 1990), the UK 

report Beyond 2000 (Millar & Osborne, 1998)ȟ 2ÅÎÎÉÅ ÅÔ ÁÌȢȭÓ (2001) Australian report, 

the 2008 UNESCO report (Fensham, 2008) and the Gluckman report (2011) from New 

Zealand. Educationally this has seen a focus on the aspects of knowledge and 

understanding of science processes which is called Nature of Science (NOS). In order to 

find how this is reflected in science education policies, I turn now to explore the policies 
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of four English speaking countries which had similar results in the 2018 science PISA 

assessment: New Zealand, Australia, England, and the USA. 

Science education policy in New Zealand  

In New Zealand, the context of this thesis, the first attempt to shift the focus to scientific 

literacy came in 1993 with the release of Science in the New Zealand Curriculum (SNZC) 

(Ministry of Education, 1993). Prior to this, teachers were found to have differing beliefs 

ÁÂÏÕÔ ȰÔÈÅ ÎÁÔÕÒÅ ÏÆ ÓÃÉÅÎÔÉÆÉÃ ÔÈÅÏÒÉÅÓȟ ÓÃÉÅÎÔÉÆÉÃ ÐÒÏÃÅÓÓÅÓȟ ÁÎÄ ÔÈÅ ÐÒÏgression and 

ÃÈÁÎÇÅ ÏÆ ÓÃÉÅÎÔÉÆÉÃ ËÎÏ×ÌÅÄÇÅȱ (Brickhouse, 1990, p. 52) which influenced how science 

was taught. Drawing on recommendations from science education research (e.g., 

Brickhouse, 1990; Tobin & Garnett, 1988), the curriculum policy document, SNZC, was 

an attempt to provide a coherent curriculum across all levels of schooling, to ensure that 

ÔÈÅÒÅ ×ÁÓ ȰÓÃÉÅÎÃÅ ÅÄÕÃÁÔÉÏÎ ÆÏÒ ÁÌÌ ÓÔÕÄÅÎÔÓȱ (MoE, 1993, p. 7). Within SNZC, two 

strands were specifically identified that would support the teaching of scientific literacy. 

These two strands, Developing Scientific Skills and Attitudes and Making Sense of the 

Nature of Science and its Relationship to Technology (refer to Figure 2 in Chapter 1), 

were designed to be thought of as a way of weaving and integrating skills and attitudes 

and understanding of NOS as teachers focused on the teaching of specific science 

content. They were also referred to as the integrating strands within the science 

learning area. However, for many teachers who may have experienced a more 

knowledge focused science education, they may not have fully comprehended the 

complexity of scientific literacy and the link to NOS. SNZC required new content 

knowledge and a new way of teaching science (Hipkins, 2012). For example, concepts 

from media studies are useful when evaluating scientific issues that are portrayed in 

different ways by the media and statistical and graphical literacies are helpful when 

studying dubious scientific evidence that is presented quantitatively. In the report to the 

Ministry of Education on curriculum developments that included SNZC and NZC, Hipkins 

(2012) noted that teachers were left to join many dots on their own. Without exemplars 

that showed how to combine NOS knowledge with specific science concepts or skills, 

changing the way teachers taught was challenging (ibid). 

 

The Curriculum Stocktake report (McGee et al., 2003), commissioned by the Ministry of 

Education to review the implementation of the entire national curriculum, reported that 
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over two-thirds of the 875 science teachers interviewed found insufficient guidance in 

the SNZC (1993) and supporting documents to enable them to teach the two integrating 

strands. Other factors that challenged science teachers included, too much science 

content knowledge to teach and confusion over the inclusion of the technology learning 

area in one of the two integrating NOS strands, Making Sense of the Nature of Science 

and its Relationship to Technology. While some teachers responded to the new direction 

of SNZC (1993), in the absence of any professional development to help them interpret 

the policy, many simply interpreted this new curriculum approach to science education 

ÁÓ ȬÂÕÓÉÎÅÓÓ ÁÓ ÕÓÕÁÌȭ (Hipkins & Barker, 2002). This meant the full intent of SNZC was 

not met. 

 

As New Zealand is a bicultural nation, it has a -àÏÒÉ curriculum, Te Marautanga o 

Aotearoa (Ministry of Education, 1996d), in addition to the English medium curriculum. 

)Î ÔÈÉÓ -àÏÒÉ ÃÕÒÒÉÃÕÌÕÍ ÔÈÅÒÅ ÉÓ ÁÌÓÏ Á ÆÏÃÕÓ ÏÎ ÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙ ÁÎÄ ./3ȟ ÂÕÔ ×ÉÔÈ Á 

ÓÐÅÃÉÆÉÃ ÆÏÃÕÓ ÏÎ -àÏÒÉ ×ÏÒÌÄÖÉÅ×Ó ÏÆ science. 

Te Marautanga o Aotearoaȟ ÔÈÅ -àÏÒÉ ÃÕÒÒÉÃÕÌÕÍ  

4ÈÅ -àÏÒÉ ÃÕÒÒÉÃÕÌÕÍȟ Te Marautanga o Aoteoroa (TMoA), a parallel document to the 

English curriculum used only in schools that are not English medium, was developed in 

1996 (after the launching of SNZC) ÉÎ ÒÅÓÐÏÎÓÅ ÔÏ Á ÇÒÏ×ÉÎÇ ÄÅÓÉÒÅ ÔÏ ÐÒÏÍÏÔÅ -àÏÒÉ 

language, culture, and values. NOS was included in PıÔÁÉÁÏȟ ÔÈÅ ÓÃÉÅÎÃÅ ÓÅÃÔÉÏÎ ÏÆ this 

curriculum. !ÌÔÈÏÕÇÈ 0ıÔÁÉÁÏ ÔÒÁÎÓÌÁÔÅÓ ÁÓ ȬÓÃÉÅÎÃÅȭ, it also ÉÎÃÌÕÄÅÓ -àÏÒÉ ËÎÏ×ÌÅÄÇÅ 

ÓÙÓÔÅÍÓȢ Ȱ0ıÔÁÉÁÏ ÉÎÃÌÕÄÅÄ ÆÏÕÒ ÓÔÒÁÎÄÓ [the fourth of which included NOS]:  

¶ 4Å !Ï 4ıÒÏÁ ɉÎÁÔÕÒÁÌ ×ÏÒÌÄɊȠ 

¶ !ÈÕÐıÎÈÁÏ ɉÐÈÙÓÉÃÁÌ ×ÏÒÌÄɊȠ 

¶ Kawekawe (material world); and 

¶ .Çà 4ÁÕÔÁËÅ 0ıÔÁÉÁÏ ÍÅ ÎÇà +ęÒÅÒÏ-o-Mua (philosophy and history of ÓÃÉÅÎÃÅɊȱ 

(Smallbone et al., 2017, p. 200). 

It was hoped that teaching this fourth strand, the philosophy and history of science, 

would provide students with a deeper understanding ÏÆ ./3 ÁÎÄ ÓÕÐÐÏÒÔ Á -àÏÒÉ 

viewpoint (Stewart, 2011)Ȣ 4ÈÅ ÉÎÔÅÎÔ ÏÆ 0ıtaiao was also to improve outcomes for 

-àÏÒÉ ÓÔÕÄÅÎÔÓȟ ÈÏ×ÅÖÅÒȟ ÔÈÅ ÏÐÐÏÓÉÔÅ ÅÎÓÕÅÄ (Stewart, 2011). National Certificate in 

http://tmoa.tki.org.nz/
http://tmoa.tki.org.nz/
http://tmoa.tki.org.nz/
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Educational Achievement (NCEA) data suggests that 0ıÔÁÉÁÏ ÅÄÕÃÁÔÉÏÎ Ȱhas so far 

increased, rather than decreased, the level of inequity for -àÏÒÉ ÓÔÕÄÅÎÔÓ ÉÎ ÓÃÉÅÎÃÅ 

educationȱ ÉÎ -àÏÒÉ ÓÃÈÏÏÌÓȟ ÄÅÓÐÉÔÅ ÉÔÓ ÉÎÔÅÎÔÉÏÎ ÔÏ ÄÏ ÔÈÅ ÏÐÐÏÓÉÔÅ (Stewart, 2011, p. 

724). Other evidence of ÌÏ× ÁÃÈÉÅÖÅÍÅÎÔ ÆÏÒ -àÏÒÉ ÓÔÕÄÅÎÔÓ ÒÅÌÁÔÅÓ ÔÏ ÐÅÒÆÏÒÍÁÎÃÅÓ ÉÎ 

large scale international assessments such as PISA (May et al., 2019). 7ÈÉÌÅ 0ıÔÁÉÁÏ 

helped support the goal of preserving ÔÒÁÄÉÔÉÏÎÁÌ -àÏÒÉ ËÎÏ×ÌÅÄÇÅ, it did not achieve 

ÔÈÅ ÇÏÁÌ ÏÆ ÉÍÐÒÏÖÉÎÇ ÌÅÁÒÎÉÎÇ ÏÕÔÃÏÍÅÓ ÆÏÒ -àÏÒÉ ÓÔÕÄÅÎÔÓ (Stewart, 2011). 

A further development of the NZ science curriculum  

Early in the twentieth century, in response to pressures from parents, tertiary 

institutions and employers, The New Zealand Curriculum (NZC) began to be developed 

(Hipkins, 2012). These stakeholders demanded that students leave schools well 

prepared to enter the workforce or continue with further study (Cubitt, 2006). An 

important driver in the reshaping of SNZC, the 1993 Curriculum Framework, into the 

front section of the integrated NZC framework was the pressure to Ȱreflect wider 

societal changes within the national curriculumȱ (Hipkins, 2012, p. 9). In particular the 

front section of the NZC has Á ÆÏÃÕÓ ÏÎ ÓÕÐÐÏÒÔÉÎÇ ÓÔÕÄÅÎÔÓ ÔÏ ÂÅÃÏÍÅ Ȱςρst century 

ÌÅÁÒÎÅÒÓȱȢ 4ÈÉÓ iÓ ÅØÐÒÅÓÓÅÄ ÉÎ ÔÈÅ ÖÉÓÉÏÎ ÓÔÁÔÅÍÅÎÔȟ ȰÁ ÓÅÔ ÏÆ ÅÉÇÈÔ ÐÒÉÎÃÉÐÌÅÓ ÔÏ ÕÎÄÅÒÐÉÎ 

curriculum decision making, a set of eight overarching values to be encouraged, 

modelled and explored and a set of five key competencies adapted from those 

developed by the OrganisÁÔÉÏÎ ÆÏÒ %ÃÏÎÏÍÉÃ #ÏÏÐÅÒÁÔÉÏÎ ÁÎÄ $ÅÖÅÌÏÐÍÅÎÔ ɉ/%#$Ɋȱ 

(Hipkins, 2012, p. 9).  

 

In consultation wi th more than 15000 students, teachers, principals, advisers, and 

academics, The New Zealand Curriculum (NZC) was published in 2007 to be 

implemented in 2010 (Ministry of Education, 2007). The large number of groups 

consulted ensured a range of perspectives were gathered. The NZC is a whole 

curriculum policy document with eight learning areas designed to provide students 

with a broad education. The learning areas are English, the arts, health, and physical 

education, learning languages, mathematics and statistics, science, social sciences, and 

technology. Just the science learning area will be discussed here as this is the primary 

focus of this study. The science learning area has a three-tier structure to navigate with 

ȰÏÎÌÙ ÍÉÎÉÍÁÌ ÇÕÉÄÁÎÃÅ ÁÎÄ ÓÕÐÐÏÒÔȱ (Hipkins, 2012, p. 13). The first tier of contextual 
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objectives identifies the important content to be delÉÖÅÒÅÄȢ Ȱ4ÈÅ ÓÅÃÏÎÄ ÔÉÅÒ ÁÄÄÓ ./3 

dimensions that should be woven through the content, but with multiple competing 

ÁÇÅÎÄÁÓ ÔÏ ÂÅ ÁÄÄÒÅÓÓÅÄȱ ÁÎÄ ȰÎÏ ÃÌÅÁÒÌÙ ÅÖÉÄÅÎÔ ÂÅÓÔ ×ÁÙ ÔÏ ÄÏ ÔÈÉÓȱ ɉÉÂÉÄȟ ÐȢρσɊȢ 

Finally, the third tier (the front section of the NZC), which includes the curriculum 

vision, principles on which to base curriculum decisions, values to be encouraged and 

key competencies for life-long learning, has an essence statement for each of the eight 

learning areas. These essence statements were designed to capture the intent of each 

learning area and ÓÅÒÖÅ ÁÓ Á ÇÕÉÄÅ ÔÏ Ȱ×ÈÁÔ ÍÁÔÔÅÒÓ ÍÏÓÔ ÉÎ ÅÁÃÈ ÓÕÂÊÅÃÔȱ (Cubitt, 2006, 

p. 206). This third tier of the NZC, therefore, provideÓ Ȱsome signals about valued 

outcomes for science but these will not constitute guidance for weaving a curriculum 

together unless teachers are disposed to pay serious attention to the messages of this 

ÔÉÅÒ ÁÎÄ ÔÏ ÐÒÉÏÒÉÔÉÓÅ ÔÈÅÍȱ (Hipkins, 2012, p. 13). The guidance provided in the science 

essence statement is: 

In science, students explore how both the natural physical world and science 

itself work so that they can participate as critical, informed, and responsible 

citizens in a society in which science plays a significant role (MoE, 2007, p. 17). 

"ÁÓÅÄ ÏÎ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓ ÆÒÏÍ ÔÈÅ .: ȰÃÕÒÒÉÃÕÌÕÍ ÓÔÏÃËÔÁËÅȱ (from 2000-2002), and 

in consultation with students, teachers, principals, advisers and academics (Cubitt, 

2006), the new NOS strand in the NZC is a collapsing of the two integrating strands in 

the ρωωσ ÓÃÉÅÎÃÅ ÃÕÒÒÉÃÕÌÕÍ ÉÎÔÏ ÏÎÅ ȰÏÖÅÒÁÒÃÈÉÎÇȟ ÕÎÉÆÙÉÎÇ ÓÔÒÁÎÄȱ ÔÈÒÏÕÇÈ ×ÈÉÃÈ ÔÈÅ 

content of the four context strands is to be delivered (MoE, 2007, p. 28). The four 

context strands are Living World, Material World, Physical World and Planet Earth and 

Beyond. This new version of the NOS strand in the NZC shows the ongoing work to 

reform the science curriculum and make NOS central to the teaching of science. The 

Level 5 NOS and context strand achievement objectives are shown in Figure 3.  
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Figure 3  

Level 5 NOS and context strand achievement objectives in the New Zealand curriculum 

(From foldouts in the back of the NZC in Ministry of Education, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen in Figure 3, NOS has four sub-strands, Understanding about science, 

Investigating in science, Communicating in science, and Participating and Contributing, 

each with their own objectives. These sub-strands include processes and skills that are 

part of scientific literacy. The achievement objectives for each of the eight learning 

areas, which includes science, provide guidance for teachers on how to develop each of 

these NOS sub-strands from Level 1 through to Level 8. Figure 3 shows the NOS and 

Achievement objectives for 4 NOS strands 

Achievement objectives for 4 context strands 



25 
 

science content achievement objectives for Level 5 of the NZC. Table 1 shows the 

objective progressions for one of the NOS sub-strands, Communicating in science. These 

progressions show how the Communicating in science NOS strand is designed to develop 

ÓÔÕÄÅÎÔÓȭ ÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒacy throughout their primary and secondary education. 

Table 1  

Achievement objectives from NZC (Ministry of Education, 2007) for Levels 1-8 of the NOS 

sub-strand Communicating in science. 

NOS objectives  Communicating in science  

Level 1 and 2 NOS objectives  ¶ Build their language and develop their 

understandings of the many ways the 

natural world can be represented. 

Level 3 and 4 NOS objectives  ¶ Begin to use a range of scientific symbols. 

¶ Engage with a range of science texts and 

begin to question the purposes for which 

these texts are constructed. 

Level 5 and 6 NOS objectives  

 

¶ Use a wider range of science vocabulary, 

symbols, and conventions. 

¶ Apply their understandings of science to 

evaluate both popular and scientific texts 

(including visual and numerical literacy). 

Level 7 and 8 NOS objectives ¶ Use accepted science knowledge, 

vocabulary, symbols, and conventions when 

evaluating accounts of the natural world 

and consider the wider implications of the 

methods of communication and/or 

representation employed. 

 

The objectives in the right-hand column in Table 1 are the same for two successive 

ÃÕÒÒÉÃÕÌÕÍ ÌÅÖÅÌÓ ÁÎÄ ÕÓÅ ÁÎ ÁÓÃÅÎÄÉÎÇ ÏÒÄÅÒ ÏÆ "ÌÏÏÍȭÓ ÔÁØÏÎÏÍÙ5 verbs to denote the 

progressions. For example, Level 1 and 2 use the verbs build and develop whereas the 

higher levels use the verbs apply and evaluate.  

 
5 "ÌÏÏÍȭÓ ÔÁØÏÎÏÍÙ ÉÓ Á ×ÁÙ ÏÆ ÃÁÔÅÇÏÒÉÓÉÎÇ ÁÎÄ ÏÒÄÅÒÉÎÇ ÔÈÉÎËÉÎÇ ÓËÉÌÌÓ ÆÒÏÍ ÌÏ×ÅÒ ÏÒÄÅÒ ÔÏ ÈÉÇÈÅÒ ÏÒÄÅÒ 
learning skills 
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Having discussed how science education policy in NZ has endorsed the theme of the 

1990 UNESCO conference to develop scientifically literate students, by making NOS a 

focus, I now explore how other countries have incorporated scientific literacy into their 

policies. I begin with Australia, a country which is close to New Zealand and shares a 

British colonial heritage. 

Science education  policy  in Australia  

In the 1990s, consistent with the theme of the 1990 UNESCO world conference, the 

science curriculum in Australia had a focus on developing scientific literacy. A major 

government commissioned report on the state of science in Australian schools, 

however, found the actual science curriculum implemented in most schools differed 

from the intended national curriculum (Rennie et al., 2001). Drawing on the proposals 

in the Australian School Science Education National Action Plan 2008ɀ2012 (Goodrum 

& Rennie, 2007) ÁÎÄ 4ÙÔÌÅÒȭÓ (2007) seminal paper, Re-imagining Science Education: 

%ÎÇÁÇÉÎÇ ÓÔÕÄÅÎÔÓ ÉÎ ÓÃÉÅÎÃÅ ÆÏÒ !ÕÓÔÒÁÌÉÁȭÓ ÆÕÔÕÒÅ, a new national curriculum for science 

was developed in 2010.  

 

The secondary Australian curriculum includes learning areas (one of which is science), 

general capabilities and cross-curriculum priorities (ACARA, 2015d). The science 

learning area curriculum consists of aims and learning objectives designed to provide 

students with opportunities to develop an understanding of science concepts and 

processes, develop scientific knowledge, understandings, and skills to make informed 

decisions about local, national, and global issues and participate in science-related 

careers if they so wish. The online curriculum states there are seven aims which are 

designed to ensure that students develop: 

¶ an interest in science as a means of expanding their curiosity and willingness to 

explore, ask questions about and speculate on the changing world in which they 

live; 

¶ an understanding of the vision that science provides of the nature of living 

things, of Earth and its place in the cosmos, and of the physical and chemical 

processes that explain the behaviour of all material things; 
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¶ an understanding of the nature of scientific inquiry and the ability to use a range 

of scientific inquiry methods including questioning; planning and conducting 

experiments and investigations based on ethical principles; collecting and 

analysing data; evaluating results; and drawing critical, evidence-based 

conclusions; 

¶ an ability to communicate scientific understanding and findings to a range of 

audiences, to justify ideas on the basis of evidence, and to evaluate and debate 

scientific arguments and claims; 

¶ an ability to solve problems and make informed, evidence-based decisions about 

current and future applications of science while taking into account ethical and 

social implications of decisions; 

¶ an understanding of historical and cultural contributions to science as well as 

contemporary science issues and activities and an understanding of the diversity 

of careers related to science and 

¶ a solid foundation of knowledge of the biological, chemical, physical, earth and 

space sciences, including being able to select and integrate the scientific 

knowledge and methods needed to explain and predict phenomena, to apply that 

understanding to new situations and events, and to appreciate the dynamic 

nature of science knowledge (ACARA, 2015a). 

 

The science learning objectives provided for each school year are divided into three 

interrelated strands called: science understanding (content knowledge); science inquiry 

skills (SIS); and science as a human endeavour (SHE). As can be seen from their 

positioning ÁÒÏÕÎÄ Ȭ3ÃÉÅÎÃÅȭȟ ÔÈÅ ÃÏÒÅ ÉÎ &ÉÇÕÒÅ 4, these are considered central to the 

teaching of science. The three interrelated strands are surrounded by six key ideas 

(refer to Figure 4) ȰÔÈÁÔ ÒÅÐÒÅÓÅÎÔ ËÅÙ ÁÓÐÅÃÔÓ ÏÆ Á ÓÃÉÅÎÔÉÆÉÃ ÖÉÅ× ÏÆ ÔÈÅ ×ÏÒÌÄ ÁÎÄ 

bÒÉÄÇÅ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÁÃÒÏÓÓ ÔÈÅ ÄÉÓÃÉÐÌÉÎÅÓ ÏÆ ÓÃÉÅÎÃÅȱ (ACARA, 2015c). 

These key ideas are embedded within each year level description and are intended to 

guide the teaching and learning. 
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Figure 4  

The structure of the Australian Curriculum: Science (ACARA, 2015c).  

 

The SHE strand contains a sub-strand called the nature and development of science 

which contains several NOS themes, including Ȱrecognising that observation is an 

ÉÍÐÏÒÔÁÎÔ ÐÁÒÔ ÏÆ ÅØÐÌÏÒÉÎÇ ÁÎÄ ÉÎÖÅÓÔÉÇÁÔÉÎÇ ÔÈÅ ÔÈÉÎÇÓ ÁÎÄ ÐÌÁÃÅÓ ÁÒÏÕÎÄ ÕÓȱ (ACARA, 

2015e). These NOS themes are also evident in the SIS strand, where, for example, 

processing and analysing data and information, communicating, and planning and 

conducting investigations are features.  

 

Science teachers in Australia are also required to weave seven general capabilities and 

three cross-curricular priorities through the content. The general capabilities are 

literacy, numeracy, ICT, critical and creative thinking, ethical understanding, and 

intercultural understanding. The literacy capability is broken down into the learning 

areas, with scientific literacy featuring in the science section. I have shown the 

complexity of this curriculum for science in Figure 5. 
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Figure 5  

A representation of the strands in the Australian curriculum pertinent to science teachers. 

 

The Department of Education, Skills and Employment (2020) provided clear directives 

for teachers to integrate the three interrelated science strands, Science understanding, 

SHE and SIS, along with the general capabilities and the cross-curricular priorities. 

Fensham (2016), however, noted that teachers are still focusing too much on teaching 

traditional science content knowledge despite the new curriculum. He suggests, one 

solution to this problem is to develop reliable ways of assessing the NOS aspects of SHE 

and SIS. The international science assessment, PISA, has already developed items that 

measure the ability to identify scientific issues and use scientific evidence to explain 

phenomenon, two aspects of NOS (OECD, 2007). Fensham argues that sharing these 

forms of assessment would help teachers see what is intended for NOS and reinforce for 

the wider stakeholders of science education, that NOS learnings have status comparable 

to science content knowledge. Furthermore, Fensham identified that teachers need 

pedagogical support to enable them to change their teaching practice so that the 

interrelated  strands can be woven through science conceptual knowledge in such a way 

that the students develop great knowledge about science. Although Fensham argues for 

changes in assessment and pedagogy, there is also support for reducing the content 

knowledge in the curriculum. A review of the current curriculum is concentrating on 

ωScience understanding (content)

ωScience as human endeavour 
(SHE)

ωScience inquiry skills (SIS)

Science

ωScientific literacy

ωNumeracy

ωICT

ωCritical and creative thinking

ωEthical understanding

ωIntercultural understanding

General 
capabilities

ωAboriginal and Torres Strait 
Islanders Histories and Cultures

ωAsia and Australia's Engagement 
with Asia

ωSustainability

Cross-
curricular 
priorities
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refining and reducing the amount of content with a focus on addressing the 

overcrowded curriculum in the primary years and establishing essential content 

(Australian Government, 2020). Another factor that may help teachers develop the NOS 

aspects of the Australian science curriculum is the revision of school science textbooks. 

McDonald (2017) found that school textbooks were not explicitly highlighting NOS 

ÁÓÐÅÃÔÓ ÁÎÄ ÓÕÇÇÅÓÔÅÄ ÔÈÁÔ ÔÈÉÓ ÃÏÕÌÄ ÂÅ ÒÅÍÅÄÉÅÄ ÂÙ ÓÉÍÐÌÙ ÉÎÃÌÕÄÉÎÇ ȰÒÅÆÌÅÃÔÉÖÅ 

statementsȟ ÐÒÏÍÐÔÓȟ ÏÒ ÑÕÅÓÔÉÏÎÓ ÔÏ ÅØÐÌÉÃÉÔÌÙ ÆÏÃÕÓ ÓÔÕÄÅÎÔÓȭ ÁÔÔÅÎÔÉÏÎ ÏÎ ÒÅÌÅÖÁÎÔ 

NOS ÁÓÐÅÃÔÓȱ (p. 114). Again, policy alone is insufficient to change teacher practices. 

There has been a call for changes to assessment, pedagogy, and textbooks to support the 

implementation of the Australian curriculum. 

 

I turn now to explore science education policy in a third country, England. 

Science education policy  in England  

There have been successive waves of government initiatives to reform science 

education in England since the first National Curriculum in 1989 (Taber, 2018). Science 

education in the 1989 curriculum included scientific investigation which, in secondary 

schools, was assessed by teachers in schools and moderated externally. Taber argued 

that this led to teachers teaching a narrow range of investigations that prepared 

students for the assessment. The previously mentioned Beyond 2000 report (Millar & 

Osborne, 1998) was the springboard for curriculum change that resulted in the 2004 

National Curriculum for Science (Qualifications and Curriculum Development Agency, 

2004). This curriculum has three content strands: Organisms, their  behaviour and the 

environment; Materials, their  properties; and the Earth and Energy, forces and space 

and a further strand, How Science Works (HSW). ! ȬÒÏÁÄ ÍÁÐȭ ÆÏÒ ÔÈÉÓ ÓÔÒÁÎÄ ÉÓ ÓÈÏ×Î ÉÎ 

Figure 6.  

 

 

http://archive.teachfind.com/qcda/curriculum.qcda.gov.uk/key-stages-3-and-4/subjects/key-stage-3/science/Level-descriptions/index.html#main-tab-2
http://archive.teachfind.com/qcda/curriculum.qcda.gov.uk/key-stages-3-and-4/subjects/key-stage-3/science/Level-descriptions/index.html#main-tab-2
http://archive.teachfind.com/qcda/curriculum.qcda.gov.uk/key-stages-3-and-4/subjects/key-stage-3/science/Level-descriptions/index.html#main-tab-3
http://archive.teachfind.com/qcda/curriculum.qcda.gov.uk/key-stages-3-and-4/subjects/key-stage-3/science/Level-descriptions/index.html#main-tab-4
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Figure 6  

How Science Works road map (Department for Education, 2009). 

 

Although the term NOS is not used in this road map, the signposts describe many 

aspects of scientific literacy evident in the NZC NOS objectives (refer to Figure 3), for 

example, obtaining evidence, explanations and models, and society and culture. The 

strand HSW was an endeavour to address criticisms of the earlier curriculum; 

prescriptive, assessment-driven, excess scientific content, little modern-day science 

content and investigations that did not align with day-to-day teaching (Keiler & 

Woolnough, 2002; Nott & Wellington, 1999). The HSW strand of the science curriculum 

had four main sub-sections: data, evidence, theories and explanations; practical and 

enquiry skills; communication skills; and applications and implications of science 

(Toplis et al., 2010). These were meant to be woven through different contexts as the 

content was taught. For example, when teaching activation energy a teacher may use 

ȰÍÏÌÅÃÕÌÁÒ ÍÏÄÅÌÓ ÔÏ ÅØÐÌÁÉÎ ÔÈÅ ÐÒÏÃÅÓÓ ÏÆ ÂÒÅÁËÉÎÇ ÁÎÄ ÆÏÒÍÉÎÇ ÂÏÎÄÓ ÂÅÔ×ÅÅÎ 

ÁÔÏÍÓ ÁÎÄ ÔÈÅ ÅÎÅÒÇÙ ÃÈÁÎÇÅ ÉÎÖÏÌÖÅÄȱ (Gandolfi, 2017, p. 80). Explanations and models 

is one of the signposts in the road map (refer to Figure 6). Toplis et al. (2010) found that 

the new HSW approach to teaching science engaged and challenged students and 

provided them with a deeper understanding of NOS concepts. 
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-ÉÌÌÁÒȭÓ (2011) review of literature considered the extent to which the English National 

Curriculum for science had influenced practice and learning outcomes of science. This 

review revealed that the science enquiry target of HSW did not achieve what was 

intended. It led to a rigid, routine-ÄÒÉÖÅÎ ÁÐÐÒÏÁÃÈ ÔÏ ÔÅÁÃÈÉÎÇ ÓÃÉÅÎÃÅ ÁÎÄ ȰÁ ÒÅÄÕÃÔÉÏÎ 

in the kind of illustrative practical work that can help students gain knowledge of 

ÎÁÔÕÒÁÌ ÐÈÅÎÏÍÅÎÁ ÁÎÄ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÃÏÎÃÅÐÔÓ ÁÎÄ ÐÒÉÎÃÉÐÌÅÓȱ (Millar, 2011, p. 

180). Another criticism of this science curriculum was that it contained far too much 

science content knowledge and, although this was reduced over successive iterations, it 

was replaced with statements of scientific context. While these provided teachers with 

the freedom to design their own programs of learning, they were too vague for teachers 

to implement in the classroom (Millar, 2011) . Osborne (2007) also recognised problems 

associated with a rigid content-based curriculum believing it was incompatible with the 

requirements of 21st century learners who needed scientific literacy whatever their 

career aspirations. Millar (2011) argued that the issue here was the tension between 

the two purposes of school science. On one hand science education has to support 

students who may choose a science-related career. On the other hand, it should provide 

all students with the science understandings that enable them to make personal choices 

and decisions as citizens in this modern world. This second purpose is what many refer 

ÔÏ ÁÓ ȬÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȭ (Bybee, 1997; Bybee & McCrae, 2011; Roberts, 2007) and 

enables all students to participate in a world in which science plays a significant role. 

Furthermore, Millar believed teachers looked to assessment as the intended curriculum 

rather the curriculum itself.  

 

As a consequence of these criticisms and reviews, the National curriculum in England: 

science programmes of study was published in 2014 which had three key aims: to 

develop scientific knowledge and conceptual understanding through the disciplines of 

biology, chemistry and physics; develop understanding of the nature, processes and 

methods of science through different types of science enquiries; and equip students 

with the scientific knowledge required to understand the uses and implications of 

science, today and for the future (United Kingdom Department for Education, 2014). 

The second and third aims describe scientific literacy and even though the term NOS is 

not used, these aims align with descriptions of NOS. However, teachers are required to 

ÔÅÁÃÈ ÔÙÐÅÓ ÏÆ ÓÃÉÅÎÃÅ ÅÎÑÕÉÒÉÅÓ ÁÓ ×ÅÌÌ ÁÓ Ȱ×ÈÁÔ ÔÈÅÙ ɍËÎÏ× ÉÓɎ ÌÉËÅÌÙ ÔÏ ÂÅ ÉÎÃÌÕÄÅÄ ÉÎ 
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high stakes examination[ÓɎȱ (Taber, 2018, p. 89)Ȣ )Î %ÎÇÌÁÎÄ ÔÈÅ ÔÅÒÍ ȬÅÎÑÕÉÒÙȭ ÉÓ ÕÓÅÄ 

ÉÎÓÔÅÁÄ ÏÆ ȬÉÎÑÕÉÒÙȭȢ !ÌÔÈÏÕÇÈ ÔÈÅÓÅ Ô×Ï ÔÅÒÍÓ ÁÒÅ ÏÆÔÅÎ ÕÓÅÄ ÉÎÔÅÒÃÈÁÎÇÅÁÂÌÙȟ ÔÈÅÒÅ ÉÓ Á 

ÄÉÆÆÅÒÅÎÃÅȢ 3ÉÎÃÅ ȬÅÎÑÕÉÒÙȭ ÄÅÎÏÔÅÓ ÔÈÅ ÁÃÔ ÏÆ ÑÕÅÓÔÉÏÎÉÎÇ ×ÈÅÒÅÁÓ ȬÉÎÑÕÉÒÙȭ ÄÅÎÏÔÅÓ Á 

formal investigation, maybe ȬÅÎÑÕÉÒÙȭ is signalling to teachers the importance of 

questioning science students in preference to providing answers. There is a tension, 

however, between delivering the curriculum that mandates teaching enquiries, which 

are assessed by teachers within the school and not included in national assessments, 

and high stakes national assessments which are based on science content knowledge 

(Taber, 2018). 

 

#ÕÒÒÉÃÕÌÕÍ ÁÎÄ ÁÓÓÅÓÓÍÅÎÔ ÄÅÍÁÎÄÓ ×ÅÒÅ ÁÌÓÏ ÈÉÇÈÌÉÇÈÔÅÄ ÉÎ 'ÁÎÄÏÌÆÉȭÓ (2017) study 

which contributes insights into how NOS was being used by teachers at two 

multicultural secondary schools in London. In the 50 lessons observed, teachers used a 

mixture of two dimensions of NOS: epistemic (e. g., models, theories, and 

experimentation) and social-institutional ( controversies and ethics). Overall, there was 

an emphasis on teaching science content knowledge with less attention paid to 

explicitly teaching NOS. This was particularly evident in key stage 4 (ages 13-15), the 

year students sit their high stakes national examination, General Certificate of 

Secondary Education (GCSE). Gondolfi argued that lessons that focused on scientific 

content and failed to discuss, for example, how scientists work, portrayed a very narrow 

view of the scientific world. It seems that simply including NOS in the curriculum has 

not changed teacher practices. Much more support is needed for teachers to enable 

them to teach science through NOS. 

 

The next section of this literature review will discuss science education policy in the 

United States of America, the final country I have explored. 

Science education policy in the United States of America (USA)  

The history of science education policy changes in the United States of America has been 

well documented by DeBoer (2019). He found that shifts in science education have, over 

the years, oscillated from policies focused on social justice and socially relevant 

instruction to the development of basic conceptual understanding of science or the 

development of inquiry skills. 
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The most recent development in the USA has been the release of the Next Generation 

Science Standards (NGSS) (National Research Council, 2013) which include references 

ÔÏ ./3Ȣ &ÏÒ ÅØÁÍÐÌÅȟ !ÐÐÅÎÄÉØ ( ÉÓ ÃÁÌÌÅÄ ȬUnderstanding the Scientific Enterprise: The 

.ÁÔÕÒÅ ÏÆ 3ÃÉÅÎÃÅ ÉÎ ÔÈÅ .ÅØÔ 'ÅÎÅÒÁÔÉÏÎ 3ÃÉÅÎÃÅ 3ÔÁÎÄÁÒÄÓȭ (NGSS Lead States, 2013c). 

These new NGSS signal a change in approach to the teaching of science in the USA. The 

rationale for creating these new science standards was to address two major problems 

facing the American economy and society. These included the loss of a competitive edge 

economically and poor performances by students in international science assessments, 

such as PISA, compared to other countries. A major innovation in these NGSS is the shift 

for teachers from teaching science through inquiry to teaching science as a practice. Of 

ÎÏÔÅ ÈÅÒÅ ÉÓ ÔÈÅ ÕÓÅ ÏÆ ÔÈÅ ÔÅÒÍ ȬÉÎÑÕÉÒÙȭ ÉÎÓÔÅÁÄ ÏÆ ȬÅÎÑÕÉÒÙȭ ×ÈÉÃÈ ×ÁÓ ÕÓÅÄ ÉÎ ÔÈÅ 

English curriculum. 

 

A failing of inquiry-ÂÁÓÅÄ ÔÅÁÃÈÉÎÇ ÏÆ ÓÃÉÅÎÃÅ ÉÓ ÔÈÅ ÃÏÎÆÕÓÉÏÎ ÏÆ ÔÈÅ ȬÄÏÉÎÇ ÏÆ ÓÃÉÅÎÃÅȭȟ ÂÙ 

ÃÁÒÒÙÉÎÇ ÏÕÔ ÐÒÁÃÔÉÃÁÌÓȟ ×ÉÔÈ ÔÈÅ ȬÌÅÁÒÎÉÎÇ ÏÆ ÓÃÉÅÎÃÅȭ, as these have different goals. 

Ȭ$ÏÉÎÇ ÓÃÉÅÎÃÅȭ ÂÙ ÉÎÑÕÉÒÙ ÍÅÔÈÏÄÓ ÈÁÓ ÔÈÅ ÇÏÁÌ ÏÆ ÄÉÓÃÏÖÅÒÉÎÇ ÎÅ× ËÎÏ×ÌÅÄÇÅ ÁÂÏÕÔ 

ÔÈÅ ×ÏÒÌÄ ×ÈÅÒÅÁÓ ÔÈÅ ÇÏÁÌ ÏÆ ȬÌÅÁÒÎÉÎÇ ÓÃÉÅÎÃÅȭ ÉÓ ÔÏ ÂÕÉÌÄ ÁÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÅØÉÓÔÉÎÇ 

knowledge (Osborne, 2014). Another problem with teaching science through inquiry 

has been a lack of common understanding as to what this means. Osborne, a prominent 

science education researcher originally from the UK and now residing in the USA, 

claimed for many teachers teaching science through inquiry has been any activity that 

ÈÁÓ ÈÁÄ Á ȬÈÁÎÄÓ-ÏÎȭ ÎÁÔÕÒÅȢ /ÓÂÏÒÎÅ ÁÒÇÕÅÄ ÔÈÁÔ ÔÈÅ ÃÏÎÆÕÓÉÏÎ ÁÒÏÕÎÄ ÔÅÒÍÓ ÓÕÃÈ ÁÓ 

ȬÉÎÑÕÉÒÙȭ ÁÎÄ ÓÃÉÅÎÔÉfic literacy by teachers has limited their ability to establish a 

common language with which to communicate in science. An example of this is the use 

of the terms ȬÅÎÑÕÉÒÙȭ and ȬÉÎÑÕÉÒÙȭ. However, he argues that the eight practices in the 

NGSS Framework for K-12 Science Education help address his perceived problem. Table 

2 shows how the dispositions for scientific inquiry and the eight practices in the NGSS 

connect to some aspects of NOS.  
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Table 2  

A comparison of the fundamental abilities necessary to do scientific inquiry (Grades 5-8) 

(National Research Council, 2000) with the set of scientific practices as identified in the 

NGSS Framework for K-12 Science Education and some aspects of NOS in the NZC. 

Fundamental abilities 

necessary to do scientific 

inquiry (Grades 5 ɀ8) 

Scientific practices in the 

NGSS framework 

Some aspects of NOS 

from the NZC (MoE, 

2007)  

¶ Identify questions that 

can be answered 

through scientific 

investigations.  

¶ Design and conduct a 

scientific investigation. 

Use appropriate tools 

and techniques to 

gather, analyse and 

interpret scientific data.  

¶ Develop descriptions, 

explanations, 

predictions, and models 

using evidence. 

¶ Think critically and 

logically to make the 

relationship between 

evidence and 

explanations. 

¶ Recognize and analyse 

alternative explanations 

and predictions.  

¶ Communicate scientific 

procedures and 

explanations. 

¶ Use mathematics in all 

aspects of scientific 

enquiry. 

 

¶ Asking questions and 

defining problems  

¶ Developing and using 

models  

¶ Planning and carrying out 

investigations  

¶ Analysing and 

interpreting data  

¶ Using mathematical and 

computational thinking  

¶ Constructing explanations 

and designing solutions  

¶ Engaging in argument 

from evidence 

¶ Obtaining, evaluating, and 

communicating 

information  

 

¶ Ask questions, find 
evidence, explore 
simple models, and 
carry out appropriate 
investigations to 
develop simple 
explanations. 

¶ Appreciate that science 
is a way of explaining 
the world and that 
science knowledge 
changes over time. 

¶ Begin to use a range of 
scientific symbols, 
conventions, and 
vocabulary. 

¶ Use their growing 
science knowledge 
when considering 
issues of concern to 
them. 

¶ Explore various aspects 
of an issue and make 
decisions about 
possible actions. 

 

Table 2 shows that the fundamental abilities necessary to do scientific inquiry, the 

scientific practices in the NGSS framework and some aspects of NOS in the NZC use 
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similar terminology to provide guidance for teachers on how to ÄÅÖÅÌÏÐ ÓÔÕÄÅÎÔÓȭ 

scientific literacy. For example, asking questions, carrying out investigations and 

communicating ideas and information appear in all three columns in Table 2.  

 

In a country where student diversity is growing very rapidly, the eight scientific 

practices specified in the NGSS proclaim to offer learning opportunities for all students, 

especially those who have been underserved by science education in the past. Appendix 

D of the NGSS (NGSS Lead States, 2013b) ÄÉÓÃÕÓÓÅÓ ×ÁÙÓ ÏÆ ȰMaking the Next 

'ÅÎÅÒÁÔÉÏÎ 3ÃÉÅÎÃÅ 3ÔÁÎÄÁÒÄÓ !ÃÃÅÓÓÉÂÌÅ ÔÏ !ÌÌȱ ×ÈÉÃÈ ÍÉÒÒÏÒÓ ÔÈÅ ÆÏÃÕÓ ÏÆ ÔÈÅ ρωωπ 

UNESCO conference, Education for allȢ 4ÈÅ ÑÕÅÓÔÉÏÎ ×ÏÒÔÈ ÁÓËÉÎÇ ÉÓȟ ȬÈÏ× ×ÉÌÌ 

ÐÅÄÁÇÏÇÉÃÁÌ ÐÒÁÃÔÉÃÅÓ ÔÏ ÓÕÐÐÏÒÔ ÔÈÅ ÓÈÉÆÔ ÉÎ ÐÏÌÉÃÙ ÂÅ ÄÅÖÅÌÏÐÅÄȩȭ 4ÈÅ .'33 ÉÎÃÌÕÄe 

some support for teachers with this shift in policy in several appendices. For example, 

Appendix H (NGSS Lead States, 2013c, p. 7), suggests a way to teach aspects of 

astronomy by observing patterns, proposing explanations, developing a model and 

testing the model to develop scientific literacy. Lee et al. (2014) emphasise that the 

NGSS are academically rigorous and will require shifts in teaching practice for many 

science teachers, particularly those who have been using conventional teaching 

practices in the past. As a result, these researchers strongly believe that science 

teachers will need extensive professional development to develop pedagogies which 

will ensure a high level of learning for all their students (ibid). The question is, what 

kind of professional support will teachers need? It is this question that this thesis seeks 

to answer. 

 

In summary, since the UNESCO conference report (Inter -Agency Commission World 

Conference in Education for All, 1990) there have been policy shifts to support the 

understanding of science and science practices in all four of the countries I have 

explored: New Zealand, Australia, England and the United States of America. Curricula 

in different countries have used different terms, such as scientific practices or NOS to 

indicate how teachers might develop scientifically literate students. Despite this, the 

terminology of the objectives is similar. For example, terms such as ask questions, find 

evidence, plan and carry out investigations, and use models are evident in curricula in 

all four countries (refer to Table 3).  
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Table 3  

A comparison of the terminology for scientific literacy objectives in USA, NZ, Australia, and 

the UK, the four countries explored. 

United States of 
America (USA): 
Scientific practices  

New Zealand: 
NOS objectives in 
common with USA 
and Australia 

Australia 
Science inquiry skills 
(SIS) (abbreviated) 

England 
Objectives 
(abbreviated) in 
common with USA, 
NZ, and Australia 

¶ Ask questions 
and define 
problems  

¶ Develop and 
use models  

¶ Plan and carry 
out 
investigations  

¶ Analyse and 
interpret data  

¶ Use 
mathematical 
and 
computational 
thinking  

¶ Construct 
explanations 
and design 
solutions  

¶ Engage in 
argument 
from evidence 

¶ Obtain, 
evaluate, and 
communicate 
information  

 

¶ Ask questions, 
find evidence, 
explore simple 
models, and 
carry out 
appropriate 
investigations to 
develop simple 
explanations. 

¶ Appreciate that 
science is a way 
of explaining the 
world and that 
science 
knowledge 
changes over 
time. 

¶ Begin to use a 
range of 
scientific 
symbols, 
conventions, 
and vocabulary. 

¶ Use their 
growing science 
knowledge 
when 
considering 
issues of 
concern to 
them. 

¶ Explore various 
aspects of an 
issue and make 
decision about 
possible actions. 

¶ Identify and 
construct 
questions, 
proposing 
hypotheses, and 
suggesting 
possible 
outcomes. 

¶ Make decisions 
about how to 
investigate or 
solve a problem 
and carrying out 
an investigation, 
including the 
collection of data. 

¶ Represent data in 
meaningful and 
useful ways; 
identifying trends, 
patterns, and 
relationships in 
data, and using 
this evidence to 
justify 
conclusions. 

¶ Consider the 
quality of 
available 
ÅÖÉÄÅÎÃÅȣ 

¶ Convey 
information or 
ideas to others 
through 
appropriate 
representations, 
text types and 
modes. 

¶ Understand that 
scientific methods 
and theories 
develop as earlier 
explanations are 
modified to take 
account of new 
evidence and 
ÉÄÅÁÓȣ 

¶ Ask questions and 
develop a line of 
enquiry based on 
observations of 
ÔÈÅ ÒÅÁÌ ×ÏÒÌÄȣ 

¶ Select, plan, and 
carry out the most 
appropriate types 
of scientific 
enquiries to test 
ÐÒÅÄÉÃÔÉÏÎÓȣ 

¶ Interpret 
observations and 
data, including 
identifying 
patterns and using 
observations, 
measurements, 
and data to draw 
conclusions 

¶ Present reasoned 
explanations, 
including 
explaining data in 
relation to 
predictions and 
hypotheses. 
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As can be seen from Table 3, aspects of NOS are in the curricula of all four of the 

countries I have explored, even though the terminology differs, but has this policy been 

transferred to practice? Even when teachers support the idea of NOS and scientific 

literacy it does not always follow that their practice changes to reflect this (Lederman, 

2007). There is a consensus in all four countries that changing the curriculum alone is 

insufficient. Pedagogy and assessment, and even textbooks, also need to change if 

teachers are to develop solid NOS teaching practices. Fensham (2016) argues that 

curriculum, assessment and pedagogy need to change in order to meet the dual 

objectives of preparing students for science-based careers as well as citizenship science 

for living in this world. These changes require professional learning and development 

(PLD). This highlights the importance of this study which seeks to find how HODs can 

lead the implementation of the national initiative of teaching science through NOS. 

 

I turn now to explore some challenges teachers have faced in implementing NOS. 

Challenges in implementing NOS  

As previously mentioned, in recent years there has been a drive internationally to 

develop scientifically literate citizens; citizens who understand scientific concepts, 

phenomena and processes and can apply this knowledge to new situations (PISA 2018 

science framework) (OECD, 2018). Although curricula in different countries have used 

different  terms both in NZ and internationally, the term NOS has been commonly used 

as it is widely accepted that having a good understanding of NOS is an essential aspect 

of scientific literacy (Kampourakis, 2016; Lederman & Lederman, 2015; Millar & 

Osborne, 1998; Wahbeh & Abd-El-Khalick, 2014). This is why I now explore explore the 

challenges teachers face developing NOS practices to support scientific literacy. 

 

Although teachers must have adequate conceptions themselves to be able to convey 

appropriate understandings of NOS to their students (Dogan et al., 2013; Mesci, 2020; 

Schwartz & Lederman, 2002), previous research has consistently indicated that, in 

general, this is not so (Abd-El-Khalick & Akerson, 2004; Abd-El-Khalick & BouJaoude, 

1997; Abd-El-Khalick & Lederman, 2000; Aflalo, 2014; Brickhouse, 1990; Dogan et al., 

2013; Hanuscin et al., 2011; Hipkins, 2012; Kampourakis, 2016). The first challenge for 
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teachers, therefore, is developing their own understanding of NOS. As discussed in 

Chapter 1, teachers may not have had NOS teaching in their own education and even 

though secondary science teachers have a science degree, this may not have provided 

them with understandings of NOS. There is evidence of this in several studies of pre-

service and in-service teachers. Although these teachers had science degrees, both the 

pre-service and in-service teachers had misconceptions or naïve views of NOS (Abd-El-

Khalick, 2012a; Abd-El-Khalick & BouJaoude, 1997; Abd-El-Khalick & Lederman, 2000; 

Brickhouse, 1990; Vázquez-Alonso et al., 2013). 

Even if teachers do possess accurate conceptions of NOS they may overlook or 

downplay its importance (Abd-El-Khalick et al., 1998; Bell et al., 2000; Duschl & Wright, 

1989) or consider an understanding of NOS can be gained by learners implicitly by 

carrying out scientific inquiries (Khishfe & Abd-El-Khalick, 2002). While some 

understanding of NOS may be gained from carrying out scientific inquiries, research 

suggests that this may not be the most effective means of doing so unless they involve 

ȰÒÅÆÌÅÃÔÉÖÅ ÅÌÅÍÅÎÔÓ ÏÒ ÄÉÒÅÃÔ ÒÅÆÅÒÅÎÃÅ ÔÏ ./3ȱ (Abd-El-Khalick & Lederman, 2000, p. 

691; Khishfe & Abd-El-Khalick, 2002; Lederman, 1992).  

 

Tobin and Garnett (1988) argued the reasons teachers with an adequate understanding 

of NOS may still have difficulty translating this into student learning was due to 

teachersȭ lack of deep understanding of science content knowledge which prevented 

ÔÈÅÍ ÆÒÏÍ ÁÓËÉÎÇ ÑÕÅÓÔÉÏÎÓ ÔÈÁÔ ÅÆÆÅÃÔÉÖÅÌÙ ÄÅÖÅÌÏÐÅÄ ÓÔÕÄÅÎÔÓȭ ÒÏÂÕst understandings 

of NOS. For example, a mathematics teacher teaching science for the first time may not 

have deep knowledge of the different models of the atom and, therefore, is unable to 

explain to learners how and why these models changed over time in light of new 

evidence. Thus, making the link to NOS and the tentative nature of science for the 

learners could be missed.  

 

There are, however, a variety of factors that constrain the process of transferring NOS 

knowledge into practice. These include, pressure to cover content (Bell et al., 2000; 

Schwartz & Lederman, 2002; Wahbeh & Abd-El-Khalick, 2014), other curriculum 

imperatives (Hipkin s et al., 2005)ȟ ÔÅÁÃÈÅÒÓȭ ÂÅÌÉÅÆÓ ÁÂÏÕÔ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÔÈÅÉÒ 
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ÓÔÕÄÅÎÔÓȭ ÌÅÁÒÎÉÎÇ ÁÂÏÕÔ ./3 (Lederman, 1999a; Lederman et al., 2001) and teachers 

ÁÎÄ ÓÔÕÄÅÎÔÓȭ ÓÕÂÊÅÃÔ ÍÁÔÔÅÒ ËÎÏ×ÌÅÄÇÅ (Schwartz & Lederman, 2002). Hence, having 

adequate conceptions of NOS does not necessarily result in teachers developing 

ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ./3 (Lederman, 1992).  

 

As discussed in Chapter 1, multiple knowledges are needed to teach effectively 

(Shulman, 1987). This means science teachers need pedagogical content knowledge for 

NOS in addition to science content knowledge, science pedagogical content knowledge, 

NOS content knowledge, knowledge of educational contexts, knowledge of learners and 

their characteristics, and knowledge of educational goals.  

 

Abd-El-Khalick and Lederman (2000) argue that in addition to understanding NOS, 

teachers need: 

ȣ knowledge of a wide range of related examples, activities, illustrations, 

demonstrations, and historical episodes. These components would enable the 

teacher to organize, represent, and present the topic for instruction in a manner 

that makes the target aspects of NOS accessible to pre-college students. 

Moreover, knowledge of alternative ways of representing aspects of NOS would 

enable the teacher to adapt those aspects to the diverse interests and abilities of 

ÌÅÁÒÎÅÒÓȣȢ ɍ4ɎÅÁÃÈÅÒÓ ÓÈÏÕÌÄ ÂÅ ÁÂÌÅ ÔÏ ÃÏÍÆÏÒÔÁÂÌÙ ÄÉÓÃÏÕÒÓÅ ÁÂÏÕÔ ./3ȟ ÄÅÓÉÇÎ 

science-based activities that would help students comprehend those aspects and 

ÃÏÎÔÅØÔÕÁÌÉÚÅ ÔÈÅÉÒ ÔÅÁÃÈÉÎÇ ÁÂÏÕÔ ./3 ×ÉÔÈ ÓÏÍÅ ÅØÁÍÐÌÅÓ ÏÒ ȬÓÔÏÒÉÅÓȭ ÆÒÏÍ 

history of science. (pp. 692ɀ693). 

That is, teachers need pedagogical content knowledge (PCK) for NOS. However, the 

term PCK is complex and defining it has been problematic. I turn now to exploring the 

current research on PCK. 

Defining PCK 

The term PCK, first introduced by Shulman (1986), is a special form of knowledge that 

teachers have which enables them to teach particular content to a specific group of 

students. To address the issues of complexity and variety of definitions that have been 

ÐÒÅÓÅÎÔ ÓÉÎÃÅ ÉÔÓ ÉÎÃÅÐÔÉÏÎȟ ȰÔ×Ï ÉÎÔÅÒÎÁÔÉÏÎÁÌ 0#+ 3ÕÍÍÉÔÓ ÈÁÖÅ ÂÅÅÎ ÈÅÌÄ ÔÏ ÁÄÖÁÎÃÅ 

ÔÈÅ ÁÇÅÎÄÁ ÏÆ 0#+ ÒÅÓÅÁÒÃÈȱ (Carpendale, 2018, p. i). At the first Summit a Consensus 
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Model of PCK was developed while at the second Summit this model was critiqued and 

the future of PCK research discussed. The Refined Consensus Model (RCM) of PCK, 

developed at the second Summit, was published ÉÎ (ÕÍÅ ÅÔ ÁÌȢȭÓ (2019) book 

2ÅÐÏÓÉÔÉÏÎÉÎÇ 0#+ ÉÎ 4ÅÁÃÈÅÒÓȭ 0ÒÏÆÅÓÓÉÏÎÁÌ +ÎÏ×ÌÅÄÇÅȢ The key feature of this model is 

the feedback and feedforward that occurs between teachers and students, and teachers 

and teachers to take enacted PCK to personal PCK and finally collective PCK. With 

3ÈÕÌÍÁÎȭÓ ÔÅÁÃÈÅÒ ËÎÏ×ÌÅÄÇÅÓ, and additional knowledges, forming the outer rim of 

this concentric circle the RCM shows the complexity of the term PCK.  

 

While the RCM of PCK has its merits, in that it shows how PCK is developed, I am 

adopting 3ÈÕÌÍÁÎȭÓ simpler definition of PCK for the purpose of this thesis. Shulman 

(1986, p. 9) described PCK as ȰËÎÏ×ÌÅÄÇÅ ÆÏÒ ÔÅÁÃÈÉÎÇȣ the ways of representing and 

formulating the subject that make it comprehensible to othersȱȢ He also believed that PCK 

included ȰÁÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ×ÈÁÔ ÍÁËÅÓ ÔÈÅ ÌÅÁÒÎÉÎÇ of specific topics easy or difficult: 

the conceptions and preconceptions that students of different ages and backgrounds bring 

×ÉÔÈ ÔÈÅÍ ÔÏ ÔÈÅ ÌÅÁÒÎÉÎÇ ÏÆ ÔÈÏÓÅ ÍÏÓÔ ÆÒÅÑÕÅÎÔÌÙ ÔÁÕÇÈÔ ÔÏÐÉÃÓ ÁÎÄ ÌÅÓÓÏÎÓȢȱ Such PCK 

understandings, when they are applied to NOS, can be challenging for teachers 

especially of they are still grappling with NOS content knowledge. However, when 

teachers acquire PCK for NOS through targeted PLD programmes they are able to 

ÓÕÐÐÏÒÔ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ ÓÃÉÅÎÔÉÆÉÃ Ìiteracy skills (Murphy et al., 2019). 

Although a study of Irish primary school teachers, these researchers found that teachers 

were able to change how they taught science when they developed their PCK for NOS. 

The question is, what NOS-specific pedagogical approaches are needed for NOS? 

Pedagogical approaches for NOS 

In general, NOS-specific pedagogical approaches can be classified as either explicit and 

reflective, or implicit (Dogan et al., 2013; Kim et al., 2005). An eØÐÌÉÃÉÔ ÁÐÐÒÏÁÃÈ ȬȬÓÈÏÕÌÄ 

be planned for instead of being ÁÎÔÉÃÉÐÁÔÅÄ ÁÓ Á ÓÉÄÅ ÅÆÆÅÃÔȭȭ (Akindehin, 1988, p. 73). It 

involves ÐÕÒÐÏÓÅÆÕÌ ÔÅÁÃÈÉÎÇ ÏÆ ./3ȟ ÉÎÔÅÎÔÉÏÎÁÌÌÙ ÄÒÁ×ÉÎÇ ÌÅÁÒÎÅÒÓȭ ÁÔÔÅÎÔÉÏÎ ÔÏ 

aspects of NOS through discussions, guided reflection and specific questioning in the 

context of the activities, investigations and historical examples (Dogan et al., 2013). 

Supporters of the implicit approach suggest that an understanding of NOS can be gained 

ÂÙ ÓÉÍÐÌÙ ȬÄÏÉÎÇȭ ÓÃÉÅÎÔÉÆÉÃ ÉÎÖÅÓÔÉÇÁÔÉÏÎÓ (Haukoos & Penick, 1983; Okey et al., 1977). 
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In other words understandings of NOS are viewed as a by-product of engaging in 

science activities (Abd-El-Khalick & Lederman, 2000). While Lederman (1999b) argued 

that some scientific skills may be acquired implicitly, there is little research evidence for 

the effectiveness of a deep understanding of NOS from such an approach (Abd-El-

Khalick et al., 1998; Akerson & Abd-El-Khalick, 2003, 2005; Akerson & Volrich, 2006; 

Bell et al., 2003; Khishfe & Abd-El-Khalick, 2002; Lederman, 1999b). For example, 

Khishfe and Abd-El-+ÈÁÌÉÃËȭÓ (2002) study found that 11-12 year old students who 

engaged in inquiry -based learning and had explicit teaching about NOS improved their 

understanding of NOS, whereas those who engaged in inquiry-based learning where 

NOS was an implicit part of the teaching did not. Similarly, Akerson & Abd-El-Khalick 

(2003, 2005) found that even though 9-10 year old students were fully immersed in 

inquiry -based learning, ÉÆ ÔÅÁÃÈÅÒÓ ÄÉÄ ÎÏÔ ÐÒÏÖÉÄÅ ÅØÐÌÉÃÉÔ ./3 ÔÅÁÃÈÉÎÇ ÔÈÅ ÓÔÕÄÅÎÔÓȭ 

understanding of NOS did not improve.  

 

The explicit approach acknowledges that, like any other science learning outcome, NOS 

ÎÅÅÄÓ ÔÏ ÂÅ ȰÓÐÅÃÉÆÉÃ ÁÎÄ ÔÁÎÇÉÂÌÅ ÃÏÎÔÅÎÔ ÔÈÁÔ ÔÅÁÃÈÅÒÓ ÉÎÔÅÎÔÉÏÎÁÌÌÙ ÔÅÁÃÈ ÁÎÄ ÁÓÓÅÓÓȱ 

(Kim et al., 2005, p. 3). This approach supports the many recent science educational 

policies that advocate NOS as content necessary for scientific literacy (ACARA, 2015b; 

American Association for the Advancement of Science [AAAS], 1993; Ministry of 

Education, 2007; National Research Council, 2013). As well as taking an explicit 

approach to teaching NOS, research studies indicate that the most effective approaches 

also include a substantial reflective component (Abd-El-Khalick & Akerson, 2004; 

Akerson & Volrich, 2006; Heap, 2014; Schwartz et al., 2004). It seems that reflection on 

science experiences within the classroom and in authentic contexts is crit ical to 

ÄÅÖÅÌÏÐÉÎÇ ÔÅÁÃÈÅÒÓȭ ÁÎÄ ÓÔÕÄÅÎÔÓȭ ÖÉÅ×Ó ÏÆ ./3Ȣ When Akerson and Hanuscin (2007) 

embedded explicit -reflective activities in a programme that emphasised scientific 

inquiry and inquiry -based teaching to improve in-ÓÅÒÖÉÃÅ ÔÅÁÃÈÅÒȭÓ ÅÌÅÍÅÎÔÁÒÙ 

ÓÔÕÄÅÎÔÓȭ ÖÉÅ×Ó ÏÆ ./3 they had positive results. Both the teachers and students in the 3 

year professional development programme showed positive changes to their views of 

./3 ÁÎÄ ÔÅÁÃÈÅÒÓȭ ÓÃÉÅÎÃÅ ÐÅÄÁÇÏÇÙ ÁÌÓÏ ÉÍÐÒÏÖÅÄȢ Abd-El-Khalick and Akerson (2004) 

argued that an explicit-ÒÅÆÌÅÃÔÉÖÅ ÁÐÐÒÏÁÃÈ ÁÌÓÏ ÎÅÅÄÅÄ ÔÏ ÉÎÃÌÕÄÅ ÁÓÓÅÓÓÉÎÇ ÌÅÁÒÎÅÒÓȭ 

NOS conceptions in various contexts. Schwartz et al. (2004) likewise suggested that 

teachers as learners need opportunities to engage in reflective activities and reflective 



43 
 

discussions in order to construct their own understandings of NOS. Guided reflection 

can therefore ÓÅÒÖÅ ȰÁÓ ÔÈÅ ÂÒÉÄÇÅ ÔÏ ÓÐÁÎ ÔÈÅ ÇÁÐ ÂÅÔ×ÅÅÎ ÔÈÅ ÉÎÑÕÉÒÙ ÃÏÎÔÅØÔ ÁÎÄ ./3ȱ 

(p. 638).  

 

Clough (2006) advocated for explicit and reflective NOS teaching along a 

decontextualised/contextualised continuum, decontextualised being isolated from 

ÓÃÉÅÎÃÅ ÃÏÎÔÅÎÔ ÁÎÄ ÓÃÉÅÎÔÉÓÔÓ ÁÎÄ ÃÏÎÔÅØÔÕÁÌÉÓÅÄ ÂÅÉÎÇ ȰÅÎÔÁÎÇÌÅÄ ÉÎ ÓÃÉÅÎÃÅ ÃÏÎÔent 

ÁÎÄ ÉÔÓ ÄÅÖÅÌÏÐÍÅÎÔȱ (p. 474). Explicit and reflective decontextualised NOS teaching is 

important in that students are introduced to NOS concepts with concrete and familiar 

experiences. This allows them to later explore issues in more contextualised situations. 

The disadvantage of decontextualised NOS teaching is that students can see it as being 

disparate from authentic science. 

 

Teaching NOS in a contextualised way is important for convincing teachers that NOS 

teaching need not detract or take time away from teaching science content (Clough, 

2006). This latter concern was identified  by some teachers in an earlier study by Abd-

El-Khalick et al.(1998) as a reason for not incorporating NOS into their teaching. Since 

the goal of teaching sciÅÎÃÅ ÔÈÒÏÕÇÈ ./3 ÉÓ ÔÏ ÄÅÖÅÌÏÐ ÓÔÕÄÅÎÔÓȭ ÓÃÉÅÎÔÉÆÉÃ ÌÉÔÅÒÁÃÙȟ ÔÈÅ 

ability to appreciate NOS in current socioscientific issues such as global warming may 

be seen as very important (Eastwood et al., 2012). Teaching science in a contextualised 

way helps students make links between science theory and their everyday lives and, 

therefore, makes science more engaging and relevant to the students (Jenkins, 2011). 

 

Bell et al.ȭÓ (2011) study of 75 pre-service teachers enrolled in an elementary science 

methods course compared teaching NOS as a decontextualised topic with teaching NOS 

as an integral part of the socio-scientific issue global warming and global climate 

change. In addition these researchers compared the use of explicit with implicit NOS 

teaching strategies. The ÆÉÎÄÉÎÇÓ ÆÒÏÍ "ÅÌÌ ÅÔ ÁÌȢȭÓ (2011) study showed that explicit 

teaching of NOS resulted in more substantial gains in the pre-service ÔÅÁÃÈÅÒÓȭ 

understandings of NOS than implicit teaching of NOS. In regard to the the context of NOS 

teaching, the pre-service teachers made gains regardless of whether the teaching was 

contextualised or not. This finding was supported by Khrishfe and Lederman (2006). 

Their study of 13-14 year old environmental science students, instead of pre-service 
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teachers, also used the context of global warming to teach NOS. In both the 

contextualised and decontextualised groups they found no significant improvement in 

ÓÔÕÄÅÎÔÓȭ understandings of the five aspects of NOS emphasised in the study. 

 

As previously mentioned, acquiring an understanding of NOS is complex. Since it 

involves teachers and students reexamining their existing ideas about science, it 

requires an approach that addresses conceptual change (Clough, 2006). As discussed a 

little  earlier in this chapter, findings from many studies over the past three decades 

show that many pre-service and in-service teachers hold misconceptions or naïve views 

of NOS (Abd-El-Khalick, 2012a; Abd-El-Khalick & BouJaoude, 1997; Abd-El-Khalick & 

Lederman, 2000; Bilican et al., 2014; Brickhouse, 1990; Hipkins, 2012; Vázquez-Alonso 

et al., 2013). NOS learning, therefore, needs to be understood in terms of conceptual 

change theory (Smith & Scharmann, 2006). Akerson et al. (2000) argued for an 

integration of conceptual change theory with the explicit-reflective approach.  

 

!Î ÈÉÓÔÏÒÉÃÁÌ ÁÐÐÒÏÁÃÈ ÈÁÓ ÁÌÓÏ ÂÅÅÎ ÕÓÅÄ ÔÏ ÄÅÖÅÌÏÐ ÓÔÕÄÅÎÔÓȭ Õnderstandings of NOS. 

While Abd-El-Khalick and Lederman (2000) argued that evidence regarding the 

effectiveness of using this pedagogical approach was inconclusive other researchers 

have continued to pursue this approach. Stinner et al. (2003) sought to Ȱsuggest 

appropriate uses of history in the science classroom from early years through [to] post 

secondary educationȱ (p. 1). Their case studies identified a variety of approaches to 

teaching NOS through the history of science including, using drama, science stories, 

dialogues (conflicts between persons), thematic narratives, vignettes (short 

descriptions of historical events), and historical case studies. One case study using an 

historical approach in which NOS was explicitly taught is 0ÁÖÅÚ ÅÔ ÁÌȢȭÓ (2016) Chilean 

study. These researchers introduced History of Science (HOS) to eight Biology teachers 

ÉÎ Á ÐÒÏÆÅÓÓÉÏÎÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ɉ0$Ɋ ÐÒÏÇÒÁÍÍÅ ÔÏ ÉÍÐÒÏÖÅ ÔÅÁÃÈÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ ÏÆ 

NOS. For example, the tentative nature of science was taught by studying the human 

evolution of sickle-cell anaemia. However, they found that even though teacher 

understandings of NOS improved throughout the PD, most of the teachers were still 

unaware of effective pedagogical practices for teaching NOS.  
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An historical study which was a little more successful in achieving its goal of deepening 

ÌÅÁÒÎÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ./3 ×ÁÓ ÔÈÁÔ ÏÆ New Zealand researchers Ward and Haigh 

(2017). These researchers introduced 10 initial teacher education (ITE) chemistry 

students and six experienced teachers from secondary and primary schools to a 

reflective activity which involved a dramatic reading about a historical scientific 

development. The activity explicitly focused on NOS. While not all the participants in the 

study changed their views of NOS, the findings indicate that using dramatic readings 

may improve science content knowledge and assist with the development of PCK for 

NOS. However, it was found that teachers needed PLD to accompany the resource in 

order to use it  effectively. 3ÔÉÎÎÅÒ ÅÔ ÁÌȢȭÓ ÆÉÎÄÉÎÇÓȟ ÔÈÅÒÅÆÏÒÅȟ ÓÕÐÐÏÒÔ !ÄÂ-El-Khalick and 

,ÅÄÅÒÍÁÎȭÓ (2000) argument that the effectiveness of using an historical approach to 

teaching NOS is inconclusive. 

 

The review of literature on implict and explicit-reflective pedagogical approaches to 

teaching NOS show there is general agreement that explicit-reflective NOS teaching is 

more effective than implicit approaches (Abd-El-Khalick & Akerson, 2004; Akerson & 

Abd-El-Khalick, 2003, 2005; Akerson et al., 2000; Akerson & Volrich, 2006; Bell et al., 

2011; Khishfe & Abd-El-Khalick, 2002; McDonald, 2010; Pekbay & Yilmaz, 2015; Smith 

& Scharmann, 2006). Teachers need NOS-specific pedagogical knowledge in order to 

integrate NOS into science lessons to support the development of scientific literacy. 

 

Having discussed some challenges with implementing NOS, including the need for NOS-

specific pedagogical knowledge, I turn now to discuss the implementation of NOS in 

New Zealand. 

Implementing NOS in New Zealand (NZ)  

As discussed earlier in this chapter, SNZC was intended to set a new direction for 

science teaching in NZ by encompassing a broader view of science. Furthermore, SNZC 

ÉÄÅÎÔÉÆÉÅÄ ÔÈÁÔ ȬÄÏÉÎÇȭ ÓÃÉÅÎÃÅ ÉÎÖÏÌÖÅd more than practical work carried out in the 

laboratory/classroom. While there was a dearth of research on actual classroom 

practice when NZ teachers were implementing SNZC, it appears the intent was not 

widely practised (Hipkins et al., 2002). This indicates a mismatch of the curriculum and 

classroom practice and, in particular, a lack of PCK for NOS teaching. I suggest that the 
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curriculum provided insufficient guidance to enable teachers to develop their PCK for 

./3Ȣ 7ÈÁÔ ÉÓ ÁÐÐÁÒÅÎÔ ÔÈÏÕÇÈȟ ÉÓ ȬÄÏÉÎÇȭ ÓÃÉÅÎÃÅ ÉÎ ÓÅÃÏÎÄÁÒÙ ÓÃÈÏÏÌÓ ÈÁÓ Á ÄÉÆÆÅÒÅÎÔ 

focus from that in primary schools (Haigh et al., 2005). In secondary school classrooms 

investigations are often used to demonstrate a concept whereas in primary schools 

open inquiries based ÏÎ ȬÆÁÉÒ ÔÅÓÔÉÎÇȭ are more evident (Baker, 1999). For primary 

ÔÅÁÃÈÅÒÓ ÔÈÉÓ ȬÆÁÉÒ ÔÅÓÔÉÎÇȭ ÁÐÐÒÏÁÃÈ ×ÁÓ ÅÎÃÏÕÒÁÇÅÄ ÂÙ ÔÈÅ -ÉÎÉÓÔÒÙ ÏÆ %ÄÕÃÁÔÉÏÎȭÓ 

primary teacher support resources such as the Making Better Sense series of books 

(Ministry of Education, 1995, 1996a, 1996b, 1996c)Ȣ (ÕÍÅ ÁÎÄ #ÏÌÌȭÓ (2008) study in 

two NZ secondary schools investigated students in Year 11 (15-16 years old) learning to 

perform science investigations for Science Achievement Standard 1.1, Carrying out a 

practical investigation with direction. This standard, taught by secondary school science 

teachers, is a component of a national qualification, NCEA, which was introduced in NZ 

ÉÎ ςππςȢ (ÕÍÅ ÁÎÄ #ÏÌÌȭÓ ÓÔÕÄÙ Æound teachers focused on a narrow view of scientific 

ÉÎÖÅÓÔÉÇÁÔÉÏÎ ÁÓ ȬÆÁÉÒ ÔÅÓÔÉÎÇȭ ÁÎÄ ÁÃÑÕÉÒÉÎÇ ÁÓÓÅÓÓÍÅÎÔ ÔÅÃÈÎÉÑÕÅÓ ÓÕÃÈ ÁÓ ÒÅÐÅÁÔÉÎÇ 

trials to improve the reliability of the results. Evidence suggests that students have 

limited experience of science investigations and that approaches, such as those 

ÍÅÎÔÉÏÎÅÄȟ ÐÒÏÖÉÄÅ ÌÉÔÔÌÅ ÅÖÉÄÅÎÃÅ ÔÈÁÔ ÓÔÕÄÅÎÔÓ ÌÅÁÒÎ ÍÕÃÈ ÂÙ ȬÄÏÉÎÇȭ fair tests and 

repeating trials (Hume & Coll, 2008).  

 

! ÐÁÕÃÉÔÙ ÏÆ ȰÁÐÐÒÏÐÒÉÁÔÅ ÃÕÒÒÉÃÕÌÕÍ ÇÕÉÄÁÎÃÅȟ ÃÌÁÓÓÒÏÏÍ ÍÁÔÅÒÉÁÌÓ ÁÎÄ ÐÅÄÁÇÏÇÉÃÁÌ 

ÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅ ÆÏÒ ./3 ÔÅÁÃÈÉÎÇȟ ÔÅÁÃÈÅÒÓȭ ÐÅÒÓÏÎÁÌ ÔÈÅÏÒÉÅÓȟ ÁÎÄ ÔÈÅ ÒÅÁÌÉÔÉÅÓ ÏÆ 

ÃÌÁÓÓÒÏÏÍ ÃÏÎÓÔÒÁÉÎÔÓȱ (Hipkins et al., 2005, p. 243) have been attributed to the 

mismatch of the SNZC curriculum and classroom practice. While some studies have 

explored the use of secondary data from authentic science research or historical case 

studies, it appears that resources were not produced or trialled to support teachers 

implement such NOS strategies in the classroom (Hipkins et al., 2005). There is limited 

published research on teaching science through NOS since the introduction of the 2007 

curriculum, the NZCȢ ) ÂÅÇÉÎ ×ÉÔÈ 0ÁÔÅÒÓÏÎȭÓ ÓÔÕÄÙ ÔÏ provide an example of NOS 

research that has been carried out in NZ since 2007.  

 

0ÁÔÅÒÓÏÎȭÓ (2017) study, set in a large NZ secondary school, explored the 

implementation of NOS in the classroom and its impact on Year 9 students (13-14 years 

old). Teachers in the study created specific NOS-focused learning opportunities in their 
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teaching. Paterson then evaluated the studentsȭ attitudes and engagement towards 

science learning. He found that students that had been taught using specific pedagogies 

that had a clear focus on NOS were more engaged in their learning and had more 

ÐÏÓÉÔÉÖÅ ÁÔÔÉÔÕÄÅÓȢ 4ÈÅ ÔÅÁÃÈÅÒÓ ÉÎ 0ÁÔÅÒÓÏÎȭÓ ÓÔÕÄÙ ×Åre provided with PLD that 

allowed them to utilise a variety of strategies for teaching NOS through developing their 

PCK. These strategies included using authentic, context-rich tasks, stories from science, 

making NOS explicit in investigations and questioning students instead of answering 

their questions. One reason such NOS-focused strategies engaged the students was that 

ÓÃÉÅÎÃÅ ×ÁÓ ÍÁÄÅ ÍÏÒÅ ÒÅÌÅÖÁÎÔ ÔÏ ÔÈÅÉÒ ÌÉÖÅÓȢ 4ÈÅ ÒÅÓÕÌÔÓ ÆÒÏÍ 0ÁÔÅÒÓÏÎȭÓ ÓÔÕÄÙ ÓÈÏ× 

that once teachers see the benefits of including NOS in their lessons, such as improved 

student engagement, they are more likely to continue making NOS a focus of their 

teaching. It was important, however, to provide teachers with the strategies and 

resources to support PCK for NOS. Paterson suggests that, given the value his teachers 

found of teaching through NOS, further research is required to find out how teachers 

can be supported to change from focusing on science content knowledge to teaching 

science through NOS. It is this gap in the literature that my study endeavours to address. 

 

As discussed previously, New Zealand researchers, Ward and Haigh (2017), introduced 

Initial Teacher Education (ITE) chemistry teachers and experienced primary and 

secondary school teachers to a reflective activity which used a dramatic reading about a 

historical scientific development to ÉÍÐÒÏÖÅ ÔÅÁÃÈÅÒÓȭ ÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅ ÏÆ ./3Ȣ 

0ÁÔÅÒÓÏÎȭÓ (2017) ÁÎÄ 7ÁÒÄ ÁÎÄ (ÁÉÇÈȭÓ (2017) studies both introduced teachers to 

NOS resources and strategies to develop their PCK for NOS, and provided PLD. These 

studies show that providing teachers with classroom resources alone is insufficient to 

shift practice. The resources must be accompanied by PLD. 

 

One example of a NZ programme that does provide NOS PLD is the New Zealand Science 

Teaching Leadership Programme (STLP) ɉ2ÏÙÁÌ 3ÏÃÉÅÔÙ ÏÆ .Å× :ÅÁÌÁÎÄ 4Å !ÐàÒÁÎÇÉȟ 

2020) which gives teachers time to work as a scientist. This programme provides 

primary and secondary junior science teachers with the opportunity to take leave from 

the classroom and work alongside scientists for six months (Ministry of Business 

Innovation & Employment and Ministry of Education, 2014). Through this experience, 

they gain a deeper understanding of NOS in an authentic context which assists with 
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changing teacher beliefs about the purposes of science education. When the teachers 

return to their school they spend 12-18 months evaluating the strengths and needs of 

ÔÈÅÉÒ ÓÃÈÏÏÌȭÓ ÓÃÉÅÎÃÅ ÐÒÏÇÒÁÍÍÅȟ ÉÍÐÌÅÍÅÎÔ Á ÓÃÉÅÎÃÅ ÄÅÖÅÌÏÐÍÅÎÔ ÁÃÔÉÏÎ ÐÌÁÎ ÁÎÄ 

ÒÅÐÏÒÔ ÒÅÇÕÌÁÒÌÙ ÏÎ ÉÔÓ ÉÍÐÁÃÔ ÏÎ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎding of what science is and how it 

works (Corbitt, 2019). The Royal Society of New Zealand has identified several positive 

outcomes from the programme including increased teacher confidence to teach science 

(including NOS) and the development of skilled science teacher leaders who can add 

value to school-wide leadership in science. Aside from the positive outcomes for 

teachers, the programme has led to fully engaged, curious students who are excited 

about science and see themselves as scientists, as well as improved student 

achievement in other learning areas, namely literacy and numeracy. From 2015 to 2019 

the programme has worked with 119 primary, intermediate and secondary schools and 

146 participants (Corbitt, 2019). This study shows that when primary and secondary 

science teachers change their beliefs about what science is and how scientists work, 

they can develop NOS focused lessons for their students.  

 

I now review two New Zealand studies which explore the resources used by teachers to 

support teaching of science through NOS. 

New Zealand resources that ÓÕÐÐÏÒÔ ÔÅÁÃÈÅÒÓȭ 0#+ ÆÏÒ ./3 

Hipkins and Hodgen (2012) surveyed primary and secondary teachers in NZ to identify, 

from a range of Ministry of Education resources, which resources were commonly used 

by teachers to support their teaching of science and in particular NOS. The range of 

resources provided in the survey (an historical list of which can be found in Appendix 

H) included booklets and online resources. The sample of 343 teachers, which included 

122 primary and 179 secondary teachers, represented schools across New Zealand. Of 

interest to this study are the responses of the secondary teachers. Although senior 

secondary subject guides had recently been developed to reflect the intent of NZC and 

provide some explicit support for teaching the NOS strand, the survey found no teachers 

nominated the guides as a best resource for learning about NOS. Instead, secondary 

science teachers relied on National Certificate of Educational Achievement (NCEA) 

exemplars which, as with previously discussed studies, suggests assessment is still 

driving the curriculum in NZ. 
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More recent resources to support the teaching and learning of the NOS aspect of the 

science curriculum are the science capability resources. There is a scarcity of published 

studies using this resource in NZ secondary schools, however Moeed et al. (2016), in a 

recent Teaching and Learning Research Initiative (TLRI) project, did include one 

secondary school in their study which focused specifically and successfully on 

developing the science capabilities. The PLD used the science capabilities as a tool to 

develop the teaching of NOS by, for example, encouraging teachers to set only one or 

two learning outcomes for investigations rather than the whole investigation. When 

secondary teachers in this study focused on developing the capability Critique Evidence, 

students also developed their observation and inference skills (The Gather and interpret 

data capability) even though this was not the focus of the investigation. Thus, focusing 

on parts of the investigation did not prevent students from developing skills in other 

aspects of the investigation. Although there are currently very few published studies on 

the use of the science capabilities, these resources have the potential to improve 

ÔÅÁÃÈÅÒÓȭ PCK for NOS. The science capability resources have been designed for teachers 

to think with when planning and working with students (Hipkins & Bull, 2015). As such, 

they provide a pedagogy for teaching NOS. The science capability resources, one 

strategy the Ministry of Education has used to clarify the NOS component of the 

curriculum, are available on the Ministry of Education website, Te Kete Ipurangi (TKI) 

(Ministry of Education, 2014). In addition to the resources on this website, which show 

teachers how to adapt existing resources to teach NOS, there has been PLD to support 

this process available for teachers from science facilitators.  

 

In summary, while major science reform policies both in New Zealand (MoE, 1993, 

2007) and elsewhere (ACARA, 2015; Department of Education, 2015; NRC, 2013; 

Qualifications and Curriculum Development Agency, 2004) emphasise the importance 

of teachers deveÌÏÐÉÎÇ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ./3ȟ to improve scientific literacy, 

few teachers do so. Teachers often believe their main role is to teach science content 

knowledge and, therefore, view ÄÅÖÅÌÏÐÉÎÇ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ./3 ÁÓ 

detracting from this role (Clough, 2006). Given NOS has become a global focus of science 

education, because it is believed to be a key aspect in developing scientifically literate 

citizens (Abd-El-Khalick & Lederman, 2000; Hodson & Wong, 2017; Kampourakis, 2016; 
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Lederman, 2007), why is it that teachers still fail to value the importance of teaching 

NOS?  

 

The literature makes it clear that teacher understanding of NOS is crucial but not 

sufficient to ensure learners gain an understanding of NOS. Teachers also need 

pedagogical content knowledge for NOS. However, teaching understandings of NOS is 

very complex and there is still no one well-defined pedagogical approach for achieving 

this.  

 

Students may gain some understandings of NOS from an implicit teaching of NOS, but it 

ÉÓ ÇÅÎÅÒÁÌÌÙ ÁÃÃÅÐÔÅÄ ÔÈÁÔ ÓÉÍÐÌÙ ȬÄÏÉÎÇ ÓÃÉÅÎÃÅȭ ÄÏÅÓ ÎÏÔ ÇÕÁÒÁÎÔÅÅ ÔÈÉÓȢ 3ÉÍÉÌÁÒÌÙȟ ÁÎ 

historical perspective to teaching NOS has been shown to produce no significant gains 

in NOS understandings. While an explicit-reflective approach appears to be the most 

effective pedagogical approach, there are arguments for integrating this with a context 

and a conceptual change framework. What is clear, however, is that pre-service and in-

service teachers need special support in order to develop their PCK for NOS so they can 

teach science through NOS (Hanuscin et al., 2011). 

 

The review in this chapter has shown that national policy, in which NOS is compulsory, 

research findings and numerous Ministry of Education funded written resources have 

endeavoured to change the focus of science teaching in NZ. This, however, has not been 

enough. Too much has been left to teachers to embrace these resources amidst the 

busyness of school life. The studies have shown that teachers depend on PLD to transfer 

NOS policy to practice, the subject of the second literature review chapter. 
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CHAPTER 3: LITERATURE REVIEW - Leadership for p rofessional 

learning  

Introduction  

This chapter focuses on teacher professional learning, and, in particular , the collective 

work for  teachers and Heads of Department (HODs) to understand NOS and develop 

pedagogical content knowledge (PCK) for NOS. A scoping of the work needed to lead 

and undertake pedagogical changes at the department level is framed according to 

3ÏÕÔÈ×ÏÒÔÈȭÓ (2011) model to which the chapter now turns as a starting point. 

The Southworth model  

The Southworth model signals three strategies and processes which are deemed to be 

useful for those who work with colleagues to deepen understandings of practice. The 

three strategies (namely modelling, monitoring and dialogue) can be employed by 

school leaders (for example HODs)ȟ ÔÏ ÉÎÆÌÕÅÎÃÅ ÔÅÁÃÈÅÒÓȭ ÐÅÄÁÇÏÇÉÃÁÌ ËÎÏ×ÌÅÄÇÅ ÁÎÄ 

curriculum knowledge. This model, although confined to just three strategies, is used 

here as a marker over time to look both back and forward so as to highlight points of 

resonance with other models and conversely feature the uniqueness as a model by 

itself. Reference will be made to aspects of earlier models from a range of researchers in 

ÔÅÁÃÈÅÒÓȭ ÌÅÁÒÎÉÎÇ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔȢ  

Modelling  

The stratÅÇÙ ÏÆ ÍÏÄÅÌÌÉÎÇ ÆÒÏÍ 3ÏÕÔÈ×ÏÒÔÈȭÓ ÍÏÄÅÌ ÉÓ ÒÅÃÏÇÎÉÔÉÏÎ ÔÈÁÔ ÔÅÁÃÈÅÒÓ ÄÅÅÐÅÎ 

their knowledge of practice when they view colleagues as an additional source of 

learning. In the literature, colleagues within or beyond the school are frequently 

referred to as significant others (Czerniawski, 2010; Mead, 1934). Southworth (2011, 

ÐȢχυɊ ÅÍÐÈÁÓÅÓ ȰÔÈÅ ÐÏ×ÅÒ ÏÆ ÅØÁÍÐÌÅȱ where teachers model the agreed key values 

and practices in the department. Modelling in this sense includes behavioural modelling 

and role modelling. The value of teachers teaching each other and the mutual sharing of 

expertise is also the focus of work by Little (1982) and Kolb (1984). Furthermore, Kolb 

called for the need to consider the context of the learning so that it has immediate 

ÃÏÎÎÅÃÔÉÏÎ ÁÎÄ ÒÅÌÅÖÁÎÃÅ ÔÏ ÔÈÅ ÔÅÁÃÈÅÒȭÓ ÃÌÁÓÓÒÏÏÍȢ 4Èe need for relevance is 
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associated with timeliness and job-embedded learning, matters raised by Hunzicker 

(2010).  

 

Learning in a real-life context of practice in classrooms, has been a feature of Timperley 

ÅÔ ÁÌȢȭÓ (2007) work concentrating on student needs and evidence of learning gains in 

situ in a New Zealand literacy project. Insights gained from their project subsequently 

resulted in three fundamental shifts in professional development (PD) (Timperley, 

2011a). First was ÒÅÃÏÇÎÉÔÉÏÎ ÏÆ Á ÍÏÖÅ ÆÒÏÍ 0$ȟ ×ÈÉÃÈ ÉÓ ÍÏÔÉÖÁÔÅÄ ÂÙ ÔÈÅ Ȱdesire to 

ÔÅÌÌȱ teachers what needs to change, to a more systematic process of professional 

ÌÅÁÒÎÉÎÇ ÍÏÔÉÖÁÔÅÄ ÂÙ ÔÅÁÃÈÅÒÓȭ ȰÎÅÅÄÓ ÔÏ ËÎÏ×ȱ what to change to improve student 

outcomes (ibid, p. 122). A second shift was a need for leaders to be involved in 

ÐÒÏÆÅÓÓÉÏÎÁÌ ÌÅÁÒÎÉÎÇȟ ×ÈÉÌÓÔ Á ÔÈÉÒÄ ÓÈÉÆÔȟ ÈÉÇÈÌÉÇÈÔÅÄ ÔÅÁÃÈÅÒÓȭ ÎÅÃÅÓÓÉÔÙ ÆÏÒ ÁÄÄÉÔÉÏÎÁÌ 

knowledge to change their practice. 4ÈÁÔ ÔÅÁÃÈÅÒÓȭ ÐÒÏÆÅÓÓÉÏÎÁÌ ÌÅÁÒÎÉÎÇ ÒÅÑÕÉÒÅÓ ÍÏÒÅ 

than knowledge transmission on the part of significant others is an important 

distinction. 

 

Modelling can take many forms. One example is that of the lesson study (Hall, 2013). 

This is a further example of learning from other teaching practitioners. It is somewhat 

more sophisticated than the earlier discussed generic modelling strategy because it 

ÓÈÉÆÔÓ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔÓ ÆÒÏÍ ÐÁÓÓÉÖÅ ÏÂÓÅÒÖÁÔÉÏÎ ÏÆ ÁÎÏÔÈÅÒȭÓ ÐÒÁÃÔÉÃÅ ÔÏ ÉÎÃÌÕÄÅ ÁÎ 

added dimension of co-construction with other teachers to build on the knowledge 

gained from previous observations. This strategy is based on the premise that subject 

content knowledge can be deepened when observations are accompanied by structured 

opportunities for collegial conversations aimed to refine existing lesson plans 

(Australian Institute for Teaching and School Leadership (AITSL), 2017). 

 

Lesson study, however, is just one of many classroom observation strategies that have 

the potential to shift teacher learning from an individual to a collegial space. 

Instructional coaching, instructional rounds, learning walks, peer observation and 

videos of practice all involve working ×ÉÔÈ ÁÎÏÔÈÅÒ ÉÎ ÏÎÅȭÓ Ï×Î ÓÃÈÏÏÌ ÁÎÄȾÏÒ ÏÔÈÅÒ 

schools (AITSL, 2017). Observing classroom practice, may lead to further opportunities 

for team teaching and planning and sharing of practices as teachers get to know each 

ÏÔÈÅÒȭÓ ÐÒÁÃÔÉÃÅ (Vostal et al., 2019). This move from modelling and demonstration by 
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ÁÎ ÅØÐÅÒÔȟ ÁÓ ÉÎ ÔÈÅ *ÏÙÃÅ ÁÎÄ 3ÈÏ×ÅÒÓȭ (1980) model, to co-constructing with another 

teacher highlights the importance of moving from professional development to 

professional learning as suggested by Timperley (2011b). Teachers must be active 

agents in their own learning, knowing that support is there from others, who 

understand and share their concerns of practice. 

Monitoring  

Evidence to support consideration of changes to professional practice are captured in 

3ÏÕÔÈ×ÏÒÔÈȭÓ ÍÏÄÅÌ ×ÉÔÈ ÔÈÅ ÉÎÃÌÕÓÉÏÎ ÏÆ Á ÍÏÎÉÔÏÒÉÎÇ ÃÏÍÐÏÎÅÎÔ ÔÏ ÊÕÓÔÉfy actions. 

Here too we have seen shifts over time with the choice of terminology and its intentions. 

This term suggests a need for assessments of learning, often distinguished for different 

purposes, namely summative and formative, to provide the rationale to convince people 

why they should engage in the interrogation of practice and consideration of different 

strategies. When used for a summative purpose, monitoring can provide trend data of 

student achievement over time, which may prompt a further round of decisions 

ÄÅÔÅÒÍÉÎÉÎÇ ×ÈÅÔÈÅÒ ÔÈÅÒÅ ÉÓ Á ÎÅÅÄ ÆÏÒ ÁÃÔÉÏÎ ÁÎÄ ÉÎÃÌÕÓÉÏÎ ÁÓ Á ÍÁÔÔÅÒ ÆÏÒ ÔÅÁÃÈÅÒÓȭ 

learning. Monitoring serves a formative purpose when attention is turned to 

pedagogical and content knowledges needed to deepen understandings of practice. 

However, monitoring may extend beyond assessment to include student surveys, 

attendance data and the pedagogy, learning and development of colleagues. The latter 

has shown shifts over time away from appraisal towards informal observations 

followed by dialogue between the observer and the classroom teacher about what went 

well and next steps.  

 

4ÉÍÐÅÒÌÅÙȭÓ (2011b) teaching as inquiry cycle draws on notions of evidence, review and 

monitoring to identify  the work needed to engage teachers in the process and actively 

reflect through an evidential base. The change of terminology from monitoring to 

analysis is important here. The preference for analysis is on the process rather than the 

controlling actions of an expert planning the learning of another. Such analysis can be 

collaborative with collegial support or as an individual pursuit without the involvement 

of a colleague.  
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The link between effective monitoring and quality teaching underpins the work of 

educational agencies who report to governments on outcomes of educational 

ÐÒÏÖÉÓÉÏÎÓȢ )Î %ÎÇÌÁÎÄ ɉÔÈÅ ÃÏÎÔÅØÔ ÉÎ ×ÈÉÃÈ 3ÏÕÔÈ×ÏÒÔÈȭÓ ÒÅÓÅÁÒÃÈ ÒÅÓÉÄÅÓɊ ÔÈÉÓ ÁÇÅÎÃÙ 

is the Office for Standards in Education (Ofsted). In New Zealand it is the Education 

Review Office (ERO). Nevertheless, while national level monitoring can identify country 

wide trends, there is also a need to work with local level data sources which is why 

monitoring is an expectation of all professionals. The classroom observation strategies 

previously discussed enable teachers to identify high-quality teaching and effective 

pedagogical practice. They are ways to emphasise how teachers can gain knowledge of 

what works in teaching, even if it is learning what others do. In this respect, leaders can 

ÆÉÌÔÅÒ ÓÕÐÐÏÒÔ ÆÏÒ ÔÅÁÃÈÅÒÓȭ ÉÍÐÒÏÖÅÍÅÎÔÓ ÔÏ ÐÒÁÃÔÉÃÅ ÔÈÒÏÕÇÈ ÔÈÅ ÁÃÔÉÏÎÓ ÔÈÁÔ ÓÕÐÐÏÒÔ 

collegial reflections about practice. How those interactions are enacted through collegial 

ÔÁÌË ÁÒÅ ÔÈÅ ÆÏÃÕÓ ÏÆ 3ÏÕÔÈ×ÏÒÔÈȭÓ ÔÈÉÒÄ ÁÎÄ ÒÅÍÁÉÎÉÎÇ ÓÔÒÁÔÅÇÙȟ ÒÅÆÅÒÒÅÄ ÔÏ as dialogue. 

Dialogue  

The need for collegial dialogue is not new and continues to attract research interest and 

support. It embraces the findings of earlier ×ÏÒËȟ ÆÏÒ ÅØÁÍÐÌÅ ÆÒÏÍ ,ÉÔÔÌÅȭÓ ρωψς study 

which reported successful schools having ȰÐÕÒÓÕÅÄ Á ÇÒÅÁter range of professional 

ÉÎÔÅÒÁÃÔÉÏÎÓ ×ÉÔÈ ÆÅÌÌÏ× ÔÅÁÃÈÅÒÓ ÏÒ ÁÄÍÉÎÉÓÔÒÁÔÏÒÓȟ ÉÎÃÌÕÄÉÎÇ ÔÁÌË ÁÂÏÕÔ ÉÎÓÔÒÕÃÔÉÏÎȱ (p. 

325). Little realised that teachers developed a shared language of teaching when the 

talk was associated with opportunities for collegial observation and robust 

conversations emerged as teachers formed learner to learner relationships. Southworth 

(2011) argues ȰÄÉÁÌÏgue is not simply talking ɀ ÉÔ ÉÓ ÐÒÏÆÅÓÓÉÏÎÁÌ ÌÅÁÒÎÉÎÇȱ (p. 77). In 

other words, it is professional conversations ÔÈÁÔ ÉÎÃÒÅÁÓÅ ÔÅÁÃÈÅÒÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ ÏÆȟ 

for example, how to teach science through NOS. When that dialogue is reciprocal and 

benefits both participants, it becomes a useful sense making tool for exploring issues of 

practice. For teachers to be able to explain a classroom activity to a colleague they first 

must analyse what worked and why. This process, which leads to the discovery of self-

knowledge, is called articulation. Articulation is one of the ways leaders can increase 

opportunities for teachers to share their tacit knowledge and practical skills. These 

opportunities can be informal or planned and formal. Regardless, professional dialogue 

ÓÈÏÕÌÄ ÌÅÁÄ ÔÏ ȰÐÒÁÃÔÉÃÁÌȟ ÁÃÔÉÏÎÁÂÌÅ ËÎÏ×ÌÅÄÇÅȱ (Southworth, 2011, p. 78). Southworth 

(2011) argues that self-reflection is not sufficient. Teachers need an interested listener 
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to provide encouragement, feedback and questioning which enables professional 

knowledge to be constructed and co-constructed. They need to recognise that their 

colleagues are a source of expertise as well as possible support. 

 

Accepting colleagues as co-learners, regardless of their experience levels is dependent 

on the work culture being conducive to conversations about what works and why and 

why not. Gurr et al. (2005) suggest that leaders who are intentional in their work to 

foster trust, respect and ease of conversation about professional practice can enhance 

parallel work on pedagogical matters such as curriculum reform. Knowledge of subject 

matter by itself does not mean teachers will adapt their teaching to suit. They need 

connections to colleagues they can trust for expertise to flow from one colleague to 

another.  

 

%ÁÒÌÉÅÒ ÐÒÏÆÅÓÓÉÏÎÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÍÏÄÅÌÓȟ ÓÕÃÈ ÁÓ *ÏÙÃÅ ÁÎÄ 3ÈÏ×ÅÒÓȭ (1980) coaching 

model included a feedback component, again highlighting the involvement of a 

significant other. This choice of term, like monitoring, reinforces the notion that 

teachers value a more expert colleague helping them to identify next steps. The term, 

dialogue, as advocated by Southworth, moves communication about teaching into a 

two-way, reciprocal learning exchange. This is an important advance to knowledge 

ÁÂÏÕÔ ÔÅÁÃÈÅÒÓȭ ÐÒÏÆÅÓÓÉÏÎÁÌ ÐÒÁÃÔÉÃÅȟ ÓÉÇÎÁÌÌÉÎÇ Á ÓÈÉÆÔ ÆÒÏÍ ÔÏÔÁÌ ÄÅÐÅÎÄÅÎÃÅ ÏÎ 

another as the expert to individuals gaining agency for their own learning needs 

because of opportunities to learn alongside colleagues as co-sharers and learners. 

 

4ÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÃÏÌÌÅÇÉÁÌ ÅØÃÈÁÎÇÅ ÉÓ ÁÐÐÁÒÅÎÔ ÉÎ (ÕÂÅÒȭÓ (2011) model where he has 

highlighted talk as a processing tool to make sense of practice. Huber has argued for the 

importance of colleagues by referring to professional learning communities (PLCs) as 

structured opportunities for teachers to reflect on their actions and behaviours in 

collaboration with colleagues and being members of a connected profession. Within 

PLCs, he suggests emphasis be put on the transfer, reflection, and exchange of what has 

ÂÅÅÎ ÌÅÁÒÎÅÄ ×ÉÔÈ ÏÎÅȭÓ ÃÏÌÌÅÁÇÕÅÓ ÁÓ Á ÐÒÏÃÅÓÓ ÏÆ ÃÏ-construction. Hence the term 

collegial exchange. Collegial exchange and dialogue are vital in the adult learning 

process and are, therefore, central to the functioning of effective PLCs (Robertson, 

2005). However, as Sigurðardóttir  (2010) points out, a lack of attention explicitly to the 
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skills underpinning professional exchange is preventing the potential of PLCs from 

being realised. It is why 3ÉÇÕÒłÁÒÄĕÔÔÉÒȭÓ study, set in Iceland, advocates for more 

collaborative practices so teachers can gain new knowledge through interaction and 

dialogue with others.  

 

In addressing what it takes to maximise the potential of PLCs in New Zealand schools, 

Robertson (2005) has concentrated on promoting the need for knowledge of adult 

learning principles suggesting these are the glue linking knowledge for practice 

(content knowledge) and pedagogical and context knowledges. Robertson suggests that 

it is these knowledges in combination which have the potential to personalise decisions 

about what is learnt, their timing and relevance as well as the type of support colleagues 

can offer one another as professional colleagues.  

 

)ÎÄÅÅÄȟ ÓÉÎÃÅ +ÎÏ×ÌÅÓ ÅÔ ÁÌȢȭÓ (1998) seminal work on adult learners and their unique 

characteristics, others have endorsed the need for a continuing focus on adults as 

learners (Chappuis et al., 2009; Hunzicker, 2010, 2012; Karge et al., 2011; Lieb & 

Goodlad, 2005). Acceptance of the particular knowledges adults bring to their 

professional work as teachers suggests they place value on learning that is job-

embedded, supported, on-going and with a clear pedagogical focus (Hunzicker, 2010). 

 

A continuing interrogation of professional learning processes by teachers is present in 

the New Zealand work of Timperley (2015) who prefers the terminology of professional 

conversations rather than dialogue. In particular, her naming of five enablers to such 

conversations reveals further complexities to what is needed to work with teachers. 

These include paying attention to resources, relationships, processes, knowledge, and 

culture. Under resources, Timperley includes the tools and expertise needed to support 

teachers to challenge each other to improve practice. She recognises that these must be 

accompanied by relationships of trust and mutual respect with flexible processes to 

allow all views to be tested through deep inquiry, so new knowledge gained can be 

ÄÉÒÅÃÔÌÙ ÁÐÐÌÉÃÁÂÌÅ ÔÏ ÉÎÄÉÖÉÄÕÁÌ ÔÅÁÃÈÅÒÓȭ ÃÏÎÔÅØÔÓȢ !ÌÌ ÔÈÉÓ ÍÕÓÔ ÅØÉÓÔ ÉÎ ÁÎ 

improvement-based culture where teachers focus on what they can change instead of 

attributing problems to outside influences. Timperley argues that inquiry is an enabler 

to professional conversations and that dialogue with an external facilitator is necessary, 
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but not guaranteed, to shift teacher practice (Timperley, 2011b; Timperley & Parr, 

2009). 

 

Elsewhere, for example in England, the importance of dialogue has been signalled by 

MacBeath et al. (2018) in the Leadership for Learning (LfL) model (refer to Figure 7) 

developed from the Carpe Vitam country study across 5 countries. In their model 

ȬÅÎÇÁÇÉÎÇ ÉÎ ÄÉÁÌÏÇÕÅȭ ÉÓ ÏÎÅ ÏÆ ÆÉÖÅ ËÅÙ ÐÒÉÎÃÉÐÌÅÓ ɉÈÅÁÄÌÉÎÅÄ ÁÔ ÔÈÅ ÔÏÐ ÏÆ &ÉÇÕÒÅ 7) that 

by their expression in day-to-day practice, guide learning and leadership.  

Figure 7  

Leadership for Learning and its principles (MacBeath et al., 2018, p. 42).  

 

Also apparent in this LfL model is the focus on learning with the notion that everyone is 

a learner; students, teachers, and principals. The model recognises that leadership is not 

just about a few key players but about collective actions. This aligns with HunzickÅÒȭÓ 

plea that learning have a clear instructional focus. Collegial ways of working are also 

evident in this model which is consistent with professionalism; teachers taking 

responsibility for their own learning. Furthermore, democratic values (which form the 

right -hand side of the LfL frame) support the importance of moving beyond self to 
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realise other members of the profession are a valuable source of expertise to extend 

ÏÎÅȭÓ Ï×Î ËÎÏ×ÌÅÄÇÅ ÏÆ ÁÎÄ ÁÂÏÕÔ ÐÒÁÃÔÉÃÅ. In addition, critical friendship (which forms 

the left-ÈÁÎÄ ÓÉÄÅ ÏÆ ÔÈÅ ,Æ, ÆÒÁÍÅɊ ÓÉÇÎÁÌÓ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÕÓÉÎÇ ÁÎ ȬÏÕÔÓÉÄÅÒȭ ÔÏ 

support the learning process Ȱthrough questioning, reflecting back, providing another 

viewpoint, prompting honest reflectionȱ and challenging the teacher (Swaffield, 2008, p. 

323). While the collegial space provides an anchor in this leadership framework, 

ultimately the teacher needs to internalise the collegial exchange and be able to work 

independently in his/her own context. This is why, teacher agency forms the base and 

largest layer of the LfL framework ÂÅÃÁÕÓÅ ÔÅÁÃÈÅÒÓȭ ÌÅÁÒÎÉÎÇ ÉÓ ÅÎÈÁÎÃÅÄ ×ÈÅÎ ÔÈÅÙ 

believe in its potential to enhance practice . 

 

The importance of real-life learning in practice, which is meaningful and timely for 

individuals, is captured in the mention of activity as a term to describe the actions or 

×ÏÒË ÎÅÅÄÅÄ ÔÏ ÉÍÐÒÏÖÅ ÓÔÕÄÅÎÔÓȭ ÌÅÁÒÎÉÎÇȢ Huber (2011) refers to this as praxis and 

links theory to praxis and knowing to doing in his approach (refer to Figure 8).  

Figure 8  

From theory to praxis and knowing to doing in Huber (2011, p. 638). 

 

Based on the analysis of leadership training and development programmes in 15 

countries, including New Zealand, Huber argued there are multiple approaches to 

learning in professional development (Huber, 2004, 2010a, 2010b, 2013). These are 

represented by the model shown in Figure 9. Huber (2013) favours Ȱconcrete and 

complex problems, as they are experienced in everyday practice by school leaders, as a 
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starting point to involve the learners in a cooperative problem-ÓÏÌÖÉÎÇ ÐÒÏÃÅÓÓȱ (p. 

530). 

Figure 9  

Approaches to learning in Professional Development (Huber, 2011, p. 639). 

 

As with MacBeath et ÁÌȢȭÓ LfL model (Figure 7Ɋȟ (ÕÂÅÒȭÓ (2011) model highlights the 

complexity of learning in schools and the importance of collegiality and teacher 

professionalism. MacBeath et al. (2018) ÈÁÖÅ ÉÎÃÌÕÄÅÄ (ÕÂÅÒȭÓ (2010a) 

conceptualisation of schools as learning organisations signalling a shift from 

development of the ÉÎÄÉÖÉÄÕÁÌ ÌÅÁÄÅÒ ÏÆ ÌÅÁÒÎÉÎÇ ÔÏ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÔÈÅ ÓÃÈÏÏÌȭÓ 

leadership capacity. Dempster (2009) ÂÕÉÌÄÓ ÏÎ -ÁÃ"ÅÁÔÈȭÓ ,Æ, ÍÏÄÅÌ ÉÎ ÈÉÓ ,Æ, 

framework (refer to Figure 10) again signalling the importance of leadership being 

about the collective actions of leaders and teachers. 

 

$ÅÍÐÓÔÅÒȭÓ ÆÒÁÍÅ×ÏÒË ×ÁÓ ÄÅÖÅÌÏÐÅÄ ÆÒÏÍ ÔÈÅ ÓÙÎÔÈÅÓÉÓ ÏÆ ÆÉÖÅ ÒÅÐÏÒÔÓ ×ÈÉÃÈ ÃÁÍÅ 

from the United Kingdom (UK), NZ, Australia and an Organisation for Economic 

Cooperation and Development (OECD) report. The framework, was based on three 

ÌÅÁÄÅÒÓÈÉÐ ÆÕÎÄÁÍÅÎÔÁÌÓȟ Ȱpurpose, context and ÈÕÍÁÎ ÁÇÅÎÃÙȱ (Dempster, 2009, p. 2) 

which Dempster claimed lay at the centre of leadership for learning. First, moral 

purpose should drive all school leaders and teachers. That purpose is about the 

ÉÍÐÒÏÖÅÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ ÌÉÖÅÓ ÔÈÒÏÕÇÈ ÌÅÁÒÎÉÎÇȢ 3ÅÃÏÎÄȟ ÂÅÃÁÕÓÅ ÌÅÁÄÅÒÓÈÉÐ ÉÓ 

influenced by context, leaders need to harness support from within the school and the 

wider community to help in their moral quest. Third, leaders can only achieve the 
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ÓÃÈÏÏÌȭÓ ÍÏÒÁÌ ÐÕÒÐÏÓÅ ÔÈÒÏÕÇÈ human agency. This acknowledges that leadership 

requires the views and actions of many. I will now explain the components of this 

framework.  

Figure 10 

Leading Learning framework from Dempster (2009) Leadership for learning: A 

framework synthesising recent research, p.8. 

 

4ÈÅ ÉÎÎÅÒÍÏÓÔ ÃÉÒÃÌÅ ÏÆ $ÅÍÐÓÔÅÒȭÓ ÆÒÁÍÅ×ÏÒË ÉÎ &ÉÇÕÒÅ ρ0 houses the moral purpose 

of teachers, the improvement of learning and achievement, to which all leadership 

actions are directed. Teaching science through NOS is seen as a way of improving 

learning, achievement and engagement in science (Hipkins, 2012). This is why the focus 

of this study is on how HODs can lead the implementation of the national initiative, 

teaching science through NOS. Disciplined dialogue and strong evidence base are also in 

ÔÈÅ ÃÏÒÅ ÏÆ $ÅÍÐÓÔÅÒȭÓ ÄÉÁÇÒÁÍ (refer to Figure 10) and are deemed central to the other 

five dimensions surrounding this inner core. For example, leaders need to gather 

student data for professional conversations (disciplined dialogue) about what 
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professional development teachers need to improve student outcomes. The focus on 

NOS requires learning for the HODs, as they lead others, as well as for the teachers. I 

ÔÕÒÎ ÎÏ× ÔÏ ÕÎÐÁÃËÉÎÇ ÅÁÃÈ ÏÆ ÔÈÅ ÄÉÍÅÎÓÉÏÎÓ ÏÆ $ÅÍÐÓÔÅÒȭÓ ÆÒÁÍÅ×ÏÒË ÔÏ show how 

this framework could guide HODs on the important steps involved in leading learning in 

their departments. I have presented this in Table 4.  
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Table 4 

$ÅÍÐÓÔÅÒȭÓ (2012) leadership for learning dimensions unpacked.  

$ÅÍÐÓÔÅÒȭÓ 
leadership for 

learning dimensions  
5ÎÐÁÃËÉÎÇ ÏÆ $ÅÍÐÓÔÅÒȭÓ ÅÉÇÈÔ ÄÉÍÅÎÓÉÏÎÓ 

Moral purpose 
4ÈÅ ÓÃÈÏÏÌȭÓ ÍÏÒÁÌ ÐÕÒÐÏÓÅ ÏÆ ÉÍÐÒÏÖÉÎÇ ÔÈÅ 
learning of young people is at the heart of 
$ÅÍÐÓÔÅÒȭÓ ÆÒÁÍÅ×ÏÒËȢ  

Disciplined dialogue 
Disciplined dialogue is about leaders (e. g., Science 
HODs) having professional conversations informed 
by data, with staff. 

Strong evidence base 

Ȭ3ÍÁÒÔ ÔÏÏÌÓȭ (2012, p. 51) (instruments which 
provoke deep conversations) are needed to analyse 
school, community and student data to inform 
professional conversations about student learning. 

Professional 
Development 

 

Dempster (2012) believes that teacher professional 
development has the greatest influence on student 
learning and achievement. Dempster (2017) found 
that leaders as well as teachers needed to participate 
in PLD.  

Conditions for 
Learning  

Dempster (2009) ÒÅÆÅÒÓ ÔÏ ÔÈÉÓ ÄÉÍÅÎÓÉÏÎ ÁÓ ȬÒÅÁÄÉÎÇ 
ÔÈÅ ÃÏÎÔÅØÔȭ ÁÎÄ Óays it includes physical, social and 
emotional conditions. He says it is important that 
leaders respond to the uniqueness of the work 
setting. 

Curriculum and 
Teaching 

 

This leadership dimension is based on the premise 
that teachers make the biggest difference to student 
achievement. Leaders need to observe and 
understand what teachers are doing in the 
classroom. 

Leadership 

There is growing evidence that leadership needs to 
be shared (Leithwood, 2016; Spillane, 2005). Also, 
leaders need to gather evidence of strategies, impact, 
and effect. 

 

$ÅÍÐÓÔÅÒȭÓ ÄÉÍÅÎÓÉÏÎȟ parent and community support does not appear in my 

explanatory table as this study is not looking at how science is reported to 

whanau6/caregivers or the wider community. 

 
6 7ÈàÎÁÕ ÉÓ ÔÈÅ -àÏÒÉ -language word for extended family 
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Clearly there has been a shift from development of the individual leader of learning to 

ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÔÈÅ ÓÃÈÏÏÌȭÓ ÌÅÁÄÅÒÓÈÉÐ ÃÁÐÁÃÉÔÙȢ ) ×ÉÌÌ ÒÅÔÕÒÎ to this later when 

discussing further, leading of learning by Heads of Department. 7ÈÉÌÅ $ÅÍÐÓÔÅÒȭÓ 

framework may be used to guide HODs leading learning, there are several models that 

are specifically designed to support change leadership. Since my study is about HODs 

leading the implementation of a national initiative, which requires science teachers to 

change the way they teach science, I now explore some change models. 

Change Models 

Leadership models vary across industry and education. I wanted to examine several 

models so, to guide my selection, I set the following parameters for selecting the 

models. My parameters helped me to specify whether the models were created over a 

period of time, had steps to represent the complexity of change, were used in a variety 

of organisations including education and they needed to include a leadership focus. I 

narrowed the list down to six models; Lewin (1947), Roberts (1985), CREATER 

(Havelock & Zlotolow, 1995), Kotter (1995), ADKAR (Hiatt, 2006) and The Four 

Dimensions of Leadership: A Model for Effective Change (Green & Cypress, 2009) 

(refer to Appendix I for a table showing the benefits and limitations of each model). 

 

Kurt Lewin could be called the father of social change since contemporary models, such 

as the CREATER model, are based on his 1947 simple three stage unfreeze-move-

refreeze model (Kaminski, 2011). These three stages, which can be referred to as 

ȬÓÅÔÔÉÎÇ ÕÐȭȟ ȬÄÏÉÎÇȭ ÏÒ ȬÉÍÐÌÅÍÅÎÔÉÎÇȭȟ ÁÎÄ ȬÓÕÓÔÁÉÎÉÎÇ ÃÈÁÎÇÅȭȟ ×ÉÌÌ ÎÏ× ÂÅ ÕÓÅÄ ÁÓ Á 

framework to discuss the other five models explored. 

 

7ÈÅÎ ÄÉÓÃÕÓÓÉÎÇ ,Å×ÉÎȭÓ ȬÓÅÔ ÕÐȭ ÓÔÁÇÅ ÏÆ ÃÈÁÎÇÅȟ ÒÅÓÅÁÒÃÈÅÒÓ ÃÏÍÍÏÎÌÙ ÉÎÄÉÃÁÔÅ ÔÈÅ 

ÎÅÅÄ ÆÏÒ ȰÁ ÆÏÒÃÅ ÓÕÆÆÉÃÉÅÎÔ ÔÏ ÂÒÅÁË ÔÈÅ ȬÈÁÂÉÔȭ ÏÒ unfreeze ÔÈÅ ÃÕÓÔÏÍȱ (Burnes & Bargal, 

2017, p. 94). Roberts (1985)ȟ ÈÏ×ÅÖÅÒȟ ÁÒÇÕÅÄ ÔÈÁÔ ÔÈÅ ȬÓÅÔ ÕÐȭ ÓÔÁÇÅ ÒÅÑÕÉÒÅÄ Á crisis, a 

word that has stronger connotations than force. Some later models use a softer 

ÁÐÐÒÏÁÃÈ ÁÔ ÔÈÅ ȬÓÅÔ ÕÐȭ ÓÔÁÇÅȢ &ÏÒ ÅØÁÍÐÌÅȟ ÔÈÅ ÌÅÔÔÅÒÓ Ȭ#ȭ ÁÎÄ Ȭ2ȭ ÉÎ ÔÈÅ #2%!4%2 ÍÏÄÅÌ 

(Havelock & Zlotolow, 1995) stand for Care and Relate. They refer to concerns rather 

ÔÈÁÎ Á ÃÒÉÓÉÓȢ 3ÉÍÉÌÁÒÌÙȟ ÔÈÅ ÌÅÔÔÅÒ Ȭ!ȭ ÉÎ ÔÈÅ !+$!2 ÍÏÄÅÌ ÓÔÁÎÄÓ ÆÏÒ Awareness of 
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internal and external factors that create the need for change. In the Four Dimensions of 

Leadership and the Stages of Change proposed by Green and Cypress (2009) the first 

three steps are preparing for change and deal with, for example, assessing the situation. 

In contrast, Kotter (1995) ÂÅÇÉÎÓ ÔÈÅ ÆÉÒÓÔ ÏÆ Ô×Ï ÓÔÅÐÓ ÉÎ ÈÉÓ ȬÓÅÔ ÕÐȭ ÓÔÁÇÅ ×ÉÔÈ 

Establishing a sense of urgency followed by Forming a powerful coalition. There are two 

ÆÁÃÔÏÒÓ ÔÈÁÔ ÓÅÔ +ÏÔÔÅÒȭÓ ȬÓÅÔ ÕÐȭ ÓÔÁÇÅ ÁÐÁÒÔ ÆÒÏÍ ÔÈÅ ÏÔÈÅÒ ÃÈÁÎÇÅ ÍÏdels. First, the use 

of the strong words, urgency and powerful and second, the scaffolding that accompanies 

each of the steps (refer to Table 5). 

 

The second stage of the change process, which Lewin referred to as moving to a new 

ÌÅÖÅÌȟ ÉÓ ÔÈÅ ȬÄÏÉÎÇȭ ÏÒ ȬÉÍÐÌÅÍÅÎÔÁÔÉÏÎȭ ÓÔÁÇÅȢ !ÐÁÒÔ ÆÒÏÍ ÔÈÅ 'ÒÅÅÎ ÁÎÄ #ÙÐÒess model, 

ÁÌÌ ÔÈÅ ÍÏÄÅÌÓ ÈÁÖÅ ÅØÐÁÎÄÅÄ ,Å×ÉÎȭÓ move or change stage into several steps. In the 

different models, the steps in this stage generally include creating a vision and involving 

other people in ÔÈÅ ÏÒÇÁÎÉÓÁÔÉÏÎ ÉÎ ÔÈÅ ÃÈÁÎÇÅ ÐÒÏÃÅÓÓȢ !Ó ×ÉÔÈ ÔÈÅ ȬÓÅÔ ÕÐȭ ÓÔÁÇÅ 

different terms are used for involving others. While Roberts used the term participatory 

management, Kotter preferred Empowering others to act on the vision in his 1995 model 

then changed this to Build a volunteer army in his 2013 circular model (refer to Figure 

11). The use of the word army indicates that the change work is to be done by a number 

of people. This model will be discussed in more detail a little later in this chapter. The 

ȬÄÏÉÎÇȭ ÓÔÁÇÅ ÏÆ ÔÈÅ !+$!2 (Hiatt, 2006) model includes a step that is missing in the 

ÏÔÈÅÒ ÍÏÄÅÌÓȢ 4ÈÉÓ ÓÔÅÐȟ ÄÅÎÏÔÅÄ ÂÙ ÔÈÅ ÌÅÔÔÅÒ Ȭ+ȭȟ ÒÅÆÅÒÓ ÔÏ Knowledge of how to change 

and represents information, training, and education to know how to change. The model 

does not specifically include bringing in external expertise to achieve this, however, 

researchers such as Timperley (2011b) and MacBeath et al. (2018) are advocates for 

this. 

 

Finally, the third stage, which Lewin called refreeze, involves institutionalising the new 

ÈÁÂÉÔȢ Ȭ)ÎÓÔÉÔÕÔÉÏÎÁÌÉÓÉÎÇ ÔÈÅ ÎÅ× ÈÁÂÉÔȭ ÉÎÖÏÌÖÅÓ ÉÎÃÏÒÐÏÒÁÔÉÎÇ ÔÈÅ ÎÅ× ÈÁbit into the 

structure of the organisation so that it persists over time. Three of the models include 

ÔÈÉÓ ÓÔÁÇÅȟ ÁÌÂÅÉÔ ÕÓÉÎÇ ÄÉÆÆÅÒÅÎÔ ÔÅÒÍÓȢ 4ÈÅ ÌÁÓÔ ÌÅÔÔÅÒ Ȭ2ȭ ÉÎ #2%!4%2 ÒÅÐÒÅÓÅÎÔÓ Renew 

ÁÎÄ ÒÅÆÅÒÓ ÔÏ ËÅÅÐÉÎÇ ÔÈÅ ÃÈÁÎÇÅ ÇÏÉÎÇ ×ÈÉÌÅ ÔÈÅ ÌÅÔÔÅÒ Ȭ2ȭ ÉÎ !KDAR represents 

Reinforcement (the internal and external factors that sustain a change). Kotter (1995) 
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initially used the term Institutionalising new approaches for the refreeze stage but later 

changed this to Institute change in his circular model (refer to Figure 11). 

Figure 11  

+ÏÔÔÅÒȭÓ ÃÉÒÃÕÌÁÒ "ÉÇ /ÐÐÏÒÔÕÎÉÔÙ ÍÏÄÅÌ https://www.kotterinc.com/8 -steps-process-for-

leading-change/. 

 

From this discussion of the Roberts, CREATER, Kotter, ADKAR and Four Dimensions of 

,ÅÁÄÅÒÓÈÉÐ ÃÈÁÎÇÅ ÍÏÄÅÌÓȟ ÉÔ ÃÁÎ ÂÅ ÓÅÅÎ ÔÈÁÔ ÔÈÅÙ ÁÒÅ ÁÌÌ ÅØÔÅÎÓÉÏÎÓ ÏÆ ,Å×ÉÎȭÓ ÔÈÒÅÅ 

stage model although they use different terms and more steps. I acknowledge, as does 

Sidorko (2008), that there is no single model which can serve multiple contexts. Indeed, 

Kotter continues to grapple with change models having moved from an eight-step linear 

model (1995) to a complicated dual network system (2012), which acknowledges that 

in large organisations there can be multiple change projects happening simultaneously, 

to a circular model based around a Big Opportunity (2013) (refer to Figure 11). The 

ÉÄÅÁ ÏÆ ÔÈÅ Ȭ"ÉÇ /ÐÐÏÒÔÕÎÉÔÙȭ ÉÎ ÔÈÅ ÃÉÒÃÕÌÁÒ ÍÏÄÅl was to ignite the passion and interest 

of the whole organisation regardless of their position or title. This model still shows 

eight steps in a specific order with terminology very similar to the linear model. Maybe, 

as Timperley (2011b) suggested with her Teaching as Inquiry cycle, one can go 

backward and forward around the circle revisiting some steps even though there are no 

https://www.kotterinc.com/8-steps-process-for-leading-change/
https://www.kotterinc.com/8-steps-process-for-leading-change/
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arrows to indicate this. +ÏÔÔÅÒȭÓ ÌÉÎÅÁÒ ÁÎÄ ÃÉÒÃÕÌÁÒ ÍÏÄÅÌÓ ÓÅÅÍ ÔÏ ÈÁÖÅ ÔÈÅ ÃÌÏÓÅÓÔ 

resonance with an educational setting. 

 

Table 5 ÓÈÏ×Ó +ÏÔÔÅÒȭÓ ρωωυ ÅÉÇÈÔ ÓÔÅÐ ÌÉÎÅÁÒ ÍÏÄÅÌȟ ÉÎÃÌÕÄÉÎÇ ÔÈÅ ÓÃÁÆÆÏÌÄÉÎÇ ÐÒÏÖÉÄÅÄ 

by the bullet points previously mentioned. 

Table 5  

+ÏÔÔÅÒȭÓ %ÉÇÈÔ 3ÔÅÐÓ ÔÏ 4ÒÁÎÓÆÏÒÍÉÎÇ ÁÎ /ÒÇÁÎÉÓÁÔÉÏÎ ÁÄÁÐÔÅÄ ÆÒÏÍ +ÏÔÔÅÒ (1995) Leading 

change: Why transformation efforts fail, p.61, doi: 10.1109/EMR.2009.5235501. 

2ÏÇÅÒÓȭ (2003) work on diffusing innovations or initiatives  at the organisational level 

ÅØÐÁÎÄÓ ÏÎ 3ÔÅÐ σ ÏÆ +ÏÔÔÅÒȭÓ ÍÏÄÅÌȟ #ÏÍÍÕÎÉÃÁÔÉÎÇ ÔÈÅ Öision. 

 

The seminal work of Rogers (2003), Diffusion of Innovations, addresses the process of 

communicating innovations. While the original publication of this work was in 1962 it is 






































































































































































































































































































































































































































































































































































