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Abstract

The New Zealand curriculum requiresscienceto be taughtthrough the Nature of
Science(NOS) NOSwhich includesthe skills and processes used by scientists to explain
the world in which they live, is deemed necessary formproving the scientific literacy of
21st century learnersand, therefore, the prosperity of modern societiesin New

Zealand, as in many other countrie\OS ha 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 teackcience
through NOSwith a particular focus on the role of the Head of Departmer(HOD)in
developing NOS$edagogicalcontent knowledge and supporting teachers to acquire tlis

knowledge.

Adopting a qualitative,case studymethodology, the study conducteddocument analysis

and semi-structured interviews in three secondaryschoolsin New Zealand The cases

were science departments consisting of the HQ@Rnother science teacher and focus

groups of Year 9 or 10 studentsThe documents analysed includedA AAEAOOS6 OAEAI A
x| OE AT A OT EO bl AT Oh AOOAOOI AT O OAOEOh OOOAA
workbooks. A case studyapproach was taken to gain irdepth knowledge ofthe
participantsunderstandings andexperiencesof working with NOSas implementing

this intent of the NZChas been challenong for science teachersTwo paradigms were

used toanalysethe data;interpretive and leadership for learning

The problems associded with implementing the science curriculum reforms in New
Zealand and internationally have been well documentedviany of these problems
concern aneed for teachers to have multiple knowledgebeyond sciencecontent
knowledge.At the local level of theclassroom teachers also need to combin&nowledge
of learners and their characteristicsalongsideknowledge of educational goalsScience
teachers, howeveralso needNOScontent and NOSpedagogical content knowledges
since Nature of Science is a focus the curriculum for the science learning area
Professional learningis needed to develop these later knowledge®r both teachers and
their HODs.For those inleadership roles such asHODs the learning isnot confined to

NOS on its own.



This researchhas demonstratedthe importance of the HOD taking ownership of the
change processnd the knowledges needed to build teacher confidence in NC&uilding
on the literature, the case studyHODswere 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 wasimportant, as was knowledge of the teachers as adult learnel$ODs
were able to huild teacher confidence in NOS through dialogumodelling and

monitoring to highlight the knowledge and strategies needed for teachingcience

Kotterd 995, p. 9)eight step model for change was useas the lens thraugh which to

analyse theresearchdata. This wasadaptedto an educational contextand included a

teil BT OA1 AEI AT OET 1 xEEAE x.APA | EO@GEINEEEG G 1T O0A
Change Moddlprovides reflective questions and prompts to guide HOBeadership of

change such as teachingciencethrough NOSFurthermore, identifying the key steps in

change leadership will provideguidancefor 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 practiceTeachershave had
difficulty interpreting and implementing the Nature of Science (NOS) strand in the

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

One starting point for exploring why this transfer is so challengindor those at the local
level of schoolsis to focus on the knowledge needed by teachers of scienweundertake
the task of transferring national policy intent to the local levelScienceteaching is a
complex activity as it necessitates teachers having academic knowledge of the
discipline, knowledge of how to teaclthat discipline, and strategies to match the needs
of specific student learners3 E O1 [ (A9B6) £2minal work on categories of teacher
knowledge raises awareness of thisomplexity but not specifically for teaching and
learning in a particular learning area, for example of science. Subsequently others, such
as Grossmar(1990) have worked with and added to these categories in the context of

other teaching disciplines, vhich for Grossman concernedhe teaching of English.

'Ol 001 AT 80O AAAEOQCEIT 1T £ OET &nowlelige ofAistiicEin AT T OA @ C
which teachers work, knowledge of schodlsettings|, knowledge of specific students
AT A AT i1 O1 EOEAO gholnds, fentli€sAphrticOl® StrerythsAviieaknesses

and interestsd(p. 9) . It is these categories of teacher knowledge which acknowledge the
complexity of this task for those teaching science at the secondasghoollevel 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 scienaducators have long expressed disquiet
regarding the sufficiency of these policies and documen{8ull et al., 2013; Gluckman,
2011; Tytler, 2007; Young & Glanfield, 1998) The knowledges for teaching science span

acrossfour context strands,namely: Living World (biology), Material World



(chemistry), Physical World (physics) anl Planet Earth and Beyond (astronomy and
geology). There is also a core, unifying strand referred to as Nature of Science (NOS)
which | have selected as my thesis focus. The teMOS is a recognition that science is
more than a body of knowledge to be acqred. Rather, it bringsthe skills and processes
used by scientistanto greater prominenceto understand the world in which we live

and work.

Secondary schooteacherswill most likely have acquiredcontent knowledgein their
teaching disciplines throudh university degrees. While those with science in their
degrees maythink as scientists additional knowledge regarding the teaching and
learning processes (pedagogical content knowledge) have long been deemed necessary
for the teaching of science in schds 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 decdes (Abd-El-Khalick, 2012b; AbdEI-Khalick & Lederman,
2000; Hipkins, 2012; Lederman et al., 2013b; Spiller & Hipkins, 2013)here is no
straightforward way to address this challenge becausmultiple knowledge bases are
required to teach a discipline and science is no exceptigessNewsome & Lederman,
1999; Shulman, 1987) These generic teacher knowledge bases feature in Figure 1

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



Figure 1

Diagram showing the multiple knowledge basespecificallyrequired to teach science

NOS content knowledge

Science
content
knowledq

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 1shows how the two NOS knowledgegontent, and pedagogical content
knowledge (PCK) (shown in the shadeblue region at the top of theVenndiagram)

cohere to the two science knowledgeshown in thdowertwo 6 o v afltthe\@nndiagram

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 aimtlifs study is to

explore and shedight 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 stients at the local level of schools. My
interest builds on researchers such as Hanuscin et §2011), Vannier(2012), and
Jenkins(2009) who have argued that he development ofpedagogical content
knowledge (PCK)is the knowledge area requiring the next attentn. This study focuses
IT TPAOAOEI T Al EOET ¢ OEEO OAIi A OEEA&EO OI
how to teachscience through the processes and skills 5fOS. My research design,

3
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what they think and do, and the reasons why.

Having introduced the broad discipline of science for a teaching context, | now relate
this to my country setting of New Zealand to explain the intent of the latest New Zealand
curricul um as it pertains to the learning area of scien¢@articularly 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 justifg th
need for closer interrogations of knowledges required for science teachers. Firstly, the
Program for International Student AssessmentRISA1 results in sciencefor NZ have
been declining since 2006vhen it first became a main focus area of PISMay et al.,
2019). Although the decline is minimal, United Kingdom (UK) researcheiGrey and
Morris (2018) suggest that downwardtrends are indicative ofan 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
OOAEAT OEZEA | EOA OA ABiGt, PASA AsseddedhtiegreetoiwAich 15- AAT T 1 1|
year-old students haveobtained the key knowledge and skills, in reading, mathematics
AT A OAEAT AAh AOOAT OEAI &£ O OOAAAOO AO ET & Ol
science guestions do not claim to assess curriculum content knowledge but rather
OOAEAT OEAEA 1 EGrkOaAAUGHh xEEAE 0) 3! AA
the ability to engage with scienceelated 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 t
explain phenomena scientifically, evaluate and design scientific enquiry, and
interpret d ata and evidence scientificall(OECD, 2016, p. 28)

1 PISA, an international assessmentonductedby the OECD, waitroduced in the year2000 and
measures 15year-old students' reading, mathematics, and scidific literacy every three years.

4
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phenomena scientificalyd ~ Aritefpret@ ata and evidend OAEAT OEZAEAAI 1 Ud h

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

NOS is a matter to address.

SAATT Al uh OAEATAA ETIT x1 AACA EAO AAAT 1 ET EAA

International organisations like United Nations Educational, Scientific and Cultural
Organization(UNESCO) and th©rganisation for Economic Caperation 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 moreimportant role (Jenkins, 2009) For these reasons PISA resulisfluenced

educational policy reform in participating countries(Breakspear, 2012)

A third justification for the urgency for change in science education is the differentials
associated with equityrelated? issues. For NZ, PISA results shawme of thelargest

spreads in student achievementor the countries surveyed particularly in relation to

-al OE AT A 0ACBRAEDEA ADGOAKANIOCEEEEA OOOAAT OO

assessments has declined sinc@006 and is well below the OECD averad®ay et al.,
2019). This poses a challenge for students, teachesghools,and policy makers in NZ as
EAOA OEA -al OE AAEEAOAI AT O OAOGOI 6O ET 1
Achievement (NCEA). These results show that the degree of inequity has increased
AAOPEOA 0 -@ddir $cierjce) édlicatin, for which a national curriculum was

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

+AODAPM -xaEEAE AOA - ail OE 1 AkkgDiARATheést i AOOET 1
schools,whichAET OT OAOEOAI E Ohlave @ ghllosophy bno Bracticdsl COA C A

xEEAE OAA&I AAO -al OE AOI OOOAI OAlI OAOSB

Afourth justification causing anxiety amongst science educationalists internationally is

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

years(Buabeng etal, 2015).7 EET A OEA AT 1 OA@O 1T &£ " OAAAT ¢80

this is also a concern imther countries, such aghe UK where there are declining

2 Equity-related refers to students not been disadvantaged because of théiackground, including socie
economic statusgender,or ethnicity .

00

DA«

. A

(



numbers taking science subjects at#evel (Osborne et al., 2003)Although many
students view science as difficult or irrelevani{Hipkins & Hodgen, 2012)other
researches attribute this decline to increased subject choice and students taking a

mixture of humanity and science subject$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 severalnegative flow-on effects.

Negative flow -on effects for science education

One negative flowon effect for science education is the reduction imtakes into initial
teacher education(ITE) programmesfor those majoring in scienceln an effort to
increase the number of science graduates entering ITE programmigsNZ, the Ministry
of Education(MoE) has offered scholarships to preservice teachers specialising in
curriculum areas of teacher shortage sutas sciencdMoE, 2020d). A further effect is
contributes to a worldwide shortage of qualified science teacher@ngersoll & Perda,
2009). Given the shortage of qualifiedcienceteachers, there is a need for effective
professional learning and development (PLD) to support teaehs who are newly

gualified and/ or teachingoutside their areas of expertise.

Justifications as to whyscience standardsare declining, and students are failing to take
science beyond the compulsy years may relate tothe ways science is defined in policy
documentand the ways science is taught in schoolslt is these areas thathis thesis
study interrogates, namely the professional learning and development to support

science teachers translatehe intent of policy to classroom practice.

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

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

3 Baby boomers are usually referred to as babiedorn between 1946 and 1964, during thébaby boom
postzWorld War 2.



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. Thisvas designed to ¢ve more clarity to what science should look

like. It has, however, not always been referred to as NOS. For example, by1660s
OAEIT1 AOOOEAOI Oi OAm Oi AOO xAOA OAARAEEIT C
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 datdGagné, 1965)

Many other western world countries have been including NOS in their curriculum
documents, for exampleHow Science Work&l'urkenburg-van Diepen, 2013)in England,
the Next GeneratiorScienceStandards(NGSS Lead States, 2013m)the United States of
America (USA)and the Australian Curriculum:Science(Australian Curriculum

Assessment and Reporting éthority (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

sciencepolicy to practice challenging

Science Policy in New Zealand

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

x AU

ZealandET OOT AOAAA ./ 3 EIT O OE Acieck i thé New Zedlan@ E A O1 O

~ o~ N N s o~ o~ o~ s

CurriculumdSNZCYMoE, 1993 OEEO AOOOEAOI O AT AOI AT O EAA C

learning needs within the school system and also provide a foundation for those
considering careers in scienceAs technology was woven into the NOS aspect of science,
OEEO Al OOOAA OAA mEvAaDddd hoio kakIONDE&dr b Eiju@ Q).
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 techology. Perhaps this link to technology is why NOS was

largely ignored in the New Zealand curriculum during the 1990s. Jenkir{f2009) later



found curricula that attempted to embrace science and technology with regard to
OOAEAT OEZAEA 1 EOAOAAUG AT AT O1 OAOAA 1 AET O AE &EA

Figure 2
Diagram from Science in the New Zealand Curriculum showing NOS woven through

content strands with technologyMinistry of Education, 1993, p. 7)

As with many other countries, the education system ilNZ is a threetier model which
includes primary schools followed by secondary schools (high schools) and tertiary
education at wniversities and/or polytechnics. Science is one of the eight learning areas
that the NZC(MoE, 2007)specifiesfor schooling with curriculum levels 1 to 8.0f 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 ascience 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 leel science(Blackmore et al., 2018)and are not required to hold
a science degreeThis means they may lack specialist science content knowledge which

can affect their confidence to teach science. Interestingly, the National Educational



Monitoring Programme (NEMP)University of Otago, 2017)showed a drop in interest in

science for students betwen years 4 and 8the final years of primary/intermediate
schoolinginNz) £ OEA DOEiI AOU OAEIT1 OAAAEAOG6O 1 AAE
contributing cause, this signals work is needed to address the effect of this downward

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

In the New ZealandQurriculum (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 d@vannier, 2012). NOSocuses on skills such as

scientific literacy instead of science contenknowledgeandEO OOEA OANOEOAA
Al O Al OOOAAMDBE200Mp. 29) ThelNAGH&cripes KOS as the strand

through which students:

1 develop the skills, attitudes, and values to build a foundation for
understanding the world;

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

re-evaluated in the light of newevidence

learn how scientists carry out investigations

come to see science as a socially valuable knowledge system

learn how science ideas are communicateand

= =42 =A =

make links between scientific knowledge and everyday decisions and
actions (MoE, 2007,p.28).

These outcomes are pursued througthe four major content areas, mentioned earlier
(Living World, Material World, Physical Woitd and Planet Earth and Byond), Gn which
scientific knowledge has developed and continues to develogMoE, 2007, p. 28)
Science is nowequired to betaught through a NOS lens drawing upon whatever
science context is in focus and appropriate. The four NOS strands underpinning this

shift include:

1 Understanding ab out sciencez this requires students toappreciate 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.

9



Students also need to be able to identify ways in which scientists work together
and provide evidence to support their ideas.

1 Investigating in science z this requires students to huild on prior experiences,
xT OEET C O CAOEAD O OEAOAR AT A AgAiET A OER
guestions, find evidence, explore simple models, and carout appropriate
investigations to develop simple explanations.

1 Communicating in science zstudents learn touse a range of scientific symbols,
conventions, and vocabulary, engage with a range of science texts and begin to
guestion the purposes for which these texts are constructed.

1 Participating and contributing z students learn to relate the science they are
doing to their world and make informed decisions that impact on their world
based on this sciencéMoE, 2007)

An emphasis on NOS inthiZCAT A T OEAO AT Ommdvesidednd tedcINgQOE AOI A
beyond the mere acquisition of content kowledge and memorising of facts to

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

Despite this emphasis on teaching through NOS in tiNZC the declining performances
of students in science at local, national, and interti@nal 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.

NOSimplementation issues

Why has the teachinghrough NOS been fraught with difficulties?

The intent of theNZCis Go make science more engaging and more equitaliéhus
allowing Gearning success for students from diverse background§Hipkins, 2012, p. 5)
As theNZCno 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 signaled since the mid1990s (Baker, 1999; Bell et al., 1995; Gluckman, 2011; Lee
et al., 2014)

10



Oneissuethat may explain challenges irthe implementation of NOS in the classroorns
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 sciencgHipkins, 2012) and, therefore, not a surprise that they are
challenged to make this shif{Schwartz & Lederman, 2002) This means thatdespite
secondary school teachers having science degrees, thimphasisof NOS s 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 postsecondaryscience education has been to move from a

T

OPOTI AODADBAAODSEAAODOEADI 6 AAOGEcCT ET O1 AAOCOAA
AAOAA AAT EOAOU T &£# A AT AU T &£ ET1x1 AACAh A ObC

OAEAT AA6 AT AO 110 Al ECIT X@GifpEn & AfcBambatitE AE EO AA
2012). There is evidence that universit science teaching programmes have, in recent

UAAOOh AT AAAOI OOAA O1 1T EEAO AEEEAOCAT O 1 AAOTE
scienceby-AT ET ¢ OAEAT AAS j,3%$3qQq iTAAT h OEAO i1 O0OEO

scientists (Labouta et al., 2018)and hence teach NQS he LSDS model, unlike
traditional undergraduate laboratory practicals where students typically follow a
0O O A AThd@nAdet al., 2017)is inquiry-based andin an authentic context.

A further challenge contributing to the difficulties in implementing NOS in the
Al AOGOGOITiI EO OAAAEAOOG 1 EIi EOAA AOOEAT OEA O

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

p>1]
m

the United States of Ameca (USA) in theirpre-serviceyear and first year of fulttime
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 classroonihis finding, although confined to
one country, has implications for pre-service teaching programmes given the
considerable international literature to support the poor understanding of NOS by pre
service teachers and the need for improved prservice teaching of NO$Abd-EI-
Khalick, 2012a; Bilican et al., 2014; Toplis et al., 2010; Vazqualonso et al., 2013)One

11



solution could be to have teachers work alongside a scientist during their initial

education education (ITE).

Science teachers, therefore, can complete a science degred 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
DAOODPAAOEOA OAI ACAA O1T O1 AAOomalAchrdingiarg OEA OT |

development forteachingscience through theNature 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 constitute®ffective PLD are discussed in Chapter 3,
the second of two Literature Reviewchapters. Sincethe attributes of the facilitator are
an important feature of effective PLD, the Ministry of Education in NZ introducedreew
PLD model in 2017 which was updatedh February 2020 (MoE, 2020c) As an
accountability measure, under thismew modelfacilitators are now required to be
accredited.lIt is from my professional role as an accredited PLD facilitator that my

interest in NOS has been stimulateghrompting me to undertake doctoral study.

Research interest

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

s~ A oz =

knowledge is sufficient for teaching sciencel then explored 0 T E 1 A(A0D6) Guiie,

OOAEAT AA EO AOGEI O Ob 1T £ EAAOOh AO A EIT OOA EC
i TOA A OAEAT AA OEAT Ap. B4A)knRelatioreto DONatukof EO A EI|
Science (NOS).

- N A L o~ o~

s o~ Az =

kind of knowledge to teach science as | 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 whatare the barriers? Isit just content knowledge? Does ascience 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 knowledgéor NOS is a prime interest in my

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

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

society is dependent on individuals who are A 1 A fuly parti@pate in a smart

country where knowledge andinnovation are at the heart of both economic growth

andOT AEAT A A @hidkinad,i2&11, §.d) This brings me to my second interest

ET ./38 "AIlEAOGETI ¢ OEAO OAAAEEIT ¢ OAEAT AA OEOI
Al O (MOE,I1998, p. 11)has beena major part of my work as a science facilitatr for

eight years. My sole professional focufias 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 relatingd the real world), is necessary to make

OAEAT AA 117 OA OEAT ATHendeiha Ao prodAcériorelenghgilly £AAA OO
and relevantteaching forstudents in the 23t century. This view has been held by

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

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

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

Science for the twentjirst century: A new commitmenteld in Budapest in 1999 Science

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

Al 1T EAOAT AA xEOE Al AEI O OEAO OOAEAT AA OEIT O1 A
and contribute to improving the quality of life for every member of present and futue
generationsd(Hoyningen-Huene et al., 1999, preamble)his view of science education

OFI O Al 18 1T O AEOEUAT OEED OAEAT AA EO OAA&EI AAOD/
example, theNew Zealand Curriculum (NZGjtates that students areOT  OA@DI1 T OA EI
both the natural physical world and science itself work so that they can participate as

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

OAEAT AA DI AUO (MoEQAT|pELBERAthodyh BeNZCAas been in

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

NZC(Spiller & Hipkins, 2013).
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This problem is not unique toNew Zealand Orpwood (2001) has alreadyindicated that
in Canadathe implemented curriculum is not the same as the intended curriculum. The
reasons for this are complex. For exampl@s previously mentioned, it can be posited
that primary schools teachers may lack the confidence arability to teach science
(Vannier, 2012) whereas national examinations influence what secondary school
teachers teach and assess, especially in Years13*. Another source of comlexity 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 imptds®ugh

accountability measures have been attributed as reasons wisgience content

ETT xI AACA EAO AT i ET AMDIArA OchArAeA1BBO 08 1 AAOT ET C

This study, which focuses on secondary school science teacheraN#, seeks insights

into how HODs caread the implementation of the national initiative of teaching science
through NOSand the people,conditions and processeshat support this change The
focusis on secondary schools because my work as a science facilitator has primarily
been in this educational sectorSnce the literature indicates the importance of
professional learning and development (PLD) for effective teachinthis study is

seeking undestanding of how teacher learning about NOS can be enhancéthe

research questions aim to capture what help® AAAEAOOS6 1 AAOT ET ¢ AO OE
Thesis Outline

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

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

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

describes the knowledges needed to teach scienas abackground to NOS$asthis thesis

xEl1 AA A@gbpi 1 OET ¢ OAAAEAOOS O1 AAOOOATIAET ¢cO 1

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

process of moving towards the research questions is explained.

4Years 1113 represent the final three years of secondary school in NZ.
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Chapters2 and 3 explore the literature in order to provide the background for this

study. Chapter2, Science education policgnd teaching explores the state of science
education policy boh in NZ and internationally. There is a particular focus on content
knowledge and pedagogical content knowledge (two & EO1 | AT 8O0 OAAAEAO
categories) as they relate to Nature of Science (NOShapter3 is about professional

learning in the department; how HODs create shared understandings of NOFhere 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 theteachers and are, therefore, closest to the classroom teachkr.

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

science content knowledge requires teachers to thindifferently about teaching science.

In Chapter4, the two theoretical frameworks, interpretive and leadership for learning

are introduced and justified andthe methodology forthis thesis is presented. | discuss
the worldviews that | hold and outline why a qualitative case study research appach

is suitedto this study. After discussing the methodd employed for gathering data, |
make clear the ethical process | went through and how | ensured the trustworthiness of
my data. Thelimitations of my methodology are discussed followed by the k&rnings
from my pilot study. The chapter concludes with an outline of the process | used for

selecting my schools and participants.

The fifth chapter is the first of three chaptersof my findings providing raw data

OEl xET ¢ OAAAEAOOG &ridAdvinéyQuark dceuired DshdwdEhow/ 3
national policy is being transferred to practiceThis 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 tfiadings for the second case study school,
School B, in the same format as Chapter FivEhefindings of the remaining case study

school, School C, are provided in Chapter Severtive sameformat as Chapter Five.

Chapter8 discusses the findings in ChapterS, 6and 7 looking through a different lens,
the Leadership for Learning (LfL) lensLeadership is required within a department to

enable change and ensure national policy is enactdtlincludes an exploration of

15
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AEEZEAOAT O AEAT CA 1T AAI O AT A OEA AOCOi AT O A& C
as the lens for making sense of my dat&inally, in Chapte9, Idiscuss my conclusions,
the limitations of this study and make suggestions for further research.concludethis

chapter with my research aims and research questions.

Research aims and questions

This thesisisaboute | D1 Al AT OET ¢ A 1T AOEI T Al ET EOEAOEOA
literacy by teaching science through NO$1y study aims to look at how schoolsake on

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

improve their NOS catent and pedagogical knowledgedMy research questions

therefore, are:

Main question:
How canHeads of Departmen{HODs)lead the implementation ofthe national initiative

of teachingscience through Nature of Science?

Sub question:

Howcan( / $06 ET 1T x1 AACA 1T &£ AEAT CA OE pAdogley AOOEOO

conditions, and processe®
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CHAPTER 2: LITERATURE REVIEW Science education policy and

teaching

Intr oduction

The literature review is presented in two chapters, ChapteR, and Chapter3. Chapter2,
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 literateitizens.
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 literacyVan Dijk, 2014). Approachego 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 yearssetting 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, 2006Y0sborne
and Dillon (2008) argued that a curriculum based on teachingiblogy, 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 adress this problem,

science education reform worldwide has made scientific literacg specific focus.

The need for scientific literacy proposed byhe United Nations EducationalScientific
and Cultural Organization UNESCO) World Conference in 198@ucation for Al|
signalled a significant change in focus for science educatidn the final report of this
conference it was argued that(a scientifically literate [world] populat ion was essential
Al O AATTTIT EA AAOAI(nteriAdenc® Gomkissio®\Rokd Gooferend®
in Education for All, 1990, p. 14)& 0 O O E A OystenisAfthigh@r&ducation [needed
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to] be strengthened to train scientists, engineers, managers and other professionals

xET ¢x1 Ol Ay 1 AAA OEA 1T AOQGEITT A1l AbAAiThebi AT O AA
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 anddevelopedcountries. 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 scientifiditeracy, proposed in the 1990 UNESCO conference repprt

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 EducatioB OAT AAOAO AO OEEO OEI Aofdl AEI AA
scientifically literate populace [and to] outline what students need[ed] to know,

Ol AAOOOAT Ah AT A AA AAT A O1 Al O AAQLDBAEAT OE A
p. 5). In the UK, theBeyond 2000Qeport (Millar & Osborne, 1998)aOCOAA OEAO OOEA
science curriculum fromage 5 to 16 should be seen primarily as a course to enhance

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

Affairs on the quality of teaching and learnine T | OOOOAT EAT OAETT1 0 00
DOODBPT OA 1T £ OAEAT AA AAOAAOQE (RenniE @al.0d001pAOAT T B C
455).

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

citizens in the 2008 UNESCO reporgcience education poliesnaking: eleven emerging

issue8 4EEO OADPI OO0 OAAT I 1T AT AAA OADPI AAET ¢ OOEA
goal of school science education, witmore precisely defined scientific knowledge and

OAEAT OEZAZEA AAEI EOQEAOh O A)for sudedtdat &lifedeisET ¢ AAUI
Furthermore, this report recommendedODBT | EAU | AEAOO OET 61 A AT 1 OE
encourage a better balance between tehing science as established information and

OET OA EAAOOOAO 1T £ OAEAT AA OEAO(p.AOMoreavér,/EA OOA A
three years after the 2008 UNESCO repottpoking Ahead: Science Education for the
Twenty-First Century a ReportfromEA . : OOEI A - ET EOOAOGO #EEAA

(Glukman, 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

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

ETixi AACA ABOO OOOAAT 005 61 AROOOAT(Ma#dNC AT A AE
2001; OECD, 200Q)Such a shift to include scientific liteacy 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 thiglobal 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

I £ OOOAAT OO6 OEAxO 1T £ ./ 3 OEI QNationdA AT T AEAA
Research Council, 199@ $AOAT 1 PET C OOOAAT 008 O1 AAOOOAT Al
component of scientific literacy(e.g., AbdEl-Khalick & Lederman, 2000; Lederman,

2007; Millar & Osborne, 1998) There is no singular meaning of the term NO@&\bd-EI-

Khalick & Lederman, 2000) however, the New Zegand Curriculum (NZCYMoE, 2007)

describes NOS as a strand through which studentsalen 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 isew evidence, learn how scietists 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 confere

report (Inter -Agency Commission World Conference in Education for All, 199ahe UK
report Beyond 200QMillar & Osborne, 1998 2 AT 1T EZ001LAAustrAliarsrépat,

the 2008 UNESCO repoit-ensham, 2008)and the Gluckman repot (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, | 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 dahis thesis, the first attempt to shift thefocus to scientific
literacy came in 1993 with the release oScience in the New Zealand Curriculum (SNZC)
(Ministry of Education, 1993). Prior to this, teachers were found to have differing beliefs
AAT 66 OOEA 1 AOOOA 1T £ OAEAT OE £E AyeianfahdOE A Oh
AEAT CA 1 £ OAE ABriokaoise A998, Ip.I5whiBhinfiukriced how science
was taught.Drawing on recommendations from science education researde.g.,
Brickhouse, 1990; Tobin & Garnett, 1988)the curriculum policy document,SNZCwas

an attempt to provide a coherent curriculum across all levels of schooling, to ensure that
OEAOA xAO OOAEAIT AA OABEABRD B L) Witk SIZCtwo

strands were specifically identified that would support the teaching of scientific literacy.
These two strands Developing Scientific Skills and Attitudesid Making Sense of the
Nature of Science and its Relationship to Technoldmgfer 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 experiencaadnore

knowledge focused science education, they may not have fully comprehended the
complexity of scientific literacy and the link to NOSSNZQequired new content
knowledge and a new way of teaching sciendelipkins, 2012). For example,concepts
from media studiesare useful when evaluating scientific issues that angortrayed in
different ways by the mediaand statistical and graphical literaciesare helpful when
studying dubious scientific evidence that is presented quantitativelyin the report to the
Ministry of Education on curriculum developments that includedSNZGnd 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, reportedthat
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over two-thirds of the 875 science teachers interviewed found insufficient guidance in
the SNZ(Q1993) 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 strand#jaking Sense of the Nature of Science
and itsRelationship to TechnologyVhile some teachers responded to the new direction
of SNZ(1993), in the absence of any professional development to help them interpret
the policy, many simply interpreted this new curriculum approach to science education

AO OAOOET AHpKns A& Barkér(®G0R)] This meant the full intent ofSNZGvas

not met.

As New Zealand is a bicultural nation, it has-aa | cdriculum, TeMarautangao

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

)T OEEO -ai OE AOOOEAOI Oi OEAOA EO A1l O A £ A
OPAAEAEA &I AOO 1 iscience.l OE xT1 Ol AOEAXxO 1 &

Te Marautanga o Aotearoah OEA - al OE AOOOEAODI Oi

4EA - al OE TeMéaaukdgdo Adbledroa (TMoAY, parallel document to the

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

1996 (after the launching of SNZGET OA GBI T OA Oi A COI xET ¢ AAOE
language, culture, and valueNOS was included it OAEAT h OEA GWMsE AT AA O/
curriculum.! 1 OET OCE 01 OAEAT ,QASNEDARAOADOAOADOEERT A/
OUOOAT 608 001 OAEAT [the fodrth & which inchEtie®OSD OO AT A O

4A T 4101 A jTAOOOAT x1 01 AQn

I EOP1 1 EAT § PEUOEAAIT x1 Ol AQn

Kawekawe (material world); and

s A~ oA s s

. Ca 4AO00AEA 01 OAdMuA (philoSophy @rid histgy@®ATE AT AAQo6
(Smallbone et al., 2017, p. 200)

il
1
1
il

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

would provide students with a deeper understanding £ ./ 3 AT A O0O0BPDPI 0O A
viewpoint (Stewart, 2011)8 4 EA E ita@dwaalsd téEmprove outcomes for

-al OE OOOAAT 606h ET x A@tdvaar, 2008. NatibonBl Bértidat®iA AT OOA A
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Educational Achievement (NCEA) data suggeststhiatt OAE AT dhds@k OE T 1
increased, rather than decreased, the level of inequityfera | OE OOOAAT 66 EIT O
educationbET - al OE OAEIT 11 Oh AAODE O fsStewait, 201, p.OAT OET 1
724). Other vidence ofl T x AAEEAOAT AT O &£ O -ai OE OOOAAT Oc
large scale international assessments such as PI@Aay et al., 2019)7 EET A 01 OAEAT
helped support the goal opreservingO OAAEQET T Al - itdid AoEactielvel x 1 AACA
OEA CI Al 1T &£ EIi DPOT OET ¢ 1 AAQBEMarG20i1p OAT I AO A1 O

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 (NZGggan 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 SNZG the 1993 Curriculum Framework, into the

front section of the integratedNZCframework was the pressure toQeflect wider

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

front section of theNZChasA A&l AOO 11 OODPDI OOEIsCentr P OAAT OO C
1 AAOT AODOBOBEAD@OAA ET OEA OEOEI1T OOAOAI AT On
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 OrganiA OET 1T &1 O %AT T T 1T EA #1 1 PAOAOGET 1T Al
(Hipkins, 2012, p. 9)

In consultation with more than 15000 students, teachers, principals, advisers, and
academics,The New Zealand Curriculum (NZ@pgs published in 2007to be
implemented in 2010 (Ministry of Education, 2007). The large number of groups
consulted ensured a range of perspectives werathered. TheNZCis a whole
curriculum policy document with eight learning areas designed to provide students
with a broad education. The learning areas arénglish, the arts, health, and physical
education, learning languages, mathematics and statistics;ience, social sciences, and
technology. Justhe science learning area will be discussed here as this is the primary
focus ofthis study. The science learning area has a thrdr structure to navigate with
OTT1TU TETEIAI O g&plins, R 2, A 113} ThEfibsbtriof@dnhtextual
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objectives identifies the important content to be ddf OA OAA8 O4EA OAAT T A OE
dimensions that should be woven through the content, but with multiple competing
ACAT AAOG O1 AA AAAOAOOAA&ANT AT ORI AEEKAOI YEAGE
Finally, the third tier (the front section of theNZQ, which includes the curriculum
vision, principles on which to base curriculum decisions, value® be encouragedand
key competencies for lifelong learning, hasan essence statement for each of the eight
learning areas.These essence statements were desigd to capturethe intent of each
learning areaandOA OOA AO A COEAA O1 Ox E Aubitt, ROOA OO 11
p. 206). This third tier of the NZGtherefore, provide O sofe signals about valued
outcomes br 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
OEAO AT A Ol #Hipkis, 20E20E BYRThelyHidahcéd 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 ro({&oE, 2007, p. 17)

"AOAA 11 OAATI T AT AAOGET T O A&OI(from@mm®&2002), and A OO OE A
in consultation with students, teachers, principals, advisers and academi@Subitt,

2006), the new NOS strand ithe NZCis acollapsing of the two integrating strands in

thep wwo OAEAT AA AOOOEAOI Oi ETIOAGT DROIOOOR OAPRBR K|
content of the four context strandss to be delivered(MoE, 2007, p. 28)The four

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

Beyond. This newversion of the NOS strand ithe NZCshows the ongoing work to

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

Level 5 NOS and context strand achievement objectives are shown in FigGre
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Figure 3
Level 5 NOS and context strand achievement objectives irNing Zealand arriculum

(From foldouts in the back of the NZC in Ministry of Education, 2007)
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argument including recognition of texts (including visual and appropriate.
multiple variables numerical literacy|
* Beagin to evaluate the
suitability of the investigative
methods chosen
Living World Planet Earth and Beyond Physical World Material World
Students will Students will: Students will: Students will:
Life processes Earth systems Physical inquiry and physics Properties and changes
Identify the key structural Investigate the compositior COnCBptS of matter
and functions * |dentify and describe the S

ved in the life processes patt
of plants d animals physical phe ena found
. D e anisation of " n simple everyday sit
ife at the cellular leve Interacting systems
. nvestigate how heat from ti
ECO[OQ)’ Sur th, and humar
. nvestigate the activities is distributed

around Earth by

e, hydrosphere, and

and the effect of ¢

ntact and

non-contact on the motion

Evolution

o Jescribe the basic of objects

by which ge

Using physics

Explore a technological

or biological a

of physics

Chemistry and society

Link the pro

/

Achievement objectives for 4 context strands

As can be seen in Figurd, NOS has four suistrands, Understanding about science,
Investigating in science, Communicating in scieneadParticipating and Contributing
each with their own objectives These subkstrands include processes and skills that are
part of scientific literacy. The achievement objectives for each of the eight learning
areas which includes scienceprovide guidancefor teachers on how to develop each of

these NOS suistrands from Level 1 through to Level 8Figure 3 shows the NOS and
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sciencecontent achievement objectives for Level 5 of theNZCTable 1 shows the
objective progressions for one of the NOS sedirands, Communicating in sciencd hese
progressions show how theCommunicating in sciencBOS strand is designed to develop
achtirdughQuEtHEE PrimanEaddis€condary education

OOOAAT OO6

Table 1

Achievement objectives from NZMinistry of Education, 2007jor Levels 18 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.

Engagewith a range of science texts and
begin to question the purposes for which
these texts are constructed.

Level 5 and 6 NOS objectives

Use a wider range of science vocabulary,
symbols, and conventions.

Apply their understandings of science to
evaluate bot popular and scientific texts
(including visual and numerical literacy).

Level 7 and 8 NOS objectives

Use accepted science knowledge,

vocabulary, symbols, and conventions when

evaluating accounts of the natural world
and consider the widerimplications of the
methods of communication and/or
representation employed.

The objectives in the righthand column in Table 1 are the same for two successive
1 AGAT 6 AT A OOA Al

progressions. For example, Level 1 and 2 use the verbsild and developwhereas the

~ o~ N N s o~ AN ~ s

AOOOEAOI O

higher levels use the verbspply and evaluate.

5" 111160 OAgiT1TiU EO A xAU 1T £ AAOAGI OEOET ¢ AT A

learning skills
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Having discussed how science education policy in NZ has endorsed the theme of the
1990 UNESCO conference to develagpientifically literate students, by making NOS a

focus, | now explore how other countries have incorporated scientific literacy into their
policies. | begin with Australia, a country which is close to New Zealand and shares a

British colonial heritage.

Sdence 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.major

government commissioned report on the state of sciase in Australian schools

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

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

in the Australian School Science Education National Action Plan 208812 (Goodrum

& Rennie, 2007) AT A 4 2007)%séndindl paper, Reimagining Sciece Education:

%l CACET ¢ OOOAAT 00 EIT @AdwAatiohdcurAsiulom forSo@@® Al EA S C

was developedin 2010.

The secondary Australian curriculum includes learning areas (one of which is science),
general capabilities and crosscurriculum 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 knowledgeinderstandings, and skills to make informed
decisions about localpational, and global issues and participate in scieneeelated
careers if they so wish. Thenline curriculum states there are seven aims which are

designed to ensure that students develop:

1 aninterest 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;

T an understanding of the vision that science provides of the nature of living
things, of Eart 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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1 an understanding of the nature of scientific inquiry and the ability to use a range
of scientific inquiry methods including questiaing; planning and conducting
experiments and investigations based on ethical principles; collecting and
analysing data; evaluating results; and drawing critical, evidenekased
conclusions

1 an ability to communicate scientific understanding and findingsd a range of
audiences, to justify ideas on the basis of evidence, and to evaluate and debate
scientific arguments and claims

1 an ability to solve problems and make informed, evidenebased decisions about
current and future applications of science whileaking into account ethical and
social implications of decisions

T 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 sciencand

1 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 knowledg€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 AOT O1T A O3 AEAT A A & fiheséatekondider@dicenttdl to thee COOA
teaching of scienceThe three interrelated strands are surrounded by six key ideas

(referto Figure4) OOEAO OADOAOAT O EAU AOPAAOO 1T £ A OAE
bOEACA ETT x1 AACA AT A O1T AAOOOAT ABCARA RA%) OO OE
Thesekey ideasare embedded within each year level description and are intended to

guide the teaching and learning.

27



Figure 4
The structure of the Australian Curriculum: ScienP@CARA, 2015c)

The SHEstrand contains a substrand called the nature and development of science

which contains several NOS themes, includin@ecognising that observation is an

Ei Di OOAT O PAOO i £ A@Di i OET ¢ AT A ET(BCRROECAOET
2015e). TheseNOS themesre also evident in the SIS strand, where, for example,

processing and analysing data and informatiorgommunicating,and planning and

conducting investigations are features.

Science teachers in Australia are also required to weave seven general capabilities and
three crosscurricular priorities through the content. The general capabilities are
literacy, numeracy, ICTcritical 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. | have shown the

complexity of this curriculum for science in Figureb.
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Figure 5

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

wScience understanding (content)

wScience as human endeavour
(SHE)
wScience inquiry skills (SIS)

Science

wScientific literacy

wNumeracy
General WICT
Capab”iti@ wCritical and creative thinking

wEthical understanding
wlintercultural understanding

wAboriginal and Torres Strait
Cross Islanders Histories and Cultures

curricular wAsia and Australia's Engagement

priorities with Asia
wSustainability

The Department of Education, Skills and Employmer(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 crassricular priorities.
Fensham(2016), however, noted that teachersre still focusing too muchon teaching
traditional science content knowledge despite tk 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 assessmgRISA, has already developed items that
measure the ability to identify scientific issues and use scientific evidence to explain
phenomenon, two aspects of NO®ECD, 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 thatmay help teachers develoghe NOS

aspects of the Australian science curriculuns the revision of school science textbooks.
McDonald(2017) found that school textbooks were not explicitly highlighting NOS

AOPAAOO AT A OOCCAOOAA OEAO OEEO AT OI A AA OAI
statementsh DOIT I BOOh T O NOAOGOEI T O Oi A@gbl EAEOI U £
NOSA O b A@.A1AHAgain, policy alone is insufficient to change teacher practices

There has been a&all for changes to assessmejpedagogy.and textbooksto support the

implementation of the Australian curriculum.

| turn now to explore science education policyn 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 1989Taber, 2018). Science
educationin the 1989 curriculum included scientific investigation which, in secondary
schools, was assessed by teachers in sch@ahd moderated externally. Taber argued
that this led to teachers teaching a narrow range of investigations that prepared
students for the assessment. The prewusly mentioned Beyond 2000eport (Millar &
Osborne, 1998)was the springboard for curriculum change that resulted in the 2004
National Curriculum for Science(Qualifications and Curriculum Develpment Agency,
2004). This curriculum has three content strandsOrganisms their behaviour and the
environment; Materials, their properties; and the Earth and Energy,forcesand space
and a further strand,How Science Works (HSW) OO1 AA [ Apd &£ O OEEO O
Figure 6.
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Figure 6

How Science Works road mgpPepartment for Education, 2009)

[ HOW SCIENCE WORKS
ROUNDABOUT

SCIENCENS. &

Although the term NOS is not used in this road map, the signposts describe many
aspects of scientific literacyevident in the NZCNOS objectives (refer to Figure 3¥or
example, obtaining evidence, explanations and models, and society and culturbe
strand HSWwas an endeavour to address criticisms of the earlier curriculum;
prescriptive, assessmentdriven, excessscientific content, little modern-day science
content and investigations that did not align with dayto-day teaching(Keiler &
Woolnough, 2002; Nott & Wellington, 1999) TheHSWstrand of the science curriculum
had four main aub-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 difient contexts as the
content was taught. For examplewhen teaching activation energy a teacher may use
Oi 11 AAOGI AO 11T AAT O 01 Agpi AET OEA DPOI AAOO
AOT I 6 AT A OEA AT A @endolfiA2B1X,pBB)Explanélibnis &nd Madlels
is one of the signposts in the road map (refer to Figur@). Toplis et al (2010) found that
the new HSWapproach to teaching science engaged and challenged students and

provided them with a deeper understanding of NOS concepts.
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- E1 1(210préview of literature considered the extent to which theEnglish National
Curriculum for science had influenced practice and learning outcomes of saice. This
review revealed that the scienceenquiry target of HSWdid not achieve what was
intended. It led to a rigid, routineA OE OAT ABPDBPOT AAE Oi OAAAEEI ¢ Oy
in the kind of illustrative practical work that can help students gain knowedge of

T AOOOAT PDEATTIATA AT A O AAOOOMIllaA fOLICp. | £ AT T AA
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 contentbased curriculum believing it was incompatible with the
requirements of 21st century learners who neededscientific 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 scieneeelated 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 modermworld. This second purpose is what many refer
01 AO OOAE RByha& me7AByhe& OMcOrAdd 2051 ; Roberts, 200Hd

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 cmsequence of these criticisms and reviews, thidational curriculum in England:

science programmes of studyas 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 equspudents

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

science, todayand for the future (United Kingdom Department for Education, 2014)

The secondand third aims describe sceentific literacy and even though the term NOS is

not used, these aims align with descriptions of NOS. However, teachers are required to
OAAAE OUDPAO T &£ OAEAT AA AT NOEOEAO AO xAl1 AO
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high stakes examination) YTaber, 2018,p.89% )1 %l ¢l AT A OEA OAOiI O
ET OOAAA 1T &£ OET NOEOUS8 !l OET OGCE OEAOA Ox1 OAC
AEEZEAOAT AA8 3ET AA OAT NOEOUS AATT OAO OEA AAOD
guestioning science students in preference tproviding answers. There is a tension,

however, between delivering the curriculumthat mandates teaching enquirieswhich

are assessedy teachers within the schooland not included in national assessments

and high stakesnational assessmeng which are based on science content knowledge

(Taber, 2018).

#OOOEAOQI Of AT A AOOAOGOI AT O AAI Al RM7pstddpA Al OI
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, theoriesd

experimentation) and sociatinstitutional ( controversies and ethics). Overall, there was

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

explicitly teaching NOSThis was particularly evidentin key stage 4 (ages 135), the

year students sit theirhigh stakes nationalexamination, 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 pratices. Much more support is needed for teachers to enable

them to teach science through NOS.

The next section of this literature review willdiscussscience educatiorpolicy in the

United States of America, théinal country | haveexplored.

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 DeBoe(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 afcience 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 (NGS8)ational Research Council, 2013)hich include references

Ol ./38 &1 O AgAIi bl Anderstanding theASeientific EnEeris& Ae 1 AA O

. AOOCOA 1T &£ 3AEAT AA ET OEA . (A@SS LeadStake§ 200E) T 3 AE
Thesenew 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 practiCH.

TTOA EAOA EO OEA OOA 1T &£ OEA OAOI OET NOEOUGS E

English curriculum.

A failing of inquiry-AAOAA OAAAEET C 1T £ OAEAT AA EO OEA ATl
AAOOUET ¢ 1T 00 DPOAAOEAAI OQdsthesktate difiefedt godls. AAOT ET C
Os$s1 ET ¢ OAEAT AAS8 AU ET NOEOU i1 AOEI AO EAO OEA ¢
OEA x1 Ol A xEAOAAO OEA Cci Al 1 &£ OI AAOT ET ¢ OAERA
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 educatio researcher originally from the UK and now residing in the USA,

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

EAO EAA-TA 6O0HMIOO@DAS8 / OAT OT A AOCOAA OEAO OEA |
OET NOE OU &ic liketady byddachdrd haHimited their ability to establish a

common language with which to communicate in sciencé&n example of this is the use

NGSS Framework floK-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 tosomeaspects of NOS.
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Table 2

A comparison of the fundamental abilities necessary to do scientific inquiry (Grae®s 5
(National Research Council, 2000) with tleet of scientific practices as identified in the
NGSS Framework for-K2 Science Education arsbmeaspects of NOS in theZ€

Fundamental abilities
necessary to do scientific

inquiry (Grades 5 z8)

Scientific practices in the
NGSS framework

Someaspects of NOS
from the NZC(MoE,
2007)

T Identify questions that
can be answered
through scientific
investigations.

1 Design and conduct a
scientific investigation.
Use appropriate tools
and techniques to
gather, analyse and
interpret scientific data.

1 Develop descriptions,
explanations,
predictions, and models
using evidence.

1 Think critically and
logically to make the
relationship between
evidence and
explanations.

1 Recognize and analyse
alternative explanations
and predictions.

T Communicate scientific
procedures and
explanations.

1 Use mathematics in all
aspects of scientific
enquiry.

1 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 krowledge
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 actiors.

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

scientific practices in the NGSS framework and some aspects of NOS inNE€use
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N1

similar terminology to provide guidance for teacherson howto AAOAT T B OOOAAT OO
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 eighscientific

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. Agpen

D of the NGSENGSS Lead States, 20138)E O A O O O A ®lakindithie®exi £ O

AT AOAOCEI T 3AEAT AA 30AT AAOAO ' AAAOGOGEAT A O1 !
UNESCO conferenc&ducationforalB 4 EA NOAOOETT x1 OOE AOEEIT C
DAAACTI CEAAI DPOAAOEAAO O1 0OOPDPI OO OEA OEEEO E
somesupport for teachers with this shift in policyin several appendicesFor example,

Appendix H (NGSS Lead States, 2013c, p, Si)jggests a way to teachspects of

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

testing the modelto 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, particulagt those who have been using conventional teaching

practices in the past. As a result, these researchessongly believethat science

teachers will need extensive professional development tdevelop pedagogiesvhich

will ensure a high level of learning forall 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 repdriter -Agency Commission World
Conference in Education for All, 1990d)here have been policy shifts to support the
understanding of science and science practices in all four of the countries | have
explored: New Zealand, Australia, England and the United States of AmeriCaurricula
in different countries have used differen terms, such as scientific practices or NOS to
indicate how teachers might develop scientifically literate studentdDespite this, the
terminology of the objectives is similar. For example, tens such as ask questions, find
evidence, plan and carry out imestigations, and use mode$ are evident incurricula in

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

A comparison of théerminology for scientific literacy objectivesin USA, NZ, Australia, and

the UK the four countries expled.

United States of
America (USA):
Scientific practices

New Zealand:
NOS objectivesn
common with USA
and Australia

Australia
Science inquiry skills
(SIS) (abbreviated)

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

1 Ask questions
and define
problems

1 Develop and
use models

1 Plan and carry
out
investigations

1 Analyse and
interpret data

{ Use
mathematical
and
computational
thinking

{ Construct
explanations
and design
solutions

1 Engagein
argument
from evidence

1 Obtain,
evaluate, and
communicate
information

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

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

1 Begintouse a
range of
scientific
symbols,
conventions,
and vocabulary.

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

1 Explore various
aspects of an
issue and make
decision about
possible actions.

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

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

Represent data in
meaningful and
useful ways;
identifying trends,
patterns, and
relationships in
data, and using
this evidence to
justify
conclusions.
Consider the
quality of
available
AGEAAT AAY
Convey
information or
ideas to others
through
appropriate
representations,
text types and

modes.

1

Understand that
scientific methods
and theories
develop as earlier
explanations are
modified to take
account of new
evidence and
EAAAOS

Ask questions and
develop a Ine of
enquiry based on
observations of
OEA OAAI
Select, plan, and
carry out the most
appropriate types
of scientific
enguiries to test
DPOAAEAOEI
Interpret
observations and
data, including
identifying
patterns and using
observations,
measurements,
and data to draw
conclusions

Present reasoned
explanations,
including
explaining data in
relation to
predictions and
hypotheses.
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As can be seen from Table 3spects of NOS are in the curricula of all four of the
countries | 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 fdlow that their practice changes to reflect thigLederman,
2007). Thereis a consensus in all four countries that changing the curriculum alone is
insufficient. Pedagogy and assessmerand even textbooksalso need to change if
teachers are to develop solid NOS teaching practices. Fensh@016) argues that
curriculum, assessment and pedagogy need to change in order to meet the dual
objectives of prepaing students for sciencebased careers as well as citizenship science
for living in this world. These changes require professional learning and development
(PLD). This highlights the importance othis study which seeks to find howHODs can

lead theimplementation of the national initiative of teaching science through NOS.

| 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 driuaernationally to

develop scientifically literate citizens; citizens who understand scientific concepts,
phenomena and processes and can apply this knowledge to new situatiof®d$A 2018
science framework) (OECD, 2018)Although aurricula in different countries have used
different terms both in NZ and interndionally, the term NOS has been commonly used
as itis 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 & AbdEl-Khalick, 2014). This is why | now exploreexplore the

challenges teachers face developing NOS practices to support scientific literacy.

Although teachers must have adequate conceptions themselves to be abletnvey
appropriate understandings of NOS to their studentéDogan et al., 2013; Mesci, 2020;
Schwartz & Lederman, 2002) previous researchhas consistently indicated that, in
general, this is not sqAbd-El-Khalick & Akerson, 2004; AbeEIl-Khalick & BouJaoude,
1997; Abd-El-Khalick & Lederman, 2000; Aflalo, 2014; Brickhouse, 1990; Dogan et al.,
2013; Hanuscin et al., 2011; Hipkins, 2012; Kampourakis, 2016} he first dhallenge 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 degitbée may not have proiided
them with understandings of NOSThere is evidence of thisn severalstudies of pre
serviceand in-serviceteachers Although these teachers hadcience degreesboth the
pre-service andin-serviceteachershad misconceptions ornaive views of NO$Abd-EI-
Khalick,2012a; Abd-El-Khalick & BouJaoude, 1997; Ab&l-Khalick & Lederman, 2000;
Brickhouse, 1990; Vazquelonso et al., 2013)

Even if teachers do possessccurate 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 understandingof 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 ostientific inquiries, research
suggests that this may not be the most effective meansdiing so unless they involve
OOA &I AAGEOGA Al Al AT 00 (AbOEIKHaIRKEALéderddn/2A800,51 A A
691; Khishfe & AbdEI-Khalick, 2002; Lederman, 292).

Tobin and Garnett(1988) arguedthe reasons teachers with aradequate understanding
of NOS may still have difficulty translating this into student learning was due to

teachergddack of deep understanding of science content knowledge which prevented

OEAI mOi I AOCEET ¢ NOAOOEI T O OE Astunder&aBdimgOE OA1 U

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 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, presure to cover content(Bell et al., 2000;
Schwartz & Lederman, 2002; Wahbeh & AbEI-Khalick, 2014), other curriculum
imperatives (Hipkins et al., 2006h OAAAEAO0O06 AAI EAEO AAT 60
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AAT 006 1 A A(Ghdinaq 1949%;Léérman kt3l., 20019nd teachers

OOOAAT OO6 O©O0A gSkhwertz & Be@edvia 2082)Hencé having A
adequate conceptions of NOS does not necessarily result in teachers developing
OOOAAT 006 O1 AAMOOddviah, AN C T £ ./ 3

006
Al

> O

As discussed irChapter 1, multiple knowledges are needed to teach effectively
(Shulman, 1987) This means science teachers ne@eédagogical content knowledgedor
NOSIn addition to science ontent knowledge,science pedagogal content knowledge,
NOS content knowledgeknowledge of educational contexts, knowledge of learners and

their characteristics, and knowledge of educational goals.

Abd-El-Khalick and Lederman(2000) argue tha in addition to understanding NOS,

teachers need:

8 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 topfor instruction in a manner
that makes the target aspects of NOS accessible to {w@lege students.
Moreover, knowledge of alternative ways of representing aspects of NOS would
enable the teacher to adapt those aspects to the diverse interests and abdgiof
1 AAOT AOOG88 ¢+ 4aYyAAAEAOO OET O1 A AA AAT A O A
sciencebased activities that would help students comprehend those aspects and
Al T OAoO0OAT EUA OEAEO OAAAEET ¢ AAT OO ./ 3 xE
history of science. (pp. 69Z693).
That is, teachers neeghedagogical content knowledge PCK for NOS However, the
term PCK is complex andefining it has been problematicl turn now to exploring the

current research on PCK.

Defining PCK

The term PCKfirst 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 cortgxity and variety of definitions that have been

DOAOGAT O OET AA EOO ET AAPOEI T h OOx1T ET OAOT AOGEI

N o~ N =

OEA ACAT AA 1 fapendale ZDASOPA ifDtAeficsst 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 researh discussed. The Refined Consensus Model (RCM) of PCK

developed at the second Summitvas publishedET ( O A(200bodki 8 6 O

2ADPT OEOCEITEI C 0#+ EIT 4 A AAckdyGearire dd thid MBAeBOET T Al
the feedback and feedforward that occurs between teachers and studengd teaches

and teachers to take enacted PCK to personal PCK and finally collective R&ith

3EOI T AT 6 0 OA A Adndadditidghal knswledge<Idkriing the outer rim of

this concentric circlethe RCMshowsthe complexity of the term PCK.

While the RCM of PCK has its meritis that it shows how PCK is developed am

adopting3 E O1 [ shmiplér @efinition of PCKfor the purpose of this thesis Shulman

(1986, p. 9)described PCKa® ET 1T x 1 A A CA 8 mé iays@kebkdertting@nd

formulating the subject that make it comprehensible to othére also believed that PCK
includedOAT O1 AAOOOAT AET ¢ 1 Af speeific@opits AdsyloOdiffolA 1 AAC
the conceptions and preconceptions that students of different ages and backgrounds bring
xEOE OEAI O1 OEA 1T AAOTEIC 1T &£ OEI GéhPdKOO AOANR
understandings, when they are applied to NOScan bechallenging for teachers

especially of they are still grappling with NOS content knowledgélowever, when

teachers acquire PCK for NOS through targeted PLD programmes they are able to

O00PDI 00 OEA AAOAI T DI Atkréry dkiks (MIQHY AtAll, D®F OAEAT OE
Although a study ofirish primary school teachers these researbers found that teachers

were able to change how they taught science when they developed their PCK for NOS.

The question is, what NOSpecific pedagogical approaches are needed for NOS?

Pedagogical approaches for NOS

In general, NOSpecific pedagogical aproaches can be classified as either explicit and

reflective, or implicit (Dogan et al., 2013; Kim et al., 2005pn @Dl EAEO ADPDPOT AAE

be planned for instead of beindh T OEAEDAOAA @Aldndehin, @3B A 73/ IEEAA A OB 6
invovesDb OODT OAE£OI OAAAEET C T &£ ./3h ETOATOEITTAITI
aspects of NOS through discussions, guided reflection and specific questioning in the

context of the activities, investigations and historical example@ogan et al., 2013)

Supporters of the implicit approach suggest that an understanding of NOS can be gained

AU OEIiI PI U OAT ET Cb6 (BAkdsia®enidE 1083FAk&Y AtQIOBTIA OET 1 O
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In other words understandings of NOS are viewed as a4{pyoduct 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 frauch an approach{Abd-El-

Khalick et al., 1998; Akerson & AbdEl-Khalick, 2003, 2005; Akerson & Volrich, 2006;
Bell et al., 2003; Khishf& Abd-El-Khalick, 2002; Lederman, 1999b)For example,
Khishfe and AbdEl-+ E A 1 B00F)&tGdy found that 11-12 year oldstudents who
engaged ininquiry -based learning and had explicit teaching about NOS improved their
understanding of NOS, whereas those who engaged in inquibased learning where
NOS was an implicit part of the teaching did not. Similarly, Akerson & Adiel-Khalick
(2003, 2005) found that even though9-10 year oldstudents were fully immersed in
inquiry -based learningE £ OAAAEAOO AEA 11 0 DPOT OEAA A@bl E/

understanding of NOS did not improve.

The explicit approach acknowledges that, like any other science learning outcome, NOS
TAAAOG O1 AA OOPAAEZEA AT A OATCEAT A AT1TO0AT O C
(Kim et al., 2005, p. 3)This approach supports the many recent science educational

policies that advocate NOS as content necessary for scientific literg@yCARA, 2015b;

American Association for the Advancement of Science [AAAS], 1993; Ministry of

Education, 2007; National Research Council, 2013)s well as taking an explicit

approach to teaching NOSesearch studies indicate thathe most effective approaches

alsoinclude a substantial reflective componen{Abd-El-Khalick & Akerson, 2004;

Akerson & Volrich, 2006; Heap, 2014; Schwartz et al., 2004) seems that reflection on

science experiences within the classroom and in authentic contexiscritical to

AAOGAT T PET ¢ OGRMAIER@IO 60 BAheAGKEI€WE and HanBscir{2007)

embedded eplicit-reflective activities in a programme that emphasisedcientific

inquiry and inquiry -based teaching to improve iROA OOEAA OAAAEAOB8O Al Al /
OOOAAT O0O6 they Aax PosiliveEesults Both the teachers and studentén the 3

year professional development programmeshowed positive changes to their viers of

.13 AT A OAAAEAOOGS OAEAIiAkAl-KPalck &ng Ak@sdn(2004DT Ei D C
argued that an explictOA £1 AAOEOA ADPDPOT AAE A1 01 1T AAAAA Oi
NOS conceptions in various context§&chwartz et al(2004) likewise suggested that

teachers adearners need opportunities to emgage in reflective activities and reflective
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discussions in order to construct theirown understandings of NOS. Guided reflection
cantherefore OAOOA OAO OEA AOEACA O1 ObPAT OEA CADP A
(p. 638).

Clough(2006) advocated for explicit and reflective NOS teaching along a
decontextualised/contextualised continuum, decontextualised being isolated fro

OAEAT AA AT 1 O0AT O AT A OAEAT OEOOO AT A dnt 1 OAGOOA
AT A EOO A Apddvad). Edlicidanddéflective decontextualised NOS teaching is

important in that students are introducedto 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 contg@lough,

2006). Thislatter concernwasidentified by some teachers in a earlier study by Abd

El-Khalick et al(1998) as a reason for not incorporating NOS into their teaching. Since

the goal of teachingséhT AA OEOT OCE ./3 EO Ol AAOGAI T B 000
ability to appreciate NOS in current socioscientific issues such as global warming may

be seen as very importan{Eastwood et al., 2012) Teaching science in a contexalised

way helps students make links between science theory and their everyday livesd,

therefore, makesscience more engaging ahrelevant to the students(Jenkins, 2011)

Bell et al (Q011) study of 75 pre-serviceteachers enrolled in an elementaryscience
methods course compared teaching NOS aslecontextualised topic withteaching NOS
as an integral part of the sociescientific issue global warming and global climate
change In addition these researchers compared the use of explicit with implicKOS
teaching strategies The/EET AET CO AO(R011) stully showddGhatiplgit O
teaching of NOS resulted in more substantial gains in tipee-service OAAAEAOOG
understandings of NOShan implicit teaching of NOS.In regard to the the context of NOS
teaching,the pre-serviceteachersmade gains regardless of whether the teaching was
contextualised or not. This finding was supported by Khrishfe and Ledermg2006).

Their study of 13-14 year oldenvironmental science studentsinstead ofpre-service
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teachers,also used the context of global warming to teach NOB both the
contextualised and decontextualised groups thefound no significantimprovement in
O O O A Ardépstadidings of the five aspects of NOS emphasised in the study.

As previously mentioned, acquiring an understanding of NOS is compleSinceit

involves teachers and students reexamining their existing ideas about sciende

requires an approach that addresses conceptual chan@g€lough, 2006) Asdiscussed a
little earlier in this chapter, findings from many studies over the past three decades
show that manypre-serviceand in-service teachers hold misconceptions or naive views
of NOSAbd-El-Khalick, 2012a;Abd-El-Khalick & BouJaoude, 1997; Ab&l-Khalick &
Lederman, 2000; Bilican et al., 2014; Brickhouse, 1990; Hipkins, 2012; Vazqu&lonso

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 explicHreflective approach.

I'T EEOOI OEAAI APDPOI AAE EAO Atletstandidgs AAINOSOOAA Ol
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 pproach. Stinner et al.(2003) sought to&uggest

appropriate uses of history in the science classroom from early years througto] post

secondary educatiom(p. 1). Their case studieddentified a variety of approaches to

teaching NOS through the history of sciee including, usingdrama, science stories,

dialogues (conflicts between persons), thematic narratives, vignettes (short

descriptions of historical events), and historical case studies. Owmase study using a

historical approach in which NOS was explidig taughtisO0 A O A U (2006) Ghileard O

study. These researchers introduced History of Science (HOS) to eight Biology teachers

ET A POl FAOOEI T AT AAOGAIT T PI AT O j0$Qq DBOI COAI T A
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 mae successful in achieving its goal of deepening

I AAOT AOOG O1 AAOOOAITNaEZegland rdsearcheBs Weard and ieigh O 1 &
(2017). These researchers introduced 10 initial teacher educatioTE) 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/hile not all the participants in the

study changed their views of NOShe findings indicate that using dramatic readings

may improve science content knowledge andssist with the development ofPCKfor

NOS Haowever, it was found that eachersneeded PLD to accompany the resource in

order to useit effectively.3 OET T A0 AO Al 860 A£EIT AKhafovand OE A OA A4
, A A A Oli(2ado)sa@ument 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 theres general agreement that explicireflective NOS teaching is
more effective than implicit approaches(Abd-El-Khalick & Akerson, 2004; Akerson &
Abd-El-Khalick, 2003, 2005; Akerson eal., 2000; Akerson & Volrich, 2006; Bell et al.,
2011; Khishfe & AbdEI-Khalick, 2002; McDonald, 2010; Pekbay & Yilmaz, 2015; Smith
& Scharmann, 2006) Teachersneed NOSspecific pedagogical knowledge in order to

integrate NOS into science lessons to support the development of scientific literacy.

Having discussed some challenges with implementing NOS, including the need for NOS
specific pedagogical kowledge, | turn now to discuss the implementation of NOS in

New Zealand

Implementing NOS in New Zealand (NZ)

As discussed earlier in this chaptefSNZGvas intended to set a new direction for

science teaching in Nby encompassing a broader view of sciase. Furthermore,SNZC
EAAT OEEZEAA OEAO dniote Bhbn@iacti@IAvErR daiell oEihtbd 1 OA
laboratory/classroom. While there was adearth of research on actual classroom

practice when NZ teachers were implementingNZCit appears theintent was not

widely practised (Hipkins et al., 2002) Thisindicates amismatch of the curriculum and

classroom practice and, in particlar, a lack of PCK for NOS teaching. | suggest that the
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curriculum provided insufficient guidance to enable teachers to develop their PCK for

.1 38 7TEAO EO APPAOAT O OEI O6CEh EO OAIT ET C8 OAE
focus from that in primary schools(Haigh et al., 2005) In secondary school classrooms
investigations are often used to demonstrate a conceptivereas in primary schools

open inquiries basedi 1 O A£A Eate mOrd eifaitiBakir, 1999). For primary

OAAAEAOO OEEO OZAEO OAOOET C8 ABPDOI AAE xAO Al
primary teacher support resources such as the Making Better Sense series of books

(Ministry of Education, 1995, 1996a1996b, 1996c8 ( Oi A A2088) stutyiin 8 O

two NZ secondary schools investigated students in Year 11 (4% yearsold) learning to

perform science investigations for Sence Achievement Standard 1.Larrying 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

ET ¢nm¢8 (O A ouhdAeachdrsifocused orCad@rAvivvievEof scientific

AO OEAEO OAOOET ¢c6 AT A AANOEOEI

trials to improve the reliability of the results. Evidence suggests that students have

limited experience of sciencenvestigations and that approaches, such as those

i AT OETTAAR DOl OEAA 1T EOOI A AOGEAkKitdsskar@EAO OOOA
repeating trials (Hume & Coll, 2008)

I PAOAEOU 1T £ OAPPOI POEAOA AOOOEADI OI COEAAT A
O ETT xI AACA Al O ./3 OAAAEET ¢ch OAAAEAOC
mismatch of theSNZCurriculum and classroom practice. While some studies have

explored the use of secondary data from authentic science research or historical case

studies, it appears tharesources were not produced or trialled to support teachers

implement such NOS strategies in the classroo(Hlipkins et al., 2005) There is limited

published research on teachingsciencethrough NOSsince the introduction ofthe 2007

curriculum, theNZ@ ) AACET x E OE providdah example 6f QIO OOA U O

researchthat has beencarried outin NZ since 2007.

0 A O A O(@0i17) §udy, set in a large NZ secondary school, explorede
implementation of NOS in the classroom and its impact on Yeasfudents (13-14 years

old). Teachers in the study created specific NOfBcused learning oppotunities in their
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teaching. Paterson then evaluated the studenfattitudes 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

Di OEOEOA AOOEOOAAO8 4EA re@AAMAERICPODtRak 0 AOAOOT 1
allowed them to utilise a variety of strategies for teaching NOS through developing their

PCK. These strategies included using authentic, contexth tasks, stories from science,

making NOS explicit in investigations and questiang students instead of answering

their questions. One reason such NGBcused strategies engaged the students was that

OAEAT AA xAO T AAA 117 O0OA OAI AGAT O O OEAEO 1 EOA
that once teachers see the benefits of including®s in their lessons, such as improved

student engagement, they are more likely to continumaking NOS a focus of their

teaching. It was important, however, to provide teachers witlthe strategies and

resources to support PCK for NOS. Paterson suggests thgaven the value his teachers

found of teaching through NOS, further research is required to find otibw teachers

can be supportedto change from focusing on science content knowledge teaching

science through NOS. It is this gap in the literature thany study endeavours to address.

As discussed previously, New Zealand researchers, Ward and Hafgf17), introduced

Initial TeacherEducation (ITE) chemistry teachers and experienced primary and

secondary school teachers to a reflective activity which used a dramatic reading about a

historical scientific developmenttoE I B OT OA OAAAEAOO8 AT 1T OAT O ETI
0 AOAO@OLT) AIOA 7 AOA AR0A7) gtudiesGdihdn@oduced teachers to

NOS resources and strategie®e develop their PCK for NO&nd provided PLD. Thee

studies show that providing teachers with classroom resources alone is insufficient to

shift practice. The resourcesnust be accompanied by PLD.

One example of &NZ programme thatdoesprovide NOSPLD is the New Zealand Science
Teaching Leadership Programme (STLR)2 1T UAT 31T AEAOU 1T & . Ax : AAI
2020) which givesteachers time to work as a scientistThis programmeprovides

primary and secondary junior science teachers with the opportunity to take leave from

the classroom and work alongside scientists for six month@linistry of Business

Innovation & Employment and Ministry of Education, 2014) Through this experience,

they gain a deeper understanding dNOSin an authentic contextwhich assists with
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changing teacher beliefs about the purposes ot®nce education When the teachers

return to their school they sperd 12-18 months evaluating the strengths and needs of

OEAEO OAEIT160 OAEAT AA DPOI COAiI T Anh EIiI PI AT AT O
OADPI OO0 OACOI AOI U T 1 EOOQing df ®hatsdsence is and k@A AT OO 6
works (Corbitt, 2019). The Royal Society of New Zealarsidentified several positive

outcomes from the programme includhg increased teacher confidence to teach science
(including NOS and the development of skilled sciencéeacherleaderswho canadd

value to schoolwide leadership in science. Aside from the positive outcomeder

teachers, the programme has led to fullyregaged, curious students who are excited

about science and see themselves as scientists well asimproved student

achievement in other learning areasnamelyliteracy and numeracy. From 2015 to 2019

the programme has worked with 119 primary, intermediat and secondary schools and

146 participants (Corbitt, 2019). This studyshows that whenprimary and secondary

science teacherghange their beliefs about wiat science is and how scientists work,

they can develop NOS focused lessons for their students.

| now review two New Zealand studiesvhich explore the resourcesused by teachers to

support teaching of science through NOS.

New Zealand resourcesthat OOBDBT OO0 OAAAEAOO8 o#+ A O ./ 3
Hipkins and Hodgen(2012) surveyed primary and secondary teachers in NZ to identify,
from a range of Ministry of Education resources, which resourcasere commonly used
by teachers to support their teaching of science and in particular NOBie range of
resources provided in the survey (an historical list of which can be found in Appendix
H) included booklets andonline resources. The sample d343 teachers which included
122 primary and 179 secondary teachers, represented schools across New ZealaDd.
interest to this study are the responses of the secondary teachers. Although senior
secondary subject guides had recely been developed to reflect the intent oNZCand
provide some explicit support for teaching the NOS strand, the survey foumd teachers
nominated the guides as a best resource for learning about NO&tead, secondary
science teachers relied on Natioal 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
sciencecurriculum are the science capability resources. There isscarcity of published
studies using this resourcen NZ secondary schoolshoweverMoeed et al(2016), in a
recent Teaching and Learning Research Initiative (TLRI) projedjd include one
secondary school in their study whicHfocused specifically and successfully on
developingthe science capabilites. The PLD used the science capabilities as atdo
develop the teaching of NOS by, for example, encouraging teachers tos#y one or
two learning outcomes for investigations rather than the whole investigationWhen
secondary teachers in this study focused onevelopingthe capability Critique Evidence
students alsodeveloped their observation and inference skillsThe Gather and interpret
data capability) even though this was not the focus of the investigation. Thu®cusing
on parts of the investigation did not prevent students frondeveloping skills in other
aspects of the investigationAlthough there are currently very fewpublished studies on
the use of thescience capabilities, tiese resources have the potential to improve

O A A A P&KGaD ROSThe science capabilityresourceshave beendesigned for teaches
to think with when planning and working with students (Hipkins & Bull, 2015). As such,
they provide a pedagogydr teaching NOSThe science capabiliy resources,one
strategy the Ministry of Education h& used to clarify the NOS component of the
curriculum, are available orthe Ministry of Education website, Te Kete Ipurangi (TKI)
(Ministry of Education, 2014). In addition to the resources on this webs#, which show
teachers how to adapt existing resources to teach NOS, there has been RL8upport

this processavailable for teachersfrom science facilitators

In summary, while major science reform policies both in New Zealan@loE, 1993,

2007) and elsewhere(ACARA, 2015; Department of Education, 2015; NRC, 2013;

Qualifications and Curriculum Development Agency, 2008mphasise themportance
ofteachersdevé | PET ¢ OOOAAT 008 t0imprdveO<0iénhfic liideacyC 1T £ . / 3
few teachers do so. Teachers often believe their main role is to teach science content

knowledge and, therefore, viewA AOAT T PET ¢ OOOAAT 066 O1 AAOOOAIT
detracting from this role (Clough, 2006) Given NO®as become a global focus of science
education, because it is believed to be &k 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 a 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 weldefined pedagogical approach for achieving
this.

Students may gain somenderstandings of NOSrom an implicit teaching of NOShut it

EO CAT AOATT U AAAAPOAA OEAO OEI PI U OAIT EI C OAE
historical perspectiveto teaching NOS has been shown to produce no significant gains

in NOS understandings. While an expliciteflective approach appeargo be the most

effective pedagogical approach, there are arguments for integrating this with a context

and a conceptual chage framework. What is clear, however, is thgire-serviceand in-
serviceteachers need special support in order to develop their PCK for NOS so they can

teach science through NO@Hanuscinet al., 2011)

The review in this chapter has shown that national policy, in which NOS is compulsory,
research findings and numerousMinistry of Education funded written resources have
endeavoured to change the focus of science teaching in NZ. Thayaver, 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 difie second literature review chapter.
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CHAPTER 3: LITERATUREREVIEW- Leadership for p rofessional

learning

Introduction

This chapter focuses on teacher professional learningnd, in particular, the collective
work for teachers and Heads of Department (HODS) understand NOS and develop
pedagogical content knowledge (PCK) for NOB.scoping of the work needed to lead

and undertake pedagogical changes at the department level is framed according to

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 HODsh  OT ET &£ OAT AA OAAAEAOO8 DPAAA
curriculum knowledge. This model, although confined to just three strategies, is used

here as a marker over time to look both back and forwardo as to highlight points of

resonance with other models and conversely feature the uniqueness as a model by

itself. Reference will be made taspects of earlier modeldrom a range of researchers in
OAAAEAOOGG 1 AAOTET C AT A AAOGAI T PI Al 08

Modelling

ThestatACU T &£ 1T AATTETC £0ii1 371 00ExT OOESO 11 AAI
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 assignificant others (Czerniawski, 2010; Mead, 1934)Southworth (2011,

Pp8xuvq A PEAOAO OO wherefehckelstnodelAbe Ag@eddikeyvalués

and practices in the department. Modelling in this sense includgebehaviouralmodelling

androle modelling. The value of teachers teaching each other and the mutual shariafy

expertise is also the focus of work by Littl€1982) and Kolb (1984). Furthermore, Kolb

called forthe need to consider the context of the learning so that it has immediate

AT TTAAGETT AT A OAI AOAT A Aenddd foQdiedane SKAAEA OB O Al
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associated with timeliness and jokembedded learning, matters raised by Hunzler
(2010).

Learning in a reatlife context of practice in classrooms, has been a feature of Timperley
A O (R00B @ddk concentrating on student needs and evidence of learning gains in
situ in a New Zealand literacy project. Insights gained from #ir project subsequently

resulted in three fundamental shifts in professional development (PD(Timperley,

2011a). FirstwasOAAT ¢cT1 EOET 1T 1T &£ A 11 OA ££OI tesie®®h xEEAE
O A fedcliers what needs to change, to a more systematic process of professional

1 AAOTET ¢ 11 OEORAAA OA Gihad & Ahrgdt®imdovedstudent

outcomes(ibid, p. 122). A second shift was a need for leaders to be involved in

DOl FAOCOCET T Al 1 AAOT ET Ch xEEI 06 A OEEOA OEEAZAOh

knowledge to change their practiced EAO OAAAEAO0O6 DOT ZAOOET 1T Al |
than knowledge transmission on the part of gnificant others is an important

distinction.

Modelling can take many forms. One example is that of the lesson styéiall, 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

OEEZAOO OEA DPAOOEAEDPAT OO EOI i DAOGOEOA T AOGAOOA
added dimension of ceconstruction 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 workingx EOE AT T OEAO ET 11 A80 1 x1 OF
schools(AITSL, 2017) Observing classroom practice, may lead to further opportunities

for team teaching and planningand sharing of practicesas teachers get to know each

N s o~ A s~
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Al A@PAOOh AO ET (0B madél, thadconstiucking &ith rothed O §
teacher highlights the importance of moving from professional development to
professional learning & suggested by Timperley2011b). Teachers must be active
agents in their own learning, knowing hat 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

31 O0OExI OOES8O I 1T AAI xEOE OEA EIT Aifectieis! 1T &£ A |

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 formativgo 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 purposenonitoring can provide trend data of
student achievement over timewhich may prompt a further round of decisions
AARAOAOI ETET ¢ xEAOEAO OEAOA EO A TAAA A& O
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 twards informal observations

followed by dialogue between the observer and the classroom teacher about what went

well and next steps.

4 E1 b A @0ty Gesdrhing 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

DOl OEOET 108 )1 ®wici AT A j OEA Ai 1 OA@O EI xEEAE
is the Office for Standards in Education (Ofsted). In New Zealand it is the Education

Review Ofice (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 higlquality 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

AE1 OAO OO0ODPDPT OO0 A O OAAAEAOOS EI POT OAT AT 6O Oi
collegial reflections about practice. How those interactions are enacted through collegial

OAT E AOA OEA &£ AGO 1T &£ 31 O0OExT OOE axlialogies OA AT A

Dialogue

The need for collegial dialogue is not new and continues to attract research interest and

support. It embraces the findings okarlierx T OEh &£ O AGAIT Pl dudyEOT I |, E
which reported successful school$iavingO b O O O O Atér raAge 6f Préfdssional
ET OAOAAOGETI 1O xEOE AAI 11 x OAAAEAOO 1 O (PAAI ET EC

325). Littlerealised that teachers developed a shared language of teachingnen the

talk was associated with opportunities for collegial observation and robust

conversations emerged as teachers formed learner to learner relationshipSouthworth

(2011) arguesO A Egldis not simply talkkingtEO EO P OT AAGOE).Ih Al 1 AAOI
other words, it is professional conversationsOEAO ET AOAAOA OAAAEAOOG ¢
for example, how to teach science tlmugh NOSWhen 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 aml why. This process, which leads to the discovery of self

knowledge, is called articulation. Articulation is one of the ways leaders can increase

opportunities for teachers to share their tacit knowledge and practical skills. These

opportunities can be informal or planned and formal. Regardless, professional dialogue

OET O1 A 1T AAA O1 ObOA A OEdktAworih, 2018 GE7B)ISduthwoknh ET T x 1 A
(2011) argues that selfreflection 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 caconstructed. They need to recognise that their

colleagues are a source of expertises well as possible support.

Accepting colleagues as clearners, 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 notmean teachers will adapt their teaching to suit. They need
connections to colleagues they can trust for expertise to flow from one colleague to

another.

O
IS

AOl EAO DOl ZAOOET T Al AAOAIT T i A@9B0) toachidgl Oh O
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

AAT 60 OAAAEAOOGS6 DOT ZAOOGET T Al DPOAAOEAAR OECT A
another as the expert to individuals gaining agency for their own learning needs

because of opportunities to learn alongside colleagues as-sbarers and learners.

4EA EI BT OOAT AA 1T &£ AT 11 ACEA®R0LA @odél iher€de hdsO A DD A
highlighted talk as a processing tool to make sense of practice. Huber has aduor 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 professionitiiih

PLCs, he suggests emphasis be put on the transfer, reflection, and exchange of what has

AAAT 1T AAOT AA xEOE 11 Ad GconsiructibrAegc®theterh O A D OT A
collegial exchange. Collegial exchange and dialogue are vital in the adult teag

processand are, therefore, central to the functioning of effective PLGRobertson,

2005). However, asSigurdardéttir (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
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 neeaf 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 pepnalise decisions
about what is learnt, their timing and relevance as well as the type of support colleagues

can offer one another as professional colleagues.

YT AAAAR OET A A(1998) demihalfn@rk dn@dulklbagérand 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 &
Goodhd, 2005). Acceptance of the particular knowledges adults bring to their
professional work as teachers suggests they place value on learning that is4job

embedded, supported, orgoing and with a clear pedagogical focu$iunzicker, 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 attenbn 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 relatimships of trust and mutual respect with flexible processes to

allow all views to be tested through deep inquiry, so new knowledge gained can be
AEOAAOI U Apbpl EAAAT A O ET AEOEAOAI OAAAEAOOS
improvement-based culture whereteachers 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 shif teacher practice(Timperley, 2011b; Timperley & Parr,
2009).

Elsewhere for examplein England, the importance of élogue has beensignalled by

MacBeath et al(2018) in the Leadership for Learning (LfL) model (refer to Figurer)

developed from the Carpe Vitam country study across 5 countries. Inglr model

OAT CACET ¢ ET AEAITCOAS EO T1TA 1T £ EEat EAU BC

by their expression in dayto-day practice, guide learning and leadership.

Figure 7
Leadership for Learning and its principle®lacBeath et al., 2018, p. 42)

LEADERSHIP FOR LEARNING

Engaging
in dialogue

Sharing
leadership

Focusing ~
on learning

Sharing
accountability

Creating favourable
learning conditions

Critical Friendship
SanjeA J1jeldowaq

Moral Purpose

Also apparent in thisLfL model is the focus on learning with the notion that everyone is
a learner; students, teachers, and principal§he model recogises that leadership is not
just about a few key players but about collective actionZhis aligns with HunzickA 08 O
plea that learning have a clear instructional focusCollegial ways of working are also
evident in this model which is consistent with prokessionalism; teachers taking
responsibility for their own learning. Furthermore, democratic valuegwhich form the

right-hand side of the LfL framé support the importance of moving beyond self to
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realise other members of the profession are a valuable sawe of expertise to extend

ITTAGO 1T x1 ETT xI AAGCA InhdditioA, icrifical Aiarid<hi@ (which forln® E A A
theleftEAT A OEAA 1T £ OEA , £ A£OAI AQq OECI Al O OEA
support the learning process@hrough questioning, reflecting back, providing another

viewpoint, prompting honest reflectiondand challenging the teache(Swaffield, 2008, p.

323). While the collegial spacg@rovides 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 frameworkA AAAOOA OAAAEAOOGSE 1 AAOTET C EO

believe in its potential to enhance practice .

The importance of reatlife 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
xI OE TAAAAA OI EI B OHubA (2001 @fard tb BiOaspraxidahdd 1 ET C8

links theory to praxis and knowing to doing in his approacltfrefer to Figure 8).

Figure 8
From theory to praxis and knowing to doing in Hubé2011, p. 638)

Knowing

t
Theory

Praxis

t
Doing

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 developmentHuber, 2004, 2010a, 2010b, 2013)These are
represented by the model shown in Figur®. Huber(2013) favours @oncrete and

complex problems, as they are experienced in everyday practice by school leadeas a
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starting point to involve the learners in a cooperative problerfO1 I OET C (o OT AAOOOG
530).

Figure 9
Approaches to learning in Professional Developmé@dtiber, 2011, p. 639)
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As with MacBeath etA | [Fl8ntdel (Figure7d h ( @288 ndodel highlights the

complexity of learning in schools and the importance of collegiality and teacher

professionalism. MacBeath et a(2018) EAOA ET Al O@W0oR) ( OAAO0BS O
conceptualisation of schools as learning organisations signalling aiftHfrom

developmentoftheET AEOEAOAT |1 AAAAO T &£ 1 AAOT ET ¢ O1T AA
leadership capacityDempster(2009) AOEI AO 11 - AA"AAOESO , &£ |11 ¢
framework (refer to Figure 10) againsignalling the importance ofleadership being

about the colective actions of leaders and teachers.

$AT DOOAOEO AEOAI AxT OE xAO AAOGAI T PAA AEOI T OEA
from the United Kingdom (UK), NZ, Australia and an Organisation for Economic

Cooperation and Development (OECD) report. THeEamework, was based on three

1 AAAAOOGEED /AlpodeAconekafdEIOD AT O ADekbstet) 2009, p. 2)

which Dempster claimed lay at the centre of leadership for learning. First, moral

purposeshould drive all school leaders and teachersThat purpose is about the

Ei DPOT OAT AT O 1T &£ OOOAAT OOG6 1 EOAO OEOI OCE 1 AAOI
influenced by context leaders need to harness support from within the school and the

wider community to help in their moral quest. Third, leaders ca only achieve the
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OAET T180 11 OAIl hubddagercyrBis abkidviedd€sEhat leadership
requires the views and actions of manyl. will now explain the components of this

framework.

Figure 10
Leading Learning framework fom Dempster(2009) Leadership for learning: A

framework synthesising recent research, p.8.

Leading Learning — A Framework
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AEA ETTAOIT OO0 AEOAI A 1T £ $G@hbudes OdrmodalpurgeeeA i A x T OE
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 scien¢elipkins, 2012). This is why the focus

of this study is onhow HODs ca lead the implementation of the national initiative,

teaching science through NO®isciplined dialogueand strong evidence basare also in

OEA AT OA 1T £ $ Alleor@odriuded10) andl Brd dp@vied central to the other

five dimensions surrounding this inner core. For example, leaders need to gather

student data for professional conversationsdisciplined dialogu¢ about what
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professional development teachers needotimprove student outcomes. The focus on

NOS requires learning for the HODs, as they lead others, as well as for the teachers. |

00601 1T1x O OI PAAEET ¢ AAAE 1 £ OE Ahoview AT OET T C
this framework could guide HODs on the importat steps involved in leadinglearning in

their departments. I have presented thisin Table 4
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Table 4

$ Al b O@04Z) @adership for learning dimensions unpacked

$AI POOAO
leadership for
learning dimensions

51 PAAEETI C T £ $AIi DPOOAOG

Moral purpose

4EA OAEITI160 i1 OAl DOOD]
learning of young people is at the heart of
$AI DPOOAOB O AEOAI AxiT OES8

Disciplined dialogue

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

Strong evidence base

031 AO G200 d. 31 Qdstruments which
provoke deep conversations) are needed to analyse
school, community and student data to inform
professional conversations about student learning.

Professional
Development

Dempster(2012) believes that teacher professional
development has the greatest influence on student
learning and achievement. Dempstef2017) found
that leaders as well as teachers needed to participat
in PLD.

Conditions for
Learning

Dempster(2009) OA £AA OO O1 OEEO A
OEA AT 1 Gajsat @dudes phisica, social and
emotional conditions. He says it is important that
leaders respond to the uniqueness of the work
setting.

Curriculum and

This leadership dimension is based on the premise
that teachers make the biggestiifference to student

Teaching achievement. Leaders need to observe and
understand what teachers are doing in the
classroom.

There is growing evidence that leadership needs to

Leadership be shared(Leithwood, 2016; Spillane, 2005) Also,

leaders needto gather evidence of strategies, impact
and effect.

$ AT DOOA OB O pakekt anll comlnity Bupportioes not appear in my

explanatory tableas this study is not looking at how science is reported to

whanaud/caregivers or the wider community.

67 Eal AO E O -labdgudge woidifoOdxtendedamily
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Clearly there has been a shift from development of the individual leader of learning to
AAGAT T BPI AT O 1T &£ OEA OAET T 1 6 @thisfrAvAeOOEED AADAA
discussingfurther, leading of learning by Heads of DepartmenZ EET1 A $ AT POOA 0S8 O
framework may be used to guide HODs leadinigarning, there areseveralmodels that

are specifically designed to support changkeadership. Since my study is about HODs

leading the implementation of a national initiative, which requires science teachers to

change the way they teach sciencenow explore somechangemodels.

Change Models

Leadership models vary across industry and education. | wanted to examine several
models so, to guide my selection, | set the following parameters for selecting the
models. My parameters helped me to specify whether the models were created oee
period of time, had steps to represent the complexity of change, were used in a variety
of organisations including education andhey needed toinclude a leadership focus. |
narrowed the list down to six models; Lewin(1947), Roberts(1985), CREATER
(Havelock & Zlotolow, 1995) Kotter (1995), ADKARHiatt, 2006) and The Four
Dimensions of Leadership: A Model for Effective Chan¢@reen & Cypress, 2009)

(refer to Appendix | for a table showing the benefits and limitations of each model).

Kurt Lewin could be called the father of social change since contemporary modelack

as the CREATER model, are based on his 1947 simple three stagfeeezemove

refreezemodel (Kaminski, 2011). These three stages, which can be referred to as
OOAOCOBRCEDRGhT O OEI PI Al AT OET ¢céh AT A OOOOOAEI

framework to discuss the other five models explored.

7EAT AEOADOOOEI C ,AxET 80 OOAO OP8 OOACA T &
TAAA £ 0 OA £l OAA AONEmmEchiAGHE O ORd@dORBuigal, OEA O
2017, p. 94) Roberts(1985)h ET x AOAOh AOCOAA OEAOOcrisseA OOAOD
word that has stronger connotations than force. Some later models use a softer

APDDPOI AAE AO OEA OOAO OPd OORGAET &IOG AA @R b 14 Aoz
(Havelock & Zlotolow, 1995)stand for Careand Relat. Theyrefer to concerns rather

OEAT A AOEOEO8 3EI EI AOI Uh OEAAwWhAn&®AO O! 86 EI
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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 bye@&mn and Cypess(2009) the first

three steps are preparing for change and deal with, for example, assessing the situation.

In contrast, Kotter(1995) AACET O OEA E£EO0OO T £ Ox1 OOAPO EI

Establishing a sense of urgenfillowed by Forming a powerful coalitionThere are two

AAAOT OO OEAO OAO +1 OOAOGEO OOAQelHENEL @A CA ADA

of the strong words,urgencyand powerful and second, the scaffolding that accompanies

each of the stepgrefer to Table5).

The second stage of the change process, which Lewin referred tonasvingto a new

1 AOAT h EO EOBA AQANTEIAQRETITG GOACAS8 edhwd A£O0IT i

ATl OEA 11T AAT O E Abvkor éngnbelstade infd sevehakskepsdlidthe

different models, the steps in this stage generally include creating a vision and involving

other people inOEA T OCAT EOAOETI T ET OEA AEAT CA DPOiT AAO

different terms are used for involving others. While Roberts used the term participatory
management, Kotter preferredEmpowering others to act on the visian his 1995 model
then changed his to Build a volunteer armyin his 2013 circular model (refer to Figure
11). The use of the wordarmy 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

OATES OOACA [Himt foEeAmodet iicludes a step that is missing in the

I OEAO I T AAI 08 4EEO OOADPh KnAvdddge AfhowAothadge A 1 AOC

and represents information, training, and education to know how to change. The model
does not specifically include bringng in external expertise to achieve this, however,
researchers such as Timperley2011b) and MacRBeath et al.(2018) are advocates for
this.

Finally, the third stage, which Lewin calledefreezeg involves institutionalising the new
EAAEO8 O)1 OOEOOOETT Al EOET ¢ OEA TibilimtotieAAE OB
structure of the organisationso that it persists over time.Three of the models include

OEEO OOACAh Al AAEO OOEIT ¢ AEAZAOAT O R&AWI 08

ET

4 E

AT A OAEAOO Oi EAADEI C OEA AKDARraplhse@d E1 C xEEI A

Reinforcemenithe internal and external factors that sustain a change). Kott€d.995)

64



initially used the term Institutionalising new approachegor the refreezestage but later

changed this tolnstitute changein his circular model (refer to Figurel11).
Figure 11
+1 OOA0O86 O AEOAOI A OnttysHvevw kaBieBinc OB Fste3procdsdfoA A |

leading-changel/.

CREATE
a sense of urgency
INSTITUTE BUILD
change a guiding coalition
he bigy FORM
SUSTAIN 1 /] 4 e
: . - a Straccgic vision
acceleracion oloo il v . .
ol i Y and initiatives
GENERATE ENLIST
short-term wins a volunteer army
ENABLE
action by

removing barriers

From this discussion of the Roberts, CREATER, Kotter, ADKAR and Four Dsiwers of

, AAAAOOEED AEAT CA 11T AAIT 6n EO AAT AA OAAI
stage model although they use different terms and more steps. | 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 eigistep linear
model (1995) to a complicated dual network sysem (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 Figurél). The

~ 2 N

OE A

~ o~

EAAA 1T £ OEA O" EC [/ bbI Iowasdd ighi@ thé pagsion abdEmkere&t E OA O1 A

of the whole organisation regardless of their position or title. This model still shows
eight steps in a specifiorder 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 &ps even though there are no
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https://www.kotterinc.com/8-steps-process-for-leading-change/
https://www.kotterinc.com/8-steps-process-for-leading-change/

arrows to indicate this.+ T OOA O8O 1 ET AAO AT A AEOAOI A T AAI

resonance with an educational setting.

Table50ET xO +1 OOA0O8O0 pwwu AECEO OOAD 1 ETAAO i1/

by the bullet points previously mentioned.

Table 5
+1 OOA0O80O0 WECEO 30ADPO O1 40AT OZ& (Qb%)iLeadingT / OCA
change: Why transformation efforts fail, p.61, dabd.1109/EMR.2009.5235501

2 1 ¢ A20@BHwork on diffusing innovations or initiatives at the organisational level
AgPbAT A0 11 30AD o T &£ +1 O08SO 1T AAT h #1110 O1E

The seminal work of Rogerg2003), Diffusion of Innovationsaddresses the process of

communicating innovations While the original publication of this work was in1962 it is
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