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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 teachers’ schemes of
work and unit plans, assessment tasks, students’ exercise books and students’
workbooks. A case study approach was taken to gain in-depth knowledge of the
participants’ 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.
i

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.
Kotter’s (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
temporal dimension which was missing in Kotter’s model. The resulting ‘Roundabout
Change Model’ provides reflective questions and prompts to guide HODs’ 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. Shulman’s (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.
Grossman’s addition of ‘knowledge of context’ encompasses “knowledge of districts in
which teachers work, knowledge of school [settings], knowledge of specific students
and communities and students’ backgrounds, families, particular strengths, weaknesses
and interests” (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
1

(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.

NOS content knowledge

PCK for NOS
Science
pedagogical
knowledge

Science
content
knowledge

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 ‘ovals’ 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
on operationalising this same shift so as to develop science teachers’ understandings of
how to teach science through the processes and skills of NOS. My research design,
3

therefore, interrogates science teachers’ beliefs and practices 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
curriculum 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
‘scientific literacy’ and the ‘global economy’. First, PISA assesses the degree to which 15year-old students have obtained the key knowledge and skills, in reading, mathematics
and science, essential for success as informed citizens in the modern world. PISA’s
science questions do not claim to assess curriculum content knowledge but rather
‘scientific literacy’, which PISA defines 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 data and evidence scientifically (OECD, 2016, p. 28).

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.
1
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Since teaching NOS helps students to, ‘engage with science-related issues’, ‘explain
phenomena scientifically’ and ‘interpret data and evidence scientifically’, one
explanation could be that a decline in PISA results signals attention to the teaching of
NOS is a matter to address.
Secondly, science knowledge has been linked to a country’s economic development.
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
Māori and Pasifika students. Māori and Pasifika students’ performance in PISA science
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
have the Māori achievement results in our National Certificate in Educational
Achievement (NCEA). These results show that the degree of inequity has increased
despite Pūtaiao (Māori-medium science) education, for which a national curriculum was
established in 1996 (Stewart, 2011). This contrasts with the overall success of Kura
Kaupapa Māori, which are Māori language immersion schools (kura) in NZ. These
schools, which aim to revitalise the Māori language, have a philosophy and practices
which reflect Māori cultural values.
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). While the context of Buabeng’s study was New Zealand,
this is also a concern in other countries, such as the UK where there are declining
Equity-related refers to students not been disadvantaged because of their background, including socioeconomic status, gender, or ethnicity.
2
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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
that ‘baby boomers’3 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.

Baby boomers are usually referred to as babies born between 1946 and 1964, during the baby boom
post–World War 2.
3
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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
school curriculum reformers were seeking ways to relate ‘science as discovery’ to how
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 introduced NOS into the school curriculum. Named ‘Science in the New Zealand
Curriculum’ (SNZC) (MoE, 1993), this curriculum document had to satisfy students’
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,
this blurred teachers’ understandings 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
‘scientific literacy’ encountered major difficulties.
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. If the primary school teacher’s lack of science qualification is one
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 is “the required learning
for all students up to year 10” (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), “in which
scientific knowledge has developed and continues to develop” (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 about science – 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 – this requires students to build on prior experiences,
working together to share and examine their own and others’ knowledge, ask
questions, find evidence, explore simple models, and carry out appropriate
investigations to develop simple explanations.

•

Communicating in science –students 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 – 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 and other countries’ curricula 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 “to make science more engaging and more equitable” thus
allowing “learning success for students from diverse backgrounds” (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
‘product’ to a ‘process’ curriculum design in undergraduate science classes. The lecturebased delivery of a body of knowledge, a ‘product’, which focuses on ‘learning about
science’ does not align with NOS which is about ‘process’ (Crippen & Archambault,
2012). There is evidence that university science teaching programmes have, in recent
years, endeavoured to offer different learning opportunities, such as the ‘learningscience-by-doing science’ (LSDS) model, that motivate students to think and act like
scientists (Labouta et al., 2018) and hence teach NOS. The LSDS model, unlike
traditional undergraduate laboratory practicals where students typically follow a
‘recipe’ (Thomas et al., 2017), is inquiry-based and in an authentic context.
A further challenge contributing to the difficulties in implementing NOS in the
classroom is teachers’ limited authentic science experiences outside the classroom.
Schwartz and Lederman’s (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 preservice teachers and the need for improved pre-service teaching of NOS (Abd-ElKhalick, 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
perspective related to understanding the role of teachers’ professional 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
perceive science as being ‘a pile of facts’ endorsing the view that subject /discipline
knowledge is sufficient for teaching science. I then explored Poincaré’s (2016) quote,
“science is built up of facts, as a house is with stones; but an accumulation of facts is no
more a science than a heap of stones is a house” (p. 141) in relation to the Nature of
Science (NOS).
If some teachers think science is a particular body of knowledge, referred to as a ‘pile
of facts’ by Poincaré, 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
12

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 able to “fully participate in a smart
country where knowledge and innovation are at the heart of both economic growth
and social development” (Gluckman, 2011, p. 1). This brings me to my second interest
in NOS. Believing that teaching science through NOS is a means of developing ‘‘science
for all’’ (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
science more than an ‘accumulation of facts’. 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
conference with claims that “science should be at the service of humanity as a whole
and contribute to improving the quality of life for every member of present and future
generations” (Hoyningen-Huene et al., 1999, preamble). This view of science education
‘for all’ or citizenship science is reflected in science curriculum worldwide. For
example, the New Zealand Curriculum (NZC) states that students are to “explore how
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
science plays a significant role” (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).
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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
knowledge has dominated teachers’ learning (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 teachers’ learning at the school level.

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
will be exploring teachers’ understandings of the science national policy and how this 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 Shulman’s teacher knowledge
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 providing raw data
showing teachers’ understandings of NOS 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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different change models and the argument for using Kotter’s eight step change process
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 implementing a national initiative to improve students’ scientific
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 HODs’ knowledge of change theory assist them in decisions about people,
conditions, and processes?
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CHAPTER 2: LITERATURE REVIEW - Science education policy and
teaching
Introduction
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, “a scientifically literate [world] population was essential
for economic development” in the 1990s (Inter-Agency Commission World Conference
in Education for All, 1990, p. 14). Furthermore, “systems of higher education [needed
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to] be strengthened to train scientists, engineers, managers and other professionals
who [would] lead the national development effort into the next century” (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 Standards at this time claimed to “present a vision of a
scientifically literate populace [and to] outline what students need[ed] to know,
understand, and be able to do to be scientifically literate at different grade levels” (1996,
p. 5). In the UK, the Beyond 2000 report (Millar & Osborne, 1998) argued that “the
science curriculum from age 5 to 16 should be seen primarily as a course to enhance
scientific literacy” (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 in Australian schools stated that “the
purpose of science education is to develop scientific literacy” (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
issues. This report recommended replacing “the generic use of “scientific literacy”, as a
goal of school science education, with more precisely defined scientific knowledge and
scientific abilities, that have meaning beyond school” (p. 9) for students at all levels.
Furthermore, this report recommended “policy makers should consider what will
encourage a better balance between teaching science as established information and
those features of science that are referred to as the Nature of Science” (p. 8). Moreover,
three years after the 2008 UNESCO report, Looking Ahead: Science Education for the
Twenty-First Century, a Report from the NZ Prime Minister’s Chief Science Advisor
(Gluckman, 2011) also advocated for growing scientifically literate citizens.
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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
International Student Assessment (PISA) to assess not just science conceptual
knowledge but students’ understanding and application of scientific literacy (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
of students’ views of NOS should be an objective of science education (National
Research Council, 1996). Developing students’ understanding of NOS was seen as a vital
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-ElKhalick & 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), Rennie et al.’s (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
about “the nature of scientific theories, scientific processes, and the progression and
change of scientific knowledge” (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
there was “science education for all students” (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
as ‘business as usual’ (Hipkins & Barker, 2002). This meant the full intent of SNZC was
not met.
As New Zealand is a bicultural nation, it has a Māori curriculum, Te Marautanga o
Aotearoa (Ministry of Education, 1996d), in addition to the English medium curriculum.
In this Māori curriculum there is also a focus on scientific literacy and NOS, but with a
specific focus on Māori worldviews of science.
Te Marautanga o Aotearoa, the Māori curriculum
The Māori curriculum, 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) in response to a growing desire to promote Māori
language, culture, and values. NOS was included in Pūtaiao, the science section of this
curriculum. Although Pūtaiao translates as ‘science’, it also includes Māori knowledge
systems. “Pūtaiao included four strands [the fourth of which included NOS]:
•

Te Ao Tūroa (natural world);

•

Ahupūnhao (physical world);

•

Kawekawe (material world); and

•

Ngā Tautake Pūtaiao me ngā Kōrero-o-Mua (philosophy and history of science)”
(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 of NOS and support a Māori
viewpoint (Stewart, 2011). The intent of Pūtaiao was also to improve outcomes for
Māori students, however, the opposite ensued (Stewart, 2011). National Certificate in
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Educational Achievement (NCEA) data suggests that Pūtaiao education “has so far
increased, rather than decreased, the level of inequity for Māori students in science
education” in Māori schools, despite its intention to do the opposite (Stewart, 2011, p.
724). Other evidence of low achievement for Māori students relates to performances in
large scale international assessments such as PISA (May et al., 2019). While Pūtaiao
helped support the goal of preserving traditional Māori knowledge, it did not achieve
the goal of improving learning outcomes for Māori students (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 “reflect wider
societal changes within the national curriculum” (Hipkins, 2012, p. 9). In particular the
front section of the NZC has a focus on supporting students to become “21st century
learners”. This is expressed in the vision statement, “a set of eight principles to underpin
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 Organisation for Economic Cooperation and Development (OECD)”
(Hipkins, 2012, p. 9).
In consultation with 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
“only minimal guidance and support” (Hipkins, 2012, p. 13). The first tier of contextual
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objectives identifies the important content to be delivered. “The second tier adds NOS
dimensions that should be woven through the content, but with multiple competing
agendas to be addressed” and “no clearly evident best way to do this” (ibid, p.13).
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 serve as a guide to “what matters most in each subject” (Cubitt, 2006,
p. 206). This third tier of the NZC, therefore, provides “some 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
tier and to prioritise them” (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).
Based on recommendations from the NZ “curriculum stocktake” (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 1993 science curriculum into one “overarching, unifying strand” through which the
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).

Achievement objectives for 4 NOS strands

Achievement objectives for 4 context strands
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
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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
students’ scientific literacy 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.

•

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).

•

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.

Level 5 and 6 NOS objectives

Level 7 and 8 NOS objectives

The objectives in the right-hand column in Table 1 are the same for two successive
curriculum levels and use an ascending order of Bloom’s taxonomy5 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.

Bloom’s taxonomy is a way of categorising and ordering thinking skills from lower order to higher order
learning skills
5
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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 2008–2012 (Goodrum
& Rennie, 2007) and Tytler’s (2007) seminal paper, Re-imagining Science Education:
Engaging students in science for Australia’s future, 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 around ‘Science’, the core in Figure 4, these are considered central to the
teaching of science. The three interrelated strands are surrounded by six key ideas
(refer to Figure 4) “that represent key aspects of a scientific view of the world and
bridge knowledge and understanding across the disciplines of science” (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 “recognising that observation is an
important part of exploring and investigating the things and places around us” (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.

Science

General
capabilities
Crosscurricular
priorities

• Science understanding (content)
• Science as human endeavour
(SHE)
• Science inquiry skills (SIS)
• Scientific literacy
• Numeracy
• ICT
• Critical and creative thinking
• Ethical understanding
• Intercultural understanding
• Aboriginal and Torres Strait
Islanders Histories and Cultures
• Asia and Australia's Engagement
with Asia
• Sustainability

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
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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
aspects and suggested that this could be remedied by simply including “reflective
statements, prompts, or questions to explicitly focus students’ attention on relevant
NOS aspects” (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). A ‘road map’ for this strand is shown in
Figure 6.

30

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
“molecular models to explain the process of breaking and forming bonds between
atoms and the energy change involved” (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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Millar’s (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-driven approach to teaching science and “a reduction
in the kind of illustrative practical work that can help students gain knowledge of
natural phenomena and understanding of concepts and principles” (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
to as ‘scientific literacy’ (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
teach types of science enquiries as well as “what they [know is] likely to be included in
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high stakes examination[s]” (Taber, 2018, p. 89). In England the term ‘enquiry’ is used
instead of ‘inquiry’. Although these two terms are often used interchangeably, there is a
difference. Since ‘enquiry’ denotes the act of questioning whereas ‘inquiry’ denotes a
formal investigation, maybe ‘enquiry’ 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).
Curriculum and assessment demands were also highlighted in Gandolfi’s (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
to NOS. For example, Appendix H is called ‘Understanding the Scientific Enterprise: The
Nature of Science in the Next Generation Science Standards’ (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
note here is the use of the term ‘inquiry’ instead of ‘enquiry’ which was used in the
English curriculum.
A failing of inquiry-based teaching of science is the confusion of the ‘doing of science’, by
carrying out practicals, with the ‘learning of science’, as these have different goals.
‘Doing science’ by inquiry methods has the goal of discovering new knowledge about
the world whereas the goal of ‘learning science’ is to build an understanding of existing
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
has had a ‘hands-on’ nature. Osborne argued that the confusion around terms such as
‘inquiry’ and scientific 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 ‘enquiry’ and ‘inquiry’. 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

Scientific practices in the

Some aspects of NOS

necessary to do scientific

NGSS framework

from the NZC (MoE,

inquiry (Grades 5–8)
•

•

•

•

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.

2007)
•

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 develop students’
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) discusses ways of “Making the Next
Generation Science Standards Accessible to All” which mirrors the focus of the 1990
UNESCO conference, Education for all. The question worth asking is, ‘how will
pedagogical practices to support the shift in policy be developed?’ The NGSS include
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
•

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

New Zealand:
NOS objectives in
common with USA
and Australia

Australia
Science inquiry skills
(SIS) (abbreviated)

•

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

•

Identify and
construct
questions,
proposing
hypotheses, and
suggesting
possible
outcomes.

•

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

•

Make decisions
about how to
investigate or
solve a problem
and carrying out
an investigation,
including the
collection of data.

•

•

•

•

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.

•

•

England
Objectives
(abbreviated) in
common with USA,
NZ, and Australia
• Understand that
scientific methods
and theories
develop as earlier
explanations are
modified to take
account of new
evidence and
ideas…
•

Ask questions and
develop a line of
enquiry based on
observations of
the real world…

•

Select, plan, and
carry out the most
appropriate types
of scientific
enquiries to test
predictions…

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
evidence…
Convey
information or
ideas to others
through
appropriate
representations,
text types and
modes.
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•

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.

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 preservice 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-ElKhalick, 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
“reflective elements or direct reference to NOS” (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
teachers’ lack of deep understanding of science content knowledge which prevented
them from asking questions that effectively developed students’ robust 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 (Hipkins et al., 2005), teachers’ beliefs about the importance of their
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students’ learning about NOS (Lederman, 1999a; Lederman et al., 2001) and teachers
and students’ subject matter knowledge (Schwartz & Lederman, 2002). Hence, having
adequate conceptions of NOS does not necessarily result in teachers developing
students’ understanding of NOS (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:
… 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
learners…. [T]eachers should be able to comfortably discourse about NOS, design
science-based activities that would help students comprehend those aspects and
contextualize their teaching about NOS with some examples or ‘stories’ from
history of science. (pp. 692–693).
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
present since its inception, “two international PCK Summits have been held to advance
the agenda of PCK research” (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 in Hume et al.’s (2019) book
Repositioning PCK in Teachers’ Professional Knowledge. 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
Shulman’s teacher knowledges, 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 Shulman’s simpler definition of PCK for the purpose of this thesis. Shulman
(1986, p. 9) described PCK as “knowledge for teaching… the ways of representing and
formulating the subject that make it comprehensible to others”. He also believed that PCK
included “an understanding of what makes the learning of specific topics easy or difficult:
the conceptions and preconceptions that students of different ages and backgrounds bring
with them to the learning of those most frequently taught topics and lessons.” 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
support the development of students’ scientific literacy 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 explicit approach ‘‘should
be planned for instead of being anticipated as a side effect’’ (Akindehin, 1988, p. 73). It
involves purposeful teaching of NOS, intentionally drawing learners’ attention to
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
by simply ‘doing’ scientific investigations (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-ElKhalick 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-Khalick’s (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, if teachers did not provide explicit NOS teaching the students’
understanding of NOS did not improve.
The explicit approach acknowledges that, like any other science learning outcome, NOS
needs to be “specific and tangible content that teachers intentionally teach and assess”
(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 critical to
developing teachers’ and students’ views of NOS. When Akerson and Hanuscin (2007)
embedded explicit-reflective activities in a programme that emphasised scientific
inquiry and inquiry-based teaching to improve in-service teacher’s elementary
students’ views of NOS they had positive results. Both the teachers and students in the 3
year professional development programme showed positive changes to their views of
NOS and teachers’ science pedagogy also improved. Abd-El-Khalick and Akerson (2004)
argued that an explicit-reflective approach also needed to include assessing learners’
NOS conceptions in various contexts. Schwartz et al. (2004) likewise suggested that
teachers as learners need opportunities to engage in reflective activities and reflective
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discussions in order to construct their own understandings of NOS. Guided reflection
can therefore serve “as the bridge to span the gap between the inquiry context and NOS”
(p. 638).
Clough (2006) advocated for explicit and reflective NOS teaching along a
decontextualised/contextualised continuum, decontextualised being isolated from
science content and scientists and contextualised being “entangled in science content
and its development” (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 AbdEl-Khalick et al.(1998) as a reason for not incorporating NOS into their teaching. Since
the goal of teaching science through NOS is to develop students’ scientific literacy, the
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.’s (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 findings from Bell et al.’s (2011) study showed that explicit
teaching of NOS resulted in more substantial gains in the pre-service teachers’
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
students’ 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.
An historical approach has also been used to develop students’ understandings 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 “suggest
appropriate uses of history in the science classroom from early years through [to] post
secondary education” (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 Pavez et al.’s (2016) Chilean
study. These researchers introduced History of Science (HOS) to eight Biology teachers
in a professional development (PD) programme to improve teachers’ understandings of
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
learners’ understanding of NOS was that of 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. Stinner et al.’s findings, therefore, support Adb-El-Khalick and
Lederman’s (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 NOSspecific 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
identified that ‘doing’ science involved 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
NOS. What is apparent though, is ‘doing’ science in secondary schools has a different
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 on ‘fair testing’ are more evident (Baker, 1999). For primary
teachers this ‘fair testing’ approach was encouraged by the Ministry of Education’s
primary teacher support resources such as the Making Better Sense series of books
(Ministry of Education, 1995, 1996a, 1996b, 1996c). Hume and Coll’s (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
in 2002. Hume and Coll’s study found teachers focused on a narrow view of scientific
investigation as ‘fair testing’ and acquiring assessment techniques such as repeating
trials to improve the reliability of the results. Evidence suggests that students have
limited experience of science investigations and that approaches, such as those
mentioned, provide little evidence that students learn much by ‘doing’ fair tests and
repeating trials (Hume & Coll, 2008).
A paucity of “appropriate curriculum guidance, classroom materials and pedagogical
content knowledge for NOS teaching, teachers’ personal theories, and the realities of
classroom constraints” (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 NZC. I begin with Paterson’s study to provide an example of NOS
research that has been carried out in NZ since 2007.
Paterson’s (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 students’ 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
positive attitudes. The teachers in Paterson’s study were 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
science was made more relevant to their lives. The results from Paterson’s study show
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 improve teachers’ content knowledge of NOS.
Paterson’s (2017) and Ward and Haigh’s (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) (Royal Society of New Zealand Te Apārangi,
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
their school’s science programme, implement a science development action plan and
report regularly on its impact on students’ understanding 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 support teachers’ PCK for NOS
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
teachers’ 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 developing students’ understanding of NOS, to improve scientific literacy,
few teachers do so. Teachers often believe their main role is to teach science content
knowledge and, therefore, view developing students’ understanding of NOS as
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
is generally accepted that simply ‘doing science’ does not guarantee this. Similarly, an
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 inservice 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 professional
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
Southworth’s (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), to influence teachers’ pedagogical knowledge and
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
teachers’ learning and development.
Modelling
The strategy of modelling from Southworth’s model is recognition that teachers deepen
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,
p.75) emphases “the power of example” 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
connection and relevance to the teacher’s classroom. The 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
et al.’s (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 recognition of a move from PD, which is motivated by the “desire to
tell” teachers what needs to change, to a more systematic process of professional
learning motivated by teachers’ “needs to know” what to change to improve student
outcomes (ibid, p. 122). A second shift was a need for leaders to be involved in
professional learning, whilst a third shift, highlighted teachers’ necessity for additional
knowledge to change their practice. That teachers’ professional learning requires more
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
shifts the participants from passive observation of another’s practice to include an
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 with another in one’s own school and/or other
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
other’s practice (Vostal et al., 2019). This move from modelling and demonstration by
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an expert, as in the Joyce and Showers’ (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
Southworth’s model with the inclusion of a monitoring component to justify 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
determining whether there is a need for action and inclusion as a matter for teachers’
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.
Timperley’s (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
provisions. In England (the context in which Southworth’s research resides) this agency
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
filter support for teachers’ improvements to practice through the actions that support
collegial reflections about practice. How those interactions are enacted through collegial
talk are the focus of Southworth’s third and remaining strategy, referred to 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 work, for example from Little’s 1982 study
which reported successful schools having “pursued a greater range of professional
interactions with fellow teachers or administrators, including talk about instruction” (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 “dialogue is not simply talking – it is professional learning” (p. 77). In
other words, it is professional conversations that increase teachers’ understandings of,
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 selfknowledge, 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
should lead to “practical, actionable knowledge” (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.
Earlier professional development models, such as Joyce and Showers’ (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
about teachers’ professional practice, signalling a shift from total dependence on
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.
The importance of collegial exchange is apparent in Huber’s (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
been learned with one’s colleagues as a process of co-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 Sigurðardóttir’s 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.
Indeed, since Knowles et al.’s (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 jobembedded, 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
directly applicable to individual teachers’ contexts. All this must exist in an
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
‘engaging in dialogue’ is one of five key principles (headlined at the top of Figure 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 Hunzicker’s
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
one’s own knowledge of and about practice. In addition, critical friendship (which forms
the left-hand side of the LfL frame) signals the importance of using an ‘outsider’ to
support the learning process “through questioning, reflecting back, providing another
viewpoint, prompting honest reflection” 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 because teachers’ learning is enhanced when they
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
work needed to improve students’ learning. 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 “concrete 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-solving process” (p.
530).
Figure 9
Approaches to learning in Professional Development (Huber, 2011, p. 639).

As with MacBeath et al.’s LfL model (Figure 7), Huber’s (2011) model highlights the
complexity of learning in schools and the importance of collegiality and teacher
professionalism. MacBeath et al. (2018) have included Huber’s (2010a)
conceptualisation of schools as learning organisations signalling a shift from
development of the individual leader of learning to development of the school’s
leadership capacity. Dempster (2009) builds on MacBeath’s LfL model in his LfL
framework (refer to Figure 10) again signalling the importance of leadership being
about the collective actions of leaders and teachers.
Dempster’s framework was developed from the synthesis of five reports which came
from the United Kingdom (UK), NZ, Australia and an Organisation for Economic
Cooperation and Development (OECD) report. The framework, was based on three
leadership fundamentals, “purpose, context and human agency” (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
improvement of students’ lives through learning. Second, because leadership is
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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school’s moral purpose through 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.

The innermost circle of Dempster’s framework in Figure 10 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
the core of Dempster’s diagram (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
turn now to unpacking each of the dimensions of Dempster’s framework to 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
Dempster’s (2012) leadership for learning dimensions unpacked.
Dempster’s
leadership for
learning dimensions

Unpacking of Dempster’s eight dimensions

Moral purpose

The school’s moral purpose of improving the
learning of young people is at the heart of
Dempster’s framework.

Disciplined dialogue

Disciplined dialogue is about leaders (e. g., Science
HODs) having professional conversations informed
by data, with staff.

Strong evidence base

‘Smart tools’ (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

Conditions for
Learning

Curriculum and
Teaching

Leadership

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.
Dempster (2009) refers to this dimension as ‘reading
the context’ and says it includes physical, social and
emotional conditions. He says it is important that
leaders respond to the uniqueness of the work
setting.
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.
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.

Dempster’s dimension, 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

Whānau is the Māori -language word for extended family
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Clearly there has been a shift from development of the individual leader of learning to
development of the school’s leadership capacity. I will return to this later when
discussing further, leading of learning by Heads of Department. While Dempster’s
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-moverefreeze model (Kaminski, 2011). These three stages, which can be referred to as
‘setting up’, ‘doing’ or ‘implementing’, and ‘sustaining change’, will now be used as a
framework to discuss the other five models explored.
When discussing Lewin’s ‘set up’ stage of change, researchers commonly indicate the
need for “a force sufficient to break the ‘habit’ or unfreeze the custom” (Burnes & Bargal,
2017, p. 94). Roberts (1985), however, argued that the ‘set up’ stage required a crisis, a
word that has stronger connotations than force. Some later models use a softer
approach at the ‘set up’ stage. For example, the letters ‘C’ and ‘R’ in the CREATER model
(Havelock & Zlotolow, 1995) stand for Care and Relate. They refer to concerns rather
than a crisis. Similarly, the letter ‘A’ in the AKDAR model stands for 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) begins the first of two steps in his ‘set up’ stage with
Establishing a sense of urgency followed by Forming a powerful coalition. There are two
factors that set Kotter’s ‘set up’ stage apart from the other change models. 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
level, is the ‘doing’ or ‘implementation’ stage. Apart from the Green and Cypress model,
all the models have expanded Lewin’s 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 the organisation in the change process. As with the ‘set up’ stage
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
‘doing’ stage of the AKDAR (Hiatt, 2006) model includes a step that is missing in the
other models. This step, denoted by the letter ‘K’, refers to 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
habit. ‘Institutionalising the new habit’ involves incorporating the new habit into the
structure of the organisation so that it persists over time. Three of the models include
this stage, albeit using different terms. The last letter ‘R’ in CREATER represents Renew
and refers to keeping the change going while the letter ‘R’ in AKDAR 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
Kotter’s circular Big Opportunity model https://www.kotterinc.com/8-steps-process-forleading-change/.

From this discussion of the Roberts, CREATER, Kotter, ADKAR and Four Dimensions of
Leadership change models, it can be seen that they are all extensions of Lewin’s three
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
idea of the ‘Big Opportunity’ in the circular model 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
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arrows to indicate this. Kotter’s linear and circular models seem to have the closest
resonance with an educational setting.
Table 5 shows Kotter’s 1995 eight step linear model, including the scaffolding provided
by the bullet points previously mentioned.
Table 5
Kotter’s Eight Steps to Transforming an Organisation adapted from Kotter (1995) Leading
change: Why transformation efforts fail, p.61, doi: 10.1109/EMR.2009.5235501.

Rogers’ (2003) work on diffusing innovations or initiatives at the organisational level
expands on Step 3 of Kotter’s model, Communicating the vision.
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
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still current revealing the ongoing challenges for HODs implementing innovations.
Rogers suggests diffusing innovations includes four elements, the innovation,
communication channels, time and a social system builds on the work of others. The
innovation of teaching science through NOS, once understood and implemented by the
HOD, needs to be communicated to the teachers in the department, the boundary of
which, Rogers refers to as a social system. Rogers claims that the centre of the diffusion
or communication process is a social process that involves interpersonal
communication which once again highlights the importance of dialogue. Alongside
Southworth, Rogers is an advocate of modelling, suggesting potential adoptees model
and imitate what others, such as HODs, have mastered. Rogers’ element of ‘time’ is of
particular interest to my study, since HODs need to be cognisant of this when leading
change. The flattened ‘S’ representation of time versus percentage of adopters (refer to
Figure 12) indicates that the rate of diffusing or communicating new ideas/innovations
is slow initially while it is adopted by a few in the organisation (the early adopters). As
more people adopt the innovation a critical mass is attained and the rate of adoption
increases. Finally, the few late adopters engage with the change which is represented by
the flattened region of the graph on the right. The three different innovations shown in
Figure 12 show different rates of innovation adoption with Innovation I being quicker
than Innovations II and III. A question worth asking is, what affects the rate of diffusion?
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Figure 12
Graph showing the Diffusion process from E. M. Rogers (2003, p. 11) Diffusion of
Innovations.

In summary, modelling, monitoring, and dialogue, although discussed separately in this
chapter, are contingent on intentional work to align organisational conditions to
optimise their impact (Hoekstra et al., 2009; MacBeath et al., 2018; Southworth, 2011;
Stoll, 2011). There are several ways schools can establish a culture that is conducive to
learning. These include actions taken by formal leaders, including alignment with
structures which enable the time and spaces for learning to occur and acknowledging
that there will be early and late adopters to change. For modelling, monitoring, and
dialogue to occur, leaders (HODs and principals) must make time to meet with
colleagues, lead discussions, visit one another’s classrooms and partake in joint lesson
planning. These aspects are similarly endorsed by MacBeath et al. and Dempster as a
principle in their leadership for learning models (see Figures 7 and 10), about creating
favourable learning conditions. However, as well as these formal learning opportunities
teachers may learn informally in department workrooms or in virtual spaces (Stoll,
2011). For now, I merely use Southworth’s model as an accessible model from which to
draw attention to issues which have been incorporated by others when considering
what works and why in the transfer of policy to classroom practice.
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Having discussed some general models of professional learning and change models, I
continue by exploring studies which explore the actions needed to further professional
learning at the school level. Kolb (1984), Huber (2011), Southworth (2011) and
Timperley (2011b) have proposed practice-driven professional learning models which
draw on both school-level and external expertise to change teacher practice. Along with
Kotter’s change model, these models endorse multi-level support. In addition to senior
leaders, the HOD can benefit from the input of an external expert who models a
reflective process whereby those at the school site can advance their knowledge and
skills.
I take the engagement of external expertise as my next point of interest and follow this
with leadership for learning within the school, focusing on the Head of Department.

External expertise: facilitators
Short courses or one-off workshops are the typical professional development offerings
available to schools even though there is little evidence that one-off courses make any
real long term difference to teachers’ practice (Timperley, 2011a). One-off courses,
however, are deemed time and cost effective as, for example, a national science
coordinator who can deliver workshops throughout the country in a short time with
limited expense, ensuring the same ‘message’ is delivered to all teachers. The difficulty
with this type of PD delivery is that it is generic rather than being aligned to key adult
learning principles of personalisation and immediate relevance.
There are multiple reasons why one-off workshops on their own are deemed to be
ineffective. Teachers need to understand how students learn, the value of particular
curricula and effective ways to teach it (Timperley, 2011a). This requires teachers to
have knowledge of learners, content knowledge and pedagogical knowledge (Shulman,
1987). Moreover, one-off workshops may not be based on concrete experiences (Huber,
2011; Kolb, 1984) or what Kolb (1984) referred to as experiential learning. Without
explicit linking to practices to which teachers can ascribe, the theory has no handhold or
purpose. Furthermore, one-off workshops are not able to provide ongoing support and
continuing opportunities for teachers to make sense of issues of practice. One-off
courses work best when coupled with ongoing learning at the school site where
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knowledge of the learners can be included as a variable for building new teacher
knowledge for practice.
Transmission of knowledge by an external expert can be problematic if not
accompanied by other strategies. It is one aspect and why it is helpful to consider all the
possible components which contribute to quality teacher learning rather than dwell on
a particular component on its own. Huber (2011) included courses (in-house or
external) in his model, believing there is a place for such offerings but at the same time
being cautious about their sole contributions. Course offerings are frequently associated
with professional development (PD) emphasising the need for new knowledge
transmission at the expense of adult learning principles. Yoon et al. (2007) caution
against short course/workshop types of professional learning which rely on input from
an external expert to develop the skills demanded by a new policy. They suggest
reasons for the limited impact include a lack of individualisation and recognition of
career stage and the sporadic nature of the workshops. These courses have been
described as a ‘one-size fits all’ delivery to emphasise this very point. An alternative to
the short course/workshop approach to professional learning is bringing external
expertise into the school to work alongside teachers which recognises the need for
support over time to embed changes into practice. Le Fevre (2010) argues that when
professional development (PD) takes place over time relationships between teachers,
leaders and PD facilitators are able to be built and “meaningful conversations about
tough issues can occur” (p. 85). Timperley et al. (2008) are advocates for external
expertise for changing teacher and leader practice. They claim that external expertise
can play an important role in posing questions about practice to nudge teachers into
deeper levels of thinking. They see the work of external experts as being those who
“challenge existing assumptions and develop the kinds of new knowledge and skills
associated with positive outcomes for students” (p. 20). Highfield and Robertson (2016)
support the involvement of external expertise at the school site too, explaining that
those with more experience can often be beneficial. However, how facilitators work
with teachers in schools varies. When their approach is viewed as collegial, they can
work with rather than on teachers. Such an approach is typically described as the ‘guide
on the side’, critical friend or coach rather than the driver of change (Swaffield &
MacBeath, 2005; Whatman & Bull, 2015). As the word facilitate comes from the Latin
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facilis, ‘to make easy’, a facilitator may also be defined as “a self-reflective, processperson who has a variety of human, process, technical skills and knowledge, together
with a variety of experiences to assist groups of people to journey together to reach
their goals” (Hogan, 2002, p. 57). In education the term ‘facilitator’ is now preferred to
an earlier term ‘adviser’ which signals a more ‘top-down’ approach to PLD. An
advantage of an external facilitator is that an outsider can pose questions and, therefore,
challenge the status quo in schools/departments in a way not possible for those in the
workplace. This is why facilitators are deemed useful because they can develop teachers
and leaders as active, decision-making professionals who are able to adapt to change in
ways that promote better learning outcomes for students (Timperley et al., 2014).
School leaders wanting to change teaching practice, such as teaching science through
the processes and skills of Nature of Science (NOS), often engage subject specific experts
who have in-depth content and pedagogical knowledge (categories of teacher
knowledge (Shulman, 1987)). Compared to teachers, facilitators need an additional
knowledge; knowledge of how adults learn (Whatman & Bull, 2015). As well as these
knowledges, facilitators must develop skills in coaching, inquiry, modelling and building
trust (Highfield & Robertson, 2016). This highlights the complexity of facilitators’ work
within schools and their attention to knowledges related to content, pedagogy, and
learners (Shulman, 1987).
Facilitators as coaches
For facilitators to use their in-depth content and pedagogical knowledge to develop
teacher and middle leader practice, knowledge of coaching is a necessary addition
(Highfield & Robertson, 2016). Coaching can be a means for developing learning in
context, so it is well suited to school contexts. Robertson (2005) argues that coaching by
another professional allows middle leaders, such as science HODs, to reflect on how
improving their leadership practice can make a difference to teachers’ practice. She
states that coaching is ideally a reciprocal process which involves at least two people
working together to set and achieve professional goals. Coaching, therefore, is collegial.
The essence of coaching is dialogue which is a feature of Southworth’s learning model.
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Initially this dialogue needs to focus on building a rapport with the teacher. Just as the
teacher-student relationship is paramount, so too is the teacher-facilitator relationship
in PLD. Facilitators in Highfield and Robertson’s (2016) study who took the time to get
to know their middle leaders/ Heads of Department made quicker progress in changing
the practices of their middle leaders. Getting to know their leaders included “their
cultural and professional background, level of professional expertise and confidence” (p.
7). This also models for teachers and leaders the first step of the teaching as inquiry
process where teachers ‘get to know’ their targeted students (Timperley, 2011b).
Other studies have also concentrated on the need for building relationships and
establishing rapport (Hiebert, 1999; Lieberman & Pointer Mace, 2008; Lillge, 2019;
Lowenhaupt et al., 2014). Building trust between the teacher and the PLD facilitator is
an essential foundation which takes time to develop (Galbraith & Cohen, 1996). This can
be aided by beginning the PLD process with informal teacher-facilitator conversations
to get to know each other (Patton et al., 2012). Other ways of establishing trust are:
providing opportunities to learn something new together; time to reflect openly on
what is occurring during instruction; cooperation and teamwork; and ensuring there is
a balance of power between the teacher and the facilitator (Akhavan, 2015). Research
has also shown that accountability measures, such as high-stakes testing, and limited
teacher support can lead to teacher resistance and hinder teacher-PLD facilitator
relationships (Zoch, 2015). Of importance is the need for teachers and facilitators to
work collegially to achieve the PLD goal(s).
Another way facilitators can build trust and respect is to acknowledge the prior learning
of their teachers, as adult learners, to establish a starting point for their work together.
Andrews et al. (2004) purport that PLD facilitators need to find out what the teachers
are already doing successfully and build on that. Andrews (2008) further elaborates on
this when she discusses building a “no-blame” school culture where teachers are
encouraged to “share successful practice and to build on their strengths” (p. 54) rather
than identifying failures or weaknesses. This suggests that a further consideration is the
safety of teachers as learners to admit what is problematic. Drawing out teacher
strengths requires careful classroom observation and respectful questioning from a
facilitator. Coaching or facilitation that builds on teacher strengths instead of
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weaknesses is referred to as appreciative inquiry coaching (Gordon, 2008). In
appreciative inquiry the focus shifts from identifying problems to seeing possibilities
(Novotny, 2018).
Coaching can bridge the gap between teachers’ espoused theories and theories-in-use
which may not be in alignment (Schön, 1987). Opportunities for structured talk about
practice with another professional are an intentional way to make it possible for
double-loop learning to occur (Argyris, 1976) where both the coach and the teacher are
learning from each other. This contrasts with single loop theory where individuals learn
on their own. Outsider perspectives, through the eyes of a coach, are central to the
learning process (Robertson, 2004). Huber’s (2011) model (refer to Figure 9), attests to
multiple opportunities for dialogue, observation, experimentation and reflection on
practice as ways to link praxis with theory. Coaching from an external facilitator or
colleague can provide these opportunities in a structured, ongoing way to enhance
teachers’ practice (Robertson, 2004).
Adult learning principles, such as Hunzicker’s (2010) principles (job-embedded,
supportive and collaborative), form the basis of facilitators’ work as coaches. The need
for PLD to be job-embedded is why a number of learning models are practice-based
(Halbert et al., 2011; Timperley, 2011b) or have as a starting point concrete experiences
anchored in the real world of teaching (Huber, 2011; Kolb, 1984). As well as allowing
the facilitator/coach to make classroom observations and provide feedback for
teachers, working on the school site enables the PLD to be context sensitive so that use
can be made of teachers and leaders’ knowledge of the school and their students
(Fluckiger et al., 2014). Coaching, therefore, is best practiced in the context of the school
as it allows teachers and leaders to develop on the job. For this reason it is often
referred at as ‘just in time learning’ (Greenhalgh & Koehler, 2017; Robertson, 2005).
Coaching is a supportive form of PLD as it often involves the coach working one-on-one
with a teacher using adaptive expertise to meet the individual needs of the teacher. A
key skill of a coach, therefore, is active listening. This includes summarising, clarifying,
explaining, reflecting and encouraging (O’Brien et al., 2014). Teachers’ self-reflection on
practice is an important part of their learning. To encourage reflection on practice,
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coaches need to provide opportunities for teachers to retell their experiences through
careful prompting and questioning (Robertson, 2004). This collaboration with a coach
assists the deconstruction of dominant, established discourses that are having an
impact on their teaching practice. The rapport and trust relationship established early
in the PLD is important here because it will frame judgements about how to balance
feedback and feedforward.
One of the challenges for professional development facilitators is providing a balance
between teacher autonomy and external direction (Drennon & Cervero, 2002). One
solution to this problem is for the facilitator to work alongside the teacher as a critical
friend focusing on teacher-identified needs of their students (Darling-Hammond &
McLaughlin, 1995). A second challenge is determining when and how to exit the school,
so as to enable those at the school to continue the work started by an external facilitator
and become more empowered and independent. In a secondary school, this is where the
role of the Head of Department now assumes importance as the person with the
knowledge of the context who can work directly with teachers as and when needed.
This, therefore, is the focus of the final section of this chapter.

The role of Head of Department (HOD)
The focus of this study is teachers’ professional learning in secondary school science
departments, the leader of which is called the Head of Department (HOD). Along with
Deans, who are pastoral leaders, HODs are middle leaders in secondary schools,
positioned between the senior leaders and teachers. While there is extensive research
on senior leader/ principal leadership roles, there is a lack of research on department
heads. Since the context of this study is science HODs working with teachers in their
departments to improve the teaching and learning of science, a key role of the HOD is
pedagogical leadership. To explore the research on HODs as pedagogical leaders, I begin
with Leithwood’s (2016) empirical study on department head leadership for school
improvement.
Pedagogical leadership
Leithwood’s (2016) review of 42 methodologically diverse empirical studies from
Canada, Australia and New Zealand, was prompted by a widespread belief that Heads of
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Department in secondary schools are an “underutilised, if not untapped source of
instructional leadership7” (p. 117). This is because he believed HOD leadership to be
critical to secondary school improvement initiatives. This claim appears to have first
been made by Turner (1983) but has continued to feature in the literature (DeRoche et
al., 1988; Peacock, 2014; Weller, 2001). While there is evidence that the role of HOD
may be poorly defined (Weller, 2001), the primary reason for school leaders not fully
utilising HODs’ leadership potential to improve instruction and increase student
learning appears to be because the job is management focused. De Roche et al.’s (1988)
survey of Californian principals and HODs found that HODs spent most of their time on
managerial tasks such as budgeting, selecting and purchasing textbooks and serving on
curriculum committees (DeRoche et al., 1988). This management focus was supported
by Dinham et al. (2000) in Australia who from their interviews with 26 secondary HODs
found much of their role included paperwork and other administrative tasks, student
discipline and conflict resolution and chasing up matters with students all of which
were externally driven demands and pressures. The HODs interviewed wanted more
time for working with and leading people which they considered the most enjoyable
aspects of the role. HODs faced tensions between their managerial and leadership roles
as well as between the faculty and the senior leadership team of the school. The
challenges and tensions often forced HODs into a reactive stance, compromising their
own teaching and attempts to meet the professional needs of those in the department.
The lack of utilisation of HODs as pedagogical leaders has been an ongoing problem as
more than a decade later Peacock (2014) signalled that, the underutilisation of HODs as
pedagogical leaders within schools represented a gap in the literature.
A key finding from Leithwood’s (2016) empirical study was HODs have a greater
influence on students than school senior leaders, although it was acknowledged that
both levels of leadership working together was the ideal. The evidence for this was
mainly to do with the school structure and sources of leadership expertise. The large
size of many secondary schools, the complexity of the secondary school curriculum and
the limited subject-matter knowledge of principals means HODs have the potential to
provide the kind of pedagogical leadership that is likely to lead to improved student

7

Instructional leadership is the American term for pedagogical leadership.
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outcomes. HODs’ subject specialisations bring a different perspective to school
decisions which gives them an expertise that extends well beyond the school (Siskin,
1997).
American researchers, Gaubatz and Ensminger (2017), noted the importance of HODs
leading curricular and pedagogical change to improve student outcomes but
acknowledged this could be a challenge. The importance of middle leaders leading
curricular and pedagogical change to improve educational and social outcomes for
students also appears in the New Zealand Ministry of Education publication Leading
from the middle: educational leadership for middle and senior leaders, advice for middle
and senior leaders in NZ (MoE, 2012a). Canadian researcher, Leithwood (2016),
acknowledged that pedagogical leadership of HODs had the potential to drive
curriculum and pedagogical change but suggested it needed to be enacted with the full
support of, and in collaboration with senior leaders, such as the principals. This was
also endorsed by Conway and Andrew’s (2016) acknowledgement of parallel leadership
as a way to show the importance of mutualistic relationships, in their study in an
Australian school, where the principal released and trusted the creative expertise of
teacher leaders. When the principal and teacher leaders (which can be HODs in a
secondary school) worked towards the same goal, regular staff meetings were turned
into “more meaningful professional learning opportunities to encourage all staff to learn
and practise innovative ways of working” (p. 132) towards their goals. This highlights
the importance of collaboration in the learning process, a principle known to assist
adult learners (Hunzicker, 2010).
The school effectiveness literature strongly endorses the need for leaders to create a
vision and set high expectations but it has been more difficult to describe how leaders
practise pedagogical leadership (Wildy & Clarke, 2011). Odden and Wallace (2003)
suggested, however, that leaders make their difference by helping teachers improve
their teaching. The advantage for HODs is that they are a leadership layer physically
closer to teachers than principals as they typically share teacher workspaces. This
enables HODs to give timely assistance to teachers in their day-to-day activities.
Opportunities for professional learning are more likely to occur when department
members engage in collaborative activities such as “peer interaction, support and
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feedback” (Harris & Muijs, 2004, p. 67) and implementing curricular and instructional
change (Nguyen & Ng, 2020). These interactions provide opportunities for the HOD to
have formal and informal professional conversations with teachers about students and
their learning (Southworth, 2005). The interactions within departments have the
potential to deepen teachers’ content and pedagogical knowledge. These are examples
of ways in which HODs can be leaders of learning.
A concept of leadership capabilities for science pedagogical leaders was developed by
Peacock (2014). Four interdependent leadership capabilities (refer to the four
rectangular boxes in Figure 13) were built on Robinson’s (2010) concept of leadership
capabilities required to confidently engage in pedagogical leadership.
Figure 13
Conceptual model of leadership capabilities contributing to science instructional
leadership from Peacock (2014, p. 43).

The bidirectional arrows in this model indicate the interconnection of the four equally
important capabilities, headings of which were drawn from Peacock’s reading of
pertinent literature. Because the role of subject-specific leadership is underrepresented in the literature it is placed at the top of this model. Peacock (2014) argues
that science instructional/pedagogical leaders, as well as having deep science content
knowledge, must be able to facilitate teachers’ development of subject-specific
pedagogical content knowledge (PCK). This once again acknowledges Shulman’s (1987)
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categories of teacher knowledge. Moving clockwise around this model, consistent with
the NZC (MoE, 2007), it is important that HODs make science accessible for all students
and advocate for science as “a way of investigating, understanding and explaining our
natural, physical world and wider universe”(p. 28). There is widespread support for
leaders, such as HODs, to build a collegial learning environment which justifies its
inclusion as one of the four capabilities. To this end, more recent literature suggests
HODs establish departments as professional learning communities (Gurr et al., 2005;
MacBeath et al., 2018; Printy, 2008; Robinson, 2010; Stoll, 2011; Stoll et al., 2006;
Vanblaere & Devos, 2018). Finally, the HOD needs to be able to negotiate context and
solve problems in-situ. For this reason Peacock (2014) stresses that his proposed model
of science pedagogical leadership is not a checklist but negotiated and enacted through
interactions with teachers, principals and other stakeholders demonstrating a
commitment to working with teachers to create new knowledge together. Furthermore,
if HODs’ ability to provide pedagogical leadership is to be realised, it requires time, line
authority and a clear role description (Peacock, 2014; Rogers, 2003; Weller, 2001). The
notion of pedagogical leadership being enacted through teachers, principals and other
stakeholders is an indicator that leadership is layered.
This layering of leadership is encompassed through the intent of the concept of
distributed leadership, the focus of the next section of this chapter.
Distributed leadership
The literature increasingly emphasises the significance of distributed leadership,
whereby leadership is not restricted to one person in the school (Harris, 2013; Harris &
DeFlaminis, 2016; Heck & Hallinger, 2009; Jones & Harvey, 2017; Muijs & Harris, 2003;
Spillane, 2005; Timperley, 2005; Vanblaere & Devos, 2018) but is viewed instead as
collective work. Successful leadership involves many people and players (Day, 2011).
The two case studies discussed by Wildy and Clarke (2011) showcased principals who
distributed leadership and highlighted the need for principals to give teachers the
authority to act as leaders of learning. Because of the rigid, hierarchical structure of
many secondary schools, leaders of learning are most likely to be HODs who hold
positional leadership roles. Timperley et al. (2008), however, warned that distributing

78

or sharing leadership can be in danger of being delegation without support for the
layering of leadership input.
Distributed leadership and its impact on teachers’ attitudes and stress was one of five
themes identified by Tian and Huber (2020). Their recent empirical study examined the
development of educational leadership, administration, and management research from
2007-2016 by identifying themes in key publications. One key finding of these studies
was the expansion of teachers’ roles over the years to include leadership elements. The
review suggested that as well as teaching subject knowledge, teachers also “acted as
leaders, mentors, curriculum specialists, resource providers and catalysts for change”
(p. 140). Even though distributive leadership was found to have a positive effect on
school climate and teachers, Tian and Huber suggested that to achieve this, distributed
leadership needed to be purposefully designed. Furthermore, principals needed to
foster it (Bush, 2008). Prior to 2007 distributed leadership researchers focused on
conceptualising distributed leadership (Bennett et al., 2003; Harris, 2003) but since
then researchers have focused on benefits and potential risks of distributed leadership
in practice (Hargreaves & Fink, 2008). One study that focused on the benefits of
distributed leadership was that of Heck and Hallinger (2009).
Heck and Hallinger’s (2009) longitudinal study explored the effects of distributed
leadership on school improvement and student achievement with a subject focus of
mathematics in 195 elementary schools in a state in America over a 4-year period. Their
work found direct effects of distributed leadership on change in the schools’ academic
capacity and indirect effects on student improvement in mathematics. Their study
showed distributive leadership could further schools’ potential to improve improving
student learning outcomes. There is, therefore, a continuing interest in distributed
leadership. One gap in the literature, however, is the absence of research on the
challenges faced by teacher leaders, such as HODs, to whom pedagogical leadership of
their teacher colleagues has been distributed (Mckenzie & Locke, 2014). It is assumed to
be a practice which works but that is where the supporting literature seems to stop.
Given the importance of the HOD as a pedagogical leader, or leader of learning, I turn
now to look at the complexity of this role and the tensions and challenges faced by
HODs, which is a further feature of the literature on the work of HODs.
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HOD role: tensions and challenges
The literature indicates that the increasingly complex, changing nature of the HOD role,
which is fraught with challenges, has been realised in several countries. I offer three
country examples of research work undertaken on the Head of Department role.
The first example is from Australia, highlighting the work of Dinham (2007) who
explored the role of the HOD in leading teams producing exceptional outcomes for Years
7-10 students8. This study is of interest because it reinforces the importance of
leadership and the qualities, attributes, and practices of successful HODs. Of significance
to this study is the claim that HODs of successful departments possess, “a depth and
breadth of knowledge, have a sound understanding of curricula and keep informed of
current developments” (Dinham, 2007, p. 69). These HODs had accessed external
sources of support to help them to work with teachers in their own departments.
Strategies to draw the department members together as a learning team were key to
their success as leaders of learning in their respective departments. Dinham (2007)
found that HODs in successful departments needed to be learners as well as leaders. He
reported they had “grown into the role, often under the influence of others”, suggesting
it was possible to mentor HODs into the role (p. 77). A finding in Dinham’s study was
that HODs were actively encouraging the leadership capacity of and co-construction of
knowledge for practice rather than the notion that it is the positional leader (HODs)
who leads the learning by transmitting knowledge to others.
A second country example is from the United Kingdom with Bennett et al. (2007). Their
study of the HOD role reviewed empirical studies in the English language published
between 1988 and 2005 and identified two tensions. Bennett et al. (2007) found HODs
were expected to have collegial relationships within the department whilst also acting
as line managers to senior leaders by monitoring colleagues’ performance. A second
tension was the expectation that as middle leaders they were required to have a whole
school focus as well as being loyal to their department. This tension raised questions
around the concepts of professionality, authority, and expertise.

8

Years 7-10 in Australia is approximately 10–16-year-old students.
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The third country example, Bassett (2016) from New Zealand, reports a lack of
preparation and leadership support for the HOD role. This study surveyed members of
boards of trustees9, senior leaders and HODs to gain their perspectives of the HOD role
and how this work was undertaken. The findings showed that although HODs
understood the requirement to lead the delivery of the curriculum and the
improvement of learning and teaching, much of their role focused on management of
assessment and in particular moderation of assessment. HODs required new knowledge
and skills to lead learning as they could not lead the learning of their departments with
just content knowledge. They also needed pedagogical leadership knowledge. Moreover,
Bassett’s (2016) study identified a lack of time as a challenge with HODs feeling they
were “not performing either their leadership role or their teaching role to a satisfactory
level” (p. 104).
Principals in a secondary school depend on HODs, who have specialist subject content
and pedagogical knowledge, to provide specific pedagogical leadership. As discussed
previously, these knowledge types are deemed necessary for teachers to be effective
(Shulman, 1987). Subject leadership is important for facilitating teaching and learning
and initiating change to bring about school improvement (Dinham, 2007). This was
endorsed by New Zealand researcher, Highfield (2012) whose study on the impact of
middle leadership on student academic outcomes found a positive correlation between
student outcomes and effective HOD leadership. She also promoted the concept of
valuing learning ahead of teaching and professional community rather than
individualism. This continues the focus on learning whereby HODs, teachers and
students are all learners.
In summary, the role of HOD has become increasingly complex and challenging
suggesting that the current traditional departmental structure may not be the most
effective way of addressing the increasing pressures and demands on HODs. The notion
of distributing leadership to HODs, who are closer to classroom teachers than
principals, has gained support, however, this relies on principals giving authority to
HODs to act as pedagogical leaders. Moreover, studies have indicated a dearth of
Boards of Trustees in NZ are representatives of the wider school community, including a staff member
and student representative.
9
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opportunities for HODs to learn this role. The literature on leadership learning and
development is often generic or focuses on principalship leadership at the expense of
paying attention to other roles, such as the HOD, which may be preparatory experience
for other leadership roles. Furthermore, on the job learning for HODs seems to be left to
chance.
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CHAPTER 4: METHODOLOGY
Introduction
The purpose of this chapter is to explain the methodological decisions that underpin
how I have interrogated teachers’ implementation of the science curriculum in New
Zealand (NZ) secondary schools. These decisions include the selection of and
justification for using two theoretical frameworks and rationale for the selection of
methods. The chapter concludes with an introduction to my participants, considerations
of trustworthiness and ethics as well as limitations of my research methods.
This study has a particular focus on the Nature of Science (NOS) aspects of the science
curriculum, which have, in The New Zealand Curriculum (NZC) (Ministry of Education,
2007) been given increasing prominence. This is evident through its positioning at the
top of the science achievement objectives pages in the NZC as well as being expressed as
“required learning for all students up to Year 1010” (MoE, 2007, p. 29). In the same way
as mortar is needed to hold the stones together in a house, NOS could be considered the
‘mortar’ that links the science facts together (Poincaré, 2016). Similarly, Poincaré’s
linking of science to a house aligns with the whakataukī (Māori proverb) for the science
learning area in the NZC.
Mā te whakaaro nui ehanga to whare; mā te mātauranga e whakaū (MoE, 2007, p.
28).
This translates as, “Big ideas create the house; knowledge maintains it” (ibid).
This research project is about exploring how HODs can lead learning on how to teach
science through NOS, to meet the requirement of the NZC. By capturing the experiences
of the people who help teachers teach through NOS, teachers and student voice, this
study has the potential to offer insights for curriculum leaders, such as Heads of
Department (HODs) (whose responsibility it is to ensure teachers in their department
meet the requirements of the curriculum), and those who work in similar professional
roles to my own as a science facilitator.

10

Year 10 is the second year in secondary school in New Zealand.
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The pathway to formulation of my research questions
I have spent more than twenty-five years teaching science, mainly in NZ but briefly in
the United Kingdom (UK). For the past eight years I have been working as a science
facilitator in NZ schools. In this role I have been supporting teachers with the
implementation of the NZC (MoE, 2007) with a particular focus on NOS. During this
time, I have observed on-going challenges for teachers with the implementation of NOS
which is why I have embarked on doctoral study. My focus is to find out what helps
science teachers to engage with the curriculum intent of teaching science through the
processes and skills of NOS and the supports they deem necessary. My participants are
individual HODs and teachers and student focus groups. Therefore, as stated in an
earlier chapter, my research questions are:
Research questions
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 HOD’s knowledge of change theory assist them in decisions about people,
conditions, and processes?
In seeking to answer each of these research questions, this study has involved data
collection from HODs and teachers in three different educational contexts (case study
schools) to establish how they as individuals and as members of a science department
have addressed the issue of changing their teaching practice to teach science through
NOS. Rather than carry out a large scale study and generalise the findings, I have opted
for three case studies in schools so that greater depth is possible in capturing their
understandings and experiences of a NOS approach to teaching science.
The next section of this chapter outlines the theoretical framework of this research,
including the rationale for selecting the two frameworks and methodology.
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Theoretical framework
I have positioned my research within two theoretical frameworks, interpretive and
leadership for learning. My research questions and adoption of an interpretive
framework have influenced my choice of a qualitative multiple case study methodology
(Kivunja & Kuyini, 2017). Since methodology is not only about how research is done but
includes the justification for deciding how to carry out the research, the rationale for
selecting these frameworks is now explained.
Rationale
I recognise from my reading of methodological literature, whilst planning the design of
this study, that as a qualitative researcher I bring certain beliefs and philosophical
assumptions to this research. These beliefs, which researchers often call paradigms,
influence the researcher’s worldview which is formed by upbringing, and life and work
experiences (Denzin & Lincoln, 2018; Mertens, 2015; Mutch, 2013). Paradigms,
therefore, are conceptual lenses through which “the researcher examines the
methodological aspects of their research project to determine the research methods
that will be used and how the data will be analysed” (Kivunja & Kuyini, 2017, p. 26).
These paradigms or beliefs bring certain assumptions about ontology (the nature of
reality), epistemology (how we come to know what we know) and axiology (the role of
values in research (Creswell, 2013b; Denzin & Lincoln, 2018). We cannot separate our
‘way of seeing the world’ (Somekh & Lewin, 2005) from the methodological decisions
we make about our research. Our personal values inform any ethical or moral decisions
we make in the study.
This study is grounded in both interpretive and leadership for learning frameworks
which will be explained in turn.
Interpretive framework
The first of two frameworks selected for this study is an interpretive framework,
however, there are many categories of interpretive frameworks. They may be
positivism, post-positivism; interpretivism, constructivism, hermeneutics; feminism(s),
racialized discourses; critical theory and Marxist models; cultural studies models; queer
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theory; and postcolonialism (Creswell, 2013a). These different interpretive frameworks
take different ontological, epistemological, and axiological positions. As the key
theoretical influence that led to the decisions I made as a researcher in relation to this
study was constructivism, I use the term interpretive constructivism to describe the
theoretical influence in this study. Since the interpretive constructivist approach to
research is intent on understanding the world in which individuals live and work, this
approach is well suited to this study which seeks to understand HODs' and teachers’
experiences of teaching science through NOS in the school contexts in which they work.
The ontological view of interpretive constructivism is that there are multiple realities
for every phenomenon (Creswell, 2013b). This approach aligns with the research
methods used in this study to gather the realities of the HODs and teachers
implementing the NOS aspects of the New Zealand science curriculum. As I am not
attending department meetings to observe the interactions of teachers, I am not
constructing my knowledge of teachers’ implementation of NOS in conversation with
groups of teachers. Instead, I am stepping aside from my professional role as a science
facilitator and capturing understandings of individual teacher’s practice as conveyed to
me in research interviews, collection of teachers’ schemes of work and student voice. I
am constructing my knowledge of how teachers are supported to teach through NOS
from the stories they relate in answer to my interview questions.
The epistemological view of interpretive constructivism is that researchers need to get
as close as possible to their participants so it is important to conduct the study ‘in the
field’ (Creswell, 2013a, p. 19). Again, this aligns with the aim of this study to get inside
the heads of HODs and teachers by interviewing HODs, teachers and student focus
groups in their schools. Context is important when interpreting HODs and teachers’
subjective evidence of how they teach science through NOS.
Interpretive constructivists recognise that their own upbringing, work, and life
experiences shape their interpretations. They “position themselves in the research to
acknowledge how their interpretation flows from their own personal, cultural and
historical experiences” (Creswell, 2013b, p. 23). As a researcher, who has facilitated
NOS professional learning and development (PLD), I need to refrain from expressing my
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viewpoint and instead capture the viewpoints and experiences of those directly
involved in teaching science through NOS in the classroom setting. There is somewhat
of a paradox, as an interpretive researcher, between developing objective
interpretations from subjective teacher experiences (Schwandt, 1994).
There are particular demands on the interpretive constructivist researcher including
the questions asked of participants and the type of questions. The questions need to be
open-ended so that the researcher can carefully listen to what the participants say or do
in their given context. Moreover, care needs to be taken with the interpretations the
researcher makes of the data (Denzin & Lincoln, 2018). Participants can only offer
stories about what they have done and why and cannot always fully explain their
actions or intentions. A weakness of interpretive - constructivism is that the researcher
can only make interpretations in terms of the meanings people bring to them. As I have
prior knowledge of the three HODs (from my role as a science facilitator), I need to
ensure that I do not add to their ‘stories’. My professional role, however, enables me to
recognise subtleties in data that identify what works and why in particular contexts
(schools). In particular, I am interested in how teachers meet the intent of the science
curriculum by teaching science through the transferrable processes and skills of NOS,
which I refer to as teaching science through NOS.
As I am setting out to interrogate teachers’ experiences of teaching science content
knowledge through the transferrable processes and skills of NOS and supports, they
have found to be beneficial, an interpretive constructivist paradigm is well suited to this
study. However, to make sense of the context of change in schools which have unique
characteristics, I have also chosen a leadership for learning paradigm to understand the
challenges of three separate school environments.
Leadership for Learning framework
I have selected Dempster’s (2009) leadership for learning framework (refer to Figure
10) as the process paradigm as this model is specifically designed for HODs and schools.
It includes dimensions such as professional development, conditions for learning,
curriculum and teaching, and leadership to identify key enablers and constraints. The
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only element of Dempster’s framework that I am not looking at is ‘parent and
community’. I have already acknowledged the reason for this.
Dempster’s framework has appealed to me because it is generic and can, therefore, be
applied to a variety of learning contexts. It directs attention to leadership actions which
matter. For this thesis, the framework enables me to explore how HODs can lead the
implementation of the national initiative, teaching science through NOS and how
knowledge of change theory can assist them in decisions about people, conditions, and
processes. I found Dempster’s leadership for learning paradigm to be the closest
paradigm for making sense of the contexts in which I typically work.
The leadership for learning theoretical framework is well suited to this study which not
only has a content focus, NOS, but also a focus on learning processes. This is evident in
my main research question which seeks to explore how HODs can lead learning on how
to teach science through NOS. The dimensions of the leadership for learning framework
provide a way to expand my lens for carrying out this research. It draws attention to the
processes occurring in each school context, namely change leadership. Teaching science
through a NOS lens is a change in focus for teachers. The knowledge needed requires
the skills and processes incorporated in NOS to link the science facts so that students
can “participate as critical, informed, and responsible citizens in a society in which
science plays a significant role” (MoE, 2007, p.17). This focus on NOS requires a
different way of thinking and teaching for science teachers which is why this study
seeks to find how HODs can lead this change.

Methodology
Methodology is commonly described as, “the overall approach to research linked to the
theoretical framework while the method refers to systematic modes, procedures or
tools used for collection and analysis of data” (Mackenzie & Knipe, 2006). Since I have
chosen interpretive and leadership for learning theoretical frameworks, the
methodological approach I have selected is qualitative case study research. I begin by
justifying my use of qualitative research.
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Qualitative research
The research questions guiding this study have the potential to gather rich data of
secondary science teachers’ understanding of NOS and its implementation in the
classroom and the people, conditions and processes that have facilitated the change in
teacher practices. A qualitative methodology has, therefore, been developed to allow for
in-depth understanding of teachers’ knowledge and understanding of teaching through
NOS. Depth is one characteristic of qualitative research design.
Another reason for seeing a qualitative design as a good fit for this study is its emphasis
on context-specific settings (Creswell, 2013b; Merriam, 2002; Patton, 2002). Stake
(2010) also emphasises context as an important characteristic of qualitative research
referring to qualitative research as being “situational” (p. 15). Denzin and Lincoln
(2005) refer to this characteristic when they state that qualitative research involves “an
interpretative, naturalistic approach to the world. This means that qualitative
researchers study things in their natural settings, attempting to make sense of, or
interpret, phenomenon in terms of the meanings people bring to them” (p. 3). The
researcher aims to capture reality as it is experienced. This is consistent with the
purpose of this study which seeks to understand how HODs can lead learning on how to
teach science through NOS in the context of NZ secondary schools.
The work of teachers and school leaders takes place in unique school contexts shaped
by factors such as school size, socio-economic background of students, type of
leadership, school goals and expectations and teacher experience (Hallinger, 2003). The
concern for context, as well as gaining rich in-depth accounts of teachers’ teaching
science through NOS and the change leadership process in this study, supports the
appropriateness of choosing a qualitative research approach.
A principal goal of this study is to gather rich accounts of how individual teachers are
supported to teach science through NOS . This research approach will enable me to “get
under the skin” (Leavy, 2017) of my participants and, view the issue of teaching science
through NOS from the inside (Gillham, 2000). Quantitative research values statistical
analysis and generalisations. This is not suitable for this study since I am not seeking to
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make generalisations from my three case studies. Instead, in my qualitative research, I
am looking at individual cases within three schools.
Having positioned my research as qualitative using interpretive and leadership for
learning frameworks, I now turn to the consideration of a specific research
methodology that aligns with this and enables the gathering and generating of rich
information relevant to my research questions. Case studies are widely used in
qualitative research where an in-depth investigation of an issue within a real life
context is required (Yin, 2018). My research, which is about investigating how HODs can
lead learning on how to teach science through NOS, aligns with this proposition and is,
therefore, suited to a case study methodology.
Case Study
Creswell (2013b) defines case study research as a, “qualitative approach in which the
investigator explores a real-life, contemporary bounded system (a case) or multiple
bounded systems (cases) over time, through detailed, in-depth data collection involving
multiple sources of information” (p. 97). Another useful definition of case study, has
been provided by Punch and Oancea (2014) who purport:
The basic idea is that one case (or perhaps a small number of cases) will be
studied in detail, using whatever methods and data seem appropriate. Where
there may be a variety of specific purposes and research questions, the general
objective is to develop as full an understanding of this case as possible (pp. 147148).
Case studies can focus on an individual or group. They provide rich information about
that individual’s or group’s experience in a specific context. Case study research does
not look for generalizable information (Gay et al., 2006). Furthermore, case study
methodology can reveal the complexity of the context. Case study research is suitable
for a study seeking to describe complex phenomena (Mertens, 2015) because it
provides a “rich description of a bounded case” (Mutch, 2013, p. 107). Since a bounded
case may be a setting, such as a school, case study is appropriate for this study. Schools
are bounded as they are set in a specific ‘place’ and for the purposes of this research, a
specific ‘time’. The ‘place’ can be described by, for example, city/rural, co90

educational/single sex or large/small. ‘Time’ can be described as the years I was
gathering data from the participants and embraces my school settings at this ‘time’.
These school settings include the experiences of the teachers at the time of this study,
the school goals at this ‘time’, the length of time the teachers had been at the school and
the length of time the HODs had been in their role.
In the literature there are a range of terms used to describe the different types of case
study methodology. Stake (2006) identifies three types of case study, intrinsic,
instrumental and collective. He states that intrinsic case studies are used when the
researcher needs to learn information about the case being studied, whereas
instrumental case studies are used to understand something beyond one case. Stake’s
term collective studies relate to the use of multiple case studies which are important if
the researcher is wanting to present multiple perspectives on an issue. Yin (2018)
divides case studies into single-case study or multiple-case study but considers them to
be “within the same methodological framework” (p. 54).
Yin (2018) offers five rationale for using single-case study methodology; critical,
unusual, common, revelatory or longitudinal. While the terms unusual, common, and
longitudinal are self-explanatory, critical and revelatory cases need some explaining. A
critical case is a case that is critical to the researcher’s theory whereas, according to Yin,
a revelatory case refers to an opportunity to explore a phenomenon previously
inaccessible. A single-case study holistic methodology analyses a single unit whereas in
a single-case study embedded methodology subunits are analysed. A single case study is
particularly useful when looking at an unusual case or singular event such as a tsunami
in a particular place and time, but it does not allow for generalisation of the data. A
further disadvantage of single-case study is that the case may turn out to not be the case
it was thought to be from the outset. The latter is particularly relevant for this study.
Yin also describes multiple case study in terms of being holistic or embedded (refer to
Figure 14).
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Figure 14
Diagram of Basic Types of Designs for Case Studies from R. K. Yin (2018, p. 48) Case study
research and applications: Design and methods.

Yin purports that multiple case studies are chosen to look at either similar or
contrasting results. He refers to similar cases as ‘literal replication’ and contrasting
cases as ‘theoretical replication’. There are distinct advantages and disadvantages to
using multiple case study compared to using single-case study. While the evidence from
multiple case study can be more compelling it cannot be considered for critical, unusual
or revelatory cases and it does require more time to conduct the study.
This exploration of Stake and Yin’s case-study methodologies informed my choice of an
embedded multiple case study methodology for this study of teaching science through
NOS. This study is not a critical, unusual, revelatory, or longitudinal case which are four
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of the five rationales for selecting a single-case study design. Moreover, a single-case
study may have reduced my ability to answer my research questions. Multiple case
studies enabled me to explore differences within and between cases (Yin, 2018) even
though I cannot generalise on the basis of three case studies. Neither can my case study
schools be considered complete cases as I only focused on one learning area in each
school, specifically the science learning area. My multiple case study, therefore, is not
holistic but embedded cases within one learning area, science. I have limited the
embedded cases to HODs, teachers and students. My case study methodology in shown
in Figure 15.
Figure 15
Diagram showing my embedded multiple case study.
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I turn now to describing the methods I used in adopting a qualitative case study from
interpretive and leadership for learning paradigms.

Methods
Case study research demands multiple methods for gathering data. To explore how
HODs can lead learning on how to teach science through NOS, I chose individual
interviews, focus group interviews, photo elicitation and document analysis. I now take
each of these methods in turn and explain their key qualities and strengths, as
justification for my selection of these data collection methods.
Individual Interviews
Interviews are a useful tool for qualitative research as they allow the researcher to
engage in a conversation with respondents to capture understandings of the issue.
Interviews can be held with individuals or for groups. There are variations in
interviews. Structured interviews are planned and follow a predetermined set of
questions. Semi-structured interviews do not strictly follow a list of questions and allow
more open-ended questions; questions that require more than one- or two-word
answers.
Structured interviews do not provide the researcher with the flexibility to ask more
questions and open interviews make it difficult for the interviewer to keep the
interview focused on the research questions. Open questions allow participants to
explore their train of thought and “identify the areas of main concern or subjects most
immediately brought to mind” (Millwood & Heath, 2000, p. 30).
Semi-structured interviews are well suited to qualitative research as they allow the
researcher to probe during the interviews to capture understandings of the issue. This
is unlike questionnaires, where the questions may be misunderstood, or the
questionnaire not fully completed. Once participants have agreed to be part of the study,
interviews have a higher completion rate (Mutch, 2013). I have chosen semi-structured
individual interviews using open questions to enable rich data to be gathered from my
HOD and teacher participants. Furthermore, this method of data collection enables
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additional questions to be asked to gain a deeper understanding of the issue of teaching
science through NOS and to clarify teacher responses.
The questions in my teacher interviews explore participants’ motivations to become a
science teacher, teachers’ understandings of NOS, enablers, and barriers to teaching
through NOS, participation in PLD, units of work written with a NOS focus and student
successes as a result of focusing on NOS in the classroom. A full list of the questions can
be found in Appendix B. The interviews, which took 25-30 minutes, were recorded. I
paid someone to transcribe these recordings and, from notes taken during the
interviews, I corrected any incorrect transcriptions.
Student focus group interviews
There are advantages with student focus group interviews particularly if the
participants are unknown to a researcher. First, they provide a more natural
environment than individual interviews as the participants are less intimidated by the
‘unknown’ researcher and the participants can influence and be influenced by others
just as in real life (Krueger & Casey, 2000). Furthermore, the ‘more natural
environment’ minimises the fear of being interviewed by the researcher who is
unknown to the student participants. Second, through interactions within the focus
group it is possible to reveal “the beliefs, attitudes, experiences and feelings of
participants, in ways which would not be feasible using methods such as individual
interviews” (Gibbs, 1997). Furthermore, focus groups allow participants to reconsider
their understandings as they learn from each other during the interview with the
researcher (Litosseliti, 2003). Other advantages of student focus groups are they are
time efficient and more manageable than gathering information from students
individually. They enable the researcher to have students from one class at a time
where students know and can support each other, with no one being singled out. I need
to keep the students from each school separate because of my embedded unique case
studies.
While there are several advantages of focus groups there are also some disadvantages.
First, it may be difficult to get an unbiased sample of participants. In the school setting,
this could mean the sample may not be representative of the age group cohort. Second,
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the participants may be influenced by other voices and compromised in their ability to
share what they do themselves. Another disadvantage is it the potential difficulty in
preventing dominant voices which could lead to the researcher gaining unreliable
perceptions (Breen, 2006).
As with the HOD and teacher participants, I have chosen semi-structured interviews
using open questions for the student focus groups. This is because they may be
prompted by other student responses adding to the richness of the data gathered. I do
not need to know the NOS understandings of individual students, but I will use their
responses to triangulate my data. Triangulation, a research method used to improve the
reliability of data, will, for this study, use HOD and teacher interviews, student focus
group interviews, and document analysis. The questions in my focus group interviews
with students (refer to Appendix B) explore their enjoyment and achievement in
science, knowledge of NOS and their experiences of NOS focused lessons.
In addition to the focus group semi-structured interviews, I used photo elicitation with
the student participants.
Photo-elicitation
Collier (1957 cited in Harper 2002) has highlighted the value of photographs as a visual
tool in qualitative research. He named this method ‘photo-elicitation’. Harper (2002)
found that having the participants bring photographs to the interview had the potential
to improve the interview in a number of ways. He claimed an advantage was its
opportunity as a memory prompt. There are some disadvantages to using photoelicitation. The selection of photos is entirely dependent on the participants’ choice. It is
also possible that participants may take irrelevant or unusable photos and researchers
can draw erroneous conclusions from the photos based on the researcher’s
preconceptions (Torre & Murphy, 2015).
I have chosen to use photo elicitation with my student focus group participants to
facilitate the conversations at the interview as the students will be unknown to me. The
teacher participants at my request encouraged the students in my focus groups to take
cell phone photographs of practical activities in their participant teacher’s science class
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and email them to me prior to the interview so that printed copies of them could be
used for their focus group interviews. The students were asked to avoid having people
in their photographs and that any photographs used in the study would not identify
them or their school. The images the students provided, allowed me to question the
students in more depth and seek clarification of activities they enjoyed in science and
units of work that showed teaching science through NOS.
Document analysis
Bowen (2009) defined document analysis as “a systematic procedure for reviewing or
evaluating documents - both printed and electronic (computer-based and internettransmitted) material” (p. 27). Document analysis, as with other analytical methods
used in qualitative research, requires the interpretation of data in order to obtain
meaning and gain understanding (Corbin & Strauss, 2008; Rapley, 2008). As is common
in qualitative research, document analysis is often used as a means of triangulation
(Bowen, 2009). It is for this reason I have chosen document analysis. The documents I
will analyse are teachers’ schemes of work and unit plans, assessment tasks, students’
exercise books and students’ workbooks. Having described the methods used to gather
my data I now turn to describing the process of analysing the data.

Process of analysing the data
Analysing data can be the most difficult aspect of qualitative research (Merriam, 2009;
Mutch, 2013) as it requires the researcher to use a process of inductive reasoning rather
than follow a technical process. There are several approaches to analysing text, for
example, semiotic, discourse, visual and thematic analysis with thematic analysis being
the most common (Braun & Clarke, 2006; Mutch, 2013).
Thematic analysis involves the searching across a data set – be that a number of
interviews or focus groups, or a range of texts – to find repeated patterns of
meanings (Braun & Clarke, 2006, p. 86).
Mutch (2013) recommends that the data analysis process begins with putting the raw
data, which is usually in textual form, into an “easy-to-manage form” (p. 163) such as a
table. This can involve looking for themes, a process in qualitative research called
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coding. Coding can be helped by, for example, browsing, highlighting key words,
repeated words, strong emotions, and key phrases.
In my qualitative research I have chosen thematic analysis as the method for analysing
my data since I wish to search the HOD and teacher interview data, and student focus
group data, as well as documents such as student workbooks and teachers’ schemes, to
find “repeated patterns of meaning” (Braun & Clarke, 2006, p. 86). My data analysis
began with searching the interview transcripts and documents to become familiar with
the recorded data. As a qualitative researcher it is important that I seek themes that
emerge from the data and “do not limit the analysis to just those issues that the
researcher initially thinks are important or interesting” (Ziebland & McPherson, 2006,
p. 407). Hence, I need to look for emergent themes as well as anticipated themes. To
assist with this process I utilised the ‘one-sheet-of-paper’ technique (Ziebland &
McPherson, 2006). For each school (refer to Appendix J) I grouped my data under the
following factors which were taken from my interview questions; teacher dispositions
and beliefs about science teaching, knowledge of NOS, how NOS knowledge was
acquired, translating knowledge of NOS to classroom practice and school
policies/context. In the third column of this ‘one sheet’ I searched the literature to see
what that had to say about each of these factors.
For my three schools, three themes emerged from these ‘sheets’: individual teacher
actions, department actions and school actions. I next summarised the data for each
school (refer to Figure 16 for School A data and Appendix K for the ‘sheets’ for all three
schools) under these three themes again using a ‘one-sheet-of-paper’ technique.
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Figure 16
Example of ‘One- sheet- of- paper’ technique used to find themes, School A.

The three themes on these ‘sheets’ showed that curriculum change was dependent on
three actions and showed the challenges the HOD had in responding to individual
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teachers’ different attitudes towards change. I therefore decided to interrogate the data
against leadership for change. Continuing with the ‘one-sheet -of-paper’ technique I
then went back to the teacher transcripts and aligned that data with each of the steps in
Kotter’s 8 step process for change model (refer to Table 9, Chapter 8). This time I put
the HOD and teacher from that school on the same sheet (refer to Appendix L) and
added some links to the literature. This process led to my creating yet another set of
‘sheets’, namely mindmaps for each teacher using the information in Appendix L and
annotating these with teacher quotes and literature references (refer to Appendix M).
From my mindmap ‘sheets’, I identified some clear themes for HODs and teachers for
each of the eight steps of Kotter’s change process, for example, internal urgency and
external urgency. This led to my creating tables to align the HOD data for the three case
study schools with Kotter’s ‘eight steps’ and similarly, the teacher data for the three
schools (refer to Appendix N). These tables enabled me to create my own Change Model,
the ‘Roundabout Change Model’ (refer to Figure 37) as a tool for HODs to use when
leading departmental change.
Having discussed the paradigms, methodology and methods I am employing in this
research, I now turn to ethical considerations, trustworthiness, and limitations to my
methodology.

Ethical considerations
The point of all research, as argued by Rallis (2010) and Snook (2003), is to improve the
circumstances of human beings. To this extent my research does this for science
teachers and indirectly for their students. Ethical approval was sought for the study
from the University of Canterbury, College of Education, Health, and Human
Development Human Ethics Committee. The five primary principles that underlie their
guidelines are informed and voluntary consent, respect for rights of privacy and
confidentiality, limitation of deception, minimisation of risk and obligations under the
Treaty of Waitangi.
All participants were given a letter, structured according to the five principles listed
above, inviting them to participate in my study (refer to Appendices C and D). The letter
explained what my study was about, what was expected of them should they agree to
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participate, and their rights. It was explained that participation was voluntary with a
consent form included to make this visible and explicit. Voluntary consent can be
weakened by offering the participants enticements such as monetary rewards. Although
I asked the teacher participants to use some of their valuable time for an interview, the
teachers were salaried, so they were not offered any payment for partaking in the study.
The students were not offered monetary rewards either.
Respect for rights of privacy and confidentiality were guaranteed in the letter of
invitation to prospective participants. I assured them that pseudonyms would be used
in the reporting of the information they shared with me for both their personal
identities and employing schools. When introducing my case study schools, I was
careful to only provide key features that would not breech their rights of privacy. For
example, I have respected the contexts by neither naming the city or town in which the
schools are located nor given the population of these places. Instead, I have described
the school contexts as being in the same geographical region and either urban or rural.
A further means of addressing the rights of privacy and confidentiality is that all data
are being stored on password protected devices or in locked cabinets for the next ten
years. This includes any data my supervisors have. Again, the participants were assured
of this security.
Power relationships, positionality and representation were important ethical
considerations in my research project (Harrison et al., 2001; McLeod, 2003). There is a
power relationship between facilitators and teachers so the HOD and teacher
participants could potentially have viewed me as an expert because of my position as a
science facilitator. Additionally, they may have felt they were unable to withhold
consent for fear of damaging the facilitator-HOD/teacher relationship. While I
acknowledge there was a risk of researcher bias with my knowing some of my
participants, I believe that knowing some of them was beneficial because the rapport
had already been established. Because I had already worked with the HODs in all three
case study schools, in my role as a science facilitator, a caring relationship had already
been established. Needs for rapport building and trusting relationships are of prime
importance when embarking on data collection with participants in a research study
(Tolhurst, 2010). Their experiences of my earlier science facilitation meant that these
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HODs already had formed ideas about whether such an invitation would be of likely
benefit to them. However, they would also be aware that because I was known to them,
it may be harder to decline my request. As the researcher, I was aware that I did not
want my request of them to harm any working relationship with them. The power
relationship was not relevant for my teachers as they were all unknown to me.
When thinking about avoiding harm to the relationship with my participants I did
consider inviting another facilitator’s HODs and teachers as my participants, but this
facilitator was already using several of her HODs and teachers as participants in her
own research. Instead, I selected participants from schools that I was not working in at
the time of the study. A further safeguard has been to avoid working with these schools
in my capacity as a science facilitator during my doctoral study.
I turn now to discussing how I have ensured this study is trustworthy.
Trustworthiness
There are several terms in the literature used to describe how people reading the
research can trust the design and decisions of the study. In quantitative research the
researcher needs to convince the reader that the study is valid and reliable. In
qualitative research, however, readers need to be convinced that the study is
trustworthy and credible (Mutch, 2013). Since this study is using qualitative research, I
have chosen to use the term ‘trustworthiness’ as it encapsulates the trust gained from
participants in the researcher’s work to interpret their stories and to then present them
to the reader. My relationships with the participants were very important.
I understood that as the sole researcher I was responsible for the collection and analysis
of all the data, so I needed to ensure there was sufficient reliable information for sound
interpretations to be made. The advantages of this are that, as the researcher, I could
respond and adapt to situations encountered to derive as much meaning as possible
from the data. Furthermore, as the sole interviewer, I was able to gather information
directly from the participants rather than through remote surveys and statistical
analysis. However, the problem with the researcher being involved is that biases and
preconceived ideas formed by personal worldviews can impact on the findings. I was
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particularly cognisant of this because of my position as the researcher in this study.
Since I have been a science teacher and a science facilitator, I have some knowledge of
NOS and the three case study schools.
Lincoln and Guba (1985) established that trustworthiness involves four key
components; credibility, dependability, confirmability and transferability. I will now
explain how I satisfied all four of these key components to ensure my research would be
deemed as trustworthy.
Credibility
Credibility is about “confidence in the ‘truth’ of the findings” (Lincoln & Guba, 1985, p.
290). Lincoln and Guba described the following series of techniques that can be used in
qualitative research to establish credibility including, “prolonged engagement,
persistent observation, triangulation, peer debriefing, negative case analysis, referential
adequacy, and member-checking” (p. 219). Four of these credibility techniques were
used in this study, namely prolonged engagement, member checking, negative case
analysis and triangulation.
Prolonged Engagement
Participant interviews took place on a single day of one year so there was no prolonged
face-to-face contact with any of my participants. However, email contact with HODs was
made throughout the data analysis phase to gather additional information and record
possible changes to the teachers’ understandings of NOS. There was, therefore,
prolonged engagement for the three HODs in this study but not for the three teachers or
any of the students.
Member checking
Member-checking (Lincoln & Guba, 1985) provided an opportunity for my participants
to check my transcribed interviews for accuracy and make changes if they found errors.
Some researchers also get their participants to check the researcher’s interpretation of
the research findings to make sure they represent their experiences (Holloway & Galvin,
2017; Thomas & Magilvy, 2011). I did not do this as, like Pyett (2003), I believe that
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participants do not always understand their actions and motives. In contrast,
researchers can apply critical understandings to the data.
Negative case analysis
In addition to member-checking, I returned to the raw data numerous times throughout
the study to explore negative case analysis. This term refers to the researcher reporting
on negative or disconfirming evidence in order to provide a realistic assessment of the
phenomenon under study (Creswell, 2013b). Negative case analysis also occurred
during regular meetings with my supervisors who ensured that I based my
interpretations primarily on data and did not permit my own views and perspectives to
take priority.
Triangulation
A further technique used to establish credibility was triangulation. In this study
triangulation was achieved through individual semi-structured HOD and teacher
interviews, semi-structured focus group interviews and document analysis. Interviews
were recorded, transcribed (not by the researcher) and corrected by the researcher to
ensure data was accurately recorded and used. In addition, a pilot study was
undertaken to trial the interview questions on non-participants to ensure the interview
questions and data collected were reliable and useful for answering the research
questions. Details of these pilot interviews and the learnings from them is discussed
later in this chapter.
Dependability
Dependability refers to the consistency and repeatability of the data. There are two
possible perspectives on this term. The first perspective refers to consistency and
repeatability of the data collection. Because of the nature of qualitative research, it is
not possible to repeat this study and get the same results. Even if the interviews were
repeated later with the same teachers, the findings would possibly be different as
teachers’ understandings of NOS would likely have changed. The second perspective of
dependability refers to consistency in repeatability of the data analysis. If other
researchers looked over the data, would they arrive at similar findings, interpretations,
and conclusions about the data? This perspective of dependability was met through
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regular meetings with my supervisors who put their lens on the data. They challenged
my interpretations of the data until a consensus was reached on what the data revealed.
As previously mentioned, the main challenge for me as a researcher during this process
was to step back from my role as a science facilitator and interpret the data objectively.
Confirmability
Confirmability is the extent to which the findings of the study are shaped by the
participants and not researcher bias or interest. Since it very almost impossible to be
entirely objective, I now describe my own understandings of NOS which have evolved
from my work as a science facilitator.
NOS is very difficult to define (Bell, 2009) and there is no singular meaning of the term
(Abd-El-Khalick & Lederman, 2000). In broad terms it can be described as “what science
is and how scientists work (Ministry of Education, 2007, p. 28). In NZ, the context of my
study, NOS includes the four strands in the NZC, Understanding about science,
Investigating in science, Communicating in science and Participating and Contributing.
However, I believe the science capabilities (Gather and interpret data, Use evidence,
Critique evidence, Interpret representations and Engage with science) better describe
what each of the four aspects of NOS look like in practice. In classrooms where there is
effective NOS teaching I hear teachers asking questions rather than providing answers
and I find students making observations and inferences, investigating something for
which they do not already know the answer rather than following a ‘recipe’, critiquing
data, using symbols, text and models to communicate findings, interpreting
representations, debating issues such as the sugar content of soft drinks, and helping to
solve real world problems.
Confirmability was primarily addressed through regular meetings with my supervisors.
In addition, to addressing the unequal power relationships between the teachers and
my position as a science facilitator, I was reflexive. This involved me asking reflexive
questions such as “What do I see? How and why do I see this? How might others see it?
What does it mean for me? To others?” (Rallis, 2010, p. 436). This helped reduce any
biases and assumptions I may have had.
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Transferability
Transferability is about showing that the findings can be applied to other contexts.
While this study is focused on science education and involves Heads of Department
leading learning and change in secondary schools, the findings are transferable to other
learning areas and other educational sectors.

Limitations
There are limitations with this qualitative, case study approach to this study. Compared
to quantitative research, a case study of six participants is small, however, there are “no
rules for sample size in qualitative” research (Patton, 2002, p. 244). Patton recognises
that even a case study of one (N=1) can be justified but that the observational and
analytical skills of the researcher can be more of a limitation in qualitative inquiry than
the sample size. A small sample of schools has the potential to be a limiting factor for a
study in that it may not be representative of teachers in all New Zealand schools.
Further to the limitation of sample size is the limitation of choosing purposeful
sampling. This study follows a purposeful selection in that teachers must have at least
begun to focus their teaching of science on NOS. However, if schools had been selected
that did not meet this criterion, finding answers to the research questions may have
been difficult.
Another limitation is the fact that I am a science facilitator so have established
knowledge and perceptions of teaching science through NOS as explained under
‘confirmability’. While some would see this as a limitation, I believe that my established
relationship with some of the participants selected was a strength rather than a
limitation. Having an empathetic rapport with the participants is essential when
conducting interviews (Mertens, 2015; Patton, 2002). It is more likely they will be
concerned about their practice and, therefore, be comfortable sharing their challenges
with me. I did, however, need to be aware that my own lived experiences could have
affected the interpretation of the realities of the study participants, and I might, without
knowing it, have had particular things I wanted to see. This potential researcher bias is
not uncommon in qualitative research. As Johnson (1997) has stated, qualitative
researchers often find out what they want to find and then document their results.
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Yet another limitation is the type of data collected for qualitative research. I did not
perform class observations of my participant teachers because I thought these might
seem contrived rather than naturalistic since the teacher would know which lesson was
to be observed. Instead, I used semi-structured interviews for the HODs, teachers and
focus group of students and analysed documents such as schemes of work, so that I
could triangulate the data and therefore minimise this type of data limitation. The
interview questions were not made available to the participants in advance of the
interviews.
To minimise some of the limitations of my study I decided to run a small pilot study, a
technique recommended to identify any problems so modifications could be made if
necessary for the actual study (Kim, 2011). My main concern at this time was whether
the terminology in the questions would limit the participants’ ability to adequately
answer the interview questions.

Pilot study
For the pilot study, one teacher participant, who had been in a junior science cluster11 in
2016 focusing on NOS, was chosen from a single-sex city school as well as a student
focus group from her Year 10 science class. This teacher and her focus group were told
they were not part of the main study. After the principal of the school had given consent
for me to approach my teacher participant, I provided the teacher with information on
the study and an ethical consent form for her to consider my request. At the time of her
interview, I provided verbal guidelines for selecting a student focus group as well as
information on the study and ethical consent forms for five of her Year 10 students. A
full list of the pilot questions for the teacher and students can be found in Appendix A.
The following lessons were learnt from the pilot study.
Learnings from the pilot teacher interview
As a result of the pilot teacher interview several changes were made for the actual
study. The first change made was regarding the document artefacts. Although the
The junior science cluster was a group of science teachers from a variety of schools who were focusing
on their junior science programmes.
11
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teacher for the pilot interview had read the information sheet and signed the consent
form, this ‘participant’ did not bring any of the suggested documents to the interview.
The suggested artefacts included schemes of work. Participants for the actual
interviews were, therefore, alerted to this request in the information letter, namely that
they should bring suggested artefacts to the interview.
The second change came about because the pilot teacher required significant prompting
in relation to the aspects of NOS and their place in the NZC. As a result, I decided to take
the 1993 and 2007 curriculum documents to the actual interviews with the teachers to
reduce the degree of explanation and prompting required to elicit information from the
teacher participants.
The pilot teacher had recently taught in another school for several years. As a result of
attending professional learning and development outside of the school, during these
years, she had been provided with opportunities to change the way junior science was
taught at that school. In the current school such opportunities had yet to been provided.
Consequently, I found a need to add a question to the actual interview to find the
barriers teachers may have experienced in attempting to change from focusing on
teaching science content knowledge to teaching science through NOS.
Finally, the teacher in this pilot study was only provided with verbal instructions on
how to select the focus group of students. While for the pilot study this was not
problematic, I foresaw those verbal instructions alone could be inadequate for the
actual interviews. Consequently, criteria for selecting students for the focus groups
were decided upon. These appear in a later section of this chapter, participant selection
criteria.
Learnings from the pilot student interviews
From the pilot experience with students, I made several changes. The first change was
made to ensure I had a total of six students in the focus group. Having received consent
forms from five students in the pilot study prior to the interview, two students had
unexpected appointments at the time of the interview so were unable to attend the
interview. As a result, to ensure I had sufficient students in the focus groups for the
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actual interviews, I increased the number of invitations to join the focus group to six.
Too few students in a focus group may have inhibited the students, since I was an
‘outsider’ to them, and too many students would have been more difficult to manage at
the interview. Furthermore, with too many students there is more likelihood of students
talking over each other making the transcription of the data difficult.
The second change related to the artefacts. As with the teacher participant for the pilot
interview, the pilot students did not bring the suggested artefacts to the interview. This
meant that for the actual interviews I decided it was necessary to give the teachers a
check list of items for the students (see Appendix F) as to what to bring to the focus
group interview as well as the need for the students to email up to five photographs
showing practical science activities to the researcher. I decided this checklist needed to
include workbooks, for example SciPad12, as students in the pilot focus group
particularly mentioned how this included references to NOS.
A third change related to the wording of the opening question. The first question for the
teacher participant in the pilot interview which asked about how they became a science
teacher suitably relaxed the participant. In contrast, the opening question for the
students about their knowledge of NOS proved to be a stumbling block, largely because
of the terminology but also because they were still getting to know me. To reduce this
problem, the focus group questions were changed to commence with the question,
“What do you enjoy in science?”. The use of student photographs of practical activities
also relaxed the students and aided the discussion.
A fourth change related to the need to remind the participants of the NOS strands. Just
as the teacher participant needed significant prompting to uncover knowledge of NOS,
so too did the students. To overcome this issue, cards were provided to elicit whether
the students had any knowledge of aspects of NOS or the science capabilities and if so,
what evidence could be provided of the teaching of them in the classroom. The first
card, Figure 17, shows the four NOS strands.

12

Student workbook produced commercially in NZ
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Figure 17
NOS strands NZC (Ministry of Education, 2007).

Nature Understanding Investigating
of
about science
in science
Science

Communicating Participating
in science
and
contributing

The second card, Figure 18, shows five science capabilities.
Figure 18
Science capabilities (Ministry of Education, 2013).

Science
Gather &
capabilities interpret
data

Use
evidence

Interpret
Engage
representations with
science

My final change was related to student successes. The fourth focus group question, “Tell
me about any personal success or successes you have had in science,” was too broad.
Students tended to talk about, for example, science badge, science fair and experiences
outside the classroom context. This question was changed to, “Tell me about an activity
in science which helped your understanding of NOS or a science capability.”
I now turn to explain the processes for selecting the schools and participants for my
actual study and offer a brief explanation of their contextual settings. Pseudonyms have
been used for all the participants and their schools.

Selection processes for schools and participants
A qualitative case study researcher looks to select cases that provide information rich
data that will provide insight into the phenomenon of interest, in this case teaching
science through NOS. I secured three case study schools (called Schools A, B and C). In
selecting the three schools it was also important that at least one science teacher had
undergone professional learning and development in relation to NOS. This PLD could
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have included, for example, science facilitators, subject associations, or in-school. As I
previously worked as a PLD science facilitator in Schools A and B, I had knowledge of
their science departments and hence which Heads of Department and teachers fitted
this criterion. For School C the Head of Science (HOD) had been in a junior science
cluster which I co-facilitated in the previous year. For a record of NOS PLD teachers had
participated in refer to Table 6. HODs and teachers in the three schools were given
pseudonyms that started with the letter of the school, for example, Alison was from
School A.
Table 6
Researcher knowledge of teacher participants and NOS PLD provided.
School

HOD/teacher
participant
(pseudonyms)

A

Alison (HOD)

B

C

HOD/teacher NOS PLD
known to
provided
researcher
by external
facilitator
(yes/no)
Yes
Yes

Amelia

No

No

Belinda (HOD)

Yes

No

Brian

No

Yes

Chris (HOD)

Yes

Yes

Carol

No

No

Dates of
Type of PLD
PLD
provided
by
researcher
2015
In-school
2016
individual

In-school
whole
department
2016

Regional
cluster

For ease of data gathering, I chose these three schools in the same regional area of NZ.
These consisted of a major town, a smaller town, and a rural town. For each school an
HOD and a teacher participant were chosen, the HOD by me and the teacher by the HOD.
The HODs and teachers each selected a student focus group of six students from one of
their Year 9 or 10 classes. Since teaching through NOS is only compulsory in NZ up to
Year 10, the students were only selected from Years 9 or 10. The selection criteria
provided is listed after School C is introduced.
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I turn now to introducing each of my three cases (Schools A, B and C) including the
participants in each. A summary of each teacher’s teaching experience is shown in a
figure after they have been introduced.
School A is an urban, single sex, public school which has had a falling roll during the
past 20 years but now has a roll of approximately 450 students. Changed leadership at
multiple levels in the school has resulted in an increased roll and improved academic
results. The junior schemes and assessments at this school had been rewritten with a
NOS/science capability focus.
The HOD science at School A, Alison13, has a science degree. Alison described how after
studying for a science degree she completed her post-graduate ITE by distance. She
taught science in her first school for six years. This included junior science (Years 9 and
1014) as well as specialist science subjects in the senior school. Alison moved to her
current school where, at the time of the interview, she had been teaching for five years.
During this time Alison had taught all aspects of science, both at the junior and senior
levels. The last four years she had been the science Head of Department (HOD) at School
A. In this capacity she oversaw the rewriting of schemes and assessments to a NOS
focus.

Pseudonyms have been used for all the teachers
In New Zealand secondary schools, students are grouped in Years 9-13 which corresponds to 13-18
years of age.
13
14
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Figure 19
Summary of Alison’s teaching experiences.

The science teacher interviewed at School A, Amelia, started teaching 20 years ago after
completing a university degree and a post-graduate secondary teacher qualification.
Having “some really good science teachers” at secondary school and loving science at
school were factors that led her to completing her science degree. Amelia taught in an
overseas secondary school for 15 years before returning to NZ. At the time of the
interview, she had been teaching Years 9-11 in a NZ secondary school for three years.
She was unknown to me at the time of the interview.
Figure 20
Summary of Amelia’s teaching experience.
1 year post-grad
secondary ITE

Taught in NZ
secondary school
(3 years -current)

Completed science
degree

Taught in secondary school
overseas for 15 years

School B is an urban, coeducational, public school with a roll of approximately 300
students. The previous Head of Science at this school had received PLD in the science
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capabilities but they were not embedded in the department. The new science HOD was,
however, familiar with NOS and was already making changes to the junior science
programmes.
The HOD science at School B, Belinda, completed a science degree overseas. Several
universities in this overseas country had closed their chemistry departments around
the time she was leaving school as student numbers had dropped. Believing chemistry
was a fun subject and that she could ‘do better’ than her school science teachers, led her
to complete a post-graduate Certificate in Education after completing her science
degree. Belinda had taught in her overseas country of origin before moving to New
Zealand where she had taught for about 4 years. She had recently been appointed Head
of Science at this school where the teaching through NOS was beginning to be
implemented.
Figure 21
Summary of Belinda’s teaching experiences.

Completed
science degree
overseas

2nd NZ sec.
school
(3 yearscurrent)

Taught
overseas in
secondary
school for 7
years

Post-graduate
certificate in
Education
overseas

Taught in first
NZ secondary
school for 1
year

HOD science
(1 yearcurrent)

The teacher interviewed at School B, Brian, completed a three-year Diploma of
Education in a country other than NZ before completing a science degree beyond NZ. As
a result of these six years of education before commencing his career as a teacher, Brian
could teach a range of subjects at the junior and senior level in secondary schools,
including science. He had only been appointed to this school recently. Brian was
unknown to me at the time of the interview.
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Figure 22
Summary of Brian’s teaching experiences.

Completed 3
year teaching
Qual outside NZ

1st NZ
secondary
school
7 years

Completed
science degree
overseas

3rd sec. school
NZ
1 year

2nd sec. school
NZ
1 year

5th sec. school
NZ
1 year

4th sec. school
NZ
1 year

6th sec. school
NZ
(3 weekscurrent)

School C is a rural, co-educational, Year 7-13 public school with a roll of approximately
720 students. The science department had NOS well engrained in the schemes of work
and NOS was assessed and reported on, along with science content knowledge.
The HOD science at School C, Chris, decided to go into teaching after teaching in a third
world country during a Gap15 year. Before arriving in NZ, this teacher completed a
science degree and a one-year post-graduate Certificate of Education in an overseas
country (his country of birth) and taught in this country as well as briefly in another
western country. His five years of teaching in his country of birth included time as the
NZ equivalent of the ‘Specialist classroom teacher’ (SCT)16. At the time of the interview
Chris had been teaching for approximately 18 years.

A Gap year is typically an academic year taken between school and university
A specialist classroom teacher (SCT) provides professional development, guidance, mentoring and
induction to other staff.
15
16
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Figure 23
Summary of Chris’s teaching experiences.
Overseas secondary school
including time as Specialist
Classroom Teacher
equivalent (5 years)

Completed
science degree
overseas

1 year Postgraduate
Certificate in
Education overseas

HOD
( 1 year current)

First NZ
secondary
school
1 year

Taught in 2
different
secondary
schools in
another
country for 1
year

2nd NZ
secondary
school
(12 years –
current)

The teacher interviewed at School C, Carol, completed a science degree about 20 years
ago, followed by a one-year post-graduate primary teacher qualification. At the time of
the interview, she was in his first year of teaching up to Year 11 science having
previously had a home room Year 7/817 class for 10 years. That is, she had previously
not taught secondary science. Carol was unknown to me at the time of the interview.
Figure 24
Summary of Carol’s teaching experiences.
Taught Years
7-8
(Intermediate
age )
18 years

Completed
science degree
20 years ago

Teaching Years
9-11
(secondary)
(8 mthscurent)

1 year Postgraduate
primary
teaching Qual

17Year

7/8 is a composite class with students from 11-12 years old in NZ.
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For consistency and clarity, the HOD and teacher participants were provided with the
following information to help with selecting their student focus group.
Student focus groups
Participants
a) The HODs and teachers were asked to select their focus group students
from a Year 10 class where possible as these students would more likely
be able to answer the interview questions about NOS, given they were in
their second year at secondary school. If a teacher did not teach a Year 10
class, they chose a Year 9 class.
b) The HODs and teachers were asked to select their focus group students
using the following criteria (Table 7):
Table 7
Student focus group selection criteria.

1.

Select 6 students from your Year 10 science class for a focus
interview group. If you do not teach Year 10 this year, choose
students from your Year 9 science class.

2.

In a co-educational school choose a mixture of boys and girls.

3.

Use accumulated assessment data to ensure a range of academic
success.

4.

Do not choose students with learning disabilities or insufficient
English to comprehend the questions.

5.

Do not choose international students who are in a homestay as
gaining parental consent will be difficult.

Instructions
The teachers were provided with the following instructions (refer to Table 8) in
addition to the selection criteria:

117

Table 8
Teacher instructions for focus group students.
1.

Instruct the students to take 5 photographs each on their cell phones
that show practical science activities in their science class. Make sure
they DO NOT include students or teachers.

2.

Ask the students to email their photographs to me for use in the
interview.

3.

Explain to the students that these photographs will be stored on a
password protected computer for 10 years then destroyed and that
printed copies will be destroyed after the interview.

4.

Remind the students to bring the following to the interview: science
notebooks/folders or science portfolios, science workbook (e.g., SciPad),
assessments.

Before interviewing the students, I read out an interview protocol which I had created
(refer to Appendix E). This outlined how the interview would be conducted and asked
them, for example, to turn off their cell phones.

Chapter summary
In this chapter the research methodology selected for this study has been described.
This includes the identification and rationale for adopting the interpretive and
leadership for learning frameworks for the research, the rationale for the adoption of
qualitative, case study methodology and particular research methods. A case has been
made for the use of a multiple case study approach as a way of exploring how HODs can
implement the national initiative of teaching science through NOS. Particular design
decisions and features relating to participant selection and data collection methods
have also been described. Considerations of ethics, trustworthiness, and the limitations
of the research methodology as they apply in the context of teaching NOS in NZ
secondary schools have been explored. Having concluded the chapter with
introductions to my participating schools and participants, the next three chapters
reveal the findings from the data gathered.
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CHAPTER 5: FINDINGS - School A
Introduction
The data collected through the various methods, as described in Chapter 4, consisted of
four types:
1. Interview data from HODs and teachers
2. Interview data from student focus groups
3. Photographs of science class practical activities, workbooks, assessments
4. Documentation including schemes of work and lesson plans
These data will be recorded school by school beginning with School A in this chapter.
For each school, the HOD and one teacher have been interviewed starting with Alison
and Amelia respectively from School A. Chapters 6 and 7 will feature Schools B and C
with HODs and teachers Belinda and Brian, and Chris and Carol respectively. As shown
in Table 5 in the Methodology Chapter, teachers were given pseudonyms, starting with
the school letter, to ensure anonymity. Except for School B, a student focus group was
interviewed for each teacher. As Brian was very new to School B, the student focus
group at School B consisted of male and female students from across Brian’s and
Belinda’s classes. As with all the other focus groups, there were six students in this focus
group.
Teacher documentation will be included with the interview data for teachers and
photographs of students and their workbooks will be included with the interview data
from student focus groups.

Data for School A
Evidence for the teaching of Nature of Science (NOS) and learning strategies used to do
this was gathered from science department schemes, unit plans and teacher interviews.
The interviews allowed the teacher participants to provide fuller explanations of what
they taught and how they taught NOS. Further evidence was gathered from student
focus group interviews and photographs students took. These photographs were
printed either by the Head of Department or me and used at the student focus group
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interviews to encourage conversation from the students about what they were learning
in science and how they were learning.
The teacher data will be recorded under the following seven headings:
1. Teacher Initial Teacher Education (ITE)
2. Knowledge of NOS
3. PLD undertaken
4. Enablers for implementing NOS
5. Barriers to implementing NOS
6. Unit of work with NOS focus
7. Student successes from NOS focus
Head of Department interview data: Alison
Teacher Initial Teacher Education (ITE)
I began by asking a question about Alison’s ITE for the purpose of finding out what NOS
training she had received. Her answer was:
Yes, there was training in the Nature of Science, but it wasn’t strong… it wasn’t
something that was hugely focussed on when I was at Teachers’ College. It was
more the content that definitely was focussed on, and techniques for teaching
science. It was 2005 I think I did my teacher training.
I know it was definitely something that you were encouraged to link into your unit
plans and your lessons, that you had to consider it, but it wasn’t as much of a focus
as it is these days.
I asked about which curriculum document she was using during his ITE. Her response
to this question was she was working from the 1993 curriculum. She commented that in
the 1993 document science and technology were linked as a weaving strand and that
she thought this was along the lines of STEM (science, technology, engineering, and
mathematics) today. Her final comment to this question on ITE was that the units they
developed during her ITE were “definitely based on a solid chunk of material [and we]
wove some skills and techniques in.”
120

Knowledge of NOS
When Alison was asked what she knew about NOS she gave the following lengthy
account of the NOS strand Understanding about science.
Nature of Science is all about how we teach science and how the students learn the
skills needed to be able to be about to carry out and find information … to be able
to carry out investigations… to work together. I think a lot of people don’t
understand the true meaning of the headings given to the Nature of Science
strands, particularly the Understanding about science one. I think a lot of people
think that’s just understanding a whole bunch of knowledge. I find it’s also the
hardest one to assess, and to figure out an assessment for… but we’ve brought that
into our junior school a lot more, really talking about how scientists work together
and build information and critique each other and all that kind of thing, but I don’t
think we’ve still got a really good handle on it.
Alison continued to talk about other aspects of NOS, in particular, Investigating in
science and Communicating in science.
I think investigating is done very well. It’s something that’s usually done quite well
at primary school, and we tend to find our students are comfortable with fair
testing and other forms of investigation. Communicating in science; I think that’s
something that is also reasonably well done. Again, at the junior school they
become familiar with all the different ways in which you can share science
information, and the different symbols and graphs and diagrams, and all the rest of
it that they need to use. I think we teach them right from the start that science is a
new language that they have to learn, and we treat that strand of that - of the
science language you have to have.
Alison completed her account of NOS with a brief discussion of the fourth strand of NOS,
Participating and contributing.
The last one, Participating and contributing, is a struggle. I think it’s quite hard to
get girls in particular interested in science if they’re not, and to context that -
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everybody is interested which allows them to then go and contribute in some way
to the wider world.
To summarise Alison related that she felt of the four strands of NOS, “two are done
naturally in science but the other two need a lot more teaching for teachers to weave
them into their teaching.”
After Alison’s discussion of NOS, I asked a further question about the importance of NOS
teaching. I did this to gain additional evidence that NOS was being focused on at School
A. Alison said that NOS was very important and that her school assessed it. The
following example was used to provide evidence of this. She explained:
We definitely still have contexts, and we still have topics that we base everything
around, but we try and make the Nature of Science the focus for when we assess
them. So, instead of assessing a whole bunch of knowledge that they’ve learned, we
are assessing a skill on how to weave that knowledge into it. So, for example, in the
current unit that we’re doing with Year 9’s, originally, we had actually done this as
a communicating assessment where they looked at light diagrams and had to look
at telescopes, and they had to look at how telescopes work, and weave light
diagrams into inventions and all the rest of it. We now have changed this one
actually to an investigating one. So, we’re assessing investigation skills, but
throughout the unit we’re still teaching quite a few other skills, but the end point is
we’re going to assess their investigative skills.
Further evidence of Alison’s focus on NOS and on how she assesses it can be seen in a
page from the Year 9 workbook she made and shown in Figure 25. The symbols down
the right-hand side of the page are on every page of the workbook. The students are
asked to circle the capability of focus on each page as they work through the booklet.
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Figure 25
A page from student workbook at School A.

PLD undertaken
When exploring PLD that put NOS in the foreground of junior science programmes,
Alison, without hesitation or any prompting, described the professional development
provided by UC Education Plus18 as being the key PLD that caused a shift in her teaching
UC Education Plus is a University of Canterbury based professional learning and development provider
whose facilitators are subject specific, e. g. science, and have recent classroom experience.
18
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practice for junior science. This PLD was in-school, one-on-one support from an
experienced science facilitator, over a period of three years, at the beginning of her role
as Head of Science (HOD) in the current school. The science facilitator supported the
teacher in developing the use of NOS and the key capabilities (Alison’s term for the
science capabilities) in the junior curriculum. During this time the teachers at School A,
“rejigged the entire year 9 programme so that it is focused on using the science
capabilities as a means of teaching NOS”. Alison also reported on her Teaching as
Inquiry cycle19, which was a way of reflecting on her changed practice throughout the
course of the PLD, at whole staff meetings. As well as this on-going PLD, Alison and
others from her department attended a local regional workshop on NOS and the science
capabilities as well as a whole region workshop on the science capabilities. Both
workshops were facilitated by a UC Education Plus science facilitator [not the
researcher].
Alison’s NOS PLD can be summarised as:
•

In-school, ongoing PLD on the science capabilities from a university-based
science facilitator; and

•

Science capability PLD from a university-based facilitator at a regional science
teachers’ meeting.

As indicated in the pilot interview section of the Methodology Chapter, I asked an
additional two questions at this point in the actual interview, first, what were the
enablers for implementing change and second, what were the barriers?
Enablers for implementing change
I used the question, tell me about anything that has enabled you to teach NOS in your
school, to explore what helped Alison focus on NOS in her junior science teaching. Her
answer included three examples all related to autonomy. The following quotations from
Alison provide evidence of this.
We had a very absent HOD … and I ended up being the HOD by the time I finished.
So, we changed things quite a lot in that time, but you tended to be the only teacher

A Teaching as Inquiry cycle is a structured framework that teachers can use to help them learn from
their practice, develop and implement new teaching strategies to improve students outcomes.
19
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of that class. It was quite a small school, so you were quite autonomous in what you
could do.
Well, we’ve got the ability to make up whatever [reporting headings] we want from
KAMAR [student management software system where, marks and grades are
recorded. See example in Table 8.]. We’re asked to report multi-level, but we can
report against whatever we want to. So, we report against the Nature of Science.
Table 9 shows a sample KAMAR page where NOS curriculum levels are recorded.
Table 9
Sample mark book page.

Surname

First
name

Class

Understanding
about science

Investigating
in science

Communicating
in science

Participating
and
contributing

Smith

Aaron

9WE

320

5

4

4

Barriers to implementing change
In response to my question, did you have any barriers at any point to teaching the Nature
of Science, or the capabilities, Alison explained:
The only barriers here were certain teachers in the department that were quite
resistant to change. So sometimes I think when you come into a school, and
somebody’s developed things previously, they don’t like it if they go and change
around the unit plans and muck around with things. So definitely there was one
teacher here that was reasonably resistant to change. The other problem and
barrier I have had this at this school is; you may change them, but you can’t get

The numbers in this table refer to NZ curriculum levels where students in Year 9 would typically be at
level 4 or 5.
20
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them to teach it, and they’ll still use their own resources and their old ways of doing
things, which some are very valid and teachers - everyone teaches differently and
that’s fine, but it’s getting them to use that language [of NOS].
Alison went on to say that “the teachers are improving though” and provided the
following evidence.
Definitely there has been - even if it hasn’t been the absolute shift I would like to see
- there have been shifts like this within that one teacher that was quite resistant;
she’s just come leaps and bounds in terms of how she’s doing things in her classes,
compared to when I came. So, she was a PowerPoint person and I go in there now
and I’m seeing her circulating the class and the students are up doing things at the
desk. She’s got little activities going. It’s not just let’s take notes.
I asked if this was a result of her leadership. Her response to this question was:
I think it’s not just me; it’s everybody as a department. I don’t think I’m a
particularly strong leader, but I’m an encourager… it does just take some people a
bit longer, doesn’t it, to make those changes.
Unit of work with NOS focus
To find evidence that Alison was teaching science with a NOS focus I asked the question,
tell me about a lesson/unit of work that you changed so that NOS was the focus rather
than content knowledge.
As with the previous teacher interview questions, the teacher did not know I was going
to ask her to tell me about a unit of work or lesson she had written and delivered that
focused on NOS. I deliberately made this decision because I believed a prepared answer
to this question may not have provided trustworthy data. Alison provided a lengthy
discussion of her Year 9 Light unit in response to this ‘unit of work with a NOS focus’
question. The example below is evidence of Alison’s focus on the science capability,
Interpret Representations. This science capability aligns with the NOS strand,
Communicating in science (refer to Chapter 4, Figures 17 and 18).
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Year 9 Light unit
[This unit is] not just about light but how light is used in understanding astronomy…
have linked light, astronomy, seasons, the world etc. Start with light then jump to the
moon, sun, stars, and constellations then back to eye and how the eye sees things.
The key capability [this teacher’s term for the science capabilities] focused on is
Interpret Representations [the science capability that helps develop the NOS strand
Communicating in science]… look at light diagrams, different ways of representing
how light travels… also look at all sorts of diagrams-things to do with stars, seasons,
and rotations around the sun, as well as critiquing evidence and working out which
ways of learning the students understand best. We look at why we see the moon as
different things up in the sky… use a whole group of different things to help students
understanding, e.g. video, diagrams, model it in class... they then rank the different
activities on which representation helped them understand best… use explicit
language like which representation helped understand moon the best… so we are
critiquing the different representations but also that there are lots of different ways
we can represent our understanding of why the moon looks different in the sky.
In addition, Alison explained how the students did lots of little experiments [practical
activities to find out properties of light] which links to the NOS strand Investigating in
science.
We do a lot of experimenting, e.g. use cell phones, a lego man and piece of paper to
look at how light travels in straight lines… the students draw a diagram of this
experiment in their books then explain to somebody how it shows that light travels in
straight lines… then come back together as a class and see if everyone got the same
ideas... then go away and write it down... so lots of little experiments, discuss in
groups, reinforce, write down.
Alison deliberately taught students that science can be represented in many ways, for
example, diagrams and models. Figure 26 provides evidence that Alison has NOS
embedded in her schemes of work. For example, Participating and Contributing and
Investigating in the Term 1 ‘Mythbusters’ unit. Participating and Contributing refers to
applying science content knowledge to real world problems and Investigating requires
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students to, for example, “ask questions, find evidence, explore models and carry out
appropriate investigations to develop simple explanations” (Ministry of Education,
2007, fold out pages in back of the document).
Figure 26
Section of Year 9 scheme for School A.

According to this teacher, “the PLD encouraged the change… the idea that students find
it boring if they are told we are doing a unit on light”. Personal experience also helped
make the change. Alison said that “if you give kids a hive of experiments to do, tell them
what to do and follow these instructions they are not necessarily finding things out for
themselves and enjoying it.” Another example of Alison deliberately modelling the NOS
strand Investigating in science is:
Another time [I] just gave students light box gear and told them to explore. Next
day [I] gave them a set of 7 questions in groups… had 4 roles, lead, photographer,
equipment writer and person in charge of diagrams... they had to take photos of
each experiment, draw a light diagram and answer questions… I circulated… next
day students [they had] to match statements provided by [the] teacher to diagrams
and put arrows on ray diagrams, measure some angles… asking open questions
very important … learnt that at Teacher’s College.
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Student successes from NOS focus
Teaching the NOS component of the NZC, “is intended to make science both more
engaging and more equitable (i.e., enabling learning success for students from diverse
backgrounds)” (Hipkins, 2012, p. 5). To seek evidence of this claim I asked Alison about
any successes her students had had as a result of teaching from a NOS focus. The
following vignette, that I created from her interview data, is one example of success in
Alison’s Year 9 science class.
Early in the school year Alison was teaching her Year 9 science class a unit called
‘Mythbusters’ with a particular focus on the NOS strand Investigating in science.
Although it was still relatively early in the school year for these first-year
secondary school students, she had noticed an increase in engagement compared
with the way she previously taught science with a focus only on content knowledge.
A second example of success came from Alison’s Year 11 class. These students were in
their third year at secondary school and the first cohort at School A to come through
from Year 9 experiencing a NOS focused science teaching programme rather than a
content knowledge focused programme.
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The second topic Alison taught her Year 11 science class this year was Mechanics.
This topic is assessed by a national examination, the National Certificate in
Educational Achievement (NCEA) at the end of the school year so the students
usually do “pretty badly” in the practice test given at the completion of the unit
early in the year. This year about half of Alison’s Year 11 students got Excellence.
(This is highest grade awarded in NCEA). Alison thought, “you guys shouldn’t be
able to this at this stage of the year”.
Alison related how her students had the ability to think about the questions and
understand what the diagrams were all about. They did not take questions at face
value but were able to look a little deeper.
Alison thinks the new focus in Year 9 and 10 has taught her students to “think
outside the box”.
The students also mostly did very well in the first assessment which was on microbiology research unit. There was a range of grades, but everyone passed. Alison
thinks the students’ research skills have also improved because they had focused on
that.
Alison believes that students can succeed in Year 11 and beyond if they develop the
basic skills, such as the science capabilities in junior science.
Alison’s opinion was that teachers just must stop making assumptions in Year 11 about
what students may know as far as content knowledge goes. She said:
Less of a focus on content has enabled more time to be spent on skills... teachers just
can’t presume the students will know anything about XYZ ... still key things we
should presume they know though… If approach Year 11 as, right let’s learn this
fresh from the start, then you’re fine, because they’ve got the skills to develop it and
learn it.

Analysis of student focus group data for School A
As with the teachers, the student focus group of 6 students (same gender as a single-sex
school) were not given the questions in advance of the interview as I was concerned this
could make the data untrustworthy. They were, however, provided with paper copies of
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the questions at the interview to ensure they heard and understood the questions.
Rather that individually name students, a ‘P’ has been used for student participant
responses and an ‘I’ for the interviewer (the researcher).
The student data will be recorded under the following five headings:
1. What students enjoy in science
2. How well students think they are doing in science
3. Ways the teacher helps makes links between science knowledge and how to use
it in the real world
4. Student knowledge of NOS
5. Student descriptions of lessons or units of work that focused on NOS or a science
capability
6. Activities which helped students understand NOS or science capabilities
Analysis of student focus group data for Alison
What students enjoy in science
The Programme for International Student Assessment (PISA) is an international survey
which, every three years, evaluates education systems worldwide by testing the skills
and knowledge of 15-year-old students. Caygill (2008) claims in the 2006 report that
New Zealand students who had a greater enjoyment of science had higher achievement
than their peers who were less positive in their enjoyment of science. As a way of
engaging the students in a conversation with me and an indirect means of uncovering
some learning strategies that teachers are using to develop the NOS strands, I asked
Alison’s students what they enjoyed in science.
This focus group of students from a Year 9 science class freely offered a range of
activities that they have enjoyed in science. Their voices are recorded with figurines
below.
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I enjoy it
[science]
because we get
to do lots of cool
experiments.

… we are learning about stars and the
sun and stuff, and it’s really fun,
because when I go home… I tell my

brother about it. I find it really
fascinating. So, I think that science is
pretty fascinating. That’s why I enjoy
it. (See Appendix G for image on
models of, e.g. sun)

I like plants and stuff, because
Dad’s like really into that - he
watches all these documentaries
and everything. So, he’ll tell me,
and I’ll go to science, and I’ll be like,
oh I know this. I find it quite
interesting.
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I think in that one[Image in
Appendix G] we were doing light the reflections, like if it’s on the
candle - if it’s in the same place as
it was - I think the reflection, like
where it is.
Okay, well in science fair, my
partner and I were making we’re timing how long it is to
make these little crystals
with salt and sugar, and
we’re doing it in different
amounts. So, we put them in
the test-tube thing and then
we’d take the temperature,
mix it in the ice till we go
these crystals, take the
temperature again, and
we’re seeing if the amount
changes the time with it.

[Looking at student image] We were doing
something in class to do with the way light
goes straight and directs different ways
through different objects. I’m trying to
work out a way to word that, but that was
the one through the prism, and it was
looking at how you could make the
rainbow move onto the table, and then the
other one’s just looking at the way proving that lines … can only go directly...
Light travels in straight lines.
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We’ve set up two tanks, and we’ve
actually got trout living in them at
the moment. Yeah, so the idea of it is
to find out whether the fish fed on
worms and stuff will grow better
than the ones fed on fish flakes that
you fed your goldfish. So that was

the start of the project… but yeah
there’s now 10 trout living in those
tanks.

… so, even the other day with the sun and stuff,
the teacher - she did heaps of things, so then we
did understand how the sun - no, how the moon
lights up. So sometimes it’s a new moon and
sometimes it’s a full new moon. So, we’d put
that around our head to so we could see -

because the sun was there, that this wouldn’t
light up and we wouldn’t be able to see the
moon. It was a really good way to understand,
and we also did some other activities to
understand it, basically until we understood,
and it was really good, because now I
understand it really well.

How well students think they are doing in science
As I had asked Alison a question about students’ success in science, because of teaching
from a NOS focus, I next asked Alison’s focus group how well they thought they were
doing in science and how did they know this. Alison’s group gave two examples which
indicated how well they perceived they were doing in science. One student said she had
not had many formal assessments in science so far this year but that they were able to
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talk about their science learning with members of their families. The students in the
group thought this indicated that they were developing a good understanding of the
science being taught. A second student in Alison’s group spoke of doing well in writing a
children’s book (5-8 years) about a NZ native animal and its adaptations. This book
included a glossary for the young readers.
Ways the teacher helps make links between science knowledge and how to use it in
the real world
I asked this question because the fourth strand of NOS, Participating and Contributing,
requires students to apply their knowledge of science to the real world. Also, the Ministry
of Education in Science-online states:
The science learning area in the New Zealand Curriculum promotes the idea of
developing citizenship capabilities. Students (citizens) need to be ready, willing,
and able to use their science knowledge (Ministry of Education, 2014, p. 1).
The students in Alison’s group gave four examples of ways their teacher links science
knowledge to use in the real world. First, during practical work, students stated that
their teacher, Alison, “explains in ways that relate back to the students’ own lives.”
Second, the students explained that the sun and stars unit was easy to relate to their
lives and that they were able to discuss this knowledge with family members. As well, in
this unit of work the students looked at different ways of representing the moon then
ranked them as to what they learnt the most from. They showed me a page in their
exercise book where they had recorded this (see Appendix G). Finally, the students
shared how they had written a children’s book about a NZ native animal for 5–8-yearolds.
P21: We’d pick a topic, like an animal, and we’d write things about it, like its
adaptations and things like that.
P: We had these questions, and we had to fill it out with our children’s books, and
we had to put them in the book so we could have a good mark, obviously. It was our
assessment.
P: Yeah, we had to make a children’s book out of those facts.

21

Student from focus group
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P: We had to do it on a New Zealand - a native animal.
P: We had to make it as being for the kids to read….ages five to eight.
P: … really got to think about it, because it’s like writing a book our age would be a
heck of a lot different to writing a book for a kid and trying to change the context
so that they’d understand it, but it’s also not ‘fictionated’.
Student knowledge of NOS
Since the teachers told me about their knowledge of NOS, I wanted to find out if the
students had any knowledge of NOS. I knew from the pilot interviews that terminology,
like NOS, could be problematic so I had my prompt cards on hand should they be
needed. Alison’s focus group of students said they had heard the term NOS but didn’t
know what it meant. After the prompt cards (Refer to Figures 17 and 18) were
displayed on the table the students were first able to identify the NOS strand
Investigating and then Participating and Contributing. The following comments were
made by the students when I asked what they thought Participating and Contributing
meant:
P: Well, to me, because we do all these experiments, so our teacher wants us to do
them as well, like participate and help each other and learn off it as well.
P: We contribute different views, because everyone looks at something a different
way, so if you do one experiment, every single person in the group might look at it
differently. That’s contributing to your way of thinking.
P: In a way, because we all have - there are certain things we have a different
opinion, and then so people would say their opinion and you’re kind of like... bounce
off things as well.
P: You understand more.
The students went on to explain what they knew about the other strands of NOS and
some of the ideas related to the science capabilities.
P: We’ve done interpreting data, because you have to do that for the science fair as
well.
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P: We’re doing critiques.
P: We make graphs at the start of the year.
P: We’ve done the critique evidence, so thinking different ways it could have….
I22 : Interpret representations; you did different interpretations of the moon... you
just showed me in your book before, didn’t you?
P: Yes.
I: … different ways of representing the moon. So, you’ve touched on that a bit, too.
That also includes of course your reading and your writing and all the rest of it the vocab and like you were talking about the words that you put in your
storybook.
P: Yeah.
I: So, can you think of an example of how you had to critique your evidence?
P: We get asked questions like if you were to do this again, how would you do it, and
were there any things that you might have liked to have controlled in your
experiment next time.
Student descriptions of lessons or units of work that focused on a science capability
or NOS
Although the students had provided some examples of lessons that included the strands
of NOS or the science capabilities, I did ask them if they could explain in more detail a
lesson or unit of work that focused on NOS or a science capability. The following extract
from the interview shows how their science fair projects focused on the science
capability, Gathering and Interpreting data.
P: I think a lot of our science fair work’s been gathering and interpreting data, to
make a proper foundation for the actual experiment that we’re going to be doing,
and stuff.

22

Interviewer (the researcher)
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I: … that’s probably it isn’t it, the one that you do most of?
P: Mm-hm.
P: Yes.
I: Gathering and interpreting your data. So, you have to record observations?
P: Yeah, we’ve been doing that like with once we started our science fair, we
actually had to do… observations with testing.
P: We’d repeat it.
P: Lots of times.
I: Right, so each day you have to record their observations?
P: Yeah, and I wrote this account, but we did quite a bit of graphs and graphing in
science and learned how to find the average and stuff.
I: Then I saw you’ve got it in a table.
P: Oh yeah, that’s just our results for...
Activities which helped students understand NOS or science capabilities
The final question was designed to gather additional information from the students on
what activities helped them understand NOS. I asked this because I want to find
teaching strategies that teachers are using to develop NOS. The students had their
science exercise books open in front of them while this interview was taking place, so I
encouraged them to look in their books to find examples to answer this question. The
following conversation with the students was recorded:
P: Probably using an evidence one. It’s kind of like with everything we’ve done that
we’ve graphed, and we probably did all that kind of stuff, but it’s kind of learning
how to put it in a way that’s correct, that displays the information correctly, which
you need to know to achieve an answer.
I: Yes. That’s a good example there, isn’t it?
P: Yeah.
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I: That one you showed me before on phases of the moon representations. So, your
models, your photos and diagrams, animations, video...
P: Yeah, because some people in class also learn better when they’re reading the
type - I like visual, and to see things.
I: Visual things? Oh, you’ve got the burned hole on your page. That’s pretty cool.
P: … these ones.
I: Yes.
P: That’s why they put ... Hannah did that.
I: So, it looks like you’ve been doing quite a bit on Interpreting Representations,
because you’ve got graphs, I can see in your books. You’ve got tables. That moon examples of different ways of representing is a really good one.
P: We did … on tables and graphs.
I: Oh, Investigating in science… you’ve done quite a bit of that, by the look of it,
looking at the variables.
P: I think there are notes on...
P: Yeah, temperatures and stuff.
I: … looks like you’ve got very good notes and things on that - making observations.
Oh, you’ve done a lot on making observations here too, yes - right back at the
beginning. So that was obviously important to learn to do that.
P: Yes. She set a really good foundation for us to carry on. All the stuff we learned at
the start are things we are still using now I guess, like the graphing and things.
I: The graphing and the observations and things.
P: Yeah and measuring also.
P: At the start of the year we did an experiment with magnesium and stuff like that,
and we had to make qualitative observations.
I: Oh right.
P: We had to make a bunch of observations about it before, during and after the
experiment. So, it was like learning the foundations of science, like building that
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really good base for us to be able to carry on and do our own experiments, and all
that kind of stuff.
This concludes the data gathered from the HOD and her student focus group. The data
for the teacher at School A and her student focus group follows.
Teacher interview data: Amelia
As Amelia sent me photographs of her students working in science before the interview,
these were used to facilitate conversations during the interview with Amelia as well as
with her students.
Teacher Initial Teacher Education
This teacher had no recollection of being taught about NOS during her ITE. When I
showed her the 1993 curriculum document, which we ascertained she used during her
ITE, this teacher had difficulty finding the diagram which showed the weaving of NOS
and technology through the content strands. In fact, Amelia recalled that, “Teachers’
College was more about classroom management.” Not only did this teacher have no
recollection of being taught about NOS in her ITE, but it was also her belief that during
the 15 years she subsequently taught overseas she found “no NOS there” either. When
she returned to New Zealand,
School Certificate23 was gone, obviously the Bursary24 was gone; everything that I
had understood and had been teaching. So, this was [when I] really focussed on the
Nature of Science and how we make sure that we are addressing all those
particular areas. So that’s when it became a big focus for me.
Amelia had been at her current school three years at the time of the interview. When
asked how she learnt about NOS she responded,
Just from looking at the curriculum, looking at how the schemes of work fitted in,
and the HOD puts down on the side Nature of Science and then the key

School Certificate was a national externally assessed examination in NZ from 1946-2001 primarily for
students who had completed Year 11 (Form 5, 15–16-year-olds).
24 Bursary was a national externally assessed examination in NZ from 1944-2003 primarily for students
who had completed Year 13 (Form 7, 17–18-year-olds).
23
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competencies down the other side [refer to Figure 24]. So, then I knew what the link
was and how important that was.
As well the teacher related how she had been going to watch other teachers in how they
delivered the science curriculum.
Knowledge of NOS
When I asked Amelia about her current understanding of NOS, I did not find any
evidence that she was familiar with all four strands of NOS. She did, however, mention
Investigating and Participating as can be seen from the following statement made,
commenting:
Oh, that whole investigating and participating and questioning things; that line [in
the NZC] is so important. Whereas, before it was very much the content; this is it
and you need to learn it, and then there’s the tests at the end. So, I guess that fitted
the kids that were good at learning information, but it was kind of separate from
actual real science.
Photographs Amelia provided of her junior science students carrying out a helicopter
investigation (See Figure 27) provided a good prompt to ascertain the presence of a
NOS focus in her teaching programme. She provided evidence of the NOS strand
Investigating in science when she described how her students were not given a recipe to
follow and had to make their own decisions regarding, for example, which variables to
control and which to change. Because of this teacher’s comment about NOS fitting, “the
kids that were good at learning information” in the previous quotation, I probed a little
deeper and found she believed that teaching from a NOS focus engaged more students
even though there were still some students who preferred to sit and write notes.
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Figure 27
Students at School A carrying out a helicopter investigation.

PLD undertaken
In her teaching career over the last 20 years Amelia had received no PLD on NOS from
subject associations or PLD facilitators. She indicated that she would welcome the
opportunity to attend workshops on the idea of science capabilities. Her existing NOS
PLD has been from her current HOD Science and other science teachers at her school.
Amelia’s NOS PLD can be summarised as:
•

In-school support from the HOD and other science teachers.

Enablers for implementing change
Even though Amelia had been teaching for 20 years she was still in the early stages of
developing a NOS focus with her junior science classes. I next asked her what was
enabling her to shift to a NOS focus.
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The first enabler Amelia discussed was the schemes of work (written by the HOD)
which she said, for Year 10, included NOS and the Key Competencies 25. She commented:
So, for example, this is the Year 10’s force and motion; these are the ideas and then
we’ve got the Nature of Science and the Key Competencies listed out, so I know
what’s been covered when… so, then I knew what the link was and how important
that [NOS] was.
Amelia described how she often talked to the HOD about teaching with a NOS focus at
science department meetings and that this was really helpful. As well as the Year 10
scheme Amelia talked about the Year 9 scheme and made the comment:
Yes, and I think obviously that the new Year 9 scheme of work had the focus really
on the Key Competencies and how that fits into the Nature of Science and the whole
workbook that Alison’s developed.
Figure 28 shows a page from the workbook that Amelia mentioned.

25

The Key Competencies feature in the front part of the New Zealand Curriculum and include thinking,
using language, symbols, and texts, managing self, relating to others, and participating and contributing
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Figure 28
Sample page from School A’s workbook.

A second enabler for Amelia was working in a department where the other teachers
were teaching from a NOS focus. She said it was very beneficial, “going to watch other
teachers in how they delivered”.
In response to my question asking about barriers to her implementing NOS, Amelia
commented:
Probably just my sort of lack of the experience [teaching secondary science in New
Zealand], and not being able to go to look outside of this particular environment
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that I’m in, because I always find it really useful to just ask the science people [that]
are in there; okay right, I’m doing this - what are you doing, and just kind of
sharing…-oh look, I did this with this class and it really didn’t work, but if I had
done it this way it would have gone much more smoothly. I think that is really good.
Unit of work with NOS focus
Amelia related that she had not written her own units yet. She just follows the HOD’s
units. The information elicited from her photographs is evidence that she does have her
students carry out investigations, such as the helicopter investigation show in Figure 27.
Student successes from NOS focus
Despite this teacher’s perceived lack of confidence in teaching the science capabilities
and, therefore, having a NOS focus to her units and lessons, she was able to identify two
student successes which I will now explain. The first example of a successful student
highlighted an alternative approach to a traditional teaching strategy of providing, “lots
of notes and spoon-feeding the students”. Students were instead learning by doing and
were actively engaged in the lesson as demonstrated by photographs on page 4 of
Appendix G. A second example illustrates a shift from students being afraid of touching
equipment. Now the teacher deliberately invites activity requiring students to explore,
investigate and problem-solve in groups.
Analysis of student focus group data for Amelia
Amelia’s student focus group was six Year 10 students and they told me they had also
had her as a science teacher in Year 9. I asked these students the same questions as I did
Alison’s student focus group.
What students enjoy in science
These students mostly did not enjoy science and told me they spent a lot of time writing
notes. The second student comment below does not answer my question, but I thought
it was worth recording here. It highlights the need for students to be provided with
open investigations rather than carry out activities for which they already know the
answers.
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…it’s fun, especially the
chemistry side of things… The
different reactions that all the
elements have with each other.

I actually think that’s - the kind
of experiments we do, it’s kind

of all stupid, because it’s kind of
pointing out the obvious - you
know what I mean? It’s like - I
don’t mean it like that, but it’s
kind of like you can kind of
guess what’s going to happen.
You know what’s going to
happen before you do the
experiment…your hypothesis is
always correct.
It’s always right, because you’re

How well students think they are doing in science
Despite not having much to say about what they enjoyed in science the students were
able to share with me how well they were doing in science. Amelia’s students talked
about tests to begin with and shared how the teacher provides feedback to the class,
especially on the questions a, “lot of people got wrong”. Most of the students said they
were getting mostly Merit26 grades for their tests. Research assignments were also
graded to provide students with feedback on how they were achieving. One student
shared her disappointment over one assignment where she said the research questions
were unclear:
P: You get marks on that, and I got Achieved, but I felt I did a really good job, but
when I got back, I was pretty sad.

26

Grades given by this teacher were on a scale of Not Achieved, Achieved, Merit and Excellence.
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Other students said they liked research assignment better than tests.
I: Do you like doing research, though?
P: No.
P: I like it.
P: Do you really?
P: Better than the tests we do, sitting down.
P: It depends what topic.
P: You can do it at home. I enjoy doing it because then I can get help if I need.
Amelia’s students said that tests and research assignments they were given helped them
know how well they were achieving in science.
Ways the teacher helps make links between science knowledge and how to use it in
the real world
Amelia’s students were able to provide several examples of the way their science
teacher made links between the science knowledge they were being taught and the
students’ world. Students said:
P: I actually think she did a pretty good job with that one, but not in the force and
stuff. She was really clear about how we can use the body things for us, but I don’t
think she did as well with the force and motion. I was a wee bit lost with what
everything actually meant.
I: Okay. So, you can think of any other examples where your science knowledge has
been linked to real world things?
P: Not in chemistry, because we’re not allowed to do anything. They’re locked away.
P: Oh, last year she related how the scientific names of baking soda - the reactions it
has.
I: Oh good.
P: All the different ingredients.
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I: So, she related to things you might do when you’re baking or something at home.
Was that interesting?
P: I found that interesting.
Student knowledge of NOS
The students in Amelia’s focus group had great difficulty answering the question I asked
about their understanding of NOS even with the use of the prompt cards (Refer to
Figures 17 and 18). The NOS strand Investigating in science was familiar to them as they
said that’s what they did when they did a science fair project. The students thought
Communicating was talking about science and Participating and contributing was about
asking questions and being engaged in class.
Student descriptions of lessons or units of work that focused on a science capability
or NOS
Because Amelia’s students believed they did not understand the NOS strands well, I
followed up on their mentioning of Investigating in the previous question by suggesting
perhaps they would like to give me an example of a unit that focused on Investigating.
The students chose to talk about a Year 9 unit on Forensics as follows:
P: No, the first one that we did in Year 9, with the clues and the accident that
happened.
P: Forensics.
P: Yeah, forensics.
P: That was a weird one.
P: Oh yeah that was cool.
P: I loved that.
P: I liked it more than everything else we’ve done, because there was like a crime
scene set up in one of the classes and there were clues around and we had to try we had to write down what we saw.
I: Good, so you had to write observations?
P: Yeah.
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I: Then you had to use those to make sense. So, were you doing this; gathering and
interpreting your data?
P: Yeah.
I: Then were you using that evidence to work out what happened?
P: Yeah.
I: Did you have to critique it as well? Did you have to work out whose evidence was
correct?
P: Oh, we didn’t actually get that far.
P: We did a test on it.
I: Okay, so you were doing a bit of this; gathering and interpret data, and using
your evidence?
P: Yeah, but she didn’t - it was made up, which is okay, but I think there should have
been more of a story to it with what the ending was of, so that we could have put
our results and see who was right, but we kind of just stopped.
P: Yeah, it didn’t feel complete.
P: Yeah, we just stopped and started working on something else.
P: It was a big confusing because we saw her at school and I was like, is she actually
okay?
P: One of the teachers was away, so they made up that she fell and...
P: Or got unconscious...
P: We didn’t find out if she was actually...
P: Yeah, so we thought it was true at the start, and then we were like, oh.
P: Yeah, at the start and then we got there, I was like, it’s a wee bit over the top. We
wouldn’t be allowed in the classroom
P: Yeah, it was fun, though.
I: Okay. So, did you know that was what the purpose of it was; you were to learn
how to gather and interpret data and use evidence?
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P: It was more saying that this has actually happened, and then she was like, write
down what you see, and then...
P: She never gives a reason why she does certain things.
Activities which helped students understand NOS or science capabilities
In response to my question about what activities helped the students understand about
NOS they gave me two examples. First, they revisited the forensics unit and added that
there was an outline of a teacher on the floor of the [crime scene] room at the start of
the activity. Next the students chatted to me about a research project they had done
earlier in the year [Year 10].
P: The research project maybe, because we had to research a topic and we had to
gather all this information - we had to interpret what it meant and how it related
to our topic. We had to use evidence. We had to get references from people who
actually knew what they were talking about - not just...
I: Not just anybody.
P: Wikipedia - and then we had to really just take the evidence and...
I: So, you were critiquing the evidence as well?
P: Yeah, to make it make sense, in our context.
P: Then we give our own opinion about it.
I: Good.
P: Yeah, and we used our own opinions. I don’t know how we got that one, though.
I: Did you get choice on what you researched?
P: There were three options; cloning, designer babies and...
P: The food one.
P: Genetically modified foods.
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P: Yeah, I did designer babies.
P: I did cloning for medical purposes, but there wasn’t much research about it, and
it was quite a wide...
P: It was really hard, because there were a lot of things about cloning, but we didn’t
really - it wasn’t specific enough. It was just cloning - human cloning, and that was
the whole thing, but there was so much...
P: It was very broad. We could have done anything about cloning, which I think I that’s why I think I went wrong.
I: So, did you get help with working out what was - critiquing the evidence and
deciding whose evidence was better than anyone else’s?
P: Yeah, she talked about which websites and which people were more reliable. So,
you don’t just go on Health line for something; you go on something that’s actually
a scientific website.
I conclude this chapter with an account of the level of NOS adoption in School A.
NOS adoption in School A
School A could be considered an advanced adopter of NOS. Alison, the HOD at School A,
had an in-depth understanding of NOS which is illustrated in the detailed schemes of
work and the workbooks created for the students (refer to Figures 26 and 28). The
schemes of work and student workbooks had a clear focus on NOS, and student and
teacher interview data, as well as document anlysis, indicated that the NOS focus was
enacted in the classroom. For example, in the Astronomy unit students were asked to
observe light patterns then interpret these representations to determine which lenses
produced each pattern. By interpreting the light patterns they learned how telescopes
are made in order to study space. In addition, to learn about the phases of the moon,
students in this school looked at different representations of this concept (refer to
Appendix G, p.2), for example modelling, written explanations, video and diagram. The
students interviewed said looking at multiple representations really helped their
understanding of the phases of the moon. These activities provide evidence of effective
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teaching of the science capability, Interpret representations, an aspect of the NOS strand
Communicating in science. Interpret representations is one of the science capabilities I
previously referred to in my understandings of NOS (refer to page 105). Furthermore,
compared to Schools B and C, the students at School A used NOS and science capability
terminology throughout the interview.
Further evidence of School A being an advanced adopter of teaching through NOS is
apparent in their assessments. At this school each unit of work assesses NOS
understanding rather than subject matter knowledge and it is this that is reported to
parents/whānau. Evidence of the science capabilities being assessed in each unit can be
found in the left hand column of Figure 25 and the assessment key capabilities27 rows in
Figure 26.
The HOD at School A successfully implemented the national curriculum initiative of
teaching science through NOS in her department. The motivation to lead this change
was based on the moral purpose of wanting to improve student learning and
achievement the core of Dempster’s LfL framework (2009) (refer to Figure 10).
Moreover, student achievement data and surveys provided a strong evidence base for
the change. The HOD positioned herself as a learner and actively participated in ongoing
PLD with an external subject specific facilitator. A change team consisting of the HOD,
external facilitator, another teacher in the department and the senior leadership team
was integral to the leading of learning in this department. In other words leadership
was shared (Dempster, 2009) and trusting, risk-taking conditions were established to
facilitate the learning. Alignment with elements of Dempster’s LfL framework ensured
the HOD successfully led all her teachers to teach science through NOS and when she
left the school, the change was sustained.

27

Key capabilities is the HOD at School A’s term for science capabilities
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CHAPTER 6: FINDINGS - School B
Data for School B.
The results for School B follow the same headings as School A but feature HOD and
teacher Belinda and Brian respectively. It is noted that because the teacher interviewed,
Brian, had only been teaching at School B for a few weeks, a decision was made not to
include a student focus group for his science teaching since he was only just getting to
know his students well. As previously mentioned, the HOD interviewed at this school,
Belinda, selected 6 focus group students from across Brian’s and her Year 10 classes.
These students were a mixture of male and female students since School B is a
coeducational school.
Head of Department interview data: Belinda
Belinda was a newly appointed HOD science who had been teaching in School B prior to
this promotion within her school.
Teacher Initial Teacher Education (ITE)
Belinda said she had no NOS training as such in her ITE but thought it was called
something else in her country of origin.
Knowledge of NOS
When I asked Belinda the question, tell me what you know about the Nature of Science
and its importance in the curriculum, her first response was:
I was just doing the Nature of Science today. I think genetics actually - the topic
comes under Nature of Science. Well, it comes under Living World, but it comes
under Nature of Science.
Once I had prompted her with the fact that there are four aspects to NOS she then asked:
So, you’ve got Living World, Material [World], Physical World, Planet Earth and
Beyond; is that right?
After telling her they were the content strands we then had a lengthy discussion about
NOS as follows:
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P28: Oh, hang on - Nature of Science; is that your participating? Yeah; participating,
contributing...
I29: Yeah.
P: Communicating, investigating, understanding. Yeah, okay. So, the Year 7’s and
8’s are doing science fair at the moment so we’re doing all about investigations in
science.
I: So, you know quite a bit about investigating.
P: Yeah, which also actually comes back to that understanding, because they have
to explain their understanding of their science fair project.
I: So, how would you rate its importance in the curriculum, when you’ve got Nature
of Science at the top [of the page in the NZC], and then you’ve got your Living
World, Planet Earth and Beyond, Physical World, Material Worlds [content
strands]...
P: It’s really odd because when I teach, I don’t think, oh I’m doing Understanding
about science. I don’t categorise it like that. It’s very odd. It’s very important. I
would take it as the most important aspect of everything that we do, because you
can’t do any of that [NOS] without doing these [content strands], or you can’t do
these without doing that. That’s the bottom of the pyramid for me. It’s the
foundations. They have to know how to describe and explain things in science. They
have to understand the basic principles before they can move onto the next thing.
So, we were talking about - somebody was dropping a ball off or onto different
surfaces, and measuring bounce, so yesterday we started talking about, well energy
- let’s understand a little bit about energy, because that’s what they’re actually
investigating. We talked about gravitational potential energy, elastic potential
energy, the changes between the two, and they can actually calculate a rough
calculation of how much energy is transferred in that bounce. So, you can’t teach
any of these [energies] without those [investigating].
28
29

Teacher participant, Belinda
Interviewer
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PLD undertaken
When I asked Belinda about any PLD she had received about NOS she described a recent
two-day trip with some of her students, saying it wasn’t really her professional
development but the students’.
I arranged for a group of kids to go up to XXX over the holidays. I just drove them;
they had to do all the rest. So, it wasn’t directly my professional development, but it
gave them the insight. It was their professional development. It gave them the
insight as to what - I’m going to say the Nature of Science is because it worked
through all of those [activities]. So, they had to design rockets. They had to build
that rocket, and then they got to go out and test the rocket. It was the whole
process, and they had to constantly talk about what they were doing, justify it with
reasons; why have you chosen that shape fin ?... why have chosen three and not
four? The second day they went they got to do CAD design wing, and had the
weather not been terrible, they would have actually built a glider… 3D print of the
glider and built it.
Before leaving this question, I asked Belinda if she had received any NOS PLD from the
previous HOD at this school who she had worked with for three years. To this she
replied:
He hasn’t done anything specifically.
I know he probably had a couple of conversations, but...
When I suggested to Belinda that she may have had a reasonable understanding of NOS
before she came to NZ she responded with:
I don’t know if that’s because I did a science degree, rather than say do an
education degree with the focus of science - I don’t know how it works in New
Zealand, whether you do a science-based degree and then go onto teacher training?
Enablers for implementing change
Given that Belinda was Head of Department and that she had already told me she had
not been taught about NOS by the previous HOD, I asked her the question, what has
enabled you to teach the Nature of Science in your school or a previous school? Belinda
explained how she had always taught this way [NOS focus] and that for her it was about
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critical thinking and problem-solving. She provided the following evidence to support
this claim.
Yeah, I’ve always taught the way I’ve taught. For me it’s critical thinking. It’s the
problem-solving. I love puzzles. I love problems. I love making things and doing
things, and you’re always going to come across problems, and it’s, well how do you
get past that problem to get to the product of what you want? So, we’ve got at
home, for example, our balcony - when they built our house - the balcony actually
slopes towards the house, so all the water pools up along that side and there’s a
gap where it’s actually going down and into the garage, and it’s soaked into one of
the main support beams of our house. It’s like okay, so what are we going to do?
So, we’ve gone through so many different scenarios of what we could do. We’ve
taken about three or four months going over all the different options, and it’s just for me, I don’t know - I think my granddad put that into me; he’s like, we’ve got
these tools - what do you do with them? It’s just running with it.
While Belinda was relating this story, I noticed that she was asking herself a lot of
questions, so I then asked if she asked her students lots of questions. The first example
Belinda described was the genetics topic:
Particularly with something like… genetics with Year 9 and 10 that we’re doing [at
present]. They’ll be like… so last year when I had the genetics and I was pregnant, I
was like, so here’s my question; I’ll guarantee… how do I know with 100 per cent
certainty my baby is going to have blonde hair and blue eyes? I’m like, you’ve got to
answer that question for me. So, they’re learning about Punnett Squares.
So, we know that blonde hair and blue eyes are both recessive traits, and we know
that you have to both be a carrier or if not, blonde hair and blue eyes yourself. So,
then you put up a picture of my husband and I on our wedding day, and you can see
we both have blonde hair and blue eyes; what does that mean for our children?
They’ll go, oh 100 per cent blonde hair and blue eyes. So, I might say, if I have 50
children, they’re all going to have blonde hair and blue eyes? Yeah. They could then
prove it to me using the Punnett Square. Yeah, you’ve got to ask questions, and
you’ve got to not give answers either.
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I love doing that, and it frustrates them so much, but when they get the answer
themselves, the sense of achievement is huge. Then you go, well you just did that you’ve just done a full investigation and you’ve answered all your own questions.
Yeah, you’ve got to not answer questions, because sometimes that’s just giving
them - if it’s too easy for them, then you have...
You’ve got to hold back. So going back to the schemes of work and having every
teacher following the same thing will provide that consistency and you’ve got to say
to teachers, well actually no - just take a step back and let them try and figure it
out.
The second example Belinda described was with a Year 7 and 8 science class:
I had one group in science, in a Year 7 and 8 class that were doing mentos and coke.
They’d built a volcano, so they want to see how high the eruption can be. Fair
enough; how do you get the coke into your volcano? Oh, we could pour it in, Miss.
So, if I tell you that’s not going to work, can you tell me why?
What do you mean it’s not going to work? You’re pouring the coke into your
volcano - it’s not going work. Why won’t it work? No, you’ve got to tell me why. So,
they go, and they research, and they pull up a video; look Miss - it works - Mentos in
a bottle of coke - it works. I’m like, yes that works, but is that exactly the same as
what you’re doing? They have to go away and think about it.
Barriers to implementing change
Belinda responded to the question, have you had any barriers that prevented you from
teaching the Nature of Science? with a ‘no’. She said that in a previous school they were
very data-focused but, despite this, NOS was embedded in the schemes of work. Even
with the seniors, teachers tried to get the students to see how important NOS was while,
at the same time, focusing on the examination results. Belinda believed that you couldn’t
have one without the other [NOS and content knowledge].
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Unit of work with NOS focus
When I asked the question, is there a unit of work or a lesson that you’ve changed so that
you’ve made the Nature of Science the focus rather than the content? Belinda selected the
Genetics topic again and provided the following evidence of her NOS focus for the unit:
I think with the genetics topics, because although the genetics - the actual content
is... it’s very dry to teach - you can’t just stand up and write on the board, so
changing it so it’s more about investigating the information themselves, using
things like the model… so we’ll get out things like play dough … we’ll make our own
DNA structure. So, here are the components… what do you think it can look like…
how do you think you’re going to squash that into this tiny little…. you give them a
box… they’ve got… .how are you going to get it in there? By changing the focus into,
we’ve got…. so, research skill… so, their investigation… so, it’s, rather than
practical-based, it’s research-based investigations, they have to develop their
understanding, which we’re using the Education Perfect to supplement. They’ve got
to communicate their knowledge when we have a debate at the end about cloning.
So, that was our genetic topic, which was very stand-up, dry teaching… I was like,
well that’s not going to work - with our cohort of kids that we have, that’s not going
to work. So, I made this total topic-based booklet, and we trialled it last year and it
worked really well, and by the end that they could talk openly about cloning
for/against... on the fence... change your mind if you want to… they were confident
in being able to communicate their understanding, thinking about everything
they’d learned in that topic. So, that’s our topic for the Nature of Science.
See Figure 30 for the title page of the booklet for this topic and Figure 29 for a page
from within the booklet that shows some explicit teaching of the NOS strand,
Investigating in science.
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Figure 29
Page from Genetics and Variation students’ booklet at School B.

Student successes from NOS focus
The final question I asked Belinda was, have you got any student successes you could
share as a result of focusing on the Nature of Science? The following vignettes, which I
created from the interview data, tell of some of Belinda’s success stories. In particular,
they provide evidence of success as increased student confidence rather than improved
grades or curriculum levels.
Belinda’s Year 10 students were asked to prepare a presentation for the
class on how smoking affects the body. When they were told that these
presentations would be recorded so that the teacher could play them
back several times to assess them on the NOS strand, Communicating in
science, the students were initially quite scared. The next time the
teacher set a presentation as the means of assessing NOS the students
said, “oh, I can do that now.”
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Belinda explained how her students struggle with “their confidence in subjects, and
particularly science, because it’s always known to be hard.” The second vignette is
another example of increased student confidence as a form of success. A pseudonym is
used for the student.
Benjamin wanted to do a presentation without using the mouse because he wanted
to animate everything in his speech. He asked his teacher, Belinda, for some help
with this. As he was speaking too quickly, she suggested he use the timer on the
powerpoint to slow down his speech. As well, she suggested he use a picture and
reduce the number of words on each slide to a few bullet points. Belinda said he
could talk about the rest since he had researched the topic. He went away and
worked on his powerpoint then came back and thanked the teacher for her help. He
said he now felt much more confident about the presentation.

This next vignette provides evidence of a different form of success, providing student
agency.
Belinda was doing some professional development at the time around being more
flexible with student learning, so she got one of her Year 10 students to design a
picture of a big mountain which she then stapled to the wall. After putting the
success criteria on the mountain, she asked each student to find a picture to
represent themselves and put it on a small flag which she laminated. Belinda asked
the students to place themselves on the mountain and told them it was their
responsibility to move themselves when they believed they had reached the next
sub-level. [These were curriculum levels for NOS.] She also told them she expected
them to move one whole curriculum level by the end of the topic. For the first couple
of lessons the students didn’t know what to do but they quickly grasped the idea of
showing the teacher evidence of the curriculum level they were working at and
moving their flag over the mountain. By the end of the year the students were aiming
for two curriculum levels above where they started. As well, the students were using
the NOS language, for example, Understanding about science, Participating and
contributing, Investigating throughout the year and gaining a better understanding of
what these terms meant (refer to Appendix O for a photograph of the NOS
mountain).
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After Belinda had related the above success story I inquired as to what she reported on
to parents/caregivers. She said they reported on NOS strands and used Science Thinking
with Evidence (STwE)30 to help arrive at the appropriate curriculum levels for the
students.
This completes the data for the HOD at School B, Belinda. I now share the data for Brian
the teacher interviewed at School B.
Teacher interview data: Brian
Given Brian had completed his science degree and teacher training outside of NZ, I
asked if he had received any NOS training before arriving in NZ. He responded with:
Not that I can remember, because Nature of Science is a name or label put into
something to do with science, eh?
Despite this comment, Brian said he knew about NOS sometime before he came to New
Zealand.
Knowledge of NOS
When Brian was asked how he viewed the importance of the Nature of Science in the
New Zealand curriculum he made the comment:
Yeah, I think it has its value, and it’s important. It’s closely related to how the kids
are - the learning style of the students nowadays, and the technology that we have.
To try and find evidence of his actual knowledge of NOS I showed Brian a copy of the
NZC. While he said he had not seen a copy of this document for a very long time, when I
opened the back section of the NZC he made the comment:
Yeah, Understanding science, Investigating in science, Communicating in science,
Participating and contributing; those are the core elements of it, eh? ... that we’re
trying to incorporate into our teaching.

STwE is a NOS assessment tool designed by researchers at New Zealand Council for Educational
Research
30
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PLD undertaken
I used the question, tell me about any professional learning and development you’ve had
that’s helped your understanding of these things here [pointing to page in the NZC ] called
the Nature of Science, to discover how Brian knew he was expected to incorporate NOS
into his teaching. Brian was not sure what specific NOS PLD he had received. He thought
it was not called Nature of Science as such but then proceeded to ask “where is the
teaching capabilities and all that come in.” After I established that by ‘teaching
capabilities’ he was referring to the science capabilities I inquired as to where he had
heard about them. Brian recalled that about three years ago, when he was teaching
science in a different school from the current one, someone from the University of
Canterbury came to the school to provide PLD on the science capabilities [not the
researcher]. He thought the PLD was provided over an extended period but, because he
had arrived at the school part way through the school year, he had only attended one
workshop. At this point in the interview Brian suddenly remembered he had learnt
about putting NOS at the forefront of his junior science teaching when working under an
HOD at another previous school. And so, even though Brian was unsure about what PLD
he had undertaken around the use of NOS in his science teaching he eventually
remembered some training in NOS and the science capabilities.
Brian’s NOS PLD can be summarised as:
•

NOS from a previous HOD Science; and

•

In-school science capabilities workshops from a university science facilitator [not
the researcher].

Enablers for implementing change
When exploring what enabled or helped Brian teach NOS, I indicated that it may have
been something that the HOD or facilitator he referred to in the previous question had
said or resources they had provided. The following quotations from Brian provide
evidence of what helped him gain an understanding of the importance of NOS.
Yeah, I think resources and… but the mainly important thing for me is say to
change my mentality of teaching to the Nature of Science, it was more… I think it’s
the resource that came through, and then trying to tailor my teaching so that the
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students will get the most out of what they’re learning, and forgetting about my old
way of teaching, anyway.
I asked Brian whether the resource he had just mentioned was an online or paper
resource to explore what had enabled his ‘change of mentality’. His response was:
Paper resources but said… they used to send me emails as well, and I think I still
have some of those emails, maybe.
Barriers to implementing change
Given that Brian had taught in several schools in NZ, I asked the question, have you, in
the number of different schools you’ve been in, had any barriers - things that have
prevented you from teaching the Nature of Science? Brian’s response did provide one
barrier but also evidence to support the previous question on enablers. He made the
following comments:
I think there was one HOD who may have been… I think probably old-fashioned,
like … but they weren’t keen. I could tell from his take that… but other than that
they were not - all HOD that I have had have been really supportive. I think because
which every way we’re going to think… whatever comes in… that’s always my
philosophy; instead of going against it, why not just go with it? That’s how I take
that to my classroom approach as well; my students…instead of going against
them, I go with it. Regardless of Nature of Science… the argument that I answer for
what science is all about, and how to teach it here in New Zealand, it’s… well, I
mean, what good do I have if I go against it, then? You know what I mean? Just to
find what’s best in it and utilise it within my teaching.
Unit of work with NOS focus
To find supporting evidence to Brian’s claim that he was teaching NOS, I asked if he had
changed a lesson or unit of work to focus more on NOS and less on content knowledge.
Brian was very new to this school and so he was following the directions of the HOD in
his teaching programme. Recently he had supported the students in a research activity
where they had to investigate ‘Genetics and Variation’. This was a self-directed study in
which the students were provided with leading questions and then used books and the
internet to answer the questions. The students reported back to the whole class at the
end of the task and were assessed on the NOS strand, Communicating in Science.
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Figure 30 shows the title page of the booklet the students used to record their findings
in this unit of work.
Figure 30
Title page of student booklet on Genetics and Variation – School B.

Student successes from NOS focus
When I asked Brian for examples of student successes, as a result of teaching from a NOS
focus, I first needed to clarify what I meant by successes. The example of success Brian
shared was from his Year 10 science class.
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One of the topics Brian’s Year 10 students studied this year was Outer Space. The
students were asked to research an aspect of Outer Space and were provided
with leading questions as a guide. This self-directed study was assessed by the
NOS strand, Communicating in science, whereby the students presented their
findings to the whole class at the end of the unit. Brian noticed that this form of
assessment allowed a more diverse range of students to succeed than the
traditional closed book written test which tended to favour the ‘brainy’ ones. The
students became very good researchers and were very at presenting their
information to the class.
Analysis of student focus group data for School B
As previously mentioned, this student focus group consisted of six Year 10 students (a
mix of male and female students), from across Brian’s class and Belinda’s, selected by
Belinda as Brian was very new to the school.
What students enjoy in science
As with School A, I have recorded what the students said they enjoyed in science with
the following figurines.

I guess I just
kind of like
understanding

I’m enjoying doing all the

everything;

different practicals that we

finally figuring

end up doing, to do with the

out how to do it.

topics that we do. It makes it
easier for you to understand
with chemicals reactions -

why that happens and how it
happens.
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Yeah, I really like doing
work on that [referring to
Genetics and Variation selfdirected study].

I like doing
experiments with
chemicals.

I like doing Education
Perfect because I like the
competitive aspect of it kind of get points. Yeah,
science is a pretty fun
subject, so it’s good when
you get a really nice
teacher to go with it.
[Education Perfect helps]
because we’ve been doing a
lot about genetics, and I’m
starting to remember the
names of some of the things,
and I enjoyed learning about
how when I hurt myself, the

things that actually repair it.
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I like the aspects of
guessing and figuring
out what will happen
after an experiment,
or before.

We’re usually given a method
unless we are given like a thing

where you have to make up
your own experiment. That’s
always fun… because we
discover it on our own; there’s
no set task.

How well students think they are doing in science
The students in School B’s student focus group all felt they were doing reasonably well
in science. As well as class tests, which were usually held at the end of “big topics” the
students all said that the programme Education Perfect31, that the school had recently
purchased, gave them feedback on how they were achieving in science. When discussing
the helpfulness of Education Perfect the students said:
P: Yeah, it [Education Perfect] sends the teacher information. I like doing
Education Perfect because you can do it in your own time, and at your own speed.
P: Yeah, it’s something that if you want to extend your learning, you’ve just got easy
access to. Sometimes you don’t know where to go if you want to get extra work or
stuff.

31

Education Perfect is a digital teaching and learning programme used by teachers across the world.
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Other means of receiving feedback for these students were asking the teacher how they
were achieving and comments the teacher wrote in their science exercise books when
they were taken in for marking.
Ways the teacher helps make links between science knowledge and how to use it in
the real world
When I asked the question, in what ways does your teacher help you make links
between the science knowledge you’re learning in science, and how to use it in the real
world, more than one student mentioned that the teacher often used food as a context.
To further explore this question, given that the students had shown me their Genetics
booklet, I asked how genetics had been linked to the real world. The students had this to
say:
P: With the genetics - the food production; she’d use the seeds on this plant go into
the ground and then it germinates and grows.
P: She used the banana as an example with the artificial selection, and how they’re
all basically identical and if a disease comes, they’re gone.
The other real-world context the students talked about was sport. They said that the
teacher chose contexts that the students were interested in and that this helped engage
them. They said this was because:
P: … sometimes when you learn something, you think, well what’s the point of this?
They actually show - they go into the sports science of it, and then it really gets you
engaged in it.
Student knowledge of NOS
When I asked the students to tell me what they knew about the Nature of Science, they
responded with:
P: What do you mean by that?
I then placed the prompt cards shown in Figures 17 and 18 in front of them and asked if
any of the terms on the cards meant anything to them. Investigating in science was the
first aspect of NOS that the students talked about. They related how they had all done an
investigation of choice for the Science Fair in Years 7 and 8. Next they talked at length
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about their understanding of Communicating in science and how they developed that
aspect of NOS in their science classes. The following conversation with me was
recorded:
I: So, you said you’re Communicating in science; what does that mean to you?
What does Communicating in science mean?
P: Discussing.
P: Having class discussions about what we’re doing, and sort of, this person might
understand, but someone else might not, so we’ll have a class discussion so that
everybody understands it.
P: Then we usually change it into what we understand for the other people. So,
people who know what the teacher’s talking about will then change it into words
that we understand.
I: Oh good.
P: When we copy something the teacher’s like, you probably won’t know what some
of these words mean, because they’re big scientific words. So, we put it into our own
words.
I: You put it into your own words. So, it’s about putting things into words...
P: That we understand.
I: … so it’s speaking it and writing it?
P: Yeah, just like we can go back and read it and know what we’re talking about.
Before asking the next question, I asked the students if they did anything in class
relating to Participating and Contributing. The students said they have groups and are
given practicals to do with set questions. At this point I drew their attention to the
observations they had recorded in their exercise books and asked what scientists do
with their observations. With very little prompting the students answered my question
as follows:
P: They use their data and do a conclusion on how to solve it.
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I: Do you think scientists, if they all made the same observations, make the same
conclusions from them?
P: No.
I: They don’t?
P: Everyone interprets things differently.
P: You’ve got to repeat it… because it changes.
P: You have to make sure - we’re talking about when they test stuff for like new
medications. They have to test it lots to make sure that if it did go into a human
body, it wouldn’t affect them, and it’s to know what the side effects are. It could
only work like 50 per cent of the time. Yeah, so they just have to be sure that this is
correct.
Student descriptions of lessons or units of work that focused on a science capability
or NOS
Even though this group of students had already provided some examples of lessons and
units of work, to gain further information, I asked them to tell me about a lesson or
maybe a whole unit of work that focussed on one of these Nature of Science things
[pointing to prompt card], or any of the capabilities like Gathering and Interpreting data
or Using Evidence. The responses to this question were:
P: Genetics and Variation. I suppose all of them.
I: Does the teacher make it explicit? Does she say, this is what you’re really learning
about; how scientists work and how they gather information?
P: No.
P: Not specifically.
I: No, but you seem to have got that understanding from what you’ve done, though?
P: You just kind of pick it up.
P: It’s implied.
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I: It’s implied. So, you think it’s in all units?
P: Yeah, mostly.
P: Just last term we were doing a space one.
Activities which helped students understand NOS or science capabilities
For my final question I picked up on the last comment made for the previous question
and asked the students, what was the space one [unit] about? The following conversation
pursued:
P: Oh, there was like different questions, and we had to answer - we could pick one
thing and just answer, and it was like the pros and cons about going to Mars and
the possibilities of getting there, and there was one about the International Space
Station, and we made PowerPoints, or Google Documents about them.
I: So… was it a self-directed unit like that ‘genetics’ one?
P: Yeah, like we had a seminar time and went to research and … just have
everything that we need, and then teacher marked it at the end of the unit.
I: So, which aspect of the Nature of Science do you think helped you understand the
best?
P: Fully investigating.
I: You did an investigation.
P: We were given - depending on what we chose - which question; there was subquestions for it. So, we answered them and then we did a presentation.
As with School A, I now give an account of the level of NOS adoption in School B.
NOS adoption in School B
School B was in the early stages of teaching science through NOS and the rate of change
was slow. Belinda, the HOD at School B, was the early adopter of teaching science
through NOS. She had some knowledge of NOS as well as NOS pedagogical content
knowledge and was creating new units of work with some NOS focus. For example, she
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valued critiquing information and solving real world problems which relate to the
science capabilities: Critique evidence and Engage with science. Included in my
explanation of NOS in Chapter 4 (refer to page 105), these capabilities align with the
NOS strands: Investigating in science and Participating and contributing. Research data
also showed students were taught how to Investigate in science when preparing for
Science Fairs as well as Communicate in science by presenting their research findings to
the class. A particularly interesting finding was the use of a NOS ‘mountain’ (refer to one
of Belinda’s vignettes and Appendix O) which helped develop student agency and
students’ knowledge of NOS.
The HOD, however, was using prior knowledge of NOS from her country of origin and
was not writing the new units of work collaboratively. At the time of the interview this
HOD was ‘going it alone’ and had not engaged in any substantial NOS PLD in NZ. There
was the apparent absence of in-school support to teach science through NOS, despite
the previous HOD being in the senior leadership team. This suggests that because the
HOD was new to the leadership role she had not considered using in-school support or
external support. PLD and sharing leadership are two elements Dempster (2009)deems
necessary in his LfL framework. These are the possible reasons for the change process
being slow in School B. As the HOD at School B was new the role, I suggest that she
needed knowledge of change theory and how to lead learning in her department to
ensure her vision was enacted by all teachers.
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CHAPTER 7: FINDINGS - School C
Data for School C
Evidence for the teaching of Nature of Science (NOS) was gathered from the same
sources as School A and School B, that is; science department schemes, unit plans,
assessments, teacher interviews, student focus group interviews and photographs
provided by the students showing what they were learning in science and how they
were learning. Pseudonyms have been used for the teachers just as they were for
Schools A and B. The Head of Department (HOD) and teacher in focus are Chris and
Carol respectively. Since Chris was a new HOD, I had access to the outgoing HOD, Carl, to
ask some clarifying questions.
Head of Department interview data: Chris
Chris, the HOD, willingly agreed to be my first participant in School C. He had been
teaching for about 18 years, 11 of which had been at this school. Chris was known to me
before the interview as he had undertaken PLD with me in 2016. This was as a
participant in a science cluster, with approximately 10 other science teachers, which
focused on improving the implementation of levels 4-5 of the NZC, the junior science
curriculum. This was his first year as Head of Science.
Knowledge of NOS
When Chris was asked what he knew about NOS and how he rated its importance in the
New Zealand Curriculum (NZC), he told me that NOS underpinned or overarched the
“stuff” that he did in his teaching. Chris perceived it as a ”pair of glasses to look through”
when looking at a unit of work or lesson but he suggested it could be the opposite way
around. Chris interpreted his phrase ‘a pair of glasses to look through’ as meaning a lens
by which he viewed the teaching of science – a way of perceiving what is most
important, NOS or content knowledge.
At School C, Chris said he and the teachers can “kind of decide what content they do” but
in doing that they look at “the various parts of NOS that contribute to that topic”. For
instance, if they were teaching a unit on forces, he suggested they might want to
emphasise Investigating in science. While Chris thought the science teachers at his
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school were still “pinned to the content”, he believed they were heading towards
looking for NOS first and then deciding on an appropriate content. Chris summed this
up by saying, “I do think it matters that we are teaching kids how to investigate and how
we communicate and how we see how that fits into our lives”.
Chris then used his teaching and assessment chart in Figure 31 to explain how all
strands of NOS were developed and assessed between Years 7 and 10.
Figure 31
Chart showing teaching and assessment coverage of NOS and the content strands for Years
7-10 at School C.

NZ class levels (Year 7

NOS strands

Science content strands in NZC

being 10–11-year-olds)

174

Given the strong presence of NOS in Figure 31, I asked Chris if he was looking at tipping
things upside down and putting NOS at the front of the units more, in the long term. He
made the following comments:
Long-term, yeah. I think that will come with other changes in curriculum as well. I
think as long as we are teaching in our own subjects in our own classrooms on our
own, I think it will be a long time before we go, let’s throw out our well-refined
topics that we’ve worked on over a number of years, and turn it on its head. Yeah, I
think that would -you’d need a bit more of a push for that to happen, and I think
that push could come with collaborative teaching… changing how the structure of
the rest of the school’s timetable would work. I think that would be the impetus to
go, okay right we don’t actually have to deliver content, content, content all the
time.
NOS Professional Learning and Development
Given the varied teaching experiences Chris had related in my first question, I next
asked the question, in amongst all that training and [teaching] experience, did you get
any training [PLD] about NOS?
Chris recollected that during his early years of teaching (in his country of origin
overseas) he had attended courses on NOS. He recalled much of this PLD being about
investigations just like he now does with his Year 11 students. These investigations
were very similar to the Chemistry, Physics and Biology 1.1 National Certificate in
Educational Achievement (NCEA) standards in NZ - practical investigations. This PLD
had focused on how to teach practical investigations and had been split into four parts;
planning, obtaining evidence, analysis, and evaluation. Chris said the students were
awarded marks for each part of that investigation process. He didn’t remember learning
very much about all the other NOS strands that we have here in NZ like Participating
and contributing or Communicating in science. Chris knew that NOS was not a focus of
lessons back in his former country of residence then, as it is now in NZ, but claimed that
there was definitely a focus on Investigating in science.
While Chris had already indicated that his ITE and early teaching experiences
predominantly focused on the NOS strand, Investigating in science, I asked a question
about any professional learning and development he had received that had helped with
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the understanding of the NOS to gather evidence of where he had acquired his current
knowledge of NOS. Chris indicated that he had attended a range of things facilitated by
university science facilitators and a little from Best Practice workshops run by the New
Zealand Qualifications Authority (NZQA). The most recent PLD he had experienced was
about the science capabilities provided by two university science facilitators. This was a
cluster of about 10 science teachers from different schools who met twice a term for a
year. When I asked Chris to tell me about the science capabilities, he intimated:
P32: I think I would struggle to tell you what the science capabilities were, despite
the papers we were given, and the time that we had. Just some of it I didn’t really
grasp very well, and it’s not something that is at the forefront of my teaching. I
would have to go and look up what the capabilities are, and I’m sure I recall that
we were doing lots of the things anyway, but weren’t necessarily labelling them and
naming them, but I think I’d struggle. Do you want to remind me what they are?
[Chris]
I33: Gather and interpret data, which was about observation and inference. Using
evidence, critiquing evidence, interpreting representations which matches up with
your Communicating in science, and engagement with science which is your
Participating and contributing strand.
P: Yeah, all those things - we cover all that stuff, particularly in our structure of our
course because we’re still topic-based. So, every topic has a content test, and it has
a Nature of Science assessment in there as well. In that Nature of Science
assessment, we typically focus on one of the four Nature of Science things, so in one
where we talk about communicating - where we’ve tagged it for Communicating in
science, we use that in a chemistry topic where we’re saying, can the students use
equations and symbols to communicate… and we ask the students to explain what
the letters and the numbers mean or give examples of chemical formulas and stuff.
So that is one of the ones that you just said [Chris].
I: Interpreting representations.

32
33

P represents participant, Chris in this case
I represents interviewer, the researcher
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In the interview Chris continued to talk about the science capability tools, in particular
‘Interpret representations’. He told me that their atomic structure unit was all about
looking at ways atoms could be represented by different models and what each model
represented. Furthermore, Chris related how his science department had focused on
literacy (Communicating in science) the previous year. One of the key points he claimed
they instilled in their students was the ability to gain knowledge from words as well as
pictures, graphs, diagrams, and models. Chris indicated that previously he would have
skipped over a complicated diagram, such as how glucose is used in the body, but now
he spends time getting his students to “delve a little bit deeper”. For the teachers this
meant explicitly teaching the students how to interpret complicated diagrams as, “at a
glance” the students had no idea what the diagrams meant. Chris completed this
account of teaching ‘Interpret representations’, by saying, “ we just don’t call it science
capabilities. Maybe that’s why it [science capabilities] didn’t stick with me; I thought, oh
I can’t learn some new titles - I’ll stick with the old titles [NOS strands]”.
Chris first had PLD in NOS during his ITE although it predominantly focused on
Investigating in science. While he had in recent years undertaken PLD around the idea of
science capabilities, in a cluster of other science teachers carrying out Teaching as
Inquiry (Timperley, 2011b), he had not embraced them. Chris believed he was already
teaching students how to ‘Gather and interpret data’, ‘Use evidence’, ‘Critique evidence’,
‘Interpret representations’ and ‘Engage with science’, the five science capabilities and
didn’t see the need to introduce new titles or terminology.
Chris’s NOS PLD can be summarised as:
•

Course on Investigating in science in his country of origin

•

Best Practice workshops facilitated by NZQA

•

Department PLD from previous HOD

•

Science Cluster of 10 teachers from a range of schools which introduced the
science capabilities over a period of a year

Enablers for implementation of NOS
To gather evidence of what had enabled Chris to teach NOS, I asked the questions, can
you tell me about anything in particular that has enabled you to teach the Nature of
Science in this school, or any other school in which you’ve taught? What would the
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enablers be? For Chris, a relatively new HOD, the main enabler at his current school had
been the previous HOD. He proceeded to explain the work that had gone into the junior
science teaching and assessment plan as shown in Figure 31.
He’s [referring to the previous HOD] driven a lot of that. That set up [Figure 31]
really is his driving, and we’ve critiqued it and complained about it and - not
complained about doing it, but complained about parts of it, and tweaked and
changed it and said, no that’s not the right Nature of Science thing for that or
whatever, but actually getting it going is certainly something that was driven by
him, and we really like it. It makes a lot of sense for us to have each topic having
two assessments that does those two parts of it. We’ve been talking about a
curriculum review group here about over-assessment of our students, and they
have lots and lots of assessments. I don’t feel that we over-assess in science, but I
think that would be something that they might try to reduce the number of
assessments. So, I’m a bit weary of that, because I actually think that two
assessments per term is actually not too much, for eight weeks or so.
While Chris considered that the previous HOD had driven the teaching and assessing of
NOS, as detailed in Figure 31, he did indicate that there was a degree of collaboration
with teachers in the department during the development process. To ascertain what
had driven the previous HOD to lead the change at School C, I asked Carl, the
pseudonym I have given to the previous HOD, a few questions. The first question I asked
was, since you initiated the change to the junior science programmes to include a focus on
NOS, what led you to make the changes? Carl’s response was:
The motivation was reading Peter Gluckman's report 21st Century Science - it
made me realise we were not catering to the students who were not carrying on,
nor were we building the skills that our ākonga [students] needed. We therefore
flipped what we did and firmly put NOS at the top - on SLO sheets, Unit Plan, lesson
plans, etc. The idea was that the content should tumble out of the NOS teaching and
learning that was happening. [A Year 8 homeroom teacher at School C] took this
one step further and the 'Earthquake' unit was about interpreting texts, with
ākonga learning the content as a result of engaging with a range of texts. The
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assessment was that they then created their own text to read to a Year 6 class to
'de-mystify' earthquakes.
The second question I asked was, did you make all the changes initially on your own or
did you have another teacher on board with you? His response to this question, which
follows, affirms what Chris told me in that the teachers worked collaboratively to
develop the new junior science program.
The Science department at ZZZZ is a team and we all worked together on many of
the units of work. If someone wanted to really focus on something, they were given
the freedom to do so and it was then discussed and analysed in a department
meeting, e. g. 'Earthquake'. Often, a skeleton plan was developed collaboratively,
and I then added detail as needed.
From both Chris’ and Carl’s comments regarding the implementation of NOS at School C,
it was clear that all the science teachers had critiqued the science teaching and
assessment resources and that this process was ongoing.
Barriers to implementation of NOS
When I asked the question, have there been any barriers to your teaching NOS, Chris
could not think of any. Instead, he twice used the phrase, “I think we all”, which possibly
indicates a high level of consensus in his department about the importance of teaching
NOS. Chris commented:
I think we all see that actually talking about how science works - how the
development of science works that someone comes up with an idea and they write
it down, and then someone else comes up with some things that if they know about
the things that are written down that can help them move forward, there’s a
number of understanding about science assessments where we do timeline things of
how did we get to this point of understanding, and you follow a number of people
through.
So, I think we all, in the science department see the benefit of teaching students
that it’s not just one person that comes up with the structure of DNA, but actually
it’s a journey, and on that journey, you had to have taken some data and you had to
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have recorded that and you had to have communicated that so that someone else
can pick it up.
NOS focused science teaching
Chris described a Force in Motion unit of work in which the students carried out
multiple investigations in response to a question about a unit of work with a NOS focus.
Because the focus for this Force in Motion unit, called ‘Record Breakers’, was the NOS
strand Investigating in science, he said they had taken every opportunity during the unit
to carry out an investigation. Despite this NOS focus, Chris still felt they had focused at
least 50% of the time on content in the ‘Force in Motion’ unit. After pondering for a
short time, Chris thought that the science teachers at his school, “still teach content and
then do an investigation around it”. I delved a little deeper by asking the question, so
you think you still well give them the answers and they’re just verifying it, or are they
really doing an investigation? Chris proceeded to describe what happened when the
students carried out a parachute investigation.
So, we do a parachute drop, and change the surface area of the parachute drop, but
I’m pretty sure I’ve taught about air resistance before that. Yeah, rather than just
saying we’re going to drop a bit of paper and change the size, let’s investigate because part of our investigation is, can you explain your findings using some
science that you’ve learned? So, we teach the science so that they know the answer,
so that they can write something in that part of the investigation, but really we
need to be throwing them some bits of paper and saying, let’s do this - let’s find out
and then let’s see if we can come up with some ideas of why that would happen let’s go and learn some science about that, and then let’s finally write that
conclusion at the end of it. Yeah, no we’re still telling them the answers and then
get them to check it.
Figure 32 shows part of the unit plan for the ‘record-breakers’ unit with the focus on
investigations. The yellow highlighter shows the focus on the NOS strand Investigating
in Science in this unit on Forces. To draw attention to the key features , I have blacked
out some sections of this unit plan.
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Figure 32
Record breakers’ unit plan - School C.
Science Department
Mā te whakaaro nui e hanga te whare; mā te mātauranga e whakaū –
NOS focus of
Big ideas create the house; knowledge maintains it
Investigating in
Year 10 Science Unit Plan
science evidence
Content: Forces
Record Breakers: 20 lessons
in teaching and
assessment

Rationale: Driving a car, along with many sports, involves a lot of physics. Understanding the physics behind a situation
allows us to understand risks and consequences of our actions.
Big ideas: Objects can affect other objects at a distance. Changing the movement of an object requires a net force to be acting
on it. Science assumes that for every effect, there are one or more causes. Scientific explanations, theories and models are
those that best fit the facts know at a particular time.

Nature of Science:

Curriculum Content:

Investigating in Science

Physical inquiry and Physics concepts

L1/2: Extend their experiences and personal explanations

L3/4: Explore, describe, and represent patterns and trends

of the natural world through exploration, play, asking qu

for everyday examples of physical phenomena, such as

L3/4: Build on prior experiences, working together to
share and examine their own and others’ knowledge. Ask
questions, find evidence, explore simple models, and carry
out app
L5/6Develop and carry out more complex investigations,

movems.

including using models. Show an increasing awareness of
the complexity of working scientifically, including
recognition of multiple variables. Begin to evaluate the

L5: Identify and describe the patterns associated with
physical phenomena found in simple everyday situations
involving movement, forces.

L6: ………………

suitability of the investigative methods chosen.

NOS Assessment: Speed Investigation

Content Assessment:

L1: Write some sort of method to compare 2 different ramp height.




L2: Write a scientific method and record some results.
L3: Write a scientific method. Record some relevant results in a table.
L4: Select suitable equipment and information torns in data.



Unit test assesses content knowledge
Use spreadsheet to determine level of achievement
Use Levels 2-4 test for students who are working well
below expected curriculum level or are on IEPs

L5: Plan own investigation, possibly with help of worksheet to
obtain data systematically. Analyse data to draw scientific
conclusions that are consistent with the evidence and communicate
these using scientific conventions. Evaluate method for reliability.

Formative Assessment

Formative Assessment

 There are several investigations to be completed during
this Unit. For each investigation, choose an aspect to
focus on for teaching and formative assessment.
 The last few investigations should be designed by
students themselves and peer assessed.
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Keywords test checks understanding of key words
Summary sheets can be used to check/review content
knowledge
Check understanding of triangle formulas and setting
out of equations regularly

Another unit of work on genetics, was used to answer the next question about student
successes as a result of teaching from a NOS focus. The section of a unit plan in Figure
33 provides evidence of the NOS focus in this unit. In particular, the Genetics formative
assessment focuses on the changing nature of scientific knowledge, which is as aspect of
the NOS strand, Understanding about science (highlighted in yellow).
Figure 33
Section of Genetics unit plan for School C.

The changing
nature of
science which
is part of the
NOS strand
Understanding
about science
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Student successes from NOS focus
When I asked Chris for an example of student success as a result of teaching from a NOS
focus, he again described his Year 10 genetics unit. The NOS focus for this unit was
Understanding about science. The students had selected a scientist from a list of choices
who had all researched some aspect of genetics, for example the story of DNA. They
were asked to write down what the scientists knew beforehand about genetics, what
they did, what their experiments told them, what their conclusion was because of it, and
where that led. This was something that the teachers had not actually taught them. The
students had just been taught the Year 10 genetics content knowledge. So, for example,
if a student selected ‘genomes’, then they had to go into a little bit of x-ray
crystallography. The assignment task gave them that chance to delve into things. The
teacher found it interesting that the students really got into trying to understand quite
difficult contexts. He believes the approach to the genetics unit was a success because it
got some quite interested students motivated to learn. Chris thought that maybe it was
because the students were finding out about “stuff they did not previously know”.
Figure 34 is a copy of the Genetics assignment that the Year 10 class engaged in.
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Figure 34
Genetics assignment for School C.

This
assessment
is dual
assessed to
give students
ownership of
their
learning
journey.

Evidence of
assessing the
NOS strand,
Understanding
about science
which
includes the
changing
nature of
science.
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Analysis of student focus group for Chris
Chris selected six students (a mixture of male and female) from his Year 10 class for a
student focus group.
What students enjoy in science
As with Schools A and B the student responses to the question, what do you enjoy in
science are recorded in the figurines below along with links I have made to NOS this
time (shown in brackets as ‘I’ which stands for Investigating in science). Students in this
focus group clearly enjoyed practical work, including investigations. As well as being
fun, the students had enjoyed learning something new and making predictions. The
students explained that they found the experiments helped their learning. This student
voice indicates the students experienced a degree of autonomy in their science class.

The experiments…They’re really
fun.

Fun experiments where we
don’t know what’s really

I’ve taken a photo of the elephant

happening; making

toothpaste one…. so, you put food
colouring in ... you can choose a

observations and inferences (I)

colour, and it’s kind of just like
comes up and flows over. I don’t
know how to explain it any better.
It’s like foam.
It’s quite interesting to see what
results - like it proves that
something else may happen.
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Investigations like the speed of a
parachute, how fast it drops, and then
you fold it so it’s a smaller size. You
start with one big one, and you fold it,

I like

and then you fold it until it’s the

investigating

smallest one you can get, and he asks

(I)

us to do that. Then, the speed of a car if
you’ve got a weight at the end of it, and
a whole lot of other ones.

I just find the
practicals fun,
because you get to
learn something new,
and it’s more handsLearning something

on, and you get to see

new by doing

what you’re actually

practicals helps my

learning, and it makes

learning (I)

it easier when you go
back to do book work.
So you can revise and
look back at what
you’ve made.

How well students think they are doing in science
As well as asking the question, how well do you think you are doing in science, I also
asked what sort of feedback they received from the teacher. The students not only
talked about the curriculum level they were given for tests, but they talked at length
about the teacher feedback. Some of their comments are:
P34: Whenever we do assessments, we obviously get our grades back, and he gets us
to write - kind of like doing it for yourself, to improve on next time.
34

P represents different students
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P: He makes you think about what you can do and tells you what you’re improving
on every time.
P: He also talks to you - what you can do better - what you can do to make your
results better, and then improve on your grades.
The students knew they should be at Level 5 of the curriculum (NZC) in Year 10 because
it was written in their books. They got a B, P or A after the level number indicating basic,
proficient, and advanced graduations within the level. Some students said they
preferred the practical investigations that were graded rather than written tests
because they could relate to them. This student response linked well to my next
question which asked for links their teacher made between science knowledge and how
to use it in the real world.
Ways the teacher helps makes links between science knowledge and how to use it in
the real world
The students shared three examples of how their teacher made links between the
science knowledge they had acquired and how to use it in the real world. The first
example was when they were studying genetics where the teacher, using a plant
context, used videos to show how plants develop using the process of mitosis. The
second example the students described was the rates of reaction topic. In the laboratory
they were using hydrochloric acid and magnesium for their experiments and changing,
for example, the surface area of the magnesium. The teacher linked this to making a cup
of tea with a sugar cube versus a spoonful of sugar. The third example was when they
were studying plants, they looked at what crops needed and where to grow them. In
other words, agriculture was used as the context. This was because some of the students
lived or worked on farms.
Student knowledge of NOS
When the students were asked to tell me what they knew about NOS they initially said
they did not know about NOS. After providing them with the prompt cards (Figures 17
and 18), they recalled that they did a lot of investigations and were assessed on them.
The students remembered that the science capability terms ‘Gathering and interpreting
data’ and ‘Using evidence’ were used by the teacher when they were carrying out
investigations. The other strand of NOS that they mentioned was Communicating in
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science. Figure 35 provides evidence that the students were being taught how to graph
which is a way of communicating scientific information. The student had recorded, as a
tally, the key aspects of his/her graphs as taught by the teacher.
Figure 35
A graphing activity from a student workbook.

Student descriptions of lessons or units of work that focused on NOS
While viewing the prompt cards with the students I drew their attention to the term
‘Critiquing evidence’ and asked the question, have you done any research where you’ve
had to critique the evidence and look at which evidence you can trust and which you can’t?
The students shared the genetics unit they had completed. This same unit was
described by Chris, the HOD in his interview. They explained how they had been asked
to choose a scientist who had done research on genetics in the past. The teacher had
taught them how to research and how to critique the websites and information they
were gathering as part of this unit. Some students had used up to seven resources for
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this assignment. To get the students to elaborate on their genetics assignment, I asked
the students who they had chosen for their scientist. One student excitedly shared his
research on Gregor Mendel. The conversation went as follows:
P: I choose Gregor Mendel. He did his research on pea plants, and how the offspring
have spread, and how to breed a certain type.
I: Did you enjoy doing this unit?
P: Yeah, it was good.
I: Why was it good? What was it about it that made it good?
P: You found how they contributed to nowadays - what we’re learning.
P: It was because of them.
A second student had chosen Rosalind Franklin (See Figure 36):
P: I chose Rosalind Franklin. She was one of the first people to have discovered
DNA.
P: What it looked like.
P: Yeah, and there was this famous photo , and it’s what kind of led onto other
scientists work to even develop it further to get where we are today. Yeah, that was
pretty cool.
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Figure 36
A sample of a student’s research assignment on a scientist who studied genetics from
School C.

It was some weeks since the students had prepared this assignment on a famous
scientist who had researched genetics, yet they could easily recall a considerable
amount of information about the scientist they researched. This form of assessment
engaged the students because they were given a choice of scientists to study, and they
were finding out information for themselves. This assignment links to the NOS strand
Understanding about science as it was looking at the way science knowledge changes
over time (refer to Figure 34).
Activities which helped students understand NOS or science capabilities
When I asked the students to tell me about an activity that had helped their
understanding of NOS, they said they thought they had been talking about that
throughout the interview. Despite this they shared an activity on ways to represent an
atom. After some initial teaching using a website that showed the parts of an atom the
students had completed a research assignment on their own. This again required the
students to critique their evidence, as did their previous genetics assignment. As with
the genetics assignment the students were looking at the way science knowledge has
changed over time. In this instance the way the model of the atom has changed as new
evidence has been found.
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While Chris had agreed to be a participant in this study well before I arrived in the
school for his interview, Carol was only asked to be a participant on the day of the
interview. She willingly agreed and signed the consent forms before being interviewed.
The data from her interview and her student focus group follows.
Teacher interview data: Carol
Carol was unknown to me before the interview.
Knowledge of NOS
In response to my question, what do you know about the Nature of Science? Carol made
the comment:
I guess it’s sort of an assessment or - well, for me, I sort of think of it as more of like
the practical activities or the things that get the student to understand how science
works, or the concepts they’re learning in class, and kind of putting into real life.
My next question about the different strands of NOS needed some prompting. I helped
initially by saying that how science works (which Carol had just mentioned) fitted with
the NOS strand Understanding about science. This helped Carol remember that
Investigating in science was another NOS strand. When I asked the question, how would
you rate the importance of NOS compared with content knowledge? Carol used a
periscope context to answer:
Fairly high, because I think it’s a way of them getting the content, and then putting
that content into real concepts. I’m just sort of thinking like with the periscope
thing… obviously the content was about light refraction and reflection and how it
works, and then you put that into real life use, and see how they get the image and
how the periscope actually works. I think it’s a good concept of getting the kids to
understand the real ideas behind it.
Carol’s knowledge of NOS included seeing NOS as practical activities that help students
to see how science works, recalling that Understanding about science and Investigating
in science were NOS strands and seeing NOS as a means of teaching content in real life
contexts.
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NOS Professional Learning and Development
My question to Carol about her NOS PLD elicited the fact that her ITE, using the 1993
curriculum, did not include NOS training.
Given that Carol knew a little about NOS and that her ITE did not appear to include this
aspect of science, I next sought evidence of any PLD she had received in the past 20
years that had increased her knowledge of NOS. The following quotation provides two
sources of evidence:
Well, quite a bit of in-school support; we have meetings every two weeks - science
meetings. We will also bring in examples or talk about things that have worked
well, and recently I just went on a Year 11 Scintillating Science PD day, where they
focussed a lot on the Nature of Science. It was mainly aimed at a couple of
standards I don’t teach… a lot of physics ones. It was still very interesting to see
some of the concepts in the way they use the Nature of Science and stuff. So, they
have a lot of, like examples.
On further questioning it was discovered that the Year 11 Scintillating Science PD day
was facilitated by a university science facilitator [not the researcher].
Carol’s NOS PLD can be summarised as:
•

In-school support from the previous HOD, current HOD and other teachers in the
science department including first year teachers who according to Carol had ‘upto-date’ knowledge [from either their degree or ITE].

Enablers for implementation of NOS
The question about what had enabled Carol to teach NOS had indirectly been answered
but I asked it regardless to allow Carol to elaborate on her previous comments. She had
the following to say:
Well, the Department have been really helpful. Especially, obviously they know this
is my first full year in [secondary level] science, and just sort of previous examples
and things that are in the school Science Department as well, but...
Support of the HOD but also the rest of the staff. We’ve got a couple of beginning
teachers who are actually really good as well, I guess because they have that kind
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of fresh aspect as well. Well, actually one of them, she started last year, but she’s
created lots of interesting PowerPoints and also got us examples from last year
about things.
Carol’s enablers were a very supportive HOD as well as other science teachers at her
school, including two first year teachers who had had some NOS PLD during their ITE.
Barriers to implementation of NOS
For the next question I drew Carol back to comments she started to make at the
beginning of the interview about barriers she faced to teaching not just NOS but science
content. Carol said:
Probably just knowing the content. I suppose more so in the higher years. Year 11,
just having to teach myself or remind myself about things, especially with
chemistry. It was never my favourite subject. Yeah, so I think maybe it’s just been
having to refresh my memory or learn new things.
The making it applicable to students’ lives part seems okay. It’s just kind of the little
nitty gritty bits of the content.
Probably, because Carol had taught Year 7 and 8 students up until now, she was
somewhat familiar with teaching NOS. Year 7 and 8 are included in the NOS teaching
and assessment plan (See Figure 31). It was just science content Carol felt she needed to
develop.
NOS focused science teaching
Carol had no hesitation in describing the Light unit when I asked her to tell me about a
lesson or a unit of work that you’ve changed to put the Nature of Science as the key focus,
rather than the content. Carol described the unit as follows:
Possibly, thinking about that one, the Year 9 light unit; they obviously knew that
the periscope bit was going to be the end product.
We have two assessments, a Nature of Science assessment, and an end of topic test.
So, they obviously had to look at how well light works and how it’s reflected and
how it’s refracted and everything. They knew that was at the end of the topic where
you kind of keep going back and saying, well we need to think about this, and how
would that work and things like that. So, it was something that they knew was
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coming, and you could kind of relate back to it as we were teaching it. This is what
it’s doing here; how do you think that would relate in the real world? So, it was
made a bit more realistic.
They really enjoyed the light unit thing I think because it was quite practical. We
had lots of lightboxes set up and they had to do lots of experiments reflecting light
and refracting light and all sorts of stuff and look at light and colour; how to make
white light and all those kinds of things. So, they really did seem to enjoy that unit. I
think obviously, especially I’ve found Year 9’s, 10’s and 11’s - the more hands-on
practical they get, the more engaged they get, especially my Year 11 class.
Given it was Carol’s first year teaching Year 9-11 it is likely that Carol followed the
department scheme for this light unit.
Student successes from NOS focus
Given how little time Carol had been teaching Year 9-11 she had no trouble identifying
student successes. Using data from the interview with Carol, I formulated the following
vignette which provides evidence of implicitly teaching the NOS strand Investigating in
science.

Carol’s Year 11 science class began the year with poor engagement. This forced
her into thinking of better ways to get them working given that only half the class
handed in the first internal assessment. Carol decided to try using more real-life
situations and increasing the number of practicals. For the second internal 80%
handed the assessment in and this increased to 95% in the third assessment.
Reflecting on what had made the difference, Carol believed that building up a
rapport with the students was important and realising that writing notes was not
helping them learn. She learnt to make the activities very practical and kept
relating everything to a context the students had some prior knowledge of, for
example, to get the idea of electron movement they talked about water and
rivers. The improved rate of assessment completion happened in 6 months.
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Carol’s success with her Year 11 science class, where achievement increased by 50%,
involved increasing the number of practical investigations and selecting contexts where
students had some prior knowledge.
Analysis of student focus group for Carol
Carol selected 6 students (male and female) from her Year 10 science class for her focus
group.
What students enjoy in science
This group of students were unanimous in their answer to the question, what do you
enjoy in science? As with Chris’s focus group these students enjoyed carrying out
investigations the best. Evidence can be seen in the quotes and image below.

The blowy-uppy
stuff… just with

I like carrying out
investigations (I)

chemicals and
stuff.

Doing
investigations in

I like doing

groups

investigations with
chemicals in
groups (I)
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How well students think they are doing in science
These students all thought they were doing well in science. They recalled that they had
two assessments at the end of each topic, a NOS assessment and a written science
content knowledge assessment which corresponded with the HOD data on assessment
for this school. A document was provided at the beginning of the year for each student
to keep a record of their results. For each assessment the students were given grades.
Further questioning revealed that in fact they were given curriculum levels, a Level 5
being the standard for Year 10 in New Zealand. One student said he got a Level 6 for
some of his assessments. Another way the students knew how they were achieving in
science was the feedback from the teacher at the parent-teacher interviews. One
student said she knew she was achieving well in science because she understood most
of what was happening in class.
The responses to this question provided positive evidence that the teacher was
assessing NOS in each unit of work as shown in Figure 31.
Ways the teacher helps makes links between science knowledge and how to use it in
the real world
Several students recalled how their teacher used safety in the home as the link to the
real world. One student talked about being taught, in the acids and bases unit, not to mix
the “wrong stuff” as you could “blow up the house”. A second student talked about
relating the safe use of sharp knives when doing dissections to use of sharp knives in
the home. A third student said that when they studied atoms, they looked at the
properties of materials, for example gold. The final example the students provided was
in the genetics unit where they considered why everyone looked different.
Student knowledge of NOS
Again, using the prompt cards (Figures 17 and 18), I asked the students to tell me what
they knew about any of the terms on these cards. Because there was a NOS assessment
at the end of every topic, the students were familiar with the term NOS. While studying
the prompt cards the students made the following comments:
P: Communicating in science, and… so we can know the technical words of stuff.
P: Investigating in science… to go in detail of what’s it about, instead of knowing
about one thing which you’re unsure about.
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P: Using evidence to show your answer.
P: The Participating and contributing. She makes us go into small groups and noone’s not doing anything. So, it’s only two of you, or three so everyone’s doing
something.
The NOS strands the students were familiar with were Communicating in science,
Investigating in science, and Participating and contributing (although not meaning of this
term provided in the NZC).
Student descriptions of lessons or units of work that focused on NOS
The students chose a physics unit which focused on Investigating in science to briefly
answer this question. One student said:
In physics we investigated how long it took for the… we put weights on a car to see
how long it took to get to one point, and then put more weights on it to see if went
faster or slower to the point. Yeah, that was investigating.
Activities which helped students understand NOS
When I asked for an example of an activity other than an investigation the response
was:
Honestly all of them helped with understanding because it’s doing research and
stuff that helps you gather all the information for that one topic, but it helps you
individually because you’re doing it yourself.
This student response indicates that the students enjoyed doing what scientists do. That
is, researching and finding information to improve their Understanding about science.
The following section provides an account of the level of NOS adoption in School C.
NOS adoption in School C
School C could be considered an intermediate adopter of teaching science through NOS.
While the previous HOD, Carl, the early adopter, had a clear vision for how to teach
science through NOS, this had not been completely communicated to the teachers in his
department. However, Chris, the teacher in his department who had followed Carl as
HOD, knew of his vision and supported it. Chris had a good understanding of NOS which
197

was supported by his explanation of a detailed chart signalling the NOS focus in each
unit of work from Year 7-10 (see Figure 31) created by the previous HOD. Figure 31
shows how the school assesses both content and NOS separately for each unit of work.
For example, Chris explained that in a Chemistry unit the NOS assessment might ask
“students to explain what the letters and the numbers mean or give examples of
chemical formulas” which, therefore, is assessing the NOS strand Communicating in
science. The Genetics unit, which involved researching a geneticist, was described by
both Chris and the students as an example of the NOS strand Understanding about
science. This is because in the NOS assessment for this unit the students were required
to look at the way science knowledge changes over. There is evidence of this in the
Genetics unit plan (refer to Figure 33) and assessment (refer to Figure 34).
While Chris believed as a department, they still probably put content a little ahead of
NOS, he was already thinking about the need to shift the focus to NOS. By this he meant,
selecting a NOS topic, and then deciding the content in which to teach the NOS strand.
For example, he might decide to teach students how to ‘Interpret Representations’ and
then select models of the atom as the content knowledge to teach
Clearly Chris had a vision for leading the department forward so that the vision of Carl,
the previous HOD, was realised. Yet, as with School B, Chris was new to the role of HOD
and was, therefore, in the early stages of developing leadership for learning skills. He
had undertaken recent PLD on the science capabilities as a tool to teach NOS, but
believed he was already teaching NOS, so he did not share his new knowledge within
the department. His next steps appeared to be to harness support from within the
school so that the leadership could be shared and bring an external facilitator on-site to
provide PLD. As previously stated, these are two elements Dempster (2009) deems
necessary when leading learning.
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CHAPTER 8: DISCUSSION
Introduction
In the previous three chapters I focused on three case studies, Schools A, B and C.
These chapters demonstrated how each of the schools approached their teaching of
Nature of Science (NOS) from planning through to assessment. Insights were provided
regarding the HODs’ and teachers’ implementations of NOS in their classrooms. As a
science facilitator, I have had a hunch for some years that, in addition to needing
knowledge of NOS, the challenge for HODs and teachers has been adjusting to change.
In this chapter, therefore, I turn to the literature on leadership and change as a way of
digging deeper into my case studies to understand how Heads of Department (HODs)
can successfully lead the teaching and learning of NOS in their departments. This
change of analysis approach from knowledge of NOS to how HODs can support the
change required to teach science through NOS has resulted in my applying the
Leadership for Learning (LfL) and change theory lenses to further interrogate my data.
As an interpretive constructivist researcher, I acknowledge that my observations and
interpretations of the data cannot be entirely objective. Rather they are filtered
through the lenses of a female, middle class, pakeha35, experienced science teacher, and
professional learning and development facilitator. Therefore, the way I see the data is
not necessarily the way HODs see it. After drawing on the literature to show the need
for HODs to have leadership knowledge, I explain why I have selected and applied
Kotter’s leadership change model as my preferred lens to discuss the data from my
HODs, teachers and student focus groups. This has enabled me to delve into what and
how leadership actions from within the school can support teachers to teach through
NOS.

HODs: Leadership of teaching and learning in the department
Leadership of other teachers in a department involves an expanded knowledge base of
the teaching subject; ways to teach, and knowledge about how to converse with
teaching colleagues about improvements to professional teaching practices. Shulman’s
(1986) concept of teacher knowledge is not sufficient for understanding the full extent

35

A pakeha is a white New Zealander
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of how HODs can work with teachers in their departments to effect improvements to
practice. One area of leadership knowledge is a curriculum focus and alignment with
the curriculum requirements. Knowledge of the curriculum and relevant policy
documents will help HODs ensure system requirements are met in classrooms
(Fluckiger et al., 2015). For Heads of Science this includes knowledge of NOS and how
to implement it in the classroom. The second leadership knowledge area is based on
knowledge of leadership processes, particularly understanding, and applying change
theory to support staff as they incorporate curriculum changes. Cooper et al.’s (2016)
study of ‘teacher leaders’ found that ‘teacher leaders’, such as HODs, needed to be
“purposeful and focused in creating change through targeted, direct, and strategic
change efforts” (p. 110). Science HODs, therefore, require intentional learning beyond
subject learning if they are to lead change in their departments. Leadership of
colleagues necessitates knowing how to work with colleagues to deepen
understandings of practice (Lovett, 2002).
Fluckiger et al. (2015) also argue that leadership learning for middle leaders should be
deliberate and supported rather than left to chance. I have taken notice of their plea to
focus on leadership learning for middle leaders with my data collection exploring
curriculum knowledge alongside leadership knowledge. Johnson et al.’s (2014)
Australian study of Principals as Literacy Leaders with Indigenous Communities
(PALLIC) is another example of the value of including a leadership focus alongside
curriculum learning in professional learning programmes. The PALLIC programme was
a collaborative project between school principals and their indigenous leadership
partners which built knowledge of how to lead improvement in literacy learning inside
their schools. Leadership programmes, Johnson et al. argue, are beneficial. This is why I
have analysed HODs’ practices through Kotter’s (1995) eight step leadership for
change lens. Interrogating leadership through these eight steps is a way of deepening
understandings of how to lead change in different contexts and establishing why some
efforts are more successful than others.
While Kotter’s circular model (refer to Figure 11) has some merits, I have selected
Kotter’s original eight-step linear model to interrogate my data (refer to Table 5) for
two reasons. First of all , the number of steps (eight) highlights the complexity of
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change. A second reason for preferring this linear model is the scaffolding provided at
each step. Moreover, although Kotter’s eight step model was developed for businesses,
it has been applied in education (Groves et al., 2018; Nitta et al., 2009; Spencer & Winn,
2004). A particular point to note with Kotter’s (1995) model is the need for
progression through all eight steps in sequence. Kotter maintains that if organisations
skip any of these eight steps in the change process, they only create “the illusion of
speed and never produce a satisfying result” (p. 59). The model can signal where more
work is needed and how a return to an earlier step could enhance the success and
impact of the desired change. It is Kotter’s eight-step linear model that I will now use to
interrogate my data.

Application of Kotter’s (1995) Leadership Change Model
I now apply Kotter’s (1995) framework to the data gathered to determine how HODs
developed their curriculum knowledge of NOS and their leadership of change in their
departments. Initially I focus on the role of the HOD in leading change followed by the
people, conditions and processes that enabled HODs to lead the change.
My findings are drawn from a triangulation analysis of data. These include: HOD
interviews and email communication after the interviews, teacher interviews and
documentation provided by the HOD, for example, schemes of work. For each step of
Kotter’s change process I have provided an analysis of the data using Kotter’s (1995)
framework as a lens to interpret the data. Refer to Appendices L and N for the
summary tables comparing HOD and teacher data at each of the eight steps of Kotter’s
change process. Appendix L aligns raw HOD and teacher data against the eight steps
and Appendix N aligns HOD and teacher data (shown in separate tables) against the
eight steps of the change process under themes that were identified from the tables in
Appendix L.
Step 1: Establishing a Sense of Urgency
The first stage in Kotter’s eight stage process is to establish a sense of urgency; an
awareness of the need for the organisation to change. Kotter notes the failure to create
a sense of urgency to be the “single biggest error made when trying to change
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organisations” (Kotter, 2008, p. viii). This awareness is why he has written an entire
book, A Sense of Urgency, solely focusing on this stage. In this book Kotter wrote:
Establishing a sense of urgency is crucial to gaining needed cooperation. With
complacency high, transformations usually go nowhere because few people are
even interested in working on the change problem. With urgency low, it’s
difficult to put together a group with enough power and credibility to guide the
effort (Kotter 1996, p. 36).
From the HOD data gathered in this study, two themes were identified as contributing
to ‘a sense of urgency’: internal urgency and external urgency. The internal urgency
theme further divided into three subthemes, which I have called moral, academic, and
affective urgency. In the context of this study, moral urgency can be defined as doing
what is right for the students or meeting the needs of the students whereas academic
urgency refers to student achievement and the number of students choosing to take
science as a subject. Affective urgency refers to emotional factors such as ‘being
frustrated’ and ‘not alive’. While there is evidence of other researchers using the terms
moral (Brooks et al., 2013), academic (Kontas, 2016) and affective (Schomaker et al.,
2017) as motivational change factors, I could find no evidence of the use of the three
terms used together to create ‘a sense of urgency’ to change.

Step 1 of Kotter’s (1995) model has two prompts which could also be classified as
internal and external urgencies. The first of these, “examining market and competitive
realities”, provides an external urgency while “identifying and discussing crises,
potential crises, or major opportunities” creates an internal urgency.
I now interrogate the data from my three case study schools, Schools A, B and C (three
different contexts) to identify the internal factors that created a sense of urgency.
‘A sense of urgency’: Internal factors
Chris, the HOD at School C, did not enter the change process at Step 1 so did not
embrace ‘a sense of urgency’. Carl, the previous HOD of the school, however,
experienced ‘a sense of urgency’ that arose from an academic internal factor. The
urgency to initiate change followed the reading of the Gluckman (2011) report.
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Gluckman was the chief advisor to the Prime Minister of New Zealand and published a
report in 2011 called Science Education for the 21st Century. This report highlighted the
need for all students to gain a knowledge of citizenship science. As discussed in
Chapter two, the citizen-focused objective is reflected both in the science essence
statement and NOS strands in the NZC. Despite this focus of citizenship science in the
NZC, Carl only realised after reading the Gluckman report that their school was not
teaching science in a way that enabled all students to gain a knowledge of citizenship
science. This supports an earlier assumption that HODs need knowledge of the
curriculum which, for science HODs, includes NOS knowledge.
The sense of urgency for Belinda, the HOD at School B, arose from two internal factors:
affective and academic. Having taught at the school before taking on the role of the
HOD, the students’ learning needs were already known to be high and their levels of
engagement in science low. The inherited schemes of work called for “stand-up dry”
teacher-centred teaching which the HOD knew was neither engaging the students nor
providing them with success in science. The academic factor identified was based on
personal science learning experiences of this HOD who was passionate about making
science achievable for all students.
Alison, the HOD at School A, discussed, ‘crises’ or ‘potential crises’ that Kotter (1995)
argued created ’a sense of urgency’. These had three themes: moral, academic, and
affective. While the HOD observed that students were apathetic, not engaged, did not
want to do experiments, and did not seem to want to learn, it was the reasons the
students provided for their negative attitude toward science that created the greatest
‘sense of urgency’ for this HOD. Student voice gathered in a survey provided by the
HOD, showed the students did not enjoy science, found it too hard, and that it was
boring. Furthermore, they said they were not good at it and did not see any point in
learning science if they were not going to take science in the senior school. This
interview data provides evidence that one of the factors that created ‘a sense of
urgency’ for the HOD at School A was a moral factor.
Academic factors identified in the interview with the HOD at School A were two-fold;
Year 10 achievement data and student numbers in senior science classes. Analysis of
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student achievement data at all levels in the school highlighted a long tail of
underachievement for Year 10 students and low numbers of students progressing to
the senior sciences. This supports Buabeng et al.’s (2015) and Lyons and Quinn’s
(2010) findings. Buabeng et al. (2015) found the decline in the numbers of students
taking physics in secondary schools was due to a combination of factors including the
perception that physics is “a ‘hard’ or difficult” (p. 14) subject. Lyons and Quinn
undertook a study to understand why there were declines in the senior high school
science enrolments. They found students were not choosing science because they were
bored and not engaged with traditional curricula and pedagogy. Principals in this study
felt that science needed to be more enjoyable, interesting, and relevant and cater for a
wider range of students.
The third factor that contributed to creating ‘a sense of urgency’ for the HOD at School
A was an affective factor. Words such as “frustrated”, “not feeling alive” and “couldn’t
teach the preferred way” were used to describe how the HOD felt when first teaching at
School A. Furthermore, the HOD recognised that the school did not provide a science
pathway for all students.
I turn now to explore the external factors that created ‘a sense of urgency’ for the
HODs.
‘A sense of urgency’: External factors
The HODs from each school recognised the importance of NOS in the New Zealand
Curriculum (NZC) document. This policy, the NZC, therefore, created an external
urgency for all three HODs. As previously mentioned, the previous HOD at School C was
driven by a second external factor, the reading of the Gluckman report. The HOD at
School A mentioned a further external factor, the low pass rate in the externally
assessed examination National Certificate in Educational Achievement (NCEA).
Because the results of this national examination, in all subjects, are widely published,
pressure is placed on teachers to find ways to continually raise student achievement.
This is similar to what Kotter (1995, p. 61) referred to as “examining competitive
realities” in the business world.
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In summary, for all three case study schools the NZC provided the HOD with an
‘external urgency’ to initiate change. School A, however, was the only school for which
the HOD identified three ‘internal urgencies’; moral, academic, and affective. Since
School A was the only school to sustain change, I suggest that all three factors are
necessary for HODs to develop an internal ‘sense of urgency’ with the moral factor
being the most critical. This supports MacBeath et al.’s (2019) and Dempster’s (2019)
LFL models, both of which include moral purpose.
Step 2: Forming a powerful guiding coalition
Kotter warned against two common issues in undertaking a leadership transformation
process. First, when the leader goes it alone, they often fail. Second, if change
leadership is not successful those leading the change, then have low credibility. In his
article, Leading change: Why transformation efforts fail, Kotter (1995) wrote:
A high sense of urgency within the managerial ranks helps enormously in
putting a guiding coalition together. But more is usually required. Someone
needs to get these people together, help them develop a shared assessment of
their company’s problems and opportunities, and create a minimum level of
trust and communication (p. 62).
As with the Establishing a sense of urgency step of Kotter’s change model, the same two
themes, internal and external factors, emerged from my HOD data for Step 2, Forming a
guiding coalition.
In accordance with Kotter, the HODs at Schools A and C did not ‘go it alone’. These
HODs spoke of collaborating with other teachers in the change process although in
different ways. This highlights the importance of professional learning communities
(PLCs). The teachers at Schools A and C were engaged in interactive learning since they
worked together on a common goal; the writing of NOS-focused schemes of work. This
satisfied Hunzicker’s (2010) learner principle of collaboration (refer to page 76). The
HOD at School B ‘went it alone’ when first in the HOD role. While this resulted in new
schemes of work being created, they did not entirely focus on NOS. This is possibly
because the new schemes were based on a different curriculum in which NOS assumed
less prominence or contained more limited aspects of NOS compared to the NZC. As
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there was no acceptance from the other science teachers the change was not
sustainable.
To maximise the transformation process and minimise the influence of ineffective
leaders, Kotter (1996) recommended creating a guiding coalition with four key
properties: position power, expertise, credibility, and leadership. I will now consider how
these four properties relate to my data.
Position Power
The HODs, by nature of their titles as middle managers in their schools, all held
positional power. This means they all had authority to make decisions regarding which
teachers were invited into the guiding coalition as well as direct control over the
department resources. In addition, they had direct links to the senior leadership team
who were more knowledgeable others (Gonzá lez et al., 2005) and, in the case of School
A, very supportive of the change process. This aligns well with the first of Kotter’s
prompts for Step 2, “assembling a group with enough power to lead the change team”.
School A’s guiding coalition did have the power to lead the change as it included the
HOD, the senior leadership team (SLT) and a university-based science facilitator who
provided the PLD that empowered the HOD to make changes. While this did not occur in
School B or C, “encouraging the team to work together”, the second of Kotter’s two
prompts for Step 2, expertise, did occur in School C as well as School A.
Expertise
Kotter found that it was important for a guiding coalition to include people with
expertise. For School A this expertise not only came from one other experienced
teacher in the department but also from the university-based science facilitator. As
MacBeath et al. (2018) suggested, “teachers need stimulus from an external source and
continuing support to challenge ingrained practice” (p. 64). The professional learning
and development (PLD) provided for the science HOD at School A was part of a schoolwide PLD programme in which five learning areas participated. While the SLT was
responsible for engaging the school in this PLD, the HODs had a choice as to which two
teachers in their department participated. Analysis of the two-year PLD programme
revealed that, the ‘expert’ introduced new resources in the form of the idea of science
capabilities as a tool to teach NOS for the science HOD (Hipkins, 2013a, 2014). The
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introduction of resources was found by Fernandez and Rainey (2006) to be a beneficial
change factor. The online science capability resources provided examples of units of
work that used existing resources, such the Connected Series books (Ministry of
Education, 2017), to model for teachers how to adapt units of work to focus on NOS
instead of science content knowledge. PLD, therefore, was an enabler of change. In
addition to bringing expertise into the development of a guiding coalition at School A,
the PLD provided the HOD with the credibility and support to lead the remaining
teachers in the department.
In comparison to School A, School C enlisted all the teachers in the change process but
lacked input from the SLT and external expertise. This lack of expertise reduced the
effectiveness of the guiding coalition and may have contributed to the vision not being
fully enacted. Even though NOS was made the focus of learning on, for example, the
Specific Learning Objectives (SLO) sheets (refer to Figure 31), the current HOD
suggested teachers were still focusing on teaching science content knowledge. With a
guiding coalition that lacked expertise, the effectiveness of one of Kotter’s essential
steps was reduced so the change process slowed for School C.
I now turn to Step 3 of Kotter’s change process, Creating a vision.
Step 3: Creating a vision
Kotter (1996) stated:
In the change process, a good vision serves three important purposes. First… it
simplifies hundreds or thousands of more detailed decisions. Second, it
motivates people to act in the right direction, even if the initial steps are
personally painful. Third, it helps coordinate the actions of different people, even
thousands and thousands of individuals, in a remarkably fast and efficient way
(pp. 68–69).
To achieve these purposes for creating a vision, Kotter (1996) “identified six
characteristics of an effective vision: imaginable, desirable, feasible, focused, flexible,
and communicable” (p. 72).
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Although Kotter placed Creating a vision at Step 3 in the change process, for all three of
my case study schools the vision was created and communicated by the HOD when
Forming a guiding coalition. The Ontario Leadership framework suggests that effective
HODs collaborate with their colleagues to develop a shared vision (Leithwood, 2012).
However, Kotter (1995) says Creating a vision involves, “creating a vision to help direct
the change effort” and “developing strategies for achieving the vision” (Kotter, 1995, p.
61) which fails to mention collaborating with colleagues. School A achieved sustained
change without the HOD collaborating with colleagues to create the vision. This
suggests that Leithwood’s claim for HOD collaboration may not be essential in the
change process.
Two themes were identified in the HOD data for the step Creating a vision, studentbased and curriculum-based. As with the factors that created ‘a sense of urgency’, these
themes are associated with an internal and external factor. Student-based is an internal
factor, while curriculum-based an external factor. The vision of the HODs at Schools A
and B was both student-based and curriculum-based, whereas the vision of the current
HOD at School C appeared to be predominantly curriculum-based. School A’s vision
was based on student data and aligned with the goals in the school’s strategic plan
which led to the science teachers believing in the vision. The strategic plan included
raising student achievement across the school. For all the HODs the vision was about
making science accessible for all students which supports the notions expressed in the
Gluckman report (2011). As School A was the only school to sustain change, I suggest
that including a student-based dimension in the department vision and having teachers
believe in the vision are key to the change process.

The visions of all three schools were focused on the importance of teaching NOS and
desirable. As they aimed to make science accessible for all students, they had a moral
purpose, a critical component of the LfL models. Although all three visions focused on
NOS to varying degrees, School A was the only school to include exploring new ways of
teaching NOS. The HOD at School A talked about the vision at department meetings and
all the schemes of work and unit plans provided evidence of the vision. Therefore, for
the HOD at School A the vision met at least five of the six characteristics of an effective
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vision identified by Kotter. It was imaginable, desirable, focused, feasible, and
communicable.
Step 4: Communicating the vision
The fourth step in Kotter’s change process is to Communicate the vision throughout the
organisation. Kotter (1995, p. 23) believed that effective communication required
“using every vehicle possible to communicate the new vision and strategies” and
“teaching new behaviours by the example of the guiding coalition.” Leading others to a
common understanding of the goals of the organisation is a difficult task for even the
most gifted of leaders (Kotter, 1996), so for HODs with little or no leadership training,
this is no easy task. Kotter (1995) emphasises the importance of walking the talk as well
as having the vision in the print stating that:
Communication comes in both words and deeds, and the latter are often the
most powerful form. Nothing undermines change more than behaviour by
important individuals that is inconsistent with their words (Kotter, 1995, p. 64).
Communicating the vision is where the change process can stall (Kotter, 1996). To find
how effectively the HODs had shared their vision with the other teachers in the
department, teachers were asked what they understood of NOS and how they rated its
importance in the teaching of science. In addition, they were asked to describe a lesson
or unit of work that focused on NOS. These questions were asked because for each
school the vision included focusing on the skills and processes of NOS with science
content knowledge falling out of this. From the analysis of my HOD data for Kotter’s step
Communicating the vision, three themes emerged: schemes or plans, departmental
meetings/workroom discussions and HOD modelling. These align with Kotter’s view
that communication comes in both words and deeds as HOD modelling is a deed and the
other two themes are words: written and verbal. Rogers (2003)is also an advocate of
Communicating the vision through multiple channels. In addition to face-to-face
communication and modelling the innovations or new initiatives, Rogers notes that the
Internet has also assumed importance in communication of innovations in recent times.
It is important to know how well the teachers understood the department’s vision as
McDermott (2000) explained how this understanding is important if professionals are
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going to work together to implement change. While all teachers interviewed from
Schools A, B and C could not always explain exactly what NOS was, they all understood
that it was the most important aspect of the science curriculum. Teachers found
department meetings, schemes of work where NOS was the focus, informal discussions,
and support in the workroom helpful for understanding the vision. Hence various
‘vehicles’ were used by the HOD to communicate the vision (refer to the first bullet
point in Step 4 of Table 5). Furthermore, each of the HODs appeared to have
successfully led by example. This ranged from preparing schemes of work to trialling
new resources, such as the science capabilities, before sharing with the teachers and, in
the case of School A, having teachers observe the HOD teaching where NOS-focused
lessons were modelled. Hence the HOD taught “new behaviours by example” the second
bullet point in Step 4 of Table 5, by encouraging class observations. Southworth also
emphasised the “power of example” (Southworth, 2011, p. 75). These actions align with
Kotter’s plea that leaders “walk the talk” (Kotter, 1995, p. 64) and are deliberate and
intentional about their focus on NOS and how it can be included in the curriculum.
Change appeared to stall at this step for School B and C. For School B this was because
the vision had yet to be communicated to the other science teachers either in words or
deeds. This is possibly because the HOD at School B was not writing the new schemes
of work collaboratively, however, Brian, the other science teacher, was very new to the
school and believed it was his role to simply follow the lead of the HOD. The situation
was different for School C. Although the teachers wrote new schemes of work and
assessments collaboratively it appears the previous HOD did much of the work, and, I
argue, did not clearly articulate the vision. Although the current HOD had an extended
vision, this also had yet to be communicated in words or actions. So, for Schools B and
C the change process stalled.
I now turn to the fifth step of change, Empowering others to act on the vision.
Step 5: Empowering others to act on the vision
Kotter (1995) alleged that empowering others involved three factors; “getting rid of
obstacles to change, changing systems or structures that seriously undermined the
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vision and encouraging risk taking and non-traditional ideas, activities and actions” (p.
61). As Kotter (1995) said:
Too often, an employee understands the new vision and wants to help make it
happen. But an elephant appears to be blocking the path… worst of all are
bosses who refuse to change and who make demands that are inconsistent with
the overall effort (p. 64).
Themes identified in my data for Step 5 of Kotter’s change process were schemes of
work, collaboration, support, and school context. Providing schemes of work and
writing schemes collaboratively assisted with removing obstacles to change, while
support encouraged risk taking and trying new teaching strategies. While Kotter
(1996) identified “unaligned structures” (p. 115) as one of the major obstacles to
empowerment, this was not evident in my data. Schools A and C both had a Senior
Leadership Team (SLT) which operated flexible systems and structures which allowed
the HODs to change both their junior science programmes and what they reported to
parents and caregivers. School A had previously reported on the science content
strands of the NZC and changed to report on NOS, while School C changed to report on
NOS in addition to the content strands.

Identifying and providing necessary training is important if leaders, such as HODs, are
to change the behaviours and attitudes of others in the team (Kotter, 1996). Failure to
train people was another major obstacle mentioned by Kotter and there was evidence
of this in my data. The HOD at School B had neither training for change leadership from
the SLT nor ongoing support from a PLD facilitator. This resulted in this HOD
implementing most of the science related change alone and not fully empowering all
the teachers in that department. In contrast, the HOD at School A did receive ongoing
support from the SLT and a PLD facilitator. The PLD empowered the HOD by providing
knowledge of NOS so the department could be led. This reinforces the need for HODs to
have knowledge of change theory in addition to NOS knowledge to lead the
implementation of the national initiative, teaching science through NOS.

Failure to effectively communicate the vision leads to failure to empower others to act
on the vision (Nitta et al., 2009). The HOD at School B, who did not communicate the
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vision, was unable to see others act on the vision because of this missing step. The
vision stalled as it was the HOD’s personal vision rather than a departmental agreed
vision. Being new to the role of HOD meant this HOD had yet to gain experience in
leading others to act on a vision.
The next step of Kotter’s change process is Step 6, Planning for and creating short-term
wins.
Step 6: Planning for and creating short-term wins
Lyons and Quinn (2010) suggested that school science needed to provide learning
experiences that were more engaging and personally relevant if students were going to
choose senior science subjects ahead of the wide range of other options now available
in many schools. It is important, therefore, for HODs to plan for and create such “visible
performance improvements” when leading change (Kotter, 1995) (refer to Table 5).
Short-term wins allow those in an organisation to see the benefits of their changes, for
as Kotter (1995) suggested:
Real transformation takes time, and a renewal effort risks losing momentum if
there are no short-term goals to meet and celebrate. Most people won’t go on
the long march unless they see compelling evidence within 12 to 24 months that
the journey is producing expected results. Without short-term wins, too many
people give up or actively join the ranks of those people who have been
resisting change (p. 65).
Kotter (1996) indicated that the short-term wins needed to be visible, unambiguous
and directly connected to the change. Analysis of the data showed five distinct shortterm wins for students. These were increased engagement, increased achievement,
more variety in assessment types, practical work that involved making predictions and
not necessarily following a method, and relevant contexts. While these short-term
student wins were all visible from the data gathered from HODs and their students,
there are too many variables in teaching to categorically say that these wins were
directly related to changes the HODs made to their teaching programmes. Of the three
schools, only School A appeared to show a noteworthy teacher win: renewed
enthusiasm for teaching science. Guskey (2002) stated that a key driver of change for
teachers was seeing a change in student learning outcomes which all three HODs
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witnessed. Step 6 of Kotter’s 1995 model (refer to Table 5) also shows the importance
of “creating those improvements” and “recognising and rewarding employees involved
in the improvements.” Analysis of my data suggests that HODs did create
improvements and, while they recognised teachers involved in the improvements,
there was no evidence of rewards being given. This is an example of where the
business model differs from the educational setting.
I now turn to the final two steps of Kotter’s change process, Consolidating
improvements and producing still more change and Institutionalising new approaches.
Step 7: Consolidating improvements and producing still more change
Kotter (1996) suggested that “large scale change can take a long time to complete,
especially for large organisations” (p. 132). Earlier he had said:
Instead of declaring victory, leaders of successful efforts use the credibility
afforded by short-term wins to tackle even bigger problems. They go after
systems and structures that are not consistent with the transformation vision
and have not been confronted before (p. 66).
None of my three case study schools were the large organisations Kotter referred to
above, however, both School A and School C had been in the change process for at least
four years at the time of the interviews. HODs need to consider ‘time’ when leading
change as not all of the teachers will engage in the change immediately (Rogers, 2003)
(refer to Figure 12). While all three of my case study schools experienced some shortterm wins, School A was the only school in my study to have data that aligned with Step
7 of Kotter’s change process. Most of the factors identified from this HOD data related
to consolidated improvements. Some of the factors identified were improved NCEA
results, lower achieving students being more engaged, more students taking senior
science subjects and an increase in the school roll. These changes aligned with both the
department and the school goals. There were two factors identified as ‘new change’,
namely the use of the science capabilities in Year 10 and the after-school extension
programme. Furthermore, the HOD’s credibility to lead change improved as the
initially reluctant teacher stopped using powerpoints as the main method to teach
science and instead used group work and the science capabilities. Since the interview,
the HOD has left the school and an existing teacher is now leading the department. This
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would suggest that teachers were developed who could implement the vision when the
HOD was not in the school.
It appears Schools B and C were still cycling through earlier stages of Kotter’s change
process. School B at the time of the interview had not completed Step 2, Forming a
powerful guiding coalition, but had Formed a vision, Step 3 of the change process. The
vision, however, had yet to be communicated to other teachers in the department. As a
result, the change process may have stalled. Two years after the interview, the whole
science department at School B engaged in ongoing, collaborative PLD with a
university-based science facilitator [not the researcher] which enabled the change
process to progress. The engagement of external support brought the whole science
department together and improved the communication of the vision. The PLD also
empowered the HOD to lead change in the department. As previously stated, the
current HOD at School C failed to articulate his vision so for Schools B and C it was too
early in the change process for these HODs to reach Step 7, Consolidating improvements
and producing still more changes.
Step 8: Institutionalise new approaches
Step 8 of Kotter’s (1995) change model (refer to Table 9) shows that ‘articulating
connections between new behaviours and organisational success’ and ‘developing the
means to ensure leadership development and succession’ are important aspects of this
step in the change process. Kotter noted that:
Two factors are particularly important in institutionalizing change in corporate
culture. The first is a conscious attempt to show people how the new
approaches, behaviours, and attitudes have helped improve performance (p.
67).
Schools B and C stalled before Step 8, the final step of Kotter’s change model, so there is
only data for School A at this step. School A found that leading change in the teaching of
junior science programmes led to department successes, such as more students taking
senior sciences and students opting to enter an after-school extension science
programme. Furthermore, leadership was developed so that, as previously mentioned,
when the HOD left the school, the vision continued to be enacted by the successor. This
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was because practices had become embedded but also because the outgoing HOD
(personal communication May 8, 2019) provided ongoing mentoring for the new HOD.
To summarise, School A followed all of Kotter’s steps through to Step 8 whereas
Schools B and C stalled at Step 4, Communicating the vision. For School B this was
because, at the time of the interview, the HOD ‘went it alone’ and, therefore, neither
formed a guiding coalition nor communicated the vision clearly to the other teachers in
the science department. For School C, the reasons were similar. Although all the
teachers at School C were involved in collaboratively writing new schemes of work and
assessments, the previous HOD, who initiated the change, appeared to do much of the
work alone and did not clearly articulate his vision. Although the current HOD had a
vision that was an extension of the original vision, he too had not articulated his vision.

Alison, the HOD at School A had been in the HOD role for four years at the time of the
interview whereas the HODs at Schools B and C, Belinda, and Chris respectively, had
only been in the role for one or two years. As a result, I suggest that the HOD at School
A had developed many of the effective leadership characteristics Leithwood (2012)
described in the Ontario Leadership Framework (OLF), and stated in the NZC online
(Ministry of Education, 2012b) such as, the ability to build trusting relationships with
the teachers in the department, monitor student learning and progress and identify
short-term goals. Consequently, there may have been more time to both reflect on, for
example, what and how to teach science and bring about changes to the teaching
programmes. Once again time is important (Rogers, 2003).

I now analyse teachers’ data sources through the leadership lens as the first means of
triangulating the HOD data. The eight steps of Kotter’s change process will now be
applied to the teacher data just as it has been to the HOD data.

Teachers influencing change
Institutionalising new approaches requires teachers to “lead change, ideas, schools, and
each other ... to become teacher leaders” (Blegen & Kennedy, 2000, p. 2). To find how
successful my ‘teacher leaders’ (Science HODs in my study) were in leading change, I
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have included teachers in the triangulation process. I will now analyse the teacher data
through Kotter’s (1995) lens as this will provide data on how well the HOD vision was
communicated, the successes, and the rate of progress in shifting to teaching science
through NOS. In addition, student data will be referenced where appropriate, as
another means of triangulating the HOD data.
Step 1: Establishing a sense of urgency
In his research into over one hundred businesses, Kotter (2008) found that failure to
create ‘a sense of urgency’ was a major reason for change processes failing. In the
discussion of HODs earlier in this chapter it was noted that, of the three HODs in my
study, the HOD at School A reported the greatest number of factors contributing to ‘a
sense of urgency’. This was similar for Amelia, the teacher at School A, who was the
only teacher to report any factors that contributed to ‘a sense of urgency’ (refer to
Appendix N). Schemes prepared by the HOD and knowledge of the HOD’s on-site NOS
PLD helped create ‘a sense of urgency’ for Amelia. This supports claims made by the
HOD. As for the HOD, the external urgency for the Amelia was policy driven; delivery of
the NZC, in which NOS is the only compulsory science strand in the curriculum up to
Year 10. This highlights the importance of all teachers having an in-depth knowledge of
the curriculum.
Brian, the teacher at School B, had only been teaching in School B for a few weeks while
Carol, the teacher at School C, although new to teaching years 9-11, had been teaching
at the school for several years so had been involved in the writing of schemes of work
with a new NOS focus. These are the possible reasons for the teacher’s ‘lack of urgency’
at School B and School C.
Step 2: Forming a powerful guiding coalition
Working together as a team and creating enough power to lead the change are two
aspects of Forming a guiding coalition in Kotter’s (1995) change model. While the
teacher at School B provided no evidence of the HOD Forming a guiding coalition, the
teachers at Schools A and C both spoke of working together to write new schemes of
work with a NOS focus and supporting the HOD to lead change. This supports the HOD
data and shows the importance of forming a professional learning community within
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the science department where teachers can collaborate and learn from each other
under trusting, risk-taking conditions.
Step 3: Creating a vision
Creating a vision is an important step in the change process, however, not one of the
teachers in my study created the vision. It was evident from the HOD interview data
that the HODs all created the department vision. There are a few possible reasons for
the teachers not creating the department vision. For School A the teacher had only
recently returned to teaching in New Zealand so was still upskilling in knowledge of
the NZC, while the teacher at School C was new to teaching secondary school science.
The teacher at School B was very new to the school so was still becoming familiar with
school systems, however, did think that only the HOD had the “freedom” to make
changes. Evans (1996) and Hargreaves (1994) referred to this notion when they
suggested that teachers are often expected or encouraged to ‘buy into’ an institutional
vision rather than share or develop their own.
Step 4: Communicating the vision
Communicating the vision is also an important step in the change process for, as Kotter
(1996) stated, “it motivates people to take action in the right direction” (pp. 68-69).
The teacher at School A explained that the department vision was communicated by
the HOD through discussions in department meetings and informal discussions in the
workroom with the HOD and other science teachers. This validated HOD data for
School A. The teacher at School B knew that NOS needed to be taught and assessed but
was unclear of the HOD’s vision for teaching science. It is possible the HOD had not had
time to communicate her vision as Brian, the teacher was very new to the school. The
teacher at School C had knowledge of the HOD’s vision from working with other
teachers in the department, including the HOD, prior to teaching secondary school
science. However, this teacher appeared to be unaware that this was not the full vision
of the previous HOD who wanted NOS not only to be taught but to be the focus of
science teaching in the school. The current HOD had not communicated the full
department vision even though he was able to articulate this. Communicating a clear
vision may occur formally or informally within the department but it must be

217

reiterated often to ensure everyone understands the direction in which the department
is heading.
Step 5: Empowering others to act on the vision
The teacher data for Empowering others to act on the vision triangulates the HOD data
and supplements it. As with the Communicating the vision step, it was the teachers at
Schools A and C who provided evidence of using the HOD as support to teach NOS. This
included providing schemes of work showing how NOS was to be taught and assessed.
In addition, the teacher at School A was empowered by watching other teachers teach,
including the HOD. Observing others teach are actions which Joyce and Showers
(2002) called peer coaching. They believed that school leaders could help make PLD
sustainable by acting as coaches for their teachers. HODs, being school leaders,
therefore, fill an important role in the change process. There was evidence at Schools A
and C of teachers empowering others through, for example, workroom conversations.
Step 6: Planning and creating short-term wins
Analysis of the short-term wins for the teachers in my three schools show similar
themes to the HOD themes for Step 6 of Kotter’s change process with three themes
being identified: improved student engagement, greater variety in assessment types,
and doing ‘practicals’ in a real-life context. The key difference is that for the teacher
data there was no recorded evidence of teacher wins. Improved engagement was
mentioned by the teacher and HOD at School A whereas it was not mentioned at all at
School B, and only by the teacher at School C in relation to a Year 11 class and not a
junior science class. Carini et al.’s (2006) study of 1058 students in 14 colleges and
universities found student engagement was positively linked with improved student
outcomes, such as critical thinking and achievement. Furthermore, Carini et al. noted
that lowest ability students benefitted the most from improved student engagement.
This link of student engagement to improved achievement means that for School A,
which had improving student achievement as a school and department goal, student
engagement was a short-term win.
All three teachers in my case study schools said that with the new NOS-based teaching
there was a greater variety of assessment types, for example, research, powerpoint
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presentations, debates, and practical assessments such as making a periscope to
explain reflection and refraction in the Light topic. This variety in assessment theme
provided more opportunities for students to demonstrate their learning and, as a
result, more of the students succeeded. Teacher and student data triangulated the HOD
data for this theme.
The third category of short-term wins, practical work was mentioned by two of the
three teachers and all three HODs. There were two aspects to this: reporting back
results of experiments to the rest of the class and doing ‘practicals’ in a real-life context.
Reporting back to the class provided opportunities for students to communicate their
findings and critique each other’s findings which are skills that align with the NOS
strands Understand about science, Investigate in science and Communicate in science in
the NZC (Ministry of Education, 2007). These three short-term wins, that arose out of a
shift to focus on the teaching of NOS, in preference to science content knowledge, are
encouraging since science educators have seen for some time that teaching science
content knowledge has been important but not sufficient, “to achieve greater
engagement, relevance or active use of science learning in real life contexts” (Hipkins,
2012). Short term wins are pertinent to teachers at ‘the coal-face’ as they see these wins
as being focused on their teaching and student learning. Again this supports Guskey’s
(2002) revised PLD model which suggests that teachers need to see ‘wins’ if they are to
change their teaching practices. Furthermore, students from all three schools identified
practical work/experiments/investigations as something they enjoyed in science.
Step 7: Consolidating improvements and producing still more change
There is little teacher data that aligns with Step 7 of Kotter’s process for change,
Consolidating improvements and producing still more change. While the teacher at
School A made teaching NOS a focus of lessons, she made no reference to any further
changes. Not one of the three teachers reported on, for example, increased numbers of
students taking the senior science subjects at their schools, which was cited by the
HOD at School A. This aligns with the HOD data for Step 7, Consolidating improvements
and producing still more change, where the HOD at School A was the only one with data
because Schools B and C had stalled in the change process.
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Step 8: Institutionalising new approaches
As with the HOD data, the teacher at School A was the only teacher to provide evidence
that change had been institutionalised. While the HOD data aligned with the themes in
Table 9, Kotter’s (1995) linear model, the teacher data just mentioned the “new
behaviours” without linking these to ‘organisational success’. This suggests that the
HOD had yet to share the department ‘wins’, from teaching science through NOS, with
other teachers in the department.
The teacher at School A provided evidence that NOS-based teaching was
institutionalised at that school stating that the science capabilities were used
throughout the science department as a tool to teach NOS and “it is just what we do at
this school.” The teacher explained how all the units of work and assessments had a
science capability focus. This was supported by unit plans and assessments provided
by the HOD as well as student work. Furthermore, students at School A used the NOS
and science capabilities terminology during their interviews. This was absent in the
student interviews for Schools B and C suggesting that teachers need to explicitly teach
NOS for students to gain an understanding of NOS processes and skills.
To summarise the HOD data that aligned with each of Kotter’s eight step change process
and was triangulated with teacher and student data, Table 10 was created.

HOD data for Kotter’s 8 step framework
Table 10 shows the Kotter steps completed by the HOD at Schools A, B and C.
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Table 10
Table showing Kotter steps completed by each HOD at Schools A, B and C.

I will now use Table 10 (where a tick means Kotter’s step is completed and a cross, not
completed) to identify and explain the findings from viewing the HOD data through the
lens of Kotter’s eight step change process.
The key finding is that School A was the only school to complete all eight steps of the
change process. This resonates with Kotter’s claim that all eight steps are necessary in
his change model since School A was the only school to sustain the change to teaching
science through NOS. This was verified by the teacher at School A who related that
teaching through NOS using the science capabilities “is just what we do at this school.” I
suggest that the ‘sense of urgency’ created by internal factors for the teacher at School A
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was a result of leadership from an HOD who had more knowledge and experience
(Hallinger, 2011) as a leader than the HODs at Schools B and C.
The HOD at School C did not provide evidence of any internal or external factors that
created a ‘sense of urgency’ because it was the previous HOD who had experienced an
urgency to change the way science was taught at this school. As previously stated, this
urgency was experienced after reading the Gluckman report (2011) and led to a moral
response of needing to make science accessible to all students.
Table 10 also shows that the HODs in my three case study schools completed a
different number of Kotter’s eight steps in the process of changing the focus of their
junior science programmes to teach science through NOS, highlighting the unique
circumstances of each case study school and how these impacted on what was possible.
This impacted on the degree of change realised in each school.
Step 2 of Kotter’s change process, Form a guiding coalition, was completed by the HOD
at School A and to a lesser extent by the HOD of School C. Although failing to experience
a ‘sense of urgency’, the current HOD at School C was part of the guiding coalition
focused on teaching and assessing NOS. Unlike School A, the guiding coalition did not
include an external facilitator or the SLT which, I suggest, slowed the change process.
Furthermore, the HOD at School A appeared to have more positional power, expertise,
credibility, and leadership, the four key principles necessary in a guiding coalition
(Kotter, 1996) than the HOD at School C. The key finding here is that the HOD at School
A developed expertise by engaging in ongoing, goal-orientated, job embedded, selfdirected, collaborative, reflective PLD which was student-focused, features which satisfy
Hunzicker’s (2010) adult learner principles. In addition, the school context contributed
to the development of HOD expertise since the PLD was supported by the senior
leadership team (SLT) and it aligned with the school learning-focused goals, factors
Robinson et al. (2009) and Hallinger (2011) identified as being important in bringing
about change. The expertise gained in the PLD enhanced leadership skills and provided
credibility for leading change in the department. In contrast, Chris, the current HOD at
School C was new to the role, had a reduced level of expertise in his change team and
the vision of the previous HOD had not been well articulated. Evidence of this came
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from his claim that teachers were not yet making NOS the focus of their lessons and,
therefore, the full intent of the original vision had not been realised. Chris’s vision,
which was an extension of the previous HOD’s, involved teaching cross-curricular units
which focused on capabilities, such as NOS, instead of content knowledge. As this was
not communicated to others in the department, the change process stalled. Despite this,
teachers were empowered to make some changes and short-term wins were evident.
Failure to form a guiding coalition in School B initially slowed the change process. This
was remedied two years after the interview when the HOD, with the support of the SLT,
engaged in whole department in-school PLD. As with School A, this in-school PLD
provided additional expertise in the form of a subject specific university-based
facilitator. As previously mentioned, this finding is supported by MacBeath et al. (2018)
who suggested that teachers needed external support to challenge ingrained practices.
For teachers of science, the ingrained practices were teaching predominantly science
content knowledge and failing to teach science through NOS.
While all HODs in my study had a vision, it is noteworthy that the HOD at School A was
the only HOD to complete all of steps 4-6. Given that School A was the only advanced
adopter of NOS, this shows the importance of clearly communicating the vision, in
addition to empowering others to act on the vision and ensuring there are short term
wins. Key to these change steps was professional collaboration (Hargreaves & O'Connor,
2018). HODs in my study who engaged in professional collaboration enhanced change,
improved student outcomes and had a renewed enthusiasm for teaching. The HOD’s
curriculum knowledge and leadership were key factors in Steps 4-6 of Kotter’s change
process.
School A was the only school to complete Steps 7 and 8 and the only school to bring
about sustained change. Applying Kotter’s model to my data was useful as it enabled me
to identify where the change process stalled or slowed in the schools which did not
complete all eight steps, namely Schools B and C. A key factor in bringing about
sustained change for School A was embedding new teaching practices, such as using the
science capabilities to teach NOS, and developing other leaders who could sustain the
change when the HOD left the school (Fullan, 2011).
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To summarise, Kotter’s eight step process of change proved to be a valuable tool by
which to analyse the process of change in each of my case study schools. It enabled the
curriculum and leadership knowledge HODs required to lead change from a science
content knowledge focus to a NOS focus to be identified.
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CHAPTER 9: CONCLUSION
Introduction
In this final chapter, insights from descriptions of three case studies are related back to
the main research question and sub question to show how they contribute to the
knowledge base on teaching science through Nature of Science (NOS). Given that
secondary science teachers’ work at Year 9 and 1036 is framed according to NOS, the
compulsory strand within the science learning area in the New Zealand Curriculum
(NZC) (Ministry of Education, 2007), my study has focused on how HODs can lead the
implementation of the national initiative of teaching science through Nature of Science.
This is my overarching research question. As indicated in the Introduction to my thesis,
I have one sub question to this main question, namely:
How can HODs’ knowledge of change theory assist them in decisions about people,
conditions, and processes?
As a qualitative interpretive study, I have interrogated HODs’ and teachers’ experiences
of teaching science through NOS from three different contexts. My study has examined
the role of HODs in leading change in their department to enable teachers to teach
science through NOS, the compulsory strand of the science curriculum.
Close interrogation of my data (through a change leadership lens) has revealed the
complex knowledge and decision base necessary for HODs to lead learning about how
to teach science through NOS in their departments. Based on data from my case
studies, I now present my version of a change leadership model to guide HODs and
schools wanting to improve teaching practices. My model, which I have called the
‘Roundabout Change Model’ (refer to Figure 37), is an adaptation of Kotter’s (1995)
eight-step process for leading change. I have added a temporal dimension to the model
to reflect a component I believe is necessary for change leadership that was not
emphasised in Kotter’s model. Kotter, however, did acknowledge that “real
transformation takes time” (Kotter, 1995, p. 65) and that “large scale change can take a
long time to complete” (Kotter, 1996, p. 132). The addition of a temporal dimension
36

Years 9 and 10 are the first two years of secondary school in New Zealand
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acknowledges the importance of leaders needing an awareness of time when leading
innovative change (Halbesleben et al., 2003; Rogers, 2003). The temporal dimension is
challenging to show diagrammatically, however, I suggest it can be represented by the
speed of the ‘roundabout’ in the ‘Roundabout Change Model’. The ‘roundabout’ can
spin for different lengths of time and at different speeds. Unlike Kotter’s models, that
are generally perceived as linear or circular and do not really have a focus on
temporality, the ‘Roundabout Change Model’ shows how the pace can be changed and
what can be done to speed up or slow down the change process.
There are two principal reasons for selecting a ‘roundabout’ for the Change Model.
First, the use of a ‘roundabout’ is helpful because the round shape of the children’s
playground roundabout37 replicates the cyclical nature of the change process but with
the special feature of being able to turn clockwise and anticlockwise to revisit steps, as
necessary. This I deem to be an important point that I have realised from my study of
change leadership in three different schools. My data show the entry and exit points of
the change process are not the same for everyone, recognising that teachers are
working in different ‘timespaces’ (Halbesleben et al., 2003). Teachers “catch on” (ibid,
p.443) to teaching science through NOS at different times as they are on individual
journeys which are unique. This places time in a social context which is different for
each teacher and each school. My cyclical model, therefore, allows for participants to
jump on and off the ‘roundabout’ at different points. In contrast, the HOD may have a
change agenda and a timeframe to follow which is more of a linear progression. Change
at the department level, is more successful when a Head of Department (HOD) is
willing to use knowledge of social context to be flexible about the time needed to
embed a change. Knowledge of social context enables the HOD to understand the
individual differences of teachers in the science teaching team. When HODs add
knowledge of the context in with subject knowledge of the change process then, I
argue, they are more likely to encounter success.
Another reason for using a roundabout metaphor in the Change Model is that, as
previously mentioned, it indicates the pace of the change process to represent the

37

Roundabouts can also be referred to as merry-go-rounds or carousels
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temporal dimension. It is common and seemingly advantageous for the change process
to be slow initially (Fullan, 2007). Fullan referred to this as the ‘implementation dip’.
This slow start to change is evident in Rogers’ (2003) graphs (refer to Figure 12) that
show how the rate of ‘diffusion of innovations’ changes with time throughout the
change process.
Maintaining momentum is essential yet challenging for HODs. While more people
pushing the ‘roundabout’ makes it easier to move, HODs need time and patience to
synchronise people and processes in the department. They need to work out when and
where to invest time and energy of others in the department to gain the greatest effect.
HODs, however, may intentionally slow the ‘roundabout’ to give themselves and
teachers time to reflect and explore innovative teaching strategies. The ‘Roundabout
Change Model’, unlike Kotter’s models, recognises that time is required to bring about
sustained change and that there are conditions and processes necessary for effective
change in the rest of the department. Since the central post of a roundabout must be
well greased for it to operate, the ‘post’ in the ‘roundabout’ is my way to recognise and
name the change conditions and processes needed for successful change
implementation. These will be incorporated in the eight steps of the ‘Roundabout
Change Model’.
The ‘Roundabout Change Model’ provides a recognition of the temporal dimension to
change leadership. Analysis of data from my case studies has allowed me to develop a
series of questions and prompts, as part of my model, that can support change
leadership for HODs who want to progress teaching science through NOS. Emphasis on
what it takes to lead change means paying attention to people, conditions, and
processes. Deliberate attention to change processes has resonance with Kotter (1995),
since knowledge of the change process has been found to assist with leading
educational change as well as business organisational change.
Figure 37 shows the eight steps of the ‘Roundabout Change Model’, an adaptation of
Kotter’s model. This is followed by a series of questions and prompts for HODs to
reflect on for each of the eight steps. As previously mentioned, these questions and
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prompts evolved from analysis of HOD and teacher interview data, however, they are
not an exhaustive list.
Figure 37
The ‘Roundabout Change Model’ adapted from Kotter’s 8 step process for change.

Step 8
Institutionalise
the vision

Step 1
Create a sense of urgency to
initiate change

Step 7
Accelerate
the change

Step 2
Form a change
team

Step 3
Communicate
the vision

Step 6
Share
short-term
wins
Step 5
Remove barriers
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Step 4
Grow change

Step 1: Create a sense of urgency to initiate change
Question: How is a sense of urgency to change to NOS-focused science teaching
developed to initiate change?
Prompts to guide action:
•

Do we have low student success compared to other learning areas in the school
and science departments in similar decile38 schools?

•

Is there poor student engagement?

•

Are there internal influences such as low numbers in the senior sciences?

•

Are there national policies providing an external influence?

•

Are there reports and studies providing an external influence?

Developing a sense of urgency is crucial to setting the ‘roundabout’ in motion and
deciding in which direction to push. My data showed that even though NOS has been
prominent in curriculum policy for almost a decade, many students are neither engaged
nor achieving in science, reporting learning as “difficult and boring” and, a reason
contributing to decreasing enrolments beyond the compulsory years. Such poor student
outcomes are the factors that HODs in my study indicated helped create their sense of
urgency to start the change process. This can be interpreted as an endorsement that
having NOS in the national curriculum on its own does not provide a sufficient sense of
urgency to set the change ‘roundabout’ in motion. This finding supports Fullan’s (2007)
argument that, on their own, external factors, such as the emphasis on NOS in the NZC
policy and the Gluckman (2011) report, are insufficient to motivate teachers to change
their teaching practice. However, change within a department is not just the work of the
HOD; the perspectives of the teachers must also be considered. My data showed that
teachers are reluctant to enter unknown territory, such as teaching science through
NOS, without a safety net. This means they do not usually enter the ‘roundabout’ at Step
1. Each school has its own unique circumstances. As HODs have this local knowledge
they need to develop agency and lead the change in the department which is why my
study focuses on the local school/department level. HODs need to look for new
approaches to teaching science to address the urgency to improve outcomes for

Schools in NZ have a decile rating based on the socio-economic status of the families attending the
school.
38
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students. This takes time. Ownership by individual teachers, such as HODs, is a key
learning that I can reinforce from my findings and readings of the literature.
Having developed a sense of urgency for change it is then time for the HOD to bring
other participants onto the ‘roundabout’ to share the moral purpose of the change,
raising student achievement and engagement, making science accessible to everyone,
and also meeting national priorities. This enables the ‘roundabout’ to gain the
momentum initiated by the HOD.

Step 2: Form a change team
Question: As an HOD who do I need to bring into the change team?
Prompts for action:
•

What current internal expertise do we have?

•

Which teachers have a capacity to change?

•

Will I engage support from an external PLD facilitator?

To maintain the direction and momentum of the ‘roundabout’, it is essential to bring
other players onto the ‘roundabout’ to form a change team that embraces the HOD’s
vision for the department. Analysis of data from School A revealed that HODs were
better able to lead learning and the change process when three players were brought
into the change team. These players included members of the senior leadership team
(SLT), a teacher in their department with the capacity to change, and an external science
facilitator. Le Fevre (2010) has also argued for dialogue with these players (as well as
students) throughout the change process. A change team, which can be described as a
‘guiding coalition’ (Kotter, 1995) consists of a number of key players who act as change
agents. The important contributions of the ‘players’ in the change team are threefold:
dialogue about processes, effective communication about NOS, and leading change
which MacBeath (2019) claims are strong aspects of supportive leadership. For the SLT,
this action, which was evidenced through regular meetings with the HODs of all
curriculum areas, enabled teacher inquiries and leadership practices to be shared, goals
to be set and progress to be monitored. The SLT, by positioning themselves as learners,
also helped mitigate the degree of risk to change for HODs. Although there was dialogue
between the HOD and all members of the change team, my data showed that it was
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dialogue with the external facilitator that typically shifted teaching practice to a NOS
focus. This supports Timperley (2011b) and MacBeath et al.’s (2018) arguments for the
need to introduce an external expert to the change team. It also aligns with
Southworth’s (2011) strategies for improving teachers’ pedagogical content knowledge,
one of which is dialogue. In my data the contributions of the SLT, science teacher and
external facilitator increased the momentum of the ‘roundabout’ as it was they who had
understood the HOD’s sense of urgency and supported the direction of change in the
science department.
Just as the centre of a ‘roundabout’ must be well greased to allow the ‘roundabout’ to
turn, so too must there be conditions and processes in place to optimise the
professional learning and development (PLD) support from the external facilitator. I
suggest the following conditions are necessary for effective PLD.
Firstly, in-school support in School A (the case study with the most advanced adopters
of the change to teach science through NOS) enabled the external facilitator to make the
PLD context specific, as, for example, knowledge of the school and its students, and
knowledge of the school and department goals was able to be gained. When PLD
occurred in a cluster outside the school, as for the HOD at School C, change did not occur
at the department level. This could be interpreted as validation for context specific PLD
which enables the HOD and facilitator to meet the needs of the individual schools and
their teachers, have ongoing dialogue with all members of the department and support
the HOD lead learning in the department. This finding aligns with the research of
Cakmakci (2012) and Sadler et al. (2010;2009).
Secondly, the PLD facilitated by the external expert needs to adhere to Hunzicker’s adult
learning principles, namely that it is ongoing, supportive, job embedded, goal orientated
and collaborative (Hunzicker, 2010). Over a period of three years the facilitator
supported the HOD at School A to develop content and pedagogical content knowledge
of NOS and lead change in the department so that science was taught through NOS. The
NOS focus aligned with the department and school goals of raising student achievement
and engagement, hence the PLD was goal orientated and job embedded. Furthermore,
the HOD worked collaboratively with both the external facilitator and the teachers
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throughout the entire change process leading to learning with and from the facilitator,
so it was learning supported over time.
Finally, the external facilitator needs processes for working alongside teachers in a
subject area, such as teacher inquiry. Timperley (2011b), suggests teacher inquiry
provides HODs and teachers with multiple opportunities to reflect on their practice and
behaviours. These include sharing their individual ‘inquiries’ at regular meetings with
the external facilitator, who can help teachers develop their ‘inquiry’, as well as
meetings with the SLT and the HODs of other curriculum areas. Moreover, a teacher
inquiry approach provided structured opportunities for HODs and teachers to engage in
dialogue, model good teaching and monitor progress, the three strategies Southworth
(2011) claimed as essential for changing teachers’ practice.
A key learning from my findings, and supported by the literature, is the importance of
bringing participants into the change team from both within the school and outside the
school. I can say this because a change team provides multiple opportunities for
dialogue, a condition that I deem to be necessary for developing NOS content and
pedagogical knowledges and changing teaching practice. This supports the findings of
MacBeath et al. (2018), Southworth (2011) and Timperley (2011b). Furthermore,
forming a change team, or what Kotter called a ‘guiding coalition’, is crucial for, as I
found from my case study analyses, when HODs acted alone, the change process
typically stalled. Support from others in the department and the school, as well as an
external subject-specific facilitator was helpful. This may suggest that an HOD cannot
create sufficient momentum on their own to keep the change ‘roundabout’ moving
which supports Kotter’s argument that when leaders work alone they often fail (Kotter,
1995).
With the ‘roundabout’ gaining momentum it is essential to provide opportunities for
other teachers in the department to see the sense of urgency to change their teaching
practice. For this to happen, the department vision created by the HOD, and supported
by others in the change team who are already on the ‘roundabout’, must be
communicated clearly to other teachers in the department.
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Step 3: Communicate the vision
Question: As an HOD have I clearly articulated my vision to everyone?
Prompts for action:
•

Do I have a clear compelling vision?

•

How have I communicated the vision?

•

Do the teachers believe in the vision?

•

Are the student needs central?

•

Does the vision align with the school goals?

•

Does the vision make NOS central to teaching science?

Analysis of my data showed that when teachers did not accept the urgency to change,
and the vision was not clearly articulated, the change ‘roundabout’ slowed or stalled.
There was evidence of this in both School B and School C. When teachers were unclear
of the NOS-focused vision and its purpose, it took longer to bring them into the change
process, and they did not fully engage with the changes modelled by the HOD. For
example, although the NOS-focused learning outcomes were adopted, the lessons
continued to be content focused. The condition which most assisted teachers in
accepting the vision was an alignment with student-focused school goals. However, as
with the national curriculum, simply having the vision on departmental documentation
was insufficient. Communication of the vision needed to occur through frequent formal
and informal professional conversations with the HOD and teachers at department
meetings and in the science teachers’ workroom. A significant finding here is that
creating and communicating a clear vision to everyone in the department is essential to
the process of growing the change to teaching science through NOS within the
department.

Step 4: Grow change
Question: As an HOD how do I grow the change to teaching science through NOS within
the department?
Prompts for action:
•

What are the teachers’ reactions to change?

•

Are there indicators of readiness to change?
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•

Have I created supportive, risk-taking learning conditions?

•

Am I allowing teachers to engage with the change at different times?

•

Are we collaborating?

How and when to bring other teachers into the change process is a critical step. Nguyen
and Ng (2020) referred to this step in the change process as spreading the change
departmentwide. Paramount is the need to understand that everyone is a learner; HOD
and teachers. Data from School A showed the value in the HOD establishing the
department as a professional learning community (PLC) in which risk-taking and
trusting learning conditions were normalised. Teachers need to feel safe learning with
and from others in the department and be given time for teacher collaboration as this is
needed for advancing department initiatives, such as teaching science through NOS. I
found that teacher inquiry, which is a deliberate structure to emphasise learning
processes, provides opportunities for science colleagues to have professional
conversations and reflect on their actions and behaviours collaboratively within the
department PLC to support teaching science through NOS. Timperley (2015) also
highlighted the need for effective professional conversations to support pedagogical
change during the teacher inquiry process. A collaborative approach to inquiry, such as
in the science department in School A, helps build trust and risk-taking learning
conditions and ensures all the teachers have the same single professional learning goal.
When departments/schools have too many goals, achieving effective change is unlikely
to be successful (Le Fevre, 2010).
This study found that professional learning is dependent on the HOD gauging which
teachers are slowing or even reversing the ‘roundabout’ and which teachers are pushing
it forward. Not all teachers are ready to change at the same time (Rogers, 2003).
Continued support from the external facilitator is critical at this step of the change
process to assist the HOD work alongside teachers who may be resistant or reluctant to
change. This may necessitate slowing the speed of the ‘roundabout’ temporarily to
ensure as many teachers as possible are able to get on. Certainly, this step needs to be
revisited several times as teachers jump on and off, particularly when members join the
department or leave.
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Just as creating positive learning conditions are important for change to occur in the
department, so too is the removal of barriers.

Step 5: Remove barriers
Question: As an HOD what can I do to make it easier for teachers to change?
Prompts for action:
Shall I:
•

Write new schemes of work?

•

Involve other teachers in writing new schemes of work?

•

Share good practice?

•

Offer encouragement?

•

Encourage class observations?

•

Enlist external support?

•

Work collaboratively?

For teachers to get on the ‘roundabout’ and reduce the chance of them jumping off,
HODs need to remove as many barriers to change as possible. Removing or reducing
barriers to adopting change lowers teachers’ perceived risk to change (Le Fevre, 2014).
Analysis of my data found that support from the external facilitator is also critical at this
step of the change process to reduce the chance of the ‘roundabout’ slowing down. This
study showed that, alongside encouragement, modelling (a strategy Southworth (2011)
suggested helped develop teachers’ pedagogical content knowledge) was an important
process for removing barriers. Three phases to modelling existed in my data across the
case study schools: planning, teaching, and assessing.
Planning
The planning phase included introducing resources and providing schemes of work. In
School A, the science capability resources introduced by the external facilitator,
modelled how to take existing resources, such as the Connected Series books, to teach
through NOS. This proved to be an important element in supporting teachers adapt to
teaching through NOS as failure to do this slowed the ‘roundabout’ for Schools B and C.
HOD modelling of how to write NOS-focused schemes of work did exist in all three case
study schools, however, it was only when these schemes were written collaboratively
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that teachers took ownership of this process. This shows the importance of
collaboration in the removal of barriers to adopting change and supports Nguyen and
Ng’s (2020) research on teacher collaboration for change.
Teaching
This study found that one of the barriers to teaching through NOS was not knowing
what it looked like in practice. This barrier was reduced when the HOD modelled how to
teach through NOS by inviting colleagues to observe their lessons.
Assessing
Analysis of my data showed that modelling and collaboration were also necessary for
removing the barrier of how to assess NOS. When the writing of NOS assessments was
first modelled by the HOD, teachers were able to progress to collaborative writing.
Another significant learning from my findings and reading of the literature is the use of
modelling as a strategy to remove barriers teachers may have to changing the way they
teach science. Removing barriers retains teachers on the ‘roundabout’ and maintains its
momentum. However, as Guskey (2002) argued, teachers need to see improved student
outcomes if they are to continue implementing new strategies. Kotter (1995) refers to
these as short-term wins.

Step 6: Share short-term wins
Question: What short-term wins might we see?
Prompts for action:
Is there:
•

Increased student engagement?

•

Student agency?

•

Teaching that is relevant to students’ lives?

•

Renewed teacher enthusiasm?

•

A celebration of short-term wins?

This study found four interrelated short-term wins from teaching through NOS. When
these were shared within the department there was an increase in teachers’ willingness
to progress the change to teaching science through NOS. Improved student engagement
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was a notable short-term win. This was identified by both HODs and teachers. It was
particularly relevant for School A as increased student engagement was a school and
department goal. While there are too many variables to categorically say that teaching
through NOS improved student engagement, my finding does align with Paterson’s
(2017) study. This NZ study, which specifically looked for the link between teaching
through NOS and student engagement, found a positive correlation.

A second short-term win that, I argue, contributed to increased student engagement,
was the use of real-world contexts to teach NOS. Some students commented on how
they could apply their astronomy learnings to the real world and shared this with
members of their family. Other students liked real world contexts such as sport and
food, while students in the rural school had found a farming context engaging.
Another short-term win was an increase in student agency. In two of my three case
study schools (Schools B and C), students related how they had learned about genetics
through self-directed study. In one of these schools (School C), students reported that
they were able to choose a scientist who contributed to current knowledge of genetics,
as well as choose the way they presented this information. This increase in student
agency may likewise be interpreted as a short-term win.
The final short-term win revealed in my study was renewed teacher enthusiasm. Data
from School A suggest that the renewed teacher enthusiasm resulted from support the
HOD and teachers received from within and outside the school to teaching and
assessing science in different ways. Rather than judging teachers, as in an appraisal
model, school systems in School A encouraged teachers to take risks and make changes
to the way they taught and assessed science. Renewed teacher enthusiasm from
teaching through NOS is a significant finding because it adds to Guskey’s revised model
(2002) which argues that teachers need to observe a change in student outcomes to
change their beliefs. My finding suggests that affective factors such as teacher
enthusiasm can also lead to changed teacher beliefs and attitudes, such as the value of
teaching through NOS. Moreover, the increase in teacher enthusiasm may have
contributed to improved student outcomes in School A as Mahler et al. (2018) showed
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that “teacher subject-specific enthusiasm and enthusiasm for teaching the subject” (p. 1)
were two motivational factors that were relevant predictors of students’ learning.
When the short-terms wins are shared within the department other teachers come to
understand the reasons for teaching through NOS.

Step 7: Accelerate the change
Question: What is helping to accelerate the change?
Prompts for action:
•

Have teachers new to the department been upskilled?

•

Are the junior students experiencing success?

•

Have our NCEA pass rates improved?

•

Are there more students taking the senior science subjects?

•

Do we have students joining an after-school science club?

Analysis of my data shows there are two crucial factors that help accelerate the change.
First, upskilling teachers new to the department on strategies the teachers at the school
use to teach science through NOS means there are more teachers pushing the
‘roundabout’, so it accelerates. The second factor (as seen from the prompts) is
increased student participation and success in science which, as previously mentioned,
encourages teachers to push ahead with the changes causing the ‘roundabout’ to
accelerate.
With the ‘roundabout’ accelerating, have we institutionalised the change?

Step 8: Institutionalise the vision
Question: How will we know the vision has become part of our institution?
Prompts for action:
•

Can we see the vision in practice?

•

Is there evidence of science being taught through NOS in the classrooms?

•

Is teaching science through NOS seen in practice at multiple levels in the school?

•

Are our reluctant teachers engaged?

•

Can we release the external facilitator and sustain the change?
238

•

Will the department changes be sustained if the HOD or other key members of
the change team leave the school?

When the change to teaching science through NOS has become institutionalised, the
department vision of teaching through NOS will be seen in practice at multiple levels in
the school and all the teachers will have adopted the new way of teaching science. The
HOD will no longer be essential for keeping the ‘roundabout’ moving as there will be
sufficient collective efficacy in the department to execute the actions necessary to
ensure policy initiatives, such as teaching science through NOS, continue to be enacted.
Even if the HOD jumps off and leaves the school, as was the case in School A, the
‘roundabout’ continues to spin because change conditions and processes have become
institutionalised. Furthermore, the external facilitator can also jump off without
affecting the speed of the ‘roundabout’.
This study found that policy alone was insufficient to set the ‘roundabout’ in motion. In
2020, however, New Zealand introduced a new assessment policy for science (Ministry
of Education, 2020a) to align the National Certificate in Educational Achievement
(NCEA) achievement standards with the NZC. Although the NZC has been in existence
since 2007, the Ministry of Education (MoE) state that this new assessment policy
reflects a change in direction for science education in NZ. Since the MoE state that
existing science teaching programmes will need to be reshaped to meet the new NOS
achievement standards, it would seem that policy is now providing a sense of urgency to
accelerate the change ‘roundabout’.

Summary
The answer to my research question, how can Heads of Department lead the
implementation of the national initiative of teaching science through NOS, is complex and
involves leadership and learning at all levels within the school. This study has found
that in addition to knowledge of NOS, HODs need knowledge of the change process and
how to lead this in the department to transfer the intent of the curriculum to the local
level. The ‘Roundabout Change Model’ has been created for this purpose to demonstrate
the kind of reflective questions HODs need to ask of themselves and teachers in their
department. The ‘Roundabout Change Model’ shows that leading the change process
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from science content knowledge to teaching through NOS requires support from a
number of ‘players’ within the school as well as from outside the school. Just as the
teachers need support, so too do the HODs. A subject-specialist external facilitator
working within the school plays a critical role in the change process to bridge the
learning needed for curriculum change. While adhering to Hunzicker’s (2010) adult
learner principles, this external ‘expert’ is able to model learning processes through
intentional talk, provide resources and help HODs and teachers develop their teacher
inquiries. HODs need change theory knowledge and support to lead change in their
department. This supports MacBeath et al.’s (2018) Leadership for Learning (LfL)
model which stresses the importance of HODs realising that, as well as ‘external
experts’, other teachers within and beyond the school are a valuable source of expertise
to extend their own content and pedagogical knowledge of NOS. Furthermore, this study
found that, in addition to people, particular conditions and processes were necessary to
facilitate change in teacher practices. It was advantageous for HODs to establish their
department as a professional learning community in which dialogue, modelling, and
monitoring were essential elements and everyone understood themselves as learners.
Establishing a professional learning community (PLC), part of which is the change team
that can guide the PLC towards effective change, ensures this characteristic can be
modelled for others in the department. The PLC needed to establish risk-taking, trusting
conditions so that teachers were able to trial new teaching strategies and learn from
each other. Moreover, within the PLC, using a process such as teacher inquiry was
needed to increase the opportunities for dialogue, modelling, and monitoring.
I turn now to consider the implications for my findings.

Implications for the study findings
The findings of this study have implications for HODs and teachers of all curriculum
areas, curriculum and learning facilitators, the senior leadership team (SLT), and the
Ministry of Education. The implications are:
•

Since policy alone is insufficient to provide a sense of urgency to change teaching
practices, I suggest that HODs need to take responsibility for developing their
own NOS content and pedagogical knowledges and leading change in the
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department. As NOS is the only compulsory strand in the science learning area,
NOS knowledge is needed to operationalise the intent of the NZC for science.
Leading change requires change leadership knowledge which the ‘Roundabout
Change Model’ has been designed to develop. An integral component of my
model is the engagement of an external subject-specific facilitator to work
alongside the HOD within the school until the change has been institutionalised.
•

External facilitators need to work with HODs and teachers within the school,
rather than off-site, so that the PLD can be context specific. Working contextually
enables the facilitator to meet the individual needs of HODs and teachers and
gain an understanding of the school culture and goals and its students.
Furthermore, facilitators need to understand that teachers, as adult learners,
need PLD to be ongoing, supportive, job embedded, goal orientated and
collaborative (Hunzicker, 2010).

•

The SLT need to create learning conditions within the school where teachers feel
it is safe to take risks and trial new teaching strategies. Everyone must consider
themselves a learner. Professional learning can come from within the school as
well as from outside the school.

•

Sustained support over time is important. The Ministry of Education need to
fund facilitators to work in schools for a minimum of two years as they need to
provide support to HODs over time. This is because it was when the facilitator
worked alongside the HOD and teachers at School A for three years, compared
with one year for School C and not at all for School B, that teaching through NOS
was institutionalised.

Suggestions for further research
Although this study is about supporting the change to teach science through NOS, it
contributes further understandings about the implementation of future national
curricula reforms in a generic sense. The following recommendations for further
research can be derived from the findings:
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•

Introduce the ‘Roundabout Change Model’ to HODs, including the questions and
prompts, and then undertake interviews to assess its potential for guiding their
change leadership knowledge and skillset to lead change in science departments
(not just NOS) as well as other learning areas.

•

Broaden the scope of the ‘Roundabout Change Model’ beyond secondary schools
by undertaking relevant studies in primary and intermediate schools.

•

Investigate teachers’ attitudes and ability to change to teach science through NOS
against the background of the new science assessment policy in New Zealand.

•

Explore the strengths and weaknesses undergraduate students who have been
taught science through NOS and assessed for NOS understandings, bring to their
studies?

Limitations of this study
As case studies interrogated through an interpretive paradigm, there are some
limitations to the conclusions drawn from this research. The nature of life in school
settings is complex and, therefore, the role of the researcher in these circumstances is to
provide sufficient evidence to support the explanations and interpretations made.
Although a pilot study was undertaken to minimise my limitations, the following
possible limitations must be considered:
1. Type of data
I chose not to include class observations as I thought they may have been
contrived since teachers would know which lessons were to be observed.
Instead, I used semi-structured interviews with teachers and focus groups of
students to allow me to gain a deep understanding of the experiences of
working with NOS. I also analysed documents, such as schemes of work and
HOD produced workbooks. For the students I added photo elicitation to
facilitate the interview conversations.
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2. Sample size
A sample size of three schools and six participants is small compared to
quantitative research, however, there are no rules to sample size for qualitative
research (Patton, 2002). My small sample size means I am unable to generalise
my findings as the samples may not be representative of all schools in New
Zealand.
3. Participant selection
The teacher in each school was selected by the HOD so the HOD may have
selected a teacher known to teach science through NOS. Furthermore, as the
HOD and teacher selected the students for their focus groups, these groups may
not have been representative of the entire year group.
4. Researcher professional identity
As I was the sole researcher, as well as a science facilitator who had already
worked with the HODs in a PLD capacity, the HODs may have altered their
behaviour and comments to fit with what they perceived I wanted. The openness
and honesty of their responses would suggest that this was not the case.
Likewise, the documentation they provided regarding units of work and
assessments were made available without hesitation.
As Shulman (1986) argued, case methods can be used “as a means for developing
strategic understanding, for extending capacities toward professional judgment and
decision making” (p. 13). I believe that even given the limitations described, the
conclusions contribute to understandings of how HODs can lead learning on how to
teach science through NOS and the recommendations could well be applicable to other
schools, additional curriculum areas, senior leadership teams, as well as the Ministry of
Education and professional learning and development facilitators.
In conclusion, the change to teach science through NOS is a collaborative process. I,
therefore, conclude this thesis with a whakatauki39 that, in the context of this study, can
be interpreted as, it takes the knowledge and expertise of many for HODs to lead the
39

Māori proverb
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implementation of a national initiative, such as teaching science through NOS. HODs need
to utilise the expertise from within the school as well as beyond, working together to
develop teaching practices and improve student learning.
Nā tō rourou, nā taku rourou ka ora ai te iwi
With your food basket and my food basket the people will thrive.
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Gonzá lez, N., Moll, L. C., & Amanti, C. (2005). Funds of knowledge: Theorizing practices in
households, communities, and classrooms. L. Erlbaum Associates.
https://doi.org/10.4324/9781410613462
Goodrum, D., & Rennie, L. (2007). Australian school science education: National action
plan 2008–2012, Volume 1, The national action plan. Department of Education,
Science and Training.
Gordon, S. (2008). Appreciative inquiry coaching.
http://organisationalpsychology.nz/wpcontent/uploads/2019/07/International_Coaching_Psychology_Review_Volume_
3_No_1_March_2008.pdf#page-21
Green, R. L., & Cypress, S. L. (2009). Instructional leadership: A model for change in
alternative middle schools. Middle Grades Research Journal, 4(3), 19-40.
Greenhalgh, S. P., & Koehler, M. J. (2017). 28 days later: Twitter hashtags as “just in
time” teacher professional development. TechTrends, 61(3), 273-281.

253

Grey, S., & Morris, P. (2018). PISA: multiple ‘truths’ and mediatised global governance.
https://doi.org/10.1080/03050068.2018.1425243
Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher
education. Teachers College Press, Teachers College, Columbia University.
Groves, C. J., Orbaek White, G. D., Panya, F., & Stewart, J. (2018). Can business schools
increase student employability by embedding action learning into
undergraduate management education? An account of practice. Action Learning:
Research & Practice, 15(3), 258-266.
https://doi.org/10.1080/14767333.2018.1510631
Gurr, D., Drysdale, L., & Mulford, B. (2005). Successful principal leadership: Australian
case studies. Journal of Educational Administration, 43(6), 539-551.
https://doi.org/10.1108/09578230510625647
Guskey, T. R. (2002). Professional development and teacher change. Teachers and
Teaching: theory and practice, 8(3), 381-391.
https://doi.org/10.1080/135406002100000512
Haigh, M., France, B., & Forret, M. (2005). Is ‘doing science' in New Zealand classrooms
an expression of scientific inquiry? International Journal of Science Education,
27(2), 215-226.
Halbert, J., Kaser, L., & Koehn, D. (2011). Spirals of inquiry: Building professional inquiry
to foster student learning International Congress of School Effectiveness and
School Improvement (ICSEI), Limassol, Cyprus.
https://doi.org/10.1080/0950069042000276730
Halbesleben, J. R. B., Novicevic, M. M., Harvey, M. G., & Buckley, M. R. (2003). Awareness
of temporal complexity in leadership of creativity and innovation: A competencybased model. The Leadership quarterly, 14(4), 433-454.
https://doi.org/10.1016/S1048-9843(03)00046-8
Hall, D. (2013). Using lesson study as an approach to developing teachers as
researchers. International Journal for Lesson and Learning Studies, 3(1), 11-23.
https://doi.org/10.1108/IJLLS-01-2013-0002
Hallinger, P. (2003). Leading educational change: reflections on the practice of
instructional and transformational leadership,. Cambridge Journal of Education,
33(3), 329-352. https://doi.org/10.1080/0305764032000122005
Hallinger, P. (2011). Leadership for learning: Lessons from 40 years of empirical
research. Journal of Educational Administration, 49(2), 125-142.
https://doi.org/10.1108/09578231111116699

254

Hanuscin, D. L., Lee, M. H., & Akerson, V. L. (2011). Elementary teachers' pedagogical
content knowledge for teaching the nature of science. Science Education, 95(1),
145-167. https://doi.org/10.1002/sce.20404
Hargreaves, A. (1994). Changing teachers, changing times: teachers' work and culture in
the postmodern age. Cassell.
Hargreaves, A., & Fink, D. (2008). Distributed leadership: democracy or delivery?
Journal of Educational Administration, 46(2), 229-240.
https://doi.org/10.1108/09578230810863280
Hargreaves, A., & O'Connor, M. T. (2018). Collaborative professionalism: when teaching
together means learning together. Corwin
Harlen, W. (2001). The assessment of scientific literacy in the OECD/PISA project.
Studies in Science Education, 36(1), 79-104.
Harper, D. (2002). Talking about pictures: a case for photo elicitation.
https://doi.org/10.1080/14725860220137345
Harris, A. (2003). Teacher leadership as distributed leadership: Heresy, fantasy or
possibility? https://doi.org/10.1080/1363243032000112801
Harris, A. (2013). Distributed leadership: Friend or foe? Educational Management
Administration & Leadership, 41(5), 545-554.
https://doi.org/10.1177/1741143213497635
Harris, A., & DeFlaminis, J. (2016). Distributed leadership in practice: Evidence,
misconceptions and possibilities. Management in Education, 30(4), 141-146.
Harris, A., & Muijs, D. (2004). Improving schools through teacher leadership. Open
University Press
Harrison, J., MacGibbon, L., & Morton, M. (2001). Regimes of Trustworthiness in
Qualitative Research: The Rigors of Reciprocity. Qualitative inquiry, 7(3), 323345.
Haukoos, G. D., & Penick, J. E. (1983). The influence of classroom climate on science
process and content achievement of community college students (0022-4308).
https://doi.org/10.1002/tea.3660200704
Havelock, R. G., & Zlotolow, S. (1995). The change agent's guide. Educational Technology
Publications.

255

Heap, R. (2014). Nature of science in teacher education: Rationale, realities, issues and
strategies The University of Auckland]. http://hdl.handle.net/2292/22322
Heck, R. H., & Hallinger, P. (2009). Assessing the contribution of distributed leadership
to school improvement and growth in math achievement. American Educational
Research Journal, 46(3), 659-689.
Hiatt, J. (2006). ADKAR: a model for change in business, government and our community.
Prosci Research.
Hiebert, J. (1999). Relationships between Research and the NCTM Standards. Journal for
Research in Mathematics Education, 30(1), 3-19.
https://doi.org/10.2307/749627
Highfield, C. (2012). The impact of middle leadership practices on student academic
outcomes in New Zealand secondary schools [Doctoral thesis, University of
Auckland Auckland]. http://researchspace.auckland.ac.nz
Highfield, C., & Robertson, J. (2016). Professional learning and development facilitation
practices that enhance secondary school middle leader effectiveness. Australian
Association for Research in Education.
Hipkins, R. (2012). Building a science curriculum with an effective nature of science
component. New Zealand Council for Educational Research.
https://www.nzcer.org.nz/system/files/Building%20a%20science%20curriculu
m%20with%20an%20effective.pdf
Hipkins, R. (2013a). Competencies or capabilities.
https://www.researchgate.net/publication/262224056_Competencies_or_capab
ilities_What's_in_a_name
Hipkins, R. (2013b). Competencies or capabilities. Set(3), 55-57.
Hipkins, R. (2014). Unlocking the idea of capabilities in science. New Zealand Science
Teacher.
Hipkins, R., & Barker, M. (2002). Science in the New Zealand curriculum: Present
potential and future possibilities. NZ Science Teacher, 100, 10-16.
Hipkins, R., Barker, M., & Bolstad, R. (2005). Teaching the ‘nature of science’: Modest
adaptations or radical reconceptions? International Journal of Science Education,
27(2), 243-254. https://doi.org/10.1080/0950069042000276758
Hipkins, R., Bolstad, R., Baker, R., Jones, A., Barker, M., Bell, B., Coll, R., Cooper, B., Forret,
M., & Harlow, A. (2002). Curriculum, learning and effective pedagogy: A literature
review in science education. Ministry of Education.
256

https://www.nzcer.org.nz/research/publications/curriculum-learning-andeffective-pedagogy-literature-review-scienceeducation?cpath=139_133&products_id=559&print_preview=
Hipkins, R., & Bull, A. (2015). Science capabilities for a functional understanding of the
nature of science. Curriculum Matters, 11(11), 117-133.
https://doi.org/10.18296/cm.0007
Hipkins, R., & Hodgen, E. (2012). Curriculum support in science: Patterns in teachers' use
of resources. New Zealand Council for Educational Research.
https://www.nzcer.org.nz/system/files/Curriculum%20Support%20in%20Scie
nce_0.pdf
Hodson, D., & Wong, S. L. (2017). Going beyond the consensus view: Broadening and
enriching the scope of NOS-oriented curricula. Canadian Journal of Science,
Mathematics and Technology Education, 17(1), 3-17.
https://doi.org/10.1080/14926156.2016.1271919
Hoekstra, A., Korthagen, F., Brekelmans, M., Beijaard, D., & Imants, J. (2009).
Experienced teachers' informal workplace learning and perceptions of
workplace conditions. The Journal of Workplace Learning, 21(4), 276-298.
https://doi.org/10.1108/13665620910954193
Hogan, C. (2002). Understanding facilitation: Theory and principles. Kogan Page
Publishers.
Holloway, I., & Galvin, K. (2017). Qualitative research in nursing and healthcare (4th ed.).
John Wiley & Sons Inc.
Hoyningen-Huene, P., Weber, M., & Oberhem, E. (1999). Science for the 21st century: A
new commitment The World Conference on Science, Budapest.
https://unesdoc.unesco.org/ark:/48223/pf0000122938
Huber, S. G. (2004). Preparing school leaders for the 21st century. CRC Press.
Huber, S. G. (2010a). New approaches in preparing school leaders. In P. Peterson, E.
Baker, & B. McGaw (Eds.), International Encyclopedia of Education (Vol. 4, pp.
752-761). Elsevier.
http://www.bildungsmanagement.net/pdf/PubsHuber/1_4/Huber-2010NewApproachesInPreparingSchoolLeaders.pdf
Huber, S. G. (2010b). Preparing school leaders–international approaches in leadership
development. In School leadership-international perspectives (pp. 225-251).
Springer.
http://ndl.ethernet.edu.et/bitstream/123456789/33589/1/377.Stephan%20Ge
rhard%20Huber.pdf#page=241
257

Huber, S. G. (2011). Leadership for learning-learning for leadership: The impact of
professional development. In T. Townsend & J. E. C. MacBeath (Eds.),
International Handbook of Leadership for Learning (Vol. 25). Springer.
https://doi.org/10.1007/978-94-007-1350-5_36
Huber, S. G. (2013). Multiple learning approaches in the professional development of
school leaders–Theoretical perspectives and empirical findings on self-assessment
and feedback (1741-1432). https://doi.org/10.1177/1741143213485469
Hume, A., & Coll, R. (2008). Student experiences of carrying out a practical science
investigation under direction. International Journal of Science Education, 30(9),
1201-1228.
Hume, A., Cooper, R., & Borowski, A. (Eds.). (2019). Repositioning pedagogical content
knowledge in teachers' knowledge for teaching science (1st ed.). Springer
Singapore. https://doi.org/10.1007/978-981-13-5898-2
Hunzicker, J. (2010). Effective professional development for teachers: a checklist.
Professional Development in Education, 37(2), 177-179.
https://doi.org/10.1080/19415257.2010.523955
Hunzicker, J. (2012). Professional development and job-embedded collaboration: how
teachers learn to exercise leadership. Professional Development in Education:
Teacher leadership and professional development: perspectives, connections and
prospects, 38(2), 267-289. https://doi.org/10.1080/19415257.2012.657870
Ingersoll, R., & Perda, D. (2009). The mathematics and science teacher shortage: Fact
and myth. CPRE Research Reports. https://doi.org/10.12698/cpre.2009.rr62
Inter-Agency Commission World Conference in Education for All. (1990). World
conference on education for all-meeting basic learning needs.
https://unesdoc.unesco.org/ark:/48223/pf0000097551
Jenkins, E. W. (2009). Reforming school science education: a commentary on selected
reports and policy documents. Studies in Science Education, 45(1), 65-92.
https://doi.org/10.1080/03057260802681813
Jenkins, L. L. (2011). Using citizen science beyond teaching science content: A strategy
for making science relevant to students’ lives. Cultural Studies of Science
Education, 6(2), 501-508. https://doi.org/10.1007/s11422-010-9304-4
Johnson, G., Dempster, N., Mckenzie, L., Klieve, H., Fluckiger, B., Lovett, S., Riley, T., &
Webster, A. A. (2014). Principals as Literacy Leaders with Indigenous
Communities: Leadership for learning to read-'Both ways'.
https://ro.uow.edu.au/cgi/viewcontent.cgi?article=3294&context=sspapers

258

Johnson, R. B. (1997). Examining the validity structure of qualitative research.
https://www.researchgate.net/profile/R_Johnson3/publication/246126534_Ex
amining_the_Validity_Structure_of_Qualitative_Research/links/54c2af380cf219b
be4e93a59.pdf
Jones, A., Cowie, B., & Buntting, C. M. (2009). Expanding the context for student learning
of science: The conceptual development of the New Zealand science learning hub.
The 40th annual ASERA conference, Geelong.
https://hdl.handle.net/10289/2699
Jones, S., & Harvey, M. (2017). A distributed leadership change process model for higher
education. https://doi.org/10.1080/1360080X.2017.1276661
Joyce, B., & Showers, B. (1980). Improving inservce training: The messages of research.
Educational Leadership, 37(5), 379-385.
Joyce, B. R., & Showers, B. (2002). Student achievement through staff development (3rd
ed.). Association for Supervision & Curriculum Development.
Kaminski, J. (2011). Theory applied to informatics-Lewin’s change theory.
http://cjni.net/journal/?p=1210
Kampourakis, K. (2016). The “general aspects” conceptualization as a pragmatic and
effective means to introducing students to nature of science. Journal of Research
in Science Teaching, 53(5), 667-682.
Karge, B. D., Phillips, K. M., Jessee, T., & McCabe, M. (2011). Effective strategies for
engaging adult learners. Journal of College Teaching & Learning (TLC), 8(12), 5356.
Keiler, L. S., & Woolnough, B. E. (2002). Practical work in school science: The dominance
of assessment. School Science Review, 83(304), 83-88.
Khishfe, R., & Abd-El-Khalick, F. (2002). Influence of explicit and reflective versus
implicit inquiry-oriented instruction on sixth graders' views of nature of science.
Journal of Research in Science Teaching, 39(7), 551-578.
Khishfe, R., & Lederman, N. G. (2006). Teaching nature of science within a controversial
topic: Integrated versus nonintegrated. Journal of Research in Science Teaching,
43(4), 395-418. https://doi.org/10.1002/tea.20137
Kim, B. S., Eun, K. K., Lederman, N. G., & Lederman, J. S. (2005). A developmental
continuum of pedagogical content knowledge for nature of science instruction.
International Annual Conference of the National Association for Research in
Science Teaching. Dallas, TX (April 4-7),
259

Kim, Y. (2011). The pilot study in qualitative inquiry: Identifying issues and learning
lessons for culturally competent research.
https://doi.org/10.1177/1473325010362001
Kimball, M. E. (1967). Understanding the nature of science: A comparison of scientists and
science teachers. https://doi.org/10.1002/tea.3660050204
Kivunja, C., & Kuyini, A. B. (2017). Understanding and Applying Research Paradigms in
Educational Contexts. International Journal of Higher Education 6(5).
Knowles, M. S., Holton, E. F., & Swanson, R. A. (1998). The adult learner: the definitive
classic in adult education and human resource development (5th ed.). Gulf Pub. Co.
Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and
development. Prentice Hall. https://doi.org/10.1002/job.4030080408
Kontas, H. (2016). The effect of an education-themed movie on the academic motivation
of teacher candidates and their attitude towards teaching profession. Journal of
Education and Training Studies, 4(6), 93-103.
https://doi.org/10.11114/jets.v4i6.1483
Kotter, J. P. (1995). Leading change: Why transformation efforts fail. IEEE Engineering
Management Review, 37(3), 42-48. https://doi.org/10.1109/EMR.2009.5235501
Kotter, J. P. (1996). Leading Change. Harvard Business School Press.
Kotter, J. P. (2008). A sense of urgency. Press, Boston.
Krueger, R. A., & Casey, M. A. (2000). Focus groups: a practical guide for applied research
(3rd ed.). Sage Publications.
https://www.ucalgary.ca/research/files/research/webform/grant-processrequest-form/pdf-focus-groups-a-practical-guide-for-applied-research-richarda-krueger-mary-anne-casey-pdf-download-free-book-f70e781.pdf
Labouta, H. I., Kenny, N. A., Li, R., Anikovskiy, M., Reid, L., & Cramb, D. T. (2018,
2018/08/13). Learning science by doing science: an authentic science processlearning model in postsecondary education. International Journal of Science
Education, 40(12), 1476-1492.
https://doi.org/10.1080/09500693.2018.1484966
Le Fevre, D. (2010). Changing tack: Talking about change knowledge for professional
learning. In H. Timperley & J. Parr (Eds.), Changing tack: Talking about change
knowledge for professional learning (pp. 71-91). NZCER.
Le Fevre, D. M. (2014). Barriers to implementing pedagogical change: The role of
teachers' perceptions of risk. Teaching and teacher education, 38, 56-64.
260

Leavy, P. (2017). Research design: Quantitative, qualitative, mixed methods, arts-based,
and community-based participatory research approaches.
Lederman, N. G. (1992). Students' and teachers' conceptions of the nature of science: A
review of the research. Journal of Research in Science Teaching, 29(4), 331-359.
https://doi.org/10.1002/tea.3660290404
Lederman, N. G. (1999a). EJSE Editorial: The state of science education: Subject matter
without context. Electronic Journal of Science Education, 3(2).
Lederman, N. G. (1999b). Teachers' understanding of the nature of science and
classroom practice: Factors that facilitate or impede the relationship. Journal of
Research in Science Teaching, 36(8), 916.
Lederman, N. G. (2007). Nature of science: Past, present, and future. In S. K. Abell & N. G.
Lederman (Eds.), Handbook of research in science education (pp. pp831-879).
Lawrence Erlbaum Publishers. https://doi.org/10.4324/9780203824696
Lederman, N. G., & Lederman, J. S. (2015). The status of preservice science teacher
education: A global perspective (1046-560X). https://doi.org/10.1007/s10972015-9422-7
Lederman, N. G., Lederman, J. S., & Antink, A. (2013a). Nature of science and scientific
inquiry as contexts for the learning of science and achievement of scientific
inquiry. International Journal of Education in Mathematics, Science and
Technology, 1(3), 138-147.
Lederman, N. G., Lederman, J. S., & Antink, A. (2013b). Nature of science and scientific
inquiry as contexts for the learning of science and achievement of scientific inquiry.
https://ijemst.net/index.php/ijemst/article/view/19/19
Lederman, N. G., Schwartz, R. S., Abd‐El‐Khalick, F., & Bell, R. L. (2001). Pre‐service
teachers’ understanding and teaching of nature of science: An intervention study
(1492-6156). https://doi.org/10.1080/14926150109556458
Lee, O., Miller, E. C., & Januszyk, R. (2014). Next Generation Science Standards: All
Standards, All Students. Journal of Science Teacher Education, 25(2), 223-233.
https://doi.org/10.1007/s10972-014-9379-y
Leithwood, K. (2012). The Ontario leadership framework 2012 with a discussion of the
research foundations. The Institute for Educational Leadership.2020, from
https://www.education-leadershipontario.ca/application/files/2514/9452/5287/The_Ontario_Leadership_Frame
work_2012_-_with_a_Discussion_of_the_Research_Foundations.pdf

261

Leithwood, K. (2016). Department-Head leadership for school improvement. Leadership
and Policy in Schools, 15(2), 117-140.
https://doi.org/10.1080/15700763.2015.1044538
Lewin, K. (1947). Group decision and social change. In T. E. Newcomb & E. L. Hartley
(Eds.), Readings in Social Psychology (pp. 340-344). Henry Holt and Co.
http://www.sietmanagement.fr/wp-content/uploads/2016/04/Lewin.pdf
Lieb, S., & Goodlad, J. (2005). Principles of adult learning.
https://sswm.info/sites/default/files/reference_attachments/LIEB%201991%2
0Principles%20of%20adult%20learning.pdf
Lieberman, A., & Pointer Mace, D. (2008). Teacher learning: The key to educational
reform. Journal of Teacher Education, 59(3), 226-234.
Lillge, D. (2019). Improving professional development relationships that support
teacher learning. English Teaching: Practice & Critique, 18(3), 365-381.
https://doi.org/10.1108/ETPC-12-2018-0121
Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Sage Publications.
Litosseliti, L. (2003). Using focus groups in research. A&C Black.
Little, J. W. (1982). Norms of collegiality and experimentation: Workplace conditions of
school success. American Educational Research Journal, 19(3), 325-340.
https://doi.org/10.2307/1162717
Loveless, M. (1999). Helping primary school students make better sense of the material
and physical worlds. https://files.eric.ed.gov/fulltext/ED454063.pdf
Lovett, S. (2002). Teacher learning and development in primary schools: A view gained
through the National Education Monitoring Project [Doctoral thesis, University of
Canterbury]. UC Research Repository. http://hdl.handle.net/10092/1049
Lowenhaupt, R., McKinney, S., & Reeves, T. (2014). Coaching in context: The role of
relationships in the work of three literacy coaches. Professional Development in
Education, 40(5), 740-757.
Lyons, T., & Quinn, F. (2010). Choosing science: understanding the declines in senior high
school science enrolments. National Centre of Science, ICT and Mathematics
Education for Rural and Regional Australia (SiMERR Australia).
http://eprints.qut.edu.au/68725/1/Choosing_Science.pdf
MacBeath, J. E. C. (2019). Leadership for learning. In T. Townsend (Ed.), Instructional
leadership and leadership for learning in schools: Understanding theories of
262

leading (1st ed., pp. 49-73). Palgrave Macmillan https://doi.org/10.1007/978-3030-23736-3_3
MacBeath, J. E. C., Dempster, N., Frost, D., Johnson, G., & Swaffield, S. (2018).
Strengthening the connections between leadership and learning: challenges to
policy, school and classroom practice. Routledge.
Mackenzie, N., & Knipe, S. (2006). Research dilemmas: paradigms, methods and
methodology. Issues in Educational Research, 16, 1-15.
Macquire, T. (2019). Rediscovering the ARBs https://doi.org/10.18296/set.0038
Mahler, D., Großschedl, J., & Harms, U. (2018). Does motivation matter?–The relationship
between teachers’ self-efficacy and enthusiasm and students’ performance.
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0207252
May, S., Jang-Jones, A., & McGregor, A. (2019). PISA 2018: Summary report - system
performance and equity
https://www.educationcounts.govt.nz/publications/series/PISA/pisa2018/pisa-2018-summary-report
McDermott, K. A. (2000). Barriers to large-scale success of models for urban school
reform. Educational Evaluation and Policy Analysis, 22(1), 83-89.
McDonald, C. V. (2010). The influence of explicit nature of science and argumentation
instruction on preservice primary teachers' views of nature of science. Journal of
Research in Science Teaching, 47(9), 1137-1164.
https://doi.org/10.1002/tea.20377
McDonald, C. V. (2017). Exploring representations of nature of science in Australian junior
secondary school science textbooks: A case study of genetics. Routledge.
https://www.researchgate.net/profile/Christine-VMcdonald/publication/317184717_Exploring_Representations_of_Nature_of_Sci
ence_in_Australian_Junior_Secondary_School_Science_Textbooks_A_Case_Study_o
f_Genetics/links/595c63b9a6fdcc36b4dc573a/Exploring-Representations-ofNature-of-Science-in-Australian-Junior-Secondary-School-Science-Textbooks-ACase-Study-of-Genetics.pdf
McGee, C., Jones, A., Bishop, R., Cowie, B., Hill, M., Miller, T., Harlow, A., Oliver, D.,
Tiakiwai, S., & MacKenzie, K. (2003). Report on the New Zealand National
Curriculum, 2002; Australian Council of Educational Research.
https://www.educationcounts.govt.nz/publications/curriculum/5823
Mckenzie, K. B., & Locke, L. A. (2014). Distributed leadership: A good theory but what if
leaders won't, don't know how, or can't lead? Journal of School Leadership, 24(1),
164-188.
263

McLeod, J. (2003). Why we interview now-reflexivity and perspective in a longitudinal
study. International Journal of Social Research Methodology, 6(3), 201-211.
https://doi.org/10.1080/1364557032000091806
Mead, G. H. (1934). Mind, self & society. The University of Chicago Press.
https://people.wku.edu/steve.groce/mindselfandsociety.pdf
Merriam, S. B. (2002). Qualitative research in practice: Examples for discussion and
analysis. Jossey-Bass.
Merriam, S. B. (2009). Qualitative research: A guide to design and implementation.
Jossey-Bass.
Mertens, D. M. (2015). Research methods in education and psychology: integrating
diversity with quantitative & qualitative approaches. Sage Publications.
Mesci, G. (2020). The influence of PCK-based NOS teaching on pre-service teachers' NOS
views. https://doi.org/10.1007/s11191-020-00117-7
Millar, R. (2011). Reviewing the national curriculum for science: opportunities and
challenges. Curriculum Journal, 22(2), 167-185.
Millar, R., & Osborne, J. (1998). Beyond 2000: Science education for the future.
http://www.nuffieldfoundation.org/sites/default/files/Beyond%202000.pdf
Millwood, J., & Heath, M. R. (2000). Food choice by older people: the use of semi‐
structured interviews with open and closed questions. Gerodontology, 17(1), 2532.
Ministry of Business Innovation & Employment and Ministry of Education. (2014). A
nation of curious minds–a national strategic plan for science in society.
https://www.curiousminds.nz/assets/science-in-society-plan-PDF.pdf
Ministry of Education. (1993). Science in the New Zealand Curriculum. Learning Media.
Ministry of Education. (1995). Making better sense of the material world Learning Media.
Ministry of Education. (1996a). Making better sense of the living world. Learning Media.
Ministry of Education. (1996b). Making better sense of the physical world. Learning
Media.
Ministry of Education. (1996c). Making better sense of the planet Earth and beyond
Learning Media.

264

Ministry of Education. (1996d). Putaiao i roto i Te Marautanga o Aotearoa. Learning
Media.
Ministry of Education. (2007). The New Zealand curriculum. Learning Media.
Ministry of Education. (2012a). Leading from the middle: educational leadership for
middle and senior leaders. https://www.educationalleaders.govt.nz/Leadershipdevelopment/Key-leadership-documents/Leading-from-the-middle
Ministry of Education. (2012b). Secondary middle leaders - leading change.
http://nzcurriculum.tki.org.nz/Secondary-middle-leaders/Leading-change
Ministry of Education. (2013). Introducing the five science capabilities; gather and
interpret data; foodwebs. http://scienceonline.tki.org.nz/Science-capabilities-forcitizenship/Introducing-five-science-capabilities/Gather-interpret-data/Foodwebs
Ministry of Education. (2014). Science capabilities for citizenship.
https://scienceonline.tki.org.nz/Science-capabilities-for-citizenship
Ministry of Education. (2017). Connected.
http://instructionalseries.tki.org.nz/Instructional-Series/Connected
Ministry of Education. (2020a). Achievement objectives: Nature of science. Ministry of
Education. https://seniorsecondary.tki.org.nz/Science/Achievement-aims/AOsby-strand/AOs-Nature-of-science
Ministry of Education. (2020b). Assessment Resource Bank.
https://arbs.nzcer.org.nz/home
Ministry of Education. (2020c). Professional Learning and Development.
https://capability.education.govt.nz/
Ministry of Education. (2020d). Teach NZ Scholarships.
https://www.teachnz.govt.nz/studying-to-be-a-teacher/scholarships/
Moeed, A., Anderson, D., Rofe, C., & Bartholomew, R. (2016). Beyond play: learning
through science investigation.
http://test.tlri.org.nz/sites/default/files/projects/9141%20TLRI%20Summary
%20Report_Moeed.pdf
Muijs, D., & Harris, A. (2003). Teacher leadership—Improvement through
empowerment?: An overview of the literature. Educational Management &
Administration, 31(4), 437-448. https://doi.org/10.1177/0263211X030314007

265

Murphy, C., Smith, G., & Broderick, N. (2019). A starting point: Provide children
opportunities to engage with scientific inquiry and nature of science.
https://doi.org/10.1007/s11165-019-9825-0
Mutch, C. (2013). Doing educational research: A practitioner's guide to getting started
(2nd ed.). NZCER Press.
National Research Council. (1996). National science education standards. National
Academy Press.
National Research Council. (2013). Next generation science standards: For states, by
states. https://doi.org/10.17226/18290
Neill, A. (2000). An introduction to the assessment resource banks (ARBS) and their
diagnostic potential Technology in Mathematics Education, Auckland, NZ.
https://www.nzcer.org.nz/system/files/10147.pdf
New Zealand Government. (2020). Science learning hub.
https://www.sciencelearn.org.nz/
NGSS Lead States. (2013a). Next Generation Science Standards: For States, By States:
Search Performance Expectations. http://www.nextgenscience.org/nextgeneration-science-standards
NGSS Lead States. (2013b). NGSS Appendix D Diversity and equity.
http://www.nextgenscience.org/sites/ngss/files/Appendix%20D%20Diversity
%20and%20Equity%206-14-13.pdf
NGSS Lead States. (2013c). NGSS Appendix H - The nature of science in the next
generation science standards.
https://www.nextgenscience.org/sites/default/files/resource/files/Appendix%
20H%20%20The%20Nature%20of%20Science%20in%20the%20Next%20Generation%
20Science%20Standards%204.15.13.pdf
Nguyen, D., & Ng, D. (2020). Teacher collaboration for change: Sharing, improving, and
spreading. https://doi.org/10.1080/19415257.2020.1787206
Nitta, K. A., Wrobel, S. L., Howard, J. Y., & Jimmerson-Eddings, E. (2009). Leading change
of a school district reorganisation. Public Performance and Management Review,
32(3), 463-488. https://doi.org/10.2753/PMR1530-9576320305
Nott, M., & Wellington, J. (1999). The state we're in: Issues with key stage 3 and 4
science. School Science Review, 81(294), 13-18.

266

Novotny, M. (2018). Learning to lead, leading to learn. https://doi.org/10.12781/978-1907549-35-9-4
O’Brien, S., McNamara, G., & O’Hara, J. (2014). Critical facilitators: External supports for
self-evaluation and improvement in schools. Studies in Educational Evaluation,
43, 169-177.
Odden, A., & Wallace, M. J. (2003). Leveraging teacher pay: How we can raise student
achievement through better systems of compensation. Editorial Projects in
Education.
https://www.edweek.org/ew/articles/2003/08/06/43odden.h22.html
OECD. (2000). Measuring student knowledge and skills: A new framework for assessment.
http://www.oecd.org/education/school/programmeforinternationalstudentass
essmentpisa/measuringstudentknowledgeandskillsanewframeworkforassessme
nt-publications2000.htm
OECD. (2007). PISA 2006: Science competencies for tomorrow’s world. Vol. 1–analysis.
OECD. http://www.pisa.oecd.org/dataoecd/30/17/39703267.pdf
OECD. (2016). PISA 2015 Results (Volume I): Excellence and equity in education. OECD
Publishing. http://dx.doi.org/10.1787/9789264266490-en
OECD. (2018). PISA 2018 science framework. https://www.oecdilibrary.org/education/pisa-2018-assessment-and-analyticalframework_f30da688-en
Okey, J. R., Gabel, D. L., Rubba, P. A., & Franz, J. R. (1977). The effect of early teaching and
training experience on physics achievement, attitude toward science and science
teaching, and process skill proficiency. Science Education, 61(4), 503-511.
https://doi.org/10.1002/sce.3730610406
Orpwood, G. (2001). The role of assessment in science curriculum reform. Assessment in
Education: Principles, Policy & Practice, 8(2), 135-151.
https://doi.org/10.1080/09695940125120
Osborne, J. (2007). Science education for the twenty first century.
https://www.ejmste.com/download/science-education-for-thetwenty-firstcentury-4065.pdf
Osborne, J. (2014). Teaching scientific practices: Meeting the challenge of change.
Journal of Science Teacher Education, 25(2), 177-196.
https://doi.org/10.1007/s10972-014-9384-1

267

Osborne, J., & Dillon, J. (2008). Science education in Europe: Critical reflections (Vol. 13).
The Nuffield Foundation. http://efepereth.wdfiles.com/local--files/scienceeducation/Sci_Ed_in_Europe_Report_Final.pdf
Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the
literature and its implications. International Journal of Science Education, 25(9),
1049-1079. https://doi.org/10.1080/0950069032000032199
Park, S., & Oliver, J. S. (2007). Revisiting the conceptualisation of pedagogical content
knowledge (PCK): PCK as a conceptula tool to understabnd teachers as
professionals. Research in Science Education, 38(3), 261-284.
https://doi.org/10.1007/s11165-007-9049-6
Paterson, D. J. (2017). The effectiveness of introducing “The Nature of Science” strand into
the New Zealand curriculum with regard to increasing student engagement in
science [Doctoral dissertation, Curtin University]].
https://espace.curtin.edu.au/handle/20.500.11937/54173
Patton, K., Parker, M., & Neutzling, M. M. (2012). Tennis shoes required. Research
Quarterly for Exercise and Sport, 83(4), 522-532.
https://doi.org/10.1080/02701367.2012.10599141
Patton, M. Q. (2002). Qualitative research and evaluation methods (3rd ed.). Sage
Publications.
Pavez, J. M., Vergara, C. A., Santibañez, D., & Cofré, H. (2016). Using a professional
development program for enhancing Chilean biology teachers’ understanding of
nature of science (NOS) and their perceptions about using history of science to
teach NOS (0926-7220). https://doi.org/10.1007/s11191-016-9817-7
Peacock, J. S. (2014). Science instructional leadership: The role of the department chair.
Science Educator, 23(1), 36.
Pekbay, C., & Yilmaz, S. (2015). The effect of explicit-reflective and historical approach on
preservice elementary teachers' views of nature of science.
https://www.researchgate.net/publication/313477307
Poincaré, H. (2016). Science and Hypothesis. Read Books Ltd.
Printy, S. M. (2008). Leadership for teacher learning: A community of practice
perspective. Educational Administration Quarterly, 44(2), 187-226.
https://doi.org/10.1177/0013161X07312958
Punch, K. F., & Oancea, A. (2014). Introduction to research methods in education. Sage
Publications.
268

Pyett, P. M. (2003). Validation of Qualitative Research in the “Real World.” Qualitative
Health Research,, 13(8), 1170-1179.
Qualifications and Curriculum Development Agency. (2004). National Curriculum.
http://archive.teachfind.com/qcda/curriculum.qcda.gov.uk/key-stages-3-and4/subjects/key-stage-4/science/programme-of-study/index.html#main-tab-2
Rallis, S. F. (2010). 'That is not what's happening at horizon!': Ethics and misrepresenting
knowledge in text. https://doi.org/10.1080/09518398.2010.492808
Rapley, T. (2008). Doing conversation, discourse and document analysis. Sage
Publications.
Rennie, L. J., Goodrum, D., & Hackling, M. (2001). Science teaching and learning in
Australian schools: Results of a national study.
https://doi.org/10.1023/A:1013171905815
Roberts, D. A. (2007). Scientific literacy. In S. K. Abell & N. G. Lederman (Eds.), Handbook
of research on science education (pp. 729-780). Erlbaum.
Roberts, N. C. (1985). Transforming leadership: A process of collective action. Human
Relations, 38(11), 1023-1046. https://doi.org/10.1177/001872678503801103
Robertson, J. (2004). Coaching leaders: The path to improvement.
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.460.8159&rep=rep
1&type=pdf
Robertson, J. (2005). Coaching leadership. NZCER Press.
Robinson, V., Hohepa, M., & Lloyd, C. (2009). School leadership and student outcomes:
Identifying what works and why—Best evidence synthesis iteration (BES). Ministry
of Education.
https://www.educationcounts.govt.nz/__data/assets/pdf_file/0015/60180/BES
-Leadership-Web-updated-foreword-2015.pdf
Robinson, V. M. J. (2010). From instructional leadership to leadership capabilities:
Empirical findings and methodological challenges. Leadership and Policy in
Schools, 9(1), 1-26.
Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press.
Royal Society of New Zealand Te Apārangi. (2020). Science teaching leadership
programme. https://www.royalsociety.org.nz/what-we-do/funds-andopportunities/science-teaching-leadership-programme/

269

Sadler, T. D., Burgin, S., McKinney, L., & Ponjuan, L. (2010;2009). Learning science
through research apprenticeships: A critical review of the literature. Journal of
Research in Science Teaching, 47(3), 235-256.
https://doi.org/10.1002/tea.20326
Sahlberg, P. (2006). Education reform for raising economic competitiveness. Journal of
Educational Change, 7(4), 259-287.
Sarton, G. (1918). The teaching of the history of science.
https://www.jstor.org/stable/pdf/6945.pdf
Schomaker, J., Walper, D., Wittmann, B. C., & Einhäuser, W. (2017). Attention in natural
scenes: Affective-motivational factors guide gaze independently of visual salience
(0042-6989).
https://www.sciencedirect.com/science/article/pii/S0042698917300330
Schön, D. A. (1987). Educating the reflective practitioner. Jossey-Bass.
Schwandt, T. A. (1994). Constructivist, interpretivist approaches to human inquiry. In N.
K. Denzin & Y. S. Lincoln (Eds.), The landscape of qualitative research: Theories
and issues (pp. 221-259). Sage Publications.
https://www.researchgate.net/profile/ThomasSchwandt/publication/232477264_Constructivist_Interpretivist_Approaches_to_
Human_Inquiry/links/557048d908aeab777228bfef/C
Schwartz, R. S., & Lederman, N. G. (2002). "It's the nature of the beast": The influence of
knowledge and intentions on learning and teaching nature of science. Journal of
Research in Science Teaching, 9(9), 205-236. https://doi.org/10.1002/tea.10021
Schwartz, R. S., Lederman, N. G., & Crawford, B. A. (2004). Developing views of nature of
science in an authentic context: An explicit approach to bridging the gap between
nature of science and scientific inquiry. Science Education, 88(4), 610-645.
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
https://doi.org/10.3102/0013189x015002004
Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform.
https://doi.org/10.17763/haer.57.1.j463w79r56455411
Sidorko, P. E. (2008). Transforming library and higher education support services: can
change models help? Library Management, 29(4/5), 307-318. ( )
Sigurðardóttir, A. K. (2010). Professional learning community in relation to school
effectiveness. Scandinavian Journal of Educational Research, 54(5), 395-412.
https://doi.org/10.1080/00313831.2010.508904
270

Siskin, L. S. (1997). The challenge of leadership in comprehensive high schools: School
vision and departmental divisions. Educational Administration Quarterly,
33(1_suppl), 604-623. https://doi.org/10.1177/0013161X970331005
Smallbone, C., Rofe, C., & Moeed, A. (2017). Learning science: Putaiao in an indigenous
school--A review of the theory and practice. Science Education International,
28(3), 199-206.
Smith, M. U., & Scharmann, L. (2006). A multi-year program developing an explicit
reflective pedagogy for teaching pre-service teachers the nature of science by
ostention. Science & Education, 17(2-3), 219-248.
https://doi.org/10.1007/s11191-006-9009-y
Snook, I. (2003). The ethical teacher. Dunmore Press.
Somekh, B., & Lewin, C. (2005). Research methods in the social sciences. Sage
Publications.
Southworth, G. (2005). Learning-centred leadership. In The essentials of school
leadership (pp. 75-92). https://doi.org/10.4135/9781446288290.n6
Southworth, G. (2011). Connecting leadership and learning. In J. Robertson & H.
Timperley (Eds.), Leadership and learning. Sage Publications.
Spencer, M. H., & Winn, B. A. (2004). Evaluating the success of strategic change against
Kotter's eight steps. Planning for Higher Education, 33(2), 15-22.
Spillane, J. P. (2005). Distributed leadership
https://doi.org/10.1080/00131720508984678
Spiller, L., & Hipkins, R. (2013). Reflecting on purposes for learning science: two case
studies of support for changing teaching practice.
http://www.nzcer.org.nz/research/publications/reflecting-purposes-learningscience
Stake, R. E. (2006). Multiple case study analysis. The Guilford Press.
Stake, R. E. (2010). Qualitative research: Studying how things work. The Guilford Press.
Stewart, G. (2011). Science in the Māori‐medium curriculum: Assessment of policy
outcomes in pūtaiao education. Educational Philosophy and Theory, 43(7), 724741. https://doi.org/10.1111/j.1469-5812.2009.00557.x

271

Stinner, A., Mcmillan, B. A., Metz, D., Jilek, J. M., & Klassen, S. (2003). The renewal of case
studies in science education.
https://link.springer.com/content/pdf/10.1023/A:1025648616350.pdf
Stoll, L. (2011). Leading professional learning communities. In J. Robertson & H.
Timperley (Eds.), Leadership and learning. Sage Publications.
Stoll, L., Bolam, R., McMahon, A., Wallace, M., & Thomas, S. (2006). Professional learning
communities: A review of the literature. Journal of Educational Change, 7(4), 221258. https://doi.org/10.1007/s10833-006-0001-8
Swaffield, S. (2008). Critical friendship, dialogue and learning, in the context of
Leadership for Learning. School leadership and Management, 28(4), 323-336.
Swaffield, S., & MacBeath, J. E. C. (2005). School self‐evaluation and the role of a critical
friend. Cambridge Journal of Education, 35(2), 239-252.
Taber, K. S. (2018). Pedagogic doublethink: Scientific enquiry and the construction of
personal knowledge under the English national curriculum for science. In D. W.
Kritt (Ed.), Constructivist Education in an Age of Accountability (pp. 73-96).
Springer. https://link.springer.com/chapter/10.1007/978-3-319-66050-9_4
Thomas, E., & Magilvy, J. K. (2011). Qualitative rigour or research validity in qualitative
research. Journal for Specialists in Pediatric Nursing, 16, 151-155.
Thomas, G. P., Meldrum, A., & Beamish, J. (2017). Transforming the learning
environment of undergraduate physics laboratories to enhance physics inquiry
processes. Scientia in educatione, 8. https://doi.org/10.14712/18047106.754
Tian, M., & Huber, S. G. (2020). Mapping educational leadership, administration and
management research 2007–2016: Thematic strands and the changing
landscape. Journal of Educational Administration, 58(2), 129-150.
https://doi.org/10.1108/JEA-12-2018-0234
Timperley, H. (2005). Distributed leadership: Developing theory from practice. Journal
of Curriculum Studies, 37(4), 395-420.
Timperley, H. (2011a). Leading teachers' professional learning. In J. Robertson & H.
Timperley (Eds.), Leadership and learning. Sage Publications.
Timperley, H. (2011b). Realizing the power of professional learning. Open University
Press.
Timperley, H. (2015). Effective professional conversations.
https://www.youtube.com/watch?v=XJrkAENKjzw
272

Timperley, H., Kaser, L., & Halbert, J. (2014). A framework for transforming learning in
schools: Innovation and the spiral of inquiry. Centre for Strategic Education.
Timperley, H., & Parr, J. M. (2009). Chain of influence from policy to practice in the New
Zealand literacy strategy. Research Papers in Education: Shaping Futures: Literacy
Policy in the Twenty-First Century, 24(2), 135-154.
https://doi.org/10.1080/02671520902867077
Timperley, H., Wilson, A., Barrar, H., & Fung, I. (2007). Best evidence synthesis iterations
(BES) on professional learning and development. Ministry of Education.
http://educationcounts.edcentre.govt.nz/goto/BES
Timperley, H., Wilson, A., Barrar, H., & Fung, I. (2008). Teacher professional learning and
development (Vol. 18). International Adacemy of Education.
Tobin, K., & Garnett, P. (1988). Exemplary practice in science classrooms. Science
Education, 72(2), 197-208. https://doi.org/10.1002/sce.3730720208
Tolhurst, J. (2010). The essential guide to coaching and mentoring (2nd ed.). Longman.
Toplis, R., Golabek, C., & Cleaves, A. (2010). Implementing a new science national
curriculum for England: how trainee teachers see the how science works strand
in schools. The Curriculum Journal, 21(1), 65-76.
https://doi.org/10.1080/09585170903558471
Torre, D., & Murphy, J. (2015). A different lens: Using photo-elicitation interviews in
education research. Education Policy Analysis Archives, 23(111).
Tsai, C. (2007). Teachers' scientific epistemological views: The coherence with
instruction and students' views. Science Education, 91(2), 222-243.
Turkenburg-van Diepen, M. G. W. (2013). How Science Works: The impact of a curriculum
change on classroom practice [Doctoral thesis, University of York]. White Rose
Research Online. http://etheses.whiterose.ac.uk/id/eprint/5480
Turner, H. E. (1983). The department head—An untapped source of instructional
leadership. NASSP Bulletin, 67(464), 25-28.
https://doi.org/10.1177/019263658306746406
Tytler, R. (2007). Re-imagining science education: Engaging students in science for
Australia's future. http://research.acer.edu.au/aer/3
United Kingdom Department for Education. (2014). National curriculum in England:
Science programmes of study.
https://www.gov.uk/government/publications/national-curriculum-in-england273

science-programmes-of-study/national-curriculum-in-england-scienceprogrammes-of-study
University of Otago. (2017). National monitoring study of student achievement.
University of Otago. https://nmssa.otago.ac.nz/reports/index.htm#6
Van Dijk, E. M. (2014). Understanding the heterogeneous nature of science: A
comprehensive notion of PCK for scientific literacy. Science Education, 98(3),
397-411.
Vanblaere, B., & Devos, G. (2018). The role of departmental leadership for professional
learning communities. Educational Administration Quarterly, 54(1), 85-114.
VanDijk, E. M. (2014). Understanding the heterogeneous nature of science: A
comprehensive notioin of PCK for scientific literacy. Science Education, 98(3).
Vannier, D. M. (2012). Primary and secondary school science education in New Zealand
(Aotearoa): Policies and practices for a better future.
https://www.fulbright.org.nz/wpcontent/uploads/2012/08/axford2012_vannier.pdf
Vázquez-Alonso, Á., García-Carmona, A., Manassero-Mas, M., & Bennàssar-Roig, A.
(2013). Science Teachers' Thinking About the Nature of Science: A New
Methodological Approach to Its Assessment. Research in Science Education,
43(2), 781-808. https://doi.org/10.1007/s11165-012-9291-4
Vesterinen, V., & Aksela, M. (2012). Design of chemistry teacher education course on
nature of science. Science and Education, 22, 2193-2225.
https://doi.org/10.1007/s11191-012-9506-0
Vostal, M., LaVenia, K. N., & Horner, C. G. (2019). Making the shift to a co-teaching model
of instruction: Considering relational trust as a precursor to collaboration.
Journal of Cases in Educational Leadership, 22(1), 83-94.
https://doi.org/10.1177/1555458918796876
Wahbeh, N., & Abd-El-Khalick, F. (2014). Revisiting the translation of nature of science
understandings into instructional practice: Teachers' nature of science pedagogical
content knowledge. https://doi.org/10.1080/09500693.2013.786852
Ward, G., & Haigh, M. (2017). Challenges and changes: Developing teachers’ and initial
teacher education students’ understandings of the nature of science. Research in
Science Education, 47(6), 1233-1254.
Weller, L. D. (2001). Department heads: The most underutilized leadership position.
NASSP Bulletin, 85(625), 73-81. https://doi.org/10.1177/019263650108562508
274

Whatman, J., & Bull, A. (2015). The work of PLD facilitators.
https://www.nzcer.org.nz/system/files/The%20work%20of%20PLD%20facilit
ators.pdf
Wildy, H., & Clarke, S. (2011). Instructional leadership: teacher level. In J. Robertson & T.
H. (Eds.), Leadership and learning. Sage Publications.
Yin, R. K. (2018). Case study research and applications: Design and methods (3rd ed.).
Sage.
Yoon, K. S., Duncan, T., Lee, S. W.-Y., Scarloss, B., & Shapley, K. L. (2007). Reviewing the
evidence on how teacher professional development affects student achievement.
Issues & answers. REL 2007-No. 033.
https://www.researchgate.net/publication/234730012
Young, M., & Glanfield, K. (1998). Science in post-compulsory education: towards a
framework for a curriculum of the future. 32(1), 1-20.
https://doi.org/10.1080/03057269808560125
Ziebland, S., & McPherson, A. (2006). Making sense of qualitative data analysis: an
introduction with illustrations from DIPEx (personal experiences of health and
illness). Medical Education, 40(5), 405-414.
Zoch, M. (2015). Growing the good stuff: One literacy coach’s approach to support
teachers with high-stakes testing. https://doi.org/10.1177/1086296X16632329

275

Appendix A
Pilot interview questions
Pilot teacher questions
1. Tell me about how you became a science teacher.
Prompts: degree?/ major?/ teacher training?/NOS training?
2. Tell me what you know about nature of science/NOS.
Prompts: ? place in NZC/ importance?
3. Tell me about any professional learning and development you have had that
helped your understanding of NOS.
Prompts: resources e. g. science capabilities/ facilitator support/ in-school
support/regional meetings/conferences/workshops
4. Tell me about a lesson/unit of work that you changed so that NOS was the focus
rather than content knowledge.
Prompts: what /who encouraged you to change this lesson/unit of work?/
5. Tell me about any student successes as a result of teaching from a NOS/science
capabilities focus.
Prompts: engagement?/ improved result in Science Thinking with Evidence test?/
continuing in science

Pilot student focus group questions
1. Tell me what you know about the Nature of Science.
2. Tell me about a lesson or a unit of work that focussed on a science capability or
of a Nature of Science.
3. Tell me about an activity in science which helped your understanding of NOS or a
science capability.
4. Tell me about any personal success or successes you have had in science.
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Appendix B
Actual interview questions
Teacher questions
1. Tell me about how you became a science teacher.
Prompts: degree?/ major?/ teacher training?/NOS training?
2. Tell me what you know about nature of science/NOS.
Prompts: ? place in NZC/ importance?/
3. Tell me about any professional learning and development you have had that
helped your understanding of NOS.
Prompts: resources e. g. science capabilities/ facilitator support/ in-school
support/regional meetings/conferences/workshops
4. Tell me about anything that has enabled you to teach NOS in your school.
Prompts: ?previous school/ people…
5. Tell me about any barriers you have struck to teaching NOS/science capabilities
in your school.
Prompts: ?previous school/ people/systems…
6. Tell me about a lesson/unit of work that you changed so that NOS was the focus
rather than content knowledge.
Prompts: what /who encouraged you to change this lesson/unit of work?/
7. Tell me about any student successes as a result of teaching from a NOS/science
capabilities focus
Prompts: engagement?/ improved result in Science Thinking with Evidence test?/
continuing in science

Student focus group questions
1. What do you enjoy in Science?
2. How well do you think you are doing in science?
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3. In what ways does your teacher help you make links between science knowledge
and how to use it in the real world?
4. Tell me what you know about nature of science.
5. Tell me about a lesson/unit of work that focused on a science capability/ NOS.
6. Tell me about an activity in science which helped your understanding of NOS or a
science capability.
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Appendix C
Information letter for teachers

8 August, 2017
Not just a pile of facts: supporting the teaching of Nature of Science
Information letter for teachers
My name is Judith Bennetts, and I am a student at the University of Canterbury. As part of my
Educational Doctorate degree, I am researching an aspect of secondary Science education.
I am interested in finding out what learning strategies and forms of support encourage science
teachers to teach Nature of Science, the only compulsory strand of the science curriculum up to
Year 10.
I would like to invite you to participate in my research. If you agree to take part, you will be
asked to do the following:
Take part in one face-to-face interview
Bring to the interview photos which convey the distinctive elements of your teaching, for
example, methods of student engagement, lesson plans, assessments (old and new) but not
students’ work
Check the transcript of the interview session to ensure its accuracy
Provide a hard or electronic copy of the Year 9 and 10 science schemes and six lesson plans
Select six Year 9 or 10 students for a focus group interview (selection criteria are attached) and
collect their consent forms for me
Please note that participation in this study is voluntary. If you do participate, you have the right
to withdraw from the study at any time without penalty. If you withdraw, I will do my best to
remove any information relating to you, provided this is practically achievable.
I will take particular care to ensure the confidentiality of all data gathered for this study. I will
also take care to ensure your anonymity in publications of the findings. The results of this
research may be used at conferences or in national/international journals and I hope that it will
make a valuable contribution to the Science literature both in New Zealand and internationally.
All participants will receive a report on the study. Raw data will be stored in a locked cabinet at
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my home for 10 years and then destroyed. Electronic data will be stored on a password
protected computer and destroyed after 10 years.
If you have any questions about the study, please contact me (details above) or my supervisor,
Associate Professor Susan Lovett (susan.lovett@canterbury.ac.nz). This study has received
ethical approval from the University of Canterbury Educational Research Human Ethics
Committee. If you have a complaint about the study, you may contact the Chair, Educational
Research Human Ethics Committee, University of Canterbury, Private Bag 4800, Christchurch
(human-ethics@canterbury.ac.nz).
If you agree to participate in this study, please complete the attached consent form and
return it to me by email by 15 August. Please retain this information sheet. Thank you for
considering taking part in this research.
Judith Bennetts
Telephone: 0272737835
Email: judith.bennetts@canterbury.ac.nz
Not just a pile of facts: supporting the teaching of Nature of Science
Consent form for teachers
I have been given a full explanation of this project and have been given the opportunity to ask
questions.
I understand what will be required of me if I agree to take part in this project.
I understand that my participation is voluntary and that I may withdraw at any stage without
penalty.
I understand that any information or opinions I provide will be kept confidential to the
researcher and that any published or reported results will not identify me.
I consent to interviews being audio taped.
I acknowledge that copies of transcripts will be returned to me for verification.
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I understand that I will receive a report of the findings of this study. I have provided my email
details below for this.
I understand that if I require further information I can contact the researcher, Judith Bennetts. If
I have any complaints, I can contact the Chair of the University of Canterbury Educational
Research Human Ethics Committee or the Senior Supervisor.

By signing below, I agree to participate in this research project.
Name: _________________________________________
Date: __________________________________________
Signature: _____________________________________
Yes, I would like to receive a report of the findings of this study (please tick)
Email address for receiving report: _____________________________________
Please return this completed consent form to judith.bennetts @canterbury.ac.nz by
15 August.

University of Canterbury Private Bag 4800, Christchurch 8140, New Zealand. www.canterbury.ac.nz
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Appendix D
Information Sheet for Students

25 September, 2017
Not just a pile of facts: supporting the teaching of Nature of Science
Information Sheet for Students
My name is Judith Bennetts, and I am a student at the University of Canterbury. As part of my
Educational Doctorate degree, I am researching an aspect of secondary Science education.
I am interested in finding out what learning strategies and forms of support encourage science
teachers to teach Nature of Science, the only compulsory strand of the science curriculum up to
Year 10.
I would like to invite you to participate in my research because I want to capture student
experiences of the Nature of Science strand. I will also be requesting an interview from your
science teacher.
If you agree to take part in this study, you will be asked to do the following:
Be part of a focus interview group of 5-6 students to share your insights about your learning
experiences in the Nature of Science strand. The interview will be recorded and will take about
30 minutes
Bring to the interview artefacts that show your learning in science, e.g. your science
book/folder, science portfolio, assessments, five photographs of practical science activities
Check the transcript of the interview session to ensure accuracy
If you agree to be interviewed, you may request the recordings to be stopped temporarily or
permanently at any time. Your participation is voluntary, and you may withdraw from the study
at any time without penalty. If you withdraw, I will do my best to remove any information
relating to you, provided this is practically achievable.
The data gathered will be confidential. As a student member of the focus group interviews, I will
be asking you not to talk about what is discussed during the interview to people who are not in
the focus group. Your name and the names of other students in the focus group will be
anonymised so that no details can identify you as a person or your school in any spoken or
written reports.
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Audio-recordings and notes will be kept in a locked cupboard and electronic data will be
password protected. The only people who will see the full transcripts of the interviews will be
me and my supervisors. Raw data will be stored in a locked cabinet at my home for 10 years and
then destroyed. Electronic data will be stored on a password protected computer and destroyed
after 10 years. If you have any questions about the study, please contact me (details above) or
my supervisor, Associate Professor Susan Lovett (susan.lovett@canterbury.ac.nz). This study
has received ethical approval from the University of Canterbury Educational Research Human
Ethics Committee. If you have a complaint about the study, you may contact the Chair,
Educational Research Human Ethics Committee, University of Canterbury, Private Bag 4800,
Christchurch (human-ethics@canterbury.ac.nz).
If you agree to participate in this study, please complete the attached consent form and
return to your science teacher in the envelope provided by 26 September. Please retain
this information sheet. Thank you for considering taking part in this research.
Not just a pile of facts: supporting the teaching of Nature of Science
Students’ Consent Form
I understand the aims and purposes of the research study being undertaken by Judith Bennetts.
The study has been explained to me and I understand the information that was given to me on
the information sheet.
I am aware that my participation in this study is voluntary and that I can withdraw from the
study at any time.
I understand that participating in this project will have no impact (positive or negative) on my
grade.
I understand that my involvement may include group interviews which will be audio recorded,
and that I can ask for the recording to be stopped at any time temporarily or permanently.
I understand that, in the group interviews, students will be asked to treat what is shared as
confidential.
I understand that I will be provided with a copy of their interview transcript to check for
accuracy.
I understand that all information will be treated confidentially and will be used for research
purposes only, that data will be kept in locked and secure facilities and/or in password
protected electronic form and will be destroyed after ten years.
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I understand that within these restrictions, the findings may be submitted for publication to
national or international journals or presented at educational conferences.
I understand that a copy of the research results will be sent to me upon request using the email
address I have provided below.
I understand the study will be carried out as described in the information statement and
consent form, copies of which I have retained.
I have read the information sheet and consent form. I agree to participate in the study.

Name: ___________________________________
School: __________________________________
Date:

___________________________________

Signature: __________________________________
E-mail: ___________________________________

Please return this completed consent form to your science teacher in the envelope provided
by 26 September.
Judith Bennetts
Telephone: 0272737835
Email: judith.bennetts@canterbury.ac.nz

University of Canterbury Private Bag 4800, Christchurch 8140, New Zealand. www.canterbury.ac.nz
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Appendix E
Interview Protocol
Hello! Thank you for consenting to participate in this research on what encourages
teachers to teach the nature of science.
Interviewer to introduce herself and then students introduce themselves
Our interview will consist of a series of questions that will help me collect the data I
need for the study. I will also be taping our interview for the purpose of accuracy of
data, and I will be taking some notes. You and your school will not be identified in the
study.
Just a few housekeeping points:
•

This interview will take about half an hour;

•

We all need to have our cell phones turned off;

•

Everyone’s opinion is important- no right or wrong answers;

•

Take turns to speak;

•

Listen to each other and try not to talk over others;

•

Speak clearly and not too quickly;

•

Don’t be afraid to ask me to repeat the question or clarify it.

Do you have any questions for me before we start the interview? Great! Let’s start then.
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Appendix F
Check List of items for students to bring to interview or email to researcher

Item
Photographs of science practical activities enjoyed
Science workbook, e.g. SciPad
Assessments
Science notebook
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Appendix G
Alison’s focus groups’ images for Light unit
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Alison’s focus group images of models used to teach Astronomy
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Alison’s focus group’s images showing practical work done on own

289

Amelia’s students ‘learning by doing’
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Appendix H
An historical list of resources from which teachers selected those commonly used in
Kipkins and Hodgen’s study (2012).
Assessment Resource Bank resources
As an early attempt to support teachers to assess NOS, the Assessment Resource Bank
(ARB) resources (Ministry of Education, 2020b) have been continually developed by the
New Zealand Council for Educational Research (NZCER) since 1996. They were initially
based on Science in the New Zealand Curriculum (SNZC) statements and subsequently
the NZC (Neill, 2000). These assessment resources are designed to be used formatively
by students and teachers as a means of reviewing curriculum statements and focusing
teachers’ professional development. Written by researcher-resource developers from
NZCER with experience in assessment, curriculum, teaching and learning, and primary
and secondary school teachers, these online resources have been regularly updated
with new resources added. Indeed some of the recent assessment tasks are now able to
be marked in real time (Macquire, 2019) showing teachers’ need for continuing support.
As schools need to connect to the internet to access these resources, this was initially
problematic for many schools. If the lack of devices or poor internet connection is still
an issue, the resources can be printed for use.
The results of the TIMSS survey, published in 1997, suggested a need to improve the
achievement of New Zealand students in science. This survey and the 1996 ERO report
found a significant barrier to improving achievement, particularly in the physical
sciences, was the lack of teacher knowledge of the scientific concepts needed to
implement a meaningful programme of learning (Loveless, 1999). This led to the
publication of the series of books, Making Better Sense.
Making Better Sense books
Four Making Better Sense (MBS) books were produced to support primary school
teachers teach science. Primary teachers who had not yet had sufficient training in the
science curriculum found it “difficult to cope with content, planning, implementation or
assessment demands of the curriculum” (Loveless, 1999, p. 3). These books, therefore,
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contained hands-on material for teachers to use in the classroom to enable them to
transfer the theory in SNZC into practice. Professional learning programmes facilitated
by the science advisors assisted teachers become familiar with these books and
implement the ideas in their classrooms. The four books explicitly referenced the four
contextual strands of SNZC (Hipkins & Hodgen, 2012). Loveless (1999) noted at the time
that a contract had been signed to develop resources to cover the two integrating
strands: Developing Scientific Skills and Attitudes Skills and Attitudes and Making Sense
of the Nature of Science and its Relationship to Technology. However, these two
resources which were to have focused on Investigating in Science and The Nature of
Science were never published. While the activities in the four contextual strand books
provided opportunities for teachers to assess the extent to which concepts had been
understood there were links to the Nature of Science strand of the science curriculum;
for example, an understanding of how and why ideas change in science (Ministry of
Education, 1996c). This, however, was insufficient support to encourage teaching
through NOS.
Science IS project
Another resource developed in the 1990s to support the implementation of SNZC was
the Ministry of Education web-based Science IS project. This resource had two main
components: “one part described basic NOS propositions”; “the other part took
traditional learning activities and showed how they could be refocused to include a NOS
component” (Hipkins, 2012, p. 8). There were two major problems with the Science IS
project. First, it was not made clear how and why teaching the NOS component would
change the overall outcomes sought. Consequently, teaching NOS was viewed as adding
additional content to an already demanding learning area (ibid). Second, there was no
professional development support for teachers as the budget had been used up
producing the resources. This work was like a forerunner of the recently developed
science capabilities (Ministry of Education, 2013) in that these resources also use
existing resources to model what teaching through NOS looks like.
Building Science Concepts
Yet another resource produced in the 1990s to support teachers of Years 1-10
implement SNZC was the Building Science Concepts booklets. Used primarily by primary
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teachers, 65% of these teachers accessed them to build their science content
knowledge, a need identified by Hipkins and Hodgson (2012) and ERO (2012). Although
these booklets were designed to support the implementation of SNZC they are still
relevant to NZC. Teachers find them useful for engaging students in practical learning
activities, getting good pedagogical teaching ideas and updating their content
knowledge for teaching science, however, they have not been updated (Hipkins &
Hodgen, 2012) and do not explicitly show teachers how to teach through NOS.
Kick-Start
Several years after the launching of Science IS, the researchers at the New Zealand
Council for Educational Research (NZCER) initiated and developed a further primary
school science resource, the Kick-Start series. This book was specifically designed to
help teachers understand and teach the four aspects of NOS in the NZC. As well as
suggesting practical activities to use, this resource again showed how existing resources
in the school might be adapted to meet the changed emphasis of the curriculum (Bull &
New Zealand Council for Educational Research, 2010). However, because schools had to
pay for this resource, Hipkins (personal communication, May 6, 2015) said widespread
dissemination and use was limited to the schools willing to pay for it.
Science Learning Hub
The Science Learning Hub (SLH) (New Zealand Government, 2020), established in 2007
to coincide with the launching of the new curriculum, the NZC, is an example of an
innovative online resource to support the teaching of NOS in NZ. This web-based portal
is a government-funded initiative designed to increase student engagement and
“connect school science to real world science in ways that are relevant to students and
teachers” (Cooper et al., 2010; Jones et al., 2009, p. 10). The advantages of this resource
are that it can be accessed any time, from anywhere and unlike the previously discussed
resources, supports secondary teachers as well as primary teachers. The content is
presented in contexts to show how scientists work in the real world and provide a
scaffold for teachers to develop engaging science programmes. As the resources show
how scientists work, they address the Understanding about science aspect of NOS but
the challenge is ensuring teachers are aware of the resources (Jones et al., 2009). As
with previously mentioned resources, maybe PLD is also the missing link here.
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I turn now to the most recent support primary and secondary school teachers in NZ
have had to support their teaching of science, the science capability resources.
Science capabilities
These science resources have been developed by NZCER researchers in recognition of
the importance of NOS in the science curriculum. The science capabilities are one
strategy the Ministry of Education have used to clarify the NOS component of the
curriculum. They were derived from three aspects of the NZC (Ministry of Education,
2007); the key competencies (pp. 12-13), the NOS strand from the science curriculum
learning area (p. 28) and the science essence statement (p. 17) which emphasises
citizenship. The science capability resources were designed as a resources for teacher to
think with when planning and working with students (Hipkins & Bull, 2015). As such,
they provide a pedagogy for teaching NOS. Table 2 sets out these science capabilities.
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Appendix I
The benefits and limitations of the Change models considered
Model

Year

Beneficial features

Roberts

1985

•
•

•

Kotter’s 8 step
process for
change

1995

•
•
•
•
•
•
•
•
•
•
•

Limitations

used in educational setting
•
had six key elements that roughly match first three •
of Kotter’s steps: crisis, clear district mission, clear
vision, ad hoc structure, participative process, and
skilful change agent
more-bottom up than top down in approach so
people empowered

no evaluative element
no detail in model as to how change was
brought about

based on 100+ businesses
many steps needed as change process is complex
direct useable format
has been used in many contexts including
education
focuses on leadership rather than management
focuses on leaders making the changes
still valid in 2012 as much as
steps can be revisited
research informed modifications made over time
can be used to see where change process stalled
linear process doesn’t represent complexity of
change process so changed to circular mode

prescriptive
some steps not relevant in some contexts
not detailed enough to guide change
management (Appelbaum et al. 2012)
little detail of how process should be
achieved
needs complementary tools to adapt to
contextual factors or obstacles
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•
•
•
•
•

CREATER

1995

•
•

Guskey

2002

•
•
•
•

ADKAR

2006

•
•
•
•
•
•
•

7 easy to follow stages-Care, Relate, Examine,
Acquire, Try, Expand, Renew
leadership focus

•
•

includes professional development
•
shows the sequence that leads to teachers
•
changing their practice
•
addresses the need to change teacher attitudes and
beliefs
teachers see results so encouraged to make further
changes
•
a model for change in business, government, and
•
community
•
ADKAR stands for Awareness, Desire, Knowledge, •
Ability and Reinforcement
developed over 14 years
studied 900+ organisations
focuses on change at individual level
can be used to see where change process stalled
emphasises importance of training for people
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stages not linked to established
leadership theories
lacks any sense of urgency to bring about
change-e.g. talks about “ if change should
be attempted”
does not focus on leadership
insufficient details of change process
no detail of professional development

sequence must be followed in order
starts after change identified
assumes people are resistant to change
not applied to educational organisations

Four Dimensions

2009

•

of Leadership: A
Model for
Effective Change
•
•

Teaching as
Inquiry

2011

•
•
•
•

Four dimensions of leadership to bring about
effective change in educational organizations. The
four dimensions are: (1) understanding self and
others; (2) understanding the complexities of
organizational life; (3) building bridges through
relationships, and (4) engaging in leadership best
practices.
model is unique in that it builds on current
literature
involves everyone in the organization ensuring
that they understand the goals of the organization
and willingly contribute

provides structure
based on meeting needs of students
focuses on deepening teachers’ professional
knowledge and skills
reflective process
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•
•

•
•

three of the four dimensions are about
preparing for change
no detail of each stage in the model but
given in article

does not focus on leadership
does not necessarily use the support of
an ‘expert’

Appendix J
Key factors for Schools A, B and C

SCHOOL A
Key factors
Teacher dispositions
and beliefs about
science teaching

Evidence from my data
•
•
•
•

•
•
•
•
•

What the literature says

Needs of students central
More to science than content or a pile of facts
Citizenship science needed for all students
Alison knew teaching content like Light wasn’t
engaging the students and had wanted to
change the way she taught science for some
time – needed ‘permission’ from a science
facilitator to make the change away from a pile
of facts to a NOS focus
Alison believed she could make a difference for
her students
Alison a divergent, creative thinker e.g. new
schemes, created science capabilities posters
Alison had a good relationship with her
teachers-not top-down leadership
Alison and Amelia had both taught about 11
years – no apparent link between time teaching
and use of NOS
One teacher at School A initially resistant to
change but Alison encouraged her to change
and gave her time

298

•
•
•
•
•
•
•
•
•

NZC (MoE, 2007) puts student at centre + equityscience for all
Gluckman report (2011)
Taber (2014)-talks about why teach science-science for
all so, e.g. can make sense of reports of science in the
media
Student understanding Park, Oliver (2007)
Knowledge of learner and their characteristics
Knowledge of educational ends, purposes and values
and their philosophical and historic grounds (Shulman,
1987, p 8).
The findings suggested adequate coherences between
teachers' scientific epistemological views (SEVs) and
their teaching beliefs as well as instructional practices.
MacBeath et al. Teacher belief they can make a
difference+ allowing teachers to be creative; divergent
thinking in LfL model
(Bohn, 2014) Turning Resistant Teachers into Resilient
Teachers

Knowledge of NOS

•

•
•
•

Alison had an excellent understanding of all 4
strands-didn’t use words like tentative nature
of science but instead NOS and science
capabilities which she called key capabilities
Alison able to articulate common teacher
misunderstandings, e.g. Understanding about
science
Amelia most familiar with Investigating in
science
Alison found the language of the science
capabilities easier to use than language of NOS

How NOS knowledge • Alison recalled a little teaching of NOS in ITE but
not focus it is now
is acquired (e.g.
• On-going 2-year PLD on use of science capabilities
resources available,
to teach NOS using an external facilitator made
biggest difference-explicit teaching of NOS
PLD, ITE, courses)
• PLD uses TAI framework so encouraged teacher
reflection
• Time to collaborate with facilitator, within
department, within school and across schools
(regional science teacher meetings)
• NOS PLD was context focused not isolated
• Attendance at regional meetings-sharing and
discussions
• Amelia in school teaching of NOS using science
capabilities as a tool from HOD + class
observations
• Alison as HOD worked initially with one other
science teacher to rewrite all the Year 9 schemes
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• (Hipkins, 2014)-Unlocking the idea of science
capabilities
• (Hipkins, 2013b) Competencies or capabilities:
What’s in a name?
• NZC (2007)

•
•

•

•
•

Vesterinen & Aksela (2012)-pre-service education
course can produce early adopters of NOS
instruction
Hunzicker et al.- Links to adult learner principles
of supportive, job embedded, instructional focus,
collaborative, ongoing, acknowledges prior
learning and self-directing.
MacBeath et al. (p.44)-creating opportunities for
teachers to reflect; teachers need to position
themselves as learners; talks about sociality and
emotionality of adults genuinely engaged in
learning
Bohn (2014)-change needs on-going, wellstructured PLD as there will always be resistant
and reluctant teachers
TAI-Timperley model; p.47 of MacBeath refers to
Timperley and talks about disciplined dialogue
fostered through collegial inquiry bringing about
change

with a NOS focus and do some work on the Year
10 schemes. Eventually brought the other science
teachers on board with discussion and modelling
at department meetings and encouragement to
use the new schemes. Amelia found the schemes,
discussions with HOD and class observations
really helped her teach science from a NOS focus.
• Alison said she didn’t see herself as a leader …
more an encourager

•
•
•

•

•
•
•

•
•

•
•
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MoE (2013) Introducing the five science
capabilities-teacher resource
MacBeath et al.-refer to Lieberman, A. on p.61
about need for external source of PLD
Much research on pre-service courses but chance
to put NOS learning into classroom usually lacking
: Vesterinen & Aksela (2012), Aflalo (2014)- even
if have NOS in ITE not sure it is translated to
classroom when teachers get position in school
Hunuscin et al. recommend a need for educative
curriculum materials to support continued
development of teachers’ PCK for NOS in
practice(2010,p.145-146)
Guskey (2002)
(Hiebert, 1999; Lieberman & Pointer Mace,
2008)-social relationships in PLD
PLD needs to be specific, concrete, practical ideas
that relate directly to their students and their
students’ learning ( Guskey, 2002; kolb.2014;
Timperley, Wilson, Barrar & Fung, 2008)
PLD aligned with trends in research and policy
(Timperley et al, 2007
PLD supportive, job embedded, goal orientated,
collaborative, ongoing, acknowledges prior
knowledge and self-directing based on
Hunzicker’s (2010) adult learner principles
(Faikhamta, 2013)-15 week in service course so
maybe not sustainable
Kotter’s 8 step process of change-sense of
urgency, collaboration….

•
•

Translating

• Alison knew topics like Light did not engage the
students so designed a unit that focused on
knowledge of NOS to
Interpreting Representations as a means of
classroom practice
developing the NOS strand Communicating in
science –used astronomy context to teach light and
(PCK for NOS or
astronomy and focused on models
NPCK)
• Students shared the different models they studied
to represent e.g. the moon.
• CSI unit used to teacher Understanding about
science –even the Year 10 focus group who
weren’t enjoying science talked about this unit
18mths after they had studied it.
• Alison and Amelia rated teaching NOS highly even
though they had a different level of understanding
• School A assesses NOS using formative
assessments
• Students don’t like investigating something they
already know the answer to
• Students could provide examples of units that
focused on NOS e.g. moon topic, forensics.
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•
•
•
•

•
•

•

Bohn (2014)-change needs on-going, wellstructured PLD as there will always be resistant
and reluctant teachers
MacBeath et al. –Teachers often don’t see
themselves as leaders
Shulman (1987)- PCK, general PCK, CK
Knowledge of NOS not sufficient for translating into
practice Vesterinen & Aksela (2012), Bartos &
Lederman (2014)
NOS needs to be made explicit Faikhamta (2012)
Hanuscin et al. (2011, p. 1)Findings highlight “a need for PD that focuses on
developing aspects of PCK for NOS such as
teachers’ knowledge of assessment”(2010,p.145146)
Magnusson et al. (1999)Particle Nature of Matter context used in
Faikhamta (2012)
Taber (2014) says the English National Curriculum has
had a content-heavy curriculum where children “sense
that investigative work comprised of testing an already
well-established scientific idea, e.g. rate of reaction
investigations ‘How Science Works’ revision of UK
curriculum was supposed to have been an answer to
address this.
Schwartz &Lederman (2002)-say PCK for NOS a blend
of knowledge of NOS, knowledge of science subject
matter and knowledge of pedagogy + teachers must
believe their students can learn NOS and they must have
the knowledge base for teaching NOS

•

Several researchers support an explicit approach to
helping learners develop contemporary views of
NOS (e.g. Abd-El-Khalick & Lederman, 2000;
Schwartz & Lederman, 2002; Akerson & Volrich,
2006; Hipkins, 2013))
• ERO (2012) –said NZC had little effect on way
science taught—not so for School A
• (Vesterinen & Aksela, 2012) Finnish researchersteachers need adequate PCK for NOS
3 aspects to course: definition of NOS dimensions,
explicit and structured opportunities for reflection and
discussion + design assignments to translate NOS
understanding into classroom practice

School
policies/context

• HODs in School A had the autonomy to choose
what they reported on to parents so chose NOS
not content knowledge
• Support and flexibility of SLT
• All learning areas at School A were involved with
PLD focusing on Teaching as inquiry at the
beginning of 3 years- initiated by SLT with
support from HODs
• PLD aimed at raising achievement for all
students
• SLT brought HODs together regularly to share
inquiries
• Facilitator supported DP with HODs group and
after 2 years it became sustainable
• SLT working collaboratively to improve
achievement and increase the student numbers
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•

NZC states NOS only compulsory strand up to Year
10

•

Knowledge of educational contexts Shulman (1987),
Grossman (1990)

SCHOOL B
Key factors
Teacher dispositions
and beliefs about
science teaching

Evidence from my data
•
•
•

What the literature says
•
•

Science all about critical thinking and problemsolving-asking questions rather than giving
answers
Flexible teachers
HOD wanted students to have better teaching
than she did so trialling difference approaches to
teaching and assessing of students

•
•
•

Knowledge of NOS

• Thought Understanding about science was
students understanding content
• Investigating in science understood
• Communicating in science explicitly taught and
assessed
• Participating and Contributing- teachers didn’t
give examples of this but the students indicated
that this involved doing practicals in groups with
questions to answer
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•
•

NZC (2007)-science essence statement
(Tsai, 2007) The findings suggested adequate
coherences between teachers' scientific
epistemological views (SEVs) and their teaching
beliefs as well as instructional practices.
Teacher belief they can make a difference (Park
& Oliver, 2007)
Teacher beliefs and the relationship between
their beliefs and their actions(Bryan, 2003)
Tsai (2002)-teachers with traditional view of
teaching had more inadequate views of
NOS…even with more modern methods of
teaching teachers can have inadequate views of
NOS
Inadequate views of NOS (Abd-El-Khalick &
Boujaode, 1997; Abd=El-Khalick & Lederman,
2000; Brickhouse, 1990; Hipkins, 2012)
Poor understanding of NOS by pre-service
teachers (Abd-El- Khalick, 2012; Bilcan et al.,
2014; Toplis et al., 2010; Vázquez-Alonso et
al.,2013)

How NOS knowledge
acquired (e. g.
resources available,
PLD, ITE, courses)

•
•
•

•
•

Translating
knowledge of NOS to
classroom practice
(PCK for NOS or
NPCK)

•

Belinda had ITE in NOS but said it could have
been called something else in the UK where she
trained
No PLD or courses to date- felt she had always
taught ‘NOS’ implicitly-just something she did
Brian had had NOS teaching from UC facilitator
(not researcher) and science capabilities ( part
of school based course as arrived at school
during the course)-no ITE but said he knew
about NOS before coming to NZ ( did his degree
and ITE outside NZ and not UK)
Belinda a new HOD who was driving changes to
the way science taught at this school with a focus
on skills rather than content
Focused on helping her students learn and doing
better than her own science teachers

• Brian follows lead of HOD
• Belinda often has students working independently
e.g. Genetics unit booklet-assesses Communicating
in NOS often and spends time helping students do
this effectively, e.g. teaches debating skills
• Gets students to investigate information for
themselves, e.g. Mars unit
• Investigating in science taught through e.g. science
fair projects-students work shows teaching of
purpose, hypothesis…-Students gave evidence of
knowing aspects of investigating e.g. repeating,
writing observations…
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•

•
•
•

•

MacBeath et al.(p,64) refers to Ann
Lieberman’s work- “teachers need stimulus
from an external source and continuing
support to challenge deeply ingrained
practice.”- neither Belinda nor Brian had this
support
MacBeath et al. – Teachers need to position
themselves as learners e.g. say I’m learning
what helps students learn best p.44
Everyone is a learner

Lack of PCK of NOS inhibits teachers’ and
students’ understanding of NOS (Bilcan et al.,
2014; Herman, Clough & Olson, 2015)
NOS needs to be taught explicitly (Lederman et
al., 2013a)
Teacher beliefs impact on teaching of NOS (AbdEl-Khalick, Bell & Lederman, 1998; Lederman,
1992,1998)-Tsai (2002) said little research on
this
ERO (2012) –said NZC had little effect on way
science taught—not so!

• Students gave evidence of open ended
investigations “We’re usually given a method,
unless we are given like a thing where you have to
make up your own experiment. That’s always
fun… because we discover it on our own; there’s
no set task. “
• Students get to put teacher notes in their own
words and discuss ideas
• Students said not taught NOS explicitly
• Belinda asks questions rather than giving answers
School policies/context •
•
•
•

•
•

•
New Principal who is trying to reduce the
number of students leaving to go to other schools
HOD has freedom to report on aspects of science
she wishes to report on.
•
Not constrained by what students might need for
NCEA in Years 11-13
HOD and science teachers can use difference
types of assessment to gain evidence of student
learning, e.g. researching material and debating
issues like cloning
Belinda new HOD at this school but had been on
staff; had autonomy to teach and assess as she
wanted
Brian had only been in School B for 3 weeks and
had taught at several schools since his ITE- has
left School B since the interview
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Teacher education programs should promote cultural
and institutional change to reduce external
constraints for teaching NOS (Vesterinen & Aksela,
2012)
MacBeath et al.(p.167)- “ Work assignments with
students having access to source materials would
afford a better approach to assessing achievement
because it is the way the resources are used that is of
most significance.”

SCHOOL C
Key factors
Teacher dispositions
and beliefs about
science teaching

Evidence from my data

What the literature says

•

“I don’t think that it matters what content we
do. I do think it matters that we are teaching
kids how to investigate and how we
communicate and how we see how that fits into
our lives and stuff.”

•

Previous HOD driven to change to NOS focus
after reading Gluckman report .“The motivation
was reading Peter Gluckman's report 21st
Century Science - it made me realise we were not
catering to the students who were not carrying
on, nor were we building the skills that our
ākonga needed. We therefore flipped what we
did and firmly put NOS at the top - on SLOS
sheets, Unit Plan, lesson plans, etc. The idea was
that the content should tumble out of the NOS
teaching and learning that was happening.”

•

Previous HOD read material like Gluckman
report and not afraid to take risks so changed
focus of science units + led the science team in a
collaborative way.
Chris –flexible-had taught in other countries
Carol- primary trained so was used to choosing
real life contexts for units of work to engage
students. In referring to her year 11 class she
said, she learnt to make the activities very

•
•
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• (Tsai, 2007) The findings suggested adequate
coherences between teachers' scientific
epistemological views (SEVs) and their teaching beliefs
as well as instructional practices.

Knowledge of NOS

•
•
•

•
How NOS knowledge
acquired (e.g.
resources available,
PLD, ITE, courses)

practical and kept relating everything to a
context the students had some prior knowledge
of, for example, to get the idea of electron
movement they talked about water and rivers.
The rate of assessment completion improved
much in 6 months…first time teaching above
year 8!
Each topic assessed for content and NOS
separately. See Figure 7.1 for NOS coverage for
Years 7-10.
Investigating in science and Communicating in
science mentioned more than other 2 strands
Participating and contributing not understood by
Carol’s students who said, “The participating and
contributing. She makes us go into small groups
and no-one’s not doing anything. So it’s only two of
you, or three so everyone’s doing something.”
Students gave examples of Communicating in
science and Investigating.
•

Chris learnt a lot about investigations in ITE
(not called NOS in UK) but nothing about other
strands.

•

Chris- science cluster PLD over 1 year – didn’t
adopt science capability language as felt he was
already using NOS language and it felt the same.

•

In-house PLD driven by previous HODcollaborative development of units. “So, I think
we all, in the science department see the benefit
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of teaching students that it’s not just one person
that comes up with the structure of DNA, but
actually it’s a journey, and on that journey, you
had to have taken some data and you had to
have recorded that and you had to have
communicated that so that someone else can
pick it up.”
•

•

Previous HOD drove the change to a NOS focus
but did it collaboratively. “The Science
department at Darfield is a team and we all
worked together on many of the units of work. If
someone wanted to really focus on something,
they were given the freedom to do so, and it was
then discussed and analysed in a department
meeting - e.g. 'Earthquake'. Often, a skeleton
plan was developed collaboratively, and I then
added detail as needed.”
Carol’s NOS learning was on the job from HOD
and other science teachers at the school
including beginning teachers.

Translating knowledge • Chris-Communicating in science example: “We did •
a thing looking at literacy last year. One of the key
of NOS to classroom
points was that we have texts, and texts aren’t just
practice (PCK for NOS
words; words are one form of text, but pictures are
text as well, and sounds are texts and models are
or NPCK)
texts and diagrams are texts. I opened a page with
my students about - I think it’s how glucose is used
in the body. It’s a relatively complicated diagram,
and normally I just skip over it and mention a few
things, but because we were highlighting it on
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(VanDijk, 2014)-Understanding the heterogeneous
nature of science: A comprehensive notion of PCK
for scientific literacy- talks about Schwab’s view of
science and scientific literacy-- relate to genetics
unit which looked at history of genetics.

there, we were trying to get the kids to delve a little
bit deeper. As we discussed it asked them, well what
is the diagram showing - where do you start in this
diagram - how do you know where to start - where
do you go after there? There were arrows on there
and stuff, but the kids weren’t able to interpret that
text very well at all. They had no idea at a glance
what it was or what to do with it, until you
specifically taught them how to go about
interpreting a complicated diagram. ”
• Schemes show NOS focus and content-teach
content e.g. forces then do an investigation like the
paper helicopter- taught how to do investigation
but not an open investigation.
• Genetics unit an example of how science ideas
change over time ( Understanding about science)
“They (students) have to write down what the
scientists knew beforehand, what they did, what
their experiments told them, what their conclusion
was as a result of it, and where that led.” This is
something that the teachers haven’t taught them.
They have just been taught the Year 10 genetics
content knowledge. So, for example, if a student
selects genomes, then they have to go into a little bit
of x-ray crystallography. The assignment task gives
them that chance of delving into things. The
teacher found it interesting that the students really
got into trying to understand quite difficult
contexts. He believes this is a success because you
get some quite interested students and they’re
motivated to learn. “Maybe it’s because they’re
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finding out about stuff they don’t know”, thought
the teacher.
• Periscope to show reflection of light in real life
examples
School
policies/context

• Flexible school systems which allowed HODs and
teachers to teach and report on what they
considered important in their subject
• Previous HOD had driven change to NOS focus, but
science teachers worked as a team to write the
units and assessments as they all supported the
change.
• Carol was teaching Year 7-8 in a homeroom until
time of interview so first year teaching years 9-11.
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Appendix K
Flow chart, School A
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Flow chart, School B

312

Flow chart, School C
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Appendix L
Comparing and contrasting the HOD and the teacher from Schools A, B and C using Kotter’s 8 step process of change

Steps

School A

HOD-Alison
•
•
•
•
•

CREATE a sense of
1

urgency

•
•
•
•
•
•
•
•

First week at this school found students apathetic and didn’t seem
to want to learn-trigger point
HOD frustrated with inherited schemes –teacher self-efficacy
Teacher couldn’t teach preferred way -discussions, questioning…
Students disengaged
Students surveyed: did not enjoy science- too hard, boring, and
said not good at it… questions on 12/2/19 email
Long tail of Year 10 students not achieving at the appropriate
curriculum level
Low numbers of students progressing to senior sciences
Teacher wasn’t feeling “alive” in teaching
NCEA pass rates low
No general science courses beyond Year 11 so science pathways
not available for all students.
Moral purpose-making science accessible for all students
NZC (2007) vision
What produced on NOS in NZC insufficient... need for quality PLD
Hipkins etc
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Teacher -Amelia
•

•
•

Amelia returned to N.Z after
teaching overseas for 15 years and
found the focus seemed to have
changed to teaching NOS.
NZC (MOE, 2007) made NOS the
only compulsory strand up to Year
10.
Schemes of work showed Amelia
that this is the way science now
needed to be taught.

2

3

FORM a Vision

BUILD a Learning
Community

ENLIST support
4

5

from other science

•
•
•

Teacher A was HOD (Role-lit. links e.g. Leithwood)
HOD had vision
Knew the 4 strands of NOS in NZC but needed to explore new ways
of teaching them... i.e. PCK
Shulman

•

HOD had autonomy

•
•
•
•

1st year of PLD introduced changes for own students only used SCs
Sought feedback from students on new teaching strategies
Shared TAI (Year 9 focus class) with other HODs
Collaborated with a science teacher to write new Year 9 schemes
beginning of 2nd year of PLD-Hunzicker
• SLT enlisted SSA PLD for 5 learning areas
• Supported by SLT-provided opportunities to share new learnings.

• 2nd year of PLD supported more teachers to teach from new schemesHunzicker (ongoing)
• Most teachers supported new programmes
• One teacher still not ready to enlist-very traditional teacher

•

teachers

ENABLE

•
•
•
•
•

Some schemes provided (See Fig…)
More schemes written collaboratively-Hunzicker
Upskilled teachers at department meetings
HOD had to provide a lot of encouragement to get all the teachers to
use the new schemes
School context- Shulman
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•
•
•
•
•

Learning at department
meetings
• Sharing in workroom
• Supported by SLT
• Teacher E enlisted support
for teaching with a NOS focus
from other teachers in the
department as well as the
HOD
HOD
Watching other teachers in how
they delivered [the science
curriculum]
School explicit schemes of work
and workbooks
NZC
Would like to participate in NOSbased PLD

•

GENERATE
6

improved

•
•

•

Student engagement and enjoyment increased- began to see
relevance of science to their lives
Teachers had renewed enthusiasm for teaching science
Drivers of change-Guskey

•
•

outcomes

•
•

SUSTAIN
7

acceleration

INSTITUTE (school
8

ways of working)

•
•
•
•

Improved engagement particularly for lower achieving students
More students taking senior sciences
End of topic test results at Year 11 better –lots of E’s
Junior science-students’ understanding improved –could tell parents
about their learning
• NCEA pass rates improved
• School role increased (online data)
•
•
•
•
•
•

Reluctant teacher enlisted
HOD observed reluctant teacher no longer just using powerpoints
Use of science capabilities in other year levels, e.g. Year10
Year 12 and 13 General Science classes
Senior students really interested in science: self-opting after school
science extension programme with NOS focus- 45 + students on list
HOD shared knowledge at regional teachers’ meetings
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Improved student
engagement
More variety in forms of
assessment
Students more independent
learners
Students like reporting back
on their experiments
Yeah, so trying to pull more of
the kids in - it doesn’t suit
everyone.”

•

Teacher E made teaching NOS a
focus.

•

Teaching with a focus on the
science capabilities was just what
they did at this school.
All schemes of work and
assessments had a science
capability focus.

•

Steps

School B
CREATE a sense

1

2

HOD-Belinda
•

Inherited units of work which were very ‘stand-up, dry
teaching which Belinda knew were not going to work
for students at this school

•
•

Wanted students to gain success in science
Believed NOS was the foundation of the pyramid as
students need to know how to describe and explain
things in science
Since beginning PLD vision includes forefronting NOS in
teaching
Two years on from interview now engaging in on-going
NOS-based PLD with all teachers in department and
university science facilitator
PLD provides time for reflection on practice

of urgency

FORM a Vision

•
•
3

BUILD a Learning
Community
ENLIST support

4

•

• PLD is helping bring other teachers on-board

from other
science teachers
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Teacher -Brian

•

Brian thinks only HOD has
freedom to make changes

•

Some NOS understanding
developed when at previous
schools where there was
externally provided PLD and
in-school support

•
5

ENABLE

•
•

GENERATE
6

improved
outcomes

Belinda started to write schemes of work so teachers at
school delivered similar material
Principal signed up Belinda for on-going science PLD

• Increased student confidence in science as a subject which • Students succeeding because
they have always considered to be hard
not asked to do written tests but
assessed in other ways, e.g.
• Student agency- students moved themselves along NOS
present a powerpoint
‘mountain’-had to show teacher evidence they were at
next level

SUSTAIN
7

acceleration

INSTITUTE
8

Followed material provided by
HOD

(school ways of
working)
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Steps

School C

HOD-Chris

Teacher - Carol

CREATE a sense
1

2

3

of urgency

FORM a Vision

BUILD a Learning
Community

•

long term vision for Teacher B is not to teach content,
content, content

• previous HOD brought Teacher B and other teachers
together to collaboratively change junior science
programmes -Hunzicker
• Teacher B said previous HOD really drove the change
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•

learning science content on
the job as new to teaching
Years 9-11 having previously
taught Years7-8

ENLIST support
4

5

from other
science teachers

ENABLE

• all teachers in department brought in to work
•
collaboratively to change schemes and assessmentsHunzicker
• Previous HOD did most of the work though
• Teacher B said, “we really like it”, having two assessments
per topic, content, and NOS.

First year teachers and
teachers new to teaching
Years 9-11 science upskilled

• teachers collaboratively wrote new units of work and
•
assessments with NOS focus
• teachers critiqued new units of work and assessments
•
• Teacher B has considered curriculum review groups claim
that they are over assessing- doesn’t think 2 assessments
per topic is too much
•

A lot of in-school supportdepartment helpful
Teacher B as new HOD
provided support to teach
NOS
A couple of first year teachers
provided ideas of how to
teach from NOS focus

• getting students to understand quite difficult texts after
providing choice as to which scientist they went to studyresearch investigation

Students enjoying e.g. light
unit where they made a
periscope for NOS
assessment
Year 11 students’
engagement and
achievement improved
because of changing focus of
teaching to include a lot of
practical work and putting
things into real life contexts
that students could relate to

•

GENERATE
6

•

improved
outcomes
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• upskilling teacher new to the department and another
new to teaching Years 9-11 science
7

SUSTAIN
acceleration

INSTITUTE
8

(school ways of

• Schemes don’t really have a NOS focus according to
Teacher B even though that was the intention of previous
HOD

working)
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Appendix M
Mindmaps summarising HOD and teacher data for Schools A, B and C against Kotter’s 8 step process of change
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Appendix N
HOD and teacher data analysed against Kotter’s eight step change process.
Words in italics are from sources other than the HOD or teacher interviewed, for example, a
previous HOD.
HOD data aligned with Step 1 of Kotter’s change model
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HOD data aligned with Step 2 of Kotter’s change model, Forming a guiding coalition
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HOD data aligned with Step 3 of Kotter’s change model, Creating a vision
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HOD data aligned with Step 4 of Kotter’s change model, Communicating the vision
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HOD data aligned with Step 5 of Kotter’s change model, Empowering others to
act on the vision
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HOD data aligned with Step 6 of Kotter’s change model, Planning and creating short-term
wins
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HOD data aligned with Step 7 of Kotter’s change model, Consolidating improvements and
producing still more change

HOD data aligned with Step 8 of Kotter’s change model, Institutionalising new approaches
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Teacher data aligned with Step 1 of Kotter’s change model, Establishing a sense of urgency

Teacher data aligned with Step 2 of Kotter’s change model, Forming a powerful guiding
coalition

Teacher data aligned with Step 3 of Kotter’s change model, Creating a vision
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Teacher data aligned with Step 4 of Kotter’s change model, Communicating the vision

Teacher data aligned with Step 5 of Kotter’s change model, Empowering others to act on
the vision
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Teacher data aligned with Step 6 of Kotter’s change model, Planning and creating shortterm wins
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Teacher data aligned with Step 7 of Kotter’s change model, Consolidating improvements
and producing still more change

Teacher data aligned with Step 8 of Kotter’s change model, Institutionalising new
approaches
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Appendix O
NOS mountain from School B
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