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Abstract

This thesis documents the research | have undertaken as a science specialist in a teacher
training institution in higher education. It details the epistemological transformation | have
undergone in coming to claim that | have developed an ecological approach to science teacher

education.

The thesis contends that the improvement of planetaryb&ely needs to be premised upon
developing a way of thinking which is antithetical to the dominant technical rational form of
logic and epistemology adopted by much of the western world. | propose that a particular
perception of science, and the forms of kiexlge it can generate, has played a role in
promoting these epistemologies. The thesis suggests an approach to science teacher education
which demonstrates that science is an ecological act is necessaryhich can highlight the

importance of understaimd) the relational, dynamic and provisional nature of knowledge.

| also recognise that the manner in which education is undertaken is as important as what is
taught and suggest that the development of mutually respectful educational relationships are

necesary for developing ecological epistemologies.

The action research methodology adopted for the study reflects the transformational nature of
knowledge generation by charting the two actieftection cycles undertaken throughout the

research process.

Through this research, and consequently by defining an ecological approach to science teacher
education, | have been able to articulate and theorise the manner in which | live out my
practice. In doing so | suggest that | have provided an explanation of adagggy which

demonstrates the interrelated nature of values, curriculum, and the way in which | taught.

The thesis provides suggestions for science teacher educators and science teachers that may
help in reconceptualising science which neaptribute to developing a way of thinking and

working that is necessary for improving planetary vaeling.
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Introduction

This thesis documents thpeactitionerbaseddoctoral studyl have undertaken as a science
specialist in a teacher training institutiorhigher educatiarm he research waonducted from
October 20110 May 2017in cdlaborationwith two cohorts of studenendtook the form of
two action research cycles, which are set loefow as @cle 1 and Cycle 2, each with
different focusand content.

Thekey focus for this thesis is tlepistemologicatransformatiorl underwent throughduhe
process of conductinthe researchin charting my progreskwill show how my views of
science andf the purpose of science educati@mve evolveénd howmy practice has changed
because of thisew understanding hisresearch and development of my thinking higeeto

my claim to knowledge that | have developed an ecological approach to science teacher

education.

To commence this repdrwvill outline how my concerns about planetary wiadling led to the
original focus for the enquiry. The belief that | could work with the students to influence both
their professional and personal lives resulted in the formation of my initial reseastioque
which was; pow can a curriculum for ecoliteracy be M(HORSHG ZLWK VWIUWLQJ W
explain how the relative lack of success in this approach was premised upon a particular non
ecological way of thinking. | will suggest that renologicalthinking is characterised by
linear epistemologieandthat thiscan be attributed towaesternworldview which rarefies a
particular perceptionof scienceas dealing withabsolute truths! will describe howmy
experiencesas a student and as a teachdrszience in schoolsvere influenced by this
prevalentworldview andhow this subsequently resulted fmy creating acurriculum for
ecoliteracy which mimicke@nd replicatedhe orthodoxway of schooling to which | was

accustomed.

Critical analysisof the lack of success of the curriculum for ecolitera@s a destabilising
cognitive process arftelped me to identifthatthe focus oCycle 1of my researchadmainly
been confined teaising awareness abotihe planetary crisis alagside providing teaching
activities for thestudentsto use in school It also highlighted the tensions | felt while
introducing the curriculum based on oy belief systemand preoccupatiowhich were not

necessarily congruous with those of my students

While developing a curriculum for ecoliteratyhad not @illy understood6 WHUOLQJTV

assertion that angarningabout planetary welbeingwithin the currentnechanistic



educationaparadigm is likely tachievdittle. | appreciated that the work with these students
during this cycléhad, in part, helped to reproduce a particular@cwiogical way of thinking
which would furtherreinforce the dominant epistemologibased on westefrtechnical
rationalforms ofthinking. Through this new appreciatianclearer emphasis emerged and |
came to understarttiat ary educatio for planetary welbeing needetb be rooted in a new
way of thinking and that this would require challenging the domiwasternways ofthinking
which can often béounded pon misconceptiongbout the type of knowledge that science

can produce.

| maintain thathis new way of thinkings ecologicaln nature For the puposes of this thesis,

the term ecologicak notconfined tocommondefinitions many ofwhich are predicated on
concerns abouhe environmentBothBateson (2000) and Guattari (20@8gue that ecology

is the deepooted ability toacknowledgethe patterns of relationships among all aspects of
experiencedeality. | argue that aecologicalway of thinkinghas its foundationsQ &DSUDTYV
(2005) systems thinkingnd Orr  V ) ecoliteracywhich challenge and repladhe
dominant technical ratiml form of logic and epistemology and which highligtihe

importance of understanding thedational, dynamic angrovisionalnature of knowledge.

Cycle 2 of this action enquiry explarbow this understanding for the need to help the students
developanecologicalway of thinkinggave rise tany reconceptualizatioof science antlow

this wasthentranslated intany teaching practicdMuch of western society places gréatief

in the pre@ess and knowledge which certain form ofscience produced propose that
reimaginingsciencemay be understood agnonymous with developing new epistemologies.

| will demonstratehat| used strategies which showttht | was awareof the relationabnd
transformative processes of scientwever, | will also suggeshat this afforded me the
opportunityto avoid confrontingthe students about planetary issues whigth taused such

tensions during ¢le 1.

While promotinghe ideahat students shoulteveloprelationalepistemologieshad not fully
attended to my own learnirgnd thinking | identify the complex and difficult mannef
coming to understand what an egptal approach to my practice might encompass show
that despite the rhetoric | was still thinking in a fragmented manner. | will showdiinahg
both Cycle 1 and Cycle Rviewed pedagogy as tleet of teachingAlexander2008 which

was distinct to the curriculum which | perceiv@thply as acontentbasedsyllabus.

In addition to the promotioaf a way of viewing sciencand curricula aprocesss | suggest
that an ecological approach to my practst®uld encompadse interrelated nature of my
personal context, a transformational curriculandthe relationalmanner in which | teach

alsoidentify thatthis practice must explicitly take into account the expectations of the students



and the educational system within whicénh working andhatthis will reduce the tensions |

feel about introducingssues whictare of value to me.

The thesis providea prospective model for new science teaatducation if this unbounded
ecological way opractisingwere to be adopted.

The following will briefly outline the actions taken in Cycle 1 and Cycle 2 and justify the

reasons foundertaking them.

Developing a curriculum for ecoliteracy +Cycle 1

The first cycle focusedolely on develojng acurriculum for ecoliteracyThe stimulus for

conducting this research came from my growing concerns for planetarpeimg.In brief,

my anxieties developed from the fact that the global human population had recently reached

7 billion inhabitants and theegative effects this was having on our plaretource depletion

andthe numerous and complex effects of anthropogenic pollutibith wereall setagainst

D EDFNGURS ZKHUH WKH GLIITHUHQFH EH $hdwét appallikgH ZRU O G
injustices Indeed DFFRUGLQJ WR -RKQ %HGGLQJWRQ é&utkidH WKHQ 8
advisor)the world is;

heading towards a series of major upheavals which could all come to a head around
7KLY FRXOG UHVXOW KH ZDU QdirtageQwatepatdktyH FW VW
and insufficient energy resources leading to public unrest,-barsier conflicts and
mass migration, since all of these issues are operating on a similar timescale
(cited in Hicks201Q p.1)
O\ SRVLWLRQ DW 6W 0ODU\TV 8QLYHUVLW\ &ROOHKbhEp QRZ NQF
starting primary teachers to develop their science subject and pedagogieddge as part
of their threeyear undergraduate degree programmany position as seor lecturer and
with an increased understanding of the problems facing the planet, | came to ask similar

questions to Hicks whenquires;

What then should the role of education be in turbulent times? Should it be to turn a
blind eye to such alarmist kaland focus instead on league tables and school
improvement or does it have a wider rote alert society to possible changes that lie
ahead and to prepare teachers and young people to face those changes with as much
confidence as possible?
(Hicks201Q p. 1)
Similarly, Moore Lappé (2007p. 79 describes how, as individuals, whether consciously or
QRW RXU DFWLRQV VHQG R X.\Sheurodinfaiat ¥\ KAHR P R H FHHQZHL UKRDC
is not whether, but only how, we changewwld. “Considering this, andthat, ZDQW>HG @ WF
be part ofthe solution rather than part tife problem” (Whitefield 2004 p. no page | felt

that the science teaching educagwogrammepn which | taught, could be utilised to help



GHYHORS WKH VWXGHQWVYT XQGHUVWD QG LIReiRperyéiaH VH SOD
and professional liveas primary school teachers

The following will briefly outline how initially cameto use the term ecoliteracy.

While identifying whata science teaching educatigmogrammemight encompass was

aware of theroblems associated witheterms sustainable and sustainable developarht
because of thiswanted to dissociate from a curriculum for sustainabifgrhaps the most
influential and wi@ly accepted definition for therm sustainat# developrantcomes from

the Brundtland ReporfWorld Commission on Environment aridevelopment1987). It
provides what, at first sight, seems to bgracticalguide to what sustainable development
might necessitate. It states tisastainable development is developnbat 3 H Q V XhdtH >V @
it meets the needs of the present without compromising the ability of fleneragions to

meet their own needs(World Commission orEnvironment and Development ibig. 15)

While importantly there is an emphasis on human nesaish as food, cthing and shelter

the interpretation of this report by manytiet this is development which can be sustained
without lifestylechanges being made. It has also been argued that this definition supports the
importance ofcontinted economic growth and therefore promotes the underlying issue of
consumerism which, along with the ewlecreasing global population, is the elephant i th
room regarding the deagation of planetary webleing(Orr 1992).The termsustainablenas

also been appropriated by mass cultarg isoften now used as an adjective to define
numerous, no@nvironmenthrelated issues was aware thahe Earthhadeither reached or

will reach its carrying capacitsnminently (United Nations Environment Programrg@12)-
although exact figures are hightpntested and thaplanetary boundariggockstromet al.
2009)arealso likely to be exceeded so@wm sustaining thexistingplanetary situation was

not tenable.

With a beliefthatthis global crisis is ontological in natudeconcurred with6 FK XPDFKHU qV
(1973) claim thaimodern man [sicHoes notperceie himself as prt of nature but as an

external force capable ofcontrolling it | was starting tocomprehendBraungart and

0 F'R Q R XabEeftdr{2002 p. 26)that little regard, if any, is giventotheKHDOWK RI QD W X
systems|or] an awareness of ttaelicacy, complexjt and interconnectednesgiven that
wHVWHUQ duRdrtpHmMeryffgcusis the speed at which a product is produced and
consequaetly received by the custome®rr (1992) makes the connectiothat this is a
consequence ahodernwesterneducation systegwhich have been designed to assist the
industialisation of the planet by the@onquest over all things naturdlwas d this pointof
understandinghatl begarto make the inkiW KDW LW ZDV KXPDQV ®estwilickFDWLRQ

were developinghe disconnected relationshipanyhavewith the planet



It is this disconnection from nature and an inability to comprehend the consequences of our
actions which has ledOrr (1992 to label most students leaving educational in8ths as

ecological illiterates. By inference, contemporary learning institutions now have the potential

to produce graduates who are not only ecologically illiterate, but ABEEOH WR H[SORLW R
and the environment more efficiently and effectively tharr threidecesssr” Sterling2001,

p. 45). While not fully comprehendinghe epistemological ramifications of this standpoint |

was drawn t&schumacheff V., p. 54) waningthat 3LI VWLOO PRUH HGXFDWLRQ
it would have to be education of a different kiribly quest became to discover what such an

education should look like.

| appreciatedhatin my current role as a senior lecturer at an Engtigial teacher education
institution and as a secondary school science teacher for twelve years prior to that, | had played
a part in helping to ppmagate this form of illiteracy, although it was not until much later in the
research procegbat | fully understoodhow. The thesis will chart the difficulties | had
understanding and therefore defining the tggooliteracyfand how this was misappropriated
during cycle 1. Orr clearly outlines the relational nature of ecoliteracy when he describes the
term as

that quality of mind that seeks out connections. It is the opposite of specialisation and

narrowness characteristic of most education. The ecologically literate person has the

knowledge necessary to comprehend interrelatedness and an attitude of care and
stewardship

(1992 p. 39)
| will demonstrate that | had mistaken this as only applying tmileg about planetary issues
and it did not involve a radical epistemological shift regarding the way | thought about

everything.

| will arguethatat this stage of my development my scientific background had helped me to
DSSUHFLDWH WKH DQWKURSRJHQLF QDW X Witin@ WwhishKk H SODQ
articulatedmy understandingf ecoliteracy Ihadstatedthatin its most fundamental form it
denotedWKH DELOLW)\ IRU DQ L QG lg¥estanabtoreidréndeW R i ZKIW RN
actions and the subsequent consequences on planetary and huntaeingellhis simplistic

definition initially satisfied my understanding ofW Kddiality of mind that seeks out

F R Q Q H Fdote® @dve; Orr 19923nd subsequentlyprovided reasons for why the
proposecturriculum for ecoliteracy was predominantly focussed on raising awareness about

planetary issues and teaching strategies.

Theaccount of tk first cycle in this project will outlineow the science sessions ontischer
education programme weresedspecifically to devise a curriculum for ecoliteracy. It will

chart the work that was undertaken with a specific grouft8 students studying on the



aforementioned degree in2D During their course these students had the option to study two
National Curriculum subjecta$ stipulated by the governmebgpartment for Education and
Skills 1999,the current National Curriculum atethime of this research) in greater detail to
gain a deeper insight misubjectrelated pedagogy. It vsaa group of students that elected to
undertake the science specialist cowb® were invited to participate in the early stages of
thisdoctoral reseah. While there wee broad outlines for the learning outcomes of the course,
and specific assessments to be completed;adhese providednopportunity to focus on any
science related area which could be useful for their future teaching careerswiithviss
underlying premise thatendeavougdto produce a curriculum for ecoliteracy whichoped
would encouragé¢he studentso take ownership of their actions towards the planet in both

their personal and professional lives as teachers.

This aspectof Cycle 1 also focussed on how the curriculum for ecoliteracy was developed

through a particulateaching approach and was timitial introduction toan ecological

approach to my practice. This approaitéw upon published work from my Masters dies
(Sinclair2010) During these studies | had undertakecriical appraisal of my practice and

becane aware that during my time as a secondary school teacher | was subconsciously driven

by the need to develop trusting relationships in order to gaimahwespect from those | taught

and worked with.l believed his concurreavith * O H Q Q T . 183)stance when she states

that 3, EHOLHYH WKDW , DP GHYHORSLQJ D WKHRU\ RI SUDFWL
in the relationshipsthatédt FUHDWHG EHWZHHQ SHRSOuEofthisMetrd PHG W K |
Rl SHGDJRJ\ D P XWXDheped WdréforsS thDdewslbp- tHef curriculum for
ecoliteracy through a relational way of working with the studéifits.initial research question

for Cycle 1 therefore became Gan a curriculum for eliteracy be developed through a
mutualistt F SUDFWLFH""

This thesiswill alsoexemplify the deeooted tensions | felt because of the clear intention of
the research which wase introduce the students to issues premised upon my beliefs and
values A prominent feature of this thesis amhe questions | raised regarding the
appropiateness of this approach and whethemtie¢hodological process of this reseancs
ethical andervedWKH VWXGHQWVY EHVW LOQOWHUHVWYV

Developing an ecological approach to science teacher educatia@ycle 2

Following work with the students from Cycle lynunderstandingf ecoliteracyhad evolved

and | appreciated that this wlasmulated througlan ecological epistemology. Analysis of the

data from this stage demonstrattdt WKH VWXGHQWVY DZDUHQHVY RI SOD

raised and they felt emp@ned toincorporate a variety of teaching strategies into their



practice.Iln addition to this the data suggestsit thestudentsappreciatedhe mutualistic

practicewhich | had developed with them.

Understandably there was limited evidence of an epidogioal shift | explainthat, in part,
thiswas due to myocus particularly on teaching rathéan learning and whichdefine as a
nonecological approach to their educataomd my practicdn addition to this the students had
not bea challenged to think in mannedifferentfrom the dominantechnical rationalorms

of educatiorto whichthey were accustome@hey had not beagiven the opportunityo view
knowledgeas transformationalna emergent. While fixating on the relationalywd working
with the students | had overlooké#uk relational nature of epistemology. Thisuewill be
explored at a later stage thare it is sufficient to sathatit resulted inthe development ad
curriculum which focussed on objective knodde ad not as a process which sva

experiential and transformational.

The eperience gained from Cycle 1 led rtee believe that a prerequisite of any form of
environmental educatiorand thereforeany step towards planetary wdiking must be
through the deuepment of ecological thinking | will argue in Chapter 2that western
education, in particular science education, has played a major role in perpetuating a non
ecological way of thinking based on the Aibx@ral value of egocentricism. Egocentrism is
founded on the anthropocentric premise that perceives humans as Isatefsthe planet

who have the ability to contrdtl (Clarke2012).

In order to help the students to develop a relational and ecological way of thinking | proposed
thatit was necesary to challenge the orthodoxy of current science educdatimbeingone

which promotedliinear epistemologies and the learning of propositional facts in order for
knowers to be tested for exanite dominant perceptioim science educatiois that any
knowledge produced by science is fixed and immutable tlaatdhis is what good science
teading should aspire tpromote(Harlen 2010) While this paradigmatic shift in thinking
cannot be the sole domain of a science education, | beltbaeit couldbeused as one of the

toolsin assising students to adopin ecological mindset.

The accountof Cycle 2details further research with a later set of students conducted in the
academic year starting in September 201lGighlightsthe resources and practisglsichwere

developed in light of the knowledge gained from the first cyidieese new resources anelsh

practices were develeg in order to demonstrate the related nature of scientific knowledge

andto help children and studentxognise that many scientific hypotheses are evolving; what

ZH OHDUQ QRZ PD\ ZHOO EH GLIIHUHQW LQ D JHQHUDWLRQT



The account of Cycle 2will also revisit the tensions | experienced from Cycle 1 about
introducing the students to issues which were of personal walye¢o meand which | felt
may not have been of interest to them. It will suggedtlikaause of this sdtigity about
introducing the students to controversial issues regarding planetanbeirgl | over-
emphasised the need to reconceptualise scemtacience educatiam order to develop an
ecological wa of thinking. This was at the expense of learnaigut issues concerning

planetary weHbeing.

The textso farsets the scene fan outline of theesearchThe followingnow detailshow the
restof the thesiss arrangednd describes the content of the chapters.

Chapter Ongrovides the context fory€le 1 of this research. It provides a description of the
difficulties facing the planet and its inhabitants and ttweiems tgustify my desire to create

a curriculum for ecoliteracy with starting teachefhrough scrutiny of my previous
experiences aa school student and secondary science teacher it pfissible suggestions
why | viewed a curriculunonly as a syllabus and ecoliteraggly asa process cdwareness
raising and the learning of facts.

Chapter Twaargues how science and science education have played a role in creating a non
ecological mindset ang@rovides reasonsvhy the curriculum for ecoliteracy (outlined in
Chapter 1) had limited success. It suggests an approach towards science and scidiwe educa
which is ecological in manner; this approach is underpinnedthigy promotion of

transformational and relational epistemologies and ontologies.

Chapter Threeoffers an overview of the literature about action research and provides a
theoretical framewdrfor the methodological approach adopted. It defines the term cycle and

explains the forms of reflection which have been used throughout this thesis.

ChapterFouroutlines thanethodology adopted for this research and justifies the choices made
with refeence to an ecological approach to research. It discusses the data collection methods
used ad the subsequent data analysis for Cycles 1 and 2. It attends to issues concerned with

validity, reliability and generalisability.

Chapter kve is the first of thee analyses chapters. This chapter analyses thealbteted
from Cycle 1to provide evidenc#or the success of a particular aspect of my pedadogyll
outline whether | developed mutually respectful relationships as part of my mutualistic practice

(pedagogical facet Ardeveloping a mutualistic practice).

ChapterSix also analysethe data from Cycle 1. It will generate evidence to address another

aspect of my pedagodpedagogical facet B:developing ecological epistemologie)will



highlight whether the curriculum for ecoliteracy developed the ecological epistemologies

which | have argued are a prequisitefor planetary welbeing

Chapter $venanalyses the data from Cycle 2. It will provide evidence of my transformed
thinking between Cyckl and 2 and particullyr highlight how | was reconceptualiag
sciencelt will also demonstrate how this new way of thinking manifested in the activities that

| produced for the students during this cycle.

ChapterEight providesa summary otonclusions and recommendatiottsdraws upon all

three analyses chapters and in doing so desva tentative outline of my ecological approach

to science teacher education. As a consequence of this it details the personal significance of
undertaking th researchand charts the development of my thinkittgough doing so
Additionally it identifies the potentidmplications to othersf this work bysuggeshg how

the ideas contained within this thesis migatutilised by those educational roles in helping

them in turn,to redefine their practicand realise their educational values

It is important to note that | have summarised theorised my understanding of an ecological
approach to science teacher education within Chapt&h2 reason for this is as followkhis

thesis focusses upon the changes in my thinking throughout the research process to the point
of writing this document. In order to explicate these changasnsidered ithecessary to
provide theoretical justifications for the way | was thinking & $iart of this researcand
contrast it withmy current ecological epistemological views. Wittihrapter 2 have provided

a broad outline of my understanding of an ecological approach to science teacher education
to act as a signpost for the remainingtpaf the thesis. | hope that in doing this | am providing

the reader with the necessary foresight so they can appreciate the transformative journey |
have undertaken igetting to this point. Issues related to how | reached this perspective will
then be dtailed throughout Chapters8.



10

Chapter 1. Preparing the Scene

1.1 Context for this research

The chapterprovides the starting context for this reseaitkletailsmy own schooling and
then mywork in mainstreansecondaryschoolsas a science teachér is necessary to offer
this to establish the reasons fhe type of curriculum for ecoliterpthat was developed with
the studentgduring Cycle 1In particular it will justify how | had been inculcated into a non
ecologicalway of thinking whichresulted inspecific views about curriculand ecoliteracy
which were nofrelational in nature. The context will also provide evidence of the way in
which | thought and worked and wéllibsequentlipe used to demonstrate the transfornmeatio
nature of this researahhich led to the developmerdf a second cycle of enquiry and to my

claim that | have developed an ecological approach to science teacher education.

| work in higher education and am a science teacher educator at a edwteiorinstitution

helping to preparstudentavho are training to become primary practitionéxsgill argue that

| have had rative freedom in shaping my identity for this role. Unlike my time in school, |

am only loosely confined by guidelines which are set opblity documents angdrovide the

overarching aims for the courdaggach. Themainaim of my practice is to help equip student

teachers with the confidence to teach science in the primary school claskitware. the
relativeautonomy to decide what is taught and the manner in which this is done. However, |

do suggest that while | havkig independence | asomewhatFRQVWUDLQHG E\ P\ VW)
perceptions of how effective | am in preparing them for teaching in schioislis evidenced

in course evaluations. | am comforted By HJ R L U H feYgument that it is the role of

teacher edwation programmes to helgtudentsredefine and challenge their initial beliefs

about education but aslsoaware this may lead iesues LI P\ VWXGHQWVY H[SHULHC
meet their expectations of what the focusthadir science sessions should entd@his has
becomeparticularly pertinenfollowing the introduction of studertuition fees. Research
suggestghat nost students now view themselves as paying customers of seriiapdiko

& Mawer 2013 who are demanding that their expectations are met.

Prior to this position higher educatign spentenyears(1996 £2006)as a secondary school
science teacher in a variety of English schddisprimary role was to help young adults, aged
between 11 and 16, to achieve the best grade possible ifitakscience exams (GCSES) at

the end of their compulsory schooling. The exam grades achieved were the standard by which
both the pupils and | were judged. The ability to help pupils pass these exams was
understandably valued by pupils, parents and dshteachersvho could achieve thigjoal

were highly respected. Judgements on my teaching (by Ofsted) at thartdribe grades that
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my pupils were attainingHPRQVWUDWHG WKDW , ZDV pH[FHOOHQWY D
stage exercisingminimal critical awareness, | was conscious that my ability was in helping

my pupils to pass exams rather than gain a true scientific understanding. | likened my practice

to a conveyor belt syste(8inclair2010)where pupils would be fed fadtavelling on the blt

throughout the duration of their course until they took their exams, which is when they got off.
7KLV RQO\ FRQILUPHG WKH H[SHULHQFHV , KDG UHFHLYHG |

role to impart knowledge to help children pass exams.

Elliott (2007) noteshowthe various contertased curricula, produced to teach for such exams,
VHSDUDWH pHQGY DQG PHDQVY LQ WKH HGXFDWLRQDO SURI
FDVH WKH pHQGVY DUH WKH OHDU®@hd@dbnRah igdelogy@ratLILF 1D |
primarily values the importance of progitional knowledge. KH p P HtBe@e¥offeare a

curriculum and a style of teacty and learning which reinforcie significance of such

knowledge. At this point in my practice, my commitmentpropositional knowledge was

being reinforced by the praise | was recaiviar being accomplished in tiexam process and

the fact that my experiences as a student aadescher had only been within such a system.

There had therefore been no neednfierto critigue whether there were etlepistemological

stances and therefore differing ways of viewangurriculum, pedagogical practices or forms

of knowledge

On starting my current jolm 2006,it was my belief that | could achieve the module aims
through acontinuationof my practice from secwlary schools and in turn haigproduce the
practices andpistemological valudshad unquestioningly experiencas part of the process

In this manner| wasimplicitly giving credence to my students that this didactic way of
teaching and learning, which many of them would be accustomed to fronowreschool
experiences, was the onbppropriateway to teach scienceBy doing this | was also
reinfordng a particular view of science and the knowledge that it produces. The
epistemological influence much of western science hasohadociety and therefore my

practicewill be developed further in Chapter 2.

The following sectionnow focusses on how | cante question this teaching approach and

formulatemy initial thesis research question

1.2 The significance of starting masters sudies
At the time ofjoining my higher education institution there was expectation that senior
lecturers should all attamastergdegreesConsequently started the process of achieving this

qualification. Itwas this pivotal moment which provided the initial impetus eadivationfor
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this research.My masters studies agpelled me to identify the values and beliefs which
underpinned my practice. For this reasonbetamenecessary for me to be critical and
question, for the first timeheWhy? How? and Whaiaf my teachingPrevious reflection had

not really taken thesaspectanto consideration and, in the main, its purpose had been to
acheve 3 SHUWRSdO 29 12007p. 64) of my subject area with the ultimate goal
of helping students to achieve good exandggain an engaging and stimulating manner. In
essence it was, &lliott (2007, p. 82) proposes, reflectionin@WULYLDO VHQVH

As part of the interrogation of my practice | started to question the power that had been
conferreconmeasa school teach@ndthe subsequent consequences of tlmewappreciated

) R X F D X O Wefigiiment that those who have knowledge, and therefore power, decide what
is accepted as truth or appropriate education. Although | did not feel | wielded this power
directly, | an see how | chandetl governmental and schopblicies and an acceptance of
what counts as knowledgieom those in power to my pupils. While in school there had been
no need to ask difficult questiord consider what | believed to be the purpose of the
education system in which | was involvdeinbarrassinglyl concede that at no point in my
teaching career had | questioned the scisgttabuses from which | was expected to teach

the manner in with science was being portray&my compliancet had not been necesy

to engage with the transformational nature of science and | had equated the learning of certain

propositional knowledge and the developmemanticularskills with the process afcience.

Being recognised as having a talent for helping children to achieve good exam grades
UHLQIRUFHG WKLV PEOLQGQHVVY DQG eptodess. Whigdforti DWHG D
(2001)has noted that this has often been used in some aatiansas a possible strategy of
manipulation and control, | concur more withomsky (2000)He suggestshat many teachers

are unthinking implementers of normative theories who are carrying out a service that is
expected of them by the schools in whibbyt teach andas a consequendbgy are willingly

fulfilling the requirements of what he cgllaW KH G Rysteh (h@iDpAL7). Itis worrying

to realise that the purposé the doctrinal system as considered @yomsky(1993)is to

reinforce pasivity and submission to authority. While | can now see how | had been
MLOQGRFWULQDWHGY LQWR WKLV VI\VWHP , GR QRW EHOLHYH

how they are complicinh the process.

From undertaking a critical appraisal of mglues | am now aware thaluring my time as a
secondary school teachdrwas subconsciously driven by the need to develop trusting
relationships to gain mutual respect from those | taughtattdwhom | worked It is these
relationships which | considéo underpin alimy teaching. It was difficult for me to work with

thosepupilswho did not respect themselves or me and worked harcer with themto gain
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this respect. This is still thmasan my current role. | understamdw my practice concurs wit

Deweyf (1916)view WKDW D VXFFHVVIXO OHDUQLQJ HQYLURQPHQW
experiences are valued as well as the sense of collaboration that is experienced by the members
of the communityMy masters studies required me to question hest taconducimy practice

so that it wasommensurable with this value and develop these oakttips based on mutual
respectAlthough | had notdentified explicitly these were the first steps in the development

of the curriculum for ecolitergcandconsequenthan ecological approach to myagtice

Previously, mderpinned by my commitment to forms mopositional epistemology,Had

subscribed to) U H L U H T \banking concept of education whereby students are deemed

empty vesselt) HDG\ WR EH ILOOHG E\ WKH WHDFKHURIONQRZOHG.
started to ask whether promoting myself or beirmgrmted by my students as an expert knower

was in line with my value of mutual respect. While | espoused the importance of developing

such relatnships | questioned whethtbis manifested itself in my practicat the same time

there was a realisation that | too was a learner and, in ordegrtofydmyself in relationship

with thestudents as part of a learning community, it was necessarglteraye the traditional

teachergtudent role andttempt taredress the power imbalange which it wagpremised

Having studied three sciences at A lelaetween the years of 198889)andhavinga degree

in biological science§19931993)1 had only ever been exposed to traditionalistresearch
methodology of thenatural sciences premised upon linear cause and effect relatianships
Unquestioningly| believed research into the social sciences, such as education, would also
conform to this methodology; a methodology which was modelled on the underlying positivist
epistemology of the natural sciencBeNiff (2014) notes that from this research viewpipi
knowledge isseen as separati®mm those who create Winter (1989)feels much the same

and argues that researchers who actegse epistemologies believeenough situations are
studied with enoughare thageneralisationsan be made about hdwmans functionl had

given little thoughibout subscribing to this view whiamplies thathuman behaviour can be
predicted and therefore controlléd effectreduéng humans to agents who do not have the
ability to think for themselves. Yet despiteissthcommitment to positivist research and
propositional knowledge | always had difficulty in accepting any research that had bee
produced by scholars with no-sithoolexperience and was heartened to learn that questions
were being asked bseveralteachers about ¢husefulness of knowledge that was produced
outsideof a practicatontext putlined inClandinin& Connelly1995 see alsé&shaye& Ghaye
1998).

My masters studies introduced me to thennovel methodology oéction researchyhich

places the researchar a community with those they are researchifigis form of research
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rejectspositivism and is grounded in relational epistemologies. This was the first time my
views on the purpose and nature of research had been challenged andesak, any
methodologicaliewpoint ofresearchlt was at this point that my emerging understanding of
the relationship between ontology, epistemology and methodology was starting.to form

While cautious about the nature of this methodological appraddsearch could see its
benefits because it allowed me to interrogate my practice and identify ways in which to
improve it. However, | could see that this form of practitioner research which combines theory
and practice, and which potentially resultsiirecognised qualification, veaalsoone way of

raising the perceived status of the teaching profession; something | am passionate about. | had
not, at this time, identified the emancipatory nature of action researbtcféff 2014 points

out) and was adating a surfacdevel approach which was based on probldentification

and solving. | did not comprehend tlattion researchould be about generating a form of

moral accountability whicleanhelp realise human potential. | was also not committets to
epistemological undemiings which view knowledgeas provisional and open to

transformation

While | was beginning to understand that the significance of my research could be thought of
in terms of developing new forms @pistemologiesl was not convinced that generating a
theory of my practice (my own living theory of practiaecording tdNhiteheadl989 would

be of interest or legitimated by others in both the academic and professitthdt fias also
difficult to recognise that any publication of my work was contributing to debates surrounding
the nature of education and pedagogies and what constitutes educhtiondddge 4s
outlinedin Schoén1995).

The sectiorso farhas identifiedthe emergnt first stepd took in developing an ecological
approach to my practice.hasoutlined howmy masters research requiradinterrogation of
theprevious assumptions | haeldabout educatioand in paticular the forms of kneledge
and curricula Ihad unconsciously promoted. Has charted how | was introduced to the
relational methodologwf first-personaction researcnd how Itherebyidentified that my
teaching practice was rooted in developing mutual respetsomust by dénition alsobe
relational It hasalso outlined howat this stagel was unaware of the interrelated nature of

research and my mutualistic practigkich | had so faviewed as separate.

The following section willnow address the concerngdirrentlyhave about planetary well

being and why thifasemerged as an integral focus for this theBigs may initially seem
unrelated to the previous sections which have outlined the manner in which | had been schooled
and the positivist epistemologies | adoptedubsequent practicddowever, during the cose

of this chapter | wilblso suggeghe mechanistic education system into which | was inculcated
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has perpetuated the myth that humans are disconnected from their lived environment resulting

in the planetary degradation currently being witnessettie contemporary world

1.3 Planetary well-being twhy be interested?

At the same time as questioning my teaching practice | was engaging with issues regarding
planetary weHbeing. Thissectionwill briefly outline some of the deep concerngds having

IRU WKH (D UMW, thfs\waRgrdeXadad QWhe eveleclining ability of the planet to

provide hospitable environments for its inhahis. This, thereforgyrovided the stimulus for

the researcland justifies why | felt compelletb usethe science teaching sessions to help
GHYHORS WKH VWXGHQWVY XQGHUVWDQGLQJ RI WKHVH SOL

The Earth tends to be seen tmany humanswhether unconsciously or conscioushs an

infinite sinkto absorbhe waste from human activities and as a limitless provider of all of its
QHHGV 7KH (DUW WYW 2B16R4-dsiBiated §¢ \the productive land aratex
surfaces which have the dueapability of providing renewable ecological resources and
sequestring any pollutants producedslobal Footprint Network (2016)however, have
currently calculated that humans are using 1.6 Earths to do this. On AligdtBthe human
population had used more from thianet than it was able to regeneratesins 6 days earlier

than in 2015. These problems have increased since the human population reached 7 billion
inhabitants and currently there is little evidetmsuggesthatthe situationis improving. It is
predicted that by 2030 the equivalent of 2tksa will be required to satisfy human needs
(Global Footprint Networlkbid). Thisecological deficit and ignorance can only continue for a
short period. Indeed, so extreme are hufpaiffects on the planet th@rutzen (2002has
indicatedthat there is aufficient enough distinction in the global stratigraphic signature to
define a new geological epochthat of the Anthropocene; one whose features have been
produced solely by human activity. This signature will include evidence of the rapid
redistributon of organisms across the planet and the massive loss of plant and animal species
which Leakey and Lewin{1996) have termed the sixth extinctiohovelock, however,
highlights that it is not the planet which is at risk but human civilisation. He notesth& D W

we are doing weakens her but is unlikely to destroy[bief. She has survived numerous
attacks in her three billion yeaos more of her life” (Lovelock 2006 p. 77). This blindness

to our relationship with the planet is exemplified by the followRlgimmer (20058 escribes

an incident when taking undergraduate students on a fieldatripexplairs how they
discovered a dying fawn and the distress this catsédose that saw it.nl his mindthis
exemplifies the disconnect humans have with nature. These students had become so far

removed from an understandiof natural processeisa a dying wild animal caused a frantic
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reaction.Gray (1993kxplains this by notinthat, unlike ourancestors, many humans are now

no longerable to perceive their direct reliance on natural systems because they are cosseted by
technological advances which hide the fragile mutualism we have with the Earth. This is
perhaps most apparent when young ckitdare askeffom where their food is derived. Many
believe that it comes from the supermarket with no association being made to its origin or the
processes undertaken for it to arrive in their home. Research by the Dairy Farmers of Britain
(Manchester Ewveing News2007), into perceptions of children aged between eight and fifteen,
showed that many had no comprehension how yogurt was made or that pork chops came from
pigs. Perhaps most alarming is the fact that 2% oflged children thought that eggs came

from cows.

Abrams (2010)notes that many of our visual experiences are related talitwensional
imagesmany of which are receiveatirough the medium of televisiar telephonesHere the

viewer cannot perceive any depth or make any engagement with the scenanegowaile

there may be more television docemtaries around the subject of natthian in previous

years viewers are positioned asnconnectedvoyeurs. Thissense of disconnectiois

strengthened even further by the beautiful and iconic image of thetklen from an orbiting

satellite. Again,the viewer is being situated externally to the Earth and not in relationship with

it. Well-intentioned arguments that human beings need to cathefgrianet because we are

its stewardgend totake an anthraggenic viewpoint which places humans at the centre of the

Earth. From this, the understanding of the mutualistic relationship that we are situsted in

lost. Abrams (2001)also points out it is not only technological advanedsch have
strengthened this disnnect but a deemwoted history within philosophy. He highlights
SocrateUHVSRQVH WR 3KDHGUHXYVY ZKHQ DVNHG ZK\ KH QHYHL
P D ORYHU RI OHDUQLQJ DQG WUHHV DQvheFRSsH®N MR X Q W U\
the townwill, “(Abrams 2001, p.mpage. This barrier between humans and nature has further
beenpronroted E\ '"HVFDUWHVY EHOLHI LQ PHFKDQLVWLF UHGXFW
complete entities and systems can be understood purely by studyingpthponenparts in
LVRODWLRQ 1HZWRQYV ZRUN UHLQIRUFHV Wddevi dByQG KDV
science based on theechanistic understanding of cause and eftdationshipsissues related

to Descartes and Newtavill be developed further in Chapter 2.

Through further engagement with these ideas | became increasingly aware of, and concerned
about, the future prosperity of the Earth. | concurred Bitirling (2003who arguedhat a

new value should enter education, that of care for the Earth. | acknowledged that this value
was underpinning the way | lived and therefore was also impacting on my practice. | was
beginning to identify thahumans dmot perceivethemselvesas partof nature but as an

external force capable of controlling (Echumacherl973) and that this has led to a
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disconnection from nature, where the symbiotic relationship we have with our planet has been
misconstrued. However, because of my science backgrbemasidered that | had a grounded
appreciation of my relationship with the planet and | understood the impact of my actions on
planetary weHlbeing. At this point of the research process | am confident that | was exhibiting
this aspecbf ecological thiking.

| believed theplanet] dnctionscouldbe explainegbrimarily through scientific principleand

thereforethe curriculum area of science could be utilised to address these issues. | questioned
whether my practice as a science teacher educatahenedore this research, cowantribute

to develong VWDUWLQJ WHDFKHUVY HFROLWHUDF\ vb@dc ZKHWK
influence their teaching practice.

1.4Planetary well-being - what is the education system doing about3t

Thefollowing section willemphasis¢he importance of children and young adults engaging
with issuesconcerningplanetary weHbeing. Isuggesthata personal critique dheliterature
highlighted belowprovided justification for appropriating the sciencericulum todevelop

a curriculumfor ecoliteracy. Despite this perceived needill also highlight the low status
that environmental issues have beacribed inschoolsand how learning about them had
been removed from the curriculum that the startgaghers from Cycle 1 would meorking
from.

| was buoyed by evidenaghich suggestedhatin a global context, there has been a trend
towards more educati@bout planetary welbeingover the previous 50 years and the impact
this had achieved. In faat has been establisd that because of such education, 95% of all
Americans believe that there should be environmental programmes in place in schools, with
80% also agreeinghat businesses should provide training for employees to solve
environmentalssies (Coyle2005).Coyle also found that there is a correlation between those

which are environmentally knowledgeable and their subsequent behaviour;

10% more lkely to save energy in the home

50% more likely to recycle
10% more likely to purchasnvironmentally safe products
50% more likely to avoid usinghemicals in yard care
(Coyle2005 p. xi)
Similar findings have beefoundin the United KingdomA body of esearctstudies show

that it is imperative for children to engage with ecological and global issues highlighting

benefitsat bothindividual and school leveFor exampleOfsted (2009have reported that, in
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those schools that placed specific emphasis on sustainable desetpfime related teaching
was good, that thesedsons were stimulating atithtpupils took an active part in improving
the school and the wider community. Thé$ TV research also showvithat young

people ®hgagenentwith issues around climate clgmreduced by half the proportion who

IHOW LW ZDV SRLQWOHVV WR WDNH SHUVRQWuttash WLR Q

opportunity to learn about global issues in school, over a third of the population (34%) are
neither involved in, nor interted in getting involved in, any form of positive social action.
Amongst those who have learnt about climate change, poverty or world politics and trade at

school, this figure drops to around one in (8%, 12% and 12% respectivelyYDEA ibid,
p. 3).

Yet despite this HVHDUFK DQG WK framéwBrk QfsteiR@M®)FbGjdidging the
overal effectiveness of schools made no reference to how a schegbertorming in these

areas. These are the schools that the starting teachglishe teachingn oncequalified.

Further evidence of thealue planetary issues are given, or lack of, within the English school

system comgfrom the following two examples.

The National Framework for Sustainable Sch@hIESS)(Department for Children, Schools

& Families;DCSF2006),which was devised to dssevery school in becoming a sustainable
school by 2020, had been abandoned by the incoming goverimridal 2010 The DCSF
envisioned that the NFSS would provide an irdiegpt approach to sustainabiltyrich would

involve the curriculum, campus and local community. The NFSS required that asghold
approach and ethos to sustainabilitgsslevised. Since the advent of thew government
support for the NFS8&asbeenwithdrawn. My personal experience of the degrading of

this knowledge came as a governor at a local primary school where | had been working with
VWDIIl WR GHYHORS WKH VFKRROYfV YLVLRQ RI WKH 1)66

| was told my wok was no longer a priority and my efforts would be deployed elsewhere.

In addition to this, following its implementation of its most reddational Curriculum for
England(Department for Education;fB 2013) the UK government stated thearning about
planetary issues (including climate chang®uld not be part of the statutory teaching content
until the age of 14, arguing that it should be up to schools to decidertabithey will teach

about it.In short, they hadctively removed the opportunity to learn about one of the biggest
issues that young people now fatae removal of sustainabilifyom the school curriculum

is a specific example of how planetary issues are currently positioned as low status knowledge
and how ecologicalliteracy (Orr 1992 is being left unaddressebhe students | worked with
during Cycle 1 were training to teach children between the agesuofl 51 years old and

therefore would havkadno requiremento engage with such mattefighe following section

7

$1V



19

will address how this aspepartly contributed to the emotions | held about introducing the

curriculum forecoliteracy to the students.

1.5 Tensions whereveloping a curriculum for ecoliteracy

| have previously commented that the process of developing and adopting a curriculum for
ecoliteracy causedersonaltension. This section will go into further detedigardingwhat
contributed tathis tension and by doing so will provide a context for safithe actions |
undertook while working with the studenif&he generatiorof this tension can bexplained

by highlightingtwo broad but overlapping categories. The firsassociated witlstuden
expectations and whether the curriculum for ecolitergoyld match their assumptisrior

the courseThe second is related to whether | was abusing my poweelieratelychoasing

this specific focus fothe module given that ivasa personal preoccupation

The first tension was relatedwdat would countaa VW XGHQWTV SULPDU\ IRFXV IR/
in higher educatiorgenerallythis is construed dacreagng their chancesf employability at

the end of the courd&andiko & Mawer2013;Temple, Callendar, Grovand Kersi2014)

With no statutory requirement to teach about sustainability it would be understandable that

the students on my course may not have seen the relevance to their teaching practice of
learning about planetary issués/as concernethatthey mayhavequestioredtheimportance

of engagingwith suchmatters In addition to this the students chose this science specialist

course on the understanding that it was to assist their general practice in primary school
science; there was no specific mention of developing erajteor of studying planetary

issues.

Furthermore, many students are understandably driven by the assessment process and the
desire to receive good grades. It is clear why such an emphasis is placed on assessment. This
is because these grades affect tdegree classification. Failure of these assessments could
mean norcompletion of the course and ultimately result in the student not achieving their

ambition to gain qualified teacher status.

Bloxham and Boyd (2007) argue that for many students theiregsn of their course is

influenced more through their experiences of the assessment process than any teaching and
OHDUQLQJ ZLWK ZKLFK WKH\ KDYH HQJDJHG 7KH DVVHVVP
whetherthe studentsould demonstra how they woull arrange an educational visit for
primary-aged children to learn scienttewas not related to their understanding of ecoliteracy

or planetary issues. For this reason | was apprehensive that the students may not have seen the
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worth of extracurricular matial that might be studied (such as ecoliteracy) within a module

if it was nonassessed.

Kandiko andMawer (2013) make it clear that the commodification of higher education has
culminated in a consumerist ethas the dominant attitude amongst students rogher
education courses. They highlight that most students have clear expectations of what their
courses should entail and want vafoetheir-money. For the reasons outlined above | was
concernedhatthe science course | was introducing may not maatehed these expectations.

The second tension was as followsvas acutely aware from the start that this form of
research, &rst-persoraction researchyaspremisecon something persondy value; that of

care for the planet and its inhabitants. In contrast with traditional positivist research, the
boundary between the researcher and those being researched is not distinct in an action
enquiry.As a consequence the personal knowledge crégtéle researcher in relation with

the participants is also blurredcNiff (2013) maintains this form of research must encourage
change and that thischdid PXVW VWDUW |IURP W Kafid$tbhigh Hoindgsqu, FKD Q J+
help the researcher ;to3 U H FdRQtkdir posibnality in relation to others and their
environment” (McNiff 2016 p. 42). However, despite the changes occurring from within, it

was imperative to rememb#ratthe relational nature of this form of research would avay

have a consequeador thosewith whom | was workingWhile thisthesis documents how ,

F KD Q JH Gnawtlddhcedethat the primary focus during Cycle 1 was on developing the
VW XGHQW YV §ndiferiore vémreldpFriarily on teaching with far less emphasis placed

on my learning This might stand afirther evidence of my neeacological epistemology at

this point.| have outlinedn Sections 1.3 and 1vhy | believe it wa important tasupport
thedevelopnent of P\ VW X G HQ W VHut thERa8 @m¥éti doBlyF dbn my value system.

For this reasonwas concernethatthe research process had the potential for me to abuse my
position of power by attempting to influence my students to adopt attitudes andalzbues

issues whichmay only have been impant to me.

With regards tahis awareness about the interrelated aspecossibly not meeting the
VWXGHQWVY H[SHFWDWLRQV RI WKH PRGXQ podiigh®f P\ DSSU
power, it was imperative to demonstrate reseactl persondhtegrity and ensure thatvas
consideringthe value systems othe students even though they may not have been
commensurablevith my own.This was in line, not on} with my personally heltbeliefs but

also the guidelines set doy the British Education Research Association (BERA2)which

state that research should be conducted within a cultuespéctChapter4 will outline the

specific strategies | usetb ensure that this was the situatiarhich | believeallowed the

students opportunities to critique their teaching and learning experiences while simultaneously



21

enabling me to demonstratemyself and othetthatl was contributindo improvingthe welt
being of the @net.

The following section will develop ideas introddoearlierin Section 1.2which considered
how | had identified that my practice was underpinnech lmyotivation to developositive
educational relationships with my students. It velplain how | cultivated this relational
pedagogy predicated on mutual respeas another way of dealing with the tensions | have
previously explicatedIt will demonstrate my evolving understanding of pedagogy and
demonstrate the binary and recological pensective (vhich Alexander2008 notes is
common) | had adopted which separated the activities | asked the studentietdake from

the manner in which | worked with them.

1.6 Dealing with the ensions +a mutualistic practice

The following section will detail an aspect of my practice tHialkt lwas imperativeo develop

while introducing the curriculum for ecoliteracly provides evidence that during Cycle 1 |
had not yet made the connections between the content of whatdaghsg from the manner

in which | was doing so. However, it will suggest the relational nature of this approach
demonstratethat there was an ecological aspect to my thinkingpart and thismight be

seen ashe rudimentary beginning tevelopingan ecological approach to my practice. This
section will outline that this practice, which | have termed a mutualistic practice, and which
drew upon my previous experiences with students was strengthgnegdngagement with
literaturethat proposedhow education systemsnight mimic natural processd¥Vebster &
Johnson 2010)n particular | willaim toestablish how | believethatmy mutualistic practice
which was premised on mutual respecbuld assuage the tensions | felt about incorporating

the currculum for ecoliteracy within the science sessions.

| wasby this timestarting to appreciaté W H U &&e@idif tatdmost mainstream education
sustaingthe] unsustainablé,(2001, p.14. Yet despite this ktill did not comprehend the
epistemological ramifications of this position andras juncture believethatmy mutualistic
practicecould DOVR EH XQGHUVWRA®7/DWEHEKEXBPKH.IRTY RI D GLII
kind.

As my understanding of the symbiotic nature of the relatipnisbtween the planet and its
inhabitants(Abrams201Q Lovelock 2006)developed wasdrawn to using an overarching
PHWDSKRU WKDW R I(\WébBtsV & bhrsdiPd10) tbRykdethy fracticeWhile

Lovelockf V L @6DB p. xv) referto the connection between humans and the planet when

he comments that there should B&& ODVWLQJ UHODWLRQVKLStR$ PXWXDO
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could also be applied in an educational context and be used as a framework for informing my
practice. Thishesis outlines théorm of positive action whiclemergedrom the relational

form of systems thinkingommunicated bZapra(2005 to meet the aim of developing lasting
educational relationships will outline how | believed | hadleveloped these relatiships,
founded on the premise ofiutualismin the natural world, which ltabeen enhanced by
encouraging mutual respect between members of our learning community; | have témed th
manifestation of systems thinking in action to describe a wawodfing with my students as

a mutualistic pradte

In order to explain my mutualistic practicedve usednetaphors from nature to highlight the

type of relationship| hoped to develop with my students. In the natural world a symbiotic
relationship is defined as the association between two organisms of different species which
live closely together and where one or both of the members benefits from this link. There are

two mah forms of symbiosighat of mutualism and parasitism.

Parasitism is the form of symbiosis where one of the organisms benefits at the expense of the
other. One of the many examples of this is the human tapew@emja solium Humans
become infected wheWWKH\ HDW PHDW FRQWDLQLQJ WKLV SDUDVLW
cooked sufficiently. Subsequently the cyst evaginates inside the intestine forming the adult
tapeworm. This adult form then attaches itself to the intestinal wall where it will start to
produce eggs while absorbing the already digested food provided by the human. Other
examples of human parasites are the head louse and mosquito, both of which feed on blood
while contributing nothing beneficial to their host. In parasitic relationshipse tisean
asymmetric power balance where the host is relatively powerle$sraiidy accepting of the
parasite. In attempting to make sense of this metaphor | propose that this isssdgnamic

and lived procesthat is embodied in my practice and omkeich will develop over time. |

have used this living metaphor as a starting point and framework to help me better understand

my relationship and role with my students.

| am suggesting thahe currentUK education system can sometimes mimic this pacakit

form of symbiosis. Members of the government, exam boards, schools and teachers can be
understood as parasitical in terms of benefitting from unquestioning tizgts the students

that are being taught. This is especially the case if studergslalgviewed as human capital.

Their potential as membepf a workforce with specific setof skills and dispositiosis
encouraged in order for them to compete successfully in the ngoet (Apple2006).1n

this instance these individuals or orgaiens possess the power a parasite may hold over its

host.



23

Fromm (1979)highlights the unquestioning nature of the host, in a similar way, when he
describes a particular kind aftudent;that is, hose that exist in a having modee

characterises studisin the having modas owners of a collection of statements produced by
someone else without the need thee creation of something newhat is,the creation of new

knowledge. They3ZLOO ZULWH GRZQ HYHU\ ZR U G+doGhaniatddm,U ORRV H
they can memorize their notes and thusspan examinatign Fromm ibid p. 25). Ramsden

(2003 KDV XVHG VLPLODU WHUPV ZKHQ KH GHVFUY. OThodeV VRPH V
students that adopt a surfaggproach often do not see the need to integrate and evaluate the

ideas of the lecturer arglmply DFW DV WKH KRVW IRU WHDFKHUTfV LGH
research$inclair2007)hadsubstantiated this viewpoint anefers toone student who, when

askedL] WKH\ VKRXOG EH ZRUNLQJ LQGHSHQGHQWO\ FRPPHQW
| feel that in paying for the course | should have méféd D F K H Blliatt@2807\W. 67) also

uses this term when he describes the utilitarian model of teacwemaability as? ZHDNHQLQJ
HGXFDWLRQDO LQVWLWXWLRQV E\ PDNLQJ WKHP WRWDOO\ &

Mutualism, on the contrary, is where there is a positive reciprocal relationship between the
two individuals with mutual benefib both parties. The Nile crocodile and Egyptian Plover
are an example of this and are believed to exist in this mutualistic relatigestipgure J).

The teeth of Nile crocodiles often contain decaying pieces of food, leeches and other parasites.
Persstence of these would lead to a number of deleterious effects for the crocodile. The
crocodile allows the Egyptian Plover to rest inside its open mouth and feed on the food and
parasites without harm. The advantage for both is that the crocodile leashitsleaned while

the Egyptian Plover gets fed. Using this metaphor, | believe, | can be seen to be pasitioned
the same wawgs the crocodile, and the students as the Egyptian Plover. The crocodile has the
decisionmaking power to close its mouth atimlso doing, harm the birdwas and still am,

in the position to behave in this manner if | dedire

Figure 1.1: Nile crocodile and Egyptian Plover



24

It may appear audacious to assume the role of the crodadlildeel it is necessary to outline

how thismetaphor of thasymmetric power balantetween university teachers and students

is derived.Understandably, niversity practitionersare often psitioned by their students as
expert knowersalmost in a parasitic way, and a large proportion of student teachers, at the
outset of their cose, anticipate that they will downloadformation from them while
operating in a having moderomm1979. Rudduck(1991)stresses that if these expectations

are not met, students will often criticiggors for not delivering the nuts and bdttsy require.

In parallel with this, mststudents are understandably driven by the assessment process and
the desire to receive good gradeslike the situation in schools | am also the auditor of the
VW X GHQW YV famithgrefoarahdvel Qarpwer to attribute grades and pass or fail their

work.

This relationship, at first glance, magpeato be parasitic in nature and it sithese elements

thatl hoped to address tlmugh my research by developimy mutualistic practice. However,

throughout the research process | became awaré wwatld probablybe unable to redress

this powe imbalance fullynor that this wasiecessarilydesirable Nixon (2008 p. 119)

suggestsve should *WDNH UHVSRQVLELOLW\ IRUWHGH LSRX VW LIRHQQ R W
the authorityinvestedn the universiy teacher/student relationstgpould not be denied in the

interests of truthfulness, respect and authentibigwey (1916p.21) confirms this when he

argues LW GRHV QRW IROORZ WKDW DOO DXWKRULW\ VKRXOG
to sarch for a moreeffective source’ ,W LV 'Hribtbn] &f effective authority

relationship with my studentbat| wishedto develop To return to the metaphor, it must be

noted that in the mutualistic relationship between the crocodil&gyptian Ploverwithout

WKH ELUGY WKH FURFRGLOHYV KHDOWK FDQ EH VHULRXVO
relationship with each other for them to flourish. Timerdependentelationshipbased on

my value of mutual respeatas the fornof pradice | hopel to develop.

To develop this living metaphor | described it to my students. Allowing them to critique my

ideas had a dual purpose. Its first goal weelp me taclarify the metghor in dialogue with

them. It wa also one of the strategiesided in helping my students to bétical of the

teaching they harkceived from me. | hopehata range of activities which gave the students

the opportunity to question their educational experiences within their science sessitths
empowerthemsothey fdt they werein a position to challengehat | had presented them. In

this manner | believed it wouletduce the tensions | have explicated earlier abadng) usy

influence in developing theurriculum for ecoliteracyConsequentlydevelopingWW KH VW XGHQW V
criticality became one of the primagspectsof my mutualistic practice and whicls a

defining principle ofecoliteracy(Orr 1992) Analysis todetermine whether had been

successful in this regard, however, showed that thi®head a misguided intention. In reality
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| had conflated the desire to help the students develop their critioplsoviding them with
opportunitiego be criticalof my teaching.

This section has outlined how | had envisioneddiaeelopment of mutuakspecis a sebf

strategies to engender critiqaled how | hacdhot regarded it as epistemological in natiites,
howeverdoesdemonstrate the embryonic beginning to the ecological approach to my practice

and tavardsan ecological epistemology. Engagamwith % X E HI93B)ideas about inter

human relationships and in particular his philosophy of educéBigiber 1947)helped me to

theorise my mutualistic practidarther and assigtd in articulating how the mutualism had
manifestedtself in my teaching. Chaptes will KLJIKOLJKW KRZ , XVHG % XEHUY
conceptual frameworks to show how this initial concern, that the mutulafishmanifested

itself solelyin aset of critiquing opportunitiesyasrelatively unfounded. | will suggest yn

desire to develop mutual respads integral to many of niynplicit actions with the students

andthis had beerexplicitly appreciated by them

The following sectiorwill briefly outline how| came to an appreciation thRAuber(1958)
while not specittally referring to enwonmental issues, was making similar pointsCuw
(1992) and Capra (1996that planetary weHlbeing is premised upon ecological
epistemologiesThis realisation had implicatiagrfor my practice; | now understood that my
epistemological stance influenced what and how | taughtrasidas the start of providing a
unifying and ecological pedagogical explanation of how | worked This developed
understanding provida contextual baaground for the shift in focus dhis research and how
it transformed from developing a curriculum for ecoliteréicy Cycle 1)to anecological

approach to sciendeachereducation(in Cycle 2)

1.7How did | transform from a curriculum for ecoliteracy to an ecological approach to
scienceteachereducatior?

This section will explain how | synthesised the perceived disparate strands of knowledge,
curriculum, pedagogy and planetary wadling to articulate an ecologicalmpach to my
practice. It will justify the movement away from usitige term gcoliteracyfwhich was
founded upon a misinterpretation of the concept and my perceived incorrect assumption that
this involved a curriculum with fixed aims and objectifiable Wiexige.It will substantiate

that much of this ecological practice drew upatJ UV puWUXHY PHDQLQJ RI HFR
which is underpinned bydevebping relational epistemologies. Will clarify that the
reconceptualisation and personalisadmy newway of thinking requiredpebrandindfin

addition to thid will highlight how thisresearcthas helped me tacknowledge that, despite

the call by many for new educationarpdigmgOrr 1992 Sterling 200}, my teaching was
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situated within a mechanistic education systenvhich the students were accustoniBoere
was therefore nekfor me to be creative iensuing that ecologicathinking was developed
while subsequently meeting the needs of the students as future tedduwesce.

Following the workwith the cohort of students from Cycle 1, analysis of the data revealed
compelling suggestions about thé&arning and mineAt this stage my understanding of
ecoliteracy was developing as | further engaged with literatuppasting it. It became
apparent to me thae authors | was engaging witfere all recommendinthatin order for
planetary welbeing to be improved must be underpinned first and foremost by a relatjonal
ecological epistemology.While Buber (1%8) does not explicitly discuss concerns over
planetary weHbeing his appreciation that individuals enter into encounters (whether animate
or inanimate) which oscillate between objective and subjective relations has many parallels
with the founding HS L VW H P R O R édotitafady (1292n8l CapD 1V VA\VWHPV WKLQN
(1996, 208). Guilherme andJohn Morgan (2009) draw comparisos between the
objectification of individualsdescribed byBuberand the disconnect humans have with the
planetand each ther. Lim Cheng Hin (1998) haalsosuggested thato X E phildsdphy of

dialogue could provide a foundation for environmental ethics.

In tandem with this developed understanding of ecoliteracy, arfthps the most important
aspect of my learning at thisage wasgaining an appreciation tfie role science hadayed

in promoting linear, nowmcological epistemologiesand the impact this has had on
huP D Q N LaQreefit\Wworldviewincluding my own Skolimowski (1994)outlines how the

many successes of science, founded upon Des§dt€sG 1HZWRQfV EHOLHI WKDW
gained objectively has resulted in the unquestioning adoption of a scientific epistemology
which promotes the objectification of knowledde Chapte 2 | will demonstrate howthis

has subsequentlyled to the objectification of the planet. This dominant epistemology is
supported and replicated by businesses and education systems. My edldatitus
(Bourdieu 199Dwasfounded upon this form of thiking, asl outlined inSection 11, where

| explainedhow my time as a pupil and teacher Hzekn within a system which utilised
contentbased curriculavhose purpose was to prepare students for exathistt 2007).
Consequently perpetuated theeificaton of the forms of knowledge which were discrete,

objectifiable, and which could be tested.

| offer this contextual informatioto justify my epistemological stance and to help explain the
difficulties | faced incomprehending the discourses around &m@icyandsubsequentlyhe

form of curriculum | presented to the students during Cyckeatlier work demonstrates this
ZKHQ , ZURWH WKDW 3'HILQ pr@blenthficR (SihdldiH20T2E p. 4.0V EHHQ
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attempting tado sq | synthesised2 U U IV writing to provide a brief overvieywvhile still

not fully understanding its deep and rich complexity;
Orr (1992 DUJXHV WKDW HFROLWHUDF\ LV SGULYHQ E\ WKH
in being alive in a beautiful, M eULR XV ERXQWLIXO ZRQG GVKDW 3Wk

goal is not just mastery of subject matter but making connections between head, hand,
heart, and cultivation of the cBpF LW\ WR GLVFH200b:¥i).VWHPV"~ 2UU

(Sinclair2012,, p. 5)

While Orr makes the tational nature of ecoliteracy explicit, amthphasises that is not
mastery of specific subject knowledge, the relational epistemology that underpins it continued
WR HOXGH PH %\ SURYLGLQJ DQ LQWHUSUHWDWItRQ RI 2U
would appeathat| was still placing a primary focus abjectifiable subject content;
, ZRXOG DUJXH WKDW WKH puKHDGY UHIHUV WR VSHFLILF
necessary to understand how the planet werkaU U {1V jisKhdtDhe Wident has
the desire and the drive to want to make a difference. Subsequently with this desire,

coupled with the necessary knowledge and skills, follows action or to phrase it in
2UUTV WHUPY WKH pKDQGT

(Sinclair2012,, p. 5)
This understanding of ecadtacy was enactead my practice and excerpts from draft thesis
writing provides further evidence ofy norrecological mindset artabw this manifested itself
in how | worked The following were criteriand question$ devisedto demonstrate how
successfulhad been in developing ecoliterad) had | raised awareness of planetary issues?
E KDG WKH VWXGHQWVY VXEMHFW NQRZOHGJH LPSURYHG
incorporate teaching about these issuestihw future practice and d) how cordiat did they
feel about teaching about these issug¢Smclair2015. | now understand, and concur with
Sterling(2001, p 15), that thisform of teaching tookplace within 3SDFFHSWHG ERXQGDU|

thatleft [leave$ basic values unexamined and unchanged.

Thetwo pivotal, yet related, momemsovidedtheimpetus for thenew focus othis research

to emergeand the desire to develop an ecological approach to science education. The first was
the realisation that platery welkbeing could only be improved through a paradigmatic shift
from linear to relational thinking and that this is wi@tr (1992)had been proposings
ecoliteracyall along The second wasy appreciationthat | had misinterpreteithe relational

nature of sciencavhich has the capacity to generakmowledge which is emergent
interdependent anttansformational This version challenges the Newtonian mechanistic
worldview of science as a method of producing a set of immutabledaetsearch fo an
absolute truth@apral996 to which | was accustomed realised that bth ecoliteracy and
science are therefore ultimately underpinned by a particular way of thinking. | propose that
how you view science will affect your epistemologicat amtological relationship with

knowledge andice versa
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This understanding that the dominant and traditional epistemologies of much of the western
world had been formed through the adherence to a particulgrotauttiallyerroneous, view

of sciencehelped me to refinghe purposeof my practicelt was now my belief thafuture
science modukecould be utilised to helgtudents reconceptualise their perceptibacience

and therefore science education. By doing so | htipsithey wouldhelp the studentdevelop

an ecological way of thinking.his provided the focus for developing an ecological approach

to science education.

| believed that an ecological approach to science education ingddiveorporatingideas
concerned with systems ting (Capra 2005; Stirling 2005) into teaching and learning
activities about scienc&his process will be detailed further in ChapteA&.a consequence

of this three questiongere formulated to act atandardef judgementThesevereto provide
evidenceof how successful | was in developing an ecological approach to science education
in both Cycle 1 and 2 They resulted from my understanding thataalogical epistemology
involves perceiving the three domains of the individual, the physical enwnoinand
knowledge asexisting in an interrelatedmutualistic relationshipThe questionsvere as

follows:

x Did | help the students to develop an understanding of the relational nature of
scientific ideas?

x Did | help the students to develop amderstanding of the temporal and
transformational nature of relationships in science?

x Did I help the students to develop an understanding of the symbiotic relationship they

have with the planet and those that share it?

1.8 What did | find out?

1.8.1 What did | find out? Cycle 1

7KH VWXGHQWV T O H D padl€sImEundets@ddivg kfistiedceraadtcoliteracy

and my practice in generalt this point of the research my comprehension of ecoliteracy was

poorly framedand the work we wtertook was premised upon this misinterpretation. Much of

the time | had replicated practices which | had experienced as a student and a teacher of science

in schoolsln addition to this were the concerns | have outlined previously about engaing

the VW XGHQWYV Y S Udf B cotifstnérie WidiawvdLhBwiMs manifested in the way |

acted $QDO\VLV RI WKH GDWD VXJJHVWV WKDW , KDG KHOSH
planetary issues, provided them with activities which they could useiirghehing practice

and raisd their confidence to teach abouthumatters. Thisnirrors the criteria whicH first
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proposed to judge thguality of thecurriculum for ecoliteracyoutlined in 1.7. It suggests

that at this stage of the enquiry | hadibeaccessful in what | had set out to achieve.

Understandably, analysis of the data demonstrates that in terms of the three criteria specified
earlier there was limited evidence to sugdleatl was developing the first two aspects of an
ecological apprach to my practice. My misconception of science had resulteayinot
systematically helpinghe students to appreciate the spatial and temporal aspects of science
knowledgeand the process by which it is generatédssisted itompartmentaing much

of what they learnand in doing so had not challenged the way in which they thoMgiking
knowledge links between and within science sessiappened but wasot consistent and

only really ensuedbecause othe recurmg theme of growing| have identified that |
introduced thidopic because of mpersonal interest in this area. Although | noted from the
beginning thal could appreciatbowthe topic ofgrowingcould be used as a stimulus to raise
awareness of the interrelated naturéhofv the planet functions there $sant evidence to
demonstrate that thactuallymanifested itself in practice. | argue in Cha@dhnatthis was
because aiy fixation on providing clear activities relevant to the curricuthatthe students
would be teachingthus satisfying my preconceived notion of their expectatibimsgrowing
sessionsncluded a number adpportunities folearning science outside of the classrpam
componentwhich | will argue later isnecessaryfor an ecological approacltstudies are
available which tentatively suggest that these sorts of experiences, which provide an
opportunity to interact with the natural world, assist in helping individuals to appreciate the

symbiotic relationship thelyave with the planet.puv 201Q Mayer& Frantz2004).

While there is little evidencthat| had helped the students to think in a different mgnner
outlinedso faras a key aspect of an ecological approach to my prattisesannot be fully
atributed tothe process lexperiencedvith the studentsl have highlighted previouslthe
form of ecoliteracy | wasoping initially to developAs a consequence thisfluenced the
forms and type of data | collected. | arghat!l was not specifically collecting data to show
occasions when thetuslents may have demonstrated an ecological @fathinking and
therefore mayhave missed opportunities to evideribeir learning. This highlights the
difficulties that researchers of their own practice can falcen setting their owrevolving
criteria.More of these kinds of ethodological issuesill be revisitedin Chapted. However,

this aspecbf the research does clearly show how my thinking transfoowedtime

The act ofexplicitly collecting data to judge whether | had developed a mutualistic practice
could alsoprovide a partialexplanationfor the success adnother facet of my ecological
practice While | have mentioned previoudlye dislocation | made betwebow | taughtand

the curriculum contentl will suggestthat the students cherished the emphasis placed on
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developinga learning community where educational relationshfpunded upon mutual
respect were at the healtinterpreted % X E H193BVworks on relationshipsspecifically
thosethat he notes are found in educational situations, to provide criteria for this. The
following questions aroskeom this:

x Did | outline my value system to my students in order to make the reasons for
introducing a curriculum for ecolitacy transparent?

x Did the curriculum for ecoliteracy allow for the students to develop their interests,
needs and critical thinking?

x Did I create a dialogic learning community while working with this group of students?

The first two criteriaaffordedthe means by which to identify whether the tensionslthate
describedhroughout this writingabout coercion and relevance, were manifested in reality.
In brief thedata show occasionghere | was explicit about my values and intentions for the
coure and the process | underwent to negotiate whether develapowriculum for
ecoliteracy was an abuse of my pow&hile some students initially expressed some concerns
over this focus these seem have been unfounded. A number of them appreciated the
respectful manner in which | had approaclemioducingthis. At the end of the course
feedback suggestithatthese students had a greater awareness of the pressures the planet is
facing and that learning about these issues,hmvd they could be incorpated into their
future practice, had meaning and relevance to them. Thiddesste my initialincorrect
preconceptions@bout the lack opotential significanceghis may have hatb their future
teaching careeAnalysis of the data also showtbdtl hadrespectedhattheir science module
could not solely focus on planetary issues laadhccommodated a range of different learning
opportunitiesassociated witheaching science in the primary classro@n.a personal level
was the realisation that manytbese moments had been providéthout thinking, and as a
natural part of my teachingnd any future planning had to make explicit these occasions as
it would be a dereliction of my professional duty otherwiserelation to the third criterion
about ceating a dialogical community it became obvious that my mutualistic practice went
further than creatinthe possibilityfor them to be critical of their teachimxperiences The
analysis process facilitated the articulation of mutualism in my practice and matdeitny

interactions with the studenpersonallyisible.

1.8.2 What did | find out? Cycle 2
The work carried out witlthe new group of students had a specifiafon the nature of

science. This was founded upon the knowledge | had gained around the relational



31

epistemologies | believe are necesdarythe development ofplanetary weHlbeing. | wrote

earlier in the introduction that part of the stimulus for tleisearch came from my concern

that as a secondary school teacher | had helped to propaigate af ecologicalilliteracy

(Orr 1992).1 identified thatthis wasbecause ofeaching from a curriculum which had little

or no reference to planetary wéking. It was only at this stage of the reseatbht |
appreciatedhatit was not this facet of my practice but my unquestioning and unconscious
promotion of linear epistemologiaichcultivated this ecological illiteracy newly found
appreciationthat these linear and compartmentalised epistemolodiesl been prooted

through anincorrect perception of sciencEURYLGHG WKH VWLPXOXV IRU WK

emphasis.

| am somewhat ashamed to recognise that up until this point | had little awareness of the
history of science which would have provided me with many examples of the transformative

and evolvingprocess oknowledge generation addition to this | engageditlv ideas about

quantum mechanics and thelatiorship betweenspace and time. These aspects of science
challenge the Newtonian mechanistic worldview, on which most science curricula are
premised, which searches for objective and absolute trugheposethat ience is still

emerging froma paradigmatic shift (Kuhr2012 which has yet to filter down to most

education systemg&apra (1996p. 13 outlineshowthe newparadigmof sciencecelebrates

the principles garnereddm life sciences and ia oppodtion to much ofphysics which was

RQFH DQG LV VWLOO E\ VRPH EHOL Hdésgriptidh of¥8adlitk YLGH WK

It is difficult to describe thenormity of thanfluence thisacquiredunderstanding had on my
thinking and attitudetowards science education. | have already detaile8dntion 1.7the
effect this had on my understanding of ecoliteracy and ecological thifkingelief was that
my practice could now bthe basis fodevelofpng an ecological way of thinking thugh
reconceptalising science.thoughtthat,by highlighting sciencas a relational disciplingith

the potential to produce dynankaowledge,the students may have started to develop an

ecological way of thinking.

In particular, one agut of thenature of science stood out and perhaps \wasbhiggest

revelation in how my perception of science had changed; this was that many scientific
concepts have changed over time ,ahérefore, some of the content currently specified in

curricula will most likelybe different in the futurelaber (2012provides some consolation

for the way | had beethinking previously ZKHQ KH VXJJHVWYV WKDW WHDFKHU
the nature of science is often very poor. Despite being aware of paradighiiésion science

such as the transformatidrom a geocenmic to a heliocentric explanation of the solar system,

| had not applied this to curreehdeavours and had compartmentalised therhistorical
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evens. This personaépiphanyprovides justification for why this became one of the foci for

the science coueswith the newgroup of studentf'om Cycle 2 Reassurance for this focus

was also strengthened by a change in the National Curriculum for England and the inclusion

RI WKH IROORZLQJ VWDWXWRU\ OH D a9 hegid tRreddgreghgtL Y H W KD
scientific ideas change and develop over fime' | 013 p. 24). Because of thigntroduced

the nature of sciendato science sessions addvelopedstrategies to demonstrate how the

students could help teach children about the evolving nature of science knowledge. The form

these strategies took will be discusge€hapter7.

Analysis of the datausing the three criteria outlinedtinis sectionsuggestshatmy primary
focuswason helping todevelopan understanding that many scientific ideas transform over
time. | had not madexplicit links between the differing areas of science. Therealsmot

a sustained focus in helping the students toeqiate the relationship humans have with their

planet. Additionally, little time wasgivento learning abouplanetary issues

| argue that this focus on a specific aspect of an ecological science education was a result of a
number of interrelated factors. Despite reassurance the students from Cycle 1 valued learning
about planetary issues the eypeesent tensions around coercardthe need for me to meet

their course expectationseve still prevalent. | believet could justify thatby using an
approach which developed ecological thinking there was rd foe them toengage with

matters concerning planetary wbking. As | was not introducing controversial subject
mattersl also felt there was no requirement to provide strategies so thy loe critical of

my teachingas | haddonein Cycle 1 Additionally, publication of the strategies that | had
trialled with students rated to helping teachers and children comprehend how scientific ideas
over time (Sinclair & Strachar2016) were becoming establisheih the primary science

teaching community. This tacitly reinforced and concentratgtierefforts in thisarea.

While thesingular focus in Cycle 2 demonstrates the personal negotiation | undertook between
what | thought the students needeétriow and what | believed the students wanted to know,

it also provides further evidence of my developed understanding of how mig@mamild be
usedto develop ecological thinking. Learning from this process will be detailed in the next
section which willmake suggestions fdrow an ecological approach to scierteacher

education might manifest itself in my future practice.

1.9 Sowhat is an ecological approach to science education?
The following section provides a brief synopsis of what | haseoderedrom undertaking

this research and which has, for the purpose of this writing, drganisednto two cycles of
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learning. Base@n these findings it will make recommendations for my future practice and

argue what an ecological approach to scig¢eaehereducation should entail.

In Section 1.9 wrote that | thought | had relative freedom over the content of my teaching
sessions ahthat | was only constrained by loose guidelines outlined in policy documents.
However, | will demonstrate thatalsopossessed amarticulated awareness that | had less
autonomy than | had first envisioned. This tacit understanding, which was fugllét b

tensions | have mentioned throughout this chapter, manifested itself in my ensuring that the
science modules were not wholly subsumed by issues relating to planetary issues or to do with
developing ecological thinking. Most of the sessions placddradmphasis on how they

FRXOG EH UHODWHG WR WKH VWXGHQWVY WHDFKLQJ SUDFW

The explicit appreciation that | have a professional responsibility to help prepare the students
to feel confident to teach science in school has helped ase¢otain what shud be included

in any aims offuture modules | may teach on. Thedwuldinclude the professional aims
highlighted above alongside my personal aim of developing ecological thinking.

Throughout the research it became cldaat the form of curriculum thestudentshad
experienced, although premised upon unclear aims, was focussed on process amtliciot pro
(as outlined by ElliotR007). Further evidence of my developed ecological epistemology is
my deepened understanding of the relational nature of this @dr curriculum.|l had
appreciatedhatthere is no fixed point or measure when defining ecoliteracy or ecological
thinking and that there is no specified curriculum which can achiires¢Barlow & Stone
2005. However, | suggeghat! hadinterpretedthis as requiring a minimal curriculum plan
and not asStenhous€1975) has recommendedhatthere wa a need foclear provisional
curriculum outlinegrom the outset othecourse | now understand thathwe these are liable

to change thedentification of strategiesnd guidancat the outset of curriculum planniagn

further clarify what the aims of the course are and how the students can work towards them.

I highlighted inSection 1.7how | had identified thathe studyof science coulde used to
develop an ecological way of thinkinGhaptei7 will identify the relative success studying
D IDPRXV VFLHa3 W &thaldgy Yo gréote anderstaniohg of the temporal and
evolving nature of some scientific knowledgks | have detailed previously, will also

demonstrate that this wése primary focus talevelopimg ecological thinking.

| propose that any future curriculum should also draw updh U O(ROQOY abncept of pig
ideasY These are key ideas bathandaboutsdence. An understanding of thigig ideasfcan

help to explain a range of different phenomena and by doing so help to demonstrate the related
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nature of scientific knowledgd.his may hdp shift the common perception that science is a

body of unrelated facts which need to be learnt in order to pass exams.

Additionally 1 recommendthat the students studwy specific scientist; Alexanderown
Humboldt. His work helps to bridge the followindiieh underpin an ecological approach to
science education; a) challenging the dominant worldview of science, b) promoting an
ecological way of thinking and c) providing an opportunity to introduce planetary issues. Von
+XPEROGWTV PHWKR GiteRhoS that tHeydrd i@derpifniediby an ecological
epistemology. His emphasis is on the importance of relationships over olyedt£2016)

Kbv bOVR UHIHUUHG WR KLP DV WKH ILUVW HFRORJLVW

reaching effects othe environment.

E |

Studying von HumbadW{V ZRUN WKHUHIRUH SURYLGHY DQ H[DPSOH

professional aims could be met within a module. However, it is important to remémaber

the findings from Gicle 1 demonstratevholeheartedlythat this group of studentsvere
interested irplanetary weHbeing despiteit potentially not havinglirect relevance to their
teaching. Cycle 2 eschewed this focus in favour of concentrating solely on the role that science
and science edation could play. There is a need for me to have greater conviction in the
manner in which | negotiated the curriculum with the students from Cycle 1 and greater faith
in their willingness to engage with issues that are not stipulated by the Nationauunri

(DfE 2013) For this reason there would also need to be explicit engagement with planetary
issues (similar to Cycle 1) in any future curriculum and not an exclusive reliance on changing

the perception of science.

1.10Chapter summary

This chapter leprovided a summary of the thesis. By outlining my previous experiences as
a student and as a teacher it has contextdaieeway that | was thinking prior to starting
this research; especially regarding my +smological view of science and science education
founded upon the linear epistemadlegy | had previously experiencethis information has
been included to justify thtype of curriculum for ecoliteracy which | provided for the students
during Cycle 1. Additionally it providesaseline evidence to show the transformation in my

thinking between Cyckel and and to the point of writing this thesis.

This chapterhas also introducedthe forms of knowledge that Newtonian science has

perpetuated and suggested that these linear epistemologies have manifested themselves in the

education systems of much of the western world. The following chapter will demonstrate in

greater @tail how this way of thinking has led to the planetary crisis we are now facing.
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Chapter 2 will also outlina different perception of science; ecological science. | will highlight
how ecological science differs from Newtonian science and provide the ¢yeelucational
activities that could be undertaken which may help students to view it a different manner. |
will suggest that this reconceptuatisn of science mayelp to developthe ecological
epistemologiesecessary for the improvement of planetagfl-being.
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Chapter 2. Thinking and Acting Ecologically

2.1 Introduction

The previous chapter provided an overview of the researobtlibedthe experiences | had
gained as a student and as a secondary school science teaclsurggestedhat this
background had influenced the way | acted and thought throughotgséarchprocess. |
proposedhatthe education system | had experienced waaded upon an epistemology that
viewed knowledge as objective and knowledge generation as linear. This dominant way of
thinking hadbeen founded upon a worldview of science which is predicated on the search for
absolute truths. | advocated that an inclidzainto this worldview and lack of criticality into

my own practice had ensured a replication of this form of education which the students

encountered during CycledE my practice and subsequent research

According to Bourdieu, ingiduals are socialigkinto a habitusvhich is the culture and ways

of thinking of the society in which ey develop. Wacquant describes habdagseWKH ZD\

society becomes deposited in persons in the form of lasting dispositions, or trained capacities

and structured propettisis to think, feel and act in determinant ways, whigimtguide them

(Wacquant 2005, p. 311 % RXUGLHXTV RZQ ZRUGV LW LV VRFLHW\ Z
the biological individua!' (Bourdieu 1990, p. 63).

This chapteroutlinesthe habitusn which | was schooled and the education system within
which | studied and workedt will identify the histori@l contextin which this research is
situated and by doing so present justifications for how | conducted my prdatide.thisit

will draw upon theoretical frameworks which propose thatsconception of wstern science

has resulted in the celebration and replication ofewwogical epistemologies and that these
have been accepted as the dominant wakioking across most aspts of vestern society.

,Q SDUWLFXODU LW ZLOO KLJKOLJKW "HVFDUWHVY GLYLVLR
and naturelt will demonstrate how thiivision has created a disconnect between the kwo.

will alsosuggest how a Newtonian view stience has reduced the perception of how the
universe operates to that of a machine where little regard is given to the symbiotic relationship
that humans have with thmeotic and abioticaspects of the biosphere. The result of this has

been the overridiop perception that nature is an object that can be controlled and dominated.

Parts of this thesis will therefore introduz@articular focus on the effect thisrldview has
had onwesternschooling systems and how specific forms of knowledge are promoted and the
subsequent curricula produced to achieve this. It will make suggestions that these types of

education systems have createddbchmenbetween many humans and the planet which
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has resulted in the current planetary crisis. It will be argued that any form of edughtan
attempts to improve planetary wélking while operating within a system that fails to
challenge and change suchst@mologies may result in the productioihstudents that are

3 H F §dall illiterate " (Orr 1992, p. X)This chapter will propose that the first step towards
improving planetary welbeing is to develop ecologidhinking (which draws upon the work
of Capra 1996; Capra 200Sterling 200% a way of thinking which perceives the world as a
form of interrelating patterns and one that appreciatemtitaalistic relationships involved

in an act of becoming.

As part of challenging dominant natological epistemologied suggest that a
reconceptuatation of science is a requirement of any future scieutesationand science

teacher education. This chapter will focus on science as a transformational and generative
processan ecological act. Will recommend studying the history of science to desti@te

this. It will challenge the notion that scientific enqusycapable of producing absolute truths.

In doing this it will draw upon examples from science (such as quantum theory and spacetime)
which contest its ability to be objective. | will suggass usefultoDGRSW YH\QPDQTTV

p. 27) DWWLWXGH WKDW 3VFLHQWLILF NQRZOHGJH LV D ERG
certainty2 VRPH PRVW XQVXUH VRPH QHDUO\ VXUH EXW QRQ!
therefore that an additional role edience education is to help others gain an understanding

tha there is no finite point to knowledge generation and science should be promoted as a
process ofasking questionsjeveloping and sustaining curiosity andt solely offinding

answers.

The discussions surrounding the interrelated nature of developing ecological epistemologies
and reconceptualising science will provide the theoretical backdrop and justification for an
ecological approaclotscience teacher education. These discowvidkealso include matters

to do with curriculum.The chapterwill recommend that any endeavour to develop an
ecological way of thinking must be grounded in a curriculum which is foundead aipts
instead of objectives (similar to tharoposed by Reiss and White 201&hd that the
developmental process is celebrated before any specific ou{@isrghousel975). While

these forms of curricula are often referred to as process cur(iigiahaiseibid) | suggest
thatthese too are ecological in natureK L V D XMidtRhdtfcurriculum research and the
WHDFKHUYV SHUVRQD O sugiaftdiis UWhdle Stamholis<e Wiiities\io Zhe @G

of teacheiinteractionswvhich should be deveped! will alsodraw upon% X E H U  \ildeas

about educational relationships to suggest a way of working necessary to implement this type

of curriculum.
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$ O H [ D Q(@0B8)definition of pedagogy will provide a focal point to frame the related
DVSHFWV RI P\ HFRORJLFDO SUDFWLFH +H UHIHUV WR SHGL
its attendant discourse about learning, teaching, and curricul{2008, p. 3).This view of

pedagogy helps to assimilate the themes of this thesis and destemthe relational nature

of ideology, epistemic and ontic standpoints, curriculum content and the martimaw in

worked with studentBy doing this Iwill outline an ecological approhdo science teacher

education.

2.2 The dominant perception of sciece and its influence on how we think

This section will address the claim | have made throughout this thesis that the habitus | was
socialised into was premised upon a particular worldview of scidineal] briefly outline

how a particular model of sciea which | term Newtonian science, one that adheres to a
beliefsystem which promotes vahliee knowledge and has the capability to produce
absolute truths, has become the dominant perception of how science operates and therefore
how scientificknowledge is generated. It will suggest how the previous successes premised
on this model have further strengthened beliefs in the forrkisamfledge it can produce and

hasthusbeenadoptedas the dominant way of thinking in much of the modern world.

Toulmin (1990) proposes that much ofestern thinking has been generated through the
methods of Newtonian science and the logic and epistemology of Destattédd=D UWHV ] UDGL|
division of the universe into mind and matter implies that reality exists asmseplentity

independent of how we think. This false dichotomy, between subject and object, created both

an ontological and epistemological disconnect between humans and the natural world which

is still being perpetuated today. This division signalledsparation of values from facts and

heralded the search for absolute, objective truths and a questrfamty (Capra 1991).
Skolimowski (1994)suggests that as a consequence of gbissmthe physical has been

exalted while the spiritual suppressed WK 2U U S DUJXLQJ WKDW 3Z
LV DVVXPHG WR KDYH OLWWOH RU QR EHDULQJ RQ ZKDW R
this way of thinking, which has dominated our society, has been left unchallenged and

therefore become so ingnadthatit is now considered common sense.

In addition to this valudéree approach to knowledge acquisition, Descartes suggested that
complex phenomena could best be understood through an analgsgsbém] donstituent

parts. This approach advocatbatthe behaviour of these parts canbsequentlype used to

determinea phenomenon as a whold HZWRQTV VFLHQWLILF VXFFHVVHV D
'"HVFDUWHVY UHGXFWLRQLVW 1\@KIBVELYFHHPRQUW FRWYVQG H/
mechanical clockmoving according to welllefined deterministic law$ founded upon

mathematics(Skolimowski 1994, p. 133)Both Newton and Descartes believed that
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knowledge could be gained objectively through empirical observation of physical
SKHQRPHQRQ LQ D UHDO ZRUOG pRXW WKHUHY 7KH\ SURSR\
through the methodology of science aspkecifically through the discipline of pisics.

Midgley (1992) points out that if thigsiew is subscribed to then scientists are not only
objectivein the ways that they produdémowledge, but as a consequence, nature must be
objective too. This mechanistic view of observing realitytisestandrd for most of modern

day science and therefore provided the dominant perception of the scientific pGa@ss.

(1996) highlightghat the progress of science can be seen in the further reduction and analysis

RI D VIVWHPTV SDUWYV ¢&ihtédhge spachdlidatidfdeidntifciscplind¥. K

Within this mechanistic framework, science has ensured that huge advances have been made
in human welfare and because of this it is easy to appreciate why such gedigtatus has
been afforded the skipline Waddington (1941, p. 17@emonstrates how it is now perceived
by some that;
Science by itself is able to provide mank[sit] with a way of life, which is, firstly,
self-consistent and harmonious, and, secondly, free for the exerdisat abjective
reason on which our material progress depends. So far as | can see, the scientific
attitude of mind is the only one which is, at the present day, adequate in both these
respects. There are many worthy ideals which might supplement itchohot see
that any of them could take its place as the basis of a progressive and rich society.
It is worrying thatoftenlittle critique is given to the devotion placedsnch knowledge and
the method by which it is produced. In faChalmers (20183and Skolimowski (1994) have
noted that, in many cases, science has replaced religion as the ne@Kaikha (2002, p.
121)argues that scientists are now often perceived in a similatovajigious leaderérom
thepastt Q WKDW WKH\ DUIHRISRVVHGVRQR ZROHWMGIJH WKDW LV LQL
Interestingly though, despite our acknowledgement of the many deletefiects of science
and its subsequent technological dangers, it has not really altered our perception of its
importance andWKH PDLQ DQWKHP L'V VYWSLIWHWRQH Rl SUDLVH

2.3 The effect of the dominant science view on society

In the previous section it was suggested thatntlany successes of science hagilted in
the idolisation of a certain way of thinking. It highlightddt sucha particular worldview
contributed tahe objectification of the natural worldinitiated thesuggesbn that as a result
of this thatmany humans have become epistemalally disconnected from their natural
environment. The following section will briefly demonstrate how thé&dadhmenthas
manifested itself in the commodification of the plaartl theramificationsthis appears to
havechadonZHVWHUQ VRFLHW\V HGXFDWLRQ
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2.3.1The influence of scientific epistemologies on education systems

The previous section suggested that a particular Newtonian scientific epistemology had been
appropriated as the only way dhinking in much of the modern egtern world.
Understandably, education systems will replicate these epistemologies in the way they operate
and the knowledge they promote. The following section will seek to make connections
between this way of thinking and how it is @ericed in practice. | will suggethat there is a
celebration of objective and absoluisiowledge and knowledge generation processdsh

have culminated in industrialised education systems. These are premised upon business

models which rely on specialisation amdassessabferm o knowledge

Kelly (2009) advises that curriculum planning (and for this | concur with Young 2014 who

states that theerm curriculum can often be interpreted as the purpose of education) is never
valueneutral and reflects the ideological stances oftiwety within which it is subsumed.

He supports my previous argument that the scientific worldview has influenceeas! afr

society when he suggestisat many current curricula are based upon an objectivist and
rationalist view of knowledge. He syntl&ss links between education, the scientific method

and industryand refers to curriculum planningasWKH NLQG RI SUHFLVH VFLHQV
had begun to yield dividends in other spheres of human activity and especially in industry

(Kelly 2009, p. 68).

This standpoint is subsequently translated into a curriculum which focuses on content and the
transmission of facts. These contbase curricula (Elliott2007), which are analogous to
technicallyorientatedsyllabuses (Kell2009) havehe additimal function of training students

as a ptential workfore. Elliott (2007 notes that conté-based curricula, based prevailing

scientific epistemologigsdD UH SURGXFHG WR WHDFK IRU H[DPV DQG WKt
ZLWK WKH IRUPHU GULYLQJ WKH ODWWHU ;ledewsdetdf FDVH
SURSRVLWLRQDO NQRZOHGJH ZKLFK FDQ@h& HPWB ® WH G ULHN DV
curriculum and a style of teaching and learning which reinforces the significdrnsech

knowledge. Kelly (ibidpsserts that this results in a linear depiction of knowledge acquisition.

Reiss andWVhite (2013)suggest that while current curricula may héiges of overarching

aims thesecamouflagethe hidden content driven nature of them. They propose that these
DLPV KDYH EHHQ PWDFNHGY RQ YbBe Kave/nsvierlbedn ciaNadged. W X U H \
This has resulted in specialisation of subject madtet curricula which contain a narrow

number of specified but uncontested discrete learning disciplines. This i®dRi firocess

which has occurred in the field of science, whereby the natural unbounded relationship
between separate disciplineften ignored. The effect of this is to stratify and reify certain

ways of thinking with high status being assigned to absolutist knowledge. Science (including
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its often separated three sdisciplines biology, chemistry and physichas been ascribed
this prestigious position. Isection 2.4.2 will outline how learning about planetary issues has
been perceived as low status knowledge and is often viewed as a tokenistit \&iddin
many schools. | will arguthatthis is because of the false dichotomy lestw learning and
living (Orr 1992)

A reflection of these curricula and adherence to training young people as a workforce can be
seen in the assessment systems that have been ad@ipfesi(2004 ktates it is a universally

held view that governments lildconomic growth with educational performance and see the
passing of exams as a measure of this abifiy.a consequence, this has resulted in an
education system which is fixated on the forms of knowledge which are testable, the type of
curriculawhich are produced to accomplish this and the performance of the teacher or school
in achieving good test scores. This provides adimwn accountability system whiconly
UHTXLUHV WHDFKHWWWR &8 LPADAFERAY VIRFKHRQH HavwHTV FXU
that knowledge has been detached from mind the curriculum has been separated from those
that teach it. This technical rational model of pedagogy leas hiescribed bjlexander

(2008) ageaching divested of the relationship between the classroom enddar world.

Issues related to this will be revisited ashelveloped in Chaptet whena call for teacher
empowermentvill be made with suggestiornikatthis can be achieved through a critical view

of pedagogy.

Stobbart (2008acknowledgeshatthe exam grade is valued far more than what is learned or

the learning process that has taken place. Clear parallels can be seen between this linear
epistemology andhe cradle to grave model of industry (BraungarMcDonough 2002).

From this standpointgnowledge can be perceived as an object, somethihrigh can be
commodified, in the same way asture has been. Such assessment schemes rank relative
performance instead of describing meaningful learning stitents beintabelled as either
winners or bsers. The values and processithe business world are being transformed into

the epistemological values of the education system. Asdia (1990) has pointed out,
schooling of this sort socialises learners into the domicaliiire Stobbart 2008 addsthat
assessment systems have the capacity not only to determine what and how we learn but also

to shape and create learner identities.

2.3.2The influence of education systems on shaping my view of science and science
education
The previous section ddessed how a particular Newtonian scientific epistemology has

manifested itself in education systems and as a consequence the subsequent high status that
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valuefree and objective knowledge has been afforded. The following section will draw upon
these idesito provide justifications for thidewtonianmodel of science | adopted throughout
my educational experiences. In doing so it will provide a context for my thinking as | initiated
this research and provide an understanding ofavtdyhow | viewed and taught science

Reiss (2007hotesthatthere isa vast arrapf aims for school science education. Howetaer
suggests in realityhat these are usugllunderpinned by the generalsasption that the
learning of set science knowledge is the overriding purpose. As a consequence, planning a
curriculum poceeds with the@nproblematic view that science content is theedfor such a
science educatio(Reiss& White 2013).While | proposehat| was aware there were other
purposes for learning science the following section will make suggedtionshy | sill
conformed to amisguided view of sciencasa linear proceswhich providedincontestable

facts.

My time as a student, in school and at university, was mainly spent studying specialised
science subjects; botany, chemistry and zoology. The focus ofranyntar school was to
prepare students for entry into higher education. During the economic difficulties of the late

V LW ZDV DUJXHG WKDW uTXDOLILFDWLRQ FKDVLQJY ZDV
UHVXOWHG LQ puTXDmpitel DFDriVBloBo@rt RADROD WHeRIgy figher exam
grades were deemed an advantage in this selection process. This was a view that my school,
parents and | subscribed to and | did everything | could to achieve the best possible exam
results During this time | was taught in such a way that | viewed sciencmfadlible and
assumed that the 3YDOXH Rl VFLHQFH FHQWUHYV HRQprécldigriiU PDNL
specialisdon and infallible correctnesSs OLGJOH\ As far as | was aware the
curriculum | followed did not require questioning the tentative nature of science knowledge.
To be successful in my science exams and therefore to become a good scientist it was
necessary for me to replicate these facts. | was good at doing this. In additisngadiing
a degree in Biological@ences at university did not change this viewpoint that | had inherited

from learning science at school.

There are many parallels between how | believe science education proceeds adhhow

(2012 describes how scieacknowledge develops. Kuhn (ibidDVFULEHV WKH WHUP |
science to a period of time in which scientific ideas are relatively stable. He argues that during

this epoch scientists tend to agree on the theoretical and methodolaicaibrks within

which they workresulting ina unified scientific outlook. | consider thaturing my time as a

student WKH VFLHQFH HGXFDWLRQ FRPPXQLW\ ZDV LQ D VWD)
discourse being, as mentioned earlier, of pramgagdentific realism.Feyerabend (201@)so

provides an explanation for how | initially perceived my role as a science educator. He posits
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that the education system is about making science appear uniform and objective resulting in
the simplification of its pds. In agreement with Kuhr2012 he also states that little regard

is given over to developing an understanding of the historicity of the scientific process and
this hashad the effect of stabilising scientific facts which are subsequently viewed as
independent gf R S L Q L R @nd Euttual bhatkground Feyeraben@01Q p. 11).

W LV ZLWK WKLV SDUWLFXODU VFLHQWLILF HSLVWHPRORJ
FKDVLQJY ZDV LPSRUWDQW WR DQ LQGLYLGHKI@IININGHFRQRP
profession. It is easy to envisage how, without the tools of critique, | helped to replicate the
existing system. By doing this | assisted in confirming tegitimacy of normative
epistemologieshroughhelping my pupils to be the most comigieé they could be. As has

been mentioned previously it was my role to help children achieve the highest grades possible

in their science examinations (GCSESs). Teacthdrscould help their students achieve high

grades were not only greatly respected dism held accountable for such achievements. This

form of accountability was, and still is, underpinned by a number of factors. Since the mid

1990s there has been a legal requirement to publish GCSE wastiitst parents canake
comparisons between smbils. Schools are ranked based on these results in league tables. This
implicitly demonstrates the economic worth or value for money that a school or individual
teacher can deliver. In addition to this, Ofsted made judgements about how good individual
teacKHUV ZHUH L D RMKUH/Y uQU BadUdgraEddi\highly for this ability only

served to strengthen the linear and propositional epistemology | promotdd wanich |
subscribed As a consequence of this success, there was no need for me torguasti
approaches to teaching science. While | believed that | was a reflective practitioner this was
RQO\ FRQFHUQRW RI WKARRKEKdAe200B) and did not necessitate a critical
interrogation of the dominant ideologies which influenced the curricula | taught from.

2.3.3 The influence of education systems on how the planet is viewed

The following section will outline the influence that edtion systems, premised upon
Newtonian epistemologies, have hadnaanyhumansielationship with the natural world. It

will suggest that the objectification of knowledge has resulted in the objectification of the
natural world andthat this has manifestk itself in an ontological and epistemological
separation between humans and their planetilllbriefly demonstrate how this disconnect

has exhibited itself in the commodification of the planet and the subsequent deleterious
consequences this has hadwhK H (D U Wiy ZHOO

Orr (2004) providesssertions, similar to those from the previous section, that a particular

perception of science has caused the fragmentatiaeadty, an understanding that the
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universe is mechanically operated, and the bisleg humans have domination over the planet.
%DFRQ ZDV LQIOXHQFHG E\ '"HVFDUWHVYT GLYLVLRQ RI PLQG
prevailing belief thahuPDQNLQG FRXOG 3:FRQTXHU DQG VXEGXH QDV
foundations” D@GLVFWKHWHFUHWY VWLOO ORFNHG LQ 1DWXUHT)
p. 207). Heisenbergroposes that ahe time of Bacon and Descartémere was a shift in
attitudeandt,W EHFDPH D TXHVWLRQ RI QRW EHEQ@W BIMN B U HVAKEB
one could so with jf S In essence, there was an advancement from

understandindpow the planet operates to one of technicality consumena.

Porritt (2005, p. 85)QRWHV DV D FRQVHTXHQFH RI WKLV WKDW VR
every aspect of the environment into a commaodttjch can then be bought and sold like any
RWKHU FR RBfy @radicts are designed and produced using-avageradle to grave

model mentioned earlier,Z K H Urékoufces are extracted, shaped into products, sold a
HYHQWXDOO\ GLV S Bfgdine kiRd, WsQallp agahdfil of khdiregor,” % UDXQJDUW
& McDonough 2002, p. 27 his conquest over nature (which has mabegn driven by the

abundant energy provided by fossil fuels) has resulted in vast economic gain for certain
countries and individuals throughout the worlthc® the end of World War 2 there has been

an increase in individual materialism which has ledh fixation that economic growth,

founded upon the exploitation of the pdW 1V U HV R X U F H Yolviny cir&ntw@ I VZHU W |
problems (PorritR005. In addition to this drive for economic growth, Heisenberg (1989)
comments thathe form ofscience ielf is selfperpetuating. He suggests this is due to the
LOQWHUSOD\ EHWZHHQ upQDWXUDOY DQG PpWHFKQLFDO VFLHC
tools and technical devices have delivered more accurate and empirical ways of observing
natural phenomen#n turn this newly gained knowledge of the natural world is being applied

to the realm of technical science.

It is wholly understandable that education systems will reflect this worldview. \diieieaw
(2008)states that the language and values of educate in line with a fixatiomn economic

growth with Apple (2006) arguinghat students are now positioned as human capitails

means they areiewed simply as a potential workforce who should be trained with the
necessary skills and attributes to qmte in a materialistimarketplaceApple (2000)also

notes that any attempt to finance schools whose goals are anything other than economic is
deemed suspicious. Any action to derail this economic vision is viewed as heresy and

suggestions taritique the underlying epistemological assumptions are seen as radical.

In order to produce a workforce trained for such an economic marketplace it has been
necessary for the education system to mimic the industrial process. The followisection

will propose that the same scientific epistemologies which have influensete$si also
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underpin vestern education systems.wtll highlight the forms of knowledge which are

promoted and perpetuatad a resulpf this.

2.4The influence of education systesion learning about planetary issues

In the previous sections | have argued that the success of certain scientific endeavours has
promoted a worldview which celebrates the objectification of knowledge and the Cartesian
separation of mind versus body. | kauggestethatthis artificial disconnect has resulted in

the lack of understanding of threymbiotic relationship humans have with the planetthat

this has led to the current predicamemiich the Earth faces. | have proposttit the
education system | experienced, premised upon the aforementioned epistemologies, had a
direct effect on the type of teacher | became. | apprethatd assisted in replicating this
worldview through the way | veamisrepresenting the process of science and the forms of

knowledge which it can produce.

This section will now turn to reporting how and why these education systems ascribe a
particular status to the subjective knowledge related to planetarpeied. t will also briefly

outline the relative laclf progress gained through years of environmental education and

return to the premise outlined in Chapter 1 tidt;l VWLOO PRUH HGXFDWLRQ LV W
have to be education of a different kihndSchumacherl997, p. 54)By doing this it will

provide a justification for the lack of success of the curriculum for ecoliteragyhich |

engagedvith the students. Thiis borne out b$terling (2001) who states that environmental

education taught withirhe current mechanistic schooling paradigm, however worthy, will

achieve nothing to improve planetary wiedling.Kahn concurs with Sterling and points out

WKDW 3WKH ILHOG Rl HQYLURQPHQWDO HGXFDWLRQ KDV
solutions ostop J DSV IRU WKH HFRORJLFDO GLVDVWHUV WKDW KD’
few decades S | have already suggested in Chapter 1 that | was entrenched within

this mechanistic way of thinking during Cycle 1. Gradually | became aWatrkwas part of

what Kahn(ibid) coins @ crisis in environmental educatifiandthatthis wasbecause ofy

lack of understanding and therefe@ne absence afeveloping ecological thinking.

2.4.1 The limited success of learning about planetaigsues

| have previously highlighted how the Cartesian dualism between mind and body has
influenced the perception of relationships with the natural world. In particular | discussed how
this artificial disconnect has been translated into the commodiiicafiche planet and, in

turn, how education systems have evolved in order to reflect this. The following section will

draw upon this context in order to explain the relative lack of progress made from over fifty
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years of environmental education. It willggest that, despite a greater focus on learning about
environmental issues, the effect has been minimal. It will prajhasthere is even contention
around whether an increased exposure to such issisehad any effect in gainirggeater
knowledgeaboutplanetary issues. Regardless of this, research advises that for many, it has

only evoked superficial changes of habit which require minimal commitment or effort.

The following will propose, albeitentativelythat environmental education to this date has
been relatively ineffectivelt is important to note that theeports used to provide the
predominant argument for this stari@ve come from countrywide research from the United
States (Coyle 2003yational Environmental Education Foundat®@®l5) which attempt to
make a connection between environmental educatiogrammes and the effettiese may
KDYH KDG RQ WK Hitu8dR andenavio& Qoverd® planetary voeling. Any
suggestions taken from this therefore must bear this is mind. Wieit®dnisethat this does

not provide the specific context in which this researchtisat®ed | will suggest that is
indicative of what is occurring in the UK and in many other areas of the world. Whole scale
reports such as those outlined below do not appear to have been carried out in the UK. Bamber,
Bullivan and Stead (2013mphasiseahis suggesting that the evaluations of difects of

initiatives concerned with sustainability and global education are still in their infancy.

A review of current international literature suggests that there is limited research specifying

how developing an ecological way of thinking may infuéhcD SDUWLFLSDQWYfV SHU
their relationship with the planet and their actionsams it. While Liu and Lin (2004

provide an example of such an enquiry it should be noted that it only refessnaltscde
researclprojectwith 29 participantsl therefore contest that such research is not representative

of what is occuting in most education systems.

TheNational Environmental Education Foundatammpiled reports in 2005 and 2015 (Coyle

2005; National Environmental Education Foundati2a@15) whch summarise a range of

research into the success of environmental education in the United States within the periods
preceding the publications. There is a lack of consistency in focus and criteria between both
reports making it difficult to make compawiss. However, worryingly, while they both
KLIJIKOLJKW WKH pJRRGYT ZRUN EHLQJ XQGHUWDNHQ WKH\ S|
by Kahn (2010) that little seems to have occurred to the overall improvement of the
SRSXODWLRQTV DFWdtRQV WRZDUGV WKH SODQ

The 2005 report (Coyle 2005) showed initial promise that greater knowledge about planetary
well-being seemed to lead to greater-pobion in environmental behaviour. However, this
was tempered by the findintat this increased knowledge only produced @enpositive

behaviours such as those related to saving water and electricity. It is prolpatsis is
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because only a small commitment is required for these changes in behaviours and only a small
GLVWXUEDQFH WR WKH SDUWLFIL @& @MoTvggefeithdat the€eL IH LV U
behaviours can be brought about through a surfaderstanding of the issues whitte

planet is facing. This also seems to be supported by research cited in the 2015 report (McBeth

& Volk 2010 in National EnvironmentaEducation Foundatio015) which states that older

children, while having increased environmental knowledge, are not more likely to have greater
sensitivity to planetary welbeing nor a commitment to action above and beyond that stated

earlier.

ThereappHDUV WR EH FRQWUDGLFWRU\ LQIRUPDWLRQ DERXW Wi
understanding. Leiserowitz, Maibach, RedeHQR X1 DQG +PLHORZVNLYV UHVHD
in National Environmental Education Foundatii5) suggestW KDW $P H Unedd@QV Y NQR
is not as good as was claimed in the previous paragraph. While they specifically refer to
knowledge about climate change | suggest that this provides a fairly accurate guide in relation
WR WKH 8QLWHG 6WDWHVY XQGHUYVWof@lenetary welbedd® O R WK

considering this is often the most cited of environmental issues.

Comparable findings have also been replicated in other countries. Despite the Australian
Government introducing a national initiative (Australian Government 26@@] in Dyment

& Hill 2015, p. 23) which positioned education at the centre of establishing a sustainable
IXWXUH "\PHQW DQG +LOOYV UHVHDUFK RI VWDUWLQJ WHI
limited to moderate effect on their understanding of @ssconcerning sustainability and

global development. Bamber, Bullivaand Stead (2013) have highlighted in the UK that

learning about such matters f@sobeen a feature of many secondary schesteciallysince

2000. Yet Mintz (2006) provides evideniteat many future primary teachers (such as thdse

was working with) had significant misunderstandings regarding three specific planetary
aspects. While | argu@ Chapteré that muchof the work carried oututing Cycle 1 was

relatedonly to awareness raising and the learning of planetary facts it is clear that this is still

DQ LPSRUWDQW DVSHFW RI D WUDLQHH WHDFKHUYV HGXF
reasons for why many of the students from Cycle 1 displayed similarly poogcsubj

knowledge tdhose reported by Mintz (ibid).

2.4.2The lack of status afforded to learning about planetary issues

The previous section has highlighted the lack of progress in influencing positive change
towards planetary webeing despite an increas exposure to leaing about the predicament

the planet is facing. This secticgturrsto the premise outlined i@hapter 1 that! L1 VWLOO PRUH

education is to save us, it would have to be education of a different Kdathumachet 997,
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p. 54).1t will suggest that it is the mechanistic process of education and the objective forms
of knowledge which are promoted that have ensured that minimal development has occurred.
| have argued previously that subjective forms of knowing, which include caring and
conserving and the need to think in terms of patterns and relationships, are necessary for an
understanding of how the planet operates and to influence any changes in behaviour. This
section will suggest that these relational epistemologies are curramtiyeshand knowledge

about planetary issues is therefore assigned astimtws.

The following section will propose thaGHVSLWH WKH YDVW HYLGHQFH RI KX
on planetary welbeing learning about planetary issues is often perceived as a low priority
and because of this is often not included in relevant currithiave previously highlighted

how in Englan, any reference to environmental matters has been removed from the National
curiiculum until the age of 14 (DfR013).The imposed content of this governmstdted
school curriculum gives credence to the argument highlighted in Section 2.3 that theepurpo
of any education is to train students for a workpl@féei Manteaw(2008)suggestshat there

is a distinction between high and lestatus knowledge. He outlines that hightus
knowledge is anything thé seen to promoteconomic growth and techlogical progress.

Low status knowledge is perceived as beingeconomic ani either prohibitive of this or

does not benefit itl wrote in Chapter 1 of personaekperiencehat knowledgerelating to
planetary welbeingis oftenperceiwed as low statushis was related to my work as a governor

in assisting the school to becomsuwstainableschool(DCSF 2006). Following a change of
legislation and the removal of the need to obtain sustainable status all the wdrkéabat
completedwith the schoolvasabandoned. was informed thathis was because there would

no longer befocuson sustainability in anfuture schoolinspection.

Wheresustainabilityis included in curriculum content there is often an inconsistent approach

to teaching about it and, in many cases, it is reliant on interested individuals thhe@genda

(National Environmental Education FoundatR15). While there anmany conseggnces of

the lack of status afforded to this form of knowledge and knowing | suggest that the basic lack

Rl HISRVXUH WR WKHVH LGHDYV SURYLGHYV RQH H[SODQDWL|

how the planet operates.

While it has been argued that leng about planetary welleing can either be absent from

certain curricula ohave poor coveragérr (1992, p. 90) argue® K @dNedutation is
environmental education. By what is included or excluded, emphasised or ignored, students
learn that they dd SDUW RI1 RU DSDUW | UTRdPefdvekdde @ EneViotkstad® ZRU O G
that knowledge about planetary wbging is currently ascribed, students are implicitly tdaug

that it is not important. Orr (ibidjlso includes the hidden curriculum that stoid experience.
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If an institution promotes the inptance of understanding wasgfet providenondisposable

cups for a water fountain the unspoken messati@itheir espoused values are not lived out

in their actions. A clear example of this was preddy a school whose assembly drew

attention to the issues to do with sending waste to landfill angrtimeotion of recyclingThe

following week information about a school trip was received outlining the need to provide
lunches in disposable bags whiclbww LQ FRPSOHWH FRQWUDVW WR WKH VF

Another reason for the low status ascribeb&rning about planetary issusghe subjective

nature of the forms of knowing which are required and the sésttribed Both Orr (1992)

and Stirling (2003have argued that the development of care and conserving should be one of

the core aims of any futururriculum. The relatiolaand subjective nature of caring is in

antithesis to many current schooling syste8i®limowski (1994, p. 47) expounds this and
DVVHUWY WKDW WKH ZHVWHUQ HGXFDWLRQ -fdéVawHP FODL
support(s) a view of the world in whithe physical is elevated and the spiritual suppressed;

in which the values of objectivity, rationality and efficiency are constantly upheld, whilst the

values of compassion, empathy and altruism are ignored or SUPPRESBEDW KR U {V
emphasis). Hicks (2010)gives a specific example of this when he overtieaparticipant

DVNLQJ ZKHWKHU KLV ZRUNVKRS RQ JOREDO LVVXHV ZRXO¢
this went to highlight the 3 \ H Didlinction between head and heart, inté¢llaad

emotions” Hicks ibid, p. 10) promoted by Cartesian dualiskie further discusses how a
coleDJXH ZDV QRW LQWHUHVWH® WG O\CKHH WOy | HKAW £ RQUOWV KAHKUH

detachment of emotion from learning.

2.5 Challenging the dominant scientific epiggmologies by developing ecological

thinking

The previoussections in this chapter have highlighted how a particular way of thinking,
premised on a particular model of science, has promoted the perception that knowledge is
linear, objective and static. Throughout this | have argued for the need to developaklatio
epistemologies, which | hawermed ecological thinkingyhich can challenge the dominant
ways of knowing. This next section will define in broad terms what comprises ecological
thinking and provide examples of how this might be developed in an eshalagettingand

how it might relateto the methodology that underpirsst thesis It will contrast how this

relational way of thinking differs from the aforementioned dominant scientific epistemologies.

In order to definewhat an ecologicalepistemologyis | draw uponCapraf ¥2005) and
6 WHU O L Q Jrindeworks of relational thinkingCapradefinesthis as systms thinking
and Sterlingas Linking Thinking). Capra (2005argues that to develop an ecological way of
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thinking five interrelatedacets should be considered. Sterlig§d5 p. iv) suggests that this

type of HSLVWHPRORJ\ LV VLPSO\ SUHPLVHG XSRQ S3WKLQNLQJ
RI UHODWLRQVKLSY ~ DQG DERXW IRFXVVLQJ RQ PDNLQJ FR
shaild become apparent ils opposition to the currentegtern education system which has

been outlined earlier in this chaptend favours more fragmented forms of knowledge
Throughout thisVHFWLRQ , ZLO O XaspectobDsystding Yhinkingnd tansform

them into educative principles which do not only apply &g about the natural world.

1. Studying the twle and not the partd his is unlike reductiosit science and school
learningwhere the object is to separate and understand repeatedligrsamd more
abstract aspects; an ecological epistemology values the system as a whole and
recognises that the whole is more than the sum of its [Setge 2009 postulates
that our current ecological and social problems are in direct proportion ittadility
to comprehend the Earth as a whole. In relation to the global picture of learning and
studying | believe this requires an understanding that science can be seen as a set of
interrelated ideas. This is best explained by Harlen (2010) who sughests
XQGHUVWDQGRDW KH DELG DE R XWmdyrheh QteddntswoK H Z K R (
move away from the perception that it is a disparate collection of discrete knowledge
(thepaWV 7KBHIEYY ZLOO EH icHeHMR2OHG IXUWKHU

At this point it is worth briefly referring to the methodological issues related to this
thesis.Pring (2001) suggests thadassroors are fluid, dynamic and emergent places
GHWHUPLQHG E\ WKH LQWHUDFWLRQVY DQG UHODWLRQ
environment in which they are situated. Over time, corgpgtific hidden and tacit

rules have been negotiated which determine how the class acts. These connections

are determined by the vaksgstems ball those involved (Pring ibld Learning and

teaching is therefore always a vaHexl activity which builds upon the relationships

develomd within a setting. Pring (201believes that the main aim of educational
UHVHDUFK LV WR LGHQWLI\ WKH IRUPV RI pWUDQVDEF
relationshps, between the teacher and his student wtaetbest help the learner to

develop #this was one of the key components for developing my mutualistic practice.

, VXJIJHVW WKDW LW LV QRW SRVVLEOH WR GR DQ\WKL

make sensef the interactions within my classroom

2. Capra (2005) also promotes tsteidy of relationships and not object$e previous
paragraph recommended that when studying science children should be helped to
make links between the differing areas of science which, | argue, is an example of

studying relationships. However, | also believe this can occur at an even @seper |
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OXFK RI VFLHQFHYV SULPDU\ DLP LV WR GR ZLWK FODVYV
same subject areBateson (1979) suggests otherwise and uses the study of leaves to
exemplify what a study of relationships might entail. He says that to defea# ad

flat and green is to objectify it. He suggests the leaf should be studied in relation to
the other parts of the plant and could be defined as; "a leaf is that which has a bud in
its angle" (Batesonibid, p. 8). larguethatthis form of learning maplay a role in
helping children to move away from viewing the forms of knowledge that science
produces as objective. In addition to the importance of promoting a spatial
understanding of the relationships between objects | suggest there is also altempora
aspect. The issue that knowledge is both generative and transformational over time
should be celebrated. That scientific ideas have changed over time can be used to
demonstrate this and reinforce the dynamic nature of such knowledge. By developing
an awaeness of this aspect of knowledge generation | believe that a culture which

celebrate uncertainty can be cultivated.

Contextual knowledge and not objectivimWledge This suggests that using the real

world as a basis for learning is of great impace. By inference, if a realorld
learningcontextis employed then this will understandably occur in an area local to

the learner and a greater understandirtgpef one is related to their localityay also

ensue. As part of developing ecological iy | propose that there is a need for

humans to reconceive their ontological connection so thatviegythemselves as

part of the natural world and not as sepafaim it. Orr (1992) has suggested that
ecoliteracy draws upon indigenous epistemologi¥¢hile these forms of
HSLVWHPRORJLHY HPEUDFH Dsgs@mRHinkéh® KUY IDFHW
understanding of place which is of relevance here. David Peat (2005, p. 27), referring

WR LQGLJHQRXV 1DWLYH $PHULFDQV VXJWEWWWY WKDW
VSDFH WLPH DQG FDXVDOLW\ ~ +H RXWOLQHV WKDW W|
but of their relationship as a group and with the environment within whief five.

Theway in which knowledge is learned, is entwined with both people aue jgind

therefore becomes inseparable. This contextual knowledge may be difficult to
replicatefully within many westerreducation systesbut there is research to suggest

(Sobel 2013) that direcontact with nature is vital in countering a disconneatvbeh

children and their local natural community. Meaningful science learning that can

occur in the outdoors may provide the finsind learning and contexdiuexperiences

which Capra (2005) and Orr (199&e calling for.

These contextual experiences dspaelevant to the metdological approach of my

research and the forms of knowledge most valusdggesthatit is not possible for
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DQ PRXWWHGHDUFKHU WR YLVLW SODFH proféssieal DV WKH
judgements on proceedings without an explicit understanding of the dynemics
operation Firstpersonaction research emphasises the importance of tacit, and
therefore contextugdknowledge (Polanyl958) and an ecological ontology which

decees that the person best placed in the research process to explain actions are the
individuals within their own context. understand that from this ontological and
epistemological stancé NQR ZL QJ E H FIRepkasticE "U 19 B QOLH, p51).
lsugJHVW WKHVH SHUVRQDO WKHRULHYV; BHPMERGLLYHGE L QV K
>SPLQH@ \RXUV DQG RWKHU O:KD W@E#sBIDIBIOThéy &) SUD FW
living and dynamic because these theories are in a constant state of emergence needing
moadification in light of new experiencé8Vhitehead® McNiff 2006).

Quality over giantity. This is a reaction to an education system which is assessment
driven and which reifies what can be measured and therefore quantified. The
assessment of relationshipsdacontext cannot be measured in the same way. With
regardso my practice | hope that the noneasurable aspect of developing mutually
respectful relationships with the students provides another barometer for how

succesful my work with them habeen.

Process is more important than structu@apra (2005, p. 2Broadly defines this as

DQ 3XQGHUVWDQGLQJ RI OLYLQJ VWUXFWXUH >ZKLFK@
UHQHZDO FKDQJH DQG WUDQVIRUPDWLRGQstudehts OH , FR(
WR JDLQ DQ XQGHUVWDQGLQJ RI WKLY DVSHFW Rl puSUR
of educational importance that this can relate to. | have previously highlighted the
significance of studying the history of science to demonstrate howhdeashanged

as more evidence has been accruidverelated this to the importance studying

temporal relationships,Q DGGLWLRQ Wduld/dso Vefeuts bl EUFIELNUM |

approach. Stenhouse (1975) promotes a curriculum which is transfovededind
developmentaand focusses on the processeairning. This form of curriculum does

not have a rigid structure comprising skhiamm goals (such as exams) and objectives

but rather a set of principles and aims where process is valued morethayhihe

end result. The importance of this for developiraycurriculum for ecoliteracys

recanised by Barlow and Stone (20G%6) who suggeghere isno; 3SKRPRJHQLVHG
one size fits lcurriculum.” This also relates to the methodologyseff-studyaction

research whiclis not premised upon hypotlessor achievable outcomes but on the
SURFHVYV RI VWXG\LQJ ZKHWKHU DQ LQGLYLGXDOTV YD
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Both Capra (200pband Sterling (2005orovide generic suggestions of how these facety
manifestthemselves in education systems but much remains at a level of abstraction. | have
added some detail in this section to outline how this might relate to science education and my
practice. Section2.6.2 will draw on these facets of ecologic#iinking and make
recommendations for how science education can be utilised specifically to develop ecological
epistemologies. However, before attending to science education, | will propose that there is
another model to Newtonian science. Téi®logicalmodel of science is premised upon the

principles of ecological thinking highlighted above.

2.6 But what if we have got it all wrong? Challenging the dominant epistemologies by
realising an ecological model of science

The previous sections have drawn uplo@ suggestion that the Newtonian model of science
has resulted in the perpetuation of epistemologies that are linear, objective and static and that
these are the dominant ways of coming to know in much of the western world. The following
section will reommend that there is another model of science which does not conform to
these epistemologies; aesological view of scienc&kather than promote the static nature of
knowledge, which is often how science is portrayed in schools, it will highlight the dynamic
nature of many current scientific ideas and demonstrate they are in a state of
transformation. It will challenge theverriding perception that knowledge is objective by
proposing that an epistemology of ignorance is cultivated; one that promotes asking questions
over finding answers. It will recommend that science and science education should be

reconceptualised and byidg thiscanhelp to promote an ecological way of thinking.

2.6.1 An ecoloi@al model of science celebrating uncertainty and ignorance

Kuhn (2012 provides an ideologicalonceptwhich helps to frame the concept thaesatific

ideas change over timéde describes sc@ FH DV H[LVWLQJ nar@alWw DR) G/ WD W I
HUHYR O XMUHRYQRXWMO\ , KDYH R Xyeienceehids torvecDa pedRlUP D O
where there is a general consensus within the scientific community around intellectual and
methodologo FDO IUDPHZRUNV W LV DQ HSRFK ZKHUH WKH pV\
anomalies from experimental data are explained through minor changes to the current
conceptual frameworks. However, he argues that the accumulation of anomalies can generate
enoughdissonanceso that old ways of thinking have to be discarded and a new (what he

terms) paradigm be adoptédk calls this pevolutionary scienc§ The process when radically

new worldviews replace the prevailing and dominant set of ideas is referred paesligm

shift. Kuhn(ibid) uses the example of the Copernican revolution, whereby the heliocentric
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model of the solar system replaced the geocentric model, as one suchmashifi. The
epistemological implications fahis form of thinking areimmense. Science can no longer be
perceived solelas a set of immutable facts or about a search for an absolute truth.

Similarto Kuhn @012, Firestein (2012) proposes that science does not progress via the slow
accumulation of facts but thugh theacknowledgement agnorance of the scientist and the
scientific communityand the desire to ask further questiorisis was exemplified in a recent
HSLVRGH RI p7KH ,QILQLWH ORQNH\ &DJHY D SRSXODU VFLF
2015,p QR SDJH ZKHQ WKH SUHVHQWHU SURIHVVHG WKDW 3F
misunderstood about science is that research scientists are operating on the edge of the known
DQG XQNQR zZ QfronvtKerqudritug@Nysicithis was directed dtighlighted howhe
embraceghis lack of knowledgand reasonethis was becausé gives him an opportunity
to learn something new. Bronowski (Knowledge or certainty 1973, p. no page) echoes this
ZKHQ KH VWDWHYV WKDW 3HYHU\ detgeld erQrindiQpardohaH QFH V'V
6FLHQFH LV D WULEXWH WR ZKDW ZH FDQ NQRZ DOWKRXJK
revolution might look like in schools when he clearly calls for a stop to the promotion of
objective knowledge. Bronowski encourag€&HDUQHUV WR EULQJ DQ 3LUUH
VWXGLHV ~ DUJXLQJ WKDW 3WKH\ DUH QRRZ B H G HHWRRJ ZFRHUUMK
ibid, p. no page). The sentiment of celebrating uncertainty is also reinforced by Feynman,
arguably one of the mostvered scientists of recent times, in thisqpfoted statement;

| think it's much more interesting to live not knowing than to have answers which

might be wrong. | have approximate answers and possible beliefs and different

degrees ofincertainty about different things, but | am not absolutely sure of anything

and there are many things | don't know anything about, such as whether it means

anything to ask why we're here. | don't have to know an answer. | don't feel frightened

not knowingthings, by being lost in a mysterious universe without any purpose, which
is the way it really is as far as | can tell.

(The pleasure of finding things out 1981 no page

The terminology that Feynman uses here is important as he discusses his ufidgristaed

on what he is unsure of rather than anything that is certaast&iimn embraces the premise of
uncertainty and proposes that society, and therefore educational institutions, should challenge
the dominant way of thinking by asking the followingX HV W L R Q e tdlt/atéd L |
LIQRUDQFH"’ ; 3 BBwe conBiiQaBan epistemology of ignorance like we have
RQH IRU N Q FizedtéinbidiHo" 30). The implications of advocating for ignorance and
how this could béncorporated into an ecological approach to my practice will be disdus
further in Section 2.7.1.2.
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2.6.2An ecological model of sciencechallenging the objective nature of knowledge

The previous susection discussed the transformational natureeoktiowledge that science

can produce and the need to celebrate and promote ignorance. It provided evidence that
knowledge should be viewed as tentative and with relative degrees of uncertainty (The
pleasure of finding things out 1981). The following wikwlop this and challenge the
perception that science is capable of produalmgplute truths. It will do this by drawing upon

examples from physics to suggest that knowledge is both subjective and relative.

Davies (1989) hasuggested that in the firstitty years of the twentieth century there has

been a paradigmatic shift in the perception of physics. This epoch of science was founded
XSRQ LGHDV IURP TXDQWXP WKHRU\ DQG (LQVWHLQTV DUJXI
radical ideas which were teQJ SURSRVHG KDV EHHQ GXEEHG E\ 'DYLH)\
3K\WVLFVY 7KH FODLPV EURXJKW DERXW E\ WKHVH GLVFLSOI
SUREDEO\ VWLOO DUH VR UHY R O XiWjluaRtQnD tdechahicONEsrb R KU S L
profoundy shocked you, you haven't understobd/ \HW =~ FLWHG LQ +XOVURM
(2005) classifies the shift from classical Newtonian science to this as a pareldénge

(Kuhn2012.

7KH UHYROXWLRQDU\ VFLHQFH DW W KdaMvandvievidbds&do® O H Q J H C
the simple premise of cause and effect, which up until now had served science so well in
explaining the laws of natur8ection 2.2letailed how, because of the many successes of this

model of science, that this way of thinking ha&sdme ingrained in many modern societies.
+RZHYHU +HLVHQEHUJ WKH UHQRZQHG WKHRUHWLFDO SK\\
and explains that thossho VXEVFULEH WR WKLV YLHZ DFFHSW WKDW
concerning the material worlthaWw FDQQRW EH (RIBM pl ABYHer ddgiveld Ghaf

quantum theory demonstrates that science does not need to rely onmechisz.Capra
(1996)develops this further and suggests that the ramifications of this are not only relevant to
science butalso education and everyday lifee proposes thahis particular branch of

science, once believed to have total predictive powershbledtodetermine absolute truths

has giverway to an ecological worldview.

While there igossiblyno need to give dailed descriptions of the physics here it is important

to give a brief outline to demonstrate how revolutionary these ideasttbetime (LQVWHLQV
theory of relativity (both special and general) challenged the nature of space and time which

up untl WKLY SRLQW KDG EDVHG RQ 1HZWRQYV ZRUN EHHQ
demonstrated that both space and time are variable and, in fact, are not discrete entities; they
are in relation with each other in a continuum known as spacetime. Quantum adbssor

throws up similar objections to an objective reality.gdantum particle can have both
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momentum and a position. However, unlike a moving object in the macroworld you can only
observe one and not the other. In between observations it is not pesst@ermine its

precise momentum or precise positidavies (1989) suggestisat it is the act of observing

which creates the reality of this particle. In addition to this, theBM RPLF pHOHPHQWTY FLC
as a wave or a particle. This again is determined by the observer. In response to whether these
particles are waves or prtOHVY 'DYLHVY LELG S |[LY UHVSRQVH I
According to Capra (1996), these particles also cannot be perceived as existing as discrete
entities (much as space and time). It is only by considering the related nature and
interconnectednssof the process between observation and measurement that these sub
DWRPLF phHOHPHQWVY FDQ EH IXOO\ XQGHUVWRRG &DSUD
WKDW 3LQ TXDQWXP WKHRU\ ZH QHYHU HQG XS ZLWK D

interconnectRQV

The predictive power in the quantum world is also different from the classical Newtonian
world of cause and effecBecause ofhe act of measuring and observimgsan effet¢ on
outcomes (Colbeck & Renne2011) it is only possible to make predictobased on
probabilities and these are based on the relationships outlined earlier. These probabilities are
what Feynman (The pleasure of finding things out 1981) has previously referred to as degrees
of uncertainty. Importantly, where in classical phydiwes prediction is founded upon the
reduction of evermore abstract phenomena, in quantum mechanics it is only possible to make
generalisations about the alb system (Caprd996). These differing models efhat science

can or cannot predict can be alsersavithin research based in the social sciences. This will

be developedfurther in Chapter4. This chapter willrecommendthat research into how
humans may act or behave should not be founded upon therewinodel of scienc& his

form of research treathumans as objects whose actions cagdmeralisd and predicted
Instead, ZLOO VXJIJHVW WKDW UHVHDUFK ZKLFasekeRflittd WR H[SC
by this thesisshould be premised upon thermiples of ecological science which embraces

the tentative and subjective nature of knowledge. This form of research values and seeks to
identify the uniqueness of the individual anthe relations developed during human

interactions.

This section has challenged the classical Newtonian model of seiedgoposed that there
is a differing model of science premised on ecological thinkimg) that thisinderstanding
could also be applied to research in the social sciefdes following section returns to
scienceeducation and suggests that thiwlogical model of science can ksedto reinforce

the principles of ecological thinking whichene highlighted irSection 2.5.
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2.7 Using the ecological model of science to develop an ecological appho@® science

teacher education

This section will daw upon the ideas from the previous section which outlined how an
ecological model of science, one which focusses on relations and connections and which views
the process of knowledge generation as transformational, could besisebtasiso help
reconc@tualise science education and science teacher education. In doing so it will provide
the context and justification for my claim that | have developed an ecological approach to
science teacher education. It will seek to provide examples of how this eeibged for
students training to be primary school science teachers and etpesetations of their course

may not be radically different to whditey have experienced in school.

2.7.1 Using the science curriculum to promote an understanding of the relahal and
transformative nature of knowledge

This section will place an emphasis on the role that studying science can play in coming to an
understanding of theelational nature of knowledge; both spatially and temporarily. | will
advRFDWH IRU WKH DGRS&WNVRQ +DIUW K Saring half6r syllabus
content in order to help demonstrate the interrelated knowledge of many scientific ideas. In
addition to this will be a recommendation that science teacher education programmes also
focus on the nature of science. By doing so I suiygest that this will assist students in coming

to understand how scientific ideas change over time and the subjective character of knowledge
that is generated through science. In particular, | will recommend thagdfic scientist,
Alexander wn Humbdadt, is studied to reinforce these principles. | will argue that his way of
thinking and carrying out science demonstrates an ecological epistemology. He is considered
WKH pIDWKHUYT RI WKH HQWUfURIBPaAd) ihvebet@re PoRoViteP th® W
connetion between a relational way of thinking (which | am suggesting canuktered
through an ecological view of science) with the need to addressmenfor planetary well

being.

2.7.1.1 Developing an understanding of the relational nature stientific ideas

In Section 2.5 | outlined how both Sterling (2005) and Capra (2005) have suggested that there

are a number of overlapping and interconnected facets of ecological thifkisgollowing
VHFWLRQ ZLOO GUDZ RQ &D®ddvdidp edobgical epMtehbloyid¥ie RQ WKDV
isafocusRQ PVWXG\LQJ WKH ZKROH DQG QRW WKH SDUWVYT +H .
to demonstrate this by statingy K Dh\&¥stéras, the relationships between individual parts may

be more important timthe partsAn ecosystem is not just a collection of spedies,includes

living things interacting with each other and theirnorL YLQJ H QY CaprQi&® QW -~
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35). However, | believe that this form of thinking can also be cultivated by helpidgrsis

to appreciate the interrelated nature adif knowledge. In this instance it would be the
interrelatedform of knowledge specified in the science National CurriculifE(2013)

across all disciplines. é@nonstrating these relationships would emphatiaé science is

founded upon a range of perspectives which all contribute to describing a world without
artificial borders (Mutvei & Mattson 2015There would be a recognition of science as a
HZKROHYT 7KLV LV QRW WKH SHUF MISaN som&linkcBrivhaRéexiiz\ VFKRF

false distinction between the disciplines of Biology, Chemistry and Physics.

Millar and Osborne stated as far back as 1998 thdhémeUK science curriculum presented;
SVFLHQFH DV D ERG\ RI N Q-RegmbpGtivélantikietedhedavsugde3ianH

Rl uWIDFWVY WR EH OHDUQW ~ S '"HVSLWH WKHVH FRQF
Harlen (2010) noted in 2009 that science curricula internationally still suffered from the same
problems. She highlightethat overcrowded and fragmented curricula resulted in many
VWXGHQWVYT SHUFHSWLRQV RI VFLHQFH EHLQJ D FRUSXV RI
not necessarily help them to gain a deep understanding of how the world works. As | also have
noted pre&iously, she commented that older children believed the main purpose of learning

science was to pass examinations.

Harlen (2010hassuggested that there are ten big idefscience and fouaboutscience

ZKLFK FDQ EH XVHG 3WR H[SODLQ DQG PDNH &End®BLFWLRQ\
the natural world”~ + D U O,HQ13).Ele@ferences thehig ideasfas goals of science
HGXFDWLRQ ZKLFK , EHOLHYH FRXOQ® EFKARQMANUKN 8 LRD PX
an understanding of thiig ideasfcan be seen dwth developmenat and transformational

and takes into account the learning of science from very young children to young adults. This
mirrors BWHQKRXVHY{V that afrMciilaishoMidLbRe fQunded upon process and not

fixed objectives (ideas related to curriculum as a process will be revisigmstiion 2.9 At

an early agechildren should be able to understand the unique cespedific scientific

experiences they eaonter. As their scientific understanding progresses their experiences

should help them to explain related ideas which become less cepezitic By doing this

they shouldbe able tadraw upon the abstragbig ideastin order to explain a wide range of
interrelated phenomena. Thiig ideasy therefore, provide a framework by which to
demonstrate the related nature of scientific knowledge that | believe is necessary for ecological
thinking. This would allow children and students to make the connedietngen different

areas of the curriculum. Although not mentionedHaylen (2010 this educative principle

may also provide a more realistic impression of the raigtiplinary manner in which many

scientists work.
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Prior to the currenNational Curriculum (DfE 2013), Millar and Osborne (1998pted that

there was a lack of consensus ourigh how children would develop their scientific
capabilities from primary through to the secondary phase of their learning. They argued that
this resulted in primary teachers not having clarity about how the science that tHesehad
taught would be deveped in secondary schools. Conversely the secondary teachers found it
difficult to know how to build upon the work that the children had already uneéertdkere

have been many bridging projeatdiose aimshave beerto unite primary and secondary
school eachers and provide both continuity and progredsiotine childrenTheirformat has
mainly beeras stanehlone activitiesHowever, hese have had little impact other than to aid
the (important) transition of children from the primary phase into secpretiucation
(Braund & Hames 2005). Symonds (20aB)p notes there are natioaally agreed procedures

for bridging projectand that recently far fewaschools are undertaking them.

Despte theNationalCurriculum (DfE 2013) providing clear progressimrcontent and skills
WKURXJKRXW WKH NH\ VWDJHV $0OO0OHQ LW LV VWLOO D¢
about the absence of a developmental model for science education are still current. | believe

that this curriculummodel can be provided bW KH @GHLDIVEY DQG FRQFXU ZLWK +D
p. 11)whoisconvind G WKDW 3OHDUQ L QareHinigeH to ke iQdasicdn pidoHdeF K @

the understanding that all students need to make sengleabfthey observe in the world

While | appreciate thal have minimal influence over national policy | am aware of the

authority | possess regarding decisions over the content of sessions in which the students
participDWH 7KH LQFRUSRGBD/NRQQRNVRVWH PEKIQJ VHVVLRQV Z|
aspet of an ecological approach to my practice. | hopat it would help the students to

appreciate the related nature of the science knowledge that they, and their children, would be
learning and also support them in acknowledging the progressive and opgmiegs which

is undertaken in developih DQ XQGHUVWDQ&HRVIRI WKH pELJ L

Harlen (2015) notea number of challenges that primary school teachers, and therefore the
students, might be faced with when adopting this approach. The main challengéoishaue
WHDFKHUVY RZQ H[SHULHQFHV RI VFKRRO VFLHQFH HGXFDW
and throughout the thesis, the dominant perception of science propagatedeby forms of

science education is of immutable and unrel&isolviedge (Milar & Osborne 1998)It is

easy to deduce from this that those that have had experience of such an education system may

not have had the opportunity to develop ideas around the relational ntsoieoce
NQRZOHGJH ZKIGHKD WiKté Hadh OIS suggestshat asecond challenge is

that the scientific activities which young children participate in usually only lead to an
XQGHUVWDQGLQJ RI pvVPDOO LGHDVY PDNLQJ FRQQHFWLRC

may seem tenuous.
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Encouragingly it igoroposedhat the ideal ighatall teacherdave an understanding of the

M E L@ HUH&Mlen 2015)which | suggest can easily be developgth my students during

their teaching sessions. A provision for the students t§ RO RS DQ XQGHUYYWDQGLQJ
i G H D \ fle lhad@ which will assist them in relating their own science knowledge across the
different domains of science. Alongside this would be the chance to identiyelaged

learning activities which would initially be used to develop an understandingieixtoalised

MVPDOO LGHDVYT EXW ZKLRKBPWYVRQVWRZRI H (RGBI BDRAIRHIRKIHW K |
statutory content specified in thationalCurriculum forscience (DfE 2013)utlines the key

conceptual understanding that is expected but is nstipéive of the strategies and examples

that are used to achieve this. This autonomy affords teachers the flexibility to specify the
learning context and therefore a choice of activityiwki KDV FOHDU UHOGHDWFH WR
Interestingly, Harlen @10) seems to suggest that at an early age of learning science it is
enough for the teacher to be aware of how particulaQdaQ J DFWLYLWLHG HBIDOIPDWH V
even if this is too abstract a concept for the children. In addition to the teachgrabkirto

justify the adoption of certain learning activities she argues that it should be obvious to an
observertKRZ WKHVH DUH RRGE& DB KFWHLU®R QD DuE@lentRed tid® \ G

those teachers who lacked secure subject knowledge arndesw for teaching science used

coping strategies such as following prescriptive texts and schemes of work from which to

teach. | hope thatby daQL QJ D ILUP JU R X GGGLID&ssBidns\aKd-byaBplyind.

thesdn a practical manner that the dants will feel empowered to takenership of teaching

science and not take such a dogmatic approach.

2.7.1.2 Developing an understanding of the temporal and transformationalature of

relationships in science

As part of developing these ecological epistemologiesvkehighlighted how Capra (2005)
suggestshat there i@ need to modifpur thinkinglURP pVWUXFWXUHY WR SURFH\
QHHG WR WKLQN LQ WHUPV RI pUH O Dated RQ ¥ Kawsd/fr@Q G QRW
the perspective of science education this could be demonstrated throeistamological

position that understantisw scientific ideas change through time. The following will provide

clearer guidance of what this might lookdiln practice.

As part of helping students to think in a differemnner there ineed for them to identify the
transformative nature of scientific enquiry and how scientific developments proceed. This is
often referred to as the nature of science. Whilgpreciate that the nature of science attends
to issues pertaining to philosophy, sociology as well as history (Taber 2012), the National

Curriculum for Upper Key Stage 2 only refers to one element of this which is that;
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33XSLOV«VKRXOG DddiveRhad btiehtfic Wdas chdrfig® and develop over time

(DfE 2013, p.24). To be assured that the teaching strategsesl withstudents are relevant

to their experiences in school | suggess element from the National Curriculumuslised

as a wayf addressing an understanding of the process of science. Issues surrounding the role

RI WHDFKHU HGXFDWLRQ KDYH UXQ WKURXJKRXW WKLV WKH

experiences should be linked to the curriculum they will teach in sehreatlealt with in
Section 1.5 but | argue that this focus on a specific statement from the National Curriculum
provides a valuable starting point. In addition to this the National Curriculum does not provide
any guidance for how it is expected that thigective would be achieved other than the
following two statutory statements;
EARTH AND SPACE: Pupils should find out about the way that ideas about the solar
system have developed, understanding how the geocentric model of the solar system

gave way toHe heliocentric model by considering the work of scientists such as
Ptolemy, Alhazen and Copernicus.

FORCES: Pupils might find out how scientists, for example, Galileo Galilei and Isaac
Newton helped to develop the theory of gravitation.
(DfE 2013, p. 30)

To gain an understanding of how scientific ideas have changed over time, and therefore to
demonstrate that knowledge is emergéntiggest this could be achieveith there being a
far greater emphasis on studyfiagnousscientists from theast. There would, however, be a
different emphasis in learning compared to the work that is currently being undertaken by
many schools. Researchdishowng®inclair& Strachan 2018hat many schools are studying
specific scientists to demonstrate subsvanfacts like their date and place of birth, whether
they were married, or the number of children they had. An ecological approach would promote
UHFRJQLWLRQ RI ZKHUH WKH VFLHQWLVWY{YV ZRUN ILWV
preceded theirs anvdhat came after. It would encourage students to ask what they would want
to find outif they were the scientisjemonstrating that the start of a scientific engisry
initiated from a position ahformed ignoranceA template for how this might be achés in
the classroom is provided ppendix 1and forms the background of the work with the
students from Cycle 2 of this theq@&lso see Sincla& Strachan ibijl

| suggest that there is a need to include contemporary scientists in this process. Sinclair and
Strachan(2018) have shown how the work of contemporary scientists builds upon the
achievements dlamousscientistsfrom the pasto demonstrate thisontinuumof ideas. At

this point it is also useful to return to the sugigens of Firestein (2012) who proposes the
need to cultivate ignorance. He provides specific strategies that could be adopted to realise
this. He recommends that students gain exposurellohdato scientists Firestein (ibid)

suggests thahstead of asking themhat they do, #&ar more productivgiuestion would bé&o

LG
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ask them to detail what they are trying to find out. He offers a number of probing questions
which studats could ask, whici. Q F O Xl@aHwvoyld you like to know? What do you think

is critical to know? What will happen if you find this or that thing out? What might happen if
\RX GRQTW"Y DGDSWHG IURP )LUHVWHLQ LELG

However it is important to realise that thereaglichotany within science education. While
haveproposed that some scientific knowledge should be viewed as tentative in nature there is
alsothecontradictory viewhat sciencés also comprisedf a consensually accepted body of
knowledge that is highlyesisant and unlikelyto change. For example, itimprobablethat

in the future it will be discovered that plants do not require light to photosynthesise or that

matter is not made up of atoms. It is this corpus of knowledge whichetesdsciencein

beingso successful and one of the reasamthis isthat it is viewed as being able to provide

absolute truths. It is easy to perceive how shtigationis translated into goalriven curricula.

The difficulty lies in the appreciation of the difference bet@@eeun I URQWLHUY DQG pFRQ
DJUHHGY VFLHQFH DQG Rl WKH HSLVWHPRORJLFDO LPSOLFL
other. Pleasingly, howeveMillar (2004) statesW KDW LW LV HVVHQWLDO WR VYV
VFLHQFHTY LI D |IXO0O @Ge Kauee laflsaianch i@ 16 bearririedM would suggest that

while the discussion here is about gainiagientific knowledgethis understandindgs also

imperative indevelopng ecological epistemologies. Whil€aber, Billingsley, Riga and

Newdick (2015, p370) S WUHVV WKH GLIILFXOW\ LQ SHUVXDGLQJ 3VWX
is generally robust and reliable, yet also in principle always open to challenge and

PR GLILFDWdeavapy feasbl tatempt to demonstrate thi addition to this, Miar

(2004 p.6) KLIJIKOLJKWY WKDW ZKLOH LW LV LPSHUDWLYH WR OHCL
EH DFNQRZOHGJHG WKLV LV D SURFHVV ZKLFK LQGXFWV W
world "He points outhat little acknowledgement is given that science nézg is helping

students to move towardsamrldview of the scientific community or how this consensually

agreed knowledge has been created. It is useful to retuylHOQPDQTVY 7KH SOHDVX
finding things out 1981) viewf science knowledge regardidggrees of uncertainty. Time

should be given for students to express their opinion about how unciéwasctientific

community areabout specific science topics.

This section has attended to the suggestion that the science curriculum could be utilised to
KHOS GHYHORS HSLVWHPRORJLHV ZKLFK IRFXV RQ pSUF
HMUHODWLRQVKL S WhsiRéomidendedBatHHrsV ol be Athieved by studying a

range of famoy VFLHQWLVWYV Y HEdwuhi fteg GrtaGaHdhihun-b@elving

ideas. A methodology was provided to carry out this protpsspose in the following section

that one scientist in particular should be studied; AlexanderHumboldt. | will arguehat

theway he carried out science provides a model of ecogcience. By doing thiswill
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propose thahe possessed an ecological epistemolBging termedhe firstenvironmentalist
(Wulf 2016) hetherefore provides thieridge between ecological thinking and concerns about

planetary weHlbeingwhich has beemissing so far.

2.7.2 Alexander von Humboldt- providing a model of ecological science

Wulf (2016) notes that von Humboldtrimostrenownedor his worldview andhot for making

a specific discovery or inventing a new law of physics. In this settigit outline what |

EHOLHYH WR EH Y®IQuiewXaRESR@WCWINE Eadis to demonstrate that

VFLHQFH FDQ EH SHUFHLYHG DV DdgasidhuecRddicalBhdkibg-W & D S

FDQ EH VHHQ UHFXUULQJ WKURXJKRXW YRQ bedWHROGWTV

particular is his perception of his relatimip with his lived world which is in antithesis to

Cartesian dualism. In previous sections | called the need for an appreciation of the

symbiotic relationship humans have with the natural world but, up until this point, this ha

mainly focussed on a physical appreciati@D FKV VXJJHVWV WKDW YRQ +XPER(

not solely premised upon formulatimgtworks between the living and inanimate but also
TXRWLQJ YRQ +XPEROGW WKDW LW ZDV WKH VHDUFK 3IRU
LQWHOOHFWXDO ZRUOG ~ FLWaHsG2009Q, 6 B)okaurs with tigs

suggesting von HumboltV VFLHQFH ZDV 3LQVHSDUDEOH IURP WKH

materia, VRFLDO DQG FXOWXUDO FRQWH[W =~ , EHOLHYH WKLV

Bateson (2000, p. 4913 referring to when he argues that the mind does not exist within the

brain DQG ZKDW W K L[SdN MusLanviréimied | suggest thiss similar to the

indigenous epistemologies which were denotefiantion 2.50rr 1992; David Peat, 2005

| argue that this lack of distinction between mind and nature unddrpims/on Humboldt

worked which is théocus of the following writing.

2.7.2.1 \bn Humboldt xhelping to develop an uderstanding of the temporal and

transformational nature of relationships in science

SHUKDSV WKH PRVW REYLRXV Rl YRQ +XPEROGWIfV DSSUF

connections and relationSachs (2003) has noted that he was a fanatical empiricist and

GLVFRYHUHG DQG QDPHG DV PDQ\ QHZ VSHFLHVCBrN WKH UF

Linnaeus.However,he argues that von Humboldt viewed classification as a false construct

DQG KLV GULYLQJ SXUSRVHDUPR QLRH\\RW XQG® WK KIH) by B D MK W L

identifying a unity between environment, climate, and livingiaadimate phenomena. Wulf

(2016) statethat by shunning the dominant fashion of taxonomic categorisation, he was able

to determine relationships between types of plants, climate and geography. Z88&he.(
GHQRWHY KLV ZRUN 0Wibeedi airrdttR affetel! mehR le@peraures
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all around the world, how geological formations affected vegetation patterns, and even how
GHIRUHVWDWLRQ DQG PRQRFURSSLQJ DIIHFWHG WKH KHDO
by doing so he was seekinft XQGHUVWDQG SRUJDQLF PHAVJENitgRQQHFW
definitive answers. ¥n Humboldt envisioned the planet and those that lived upon it as an
interconnected and interacting organigrnich Wulf (2016) proposes was a precursor to
/IRYHORFNZD®)*DLD

A fragmentary attitude to science education is evident within the current English National
Curriculum (DfE 2013p. 4. In the section which specifies what should be taught and learnt
about the nature, processes and methods of sciestegei$ thathildren should;
use a variety of approaches to answer relevant scientific questions. These types of
scientific enquiry should include: observing over time; pattern seeking; identifying,

classifying and grouping; comparative and fair testaogn{rolled investigations); and
researching using secondary sources

It is encouraging that the inclusion of these six different methods of scientific enquiry has
resulted in an understanding that there is more to science than the comparative and fair test
(promoted by therevious National Curriculum; DfES 199%lowever,the simplicity in

which the scientific process has been exemplified, that it is either one enquiry &ypetwer,

is misleading. Feyerabd (2010 provides a convincing argument that it is implausible to

conceive there is one unifying scientific metho @ & HDFK VFLHQWLVWTV PHWKRC
are based on personal bias. While | do not sugesthis anarchic approach should be

adopted in schools, the issue that many of the enquiry types overlap should be emphasised.
Currently there is a preoccupatiwvith teachers that children should be able to identify and

use a particular enquiry type in a similar fashion tgpifeeiousslightly myopic adherence to

the fair test. In addition to this, and referring back to Humboldtian sciencemip@stantto

note thedifferentweightingthe IDW LR QDO & XU U Lideatthyd ) & MIFEH ¥ ORDQ/ WL 1\ L «
DQG USDWWHUKQHWMHNEQJYIFODVVLI\Y DQG ULGHQWLI\] DUH |
WKH HQTXLU\ WHUPV pSDWW pavigert feQaingnt/sdgyEstismtidcR Q VKL SV |
how to work scientifically. The subliminal message from this is that to be good at science you

need to be good aompartmentalising.

9RQ +XPE R®IGYHEA Vand relational way of thinkinghfluenced the way he
communicated his ides causingEtte (2010)to VXJJHVW WKDW YRQ +XPEROGMW
writing over seven decades should be viewed in their entirety and not as separate entities.
While Ette noteshateach of the writings can be viewed discretely he believes von Humboldt

wrote WKHP DV D 3G\QDPLF QHOWZRUW H WKWK DERaWsL RQV = L
UHLWHUDWHY WKLV ZKHQ VKH TXRWHV YRQ +XPEROGW V\
encyclopaedic aggregation R WKH UHVXOWYV R V FUofiQdiheir unifyingy UDW K}
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thread;3*WR VKRZ WKH VLPXOWDQHRXV DFWLRQ DQG WKH FRQQ
the universg” (Walls 2009, p. 7). Wulf (2016&efers to von Humboldt as one of the last
polymaths before scientific disciplines became tightscsglised as most have become today.

9RQ +XPEROGWYV ZD\ RI SHUFHLYLQJ VFLHQFH DV LQWHUGL
by referencing they ELGHD VY RXWOLQHG LQ WKH SUH YideRtfy\ngV HF W L R C
how he worked which will be dailed below. However, it should be notdtht his opus
KosmosDWWHPSWV WR SURYLGH D XQLILHG WKHRU\ ZKLFK LQF
KHDYHQ DQG HDUWK WKH XQLYHUVDOLW\ RI FUHDWHG WKL
which repres@ WV WKH 3:RUGHU RI WKH ZRUOG DQG DGRUQPHQ
Humboldt 1883 cited in Walls 2009, p.5),Q D VLPLODU IDGKIDR/GQ WRWPRN RDL .
give the unwitting impression of completion andatfsolute truth with Walls (ibidp. 6)
FRPPHQWLQJ WKDW YRQ +XPEROGW VDZ .RVPRV DV D 3KDUI

, KDYH DUJXHG WKDW YRQ +XPEROGWfV PHWKRGV SURYLGI
approach to science. His studies, however can be aligned more with the life sarehtieest

of Biology. An ecological model of science would need a strong emphasis on the study of
biological aspects and in particular thegdch demonstrate the interdependent nature of how

the planet functions. | have previously shown there is a fixatiothe forms of science that

produce objective knowledge and that the discipline of physics is most celebrated in this
regard. Despite his helpful guidance on formulating a view of knowlfxlgeledon degrees

of uncertainty Feynman still concurs with éhlNewtonian model of scienceaintainingthat;
3SK\WLFV LV WKH PRV Wintksye & Ehel idhBe@ndh@schad & wofound

effect on all scientific developmerit YH\QPDQ /&3ahd<lNG3(P. no page). He then

proceeds to outline howddogy is underpinned, and can be explained, by physical elements.

This is further evidence that a fragmentary model of knowledge production is still evident
amongst scientists who understand the uncertain and tentative nature of coming to know. It
demongtates the need to study elements of science, such as practised by von Huvhipziidt,
GHPRQVWUDWH WKH pPHVV\Y QDWXUH RI UHVHDUFKLQJ OLY
compartmentalised and explained by linear cause and effect relationshipe argaed

throughout this thesis that a change in how we relate to the planet is not predicated on specific
subject knowledge but an ecological way of thinking. However, this section has éngtied

the learning of subject knowledge which is establishedetational biological principles is

important. There appears to be some consensus that these biological principles should be
founded upon aappreciatiorof how ecosystemfunction(Orr 2005; Capr&005). Orr (ibid,

p. Xiv) is clear that an undeastding @ life is established frorthree fundamental phenomena

DQG WKHVH DUH 30OLIHYVY EDVLF SDWWHUQ RI RUJDQLVDWL

through the web of life; all ecological cycles are sustained by the continual flow of energy
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fromthe sun; 2U U dulBm&@isethese as the web of life, the cycles of nature and the flow
of energy. These have direct sglation withseveral RI W K Hdea& of ¥ L H Qoét Hff|
particular with the premise thatrganisms require a supply of energy and nialefor which

they often depend on, or compete with, other organisghsrien 2015 p. 16). Capra@05
alertsus that not everythingshich needs to be learned can be taught through ecosystems but
this area of science could obviously act as a startiing pden designing aurriculum for an

ecological approach to science education.

2.7.2.2 von Humboldt +helping to develop an understanding that process is more

important than structure

A further demonstratiorRl YRQ +XPEROGWTTV HF BeGe&ed infz@yaltKth QNLQJ |
the process of science rather than its structure. Ette (2010) alftaiesRQ +XPEROGW 1V
approach was one which celebrated his fallibility and which understood the necessity of
building uponhiserrors. Ette (ibid, p. 121) coinkKtLV DV WKH 3 BébwteRhatvB O X UH”
Humboldt saw his worlasin a state of transformation and never as absolute and that he;
SFHOHEUDWHG DQ DVFHQW ZLWKRXW DsGn mdtidh| a¥fway3 onlVKH KD S
the move, (Ette ibid, p. 7KLY WUDQVIRUPDWLYH HSLVWHPRORJ
WUDQVFHQGHG WKH WKHQ DQG FXUUHQW %DFRQLDQ REVH'
+XPEROGWYV YLHZ RI VFLHQFH ZDV UHIOHFWHG LQ KRZ KH
argue it couldbe that his view of how the planet operated was reflected in how he perceived

the nature of science). The faélesathe believed nature could not be defined in absolutist terms

was mirrored by the way in which he undertook his scientific work; a trangitogess of

asking questions to seek further clarification (Sachs 2003).ig bimiilar to Firestein (2012)

(highlighted in Section 2.7.1.9 who proposes a celebration of ignoranite scientific

enquiies 9RQ +XPEROGWY{V YLHZV RQ b ésed @ Provide)acortexV FLHQF
for the forms 6 scientific enquiriesundertaken in schools. In this instance | advotiage

adoption of scientific enquiries which are founded upon ageted questions. These open

ended enquiries did not necessarily providée answers but afford an opportunity to ask

further questions with which to investigateis relevant to mentiothatthe methodological

approach which | adopted for this thesis has many parallels to this form of enquiry. This
researchwas not initiated from a hypothesis and agoaceived outcome. | have championed
throughout this writing, similarly to von Humboldt, hdwnderstand my work and learning

as a developmental process which has no fixeepend.
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2.7.2.3 \on Humboldt zhelping to develop an understanding of quality over quantity

7KH VXJIJHVWLRQ Rithaktbirkiddghvuld be shifted in terms of ality over
guantity has been given little attentionthis thesisso far. While Caprédibid) alludes to the
factthatthere are elements of science which cannot be reduced to faquist there is no
way of quantifying certain relationships such assthfound in food webs, he does not develop
ideas regarding the subjective nature of undertaking sci€sion 2.6.2eferred to the
quantum world and it was argued that scientific observations can nevebjbetiveffree.

This sectionwill develop this andocus on the need to embrace personal emotions, in the
manner von Humboldt did, especially in terms of the s@ignce is communicated those

who are not science specialists.

$QRWKHU XQGHUOLQJ SULQFLSOH R pupBs inrcdmmuRiCatng/ 1V DS S
science. Botlsachs (2003) and Wulf (2016) propose that while other contemporary scientists
werefocussedRQ SURYLGLQJ XQLYHUVDO ODZV YRQ +XPEROGWY
nature. This viewpoint emanates from his ecalabiepistemology which perceives the

physical and intellectual world as entwined. Walls (2009) suggestslumboldt thought the

common perspectivef undertaking science shouldampenany emotional response as

incorrect Nichols (2006) notethatvon HUMbR O GW V L QW H U D-wadd.IBc@tidnZ L W K W K
he studied were of great importance and were not just limited to empirical observations. While
Capra(2005) has suggested there is a need to appreciate quality over quantity, Nichols
suggests that vaHumboOGW TV IRUP RI VFLHQFH ZDV FDSDEOH RI GHO
ZDV SURYLGLQJ WKH PHDVXUDEOH DQG TXDQWLILDEOH GDW
the accompanying personal emotional and aesthetic responses.2046f guggests this

stance culnmated in the composition of Kosmos being given similar prigatyhe scientific
FRQWHQW )XUWKHU WR YRQ +XPEROGWYTV DSSURDFK WR FR
on a BBC radio interviewThe infinite monkey cag2013) by an astronaut who had visit

the Moon. Hamplored for the inclusion of artists future missions as he detailed he did not

have the capability to describe and explain his experience in a manner which anyone other

than a scientist could comprehefithis resulted in him not beindk to communicate what

he has seen and learnt.

Recently there has been a push for the inclusion of the arts when teaching the STEM subjects
(science, technology, engineering and mathematics) in an approach called STEAM learning
(science, technology, engiering, the arts and mathematics). Many of the debates surrounding
the STEAM method aréo do with the relatively fevstudents studying traditional STEM
subjects because of their perceived lack of appéalse that dtake STEM subjectareoften

said to lack creativity anishnovation (Land 2013roponents of STEAM suggest there is a

need for students to engage in picad problemsolving based on real life comts (Land,
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ibid) and hat this improves curiositygelfmotivationand developsin understanding athe
nature of sciencéMinner, Levy & Century 2010)Its detractorsposit problembased,
experiential, and ingjry-based teaching and learning is just néafve (Kirschner, Sweller

& Clark 2006). These are important debates but, for the purpose of this section, there will be
a focus on how a STEAM approach may help in improving the communication of scientific
ideas and in doing so assist in changing the perception of sciemedollowing briefly

discusses why this is of importance.

Nisbet and Scheufele (2008ighlightthat scientists are positioned as hggatus individuals

who are both respected and deddrto as figures of authority. Yet they also propose, despite
this reverencethatthe larger population is either not able to or are uninterested in engaging
deeply with issues to do witheir work Dietz (2013) suggesthis may be because science
communication often only concentrates on the dissemination of scientific facts and as a result
science is perceived as a vafoee endeavour which eschews the need for emotional
investment (a further Cartesian divide). He esithat engagement in scientific debate may
reach a wider audience if this personal element is attenddtistuet and Scheufel@09

make similar claims and recommetitht a wide range of communication tools should be
adopted to achieve this. Of part@uDU LQWHUHVW LV WKHLU VXJJHVWLRQ
one of the strategies used. Vhao not, however, provide examples of the way this might be

achievedn practice.

, SHUFHLYH WKH DUW RI pVWRU\WHOOLQJY glaQtte SeideH XVH R
(by the Arts | embrace the disciplines of poetry, literature, art, music and)drEmmaspect

RI VFLHQFH FRPPXQLFDWLRQ GUDZV XSRQ YRQ +XPEROGWT\
and composition in equal measuapra (2005, p. 22) gvidesa further argument for the
LQWHJUDWLRQ RI DUWV LQWR WKH FXUULFXOXP EHFDXVH
FKLOGUHQYYV QDWXUDO DELOLW\ WR UHFRJQLVH DQG H[SUH’
research into this aspect of STEA&&Ining | am confident that strategies could be elucidated

which provide effective communication methods ttemiognise the valuaden and emotive

aspects of science yet do mhitte the scientific content.

2.7.2.4vVon Humboldt zhelping to develop anunderstanding of contextual knowledge

over objective knowledge

The following sectiorreturns to my argument that the combination of Cartesian dualism and
the success of Newtonian science, which reduces the universe to operating like a machine, has
perpetuted the myth that humans are separate and distinct from their lived world. | have

highlighted how this disconnect has resulted in the perception that nature can be dominated
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and controlled indefinitely and solely for human purposes. disnnection ishe core tenet

for those highlightinghte current plight of the plané€schumacher 1973rr 1993. Previous

sections have discussed the importance of developing relational epistemologies to combat this.

As part of this epistemological development | alsggest there is a need for many humans

to physicallyconnectZLWK WKHLU OLYHG HQYLURQPHQW 9RQ +XPERC
used to demonstrate how studying and participating in ecological science can help to promote

this.

Another defining aspectof RQ +XPEROGWYTV VFLHQFH ZDV KLV FRPPLWI
with the central tenet of sciendee strictly adhered to making empirical observations to gain

an understanding of the world. It is important to note that these observations were obtained in

situ which is the antithesis of much of modern science. | have argued previously that much of

the siencewhichis currently practied is reductionist in nature. This form of science reduces

the study of complex systems to the level of understandingiitstituent parts in isolation.

This abstraction has to occur to ensure that other interrelated factors do not interfere with
findings and has culminated wcientific enquirybeing undertakenout of context. The
consequence of this teatmuch of scientit research occurs in clinical laboratories and not

in the field; further reinforcing the stereotypical view of the scientist.

Sobel (2013) highlightthe dichotomy children are currently facing. He points out that while
there has been an increase in understanding and interest in global issues (such as studying
deforestation and endangered species) this has also been accompanied by an increase in those
that are disconnected from the natural world. Sabil)(suggests that while there has been a
greater focus on global ecological problems both in schools and in the thexdieas resulted

in the abstraction of nature. He argues this is because mang gbildren are missing out on

the firsthand sensory experienaghichare gained from exploring local environmeidsint,

Burnt and Stewart (201®yovide an example of thipointing out that approximately 12% of

young children in the UK had not visitednatural place in the year preceding their research.
Dayton and Sala (200%luggesthis abstraction haasomaterialisedn the USbecausenany

students have only been taught ecological principlesugiirdahe use of textbooks. Abram

(2010) also highghts that many of our visual experiences are gained through the two
dimensional images from televisions (and mobile phones) and these cannot provide the

necessary depth and engagement with what is being watched.

Leopold (1949, p. vii) clarifies this by BWLQJ 3ZH DEXVH ODQG EHFDXVH
commodity belonging to us. When we see land as a community to which we belong, we may
EHJLQ WR XVH LW ZLWK ORY H tEegy@bidtle xeRtidFsWp of edte;Itha) W K H U (

care of nature and care péople are interchangeable. Studies by Mayer and Frantz (2004)
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VXSSRUW /HRSROGTV K\SRWKHVLVY O0D\HU DQG )UDQW] LE
generalisations bu¥ XJJHVW 3Ll SHRSOH IHHO FRQQHFWHG WR QDWZX
harmit,IRU KDUPLQJ LW ZRXOG LQ HVVHQFH EH KDUPLQJ WKHL

Leopold (1949) and Sobel (2013) also afford a direction that could be exploited in an
eological practice. Leopold (194%uggestghat direct contact with nature is central in
reconnecting thendividual with the planet and by doing so helping to develop a worldview
that is not egocentric. Sobel proposes that children could develop this connection by being
provided with firsthand experiences within their locality. Encouragingly has been
demamstrated even simple activities can go some way in helping children make a connection
with their natural environment. Lindemaivatthies (2005) has shown that children who were
encouraged to identify their local plants and animals showedegoeaeof those organisms.

Dickinson (2013) provides evidence that learning science in a natural setting is a significant
aspect ofproviding both experience and knowledge. However, she is keen to elucidate that
often science learning can place sole emphasiegnitive gains with little regard paid to any
emotional response. This facet of science education has already been discussed and
consequentlynay result in distancing rather than reconnectiomethapsprovides further
credence to my position that a&omceptualised science education must embrace both quality
and feelings. In contrast to Lindemakfatthies (2005), and in keeping with my previous
argument about identification and classification, Dickinsg01@ suggests that naming
animals and plants nahave this distancing effect by reinforcing difference and justifying
fragmentation. She recommerttiatchildren should still learn scientific names but that this

is intandem with a process she terme-namingfwhich focusses on the sensory experisnce

garnered from an animal or plant.

In addition to the role learning science in a natural environment can play in reognec

humans with their planet atbe effects this may have on mental and physical-bhg.
:LOVRQTV M E LR S KtatesltHat KuntaRsWaelatieadued affinity with the
QDWXUDO ZRUOG ZLWK /RXY FRPPHQWLQJ-defiKibWw ODFN
GLVRUGHUY -deéficiD Hso€er ¢ Xkt Hfficially recognised as a disease, there is

growing research to suggesiatprolonged exposure to natural settings has improved physical

and mental welbeing (Chawla 2015). Wells and Eveft2003) studies also conclude that

being close to nature may impro'eKLOGUHQYV FRIJQLWLYH DELOLWLHYV DQ

Louv (2010 also recommends that time spent in nature should not be viewed as leisure time
EXW DV DQ LQYHVWPHQW LQ D FKLOGYTVY KHDOWK :KLOH 'L}
intent, she is critical of his recommendations that contact with nstueough. She states

that unless the underlying cultural framework and epistemologies which have diesated
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disconnect are challenged then not much will have been achieved. | believé20aay
provides a justification for learning science outsideHt FODVVURRP ZK2003H 'LFNLQV
claim strengthens my argument that this needs to be through a particular model of science.

This section has highlighted the importance of humans making mental and physical
reconnections with the natural world. | hawggested that part of this reconnection can be
provided through learning science outside of the classroom as a way of developing ecological
thinking. However, | have stressthtthe form of science learning which is used to develop

this reconnection isggnificant and must be premised on hadssensory experiences which

garner emotive responses. | have argtned this canbe developed though the process of
HFRORJLFDO VFLHQFH DQG DQ\ OHDUQLQJ IRXQGHG XSRQ
contirue to einforce the disconnect.

2.7.2.5Von Humboldt - summary

This section has provided a justification &udyingvon Humboldt as part of developing an
ecological approach to science education. It exemplifiathis way of thinking and working
demonstrated an ecological epistemology and in doing so provides a holistic view of how
science proceeds. | suggested Huldtian scienceasfocussed on discovering connections

and that in future, classification in schools should place greater emphasis on the study of
relationships over identifying similarities and differences. | also discuss&dhe nature of

YR Q + X P EBdénce Wk Wased around the biological principles related to ecosystems and
that there was aclddh UHODWLRQ WR ALK QRitEfolld @ Hded/afRa stdrting
point for defining a curriculum for ecological thinking. In addition to this ppsedhatvon
+XPEROGWYTV PDQQHU RI FRPPXQLFDWLQJ VFLHQFH ZKLFK
could be adopted in an approach termed STEAM leariiinig.section has provided specific
examples and guidance for using von Humb§igt ZD\ R S UiBrieddd a/dtiQulusvité
develop ecological epistemologi¢towever] am mindful that the manner in which education

proceeds is as important as whaemrned. The fdbwing section attends to this.

2.8 Teaching in a manner that promotes the value of delping trusting educational
relationships and the benefits of learning from one another?

The previous two sub sections have attended to issues which could be regarded as syllabus
content in relation to my developmaeaftan ecological approach to science teacher education.
While | argue that developing an ecological view of sciezae play a role in undermining

the current mechanistieducational paradigm | also concur thedagogies employed for
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learning are as importaas what is being learned. This section therefore develops the ideas
put forward about developing an ecological approach to science teacher education by
providing a theoretical framework which reconceptualises the dominant lecturer/student
relationship ananewhichis underpinned by an ecological way of thinking. | have referred

to this in Chapter 1 as a mutualistic practice. This practice dridsR Q % XEHU TV
philosophy of education which is founded upon iiteman relationg1958)and| suggest

three aspects by which to develop mutually redpeetiucational relationships.

Capra (2005, p. 27) makes it clear that classrooms (or lecture halls) are located in, and in
relation with,what he terms3 Q H VW H G " WhithwhellRl¥ the whole school oriuarsity

and the wider community. He advighatwhat happens in individual classrooimsfluenced

by the multiple layers of the nested system tinadistrategies of change need to be targeted

and addressed at all levels. While | appreciate the necéssitink in this manner | am also
cognisant that my most powerful and immediate influence is at the classroonStewntiouse
(1975)recommendshe starting point for change should be the classroom, the curriculum and
WKH WHDFKHUfV DQG.NWAQTNQW VT VYU Rhc@uragitglafk O XP LV
provides a purpose for the need to be explicit about the educational approaches that a teacher
could adopt within hi§sic] classroom. He proposes that any curriculum is mediated through
the interacthns between teacher and learner and the educational and social discourses they
bring to this relationship. Stenhous&975 proposest is incumbent on each teacher to
research the negotiated process of this curriculum in relation with a particular droup o
students. The following therefore focusses on the forms of relationships and educational
interactions | feel are necessary to develop ecological epistemologies and which | term a

mutualistic practice

The conceptual frameworks of Buber, which focus ontypes of relationships humans
encounter, are useful in helping to theorise this position. Much of his work focusses on the
interactions between humans although | will first draw upon a specific example he gives of

how we may view inanimate objecBuber (1958, p. 200DVNV WKH W ebbsteiétd WR 3
tree, it can be looked upon, its movement perceived, classified, recognised as an expression

RI ODZ FRXQWHG EXW LQ DOO zD\V WKH WUHH UHPDLQ DV
%XEHU GHVFULEHV WKH REM H FahipBI¥ary froyiday § rafidkale/foO LQHD U
the type of thinking which has led to previous claims about the objectification of nature. In a
similar fashiorto Bateson (2000) herguedghatif the viewer understands the relationship they

have with the tree it nlmnger becomes an object.

Buber (1958) highlightgshat human relations, and therefore those that cecurin the

classroom, exist in flux between two aspeckat of rthoufand kit  a relational or
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objectifying positioning. He believes thetHou elationship is based on a mutual
understanding where each respects the other as an equal and the recognition of the future
possibilities within and from that encounter. He suggests only through the process of

encounter that one can truly profess molerstand oneself and fully discovBrQ Himanity.

+H UHIHUV WR WKLY DV HQWHULQJ LQWR GLDORJXH 7R %XE
LV WKH UHODWLRQDO HQFRXQWHU WR RQHYV VHOI RWKHI
JURPPTV S bHWQJYT PRGH RI H[LVWHQFH UHIHUV WR WKH V
WKDW 3LW LV RQO\ LQ WKH SURFHVV RI PXWXDO DOLYH UFE
EDUULHU RI VHSDUDWHQHVYV ~

Buber refers to anitlt frelationship as one where teeis an asymmetrical power balance

where one individual objectifies the other and in particutififerences are highlighted;
resultinginQR HTXDOLW)\ Q Reiddihy SeHdfaré andiirlgieofim (979 p. 63)

refersto a similar mode ofexis®@ FH DV pKDYLQJY DQG VXJIJHVWV WKLV W\
othersss WKHUH LV 3QR DOLYH UHODWLRQ@OVKLS EHWZHHQ PH DC

In setting out his vision for developing ecolitera®yr (1992) makesimilar claims to Buber

and Fromm. He makes iteadrthatthe current formal western education systems, which are
premised upon a conversation of monologue directed from those in power, are achieving little.
While he specifically suggests that education should occur, in part, as a dialogue with place
(which | have outlined when referring to the importance of understanding place), he also
provides guidance for the forms of teacher/student relationships which might assist in
mirroring this. He argues that dialogue can define individuals but this musalelationship

of acknowledgement with the other.

Importantly, Buber (1958) rejects thens a distinct dualism between the two forms of
relationships and that an individual operates in flux between thé-tamm (19793lso states

that having and beingndenciesre both present in individualsam, however, in agreement

with Guilherme and John Morgan (2009) who, despiténg that Buber felt that thigThou {

relation is real and perceivable, feel there is difficulty in conceiving how this might materialise

itself in reality. In addition to this | also question how likely this form of relationship is to

occur. Traireteachers who have been through schoosiysiems which have continually
UHLQIRUFHG WKDW 3WHDFKHUV UDW KAfeandek 2008, .) UQH U V
are likely to find any reconceptualisation of teacher/studemble difficult to accept. Perhaps

more importantly for thisthdsV LV ZKHWKHU RU QRW HGXFDWRUV VXFK I
habits which have been ingrained for many years. Therefore, | propose that rgalisiog
UHODWLRQVKLSV LV QRW DQ HGiK&IDMHR PrHcest & e JLFD O JFR

what is required and how one advances towandhiith is of most tangible importance.
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Buber (1947)appeared to have foresight into many of the current debates around education
which are dichotomised between a teadatentred and studeentred apgach. His view on
teachercentred appy RDFKHY DUH DIILOLD Whbéaking Imadkl ofledlicatiohy V
and FroP PV 1 KDY L GrddivietigdHCOngehuentlyhe suggests this approach

may prevent theprThou{relationshig from forming. However, he also appreciates the
expertise a teacher can bring to an educational experience by proposing that, without it, a
studenicented approacloften may leave students contending for direction due to lack of
guidance (Guilherme and John Morg2009).As pat of developing [t Thou frelationships,

it is therefore incumbent upon educators to first appreciate the power and expertise that is
endowed upon them and then to plan educational experiences which place an appropriate
HPSKDVLVY RQ WKH W@ O FKORZIUHGID DHEGEFR® WKH VWXGHQW
and needs. This has obvious implications for methodological choices in educational research.
| hope this thesis demonstrates the consideration of my position of power and that the research
process hasontributed to developingltThou{relationships. In particularl hope in

researching with the students they realise their capacity as having their own voice.

Buber (1947)ILUVW VXJJHVWV D WHDFKHUYfV UROH LV WR VHW I
platform for students. He also proposes this vahassed curriculum should ensure the
VWXGHQWVYT LQWHUHVWY QHHGY DQG FUHDWLYeiM DUH GH
opportunity for students to develop their criticality so they have the capability to identify their
deeprooted, and not peripherahterests and needs. It is gratifying, however, thaX EH U |V

(ibid) perception of the role of the teacher is in adaoce with how | introduced and

developed the curriculum for ecoliteracy founded upormmyualistic practice

Infed (no date)D UJ X H Né I§uaNty oflilé in a community or society will depend on the

extent to whth -you (Thou) relationgxist,” DQG WKDW PXWXDOLW\WQG GLDC
Thoufrelationships, can only develop if a relationship of trust is evident, and one where the
student feels accepted; this | argue is premised upon mutually respectful relationships. One of

the foundingprinciples of my practice (the mutualistic practice) was the development of a
community where each student felt a sense of belonging, purpose and the freedom to express
their opinions. The freedom to express their ideas and be critical of my teachiogugias

in assuaging the imposition of a curriculum that was founded upon my values and which may

not have been in the best interest of the students.

In addition to stimulating criticality as a way of developing mutual respect | also sought to
show that a an individual | too was a learner. | hoped this would reinforce an understanding
of the dynamic and evolving nature of knowled@ and Wood (2012) surveyedO

undergraduates from 20 higher education institutions to identify their perception of eseelle
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in teaching. They identified a range of technical and emotional traits which studergs want

WR VHH LQ WKHLU OHFWXUHUfVY SUDFWLFH +RZHYHU ZKLO
may assist in garnering respect at the level of competernt®estnot help to reconceptualise

the student/teacher relationship. Not surprisingly, considering the schooling systems which

these students have experienced, they did not commentQpdf W XUHUYV DFWLQJ DV 3
OHDUQLQJ UDWKHU IWHO @@ 8 [ 3HKIDW/V WLIQHWd R StoQEaRiVElyL Q Y L W H
share with themirD VHDUFK IRU NQ R®O H.QI)Mhis is WhaiHi€l suggests

LV D FKDUDFWHULVWLF RI pSDYV \ptoRaDIInK &spaveifar Edfrhbhv |, SUF
knowOHGJH ZKLFK LV FKDUDFWHULVHG E\ :HQJHUTYV FR
demonstration that the lecturer is still a learnends the belated realisation that my learning

did not have to be equivalent to the studémisich most informed my understding that |

could demonstrate | too was a leardaking my intentions explicit about my research with

the students assisted in this process.

% X E H U T Mideas aboutltThou frelationships are premised on encounter and dialogue.
While Buber does nokeference dialogue specifically to the physical act of talking, | suggest
Alexander (2008) provides useful guidance for how talk can contribute to an act of dialogue.
He refers to these processesy WGLDORJLF WHDFKLQJYT ZKLFIKMsFRQWHQ (
of relations which Buber proposédexander (ibid, p. 92) claims that;

Talk vitally mediates the cognitive and cultural spaces between adult and child, among

children themselves, between what the child knows and understands and what he or
she has ydb know and understand.

He specifically refers to dialogical talk as;

Achieving common understanding through structured, cumulative questioning and
discussion which guide and prompt, reduce choices, minimise risk and error, and
H[SHGLWH pK D @aRavidpdrkigels FR Q

(Alexander 2001, p. 527)

Alexander does not reference Bohm (1996) in his definition of dialogue. However, Bohm
similarly asserts dialogue is a creative and emergent process which is developed through the
mediation of shared meaningg.! SDUWLFXODU UHOHYDQFH WR WKLV WK
reference to Bakhtinian dialogue. Bakhtin (1986) states that answers should give rise to further
questions. This is of particular significance as it mirrors a model of scientific enquiry,
premisal on ignorance (Fireste?012), which | have promoted previously. Both Alexander

DQG %RKPTV FRQFHSWV RI GLDORJXH DUH URRWHG LQ HSLV
process and context and are the forms of communication | hoped to develop odhilegw

with the students. However, | suggest thdilogue can only be achieved if the teacher

provides opportunities where both parties are genuine learners. It is at this point where the
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power imbalance between student and teacher may be partiallyaasdarily shifted and

VKDUHV VLPLODULWLHV ZLWK HQJHUTYV FRPPXQLW\ F
ecological approach to my practice was negotiating the balance required beityidighting

that | was a learnavhile also providing the suppahd guidance which the students expected

and needed from their course.

| am now cognisant that dialogical talk does not materialise naturally and it has to be learnt by

the student (Alexander 200&)nd, | suggest, by the teacher. Perhaps this is better rephrased

as, traditional forms of monological talk and questioning, HAv®& EH pXQOHDUQWY $V S
learning/unlearning it is important the teacher recognises the forms of educational activities,

and specifically the questions students are asked, which either promote or expunge dialogical

talk. An example of this iprovided by Lehesvuori (2013) who suggesitatin secondary

school science there is an evident lack of dialogic interaction. He suggests this is due to
WHDFKHUVY DGKHUHQFH WR D 1HZWRQLDQ PRGHOQ IRI VFLHQ
will highlight later that as part of my ecological practice | provided opportunities for talk,

which | considered to be dialogical in nature, but it has only been through an act of critical
UHIOHFWLRQ , UHDOLVHG , QHHGHG WR pXQOHDUQTY PDQ\ Sl

In support of what | initially viewed asfailing, Alexander (2008) providesxamples, of what

he refers to as pedagogical hybridisation, when teachers exhibit complex and, sometimes,
conflicting approaches to developing talk. He appreciates that #grplayt between previous
experiences and current values can manifest themselves in this fragmented hybridisation.
Similarly to Buber (1958)who suggests humans exist in flux betwegihoufand it |
relationships | propose that what is of most importascawareness of when to promote

dialogic talk and thisamot be achievecdor needs to ball of the time.

This section has attended to the forms of everyday actions and relationships nvaiotain

were evinced within my practice. The forms of edimally intimate relationshigpwhich |

have discussed are located within small groups of students and are under the control of the
individuals involved within that setting. The following section will discuss whether these can
materialise separately, or despite of, institutionally driven agendas and whether they play a

role in defining my identityaan uDFDGHPLFY ZLWKLQ D KLJIKHU HGXFDWLR
it will provide a situated context for this research and sugtiestdiffering layers of
accountability | experienced and how this implicitly and explicitly slapg actions with the

students.
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2.9Developing an ecological practice within teacher educatioathe uniqueness

The following sectiorestablishes another context for this researchimdding so provides
justification for some of the tensions | felt for imposing the curriculum for ecoliteracy on the
students. It focuses on nalyialrole as an academic in a universatydas a teacher educator.

As part of this process it will identify the contrasting agenteesvhich those in teacher
education are accountablehich include the university itself, the schoullereit sends its
students to, governmental agencies and tdesits themselves. While | was cognisant there
was a need to prepare students for their future careers in school | suggest | was only implicitly
aware of how beholden | was to this point of accountability. As part of defining my pedagogy
(Alexander 2008)and therefore articulating an ecological approach to my practice, it has only
been through the process of critically evaluating the influence of these factors that | have come
to an understanding of how significant they were in shaping the way | aciec€etkion will

also establish the forms of reseawghich are valued and expected from a teacher educator

and consequently frame initial discussions about my methodological choices for this thesis.

In Chapter 1 | highlighted my concerns about introduttiregcurriculum for ecoliteracy to the
students from Cycle 1 and the subsequent tensions I felt. | initially believed, and wrongly, that
these were founded upon the belief that most students had certa@ioupse expectations
which | thought they felt shad be fulfilled (Kandiko & Mawer 2013). 1 have argued
previously this is because of the consumerist ethos | thought the students might hold
predicated on the commadification of higher education courses and their previous experiences
in school. This commitent to an outward facing focus had sheltered me from considering the
accountability measures | was facing and subsequently how this had prevented me from

authentically questioning the educational freedom | professed | possessed.

Furlong and Lawn (2010, p) provide a reminder of ifreality when they describe teacher
HGXFDWLRQ DQG WHDFKHU HGXFDWRUYV DV SUHYDLOLQJ LQ
and suggest they are bdtlento a practice of obedience. Murray, Czerniawski, and Barber

(2011) recognisethis accountability is twdold. They acknowledge on one hatigreis a

requirement foteacher educatote demonstrate their practical knowledge in the classroom

while simultaneously showinthey are engaged in academic research. The followitig w
SURSRVH WHDFKHU HGXFDWRUVY SUDFWLFDO NQRZOHGJH
compliance and that research and knowledge generation, underpinned by personal

epistemologies, is often not recognised as legitimate.

McNamara Murray and Phillig’ | UHYLHZ RI SULPDU\ LQLWLDO WHI
suggests it is no longer possible to distinguish policy documents for ITE providers from those

related to school. | argue this is because ITE courses, and their curricula, are perceived as
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MFRQRWH\EHOWVY IRU SURYLGLQJ WUDLQHG WHDFKHUV ZKR
Evidence for the obscuringf theseboundaries comes from governmental recommendations
for ITE providers (DfE 2016) and the framework by which they are judged (Ofsted 2018).
BowK UHIHU WR WKH 7HDFKHUVY 6WDQGDUGV 'I( ZKL
effectiveness of teachers in schools. The Ofsted framework foun@guivocally states that;
Inspectors evaluate the extent to which initial teacher education pdif)erships
enable trainees to meet the minimum level of practice expected of teachers by the end
RI WKHLU WUDLQLQJ 7KLV LV GHILQHG LQ WKH 7HDFKH
(Early Years), or the 2014 professional standards for (further edog&te) teachers
and trainerys
(Ofsted 2018, p. 26)
The drive to locate teacher training in schools suggests an ideological positioning which does
not require a critically thinking professionhis relocation of trainingan reducehe teacher
to atechnician capable of unquestioningly replicating what is asked of them from those in
power. Thigmplication is evidenced URP WKH SUHYLRXV HGXFDWLRQ VHFU
Teaching is a craft and it is best learnt as an apprentice observing aarefstenan

or woman. Watching others, and being rigorously observed yourself as you develop,
is the best route to acquiring mastery in the classroom.

(Gove 2010, p. no page)

Following this Gove denigratedmany in teacher education, who encouraded forms of
critical thinking that | have espoused throughout this thesis, as possessing purely political
motivations. As aconsequencehle made accusatioribat they were actively preventing
FKLOGUH Q 1 YecEiiny&@Qdostedurdtion (Gove 2013).

This standpoint has only been reinforced by the telling terminology used by the Carter Review

of ITE (Carter 2015which, encouragingly, promoted a need for students to engage with
research about teachingowever, he report suggested students neededetoc*h QW HOOLJHQYV
consumers (Carter ibid, p. 14)ZKR FRXOG DS S Oes R sisK HtbmferdedHHatU

executive summaries of key research were providestudentsunconsciouslyindernining

the need for critical engagement. In addition to thisith K OLJKWYV WKDW 3VRPHWLP
focuses on trainees conducting their own research, without necessarily teaching trainees the
FRUH VNLOOV RI KRZ WR DFFHVV LQWHUSUHW DQG XVH UH)
ibid, p. 8). While | recognissWKH LPSRUWDQFH RI WKH ODWWHU , SURS
personal research agerior which subsequentisan devalu¢heir professional knowledge. It

suggests that teachermy nothave the capacity to generate their own theoriedfasdare,
WKHUHIRUH RQO\ FD S DunquektiBringly8sSues keQaldiRg/ithe ke gitviftion

of research and therefore knowledge are discussed below.
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Unlike many other academic stathose that enter the teacher education profession are
predominantly idividuals with many years teaching experierdertay 2005 and who have

been chosen because of their professional knowledge. However, Murray (ibid) notes there are
often educational expectations and requirements to produce research to demonstrate the
unvHUVLW\TV UHVHDUFK StidRdzéhrRDBMdeNendd Fraawy@nbt WiEhw R
does not judge this form girofessional and personatowledge as legitimaté\s a resulof

this Murray, Czerniawski, and Barber (2011) suggest teacher educatoftearpositioned

DV pMHHHILGHPLFVY +DUULVRQ DQG OF.HRQTV VPDOO VFI

educators interviewed had all adopted practitioner reseditis wasin-line with their
principles of being reflective practitioneasid with a view to how this might have direct
relevance to their practice. MuyaCzerniawski, and Barber (201p. 261) provide a
justification for this suggesting many teacher educators still perceive part of their idsntity
EHLQJ -&8kpbllikachef This, yet again, reinforces the arguments previously about the

forms of knowledge and researdbemed of value.

| hope this thesis provides a different view to this top down model of theory production and

JRHV VRPH ZD\ LQ OHJLW L PdidA uqiérsian8irupbiEvaked/it beyprtU 1V SUD

that of craft knowledge. However, it is significant that | can only make these claims at the
point of writing the thesis andaving undertaken Cycle 1 and Cycle 2 with the studéts.

the start of the processdrcurred with Chomsky (2000) that the classroom teacher has been
reduced to a submissive of those in authority, and that the academic practitioner is treated as
DQ 3RSHUDWLYH DQG QRW D GHF L \No®, Qcan DrilyHentativelyL [ R Q
claim that linitially understood the need to study my own practice and the potential role this
could play in helping to define my understanding of an ecological approach to my practice.
My ability to articulate this awareness, and the empowerment gainedwrdimg with
authority, could not have been achieved without undertaking the transformational and

generative process of criticallyflecting on how | worked with thstudents.

| suggest there should be an overt expectation and culture in educatiop pradwitioners

develop the skills and opportunities for critical thinking which would allow them to study and
theorise their own practisel recommend this is necessary to overcome the prejudices
highlighted in this section artiatvalue is not only,correctly placed on practical knowledge

but also in the forms of knowledge generation which rely on personal epistemologies. The
following section will briefly justify the need for educators to undertake this process and the
subsequent importance of gainitbgvnership over their practiceviuch of this will be
developedn Chapterd. It will attendto the need foeducatorgo research their own practice

ZLWK D IRFXV RQ FXUULFXOXP GHYHORSPHQW DQG ZLOO

suggestion that therei QR FXUULFXOXP GHYHORSPHQWIWILWKRXW V
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proposea curriculum which focusses on process over content is ecological in nature and is a
necessary part @n ecological education. | will argue that articulating an understanding of
curriculum is importadtV. I1RU GHILQLQJ RQHYV SUDFWLFH

210) X UWKHU GHILQLQ Xtie@iepMy BdtmizErvielséalkeh, curriculum and
pedagogy
The following section attends to the following interrelated issues; that of teacher as researcher,
curriculum and pedagogy. It will use thieeoretical frameworks provided tenhouse

DERXW FXUULFXOXP DQG $OH[DQGHUTYV FRQWULE.
defining my practiceConsequently will suggest how a critical evaluation of cisulum and
pedagogy hasnabled me to articulate how | have worked throughout this research process

$OH[DQGHU S GHILQHY SHGDJRJ\ DV 3WKH DFW RI V
discourse about learning, teaching, curriculim+ H V WaADt&'6 ldftén\iVis only viewed as

VLPSO\ ZKDW RFFXUV LQ WKH FODVVURRP DQG EHFDXVH RI
with the wider world that makes teaching an educative process rather than a merely technical

oneg” $OH[DQGH Ulf thislviewp@&nt is adhered to, Alexander suggests the teacher is
reduced to a technician only capable of implementing ideas which have been selected by those

in power. Alexander (ibid) insists that to ensure this does not happen it is incumbent upon
educates to make sense difieir wider educational contess this is as important as what

occurs inside the classroom. | suggest this view of pedagogy is ecological. Ecological thinking
QHFHVVLWDWHYV WKBQG \@RE\ \RK MW KB Z\KRMiH§apBddiBtion DQG I
RI WKH pQH V/wh&h intividaalPodifing.

Both CKDSWHU DQG SUHYLRXVY VHFWLRQV LQ WKLV FKDSWHU |
FRQWH[WY RI P\ SUDFWLFH WR VXJJHVW UHDVRdergbleRU WKH
thought | gave about imposing a curriculum premised upon my values about planetary well

being. In the previous section | also detailed the hidden constraints that arose due to my
implicit accountability to various agencies asdggestedhese inflenced the form of

curriculum | developed. However, it is important to note e to this researchhad given

little considerationthat there were differing forms of curricula other than the ones | had
experienced as a teacher and as a universityrégctl would argue that in developing a

curriculum for ecoliteracy | had only partially critiqued the wider context and the nested
systems in which my practice was located. | believe that in Cycle 1 | had identified the
propositional epistemologies whidiad influenced my earlier thinking yet had not fully

realised how contrasting curricula could endorse different forms of knowledge. In addition to

this | had dichotomised mgedagogy (Simon 1981) as | waewing the curriculum for



81

ecoliteracy (which | sggest | deemedould becoma syllabus) separately from the way | was
working with the students (the mutualistic practice). This section attends to issues concerning
curriculum which will further strengthen my claim that | can articulate my ecologicadagipr

to science teacher education

Kelly (2009) proposes there are different curriculum models and each model reflects a
different educational (and potentially political) ideology. Differing curricula are underpinned
by particular epistemological beliefs.eHsimplifies curriculum planning into two broad
models; that of curriculum as content and curriculum as process. While | appreciate this
separation is slightly false | also argue they could be considered in a similar fashion to how
science is viewed; a Newnian model of curriculum based on content and an ecological model

of curriculum premised upon processd potential uncertainty

Kelly (2009) suggests that contdrdsed currici are based on absolutist and objective
epistemologies, much in the same way much of science knowledge is perceived. Previously |
have argued the overall effect this viewpoint has had on education systems. In this instance
the outcome is that the curriculusiviewed as a syllabus and therefore a body of neutral
knowledgewhich needs to be transmitted. These have fixed objectives and gradable learning
RXWFRPHVY DQG SURYLGH D OLQHDU pSURGXFWY YLHZ RI OH
is viewed. | hae proposedhey are the dominant forms of curricula in schools and which were
the type | experienced as a teacher. Reiss and White)(20d@esthat curricula planned in

this waybeginwith the unquestioning insertion of certain discrete subjects wiictrgte the

initial framework for what knowledge should be included. | initially perceived the curriculum
for ecoliteracy in this manner and planned to identify science knowledge related to planetary

well-being as a starting point for my teaching.

Stenhoge and Rudduck (1985) concur with Alexander (2008) that educators should be aware

of the discourses surrounding their practices, in this wdmse drivesthe curriculum They
suggest that contertEDVHG FXUULFXOD ZKLFK KDY H-pragsfbith REMHFW
provide all the information for where trenches should be dug but no explanation fatedligy.

(2009) develops this and proposes this form of curriculum is assumed to befnesdiend
WKHUHIRUH SURYURGRHY SWHNDD KHH\E Zokteri Kyithih Uiz GWlI&bDs

directly to the classroom. Howevemeviousresearch (Kelly1987) highlights that curricula

are always mediated and adapted by individual teachers for their own purposes and do not
HGHOLYHUYT WKH FHQW Uridedded Yutddied ee2iXely. 8 @d pQibid) 1V

proposes, there is always disparity between the planned and received curriculum, even within

contentbased curricula, it undermines the certainty that there ever can be fixed objectives.
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With this in mind itis useful to draw or6 W H Q KR X V H { Vabout curricGlad D Yontrast

to the contenbased curricula, which he also identifies can never be neutral, he recommends
embracing the mediatory and development aspects which teachers contribute to agurricul
and advocates focussing upon process rather than product. By curriculum he tentatively
PHDQV 3DQ DWWHPSW WR FRPPXQLFDWH WKH HVVHQWLDO
proposal in such a form that it is open to critical scrutiny and capakféecfive translation

into S U D F VBileRrhduséid, p. 4).In contrast to the conteatrriculum model, which relies

on the transmission of discrete packets of factual knowledge whithe measured through
testing(Elliott 2007), Stenhous€1975 p. 142) proposes a curriculum developmental in

Q D W X Uikla v&y @f translating any educational idea into a hypothesis testable in practice.
It invites critical testing rather thatceptancé | suggest Stenhouse perceives the curriculum

as an educatnal idea and that it is incumbent upon the educator to understand how this is
translated in their practice. As the description of the curriculum specifies, it is the process one
goes through frondevelopingthe curriculumwhich is valued over any specifieobjective.

Kumari and Srivastava (2008jaintainthatthe success of this type of curriculum is dependent

on the quality of the teachers involved as there is no guarantee of quality provided by
prescribed curriculum materials. VWil have someympathy with their argument | do not
consider it a valid enough reason not to proceed in this manner and suggest all curricula are
dependent on the strength of the individual teacher. The adoption of this curriculum would,
however, require a reconceptigation of the role of the teacher and institutional support given

to help teacher development.

As argued alreadystenhouse (1975, p. 24) declarddKDW WKHUH LV 3QR FXUULFXC
ZLWKRXW WHDFKHU GHYHORSPHQW ~ DHéEXpreQskdwh bedd WKH W
for teachers to research hdiwey develop their own curriculum, using the relational and
transformational nature of action research. Elliott (2007) points out it is only through
undertaking an ongoing evaluation of a curriculum gneater clarity about its success can be
articulated. Palmer and Zajor{2010, p. 39) describe this exploratory and adventuresome
SHUVSHFWLYH RI FXUULFXO X Pamd\¢ont® MiGaedfoddeKITHNRIHV VL QHV
this form of learning can nevec@ommodate fixed outcomes. If, Bsundrett and Silcock

(2002) proposea curriculum should reflect the democratic nature ofetp then this would

requireinput from students about what should and should not be included; further adding to

the call for tle curriculum to be viewed as a developmental tool in which to negotiate this

aspect. | propose that because of,thise aspectRI D WHDFKHUfV th&dfQWLW\ P
researcher. Further justification pertaining to educators researching their practibe wil

developed in greater det&l Chapter 4This form of research/curriculum development has
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direct parallels with the ecological view of science | have promoted which | suggested deals

in degrees of uncertainty and not necessarily on fixed and pigldictatcomes.

Stenhouse (1975) sdHVWYV WKDW FXUULFXOXP GHYHORSPHQW LV XC(
LQWHQWLRQVY DRWER kS IGXQYHLS OGtHHVKRUKOLJKWYV WKDW pHGXF
shortterm objectives which are quantifiable but developmental in nature and require an;
SH[SORUDWLRQ KHDGHG WRZDUGVPBMer& ¥ajohcQWph. B ZRU WK
Stenhouse comments that a process curriculum has underlying principeS of(LQFLSOHV RI
procedure” 1975 p. 39) which aréntrinsic to the educational intentions and are part of the
GHYHORSPHQWDO SURFHVV .HOO\ UHFRPPHQGYVY WKDW
somethingwhich may be attained at a later stageQ WKH SURFHVV ZKLOH WKH
S U R F H G Xtdgray td_ahy Lactivity undertaken. The adoption of this framework could

provide suggestions for what a curriculum for ecoliteracy might entail in the future. In
VLPSOLILHG WHUPV WKH DLP PD\ EH WR GHYHORS VWXG]I
procedurdf PLJKW EH WKDW , KRSH WR DFKLHYH WKLV WKURX

relationships and through promoting an ecological way of thinking.

Stenhouse (1983) advocates that the role of the teacher in such curricula is as a neutral
chairperson, facildting any necessary student discussion but without disclosing personal
EHOLHIV 7KLV UWSURFHGXUDO QHXWUDOLWS®DUWW L\WDLAPLW\NUZ 1A
Stenhouse (1983 S VXJIHVWLQJ WKLV ZRXOG YDOLGDWH 3WKH
containing the teacher's needdeclare himselfsi DV D NQRZHU ~ , DP QRW IXO0OO
by this and am cognisaaf . H O O\  \j argument that any curriculum is mediated through

the values of the teacher. Ghaye (200109 endorses this submitting our values emerge

within practice andeaching reflectour, 3Y D Gixddtibon~ % HDULQJ .H @OV
proclamationWKDW 3DQ DSSURDFK WR D FXUULFXOXP ZKLFK HQ
issue as the prime concernthGXFDWLRQDO SODQQLQJIam.dvawhltolaP SR U W D
SURFHGXUDO MXVWLILFDWLRQ ZKHUH WKHUH LV DQ H[SOL
controversial issuexKelly (1986) refers to thisbDbV pFRPPLWWHG LPSDUWLDOLW
because theeacher remanG HGLFDWHG WR WKH L WinéeHH@ puiposes@d pL P SD
to inculcate. This was the approach | adopted while working with the students from Cycle 1

which | hope | will have clearly evidencég the end othis thesis. | am awatée students |

work with are adults and that | may have had a different stance if | had been working with

children.

| suggest this view of curriculum is ecological in natufer example, WHQKR XV H{V
curriculumclearly values process as more impottdnan structure. As has been notieds

the understandinghich is developed from being situated within the process of teaching and
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learning that is valued the mokargue that it is the contextual and practical knowledge which

is gained by the edutm which is of most benefit to the curriculum developinét is also
evident that thelevelopmental process of curriculum planning, which does not rely on fixed
objectives, relies on relational epistemologies which aiten founded upon uncertainty.
Elliott (2007) confirms this when he describes that evaluations of the curriculum should occur
within the process and which will therefore provide opportunities for flexibility and a change

in direction.

While Stenhouse (1975pay have beethe first b introduce the concept of the critical
friend/colleagudo facilitate reflection of the teacher researcher | suggest the refldwion

proposed remained an insular practiceich was confined locally to the classroom. This

inward facing refleton GLG QRW QHFHVMWODdyiQA\WKIKVKEBRE DNQG QRW V
While he was appreciative that values infgoractice,l suggest that further critique of how

those values developed and in what context is needed. | draw$u@ad [D Q GH Wfivf GHILQLW
pedagogy (2008), agaito provide further depth to an understanding of curriculum and how
WKLV LV UHODWHG WR DQ HFRORJLFDO YLHZ , EHOLHYH $¢(
attendant discourses around themahing satisfies the nee® sfudy the whole and not the

S D Lamd ¥f feachers are remiss in attending to this element thatvilleynly gain a partial

view of their practice.

2.11 Chapter summary

This chapter has drawn upon the literature to provide a theoretical contexisfoegearch

and a framework by which to articulate mnyderstandingf anecologicalapproach tacience
teacher educatioiit has made reference to the historical aspafdt®w a particular model of
science which is premised upon linear asthtic epistemologiefias been promoted as the
only way of thinking and generating knowleddehnavesuggested this way of thinking has
largely remained unquestioned ands baen adopted and replicated within many western
education systemas a consequere of thisl have argued hasresulted in the objectification

of our planet 7KLV VIQWKHVLV RI WKH OLWHUDWXUH FRQWH[W XL
provides a justification for my epistemological stance throughout this research and the
difficulties | faced in appreciating there were other ways of thinkimgvealsosuggestethe

limited successhatenvironmental educatidmas achieved has predominantly been duesto it
operatingwithin an education system that celebsdteese forms ogpistenologies | have
recommendethe role of education must be in developing relational epistemolagitbave

used the literature to define what | mean by ecological thinking. In addition to this | have

suggested these relational epistemologies could beagedeby reconceptualisating science
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as an ecological act and, as a result, have theorised how this might be adhteaes.
recognised that the manneniichlearning takes place is as important as what is learnt and
have detailed a relational way of ang which | have termed a mutualistic practice.
Reference tditerature around curriculaas been madend| have detailed the potentit
transformationalnature of viewing a curriculum as a procegsich can be defined and
articulated as oneegotiates it with their students. This approach which perceives research
into curricula synonymous with teacher development has provided the theoretical justification
for the adoptiorof an action researcethodology which wagsedfor this thesisln addition

to this | have proposed that the uncertain nature of this research which did not have fixed
objectives or outcomes mirrors the ecological view of scientific enquihrich | have
promoted throughout this chapteks a consequence @ésearching my pictice | have
celebrated personhowledge and haverovided aunified pedagogical approach whibhs
theorised what | have taught, the manner in which | lzabgevedthis and the underlying
principles for working in this wayThis methodological positiois now further explained in

the nextwo chaptes.
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Chapter 3. Defining Action Research

3.1 Introduction
This chapter acts as a prelude to Chapter 4 which will outline the specific actions undertaken
throughout the research process, and reasonsthimse actions. It will define the
methodological choice of action research for this thesis by briefly outlining the literature
surrounding action research and then signpost where and how this enquiry is located within it.
Further, this chapter will defin®@ QG RXWOLQH ZKDW LV PHDQW E\ WKH WtEt
1T DQG VKRZ KRZ VXFK D VSLUDO RI F\FOHV LV ZLGHO\ DFN
research. It will also make clear that part of an action enquiry involves the necessary critical
evaluatioQ Rl RQHYYVY SUDFWLFH ZKLOVW SURYLGLQJ WKH WKHRL

of reflection undertaken by myself and the students.

3.2 What is action research?
2QH ZD\ RI GHILQLQJ WKLV IRUP RI URFRNDWIEW XH/QWRZBH IGN\NJ
UHIHUULQJ WR ZKDW LV GRQH DQG pUHVHDUFKY ZKLFK UF
how it is done). The idea is used widely in relation to a range of disciplines, including
environmental and ecological studies, asvah in this thesis. Its greatest applicability,
SHUKDSV LV LQ VRFLDO VWXGLHV IRU H[DPSOH (OOLRWW
social situation with a view to improving the quality of action/HZ L Q XVXDOO\
considered as creath WKH WHUP uDFWLRQ UHVHDUFKYT H[SODLQV LW

research needed for social practice [which] can best be characterized as research for
social management or social engineering. It is a type of as®arch, a comparative
research on theonditions and effects of various forms of social action, and research
leading to social action. Research that produces nothing but books will not suffice.

(Lewin 1948, pp. 203)

Both McNiff and Whitehead (2006) and Reason and Bradbury (2008) highlighotien

fierce, debates surrounding what constitutes the purpose and nature of an action enquiry.
McNiff and Whitehead 2006 suggest that while there is common consensus regarding the
FKDUDFWHULVWLFV RI DQ DFWLRQ HQYMXRHO@WIHLWHKINMWKREZ |\
interpreted which is the feature of most disagreements. These differences are epistemological

in nature and are reflected in which forms of knowledge are valued and how the researcher

and participants are positioned within theqess. Wallerstein and Duran (2003) identify two

broad categories for action research. The first is associated with systemic improvement, which

McNiff (2013) argues could be seen as a misrepresentation of action research. Research
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performedn this guise gually takes the form of a technical exercise which is often undertaken

in line with school or governmental policies; the focus is often about quality control or staff
development. | have argued in Chapter 2 that this form of research is premised onradewt

way of thinking which deals in objective and absolutist knowledge and can have the effect of
socialising educators into the dominant discourse through the implication that there is a natural

and correct way of doing things. Ball (2001, p. 266) dbssrthis, in an educational setting,

DV UHVHDUFK WKDW SURYLGHV 3:DFFRXQWYV RI ZKDW ZRUN\

implement”

Wallerstein and Duran (2003) describe their second categorisation of action research, as that
which leads to emaimgatory developments. At this point it is useful to use Reason and
%UDGEXU\TV S GHILQLWLRQ IRU DFWLRQ UHVHDUFK
WKDW LW LV D 3 SDUWLFLSDWRU\ GHPRFUDWLF SU®&FWLFDO
KXPDQ SXUSRVHV JURXQGHG LQ D SDUWLFLSDWRU\ ZRUO
worldview | have espoused is similar to their participatory worldview. Chapter 4 will clarify

why | adopted this relational and ecological form of action researobghout the doctoral

process. Reason and Bradbury later suggest that action research is research which aims to find
SUDFWLFDO VROXVEHRQV«IRIUKWRBQ33ZHOWRQVY DQG FRPPXQL)
equitable and sustainable relationship withtheMid HFRORJ\ RI WKH SODQHW«”~
DUJXH WKDW LWV SXUSRVH LV 3WR OLEHUDWH WKH KXPDQ
IUHHU ZRUOG ~ LELG S

With this in mind, it is important to highlight that this methodological approach lottades
MSRZHUY WKDW UHVHDUFK EULQJV WR WKH SUDFWLWLRQHL
3:KDW DP , GRLQJ" :KDW GR , QHHG WR LPSURYH" +RZ GR , L
2008, p. 7). MunsGiddings (2012) highlights that this form of acti@search is contradictory

to the ethic of traditional social scientific research (premised on a Newtonian worldview)
ZKLFK LV FDUULHG RXW E\ H[SHUWV pRQY SUDFWLWLRQHU\
JURXQGYTY RI WKH KLIJKHU HGXFDWLRQ DFDGHP\

However even within this form of action research there are often disputes regarding its nature

and purpose (Burgess 2006). Reason and Bradbury (2008) maintain that there is not a set of
methodological rules for an action enquiry, only guiding principles and thiat
methodological aspect should not be viewed as a flaw but celebrated. They argue that a
diversity of approaches provides different ways of carrying out research which makes them
purposeful for the enquirer. Details regarding the specificity of my reseand how the
PHWKRGRORJ\ ZDV pILW IRU SXUSRVHY ZLOO EH RXWOLQHG
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The following section will use the terms outlined by Reason and Torbert (2001) which help
to classify the different, and diverse forms of action research (built omarguggestions
proposed by Torbert 1998). In doing so it will demonstrate how my research is located within
the wilder field of action research. While, previously, | have argued against the need for
classifications such as this, | hope that this framivity provide further transparency
surrounding the methodological actions | took throughout the research process which Clough

and Nutbrown (2012) suggest strengthen the validity of any claims to knowledge made.

3.3 Different forms of action research

This sction will briefly introduce the thregerson framework that Reason and Torbert (2001)
have used to classify the diverse range of action enquiries. Their framework classifies action
enquiries into first seconedand thirdperson. This section will therse these terms to ascribe

the different approaches | used throughout the research process. It will demonstrate that
although these terms are useful in categorising types of enquiry there is often overlap and, in
reality, the researcher is likely to movetween approaches depending on the purpose and
stage of their studies.

3.3.1 Firstperson action research

Reason and Torbert (2001, p. 17) describe-fiesson research as encompassing thb¥eN L O O V

and methods [that] address the ability of the researnchfoster an inquiring approach to his

or her own life, to act awaredly [sic] and choicefully, and to assess effects in the outside world

while acting” 7KH\ FODULI\ WKDW LW LV UHVHDUFK FDUULHG RXV
this, | identify with Elliott (2007) who recommends that there is a need for critical reflection

XSRQ RQHTV YDOXHV DQG KRZ WKH\ PDQLIHVW WKHPVHOYHY\
person research has underpinned this whole doctoral thesis. | have articugtetdn 1.2

how my masters studies helped me to identify the value of mutual respect and how further
reflection enabled me to appreciate that much of what motivated me, both in a personal and
professional context, was related to my conduct towards plgne&dirbeing. During Cycle

1, while | was working with the students to develop a curriculum for ecoliteracy, there was

less focus on my learning and much of my reflection was related to whether | was imposing

my values upon the students. However, | do @rthat the process of analysing the data from

Cycle 1, and subsequently writing this thgsievides a reasonably robust example of first

person research. This will be explained in greater detail in Chapteere | demonstrate how

my learning has transfmed in to thinking in a more ecological manner. A detailed



89

explanation for the choice of action research as a methodological framework for the thesis,

based upon my ecological principles, will be provided in the following chapter.

3.3.2Secondperson action research

Secondperson research is a development of fixstson research and involves others in a
FRPPXQLW\ RI HQTXLU\ 5HDVRQ DQG 7TRUEHUW S Ql
research endeavour are bothresearchersyhose thinking and decisiemaking contributes

to generating ideas, designing and managing the project, and drawing conclusions from the
experience” % XUJHVV GHVFULEHV LW D V-td¥a&lUnkeFaktiong ZKLFK L
whenresearchingani¥sH RI PXWXDO FRQFHUQ ZKLFK GUDZV VLPLODU
ideas about communities of practice. This form of community enquiry also mirrors the
development of-Thou relationships (Buber 1947, 1958), modelled upon dialogioginted
communic#on, that, | will argue irChapter5, | cultivatedwith the students.

From the start of this process there was clear intent to create a community of learners while
developing the curriculum for ecoliteracy. This is shown in how | introduced my research t

the students;

You know, I think | have to be ypURQW DERXW WKLV VR ZKDW , VX¢
can we work together and | think that for me that will be quite exciting because |
FHUWDLQO\ GRQTW KROG P\VHOI WR EH WWKKHOM[SHUW Z
the kind of knowledge we could create could be amazing, could we create some kind
RI FXUULFXOXP WKDW PD\EH ZH FRXOG WDNH LQWR VFk

(Initial presentation, 10.1.12)

However, throughout Chaptessaand6 | will demonstrate that much of this stayed at the level

of rhetoric and, despite my best intentions, much of Cycle 1 constitutedaefissin enquiry.

| identify that the curriculum that was developed was driven by me as a result of the tensions
descrbed throughout this writing, about coercion and relevance; the formation of the
curriculum contained minimal contribution from the students. While | provided the students

with Learning Diaries to give them an opportunity to reflect on their learning, appveciate

that this was also a tool to assuage any guilt | felt about imposing my ideas and values. As a
UHVXOW , XQGHUVWDQG WKDW PXFK RI WKH UHVHDUFK ZD
of Reason and Torbert 2001).
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3.33 Third -person actionresearch
Third-person research is the establishment of communities of enquiry with the purpose of
developing and reaching beyond the faeéace groupqoutlined by Reason and Torbert

, GUDZ XSRQ &DSUDTV ZRUN ZKLF Ko @ithBraxplan@hisi FRORJL
form of research in whichekDOO OLYLQJ EHLQJY DUH PHPEHUV RI HFRO
WRIJHWKHU LQ D QHWZRUN RI LQWHUSGSHSHQIVHQGEHB VRT &QK
VA\VWHPV ~ S H[S ODL Q¥ thisRataRc DréswdicR Bréugs) &é) L
embedded within, and related to, wider communities such as the school/university and society
at large. For this reason, it may be incumbent upon furst secongberson researchers to

identify the influence their acths have beyond their immediate communities.

However, Reason and Torbert suggest that research which is premised upon Newtonian ideals
could also be perceived as thiFI HUVRQ EHFDXVH 3WKH UHVHDUFKHU LV
persons with the intent ofnting a report for other thirdlSHUVRQV S 7KH\
say that the underlying principle of thipgtrson research should be the creation of conditions

which empower others to take ownership over their practice, research and knowledge
generation This concurs with both my ontological and epistemological values which are
premised upon mutual respect. In Section 7.5 | provide suggestions how this thesis could

provide a starting point for others who wish to study their own practice.

As outlined in ®ction 1.8.2, it was during Cycle 2 that | produced resources and writing as a

result of this research and as a consequence of wanting to develop an ecological approach to
science education (see Sinclair & Strachan 2016). These ideas were being disdemntiniate

WKH SULPDU\ VFLHQFH HGXFDWLRQ FRPPXQLW\ D VHFWLRC
embedded. | propose that offering my work to public critique represented the embryonic
formation of a thirdperson enquiry. While | recognise that | was eatouraging others to

study their own practice, | suggest that | was demonstrating the principles of reflection and
critiqgue which are necessary for this process. Perhaps more importantly, | used this feedback

to develop my understanding of an ecologiaalctice which further emphasises how much

of this thesis has been rooted in fipgirson research.

3.4 Complexity theory, systems thinking and action research

The following will develop concepts which were first introduced in Section 2.5. At this point

|l GUHZ XSRQ &DSUDTYV LGHDV DERXW VA\VWHPV WKLQNLC
principles for defining an ecological approach to my practice. This section will show how

much of systems thinking is related to complexity theory, and how comptéeityy can

provide important theoretical and methodological underpinnings for action research (Phelps
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& Hase 2002). In particular, it will provide a further justification for the need to break from
the mentality of traditional Newtonian research, foundedn reduction and certainty. In
contrast, | will propose that complexity theory provides a framework that enhances an
understanding of complex systems (such as the classroom) which are not premised upon
simple causal relationships, whilst also presertirggpeculiarities of such systems (Davis &
Sumara 2005). As a consequence, | will demonstrate the participatory and emergent nature of

undertaking action research.

$FFRUGLQJ WR ORUULVRQ S SFKDQJH LV XELTXLWF
rare. Complexity theory is a theory of change, evolution and adaptation and development for
VXUYLYDO ~ &RPSOH[LW\ WKHRU\ 3LV HVVHQWLDOO\ D IRUP
purposive wholes emerge from the interactions of simple, and somationgsurposive
FRPSRQHQWY ~ /LVVDFN FLWHG LQ 3KHOSV +DVH
DWWHPSWV WR H[SODLQ WKH HMELJ FRQVHTXHQFHYV RI OLWW(
Phelps and Hase (ibid) provide examples for how coxitgleheory is challenging the

orthodoxy in many areas of the natural sciences (for example in evolutionary biology and

immunology) they also demonstrate how it could also underpin an action enquiry.

Underwood (2000, found in Phelds Hase 2002, p. 508) asserts that there are three main
areas of complexity theory which are of relevance to action research. These have been adapted

and are as follows:

x Complex systems are s@fganising whose behaviour cannot easily be predicted;
X Living organisms are selv WHHULQJ MEWHHULQJY RI LQGLYLGXLE
system has little effect;

x New systems are in a continuous state of emergence.

I will now take each of these in turn to suggest how they apply to action research.

3.4.1Complex systems are selbrganising whose behaviour cannot easily be predicted

Jess, Carse and Keay (2016) suggest that whilesghising systems can support structure

and predictability that it is the complex relationships between individuals tleaprduces
unpredictable outcomes. The interactions which Jess, Carse and Keay (ibid) describe are both
dynamic and transformational. As a result of these complex interactions, Phelps and Hase
(2002) have acknowledged it is almost impossible to undergtanghole by deconstructing

its parts and thahe whole is more than the sum of its parts. To explain this phenomenon it

is important to noteontrol within such situations does not reside with the practitioner (nor
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should it); there are many factors tla@e present in a social system which can affect how it
behaves. While Phelps and Hase (ibid, p. 513) state that it is impdt@&tDFNQRZOHGJH 3
ZKROH UDQJH RI YDULDEOHYV LPSDFWLQJ RQ DQ\ FRQWH[W ~
(nor neessary) all of these variables and that this is an irrelevant aspect for this form of
research.7KH\ IXUWKHU RXWOLQH WKDW LW LV WKH LQWHUDFW
and the way that these are organised which leads to change. Kemmis andjMtT2@05)
UHLQIRUFH WKH OLQN EHWZHHQ FRPSOH[LW\ DQG DFWLRQ
should be on the relationships developed between individuals within their community and

their interaction with their social environment. | have previousgiyten (in Chapter 2 that

this was also a principle fas for this thesis and that it was gtady ofrelationshipswithin

my mutualistic practicewhich was of prime importance to me.

3.4.2 Living organisms are seilbteering

Complexity theorysuggests that organisms within complex systems arsteelfing and any
HIWHUQDO pVWHHULQJY KDV PLQLPDO HIIHFW 3KHOSV + |
suggest this is a recognition that students aretfie&ing and autonomous individuals who

are not likely to follow dictates from those in power. This has clear parallels with the
curriculum for ecoliterey | co-developed with the students from Cycle 1 and my intention not

to impose a toyglown approach.

This communitive action relates to anotkey principle of action research; its participatory
and collaborative nature (Reason & Bradbury 2008). McAteer (2013) notes that action
research is not about research on practice but research which is practice and conversely
practice that is research. Cohévianion and Morrison (2018, p. 56) develop this further
RXWOLQLQJ WKDW LW LV 3UHVHDUFK ZLWK SHRSOH DQG FR
people and communites 7KH LQWHUUHODWHG UHODWLRQVKLS RI UHV
suggets that it is a democratic form of research where knowledge is shared rather than the
property of an elite. Davis and Sumara (2005) relate this back to complexity theory by
outlining the collaborative nature of knowledge generatioghlighting that chage of a
systemis brought from within and are generally not attributed to external forces. Kemmis

S GHVFULEHV pH[FHOOHQWY DFWLRQ UHVHDUFK I
SUHT XL UprbmotBsshared deliberation about important issussdur shared fate and
IXWXUH ~ DQG DV D UHVXOW LW 3HQFRXUDJH V FRPPXQLFL
DUH XQGHUVWRRG IURP D YDULHW\ RI VWDQGSRLQWYV DQG
.HPPLVY WHUP pWUDQVIRUPON ZR QYK WKHQWHWF KIHEHLD HQ F

in complexity theory.
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3.4.3 New states of emergence

Gear, Eppel and Kosidlclain (2018, p.1) reinforce the importance of studying the relations

within a system and how they;OHD G WR VSR QW D QdHtReXevheRjend®@ heMD WL R Q |
UHODWLRQVKLS VWUXFWXUHYV =~ 7KH IRUP RI WKHVH QHZ VW
and Sumara (2005) noting that complexity cannot be scripted. Similarly, McNiff (2013) notes

there are no fixed outcomes in an action énygavis and Sumar®005 p.460) provide a

theoretical backdrop for how the curriculum for ecoliteracy developed stating that outcomes;
SPXVW WR VRPH HIWHQW HPHUJH DQG EH VXVWDLQHG WKUR
learning objectives, ligar action plans or rigid management strateie¥ KH LGHD RI
emergence can also be related to the ecological epistemologies that | have tried to foster.
Learning is an emergent process which arises from the specific contexts in which the

individuals are mbedded.

Gear, Eppel and Kosidclain (2018) suggest that the dominant adherence to Newtonian
research methods has helped to obscure the complexity which emerges from the interactions
between individuals. This is an important consideration when choosimgttzodological
approach and brings into question the validity of any findings from research which is

undertaken in complex systems that focus on cause and effect relationships.

The emergent process that occurs in complex systems is also a key feahgreyidlical
nature of action research (Zukgkerrit 2001). The act of reflectirmaction and actingn-
reflection manifests itself in new questions and new areas of enquiry. Details about the cycles

of action research will be provided in Section Xbt.

3.4.4 Complexity and systems thinking

In Chapter 2 | wrote in detail about the form of ecological epistemology | believe is necessary

to improve planetary welEHLQJ , XVHG &DSUDTV VI\VWHPV WKL
framework toexplain this. It is clear that adopting complexity theory as a way of explaining
complex systems, whilst utilising the current dominant-ecological epistemologies is not

possible. Viewing and understanding systems as a set of complex interactioresraaquéw
epistemology. | propose this is founded upon systems thinking. At this point it is prudent to

refer to the interrelated aspects of systems thinking which | outlined eatrlier; it is thinking

which:

X studies the whole and not the parts;
X prioritises tle studyof relationships over objects;

X places importance on contextual knowledge and not objective knowledge;
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X appreciates that quality is more important than quantity;

X that process is more important than structure.

Although there is not scope in thigesis to explore the following ideas it is important to note
that there have been developments in areas of science, other than complexity, which could
provide supplementary theoretical frameworks for action rese#ehlidn 2017) There are

those, for exaple, associated with quantum physics (which includes entanglement), which
further emphasise the importance of relationships over structure.

3.5 The cyclical nature of action research

| have outlined how Cycle 1 and Cycle 2 drew upon different elenoéfitst-, secondand
third-SHUVRQ UHVHDUFK 7KLV VHFWLRQ ZLOO H[SODLQ WKH F
is specifically used within this thesis. It will highlight that there is not a distinct boundary
between each cycle and further emphasis® messy, uncertain and holistic nature of
knowledge generation. | will propose that these terms have primarily been used to facilitate

the articulation of the ideas within this thesis to provide a format accessible to the reader.

ZuberSkerrit (2001) pruides a framework (as outlined in figure 3.1 below) which describes
a simplified action research cycle; this involves the process of: plandiracting A

observing ZAreflecting Aand which feeds into subsequent cycles.

Action Research Spiral @

Observe

Figure 3.1 Zuber-6 NHUULWWYIV DFWLRQOUBHYBHDUFK VSLUDO

| have used questions developed by Whitehead (1989) and McNiff and Whitehead (2009) to
help clarify how Zubet6 NHUU LW W {V IrbaDifes$i FsRIUMNor&cticeK W
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Stage of cycle Focussed question

Reflect What is my concern?

Why am | concerned?

Plan How do | show the situation as it is and as it

develops?

What can | do?

Act How do | implement my proposed plan?

Observe What kindof data can | gather to show the situati

as it unfolds?

Reflect How will | check that any conclusions | come to ¢

reasonably fair and accurate?

How will I modify my practices in light of the

evaluation?

Table 3.1: Resarch questions for each stage of an action research cycle

ZuberSkerritt (2001) seems to suggest that reflection occurs at the end of a cycle and can lead

to a revised plan for further action and research. Previously | have argued that it is not possible

to separate values and intent from practice or researehefbine, as highlighted in figure 3.2,

| suggest that the first stage of the cycle is the explicit reflective act of interrogating the values
WKDW XQGHUSLQ RQHTYVY SUDFWLFH LQ RUGHU WR LGHQWLI\
those concerns (Wiehead 1989).

In order to specify how the cycles from my research relate to this framework | have produced
the following tables. These provide a simplified outline of my actions and learning throughout

the two cycles.

Stage of cycle | Focussed question | With students from Cycle 1

Reflect What is my concern? Identification of my values and what |

value.

Why am | concerned
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Concerns about planetary wélkking and a
schooling system which does not value

learning about such issues.

Plan

How do | show the
situation as it is and

as it develops?

What can | do?

Plans to develop a curriculum for
ecoliteracy through a mutualistic practice
with a set of teaching students who have

specialised in primary science.

Act

How do | implement

my proposed plan?

Focusof WKH VWXGHQWVY P
developing ecoliteracy. Students are
introduced to a range of activities that the
can use in schools, which could raise

awareness of planetary wéiking.

Observe

What kind of data ca
| gather to show the
situation as it

unfolds?

See Chapter 4 for data collection method

Reflect

How will I check that
any conclusions |
come to are
reasonably fair and

accurate?

How will I modify
my practices in light

of the evaluation?

Analysis of data and learning from this
process ideifies the limited success of th

approach.

An embryonic appreciation that in order t
improve planetary welbeing ecological
epistemologies need to be developed an
that this can best be achieved through
challenging the dominant perception of

science.

Table 3.2: Research questions for Cycle 1
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Stage of Focussed question | With students from With the primary
cycle Cycle 2 science community
Reflect What is my concern? That | had been

promoting a

Why am | concerned Newtonian version of

science and that this

played a part in

developing non

ecological

epistemologies.

Plan How do | show the | The production of
situation as it is and | resources to promote
as it develops? an ecological view of

science.
What can | do?
Act How do | implement | A large focus of the | Sharing resources witl
my proposed plan? | module was the primary science
highlighting the education community
uncertain nature of through conference
knowledge through | workshops and
specific science publications to gain
related activities. feedback on this
approach.

Observe What kind of data ca] See Chapter 4 for dat{ See Chapter 4 for data
| gather to show the | collection methods. | collection methods.
situation as it
unfolds?

Reflect How will | checkthat | Analysis of data from this Cycle identified that

any conclusions |
come to are
reasonably fair and

accurate?

How will I modify
my practices in light

of the evaluation?

had become preoccupied with one aspect (thg

uncertain nature of knowledge) of acological

approach to science teacher education.

The actiorreflection process of writing this

thesis culminated in my being able to define g

ecological approach to science teacher educg
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These ideas will be taken into consideration

when developingny future practice.

Table 3.3: Research questions for Cycle 2

3.6 Reflection

The previous sections have referred to both the action and reflective process of undertaking
WKLV UHVHDUFK )DUUDUTYV UHYLHZ RI WKH O-LWHUDW?)>
defined. She also suggests that there is no consensus reglaediiféerent forms or levels of

reflection. For this reason, the following section will outline how reflection has been
interpreted and defined within this thesis. In doing so | hope this will further strengthen the
validity of the claims | have made im@ptersb, 6 and7 that i) | have helped my students to

think in a reflective manner and ii) the reflective process | underwent transformed the way |

think and act.

At this point, it is useful to reiterate the importance of reflection to this actionrgn@uairr
and Kemmis (1986, p. 165) emphasise that there are three main aims to action research, which
DUH 3:}ILUVWO\ WKH LPSURYHPHQW RI D SUDFWLFH VHFRQC(
of the practice by its practitioners; and thirdly, the imgroent of the situation in which the
SUDFWLFH WDNHV SODFH ~ +RZHYHU , FRQFXU ZLWK .UDI\
LPSRUWDQFH LV B*QRW WR pFKDQJHY RWKHUV EXW WKURXJ
understanding of yourself and your owole, and to consequently change your actions based
RQ WKDW XQGHUVWDQGLQJ’ , KDYH VXJJHVWHG WKDW WK
LGHQWLILFDWLRQ DQG UHDOLVDWLRQ RI RQHYV HGXFDWLRC
to this refective process, | have previously called upon the need to recognise the underlying
discourses (Alexander 2008), and the social and cultural experiences that have informed them
WRXUGLHX LQ ZKLFK RQHYYV SUDFWLFH LV IUDPHG

Both Dewey (1933) and Maznw (1991) concur that this process defines reflection. Dewey

(1933 S VXJIJHVWYVY WKDW LW LV 3DVVHVVLQJ WKBLIURXQGYV
S XSKROGV WKDW UHIOHFWLRQ 3DGGUHVVHV WKH TXHVW
RQ ZKLFK SUREOHPV DUH SRVHG RU GHILQHG LQ WKH ILU\
'"HZH\TV LGHDV DERXW UHIOHFWLRQ E HEavihyg progeds. HIEHY UHIC
vision of reflection shares many of the principles that underpin actsaareh and therefore

this thesis.
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The person who really thinks learns quite as much from his failures as from his
successes. For a failure indicates to the person whose thinking has been involved in
it, and who has not come to it by mere blind chance, funéter observations should

be made. It suggests to himsic] what modifications should be introduced in the
hypothesis upon which he has been operating. It either brings to light a new problem
or helps to define and clarify the problem on which he has lemgaged. Nothing
shows the trained thinker better than the use he makes of his errors and mistakes.

(Dewey 1933, pp. 11415)

Dewey (1933) further highlights the interrelated nature of reflection and action and how these
aspects of practicshould not be viewed as dichotomous; action leads to knowledge
generation, which subsequently informs new practices. This further emphasises the cyclical

nature of action research, as outlined in Section 3.4.

While Farrar (2009) suggests there is no eassis about reflection, for the purpose of this
thesis it has been necessary to differentiate between the levels of reflection | refer to
throughout the rest of this writing. While | appreciate the difficulty of classifying reflections,

| agree with Kembe(1999) who states that without such a framework it is difficult for any
reader to gauge whether reflection has taken place. This is a necessaguBite when
testing the validity of the claim that prolonged reflection has brought about my
epistemologal transformation and change in practice.

/IDWHU LQ WKLV WKHVLV , XVH WKH WHUPV pVXSHUILFLDOTY C
| believe the students and | were adopting at different stages of this doctoral research. As |
mentioned prelously Dewey (1933) and Mezirow (1991) both refer to reflection in a similar
PDQQHU ZLWK 'HZH\ VWDWLQJ WKDW LW LQYROYHV WKH 3D
of any belief or supposed form of knowledge in light of the grounds that suppod the
IXUWKHU FRQFOXVLRQV WR ZKLFK LW DWWHQGV =~ 'HZH\

DV UHIILFLHQWY

, KDYH DVFULEHG WKH WHUP pVXSHUILFLDOYT WR WKH IRUP F
how and why my (and th WXGHQWVY EHOLHIV YDOXHV DQG DFWLRQ
in practice. However, it is important to note that neither Dewey (1933) nor Mezirow (1991)
UHFRJQLVH WKLV IRUP DV UHIOHFWLRQ DW DOO OH]JLURZ L
refFOHFWLYH DFWIORQS™ 'HRM\ S DFWLRQ WKDW LV URXWLQH ~ D¢
DV ::QRQHFWLYH OHDUQLQJ "~ +DEHUPDV FODLPV WKDW W
action contexts in which implicitly raised theoretical and practicadliigiclaims are naively

WDNHQ IRU JUDQWHG DQG DFFHSWHG RU UHMHFWHG ZLWK
DSSUHFLDWH WKH GLIILFXOW\ RI LQWHUURJDWLQJ RQHTV S
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GHILQHG LW %RXUGLHX HUIDR® OWY IMXH ONHKEDWN. RIQ XS/ WKH IL
reflection.

3.7 Chapter summary

This chapter has provided the theoretical backdrop for Chapter 4. It has engaged with literature

to describe the form of action research that this thesis has adoptiedhdgnso | have aimed

to explain the cyclical nature of action research and demonstrated how | have defined the term
HPF\FOHY IRU WKLV GRFWRUDO ZRUN , KLIJKOLJKWHG WKH Q
practice and provided detail of how thisntewill be used in the rest of this writing. The

following chapter will attend to methodological issues in greater specificity. It will explain

why the methodology of action research was chosen in relation to my epistemological and
ontological standpointt will describe in detail the actions that were undertaken during Cycle

1 and 2. In addition to this it will outline the standards which | used to judge my claims to

knowledge
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Chapter 4. An Ecological Methodology for an Ecological Practice

4.1 Introduction

| wrote in the introduction of this thesis that | made a conscious decision in Chapter 2 to
provide detail of mycurrentunderstanding of an ecological approach to science teacher
education| felt thatthis wasa necessargignpost and hopthat thisinsight will benefit the
readelin coming to an appreciation tife changes in the way | thought and at¢kedughout

the research procesdVith this understanding outlinedhe following chapters will now
address how | have come what | now regrd as myontological, epistemological and

educational standpoint.

This chaptemill attend to methodological issues. It will provide an outline of the research
design and a justification for the methodological approach | adopted. It will suggest that the
methodology for this research emerged from my epistemological and ontologicalsstance
which have already been explicated in Chapters 1 andihks is in line withClough and
Nutbrown (2012Wwho propose thassues concerned with methodology should be interwoven
throughout the research and not just limited to one chapter. In additibis tovtill outline

the practicalities of the research making specific reference tortteecdiCycle 1 and Cycle

2. Theaimsof the different cyclewill afford a context for the methodological decisions |
made. This chapter will provide detail of when avitere the research was carried out and the
reasons forthe selection of the participants. It will alstescribeand justify the work |
undertook with the participants and the dat#lection methods sed.| will outline the
standards which | used to judg®y claims to knowledge and specify the analytical process |

undetookto generate evidence from the data.

| have claimed previously that an ecological approach to science teacher edueatisio

be grounded irrelational epistemologies. This chaptepkins how the methodological
approach | adopted, that of action research, draws upon the ecological principles highlighted
in Chapter 2. | suggest, therefotleatthe research process could be described, broadly, as

using an ecological methodology.

| will demonstrate how action research offered me the opportunity to live out my articulated
values in practice whilst working alongsittee students. | will suggest that the relational and
practical nature of this form of research culminatecblurring boundaries between my
practice and my research. | will explicate how the process of living out these personal values
in relation to the students resulted in sedugent tensions of coercion and, as a consequence,
that many of the methodological choicksnade ttroughout this work represented and

reflectedan endeavour to overcome this.
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This chapter will also demonstrate why the aims of the research differed between Cycles 1
and 2. This will be explained by reference to my developed and emerging understanding as
came to appreciate what an ecological approach to science eduodgbh entail.
Specifically, | will show how my emergent thinking at each cycle influenced the attmrk

with the different cohorts of studerdaad subsequently how this affected tbiams of data |

collected.

This chapter will also illustrate why | did not implement the currently dominant technical

rational form of research whiaan viewparticipants as others and the researcher as isolated

from what they are researching. Building the ideas introduced in Chapter 2, | argue that

this model of research could be conceivedvasking in a moreNewtonianway because of

the absolutist and abstract epistemological assumptions upon which it is founded (Toulmin
1990). | concur with Clougand Nutbrown (2012, p. 21) that the purpose of the methodology

chapter is not necessarily to justify why certain methods were chosen over others but also to
KLIKOLJKW 3ZK\ WKLV ZD\ ERFIRQWHELED EWBIVRQDIPQG % UDC
confidene that there are not a set of methodological rulesrfacton enquiry, only guiding

principles (although they suggest that these are often contested in the literature). The research
PHWKRGRORJ\ , KDYH DGRSWHG WKHUHIRUH YHU\ PXFK P
process nature of curriculum developmehich Stenhouse (1975) proposes and that is unique

to each learning settind\ main purposef this chapter is, therefore, to outline the guiding

principles of this action research and justify why they have been adopted

4.2 Why action research? Prelud¢o Cycle 1

The following section will outline how my concerns about planetary-beitig and my desire

to develop a curriculum for ectdiacy, were translated into the initial focus for my research
during Cycle 11 have already identified that | wantemexercise my educational influence in
helping the students to develop their ecoliteracy. Consequeptbpbse that there was no
methodological optionther than undertakinghactionenquirywhich studied how this could

best be achieved in my practice

In Chapter 1 | detailed how | was becoming increasingly awarar@ius aspects concerning
the futurewell-beingof the planet and the globdifficulties it was facing. laligned myself
with Sterling (2003) who argued that care of the planet shouldnie@ prime educational
value. | also identified that authors of the National Curriculum (DfE 2013) had actively
removed learning about such issues until the age of 14 and an initiative which was devised to
assist school® becone sustainable (The Natioheramework for Sustainable Schools; DCSF

KDG DOVR EHHQ DEDQGRQHG ,W ZDV DW WKLV WLPH V
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concerns regarding western education systems which he suggests were promoting a form of

eco illiteracy which only assistedi HVFDODWLQJ WKH SODQHWY{fV FXUUHQW
a teacher and teacher educdbat| had implicitly played a role in propagating this illiteracy

and was keen to rectify this.

The key point fomy methodological choices wasy desire tchelp GHYHORS WKH VWXG
ecoliteracy came prior to conducting doctoral research and identifyiafp@antresearch

question. When | started this research, and as a conse@fithiseoriority, | understoothere

was a need to adopt a metlology which was commensurate with my desire to change my

practice in a way which would cater to my planetary commitmdrite following outlines

how an actionresearch methodology was utilised to explore critically the changes that |
implemented in my @ctice in order to achieve this aim.

As a starting point in defining action researClyr and Kemmis (1986, p. 162) say it is;

a form of selfreflective enquiry undertaken by participants in social situations in

order to improve theationality and justice of their own practices, their understanding

of these practices, and the situations in which the practices are carried out.
Elliott (1991) adds to this by stating that the fundamental aim of such research is to improve
RQHYV shrdugalidrid of purposeful action. Therefore, seen in this manner, action
research was a methodology which was appropriate for explaining the actions that | took to

contribute tadevelogng WKH VWXGHQWVY HFROLWHUDF\

However, | was keen to acknowledgaat if research is simply perceived in terms of
MLPSURYLQJ SUD F WYekdgbrdedMK alt€chhivdl exBrtise and not as a legitimate

form of knowledge generation. | have previously notedrihaMasters studies (published as

Sinclair 2010) helped ento appreciate that research in this guise tends to be undertaken in

line with school or government policies, further socialising educators into the dominant
discourses of those already in power (Chomsky 2000). In Chapter 2 | provided evidence of

this asamption when | referenced the Carter Review (Carter 2015) which recommended that
VWXGHQW WHDFKHUYV VKRXOG EH puFRQVXPHUVY RI RWKHUV
this thesis that it was my hope to create a personal account of my reseaticbagise the

actions that | took in my practice. | concur with McNiff (2014) that reseaath as thids

more than a technical process and has social and (in my case) environmental intent. Bridges
(2003, p. 187) provides further justification for traoption of this methodology adding that
DFWLRQ UHVHDUFK 3LV D SUDFWLFH RU VHW RI SUDFWLFH\
SULQFLSOHV DQG E\ HHWHQVLRQ DQ HG Kdioneséa@id® O SKLOR
even being suggested as a moelblogy by editors of more traditional science education

journals (Lederman & Lederman 2016). However, | condidatthe terminology they use
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suggests an objectifying ontology. They comment that this methodological approach is one;
3n which the scienceeacher educator/researcher looks in the mirror and is transformed into
the unit of analysis” ederman & Lederman ibjgh. 228).

| have also noted that my practibeth in schools and in higher educatiaas premised upon

my value of mutual respectriBr to shrting the research | believédould best help develop

WKH VWXGHQWVY HFROLWHUDF\ WKURXJK HVWDEOLVKLQJ V
I now understand that | had dichotomised my pedagogy (Simon 1981) by separatinD th&V

of teaching GHYHORSLQJ PXWXDOLVWLF UHODWLRQVKLSV $O1
teaching (developing ecoliteracy), | also appreciate that | had recognised the importance this
value played in the manner in which | workedexplainedin Chapter 2how this value

manifested itself in a commitment to developing mutual respect between myself and the
students ZKLFK , KDYH OLNHQH aghdiRel&tionghipsl TV ,

This clear intent to ediencethe value of mutual respect in my practice consedybetame

part of the research process. There are obvious methodological implications concerning the

role that values play in research. Phillips (2014) descriBeB Q\ HGXFDWLRQDO UHV
desire to mimic the approaches of those in the natural scieteslaim for neutrality and
REMHFWLYLW\ 3KLOOLSV LELG S UHIHUV WR WKHVH L
questions whether there is a need for research to be-fvakier indeed if it ever can be.

Elliott (2007, p. 20) describes the metbtmyical antithesis of this, and provides a justification

for the manner in which | conducted this research, when he recounts that research is;
SHGXFDWLRQDO LI LWV SULPDU\ DLP LV WKH SUDFWLFDO RQ

BrydonMiller, Greenwood and Maguire (2003) argue that action research challenges the
positivistic view that knowledge created in social science research is value free and objective.

They suggest it should be acknowledged that any form of research (and in thisdé inclu
UHVHDUFK LQWR WKH QDWXUDO VFLHQFHV LV DQ 3H[SOLFL
SUDFWLFH-MilletpGreenRd@@d & Maguire ibid, p. 13) founded upon a system of

nested values. If, as | have argued, it is not possible to divogeswend intent from practice

then research and action will always have a purpose whether it is made explicit or not. Clough
DQG 1XWEURZQ S GHYHORS WKLV IXUWKHU VXJJHVW
accounts reveal the full range of@XHV DW ZRUN LQ WKH DQDO\VLV "~ 7KU
have appreciated that my research could not be separated from my values or from what | value.

As a consequence, | believe that much of the function of this thesis has been to articulate my
values tothe reader and describe how they have manifested themselves in my practice. In
addition to this, and more importantly, | will demonstrate how | identified criteria by which

WR MXGJH ZKHWKHU RU QRW , UHDOLVHG P\ Y®IQ X8RI PXWX
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theoretical frameworks) in the way that | worked with my students. These criterga wer
subsequently transformed into what Whitehead and McNiff (2006) refer to asdtaimdards
by whichthe quality of my workmight be judged anthe validity ofmy claims to knowledge
tested Section4.6 will detail these standards of judgements and the validity checks I

underwent to ensure my claims were accurate.

It is important to stress thaZ KLOH , XQ GHUYVWRRG@EIM O e®ivaisipy/

researiK TV SULPDU\ DL Bndf\WdWeaRionhH/BI@@E M rackicl unquestioningly

perceived the development of mutually respectful relationships as a positive act and never
examined whether this aspect of my practiees wthical. However, as | hagtated before, |

was awareRlI WKH WHQVLRQV , H[SHULHQFHG DERXW GHYHORS
whether what | was imposing on thewasonly of value tome. The following section will

outline the methodological issuesncerning the research in Cycle 1 and will higHlitite

impact of these tensions tiow the research was conducted.

4.3 Cycle 1.0ctober 2011 +February 2013

This section is specifically concerned with the methodological issues related to Cycle 1.
Initially | will describe the aim for this Cycle of the reseait in order to frame the
methodological choices | made; by this | mean the aims | had explicitly identified prior to
starting the research and, as a consequence, the resulting research question. | do this as a way
of demonstrating my thinking at that timedaas a justification for the forms of data | collected

and the manner in which | workegith the students. Will explain how theseaims were
premised on my nascent understanding of ecoliteracy aandll-defined and abstract

appreciation of how mutual nesct might manifest itself in my practice.

As a consequence of my heightened awareness of planetaityeivejlthe focus for Cycle 1

ZDV RQ ZKHWKHU , FRXOG KHOS WR GHYHORS WKH VWXGHQV
a curriculum that was onlgf value to me | concludethat this could best be achieved by
contributing to the development WKH VWXGHQWVY FULWLFDOLW\ , KDYH
my mutualistic practice and considered that this would empower them to challenge any dictate

from me. As a result, the initial research question for this cicFDPH 3&DQ D FXUULF
foreFROLWHUDF\ EH GHYHORSHG WKURXJK D PXWXDOLVWLF S

4.3.1Research participants for Cycle 1
| have expressed my desire to study my own practice in nehaiib the students that | taught.

The following will outline who these participants were and give greater detail for their choice.
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The research participants chosen for Cycle 1 of this research were drawn from a group of
undergraduate students who wenedging for a degree course in primary education (BA

Initial Teacher Training Programme). Successful completion of this course resulted in the
obtaining qualified teacher stat{(€3TS). | taught on two modules within this course. The first

was a mandatorgore science module which had set pedagogical and skibj@stedge

objectives; this was taken by dhitial Teacher Trainingstudents. The second was the
specialist science module, which was elected from the rangatiminal Curriculum subjects

(DfES 199) and was chosday the students to develop further tha@iderstanding of teaching

primary science. The students | invited totcipate in the research wek@ students that had

chosen this specialist science coufidestudents gave permission for their names to be used

and as a consequence | have referred to them as such. | hope that this personalisation provides
the reader with an insight into the relatibmaanner in which | viewed them rather than
adoptingthe objectifyingpractice Rl GHQRWLQJ WKHP DV pySDUWLFLSDQWYV
where students did not consent tg msing their names | haveferred WR WKHP DA u6 WXGH

for example.

Cycle 1
Total Number of students 18
Females 15
Males 3
Start of Research January 2012
End of Research February 2013
Number of Sessions 12
Total hours of sessions 48 hours

Table 4.1: Participants +Cycle 1

The decision for inviting this specific group of students to be participants in the research was
founded upon my aspiration to develop authentic educational relationships underpinned by
my value of respect. The contact time with students on the mandeiemges course was only

20 hours long and covered a period of 4 months. | had noted in the past that this brevity of
contact time had meant it was not possible to cultivate the form of educational relationships
which | believed were necessary for learning geaching, akin to the ones that | was used to

developing in school. The relationships | hoped to cultivate have been outlined in Chapter 2
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and are modelled on the dialogicalthou relationships (Buber 1947, 1958) which Infed (no

date) argues can onlglileveloped if trust and respect is evideappreciatedhat trust and

respect have to be earned and that this happens over time. | was in the company of those
studying on the specialist course for 110 hours. The course ran for 19 months over two
acadernt years between October 2011 and February 2013 (although Cycle 1lres¢laech

only occurred betweedanuary 2012+February 2013) and | believed that this extra time

would provide an opportunity to earn this trust and respect. With previous sciecibecele

groups | had been keen to promote the idea of a community of practice (Wenger 1998) and a
IHHOLQJ RI EHORQJLQJ DQG LQ GRLQJ VR KDG pEah&eQGHGT W
of belonging wagvidenced by the following from a course tuparting back from a student
WXWRULDO ZKR ZURWH WKDW 3, MXVW ZDQWHG WR OHW \R
FRPPHQWHG WKDW VKH ORYHV WKH pVFLHQFH FOXEY FRPP:

(email correspondence; Bridge 2009).

In addiion to this it is important to note that the science specialist course did not have fixed
objectives and therefore stated learning requirements. Without this course feature | would not
have been afforded the opportunity to introduce and negotiate theubwmifor ecoliteracy.

This is of particulasignificanceas many of the topics concerned with ecoliteracy were not
reflected in the curriculum that the students would be teaching from (DfES 1999) in school.
While | had not identified it at the time, | ajggiatethat the experimental and developmental
FXUULFXOXP , KDG HVWDEOLVKHG ZDV VidéalLdDapkbcas® IJXLVH

curriculum.

4.3.2 Articulated aims may not have been what they seemed

The following will provide evidence of my thintg prior and during Cycle 1 and therefore
how | hadinterpreted the aims for this section of the resedtatill briefly detail my, then,
nascent and Hinformed understanding of ecoliteracy and a mutualistic prachsea
consequence, | will use thésevidence in the following sections to justify the actions | took

with the students during this cycle.

4.3.21 My early understanding of ecoliteracy

'"HVSLWH FODLPLQJ WKDW , ZDQWHG WR GHYHORS WKH VWX
suggest that | fully understood what this embodied. I highlighted in Chapter 1 how, in previous
writing (Sinclair 2012a), | had found defining ecoliteracglgematic. Perhaps more telling

LV P\ XVH LQ WKLV ZULWLQJ RI 2UUWWERXKHUIRDO RI[HFR 8 LMY
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not just mastery of subject matter but making connections between head, hand, heart, and
cultivation of the capacity to discern systefrishad not been able to fully comprehend the
UHODWLRQVKLS EHWZHHQandk&iDS3ULRD QGOD QBF KWIBGE WRIQ WK
6XEVHTXHQWO\ , DUJXHG WKDW 3WKH pKHDGY UHIHUV WR
knowledge necessary to understand how the planet work$ L Q B@ Zxa) Efom this |
suggesthatthe forms of epistemoldgs | wanted to develop were not the ecological types

that | havebelievedare necessary for improving planetary wading butrather thosevhich

were predominantlydcussedn the importance of learning content knowledge. | argue tha

this resulted in lecting session content which focussed upon developing subject knowledge

and planetary awareness dndid not identify strategies which would help the students to

think in the relational manner | have detailed in Chapter 2 (Capra 2005). The course outline

can be found in Appendix 9. For further detail of the course content | have provided a
FRPSOHWHG WUDQVFULSW RI D VWXGHQWVY /HDUQLQJ 'LDU
be explained in further detdit Section4.3.5.2) which details the leany that occurred in

HDFK VHVVLRQ IURP WKH VWXGHQW T \éntetdibgursietstandingH 6HH
of ecoliteracy and relational epistemologies provides a justification for the forms of data |
collected and further evidence of the way in which | was thinking. Set¢@obattendgo the

specific data collection methods utilised duringctéyl. | will demonstrate that these were
VHOHFWHG WR MXGJH WKH VXFFHVV RI WKH DFWLRQ , KDG
about planetary welbeing, which | had equated to developing ecoliteracy. These methods,
therefore, did not provide opganities to generatevidence for whether my actions helped

them to think in a relational manner.

4.3.22 My early understanding of a mutualistic practice

| have provided detail in Chapter 2 of the relationships | wishedaimotewith the students

and rave highlighted throughout this writing that these were premised on developing mutual
respect. | have stated that one of the founding principles of this practice was the emergence of
a community where the students considered that they had a sense oinigelpagpose and

the freedom to convey their opinions. In particular | have stressed that a mutualistic practice
needed to involve the development of critical thinking. However, an analysis ofategss

| used (which will be outlined idetail in Chaper 5) makes it apparent that it was nt

helping the students to critique their own thinkfolly which | was interested in but in their
ability to be critical of the teaching they were receiving from me. The following statement
from my learning Ig provides evidence that it was this interrogation of my teaching that | was
KRSLQJ WR SURPRWH 7KH OMHDLWQJLQH DGR Y W REGHIAMIVD G H DU (

many are being critical about the teachitigd maybe. How do | help develop this form of
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UHIOHFWLRQ"" /HDUQLQJ /RJ 6HVVLRQ 7R SODFH WKLV |
is crucial to understand the tensions | felt about imposing a curriculum. An entry in my
Learning Log affords an insight into this. It describes how | felualoheadteacher asking
the stwlents to provide lessons for tbleildrenin his schoobn the theme of sustainability for
a science week that they would be planning and teaching;
| was a little worried that the group would think that | had chosen the foptbe
science weekteven though it had been requested by the headteacher ie ramming it
GRZQ WKHLU WKURDWY EXW WKHUH GLGQMTW VHHP WR

ZRXOGQYW EH DURXQG VXVWDLQDELOLW\ VRnc& KDW ZH |
(Learning Log, Session 9)

This short section hazutlinedmy under developed appreciation of a mutualistic practice in
relation to my concerns about imposing what was of value to me and has provided the context
for many of the activities | undertook with the students while developing the curriculum for
ecoliterzy in Cycle 1. | propose that by providing the students with a platform to be critical
of their learning experiences they had the opportunity to advisevméherthe imposed
curriculum had little relevance aruchvalue to themTheactivities!| providedwhich | hoped

would promote this form of criticalitill be specifically detailed in the following section

This sectiorattends to issues regarding research positionality and the ethical implications of

undertakinga first-personaction enquiry

4.3.3Researcter positionality for Cycle 1

This section considers issues concerning resegpositionality. It justifies the adoption of a
methodology which shuns what MAA' H H U S VWDWHYV LY BDQBVHDUF
FHOHEUDWHY 3UH\DHDEU BEK DBEBWSFHF$WLEHVHDUFK ©~ W ZLOO E
of methodology in relation to my ontic stance and then explicate how this positioning
influenced the aims for the research during Cycle 1. This section will then attend to issues
concerningpowHU ZKLFK DUH UHODWHG WR WKH GXDO UROH , DGHF

researcher of my practice whose explicit intent was to have an educational influence.

A first-personaction research methodologifowed me to be part of the research process and

to study the forms of relationships which developed with the students from Cyhle was

congruent with my relational ontic stance.F 1L I | S UHIHUV WR RQWRC
study of the naturef being and reality, about how you see yourself in the world and how you
FUHDWH \RXU LGHQWLW\ LQ UHODWLRQ WR RWKHUV "~ , DGG

others, but also in relation to all aspects of the planet; both abiotic and ldate previously
drawn upon the work of Abrams (2010) and Lovelock (2006) in order to theorise my
ontological position and to explicate that it is underpinned by ecological principles which

guide my actions towards the planet. Lovelock (ibid) expldias the connection between
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humans and the plargtouldbe premised upon a lasting relationship of mutual benefit. While
Lovelock (ibid) makes specific reference to the natural world | believe this ontological
positioning also reflects my educational sitola and how hopedto carry out the research.

I maintain that a first-personresearch methodology is grounded in the framework for
HFRORJLFDO WKLQNLQJ ZKLFK , KDYH DGDSWHG IRU HGXFDYV
thinking and which was outlimein Chapter 2. | will demonstrate below that my research into
developing a curriculum for ecoliteracy did not have fixed objectives, or a hypothesis to work

from, and that the tentative and transformative nature of what might materialise was
encouraged. femind the reader of the ecological approach to science that | proposed in
Chapter 2 and suggest thdirat-personmethodology mirrors many of the processes which |

outlined. In particular this research recognitdes knowledge is premised upon degrets

uncertainty which Feynman (1998) highlights is how scientific enquiry proceeds. As a
consequence@phasis was placed on the process of developing an understanding of how the
curriculum had evolved and not from any rigid research approach. The reselalriated the

contextual knowledge gained from working with the students and the judgements related to

the success of the practice were related to the quality of the educational relationships formed
DQG KRZ WKH\ LQIOXHQFHG W KFhe\asedrGh-piovésshdiaficed My OHD U

learning which augmented further work and knowledge generation with future students.

In order to explain the relevance of knowledge generated in context it is important to return to
how | thought a curriculum for ecolitenacould bedeveloped | was awarethat such a
curriculum would need to belevanto the particular group of students from Cycle 1 and that
WKHUH ZDV QR 3KRPRJHQLVHG RBWQRZ |ILWYRBIRBOr FXUULF:
to working with the sidents | wrote that;

it will be crucial to work with my students to develop a curriculum that is relevant to

them and the children they will subsequently teach. This will require a flexible and

creative approach as it will entail having no-ptanned sesons and working from
WKH VWXGHQWVY LGHDV UHIOHFWLRQV DQG QHHGYV

(Sinclair 2013, pp. 14Q41)

Further evidence of this comes from a video of the session when | first negotiated with the
students whether developing such a curriculum woukplpeopriate. The following comment
highlights the tentative nature of my understanding and the transformational process | believed

this could entail;
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, GRQYW FDOO P\VHOI DQ H[SHUW LQ DQ\zD\ LQ DQ\ R
reasonablgxciting, about what is someone who is ecoliterate, what do they look like?

What do they do? And what kind of values, that sort of thing. | want to develop my
understanding of that.

(Video Footage, Initial presenta. Full transcript Appendix 2)

SteQKRXVHTIV LGHDV &é& Rsoshl td- KelpUdxplXitheX Researadr
SRVLWLRQDOLW\ , DGRSWHG +H SURSRVHG WKDW DV SDUW
should research their own practices. Stenhouse (ibid) appreciated the pro@etdlra
developmental nature of teaching within a specified context. In particular, he referred to the
testing of curricula ideas which he suggests can only be established in contextual action and
through a continuous cycle of reflection and adaptatiteelso suggested that this can only

occur if thought has been given to the personal and professional contexts of the students and
WKH WHDFKHUV LQYROYHG %\ GRLQJ WKLV , DUJXH WKDW
curriculum and the researdhus empasising the interdependent and embodied nature of both
processes. From this perspective, curriculum (and therefore teacher) development and
research are artificial boundaries and perhaps can be conceived as equivalent.

However, the common view within tHield of social sciences is that research is something

usually u.GRQHYT E\ UHVHDUFKHUV ZKR DUH XVXDOO\ DFDGHPL
HRXWVLGHY WK ketBDY3) Bugdests tideFebis a general assumption that abstract
theories produced inkKLY ZD\ DQG RXW RI FRQWH[W VKRXOG WKHC(
SUDFWLFH ,W KDV QHYHU EHHQ P\ LQWHQWLRQ WR EH VHE
6FK|IQTV MKLIJK JURXQGY WKDW RI WKH KLJKHU HGXFD!'
perceved as having little relevance or influence. In particular, thisewmogical and non
UHODWLRQDO UHVHDUFK PHWKRGRORJ\ SRVLWLRQV WKRVH
the status and power of the researcher. As | have stressed throtnghoepart, this power

imbalance was not congruent with the value of mutual respect that guided my practice or the
forms of relationships | hoped to engender. | now discuss issues relating to povikemand

this methodology, founded upon an intent to infice, could be considered coercive if not

handled in an ethical manner.

4.3.4Ethical considerations

| have highlighted issues concerning the positionality of the researcher and have identified

that in an action enquiry,which hasintent to exerciseeducational influence, there is the
SRWHQWLDO-WRHERLYSERZHOOLRWW S 7KH IROORZL

this and other ethical issues about my research. | will demonstrate the ethical considerations |
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made and the stiegies that | put in place to ensure that | was working in an ethical manner.
In doingsol will refer to two different sets of ethical guidelines. The fast professional and
institutional codes of practicesThe second ighe emergent grsonal ethicaktandards |
adopted. Thesdeveloped from myractice as a consequence of my value of mutual respect

andwerealsoborne from the tensions | felt about imposing the curriculum for ecoliteracy.

4.3.4.1 Professional ethical guidelines

Before undertaking my research, | made applications for ethical approval to the ethics
FRPPLWWHHY RI 6W 0Onp oW ¥hig@ityvahtlUrgrk St\John University (the
institution through which this doctoral thesis was undertakémitten ethical consenvas
provided by all of the participants (See Appendix 3) and ethical clearance granted by both
institutions (See Appendix 4.1 and 4.2).

These applications identified three key areas for ethical considevdiioh asked me to

1. Specify how the consent oflgiects will be obtainedp{ease note the ontic stance the
WHUP pVXEMHBWWKRRP SO IOHRW H
Indicate any potential risks to subjects and how you propose to minimise these;
3. Describe the procedures you intend to follow in order to maintain the aitgramd

confidentiality of the subjects.
(York St John University, Ethicspgplication Approval Form, 2011)

While | understood the need for anonymity and confidentidéithical consideration 3J)
believed that this was a procedural matter awnote the following in my ethics application

regarding the processes | would implement to ensure this aspect was respected:

X When completing questionnaires or Learning Diaries, participants would not include
their name and wauld remain anonymous

x Data wouldbe stored on secure, password protected computers @d enly be
accessed by myself and my supervisors. Participants meaythis information if
desired;

X Information from/about them would not be published without theimission;

x Participants wouldhave the right to withdrafvom the research at any time;

x Participants would be informed that they can seek advice through their programme

director should they feel the need.
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Of most importance wergthical considerations 1 andahich | believed were more closely
related to the aforementioned potential to abuse my position of power both as a lecturer and
researcher. Yasso@orochowitz (2004) highlights my concern about informed consent that
it may not, infact, be consensual aparticipants may feel coerced into complying because
they have been asked to participate by someone in authority. | have previously outlined how
the assessment process in higher education places me in a dual role; that of teacher and also
judge ofthestudHQWVY ZRUN ,Q WKH ODWWHU WKH SRZHU RI DVVI
ILQDO GHJUHH FODVVLILFDWLRQ DQG VXEVHTXHQWO\ WKH
made apparent to me by a student responding to whether they felt developingitutuem
for ecoliteracy during the science teaching sessions was an appropriate strategy. She
commented that she was happybw a participantDV ORQJ DV 3LW GLGQIW JHW
SDVVLQJ WKH PRGXOH ~ 6DUDK 3UH & R&Xéihcklcamhtittéad LRQ QDL
mentioned above raised questions about the potential abuse of my poesthighlighted
their concern that the students might feel compelled to be participants of the research. One of
the committees questioned,;

\RX DUH W K ldcturiy 300Gt QUi MeTuseful to outline how you would ensure

that participants do feel comfortable in consenting to participate / withdrawing from
the study and do not feel coerced in anyway.

(email correspondenc®&ouse 2011)

My second ethical concernwa WR GR ZLWK WKH SRWHQWLDO ULVNV WR
used in theYork St John University, Ethics Application Approval FQravhich for this

research | identified as the imposition of a curriculum premised upon my \ahgegaot

necessarily those of the studenlisis important to note that the strategies adopted to address

these ethical concerns were put in place not only to comply with institutional guidelines but

also because of the deggoted tensions | felt abothe effect of my educational influence.

The following addresses the approaches | employed which performed a dual role in assuaging

the discomfortl felt about developing the curriculum for ecoliteracy while also providing

evidence of compliance forthet wDFDGHPLF LQVWLWXWLRQVY HWKLFV FR|

4.3.4.2 Living ethical guidelines

(OOLRWW KLIKOLJKWYVY WKDW DFWLRQ UHVHDUFK LV L
practice is opened up for scrutiny by others anthereforean ethical act. McMi (2016)

argues that achieving ethical principles is equivalent to demonstrating how one is realising

their values in practice which provides a further example of the indistinct boundaries between
practice and research. Previously | introduced the idatttie validity of my claim to

knowledge could bdested andiudged by reference to living standards of judgement
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(Whitehead® McNiff 2006) and therefore how successful | have been in living out the value

of mutual respect in my practice. If, as McN@0(16), suggests this validation is synonymous

to achieving ethical principles then the process of undertaking this research also becomes a
form of living ethical check and the entire thesisuld be seen as report of my ethical
considerations. Public scmy of this research by critical friends, supervisors and external

examiners will provide furthegrounds forethical accountability (EllioR007).

The following will outline the strategies | put in place which acted to ensure that | was not
abusing my pdson of power and that | was operating in an ethical fashiassour

Borochowitz (2004, p. 179) argues tle#ltical issues can be resolved through the process of;
SUHFLSURFDO GLDORJXH " EHWZHHQ WKH UHVHDdgEeKHU DQG
| employed, and which are detailed below, are examples of this and are premised on
developing the forms of respectful relationships Buggest$1947, 1958), while using the
PHGLDWRU\ SULQFLSOHV RI $OH[DQGHUYV GLDORJXH

At this point it & relevant to refer back toy interpretation of the aims of the resealdtave
KLIJIKOLJKWHG WKDW RQH DVSHFW RI WKH PXWXDOLVWLF U
critical thinking yet practically this manifested itself as providing opporturstiéor the

students to be critical of my teaching to assuagepatgntialfeelings of guilt. I only now

appreciate that these emotions were evoked due to my determination to live out my values in
practice.The strategies | afforded the students to be critical of my practice were as follows.

The success and outcome of these approaches wiistessed in Chaptér

1. | gained permission from the students to ensure that they felt that it was appropriate
for me to develop the curriculum for ecoliteracy with them prior to starting the
research;

2. Students were asked to reflect on the learning and teaching they received from me
during the science sessions through entries into personal student Learning Diaries;

3. Studems were asked at the start of their course to guide their learning by making
suggestions for what they felt should be included in sessions;

4. Students critiqued a chapter about my research that | had written for a book;
Students were asked to produce imaged metaphors for how they viewed my

teaching (idea drawn from James 2013).

I concur with Elliott (2007) that theature of a action enquiryoften makes it difficult to
GLVWLQJXLVK EHWZHHQ WKH UHVHDUFK DQG WKtHse HVHDUFI
strategieswhich | propose were embedded iny practice, also acted as data collection

methodgo which the bllowing section novattends.



115

4.3.5Data collection methods for Cycle 1

McNiff (2013) highlights thasome of thelata colleadin an action research enquiry is about
PRQLWRULQJ RQHYV SUDFWLFH V\VWHPDWLFDOO\ ,W HQW
changes to practice and learning. By recording such information it affords the researcher the
opportunity to identify signifiant episodes that may occur in practice and which can be
subsequently used to generate evidence for knowledge claims. She notes that the types of data
collected must be appropriate to justify the nature and the purpose of the research
demonstrating the k&tionship between methodology and the research tools employed to

gather data.

Again, it is of significance to refer back to the difference between the articulated aims and the

tacit purpose of this research in order to provide a context for the chailzao€ollection

techniques and the forms of data recorded. | have detailed how the initial research question;
3&DQ D FXUULFXOXP IRU HFROLWHUDF\ EH GHYMHcNR&EIHG WKUI
upon an understanding that ecoliteracy was abosingpawareness and developing subject
knowledge about planetary issues. | have also articulated that my mutualistic practice was
concerned with providing opportunities for the students to be critical of the teaching they were
receiving from meConsequenyi, the data collection methods employprbvide evidence for

the success of these approaches, but they also help to determine the manner in which | was

thinking.

| acknowledge that the generation of evidence from data sets is an essential part of
demonstating the validity of my claim to knowledgevhich will be detailed throughout

Chapterss, 6 & 7). The range of research tools used are dethiddalv. While | appreciate

that these were ultimately used to show my changed understanding, for the purpose of
comprehensibility | have separated them intah collected data to showWKH VWXGHQW)\

actions and learningnd also my own
The data collection methods used to monitor how the students were thinking included:

X Student Learning Diaries;

X SemiStructured Interviews;

X Questionnaires;

x Critique of my wrting about the research process;

x Pictorial Metaphors of my Teaching
The data collection methods used to record my actions and learning were:

X A personéareflective journal which | refer to asynearning Log;

x Videos of my teaching;
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x Emails with colleagues;
X Meetings with colleagues;

X Writing at different stages of this thesis

The following table provides detail of the data collection tools from Cycle 1, the numbers of

students involved anahen in the research timeline they were utilised.

Data Collection Tool Date which data collection] Numbers of students
tool was used involved in data
collection
Student Learning Diaries 10.1.1218.2.13: completeq 18

after science sessions

Pre Course Quéshnaire 10.1.12 18

Critique of my writing 8.10.12 16 (2 students absent)

Pictorial metaphors of m 11.2.13 15 (3 students absent)

teaching

Post Course Questionnaire 18.2.13 18

Post Course Interview 18.2.13 6 in total: 3 interviews of
2 students

Table 4.2: Data collection tools +Cycle 1

As can be observed, a range of data collection tools have been utilised throughout this research
as | was aware that no one method could provide a comprehensive account of the interrelated
phenomena | was studying. Thiaried DSSURDFK WR V\&cKde do@racds Ghel V. S U
intricate nature of human interactions and their manifestations and acknowledges that these
cannot be demonstrated throughregke data collection method or standpoint. This approach
eschews the Newtonian model of research wiam becharacterised by the reduction of
complexity and the isolation of single variables. The use of multiple data collection tools also
acts as methodological triangulation. Triangulation is the process of using different data
sources to generate evidence anasscheck findings (Bel& Waters2014 which Cohen,

Manion and Morrison (20)7argue is an authoritative way of demonstratiagidity. The
following will now provide greater detail of the data collection tools and provideitigason

for their empbyment.
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4.3.51 Questionnaires

All students were asked to complete a questionnaire at the start of the course (Initial Session,
10.1.12; Pre Course Questionnaire; see Appendix 5) and then the same at the end (Session 13;
Post Course questionnaire; see Apfie 5). The questions were aimed at assessing their
understanding of sustainability, the level of appropriateness of this being part of their course

and thesuitability of the issues for their age range of childtemasawarethat as part of the

researb processyou need to3H[SODLQ ZKDW WKH VLWXDWLRQ zZDV OLI
research, and produH GDWD WR VKRWhiteead 2006.1(. 61) and | believed that

these questions would provide this baseline data. However, it is prudent to nieigfyn

that, although these questionnaires provided me with limited evidence regarding whether | had
helped the students to develop relational epistemologies they do demonstrate the way | was
thinking at tle time. These ideas will be developledther inChapteré whenl suggest that |

was demonstrating a n@tological epistemology during Cycle 1 and attempted to undertake

a Newtonian model of research which objectified sustainability and delivered a quantitative
PHDVXUH RI WKH VW X GefeQtd/qu§stnk Lvabl asidg in tH2 QuéRionnaire

which | propose acted as another check to ensure that the curriculum for ecoliteracy was
UHOHYDQW WR WKH VWXGHQWVY QHHGYV ,Q SDUWLFXODU
questionnaire which qugthe importance of learning about sustainability and whether it was

the role of the science curriculum to develop this;

How important do you believe it is that trainee teachers should be taught about

sustainability as part of their course?

If issues abousustainability were taught as part of this degree whalseshould it
be to deliver these modufes

(Pre Course Questionnaire / Post Course questionnaire; Appendix 5)

The questionnairgsrovided evidence of the influence of the coltsRQ W K HaWitiEsG HQ W V 1
towards planetary issuesdatheir perception of teaching such mateinaschools. Of the 15

students who completed both the initial and post course questionnaires, 8 had increased how
they rated the importance of trainee teachers learning about sustainability. While the other 7
remained the same they had initially ranked it of high importaBigmificantly all of the

students except two had lowered the age range which they felt chéldoeid learn about

planetary issues. | am confident this was as a result of planning and teaching young children

in school a lesson on the theme of sustainability. This congitisthe United Nations
Educational, Scientific and Cultural OrganisatiNESCO 2008) who stress that young

children are not only capable of understanding issues to do with sustainamilityatsuch

an educatios their right.
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4.3.5.2 Student Learning Diaries

The students were provided with individual Learning Diaries at #neddtthe research (Initial
presentation, 10.1.12). At the end of each science session they were requested to complete
these diaries as a form of reflection about their learning experiences. | have previously
identified that this was one of the key stogms | had deliberately adopted to assist in
redressing the teacher/student power relationship and in doing so provide the students with a

voice to critique my teaching; which | equated with developing their critical thinking

| provided them with questiento guide the reflective process which were formulated from

the work ofBoud, Keogh and WalkeZ KR Q R Wréfledlignis\&@n irhportant human activity

LQ ZKLFK SHRSOH UHFDSWXUH WKHLU H[SHULHQBP8, WKLQN |
p. 19). They highlight three main areas regarding the process of reflection:

X Returningto experiencetthat is to say recalling or detailing salient events;

X Attending to (or connectingwith) feelings +this has two aspects: using helpful
feelings and removing or containing obstructive ones;

x Evaluatingexperienceztthis involves reH[DPLQLQJ H[SHULHQFH LQ WKH
intent and existing knowledge. It also involves integrating this new knowledge into
RQHTY FRQFHSWXDO IUBBHZRUN SS

The questions that arose from Boudd RJK D Q G : IP8BNrefldcfiveframework were:

1. Whatdid I learn?

2. How did I learn it?

3. How did | feel?

In what ways did it challenge my thinking?
What was the relevance of my learning?

o o &

What further questions do | have about my learning?

In addition to this | added a further question which provides extra evidence for my

preoccupation ensuring that students had the opyoity to critique my teaching.
7. What changes could be made to improve the session and my learning?

Ideas surroundingdw successful this approach was in engendering critique of my teaching

will be dealtwith in Chapters. However, it is worthwhile noting that at this stage | had not

only conflatedthe development odritical thinking with a critique of my teaching but als

with a superficial form of reflection (evidence of which | was finding within the Learning

Diaries). Much of my understanding of the importance of reflection was underpinned by
6FK[QTV OHJLWLPDWLRQ RI SUDFWLWiBQrrkabdpy WKHRU\
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SUDFWLFH 6LPLODU WR KRZ , KDG YLHZHG SHGDJRJ\ , KDG °
(Alexander 2008) rather than advocating that students addressed concerns about the
underlying discourses of what and how they had learnt. Threrefee learning diaries did not

DLG WKHP LQ B3IRFXVVLQJ RQ WKH SRZHU GLPHQVLRQV RI
441).

Students were asked in the post course interview what thewdslthe purpose of the

Learning DiariesMany students, likd~rancescajdentified my hopes for them which gives

evidence that | had made explicit the intention for my practice to be critiqued. However,
Jessicarovided an explanation for the superficial reflection | had recognised in many of the
VWXGHQWVY WRPPMXWY NWWEBH DXWRPDWLF DSSURDFK LV M)
quickly and briefly in order to leave the lecture.6 L P L QMah, Wdrdon and kicLeod

(2009), | appreciatéhat for effective rilection whichmoves beyond description, sufficient

time and space needs to be given. | question whether the obligation to me, to complete their
Learning Diaries, at the end of a thteeur teaching session was a mutually respectful act and

whether it allowed for effective reflection to take place. Holden ardgS (2011) identify
WKURXJK WKHLU OLWHUDWXUH UHYLHZ HQWLWOHG 3QR\
superficial approach is common as students often question the relevance of completing them.

In addition to time, they suggestthat many traines either felt overwhelmed or-firepared

to carry out this form of reflection successfully. This is pertinent as, while | had provided a
framework of questions, there had been no discussion regarding what truly reflective

comments should entail.

Neverthelessthe Learning Dairies did provide an insight into the substantive issues which the

students felt were important from each session. Probably due to time constraints they gave

most detail to what they had learnt and how they had I¢atrith weae theirresponsgto

questions 1 and)2 7KLV JDYH PH DQ LQGLFDWLRQ RI WKH JURXSYV

VWUDWHILHY WKH\ IHOW ZHUH DSSURSULDWH IRU WKHLU
FDXWLRQ WKDW PHUHO) iSstkb idilikey fo asBi<E iRI¥WAIGINE OD QH W D

DQ HFRORJLFDO HSLVWHPRORJ\ , DP DOVR DZDUH WKDW PD

areas was not strong. This iis keeping with + DUW D Q GredRi©ohD(QO9Y) which

identified several studies which ha reported the lack of basic planetary knowledge of most

teachers.

4.3.5.3 Student critique of my writing about the research
In addition to the critique of their experiences in their Learning Diaries | gave the students the

opportunity to review some dit writing of mine during Session 7 (later published as Sinclair
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7KH WLWOH RI WKH ZULWLQJ ZD VW HEN)OTWL ¥ R MAKQ U D@D
of the research that | had carried out with the group of students from Cycle 1. Each student
was provided with a copy of the writing and asked to annotate their thoughts throughout and
thenprovide an overall summary at the end.

The original purpose of this was to provide the students with a further strategy by which to
critique their experience3he writing focussed, as has much of this thesis, on my pervasive
concerns about coercion with the introductory section of the chaytléring;
| believe that this science curriculum is one of the vehicles that could be used to
cultivate an ethos of edderacy. This chapter will focus on the tensions | have
experienced in using this module for these ends and whether or not | am abusing my

role in attempting to influence my students to adopt attitudes and values concerning
issues that are important to me

(Sinclair 2013, p. 133)

However, | also came to see this technique as an example of diategction (Bohm 1996)

where the construction of meaning through a collective conversation generated a theory of my
SUDFWLFH DV WKH VWXGHQWVT UHVSR Qu\Aakl 1akisg RYeteGHG YD
WKHPHV HPHUJHG IURP DQDO\WVLQJ WKH VWXGHQWVY FRPPH
honesty, that they did not feel they had been coerced and that working with them in the manner

| did had engendered a community of mutual respeQ.H0 VW XGHQW FRPPHQWHG WK
your dedication and have learnt a lot from your teaching stgfpecially the bonds + respect

\RX JDLQ ZLWK \RXU VWXGHQWYV - S&%XGH.Hdveyer,&tKD SWHU
important to note a concern | haoloat all the strategies | had adopted regarding the honesty

of student feedback. This was vocalised by one student in their post course interview who
VWDWHG KRZ WKH SURFHVY 3VKRXOG KDYH PDGH XV IHHO H
worriedthatLl ZH VDLG VRPHWKLQJ DZIXO WKHQ«ZH DUH RQO\ SR
Course Interview 2). | amwarethat the entrenched positionality between teacher and student

may have left this student and others feeling either uncomfortable or unavailabékeo

critical feedback. However, | wdmioyed by Susannah who felt unable to critique the article,

but identifed that others in the group felt confident to.

| also suggest that critiquing writing about my perception of the manner that | had negotiated
the curriculum also acts a validah check, that of member checking, which strengthens the
claims that | am making about my practice. | also propose that this specific stiatpgs

the students reconceptualtbe power relationship in positioning meaaearner. One student
remembered thiactivity and, sometime later in thegt@ourse interview, commented;

, TXLWH OLNHG UHDGLQJ KLV DFDGHPLF ZRUN EHFDXV|
obviously we are doing assignments all of the time and bitssshdH FHY LWV QLFH V
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of, you almost share in that, | think you can very quickly think of lecturers as, you
know, having gone through that and not doing it anymore.

(Anthony, End of Course Interview 3)

4.3.54 Pictorial metaphors of my teaching
Towards the end of the course (during Session 8) | asked students to produce a pictorial
metaphor with a textual explanation to describe and explain how they viewed me as a teacher
and my teaching. Lakoff and Johnson (2003) and Bateson (2000) have aajueadtaphors
are a fundamental mechanism for the way we think because of the way they structure our
sensory experiences. Combs and Freedman (1990) conclude that as a result that effective
communication is premised on the ability to work with metapRegviously | had engaged
with work by James (2013) who had used this strategy to help her students articulate their
WHDFKHU LGHQWLW\ -DPHVY LELG ZRUN ZDV IRXQGHG XSF
that the recognition of identity is one of the kmpects of teacher education programmes and
that the use of visual metaphors can act as a cognitive device which encourages reflective and
creative thinkingAvraamidou (2014, p.146) recognises that;
the construct of identity is particularly important kit the field of teacher education
because it offers a comprehensive construct for studying teacher learning and
development, which goes beyond knowledge and skills
In this instance | felt that this activity would act as a useful tool in helping thentsutde
articulate their perception of me as a teacher. In addition to this | believed that this format
added variety to the data collection methods because it differed from the customary questions
that they were asked to answer when completing their lrepbiaries.

As | was cognisant of the number of times | had asked them to reflect on their experiences |
asked them to complete their metaphors during one of their breaks within the session and did
not make it a compulsory task. Subsequently the quafithe metaphors varied and not all
students chose to perform thigvhile | have already argued that arfirst-personenquiry
research and practice should be viewed as virtually synonymous | suggest that data collection,
where participants monitor theiiva thinking (McNiff 2013), can infringe upon this. | have
questioned whether this imposition on their time reflected the development of respectful
educational relationships. Because the images and explanations produced were concise and

lacked detail theydwe been difficult to analyse. This will be revisited in Chapter

| am aware that it would have been beneficial to have asked the students to have produced
metaphors at an earlier stage oftbarse as well as towards the end. This may hesaded

evidence of their expectations of me as their science lecturer at the beginning of the course
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and any transformation in their opinions followitigpir teaching experiencesalso suggest

that | should have used this strategy in a similar fashion to Jam&3) (@dich may have
SURYLGHG D JUHDWHU GHSWK RI GDWD WR VKRZ KRZ WKH "
M3LFWRULDO 7UDQVLWLRQ OHWDSKRUVY WR JDLQ DQ LQVLJ
her influence. Her students provided images anthespons of how they felt about teaching

Religious Education both before and after working with her. Price and McGee (2009) suggest

that revisiting an initial metaphor is a vital element in assisting teachers to conceptualise their

teacher identity.

4.3.55 Semistructured interviews

| used semstructured interviews with groups of participants at the end of the course during
Session 11 (End of Course Interviews 1, 2 & 3; full transcripts can be found in Appendix 6.1,
6.2 & 6.3) to gather further data. | was guided by some of theiplésoof grounded theory
which suggest that data collection is an emergent process. Theoretical sampling is used to
identify gaps in understanding in order to determine what further data should be collected
(Birks & Mills 2011). The transformative theorggerated from this additional data collection
exemplifies the ecological nature of this method. The justification for undertaking these
interviews will be used to demonstrate my previous argument about howséparhtedny
pedagogy (Simon 1981); the mamrin which | had separated my mutualistic practice from
the curriculum for ecoliteracy. The need for these ss#mictured interviews was premised
upon my belief that | had not demonstrated the link between the relational nature of my
teaching and encoaging the students to develop their ecoliteracy.

Lichtman (2006) outlines that it is necessary to set up an environment where the interviewee
feels confident they can reveal their intentions and feelings. Wagereciate that DiCiceo

Bloom and Crabtre€2006) suggest participants feel more at ease when they have a strong
rapport with the interviewer dleemedit necessary, because of the personal nature of the
guestions, that it could not be m&tkins and Wallace (2012) highlight that one of the key
drawbacks of the interview is the trustworthiness of the replies. For this reason, and to avoid
potential bias, another colleague from the school of education conducted the interviews in a
neutral settingThis colleague was known to the participants ay theed also been taught by

her.

The following questions were given as guidance to the interviewerthgtmterviews being

recorded in amp3formatso that they could be transcribed at a lategesta

X How do you feel about learning about sustainability?
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x How KDV $OH[TV WHDFKLQJ KHOSHG \RX WR OHDUQ DERX
X Have you ever feltoerced to learn about sustainability?

x Did you feé able to critique his teaching?

Questions werespecified to ensure the aforementioned priorities of the interview were
addressed. Atkins and Wallace (2012) highlight that the interview allows for face to face
engagement and an opportunity for dialogue which the questiont@@® not provide

(Silverman 201Y. Interviews underpin an ecological approach in that they can be vesved

a social encounter (James 2013) which value the participant as more than their responses. |
hoped that the interviews would SURYLGH D VLWH IRU [oQWdrd]ped@deD\ EHW Z }
that leads to datathatisnegdtW HG D Q G F R Q WMIll $\28T1 (. 56) Whiich Nb®lieve

is the form of dialogue and relationship that both Buber (124%8) and Bohm (1996) call

for.

Much of the analysis of these interviews will be discugsé&thaptes. However, the students
spoke overwhelmingly around a feinterrelated themes with the main focus being the
respectful environment created within the classroom. Despite not articulating the relationships
I hoped to develop with the studentargue that my value of mutual respect wamifested

in practice and subsequently identified clearly by those being interviewed. Regardless of the
number of strategies | implemented these were not mentioned explicitly and it was my long
established teaching style that | adopted which was deemed of mostainggo Many
students commented that they felt their ideas were valued and that they could speak without
fear of judgement from me or the rest of the clRegardingvhether introducing issues to do

with sustainability throughout the course was appraogrihe general consensus was that it

had been a positive and worthwhile experience. Pleasingly, most interviewees commented that

the curriculum had not been imposed upon them.

However, Irecognise-HVVLFDTV VROH YRLFH ZKR PHQWeRMQEFG RQ WZ
Course Interview that she questioned whether what she was learning was of benefit to her or
whether it was to help me with my research. While not a consensual perception of the whole
group | am placated slightly by my awareness that no cuwuiouis neutral and that
subsequently the curriculum is mediatdd K URXJK WKH WHDFKHUYfYVY YDOXHYV

with this group many students appreciated the candid approach | took with them.

4.3.56 Recording my learning
| understood that there wasreed tomonitor systematically my actions and learning

throughout the research process (McNiff 2013). At this point | was not really aware of the
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multi-faceted aspect of data collection, or the forms of data which could be used in an action
enquiry to genete evidence. | felt that the systematic monitoring of my emergent learning
could best be achieved by completing a reflective Learning Log at the end of each teaching
session (a full transcript of the Learning Log can be found in Appendix 7). Unlikeithenss

| did not provide myself with set criterées a guide for writing my Learning Log entriésvill

argue in Chapteb thatmuch of the focus of my reflections was around the aforementioned
tensions about the curriculum for ecoliteracy andtiwieornot | was providing the students

with the opportunities to critique the imposition of thisowever, it acted as a reflective tool

for pedagogical issuesot in the sense which Alexander (2008) argues for, but with a focus
PDLQO\ RQ WKH pQFW R IDPAHWEH\RIERd sues td/dtiRiehts when they
completed their Learning Diaries; finding space to articulate these reflections during a

demanding teaching day was problematic.

In addition to my Learning Log | will also draw upon data in tben of. videos of my

teaching conference presentatignemails meetings with colleagues and supervisors.

However, | propose that the most valuable data source | possess is my previous writing. |
suggest that writing this thesis has afforded me theespiaze and opportunity to develop my
FULWLFDO UHIOHFWLRQV LQ D ZzD\ WKDW WKH /HDUQLQJ /RJ
WR HYDOXDWH FULWLFDOO\ WKH pDWWHQ G D-Qowsuihgy FR XUV H
process and cannot be amkéd through reflective journals as | had first envisaged. | am also

aware that the many iterations of this thesis and my writing prior to undertaking it can be used

to demonstrate how my learning has transformed ashimling andwriting have developed.

4.4 nsights from Cycle 1

The following section consists of a concise summary of the development in my thinking
between Cycle 1 and Cycle 2. This evolution most importantly involved an uncomfortable
critical evaluation of mynderstanding of the nature of science and resulted in my transformed
perception of science, science eghimn and also ecoliteracy. Thesgpect of my learning

will be developed in far greater detalChapter7 wherel will provide evidence of mghang

in thinking. However, it is important wescribe this epistemological transformatioaxplain

why there wereedefined aim$or Cycle 2 which may initially appear radically different from
those of Cycle 1. These new aims will therefore provide thiegbfor the action | took during
Cycle 2 of the research. The focus for my practice was no longer on planetabginglbut

on developing ecological epistemologies through a reconceptualisation of science.

Engagement with the ideas of Bateson (2000Y, (@892), and Capra2005 and other

scientists such as Feynman (1998) and Bohm (1996) revealed that these authors promoted a
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worldview which sees value in seeking out interrelating patterns and where emphasis is placed
on understanding the patterns ofatenships rather than the objects involved. This is in
contrast to the objectification of knowledge endorsed by most western ways of thinking and,
which | argue now, was primarily how | perceived the curriculum for ecoliteracy. As | have
articulated in Chpter 2 thee authorsuggest that this way of thinking resulted from the
glorification of a particularly scientific viewpoint which was founded upon Newtonian
science; one which generally ignores an ecological way of perceiving the world and functions
by isolating and studying the properties of constituent components to explain complex
systems. Through this matured understanding of the nature of science | came to identify that
my initial focus on planetary welleing and the development of a curriculumeooliteracy,

in Cycle 1, was in reality a study into my perception of sciesmog scientific enquiry.
Consequentlyi, started to appreciate that both ecoliteracy and science are bound together and
are ultimately underpinned bynaecologicalway of thinkirg. This demonstrates how the
researckthanged to focus on how | could help others reconceptualise science as an ecological
act and therefore to develop relational epistemologies. This helped me to start rededining
purpose of science education and soéeteacher education.

4.5 Cycle 2.November 2016 +March 2017

The initial remit for this thesis was confined only one cycle of research. However, the
articulation of my thinking which accompanied analysing the data from Cycle 1, and my
developed understanding of ecoliteracy and ecological epistemologies, started to inform my
practice in a way that | felt needed to be documented. Without dataCiyol® 2 there would

be no way to demonstratew the transformation in my thinking had sutpsently influenced

my practice and, therefore, how | had reconceptualised my view of science. While | would
have been able to articulate a theory of my practice (McNiff 2013) this would have been
impoverished and partial and would only have provided eeelesf my disconnected
appreciation of pedagogy. The data collected from Cycle 2 has helped to show how | made
connections between a particular worldview of science and the neeseloglecological

epistemologies.

In this respect Cycle 1 should be peregivas research, which McNiff (2014) refers to, as
having social and environmental intent. This intentional aspect of the research resulted in the
prescribed and systematic data collection methods that | have detailed previously and an
articulated commitmerto developing the curriculum for digeracy. Cycle 2 in contrast was

researchio demonstrateow the learning | gained from undertaking Cycle 1 manifested itself
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in my practice. | suggest the data collection prodessig Cycle 2s less contrived anthe

research account of this cycle providesiore nattal reflection of my practice.

4.5.1Cycle 2. The aims of my practice and therefore the aims of the research.

This section focusses predominantly on the change in my practice as a consequence of my
reconceptualisation of science and therefore science eduddfigoractice during Cycle 2
waspremised on my belief that relational epistemologies, necessary for ecoliteracy, could be
developed by helping others to perceive science as an ecological act.

| will demonstrate the deepoted tensionsubiquitous throughout Cycle, were still
influencing my practice. | will show that | thought | could develop ecological epistemologies
by reference to the science taught in schools and this afforded me the opportunity to eschew
introducing the ideas about planetary issudsch had caised such tensions during the

previouscycle

| believed these epistemologies could be developed by learning about the nature of science.
Taber (2012) places my misinformed understanding about this process of science in context
stating that secondary scheo VFLHQFH WHDFKHUVY XQGHUVWDQGLQJ RI
poor. In particular, | propose | had not giveansideration to how scientific discoveries were
historically and culturally related and influeHcG E\ ZKDW ZDV KDSSHQ@WuMQJ LQ WK
time and spaceéWhile | understand that the nature of science attends to issues regarding
philosophy, history and sociology (Taber ibid) from an ecological perspective the aspect

which most resonated with me, was in developing ways to help my sttolenterstand that

scientific ideas have changed over time and thus demonstrate the dynamic, evolving nature of
knowledge. | have previously detailed how this revelatory aspect of my learning became the
predominanimotivation forthe way | actedThereforethe aim for this cycle was to answer

WKH TXHanhWwhHeRsQence Feurriculum be used to develop an understanding of the
WUDQVIRUPDWLRQDO DQG JHQHUDWLYH QDWXUH RI NQRZO'I
aspect of science providedjustificationfor omitting to attend to other issues relating to
HFRORJLFDO WKLQNLQJ SUHPLVHG RQ &DSUDTYV VI\VWHP

4 5HVHDUFK pSDUWLFLSDQWVY IRU &\FOH

7KH pSDUWLFLSDQWVY IRU &\F10O the stdddntisH waRtedchirigheég/W UL FW H G
were also drawn from the primary science education commuhig interactions with and

who had engaged with my new way of thinking. My developed understanding gained from

theorising my practice provided me with thenidence to engage in debates around science
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education. This resulted in writing for a primary science teaching journal, presenting at
conferences and providing continuing professional development trainingcéssaquence

the participants for Cycle 2mpriseal a group of studenttudying on another science elective
module(which I will detail belowin Section4.5.1.1)but also included a range of colleagues

working in the primary science education community.

Ethical clearance was obtained via emaifrfithe participants who provided data for #hysle
of the research. Copies of these emails can be found in Appendix 4.3 (Ethical Consent: Cycle
2).

The student participantsere studying on a similar course to those from Cycle land had
chosen to study science as a specialist subject. | noted earlier, these specialist courses allow
for greater flexibility in content choice. This meant | was able to introduce the studeats to

resources | had produced in the hope that | was developing an ecological view of science.

Although the course aims were similar to those from Cycle 1 these students were on a newly
validated programme in order to reflect the current educational issdekseanewly updated
National Curriculum (DfE 2013). Ti& programme format only gave the students the
opportunity to choose science as an elective subject for one year. The cohort comprised 7
students, wha worked with between November 2016 and May 201ReTcourse duration

was only 20 hours, which was in addition to their mandatory core science course. The limited
number of students and contact time and the potential effect this had on developing the

mutualistic relationships mentioned previously will lfelieessed at a later stage.

The following summarises the participants from Cycle 2 and the time perigdwibie

involved in the research:

Cycle 2

Total Number of students 7
Females 6

Males 1

Start of Research November 2016
End of Research May 2017
Number of Sessions 5

Total hours of sessions 20 hours

Table 4.3: Participants +Cycle 2
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4.5.3 Data collection methods$or Cycle 2
OF1LII VXJIHVWV WKDW LQ RUGHU WR PRQLWRU RQHT'
episodes to shothat:

1. You have influenced your own learning;

2. Your new learning has influenced new actions;

3. <RXU DFWLRQV KDYH LQIOXHQFHG RWKHUYfV OHDUQLQJ
(adapted from McNiff ibid, pp. 16272)

In order to show how my learning has been influenced | have used two masetatéihe
first has been the differenterations of draft writing composed throughout the research
process. The second are the presentatigasyé atmy end of year PhD review meetings to
my doctoral supervisors. While nptoviding a demonstration ohé complex and messy
nature of my learning thegonvenientlydistil it into blocks whickshow radical changes from
one year to the next. Bottets of datdnave provided me with evidence to demonstrate how
my thinking has transformed as my ideas about #tera of science and epistemologies have

developed.

To generate evidence to show how this new way of thinking has influenced my actions | have
drawn upon the following; new resources that | produced to develop an understanding of the
nature ofscience (detailed in Sinclair & Strachan 2016 and in Appendix 1) and strategies and
a way of working | adopted during sessions with the science specialists during Cycle 2 (see
Appendix 11).

So as to demonstratew these new ways of working have influendfedV KHUVY OHDUQLQJ
used data from two different sources. The first is an article written by the students from Cycle

2 (Cainet al. 2017). This is a reflective pietkat detailgheir experiences from studying on

the science course amevealshow, in part, they have been influenced by my teaching. In
addition | have utilised feedback from members of the primary science education community

who have either attended conference sessions or used the resources | have produced.

The previous part of this chapter has addressed matters related to the practicalities of
undertaking the research and therefore has detsieetcts ofhe rigour in which the research

was conductedMcNiff (2016) suggests that the first steps in legitimjsresearch work is
through demonstrating the validity of claims to knowledge. The following section will outline
the validity checks | undaok to ensure tht the claims | have made about my practice are

authentic, credible and related to what | havitem.
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4.6 Testing the \alidity of claims made through an ecological methodology

Cohen, Manion and Morrison (201dlaim that one of the fundamental aspects of any research
is the validity of any claims to knowledgehich are made. This section providestails of

the methodsisedto ensure | can demonstrate and, therefore ckhiatl have developed an
ecological approach to my practice. | will draw upon validity checks which are appropriate
for an ecological methodology and suggest reasons why ther@weaguirerent to rely upon

those assumed frohewtonian social science research.

| outlined in Sectior?.5that the personal theori¢Bolanyi 1958) Ideveloped in the unique
context of my practice, and with a unique set of students, has led to myalerizom to
knowledge; that | have developed aecological approach to science teacher education. | also
detailed that because of this, my claim to knowledge is neither gesablalinor an be
replicated. This is unlike the forms of educational research which attempt to replicate the
natural sciences whiatanrely upon an absolutist, external form of validity. Maxwell (1992)
claims there are differing models for demonstrating validity deéipgnon the research
undertaken. He argues that researchers should nobfegklledo comply with the dominant
methodof demonstrating validity when this is not appropriate. In a similar manner to the
interpretation of findings from wpantum theory (Colick & Renner2011), Hammersley
(1993) suggests that the validity of qualitative research, such as this, should escheierthe no
of certainty and that it should eplaced with a focus on confidendhis is similar to the

claims that Feynman (1998) haxade about scientific theories.

Whitehead and McNiff (2006) claim that demonstrating the validity of a claim to knowledge
requires two checks; the first concerned with personal validity and the second with social
validity. They state that personal validty HIHUV WR WKH DELOLW\ 3SWR WHVW
to knowledge against personal criteria and standardX&@ JHPHQW =~ &KMcMIfHKHD G

ibid, p. 25). They both declarthat determining personal validity requires an ontological and
epistemologial perspective which values personal knowledgaai®/i 1958). They assert

WKDW D GHPRQVWUDWLRQ RI SHUVRQDO YDOLGLW\ LV LQLW
values and that these are subsequently used as criteria for judgement. | hawegrokes

much of my work has been underpinned by the desire to develop educational relationships
founded upon mutual respect. The validity of my claim to knowle¢dgel have developed

an ecological approach to my practitteerefore, will be judged by losuccessful | have been

in living out this value ofmutual respect in my practice; as a consequence this vataene

a living critical standard of judgement/pitehead& McNiff 200§. While | appreciate the

unified nature of pedagogy | also appreciatat,thalongside developing mutualistic
relationship, my educational intent has been to help those | workauilévelop ecological

epistemologies. Therefore, for the sake of clarity | have separated the standards by which |



130

would like my research and pramito be judged into two separate (but related) pedagogical
facets; pedagogical facet A deals with whether the forms of relationships | developed were
premised on mutual respect, while pedagogical facet B attends to the success of the approaches
| adoptedn helping the students to develop ecological epistemologies. The following sections
will address these two personal validity checks. This will be developédapters, 6 and7

when | will aim toshow how | have interrogated the data for evidence wjuistifies the

validity of my claims. Matters concerning social validity will be addressed in Settdh

4.6.1 Personal validity +pedagogical facet A: dentifying standards to judge whether |

had developeda mutualistic practice during Cycle 1

As part of developing an ecological practice | have argued for certain forms of relationships

which are ecological in nature. | have exipkdthat that these mutlaelationships are

premised on my value of mutual respect. | have ueX EHU V ) theoretical

frameworks about human relationships to articulate how this caluiel be identified in my

practice. In particular | have drawn upon his suggestionmtitually respectful relationships

within an educational setting. Buber ¢I® advises that it is\cumbent upon a teacher to set

a curriculum which provides a vahptatform for the students. He counsels that to ensure the
curriculum is not an impositiQ RI WKH WHDFKHUVY YDOXHYV WKDW LW V
VWXGHQWVYT QHHGY LQWHUHVWYV DQG IUHHGRP ,Q WKLV
premised on freedom as one that provides students with opportunities to develop their
criticality. This citicality shouldhaveallowedthe students to articulate whether their needs

and interests are beinget. Section4.3.4.2 has already detailed the strategies | used
throughout my time teaching the students from Cycle 1 which | hoped would help the students
GHYHORS WKLV FULWLFDOLW\ , SURSRVH WKDW WKH VWXC
teaching science in schools and ensuring that they passed their assignments for the specialist
science module. In Chaptérl will suggestthat | catered fothese needs. However, | will

argue thatat this point) only had a tacit awarenes§ how | worked mutualisticallyl. have

only been able to makbisexplict WKURXJK DQDO\WLQJ P\ DFWLRQV DQG V
during Cycle 1. | was also aided inebrising my mutualistic practice through engagement

with Buberf V. WK HR UHW L RbrioregdrbirgHlialRdUd V amwarethat dialogue is

related to the teacher/student power relationship and the development-abjectifying

relationships. Throughout this research process | claim to have identified strategies and a way

of working which are relational in nature but whiofaintain a position of authority and

expertise. While Bubgi1958)denotes dialogue as any human interaction, Alexa(2€8)

provides specific guidance with reference to talk about empowering the student and giving

them a voice. This reliesontheteatheDOORZLQJ WKH VWXGHQWVY LGHDV W
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or shutting down thought. | identify in more detail later that this was a key aspect of how |

worked, with one student commenting on my practice that;

| certainly have never felt like anythingthaf YH KDG WKRXJKW ZDV ZRUW
IURQW RI SHRSOH ZDVQYW ZHOFRPHG VR , WKLQN WK
everybody contributes to whatever extent they wish to.

(Suzanne, End of Coursetérview3)

In order to assess whether | had depetbmutually respectful relationshifpedagogical facet
A) , XWLOLV HIGAZpDOEBDUIE $ O H [(ROQ&Iddudatidnal frameworddn asking

the following interrelated resezh questions about my practice.

x Q1.Did I outline my value system to myustents in order to make the reasons for
introducing a curriculum for ecoliteracy transparent?
X Q2.Did the curriculum for ecoliteracy allow for the students to develop their interests,
needs and critical thinking?
X Q3. Did | create a dialogitearning community while working with this group of
students?
These questions were transformed into standards of judgement and | looked for evidence in
the cata where | believed that | had:

x S1. Demonstrated that | had articulatedvajues to the studenttearly;

x S2. Demonstrated that | had provided opportunities for the students to identify and
then develop their interestgeativity and critical thinking;

x S3. Demonstrated that | had created relationships which did not objectify the students

and encourged the flourishing of student thought.

| used these criteria to judge whether | hagetiped a mutualistic practicmly during Cycle

1. | have previously specified that the development of this facet of my practice was primarily
introduced to ensure that | was not imposing my views about planetargeimd). In Section

4.5.1 | detailechow the research focus transformedinigiCycle 2 and why | no longer felt

the need to introduce the students to the planetary issues | felt were so contentious during
Cycle 1. For this reason | did not employ data collection techniques that would capture this
pedagogical facet. | provide thias further evidence that | was still dichotomising my
SHGDJRJ\ DQG KDG QRW \HW DSSUHFLDWHG WKDW pZKDWT I
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4.6.2 Personal validity- pedagogical facet B:dentifying standards to judge whether |

had helped to develop ecologat epistemologies througha reconceptualisation of

scienceduring Cycle 1 and 2

| hope the reader will appreciate that this thesis charts the development of my ideas around

ecological thinking. | have already briefly described how they weferithed durmg Cycle 1

and, still underdeveloped in Cycle 2. My current understanding has been outlined in Chapter
ZKHUH , H[SODLQHG KRZ , KDeneepiriSante@ork &h8ut ystéms

thinking to articulate my understanding of how to develop ecoldgépistemologies in an

educational setting. | expressed that there was a need to focpsooass over structure,

quality over quantity, relationships over obje@sd studying the whole and not the palts

then applied this to learning sciencAs this was my most recent thinking utilised this

theoretical framework to provide research questipnshich to judgehe validity ofmy claim

that | have developegtological epistemologidpedagogical facet BYhe research questions

were asfollows:

X Q4.Did | help the students to develop an understanding of the relational nature of
scientific ideas?

X Q5. Did | help the students to develop an understanding of the temporal and
transformational nature of relationships in science?

X Q6.Did I help the students to develop an understanding of the symbiotic relat®nship

they have with the planet and those that share it?

These questions were transformed into standards of judgement and | looked for evidence in
the datao identify whether | had:

X S4 Encouraged the students to understand the related nature of science and because
of this whether they were able to make linksas=n different scientific ideas;

x S5.Encouraged the students to understand that some scientific ideas change over time
when nev evidence appears and because of this whether they viewed knowledge as
both tentative ad potentially transformational,

X S6.Encouragd the students to perceive themselves as part of the natural world and
not as separate from it.

It is important to noteahat | used theseriteriato judge my practice in both Cydd and 2
despitemy underdeveloped understanding at both poirthe evidence of the students
developing an ecological way of thinking about scierceCycle 1, is limited due to my
nascent gpreciation of this aspectBecausamy actions duringCycle 2were predominantly
focussed upoencouraging students to appreciate that sciemtidias change over tin{§5)

there isonly partial evidence of the other ecologicgbasts (S4 & S7)Thisat first mayappear
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a negative way of conducting researklowever | believethis form of analysihasoffered

me the opportunityo chart my learning through the whole research process and therefore
demonstrate how | have arrivedmay claim that | have developed an ecologeabroach to
science teacher education.

Further specific detail for how these six standards of judgement were used to analyse the data,
and generate evidence for my claimd| be providedin Sectior4.7.

4.6.3 Social \alidity

McNiff (2013) highlights that it is important to recognise personal bias and factual errors when
making claims to knowlkdge. McNiff and Whitehead (20p@mphasise that, because of this,

it is not enough solely to demonstrate personal validity and that any claim to knowledge should
DOVR EH VXEMHFWHG WR WKH FULWLFDO DQDO\VLYV RI RWKH
(1999) dialogic validity beck which is evidenced through the reflective process of
conversation followed by the negotiation of shared meanings with peers. | propose that this
process is not merely one of validation but also provides further evidence of how | embraced
theideathatknowledge is transformative and continually in a state of regenegat@is often

socially constructed

| have tested the validity of my claims through the feedback of colleagueksavb@cted as
critical friends andny doctoral supervisorswill hope todo so with the external examiners
during the defence of this PhD thesis. Any action taken on suggested amendsnants a
consequence of this defeneél demonstrate a dialogical validity check in action (Anderson
and Herr 1999). | also involved theidents in the validation process when they were given
the opportunity to critique writing which detailed how | had negotiated the curriculum for
ecoliteracy with them. In addition to this were the many opportunities | have offered my work
andarticulatedpractice for public scrutiny. The following will outline these social validation

checks in more detail.

4.6.31 Critical friends

Throughout the research process | have worked with three colleagues who have acted as my
FULWLFDO IULHQGVY :KLOH 6WHQKRXVH ILUVW FRLQHG
stress that hiprinciplewas premised upon fullme researchers supporting teachers through

their research. The relationships that were formed with my critical friends were not premised
upon such a hierarchical system but on the same mutually respectful relationships | eddeavore

to develop with the students | worked with. These critical friends were colleagues from my
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place of workwith whoml have been working since completing my Masters and starting this
doctoral thesis. This provided the neceggamiliarity with my work which McNiff (2013)

suggests is needed for such a role. Feedback was either given face to face in validation
meetings or via comments attached to written work. At times, the meetings were recorded and
subsequently transcribed. Importanttyy critical friendswere also undertaking doctoral work

DQG WKHUHIRUH WKH SUDFWLFH RI FULWLTXLQJ HDFK RWt
(2016, p. 264) suggests that the charactesisficritical friends are comprised of two roles

and that these are premised upiRQ WKH RQH KDQG IULHQGVKLS EXLO\
DIILUPDWLRQ DQG RQ WKH RWKHU FULWLFLVP EDVHG RQ D
| argue that this dualole is a necessity as receiving feedback on my work was often an
uncomfortableand emotional experience. However, | was grateful for the supportive,
meaningful and honest manner in which it was given. The process of offering my work to the
scrutiny of my peers has provided me wdtiother validation check for the claims | have made

throughout the research.

4.6.3.2 Member checking
A further strategy to strengthen my claim to knowledge was when | invited the students to
critique and therefore validate what | was saying about thers.stifsitegy has been outlined
in Section4.3.5.3 but involved providing the students with the opportunity to critique writing
| had composed about the research process undertaken with them up until that point. They
were asked tprovidefeedback on how honest and fair they felt the claims | hatérabout
them were. This participant validation technique was first introduced by Lincoln and Guba

ZKR UHIHUUHG WR LW DV PHPEHU FKHFNLQJ DQG KLJK
WHFKQLTXH IRU HVYWDEOLVKLQJ FUHiGthE liteddtune\régarddb UH LV
member checking and whether it improves the trustworthiness of research. Thomas (2017)
posits, in his review of this area, that there is limited evidence to suggest that this process
improves the quality of findings. Howeveraigue that from an ecological methodological
perspective, the participation of the students in the validation process provides a further
opportunity to empower their voices. While | will suggest in Chapt& KDW VRPH VWXGH
critique remained at theuel of correcting written structure | will also provide evidence that
some engaged critically with the arguments | had put forward. | advocate that this strategy, in
combination with the others outlined in SectidrB.4.2, assisted ime-positioning the

normative teacher/student relationship.
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4.6.3.30ffering my researchand work for public examination and validation

In addition to this, and to provide further support for my claims to valitiitgve offered my

research and work for public examination aedutiny. By placing my practice and research

into a range of public fora | have provided others with the opportunity to challenge whether

P\ FODLPV WR NQRZOHGJH DUH JHQXLQH IDLU DQG DFFXUDV
social validation | hve presented my research and tentative findings at national and
international conferences (Sinclair 2011a; Sinclair 2011b; Sinclair 2012b). As with the
validation meetings some of the presentations were filmed. At CARN 2011 (Sinclair 2011b)

| can be seerRITHULQJ P\ ZRUN WR SXEOLF FULWLTXH DQG VD\LQ
you can tell me whether what | am saying to you makes sense. Can you give me feedback on
WKLV SOHDVH"’

Similarly, |1 have also published my work in written form (which McNiff 20&8&rs to as

form of professional validation). Two of these publications (Sinclair 2010; Sinclair 2013) were
subjected to peer review. The process of publication for one of these involved engaging in an
open reviewing process between the reviewers argklinfthe transcripts of these can be
found athttp://ejolts.org/mod/forum/discuss.php?d¥2A third involved the publication of

teaching resources (outlined in Sinclair & Strachan 2016) about the nature of science which
have been subject to critical feedback from teachers at a range of conferences and training
days (Strachan & Sinclair 2016; Siaitl& Strachan 2017)

OF1LII DOVR VXJJHVWV WKDW +DEHUPDVY FUL\
communicative action can also be used for the purpose of social validation. | have therefore
DVNHG WKH IROORZLQJ IRXU TXH \thiteriRbQth oEny/selhite tRoRe + DEH U P
that read this thesis:

X Is my claim comprehensible? Have | written in a manner that the reader understands
what is being communicated?

x Is the claim truthful? Have | provided enough evidence that the reader believes that |
am providing an honest account of my practice?

X Is my claim authentic? Have | articulated what my practice entailed and provided
evidence to demonstrate that this occurred in reality?

X Is my claim appropriate? Have | understood, and communicated to the, riede
normative assumptions of the contexts in which the research took place?

(adapted from McNiff 2013, pp. 14142)

The following section will now attend to issueelating to data analysis. It will explain the
process | undertook selecting specifiexamples from my data archivegooduceevidence

against which the validity ahy claim to knowledgevill be tested.
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4.7 Data analysis

Cohen, Manion and Morrison state thatDWD DQDO\VLYVY S3SLQYROYHV RUJDOQL
DQG H[SODLQLQJ WKH GDWD LQ VKRUW PDNLQJ VHQVH RI ¢
the situation, noting patterns, themesWd JRULHYVY DQG UMH p.X1&4p RobsbhHYV -~
(2002) suggsts that the analytical process is necessary because the messages within the raw
data will otherwise remain hidden. McNiff (2016) refers to this as giving meaning to the data.

In this sectionl will explain the process | undertook irsing the standards @fdgement |
specifiedpreviously (Sectiond.6.1 & 4.6.2) togenerate evidende test the validity oiny

claim to knowledge that | have developed an ecological approach to science teacher education.

Silverman (2014) suggests that there are no fixed rdstfur the analysis of qualitative data
only guiding principles.Sandstrom, Willman, Svensson and Borglin (20%&te that
researchers dealing with qualitative data often have contradictorylfuey. suggesthat the
analysis of quantitative data cangremised on a priori themes formulated through experience
and engagement with literatur€hey alsorecognisethat this in contrast to an inductive
approach (which | liken to grounded theory; see Charmaz 2@hére theory emerges from

the data during thprocess of analysi§Vilson (2013) however, concludes that despite this
dichotomy in methods it is likely that most qualitative researchers adopt both apprdaches.
will outline below how the predominant focus for this analysis was premised on a deductive

approach yet also explain how themes that were not predetermined emerged from this process.

While Sandstrém, Willman, Svensson and Borglin (2015) indicate that the deductive process
of analysing data is premised on notional predetermined themes | aagfertthis, research,

these themes were far more focussed and for this reason so was the data analysis. Bazeley
(2013) suggests that themes often emerge after an initial analysis of the data. However, | have
identified previously that the aim tifis action research project was to exercise my educational
influence; there was intent and a purpose to my actions and therefore, | argue, my themes were
explicit from the start of the analysis process. In Secdofid and4.6.2 | proposed that my
claimto knowledge could be judged by reference to how successful | had been in developing
an ecological approach to my practice. | identified 6 criteria (which aregmes tothe

M W K HdRithinéd previously) and explained how thegere subsequently transfoed into
standards of judgement (McNiff 20L® determine whether or not my claims were valid. |

remind the reader of these criteria and standardsdgkejuent in theable on the following

page



137

Developing an ecological approach to my practi

Develging a mutualistic practice

Pedagogical facet A

Developing ecological epistemologies
through a reconceptualisation of sciend

Pedagogical facet B

Q1. Did I outline my value system to n
students in order to make the reasons
introducing acurriculum for ecoliteracy

Q4. Did | help the students to develop
understanding of the relational nature
scientific ideas?

transparent?
S4. Encouraged the students to unders

the related nature of science and becausg
this whether they were able to make lir]
between dferent scientific ideas.

S1. Demonstrated that | had articulated
values to the students clearly.

Q2. Did the curriculum for ecoliterag
allow for the students to develop thg
interests, needs and critical thinking?

Q5. Did I help the students to develop
understanding of the temporal a
transformational nature of relatidrips in
science?

S2. Demonstrated that | had providg
opportunities for the students to ident
and then develop their interests, creatiy
and critical thinking

S5. Encouraged the students to unders
that some scientific ideas change over ti
when new evidence appears and becaug
this whether they viewed knowledge
both tentative and potential
transformational

Q3. Did | create adialogic learning
community while working with this grou
of students?

Q6. Did I help the students to develop
undestanding of the symbioti
relationships they have with the planet &
those that share it?
S3. Demonstrated that | had crea
relationships which did not objectify th
students and encouraged the flourishing
student thought

S6. Encouraged the students to perce
themselves as part of the natural world {
not as separate from it.

Table 4.4: Developing an ecological approachtcriteria and standards of
judgement

Saldafa (2013) indicates a contrary position, that the development of a theme is the result of
coding, categorisation and the subsequent identification of relationships betweetroites
Bazeley (2013) states thae geneal consensus is the development of themes comes after the
identification of codes and categories. However, | argue that in identifying the criteria by
which | wished my practice to be judged, that they acted as delilyedeatified themes to
analyse thelata and did not emerge from the process of analysis. This form of predetermined
thematic analysis allowed me to analyse the wide range of data | collected to assess how

successful | was in meeting my aims across the whole of my practice. In ordeblislesty
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claim that my values had bessalisedn the way | worked with the studeniiswas necessary

to take into account the whole of my practice and not its constituent @apsal 996). | have
outlined andhave aimed to justifin Chapterd the data collection methods | adopted during
Cycle 1. These ranged from methods taken in natural settings such as video and audio
recordings of my practice and more contrived data collection technicuueh as
questionnaires and interviews. In addition tojiding a more ecological representation of my
practice, the analysis of data generated from a range of data collection tools, in this thematic
manner, acted as methodological triangulatiéohen, Manion and Morrison (20Lindicate

that this isa credibé technique to demonstrate validity to any knowledge claims. The

following section will detail the practicatepd undertook t@enerate evidence from the data.

4.7.1 The process of generatingvidence

Step 1

The first step in this process was transcribing the data sets which were recorded as Microsoft
Word documents. This was completed personallyrenicdy a professional transcriber. This
provided me with an opportunity familiarise myseltind immerse myskin the dataHoath
(2015)argues that being familiar with the data is an essential part of the interpretation phase
of research. The transcribed datrethen collated in folders and each folder attributed a title
which reflected the data collection rhetl from which it was derived. When the transcribed
GDWD KDG EHHQ FROOHFWHG IURP VWXGHQWY WKH VWXGH (
document. For those students who had not given their permission for their names to be
recorded a unique stedt identification code was applied. Consequently, a single folder
containing all the data was produced and is v@aisin (2009, p. 194) ternassingle text

which can subsequently be analysed.

Step 2

Silverman (2014) suggests that a word, sentence, or paragraph can be highlighted and then
given a label. Using the standardsjudgement outlinedn Table 3.4 methodically went

through each Word document labelling the sections of data which | belieositiqd

evidence for each criterion. These were labeiedordingly from S1 through to S6 (see

above) anédditional annotations and reflections were added where appropriate. Importantly

, ZDV DOVR DZDUH RI 6LOYHUPDQYV 4anBlysG indIBey p&yligW KDW J
attention to disconfirming cases which might provide alternative explanatlohen, Manion

and Morrison (207) suggest that theory generated as a consequence of this is more robust.

Therefore, in addition to examining the data pgoovide evidence which | believed
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demonstrated that | had lived out these actions in pratiiees was alsa deliberate attempt

to search for occasions when | had not (these were labelled within the text-XSBH1

Step 3

Cousin (2009) proposes thagsearchers should read through their data four or five times
which allows the researcher to refine and alter the labels that have been applied. Saldafa
(2013, p. 11) notes that sometimes this refinement can result in labels becoangg m

3F R QFH S V\D&D/QVHoR&¥Y, | suggest that when | undertook this iterative prdcess
established there was a need to provide greater specificity for how each standard could be
articulated and therefore evidencétlltiple readings of the data assisted in prodyemew

set of key terms with the effect of subdividing each of my lived standards. éeserms

were subsequentlascribed the labglS1-S6. In some instances, the data were ascribed
multiple labelsas they provided evidence faore than one standaldargue that this form of

data analysisis similart6t DQGVWU|P :LOOPDQ 6YHQV@est&luey % RUJOL

of working, thatsome ofthe key terms emerged inductively from the data.

Step 4
The data that had been ascribed lalvetse then copied and pasted inseparatéNord
documents. These documents were then saved using the key words as the file names. These

files were then stored in folders related to each of the six criteria outlingd.abo

| appreciate thatnalysimg data in this manner can be problematic becansethe data ha
beenused as evidence it can become decontextualised. | also recognise that the interpretation
which follows has been ediatedthrough my subjective lens asr@searcher. As has been
statedearlierthere has been no attempt to disguise these biases and | concur with Cousin
(2009) who states that ultimately it is the articulated integrity and honesty of the researcher
which manifests itself in the validity dafie analytical process. | hope the reader appreciates
that, while | have identified that subjective bias exists, | have expligdtatthesearein a

clear andcomprehensiblenanner so that it is evident how and why | made the interpretive
decisions | did. Brerman (2014) and Winter (1989) both argue #ahetimes, because of

the decontextualised nature of this form of evideitc®es not offethe reader an opportunity

to contest the data and formulate a contrary opinion. For this reason, and foof$guressty

and transparey, | have providedull transcriptsof the end of course interviewWAppendix

6.1, 6.2, 6.3)my personal Learning Log (Appendix 7) and an example of a completed

Learning Diary (Appendix 8).
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4.8 Chapter summary

This chapter hagimed to justifythe useof action researchs a research methodology for this
thesis. | have referred to it as an ecological methodology because my researchduated
amongst thoseworked with and with whom | had bupbsitive eduationalrelationshipsAs

a consequence, | have argued that it has been difficulttiogissh between my research and
practice because of the educational intent that this research was premised upon. | have
discussed that this approach allowed me to iggae¢he forms of data which recognised the
qualities, and not quantities, of an ecoladjiway of thinking and actings a result of this

way of acting detailed how my value of mutual respect was transformeaiiting standard

of judgement in ordeto show how successful | was in developing the forms of educational
relationships | believed most tditted learning. In addition to this | outlined the data
gathering techniques | used to collect data to provide evidence for my claims and the
participanis who were invited to be part of the research. | explained how the foci for the
research shifted between Cycle 1 and 2 due to the change in my thimétajledthe process

| undertook ingenerating evidencasing the standards of judgementlinedabove.

The following two chapters will present the findings from analysing the data collected during
Cycle 1 Chapter5 will explore theevidencegeneratedo test the validity of my claim to
knowledge that | deveped a mutualistic practice (pedagogical facet A) while Chapnel
determine whether dleveloped ecological epistemolegithrough a reconceptualisatiof

sciencgpedagogical facet B).
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Chapter 5. Evidence for Developing avutualistic Practice

5.1 Introduction

In Chapter4 | proposed that my claim to knowledge could be judged by reference to how
successful | had been in developing an ecological approach to my practice. | recognised that
this appoach was premised on two interrelated aspects of my pedagogy which | termed i)
pedagogical facet A and ii) pedagogical facet B. Pedagogical facet A was concerned with
developing a mutualistic practice while pedagogical facet B was related to whethezd help

to develop ecological epistemologies through a reconceptualisation of science. In Sections
4.6.1 and4.6.2 | outlined howhe research questionslated to these facets were identified

and how theyweresubsequentlyransfomed into standards of judgente

5.2 Generating evidence from data pedagogical facet A: developing a mutualistic

practice

This chapterwill demonstrate how | generated evidence from the dathéckwhether |
developed a mutualistic practice during Cycle 1. It will attend separately to the three standards
of judgement(S1-3) | identified in Chapter4 as necessarfor demonstrating that | was

working in a mutualistic manner. For reference these afimed below:

Developing a mutualistic practice

Pedagogical facet A

Q1. Did I outline my value system to my students in order to make the reasg
introducing a curriculum for ecoliteracy transparent?

S1. Demonstrated that | had articulatedvalues to the students clearly

Q2. Did the curriculum for ecoliteracy allow for the students to develop their inte
needs and critical thinking?

S2. Demonstrated that | had provided opportunities for the students to identify ar
develop theiinterests, creativity and critical thinking
Q3. Did I create a dialogic learning community while working with this group of stud

S3. Demonstrated that | had created relationships which did not objectify the stude
encouraged the flourishind student thought

Table 5.1: Developing a mutualistic practice pedagogical facet Atresearch
guestionsand standards of judgement
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5.3 Pedagogical facet A standard of judgement 1

Q1. Did I outline my value system to my students in order to makg¢he reasons for
introducing a curriculum for ecoliteracy transparent?

S1. Demonstrated that | had articulated my values to the students clearly.

The evidence for this will come in two interrelated forms. | will first provide evidence for
whether | made epticit my intentions for developing the curriculum for ecoliteracy. | will
draw upon data from two specific occasions which | propose demonstrate that | had made this
intention clear. Secondly, | will analyse whether | shared my value of mutual respect, an
therefore whether | had articulated thay | wanted to work, with the students. Subsequent
evidence will be generated from data provided by the students to corroborate whether they
agreed that these examples from my pradfiemonstrated that | had iartlated my value

system.

5.3.1 Standard X making my intentions for developing the curriculum for ecoliteracy
explicit
The first data | examined to provide evidence that | articulated my intentions and
understanding of ecoliteracy to teidents was the video clip taken when | first introduced
the students to my researdhifjal Presentation, 10.1.20L2The severminute presentation
outlined my values towards the plan8eé Appendix 2 for transcrjptit briefly showed that
I had concens about planetary wellieing and that | felt the schooling system that I, and the
students, had been through was producing ecologically illiterate students. The video clip then
shows me highlighting the focus of my easch at that time which was to:

1. Dewelop my understanding of ecoliteracy and homiight influencemy pedagogy;

2. Help my students to develop their understanding of ecoliteracy;

3. And how this, in turn, mighinfluence their future teaching practice.
(Initial Presentation]0.1.2012

As | have suggested throughout this thesis my ideas around ecoliteracy were initially under
developed. Previous writin&inclair (2014, demonstratethatl found it easier to define what

ecoliteracy was not and | believe that | established that this wastt@scase in this
presHQWDWLRQ , PDGH UHIHVYHRFBHWRH2UQUYWLRQ WKDW 3V
ecoliterate and understands these things, is somgom& DQ VD\ ZHOO uZKDW WKHQ"™
action, what will be the consequences of thatR«@ (Ihitial Presentation, 10.1.201@hich

| believe reinforces this difficulty in articulating ecoliteradyurther evidence of this All
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formed understanding can be seen later when | exqolaim the same presentatitivat the

focus of the research wasagk 3ZKDW LV VRPHRQH ZKR LV HFROLWHUDW
What do they do? And what kind of values, that sort of thing. | want to develop my
XQGHUVWDQGLQJ RI WKDW ~ :KLOH , DUJXH WKDW WKLV C
developmental process this research | also suggest it confirms how | had objectified the

term ecoliteracy. This is strengthened later by my reference to creating a fixed curriculum;
SWKDW FRXOG EH WDNHQ LQWR VFKRROV ~

The second occasion for articulating my intentions cduteng Sessio7 when the students

were asked to critique the writing | had produced (this mgitan now be found in Sinclair

2013). Thewriting was premised on data collected from the initial presentation referred to

above and how | had negotiated willis group of students whether the development of a

curriculum for ecoliteracy was an appropriate action for them. Further credence to my claim

that my understanding of ecoliteracy was still in development can be seen in my definition

which explained the maning in this way
Thisterm,ecoOLWHUDF\ LQ LWV PRVW IXQGDPHQWDO IRUP (
WKHQ"Y ZLWK UHJDUG WR D SHUVRQTV DFWLRQV DQG
consequences on planetary and human-kitig. In addition to tlsi an overly
simplified description of ecOLWHUDF\ LV upWKDW TXDOLW\ RI P
connections. It is the opposite of specialisation and narrowness characteristic of most

education. The ecologically literate person has the knowledge necessary to
comprehend interrelatedness and tituale of care and stewardsHiprr, 1992: 39)

(Sinclair 2013, pp. 13233)

Both the presentationn(tial Presentation, 10.1.201and the book chaptenake explicit the
tensions | had been feeling about introdudimg student$o the research and the prospect of
using the science sessions to create a curriculum for ecoliteracy. The tensions shared at this
point were the same that have been identifieutphout this thesis. This included
highlighting the lack of issues to do with planetary wieling within their teaching
curriculum. | made it explicithatl understood that, because of this, they justifiably might not

be interested in engaging with tledgeas and that | waencerned | would be imposing my

value system upon them.

The following section will attend to issues regarding whether | had explicitly shared my value
of mutual respect with the students. As a result of this it will also analyseVW XGHQW VY IHHC

of my sharing my convictions about wanting to develop the curriculum for ecoliteracy.
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5.3.2 Standard 1- sharing my values and the manner in which | wanted to work

It is important to stress that while | had attempted to define eealjit¢o the studentsnitial

Presentation, 10.1.20}LPhad not explicitly highlighted the mannierwhich | hoped to help

them to develop their ecoliteradyhadalsonot articulated to myself, nor my students, how

my value of mutual respect might maest itself in the way | worked with the students. In the

initial presentation there was only one statement which gave an insight into the collaborative
QDWXUH RI WKH VFLHQFH JURXS , KRSHG WR GHYHORS , VW
know, tke kind of knowledge weould create could be amazingJnitial Presentation,

10.1.2012). Excerpts from the artic KH VW XGHQWVY FULWLTXHG ZKLFK ZI
initial presentation, suggest my ideas had developed sparingly in the interinrcaide p

evidence of mydevelopingunderstanding of an ecological approach to science education.

Writing abouthow | perceived working with the students | commented that;

Buoyed by this positive outcome | now look forward to the future. Barlow and Stone
highOLJKW WKDW LW LV LPSRUWDQW WR UHPHPEHU WKD\
DOO FXUULFXOXP ¥ DQG ZLWK WKLV LV PLQG LV
students to develop a curriculum that is relevant to them and the children they will
sulsequently teach. This will require a flexible and creative approach as it will entalil
havingnopreSODQQHG VHVVLRQV DQG ZRUNLQJ IURP WKH V)
needs.

(Sinclair 2013, pp. 14Q41)

However, | now appreciate that mgedto be honest with the students and negotiate with

them whether developing the curriculum for ecoliteracy during the initial presentation was

rooted in a tacit desire to share my values with tH&tudents were asked at the end of the
SUHVHQWDWLRQ@ WRX P AVUK RV IGWR V MDBERK WZ E R IYW, eI HM X VWV
EHHQ SUHDFKLQJ WR \RX" 'R \RX WKLI®NMQTYHREHHZKDWU,"T ¥
V D LI@etognise mentioning these poiraad in this mannecould be considered a form of

coercbn as the style of questions were directed and may not have given the studemis free

in compiling their responses. Understandably the comments made reflected these remarks with
WKH VWXGHQWYV XVLQJ WKH WHUPV ulD lsisfevidlén&dursthteHD FKL Q
IROORZLQJ WZR VWXGHQWVY VWDWHPHQWYV

, IHHO ZKDW \RX KDYH VDLG LV ldpprahchedud ab@ubDiiis W K D W

first.

(Viki £comment following Initial Presentatipn



145

, Wiibdpreachy.

(Anthony +commentfollowing Initial Presentation

Despite the use of the same language, | rauragedhat most students justified their

reasons for wanting to be involved in developing the curriculum for ecolitaratyprovided

evidence that they did not feel it be iamposition.Further corroboration for this came in the

(QG RI &RXUVH ,QWHUYLHZVdid yoH €eH¢S at yauMioDIt rdalyN\sBlyG 3
DFWXDOO\ WKDWYV HQRXJK DERXW R/ XRW B WXD U CLOWHO H2W f?
(Interviewer, End of Course Interview 3), Anthony and Suzanne replied that it had been a

decision negotiated by the group. This reinforced my perception of how it had occurred.

Anthony: | think, well when it was first sorf thrown at us as an ideaght at the
beginning of the coursdé, was wouldyou be interested in participit.was like the
group coming together making a decision rather than Alex saying, you know, | want
to teach this or to talk about this.

SuzanneWe had a decision in it.
Anthony:Yeah,we and everybody had,say which was important.

(End of Course Interview 3)

Most students commented after the initial presentation that sustainatmlgyan important

issue to them and they wanted to learn about it to gain confidence in thainteddany

were shocked that it had beeniaely removed from the primary National Curriculum (DfE
5RKLQQLTeéxprésseRMHKHW H THHOLQJV i WadiQ by godd ¥ndy D W H G

beneficial to the children as well as the teachers to understarmbiitepts throughout the

curriculum, even if we were to slightly touch up on it@HVVRQV ~ 5RKLQQL 3UH

questionnaire)

Reinforcement that this was a genuine area of interest, and therefore not an imposition, also
FDPH IURP VWXGHQW Wl rAdki® PoHb@iNg feadingHmy chapter. Jessica

explained that;

| certainly will be trying to include these issues in my future practice, but, not because
| feel you have pressed your views upon us a group, but because | personally feel it is
important tK DW FKLOGUHQYY DZDUHQHVYV LV UDLVHG ~ DOVR
research hagpened my eyes and educated me.

(Chapter CritiguetSession 7)

Others notedhat they were grateful for the transparent approach | had ad&itetent R
ZURWH WKODWH WRINMHH!®&@RZ RXU YLHZVY DQG RSLQLRQV DUH

6WXGHQW 4 FRPPHQWLQJ VLPLODUO\ WKDW 3, InGh¢ R YDOXH
SDUWLFXODU VXEMHFW DQG ZKHQ \RX VSRNH (ChegeeXW pQRW
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Critique + Session Y. Francesca provided an example of member checking when s
suggestedhat the writing was a truthful account of my practice with them. Qi WHG WKDW 3
have no issue with the section on us as students. | think it is a clear antirafieeton of

our experiences,(Chapter CritiquexSession 7)Further corroboration of this aspect of my

practice came in the end of course interview. Wasked to sum up my teaching style one

student remarked that | was;

Approachable and transparent, as well, and not, and not in a kind of in emotions, you

know, this, this is it, this is everything that we are gonna do, it can work, it might

work,it PLIJKW JR RII LQ D GLIITHUHQW zZD\ EXW OHWYV VHF
ZH DUH DOO LQ WKLV WRJHWKHU VR WKDW WKDWTV Z

(Suzanne, End of Coursetérview 3)

In addition to this | am cognisant that despite the students atdahgivwg | had articulated my

intentions and gained their permission to develop the curriculum for ecolitéma®ality,

because of the developmental nature of the process they, nor |, really perceived what this
PLIJKW HQWDLO 7KLV thivkihgPken i refl@ctet dhuvtheFcDUFdé. Jessica
ILUVW FRPPHQWHG WKDW 3, DJUHH ZLWK ZKDW \RX KDYH VD
GHYHORS P\ NQR Z Oddrizniet followlihly Mitidt Presentatipiyet in the end of

course intervievshe stated that;

, NQRZ WKDW KH LV YHU\ NHHQ WR PDNH VXUH WKDW V
research may have taken over our classes and something like that. | know that
VRPHWLPHY KH ZDV ZRUULHG WKDW LW PDdt&/DNH RYH!I
huge expense, but a lot of the time | felt rather than learning about sustainability we

were helping him to complete something.

(End of Course Interview 1)

+RZHYHU -HYV VunkgDeDéspite the irlitidl lack of clariyegarding what the course

might demangdthe remainder of the group commented positively about the focus of the year

in their post course review guestionnaire. When asked about the influence of the course Jemma
VW D W HyGu NéveDpened my eyes, an aer@kg to the importance of teaching children
about sustainability and ensuring the planet is resourceful enough for futuratigerse+

them + their children,(Jemma, Post Course Questionnairgyley also counteracted Jessica

in the same interview respding that;

| think at the beginning | felt a bit like that, but then as | was going on and when we

were on enhanced placement | think | realised how much it did g$iecthe way |

taught and it was really positive, like it affected me like in a pasiway and | think,

,9YH EHFRPH D ORW PRUH DZDUH RI WKLQJV OLNH IRU I
DOVR EHFRPH D OLWWOH ELW PRUH SDVVLRQDWH DERX!
,IfP D ELW PRUH OLNH UHDOO\ (Hrid=df @GbHr&e Interview 1)
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In addition to this, both Samantha and Katherine, on reading the tensions | felt about
introducing the curriculum for ecoliteracy within the book chapter, suggested that my
concernsvere unfounded. Their commemtlude the following;

, WKLQN WKDW RFFDVLRQDOO\ \RX KDYH EHHQ WRR KD
element. There is an underlying sense of guilt, you should respect your decision and
the ecoliteracy impact on this group.

(Katherine Chapter @tique - Session Y

My gut feeling is that you have oveiorried your responsibility regarding what you
teach us. The NC tells us what to teach, but not how, anaifrisesponsibility to
3ILO O W Khtydrid &y fen tips.

(SamanthaChapterCritique - Session Y

When asked in the end of course interview what forms of relationships | had formed within

WKH JURXS $QWKRQ\ DQVZHUHG 3, WKLQN ZKDW{fV KDSSHQ
,1G WDNH VR Pislstyl€ bf@achiddRssheeedour UHVSHFW WKDWYV ZKDW T\
(End of Course Interview 3)was reminded by a critical friend that it should not be considered

an issue that | had not shared my values as many individuals and instiautionkatetheir

beliefs which only reain as rhetoric. Referencinlg\R XfYH KHDUG RI DFWLRQ VSHD
words ~ email correspondencdames2018 she highlighted the importance of living out

RQHYY YDOXHV LQ SUD Hééehdpéhlyzstaketdr KddU WKH\ KDY H

5.3.3 Standard 1- summary

This section has considered whether | shared my intentions for the curriculum for ecoliteracy
and the manner in which | hoped to work with the students. | argue that despite my, then,
unarticulated understanding of a mutualistic practice that, on diffeceasions throughout

the course, | explicitly highlighted my concerns about introducing what was of value to me
andquestionedvhether | was being coercive. | have suggested this played a role in helping
the students to identify that my practice was pseahion transparency and honesty. | have
also provided brief evidence that most students felt that the course had benefitted them and
was an appropriate course of action. Issues regarding how the students felt this contributed to
their learning will be dealwith in further detail in the following section when | address
whether the course met their needsave also proposdtat the studentdid not feel coerced

into studying issueshichhad no relevance to them. Additional issues regarding coercion will

be revisitedn Sectiorb.5.3 which analyseshether | provided a dialogic community whereby

the students felt comfortable to express their opinions without fear of judgement.
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5.4 Pedagogical facet A standard of judgement 2

Did the curriculum for ecoliteracy allow for the students to develop their
interests, needs and critical thinking?

S2. Demonstrated that | had provided opportunities for the students to identify
and then develop their needs, interests, and critical thinking.

, LGHQWLILHG WKDW Wgdtddoninenti@ao-oM Ve 4t he&d\ivas rblatdd

to assessment. As | have mentioned previously many students are understandably driven by a
desire to receive good grades in their course work. | highlighted mwgrades from this

module would affect their degree classification and potentially their employability, especially

if not passed. Sandra noted at the start of the course that she was happy to be part of the
UHVHDUFK SURFHVV 3DV f@&kWth nmeVpakdvig GRBP QYW LRKRPIRH QW
following Initial Presentation)l had alreadyclassified helping students to achieve their

potential in their coursework a need of this course, but not that it should betemain

focus. The second need sveeldaWHG WR WKH FRXUVHTV PRGXOH DLP ZK
prepare the students for teaching (and possibly leading) science in the primary claBsi®om.

aim is specified by the module handbook which outlines that the course;should

FRQVROLGDW HrstakdXg=af teVgadfigogiQaGissues related to the teaching
and learning of science in the primary classroom and subject knowledge and
understanding to a standard appropriate to a subject leader / learning manager.

(QP344 Module Handbook, p1)

54.1 Standard 2-PHHWLQJ WKH VWXGHQWVYT QHHGY DVVLJQPHQW)\
7TKH RXWOLQH RI WK Hpgerdk 8 énd Pyhowsi tial k<o 1 and session 6

KDG WLPH GHGLFDWHG WR H[SODLQLQJ WKH DSSURDFKLQJ
Learning Diaries suggsts they were satisfied with the assignment input and felt confident

with what was required of them. The following remarks are indicative of the rest of the
JURXSTV 6X]DQQH ZURWH WKDW 3WRGD\ ZH GLVFXVVHG L
assignment. Tik was very good as was able to take lots of different ideas to comprehend how

WR GHYHORS WKH ZUL %W5e$3idn 6)éibaltqrin@dtedtitat there had been;

YHU\ JRRG LQSXW RQ DVVLIJQPHQW PXFK PRUH @&HWDLOHG
Diary +Session 6). Although Hayley still had concerns following the second input, she felt
FRQILGHQW KHU QHHGV UHJDUGLQJ WKH DVVLJQPHQW FRX
QHUYRXV DERXW WKH OD\RXW KRZHY HUutbri@\" SIHODBOHR JTP .
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Diary £Session 6) 5RKLQQLYfY HQWU\ LQ KHU /HDUQLQJ 'LDU\ DOVI
preparation and the manner in which it was achigved

7TRGD\YV VHVVLRQ zZDV EDVHG DURXQG RXU DVVLJQPHQ
It involved a lot of discussion, which was helpful as we were able to share our ideas

with one another. It was also good to get better understanding of what it is that is
expected of us. Looking at sample essays was also a helpful way to get a better idea

of what to and not to include.

(Learning Diary £Session 6)

This attitude reinforced my initial belief that for many, passing assignments was the highest
priority to them. The assignment input during session 6 only lasted a short while. Most of the
remainder of the time had been spent planning a resource pack for working at the local river
which, Rohinni had not mentioned her Learning DiaryThis focus on the assignment was

not, however, displayely all students as | initially thought it would b8everal students

such as Natashald not reference the assignment in tHesarning Diary. Her entry only

focussed on the planning undertaken for the educational visit to the }iyeOHDUQW KRZ W
incorporate learning into field trips and how actadtcan promote learning. Also then how

follow up activities can confirm learning. Feel confident$"ODQQLQJ DEaMY LWLHYV ~
Diary +Session 6). Thisvas apertinentreminder for mehatthe needs and priorities fdre
studentdiffer.

542 Stardard2- PHHWLQJ WKH VWXGHQWVY QHHGVY SUHSDUDWLR
science

While | have suggested before that the curriculum for ecoliteracy, in its form during Cycle 1,

did not overtly develop the ecological epistemologies | have recommended prgviousl

believe that preparing the students for teaching science in primary schools was one of the
biggest strengths of the cour§hile analysing the data to generate evidence for this, three
recurring and interrelatecthtegorieemerged. These were relatedstudents articulating that

the sessions had improved their knowledge about issues concerning sustainability, provided
them with concrete examples to teach with and enhanced their confidence of teaching science.
Evidence for this will be drawn from thegenain data sets; the students Learning Diaries, their

reflections on teaching about sustainability in school and the End of Course Questionnaire.

6WXG\LQJ WKH VWXGHQWVY /HDUQLQJ 'LDUéatke/actiWtiRZHG WKD
were appropate for preparing them to teach science. Many students wrote about their
personal learning in sessions. Anthony and Hayley provide examples of this. Anthony

commented after an investigation@AWV y thihking was challenged by the experiment and
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how icedisplaces water. | feePRUH NQRZ OH G JH D(Ec@rhindpMarip+&eBEWOX O W -~
+D\OH\ ZURWH DIWHU 6HVVLRQ WKDW 3, fYH OHDUQW

change and energy /HD U Q L QiSedsibru10). Some students also propdkatthe

sessions hadmounted taa metacognitive process identifying areas of subject knowledge

ZKLFK WKH\ QHHGHG WR GHYHORS ORQLFD QRMWIHGf WKDW 3

questionsasked | did not know the answér, ORQLFD /HD UWQdsg€oh 2)L D U\

Additionally, the students perceived that the activities they carried out within sessions were
appropriate for the children they would teach. An example of this came from Katherine who
VWDWHG 3WRGD\ , OHDUQH G fDideoR WclBsErBoxgy thé @aiLhontin® Q G W K
ZDV DFWLYH DQG IXQ , FRXOG VHH WKH EHQHIMHDW QWQAR X C
Diary - Session 4). Vikki demonstrated how her learning might influence her future practice
VWDWLQJ W K DIike t¢ exgeRHeDt@n@tesZthe concept cartoons in,élassHD U QL Q J

Diary +Session 2).

Pleasingly many students felt their confidence to teach science in primary schools, particularly
concerning issues related to sustainability, had improved. When ais&atlthe influence of
the course oher learning Lucyanswered;

| am now more confident and passionate about integrating sustainability in my
lessons. By engaging in the lectures | feel as if | now know a wide range of activities
that could influencechOGUHQTVY LGHDYV DERXW VXVWDLQDELOLW

(Learning Diary £Session 11

This was echoed by Hayley who responded to a question asking her how she had felt about

the focuv Rl WKH RRRXUWHLEN , TP D OLWWOH ELW PRibkH SDVVLF
about how to do it in really exciting ways and how | can make it exciting for the children

(End of Course Interview 1). In addition to this she was asked whether she felt she could
engage with the ideas around sustainability in lessons and ledu@®@& UHS Oyedh@ WKDW
IHHO TXLWH HPSRZHUHG VRPHWLPHV ZKHQ ZH WDON DERXW

YXUWKHU HYLGHQFH RI WKHLU GHYHORSHG FRQILGHQFH RI
reflections on a day ¢éaching they had undertaken in school. The lessons wsed heound

water wastage and were taught to children whose ages ranged from 4 to 7. In particagar

the learning gained from those that had not taught such young children before which were

most pertinent. Remarks that these students made demontiedtadt only had they gained

in confidence but also that they now understood the capabilities of young children. Many
FRPPHQWHG VLPLODUO\ WR $QWKRQ\ KRZ WKH\ KDG RULJL

capacity to learn.
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| really enjoyed teaching ipear one. | had no experience of teaching science to year
one before so it helped my professional development. | was surprised by how capable
the children were to think and discuss ideas in a specific way and enjoyed discussing
WKH FKLOGUHQUpY LGHDV DV D(L&arning Diary+Session 11)

| suggest that one of tleasols that this teaching experience was so positileause of the
nature of theplanning sessiondlany students commented that they appreciated the support
they were given through the collaborative process of planning in a group. Both Vikki and

Student T recognised this, writing in their Learning Diaries that;

| also like the chance to be able to work with others in the classroom. You do not feel
alone and scaredggou have others in the class to help you if you get stuck. It helps
builds confidence working with people that you know.

(Student T, Learning DiarySession 9)

| feel science week was really beneficial both for myself and the children. For me |
feel like we were given a huge amount of support in planning the session.

(Vikki, Learning Diary- Session 11)

| also suggest that despite my belief that the predominant focus for the course was concerned

with sustainability this was not perceived by some studerite the case. When asked in the

end of course interview how she felt about covering sustainability throughout the year,
6DPDQWKD LGHQWLILHG WKDW WKLV ZDV QRW WKH VROH S)
very good focus for the two years hias been something that we have gone away &dn

FRPH EDFN &dMRurse interview 2). Student Q,timelast entry of her Learning Diary

also recognisethat we covered other aspects of the science curriculum. She wrote in response

to being aske@vhat she had learned during the year;

| have learnt: how to teach science creatively; the issues that surround the teaching
and learning of science, for example the implications of hatching chicks; and the need
to look outside of the national curriculutm teach concepts that are not explicitly
written there but can be embedded into it, such as sustainability.

(Learning Diary- Session 11)

5.4.3 Standard 2- a curriculum which developed their own identified interests

I have written before thatgrofessed that there was no one fixed curriculurretmliteracy

(Barlow & Stone2005 andas a consequendevould be imperative to develop a curriculum

which was relevant @ahappropriate to the students frahis specific science elective group

and thechildren they would subsequently teach. | proposed there would be no fixed session
SODQV DQG WKDW , ZRXOG EH JXLGHG E\ WKH VWXGHQWVTY U
the students in session 1 to work in groups and identify arepsteftialinterest to them.

They were asked the following three questions:
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X What do you feel are the environmental concerns that the children we teach will be
faced with?

X How do you feel the science curriculum can help children to develop an understanding
about thee issue®

X What areas would you like to learn more about?
(Questions asked in Session 1 to groups)

| argue that these questions show my initial appreciation of the personal and professional needs

of the students with regards to sustainability andsthg of a flexible curriculum which was
WDLORUHG WR WKLV JURXS UHVSRQVHV FD&esEoh1ldXQG LQ \
example of this can be found in Append)xI8also concede that a major omission at this point

was any questionto elIFLW WKH VWXGHQWVY QHHGY DQG LQWHUHVW\
have argued earlier that the students felt confident they were prepared for their assignments

and for teaching science in the primary classroom. Howekerognisehat this waprobably

due to an anticipation of their needs based on my previous experiences. The exclusion of an
openended question which asked them to identify their needs is further evidence of-my pre
occupatioron helping them to develdpeir ecoliteracy.

Despie this prelimirary questioning of the studeritgere is limited evidence from either the
sessioroutline (See Appendix 9) or the reflections in my Learning Log (Appendixiigh
candemonstrate that | used this information to guide my planning. Some tapidighted

by the student groups as areas of interest, such as water and global warming, wereatovered
some point during the year butis was not through a deliberate atteroptmeto do so.
Students learneabout these issues when given the oppdstio undertake personal research
into an area of their choosingcannot at this stage give a full explanation why | asked them

to identify these areas and then proceeded to ignore this information.

In spite of this | did offer the students the oppoitias, on two occasions, to research issues
regarding sustainability that were pbtentialinterest to each group. This first occurred in

Session 2 when students chose an issue concerning planetabgiwglto act as a stimulus

to develop their understding of the use of puppets to teach primary science. The second
personalised choice took place in Session 3 when they practised drawing Mind Maps and
related this to an issue of interest to them. A number of students noted the positive benefits
fromidentL I\LQJ WKHLU OHDUQLQJ QHHGV +Dsion2\shows hiB.UQLQJ "I
Shewrote 3, HQMR\HG OHDUQLQJ DERXW FMXRJBHQW/HDVQH Y W'K D
- Session 2). In addition to this, some students expressed their attergtitettes topics that

the other groups had discussed which also providéal evidence of the collaborative and
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sharing nature of the group which will be discussed in Seét8. GraceQRWHG 3, W UHDC
interested me to know what other people wereregted in sustainablV\ ZLVH ~ /HDUQLQ
Diary - Session 2).

Regardless of the lack of personalisation within $eRQYV IRXQGHG XSRQ WKH
articulatedinterests, | argue | have provided evidence in the previous section to suggest that

my tacit avarenessbased on experience and prior knowledgesured they felt that these

needs and interedtsd been caterddr throughout the course.

5.4.4 Standard 2- developing critical thinking

| have identified that one of the centriaémesunning throughout this thesis & felttension

about imposing my own views on the students by intradpei curriculum for ecoliteracy.

have also outlined that in order to counteract this | provided many occasions for them to be
critical about my teaching (tke methods werdetailed in Chaptet and included; Learning

Diaries, Critique of Writing, Metaphor of Teaching). While | am aware that this critique was

a genuine attempt at reconceptualising the student/teacher relationship, in retraspeaet, |

to appeciate that this process wasmarily undertaken in order to justify and legitimise my

actions However, his was to the detrimentddQ H[SOLFLW LQWHQWLRQ WR GH
critical thinking. Commentary from my Learningb provides evidence fohis. | wrote that;

3QRW PDQ\ DUH EHLQJ FU LY mayb® HOVE ddX kepvdeelophisDafi L Q J

RI UHIOHFWLRQ", SeskionBQ heQfdllong) section will analyse the data to
HYDOXDWH WKH VWXGHQWYV Lde@ethbds/ It RilDAsoRubyéquentg X U SRV
identify whether they, or any other aspect of the course, provided them with an opportunity to
challenge their thinking.

Most Learning Dary entries showed reflection at practical and descriptive level and
communicéed what the students had carried out in the sessicihapdtential influenctheir

learningmight have on their teaching practice. The following two excerpts exemplify many

of these entries. They both come from Session 3 and are the full excerptsovt VHVVLRQ T\

entry;

From doing the memory learning root [sid] was interesting what things you can
remember from using a brain storm of that type. It was nice to look at strawberries as
| learnt that the bud comes from the middle of the flower. | derésted to see if the
wheat grows as the D+T garden did not have much luck really, this I think may have
been due to the weather conditions.

(Zainab, Learning DiarytSession 3)
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, HQMR\HG WRGD\fV OHFWXUH , OHDUQWnMWRch WR SOD
strawberries grow. | also learnt about the best way to create a mind map to ensure
effective learning of a topic. Also thought about factors which may affect how a raft

floats. | came away with some practical ideas to use in school.

(Amy, LearningDiary £Session 3)

7TKHUH zZzDV RQO\ RQH VROLWDU\ FRPPHQW ZLWKLQ DOO RI \
made any suggestion about improvements or challenged what they had been presented. It came

from Student J who wrote;

Learnt about strawberriesd the rock cycle.

Mind maps were helpful for this

Memory route was good and would use it for lessons

Sinking boat was enjoyable but more science behind it would have been good

(Learning Diary £Session 3)

7KH ODFN RI FULWLTX ks lcah b xdlaivietl KyQéeDevey $ cHeamahits

made during thg QG RlI &RXUVH ,QWHUYLHZV :KHQ DVNHG IRU WKt}
purpose of the Leammg Diaries most commented thathile they understood it was a

reflective too) they often feltheywere repeating themselves. As a consequeatdbe end

of the session many were in a hurry to leaveamdpleted thersuperficially. The following
HIFHUSW IURP +D\©danvédsatien ekevhplifiésifs

Hayley:I think, what were the quashs again? What have you learnt from the lesson?

| felt like I was just writing out the learning objectives. They did like, | think | found

LW TXLWH KDUG ZULWLQJ DERXW KRZ , OLNH IHHO VRPEL
| think writing it down,like, | was looking through my book when | filled it in last

time and it is quite repetite what | have written (Hayley)

Jessical mean | know that obviously it is a reflective piece of work and you know

ZH DUH UHIOHFWLQJ RQ W Kt kutH YhwwRdQinD iQabGtheg smd el ZHTYH
WKH OHVVRQ ZKHQ \RXYYH VDLG ULJKW WKDWYV LW IR
books | think the automatic, erm, you know, approach to it is just to scribble down
something quickly and brisflin order to leavéehe lecture.

(End of Course Interview 1)

During the interview the students made it clear that they understood that the Learning Diaries
werealsoprovidal as a tool to critique the teaching that they had experierimedever most
relayed feelings that they either did not feel able to do trgs@stioned whether the Learning

Diaries werghe most appropriate methtmachieve thisJessica commented that;

, PHDQ , NQRZ WKDW LW ZRpxseaclsaR Walll te get akd Hi€éa3o SO H[ 1\
see how his teaching has affected his pupils, but from our point of view, | would
GHILQLWHO\ VD\ WKDW LWYV D PHWKRG RI DQDO\VLQJ \
\RXfYH OHDUQW VR IDU

(End ofCourse Interviewl)
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In response to being asked whether she felt she could have critiqued the sefksitays
UHVSRQGHG 3, WKLQN , FRXOG KDYH , ZH GLGQYW KDYH W
to | think I would have been, but it would have felt quite mealh, sti ( Q GCdRiise Interview

1).

Similar views were expressé&y a couple of students in the End of Courderviews when

they were asked how they felt critiquing my writing. Their respordesified their lack of

confidence in their abilities which weerelated to comparisons between their experiences and
PLQH 6DPDQW K @Dshowdhavel Bads/ ksDeal erdpowered but | think we were all
VOLIJKWO\ ZRUULHG WKDW LI ZH VDLG VRWNWKIQG RZ IXKRXW K
Interview 2. She also commented iher chapter critiquéhat she had felt uncomfortable
undertaking the process despite finding the writing interesting. Suzanne appreciated the
opportunity but felt she did not have the skill set to participetiee discussion followinthis

critique, but recognisethatthose with more confidence appeared able to do so;

EHFDXVH , ZDV VLWWLQJ QH[W WR J)UDQFHVFD DQG )UD
FULWLTXH LW DQG , ZDV XQFRPIRUWDEOH FUIWLTXLQJ
the skill to critique it, but she critiqued it, and she spoke to him about it and it was

quite interesting to kind of watch this dynamic happening because | think he has a

great deal of respect, well he has a great deal of respect for all of us, inltthtt
JUDQFHVFD ZULWHV YHU\ DFDGHPLFDOO\ DQG KH WRR
LOQWHUHVWLQJ , KDGQTW UHDOO\ FRQVLGHUHG WKDW |
RQ EXW SHUVRQDOO\ ,fP OLNH GR \RX UHD®\ ZDQW P
as good as you?

(End of Course Interview 3)

Most of the comments made abauy chapter LQFOXGLQJ )UDQFHVFDYfV ZH
improvements in academic conventions and structure of the writing. | suggest this provides
evidence that when the dients felt selassured in their ability they were able to make
appropriate recommendations. For example, Francesca annotated the article with the

following;

Could this be reduced to a sentence or two?

Interesting and important pdito highlight.

Is therea way of reducing length of the introductigias in sandwiching the part
DERXW uXVfY LQ WKH PLGGOH

(Chapter Critiqgue Session 7)
However, there was limited evidence that the students challenged the content of what | was
writing. Many, like Rohimi, agreed with the sentimerdatlined in the draft chapteRohinni
ZURWH 3, WKLQN WKDW WKLV FKDSWHU UHDOO\ IORZV DQG
\RXTH PHQWLR Q H@itique&-KIasSidhH/UHowever, Katherine felt confident to
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sugJHVW WKDW 3PD\EH \RX FRXOG ORRN DW WKH HPRWLRQDC
their beliefs and uses engaging strategie§ KR Z W KH P TCritiyeb Sedsidry

The following will providefurtherevidence of the occasions when | belieghallenged their
thinking which | argue is the first step in developing critical thinking

While | have arguedhatthe Learning Daries produced mainly descriptive accounts of the
sessionsthere were a couple of occasions when the students idetifiedheir views and

thinking hadchanged. These statements came in only three sessions which all contained
activities which discussed matters to do with sustainability (Session 2, Session 7 and Session

10). | tentatively propostnatthis occurrecbecause of my portrayal of these issues as being
uncertain compared to advice | may have given about teachinghwmiay have been more
deterministic | previously provided evidence of this in the initial presentation when |
professedhat! was not an exgrt in these matters. My Learning Log from Session 2 (which

gave the students the opportunityrésearchareas of interesbtthem) shows this. | stated,;

3tom this | knew that | needed to develop my understanding of how melting ice caps
VRPHWLPHUNIRQKW PHD OHYHOV ULVH ~ :KLOH , GR QRW KD
S$OQOWKRQ\TVY HQWU\ IRU WKLV VHVVLRQ PLUURUV KRZ , ZDV W
challenged by the experimentand howt H GLVSODFHYV ZD W-HSeksionPHB QL QJ 'LI
session challenged the views of some students who identified that their knowledge was
insecure. Samantha commented about this segiBriW L Q J MVieK kY intekebteddn the

topics raised, certainly enough to go away and investigate mordf nityskowed some gaps

LQ P\ NQRZOHGJH SDU Wdamk@ DayoSessidFRF@enDJalso wrote

W K D WheXdfnd aware that my knowledge of climate chasgesufficient. This therefore

challenged my thiking,” (Learning Diary- Sessbn 2). Perhaps the strongest evidence for
FKDOOHQJLQJ WKH VWXGHQWVY WKLQNLQJ FDP&ttibr@ 6 HVVLR
made by those in charge at Heathrow Airport. Due to a broken valve, a decision had to be
made whether to divert harmftithemicals onto the Heathrow runways or into the river we had

visited the previous week. They chose the river killing most of the life dedsica wrote in

detail that;

| have come away from this lecture with questions about how much we know about
sustanability. Are we being given information as members of the public? How do we
know we are doing good? Is there info that we are not being given that may change
our views of the world

(Learning Diary £Session 7)
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5.4.5 Standard 2- summary

This section has addressed whether imposing the curriculum of ecoliteracy, which was of

value to me, allowed the students to develop their needs, interests and critical thinking. | have
suggestethat, LGHQWLILHG WKH VWXGH Q Vpas§ tiigiHdssmmBnvand KH UHT
in feeling prepared to teach science in primary schools. | provided evidence that advocates

that these needs were met and that the students felt that this was a positive aspect of the course.
While | have detailed that the studehtd limited occasions to identify and develop their own

interests | suggest that my tacit understanding, developed from experience of working with
students for some time, helped me to anticipate what their needs and interests may have been.

| also arguehat issues regarding planetary wadling were of interest to them as well. In
DGGLWLRQ WR WKLYV , KDYH DUJXHG WKDW , SURYLGHG IHZ F
thinking. However, | identified that on the occasions when they were prdsgiitie

contentious and uncertain issues about planetaryb&ei this challenged their views and

thinking the most. | will propose that while many of the activities did not intentionally help
GHYHORS WKH VWXGHQWV HIS €al, heyasfided O lestablighiRg BrU LW L T X
atmosphere whichvas conducive to sharing ideas without fear of judgement and which

allowed independent thought to flourish. The next section will develop these matters further.

5.5 Pedagogical facet A standard of judgement 3

Did | create a dialogic learning community while working with this group of
students?
S3. Demonstrated that | had created relationships which did not objectify the

students and encouraged the flourishing oftadent thought.

Undertaking analysis for this criterion provided me with the opportunity to specify the
pedagogicaktrategied used with this group of students. Unlike the conscious strategies |
adopted to ensure | was not imposing the curriculum fditeraxy, this section addresses my
well-established, but as yet not specified, teaching style and how this was perceived by the
students. | will identify that my value system premised on mutual respect evinced itself
instinctively through the promotion dliscussion and group work which was conducted in a
collaborative tmosphere where others féhiey would not be judged by me or the rest of the
group. Most evidence for this criterion has been generated from the data provided by the
VWXGHQWYV T riesl&nd Qd_End oflICburse Interviews. Similar comments made in the
Learning Diaries and all three of the End of Course Interviews support my suggestion that this

was the way usuallyworked.



158

Through analysis of the Learning Diaries it became appénenthe pedagogicadtrategyl

utilised most fregently was the use of discussion. This was commented lpaearly all

students throughout their Learning Diaries. Representative examples come from Natasha who
QRWHG LQ 6HVYV lefoRed uye WibeguentKlidcussion DQG -HVVLFD ZKR ZU
Yoday | learned more about constructivism and how it relates to LOC [Learning Outside of

the Classroom]. | leat it through group discussion, -HVVLFD /HDH&34idp &) 'L D U\

| suggest that most studenialued the discursive nature of the sessions and that their learning

ZDV JUHDWHVW ZKHQ WKH\ VKDUHG LGHDV ZLWKLQ WKH JL
session involved kot of discussion, which was helpful as we were able to share our ideas with

one DQRWKHU ~ B5RKLQQL 6HN\DVL@RLR J rolpiodiScussibn to share

knowledge is always useful 6DPDQWKD /HBés§anQ)JIn pddtidular, students

valued the opportunity to work in groups to plan lessons and identified théitbdhat
FROODERUDWLYH DFWLRQ FDQ EULQJ 6WXGHQW 71V GLDU\

they undertook in Session 8, demonstrates this;

| really enjoyed having the opportunity plan with others in my class.
Teaching is all about shiag ideas, what worked well and even better if.
As there were others in the group, you could not be dominant and say only your idea
will work as you need to consider other ideas.
| also like the chance to be able to work with others irckgsroom. You do not feel
alone and scared as you have others in the class to help you if you get stuck. It helps
builds confidence working with people that you know.
(Learning Diary- Session 9)

Surprisingly there weralsoa number of comments about ttwlaborative nature of planning

for the assignment which | would have proposed, prior to the analysis, would have been far
PRUH GLFWDWHG E\ PH t6dayv® Qgdusiddd RsVaHroMp<iw we3would

tackle the assignment. This was very good as wable to take lots of different ideas to
comprehend how to developthe wriQJ =~ 6X]DQQH /HIeEQNM &) JithLIEskida
FRUURERUDWLQJ WKHOW WRRAQIQIIWKIDW FODVVY LGHDV UHD(
understanding of the assiygP H @Larhing Diary- Session 6)

,W LV LPSRUWDQW WR UHFRJQLVH WKDW WKLV VWUDWHIJI\ :
thoughts about group work were in relation to particular members dominating the
conversation. She noted on two separatasioos that3 did feel a little seHconscious about
giving my opinion quite a few times in the class discussion, but then | struggle to get my views

DFURVV WKH WDEOH ~ /HDUQLQJ 'LDU\ 6HVVLRQ DQG 3L
much saidlots of dominant personalité =~ /H D U Q L Qebsldn2)Jie noted in Session

TV /HDUQLQJ 'L bridhisldcgasiamomereDnarking in a smaller group had really

helped her learning. This brings into question the nuanced balance ofmmsiregclass and
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small group discussions. It also provides a justification for my concerns, which | noted in my

Learning Log, that not all contributed to whole class discussions. | noted that;

Discussion was limited to about a third of the group. Shouédddmcerned?
(Learning Log, Session 7)

A shame but only about 6 were involved in the conversation at the end.
(Learning Log, Session 10

| have arguethatthe students felt a positive aspect of the course was the sharing of ideas and

that WKLV EHQHILWWHG WKHLU OHDUQLQJ , SURSRVH WKDW
JHQXLQH LQWHUHVW LQ HDFK RWKHUTV ZRUN ,W ZDV SOH]I
*UDFH FRPPHQWHG RQ WKLV DYV S HiEnallpimerested brid Ww0\Wnow Q  ZU L\
what other people were interested in sustainability wise and how they made this child friendly

to be brought into the classroom DQG QRWHG 3, HOQOMR\HG KHDULQJ HYHL
the trip to the River and having the opportunityhink about how else you can use thetiip

KHOS WKH FKLOGUHQTV O HEessQh 6.JThis rddfed! Qrid QnieréktDvds

further corroborated in the End of Course Interviews when Suzanne was asked to express how

she felt the science grolyad worked,;

yYWWKH IHHGEDFN WKDW ZH JLYH HDFK RWKHU ,WfV QF
Alexto XV faadhack within the group as well. In fact, the class would go, would
DOVR QRWLFH HDFK JURXSTV ZRUN DV ZHOO DQG VD\ ,

(End of Course Interview 3)

The following part of this section will suggest that it was the-juoigemental attitude |
adopted with the students which allowed this open and free form discussion to flourish. Much
of the evidence generated has been drawn fl@rEnd of course Interviews. The primary
foci of these interviews were to gather data about the manner in which | worked with the

students and whether | had imposed my beliefs and values upon them.

When the students were asked about the atmosphere \Wighgndup, students from Interview

1 mentioned that it was relaxed, those from Interview 2 perceived that it was a safe
environment anthose from Interview 3 felt was informal. Students qualified the reason for
this justifying that they were able to erps their opinions without fear of judgement. | have
provided evidence of this from each of the three interviews to corroborate this pivotal
SHUFHSWLRQ RI WKH JURXSYTV HWKRYV

, WKLQN LW KDV EHHQ TXLWH UHOD[HG ZKLFK KDV EHF}
anything about sustainability and | can imagine that there are people in the class that

NQHZ ORDGYV DERXW LW EXW LWTV VRUW RI HYHU\RQH:'
QR RQH KDV UHDOO\ EHHQ OLNH HPEDUUDVVHG WR VD'
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EHFDXVH , GLGQTW NQRZ DQ\WKLQJ EH IIRAdW quitsé WD UW H C
a bit

(Hayley, End of Course Interview 1)

IWJV D YHU\ VDIWKRBYHYRQPHYQW D IHDU RI EHLQJ SXYV
unlessyou have been particularljpumorous. | think that everybody does feel that

they can say anything.
(Samantha, End of Course Interview 2)

| think thatthe way that lectures and things areistiured and things, its very sort of,

informal is he wrong word but very, sort,dfcertainly have never felt likanything

WKDW ,TYH KDG WKRXJKW ZDV ZRUWK VD\LQJ LQ IURQW
WKHUHYV D VRUW RI Hypdi toRtGbBtesQANvhAt ek tént HhéyH

wish ta

(Anthony, End of Course Interview 3)

While the students outlined the group ethos they also made particular reference to the way in
which | was nofudgemental about their remarks. Jessica categoriagtlipes that | did not
impose my views;
<HDK , ZRXOGQTW VD\ WKDW KH VLWV WKHUH DQG MX"
ZURQJ , PHDQ VSHDNLQJ IRU P\VHOI , NQRZ WKDW [P
somebody was standing there, you knspguting off about their own personal views,
andthey feel that | should take upon those views that | immediately would put up a
defence and say, no, well hang on a mut WKDWIIV QRW ,2khbkv , WKLQ

suggesting something and considering thageation is completely different, a way,
a way of teaching the topic rather than j tHOOLQJ ZKDWY{V ULJKW DQG Z

(End of Course Interview 1)

Anthony made similar remarks in a different interview;

When we are discussing things, sortlaf way that he phrases his own opinions and
WKLQJVY KH LV YHU\ FOHDU WKDW LW LV KLV RSLQLRQ
ZKDW , VD\ JRHV NLQG RI WKLQJ DQG LWTV YHU\ PXFK C
when he sort of throws ideas W DQG WKLQJV KHYV ZHOFRPLQJ RI Z
VD\ DQG RWKHU SHRSOHYV YLHZV DQG RSLQLRQV DQC
knowledge in your head he is very much getting you involved and the whole group |

think.

(End of Course Int@iew 3)

When asked to identify how | had encouraged the group to develop their own opinions Hayley
SURYLGHG D YHUEDO PHWDSKRU VXJJHVWLQJ 3, VXSSRVH I
NLQG RI WKLQN RI WKDW LQ \RXU RIZQit &h idesHdh® BerM X VW J |
everybody goes ofind thinks about it differently, +D\OH\ (QG RI &RXUVH ,QWHU)
reference of providing nurture for growth was also expressed by Suzanne through a pictorial

metaphor of my t&ching



Figure 5.1: Pictorial metaphor A xnurture for growth

3This showvs that your lessons inspire me and give me confidence to teach science in class.
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While | have provided evidence which suggests that many of the activities were related to
group work and studeted activities, | alsaletermined from the dathat this did not result

in a lack of appropriate guidance from me. Due to the nature of thecadltection methods

and the questions asked in the End of Course Intesvievas difficult to identify this aspect

of my practiceHowever,| suggest that the references made about this aspect of my pedagogy,
although limited, are natural and aomtrived examples. Fomstance Vikki wrote on two
separate occasions about the balance bettheert W X G H Q &ad/fiine Q S X W

There was a really good balance between teacher led discussion and students talking
and sharing experience.

(Learning Diary- Sesion 1)
| thoroughly enjoyed the balance between teacher and student led learning.
(Learning Diary- Session 2)

6X]DQQH IXUWKHU Y DO LG D Vit tiisksesgioR @eddiseusgatl BsVe tlgsd W K D\
the experience we had on our school plametmAlex led this discussion and through this, we
alhadaYRLFH =~ /HDU®QdsSich 1. DU\

5.5.1 Standard 3- summary

Analysing the data for evidence of thehievemenof the final criterion has had the effect of
articulating my inherent practic®rior to completing this | had a vague apprecratf my
teaching style but the reseamtocess has demonstrated how my value of mutual respect was
naturally evinced whilst working with the students. The data has consistently shown the use
of class andgroup discussions as a teaching tool. | have demonstrated that the students
appreciated learning from each other and suggested that they were genuinely interested in
what other members of the group had to say. | have also proposed that this dialogifal way
working was successful because of the respect the members of the group had for each other. |
WHQWDWLYHO\ VXEPLW WKDW WKLV FRPPXQLW\ HWKRV L
appreciation of the nejudgemental and msobjectifying manner in whit their ideas were
negotiated, coupled with a clear understanding that | did not wish to impose my views upon
them. Finally, Isuggesthat this environment encouraged the students to perceive themselves

as freethinking agents capable of making independent decisions.

5.6 Pedagogical facet Atdeveloping a mutualistic practice: summary
| offer the following summary as an analysis of my learning from working with the students.

For much of the time prior to writing this thesis | have professed that | wanted to develop the
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curriculum for ecoliteracy through a mutualistic practice. | havetimeed previously that the
mutualistic manner in which | wanted to work was premised on my value of mutual respect
yet | had not fully addressed what this might look like in reality. This analytical process has
helped me to identify and articulate what mytualistic practice comprised.

Initially much of this practice was premised on the tensions of imposing the curriculum on the
students and | introduced specific strategies which afforded the students the opportunity to
critique their learning experieneéhich | believed was a mutually respectful way of working.

The Learning Diaries and the opportunity to critique my writing were examples of this. |
believe | have established that these explicit methods were not particularly successful in
developingthe SKGHQWVY FULWLTXH RI P\ SUDFWLFH QRU LQ HQJH
| have confidencethat | have shown that my wedistablished and tacit pedagogical
interactions and choice of teaching and learning tools provided far greater evidence of
developiry respectful relationships and, because of this, | can tentatively ttlailnwvorked

in a mutualistic manner. Previous experience, gained from working with similar students,
HQVXUHG WKDW WKH VWXGHQWVY QHHGV ZHtaHinRieW VR WK
course assignment and develop their confidence for teaching science in primary schools. The
focus of sustainability was of interest to the students and provided a consistent and valuable

theme to their learning.

While | have recognised that ngyime focus may not have explicitly supported the students

to develop their critical thinking, | do acknowledge that the dialogical community that
emerged across the course allowed for independence of thought which | suggest is the first
requirement of dtical thinking. The atmosphere that was unconsciously generated was not
coercive and the students felt contédnle inexpresmg their own thoughts. As a result, the
students acknowledged that my ideas concerning planetarpeieti were not foisted upon

then.

The following chapter will now attend to issues relating to pedagogical facet B and will
generateevidence to attesto whether | helped the students to develop ecological

epistemologies during Cycle 1.
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Chapter 6. Evidence for Developing Ecological pistemologies

through a Reconceptualisation of Science&Cycle 1

6.1 Introduction

The previous analysis chapter attended to a facet of my pedagogy (pedagogical facet A) which
| have termed a mutualistic practice. | explored threeriielated aspects of this practice
premised on the relational natuRl ZRUNLQJ ZKLFK , GHWHUPLQHG E\ UF
(1947, 1958)deas around-7KRX UHODWLRQV D Q Ghirkiodiddo@@lbditc | V
teaching and learning. | proposed thaalgsis of this facet of my practice uncovered tacit
assumptions about my views around education and now suggest that these are ecological in
nature. | believe that while | demonstrated that my implicit teaching practice helped to create
a community which &lued indivduals and their opinionst was the collaborative and
relational aspect of the manner in which we worked as a group which were the key elements
in developing the mutual respect | hadentified

This analysis chapter wijproduceevidence for thesffectivenessf another aspect of my

practice, pdagogical facet B. This facet was concerned with whether the science curriculum

could beusedto develop the ecological epistemologikat| have suggested throughout this

writingare nedHVV DU\ LI LPSURYHPH Q Weihgvire tobw& iHaded Befatediff V ZH O (
Chapter 2 that a reconceptualization of science and science education might help to develop
WKHVH UHODWLRQDO HSLVWHPRORJLHV ZKLFK , KLJKOLJK
conceptual framework of systems thinking (whidtave previously detailed and which focus

on: process over structyrgquality over quantitydevelopedelationships over objéfitation

and studying the whole and not the parts). | detaile@hapter zhow this might manifest

itself in the practical nature of learning scientkis chapter will demonstrate how | generated

evidence from the data to determine the effectiveness of this approach with the students from
Cycle 1.1 will attend separately to thieree standardsf judgemen(S4-6) whichl identified

in Chapted asnecessary fodemonstrating that | wadeveloping ecological epistemologies

through a reconceptualisation of science. For reference these are outlined again below:

Developing ecologicatpistemologies through a reconceptualisation of science
Pedagogical facet B

Q4. Did I help the students to develop an understanding of the relational nature of s¢
ideas?

S4. Encouraged the students to understand the related nagaierafe and because
this whether they were able to make links between different scientific ideas.
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Q5. Did | help the students to develop an understanding of the tempore
transformational nature of relationships in science?

S5. Encouraged th&tudents to understand that some scientific ideas change ove
when new evidence appears and because of this whether they viewed knowledge
tentative and potentially transformational.

Q6. Did I help the students to develop an understandifgayimbiotic relationships the
have with the planet and those that share it?

S6. Encouraged the students to perceive themselves as part of the natural world a
separate from it.

Table 6.1: Developing ecological epistemologies through a recondeplisation of
science pedagogical facet B- research questionsand standards of judgement

| have previously written about my initialdiormed and vague ideas about ecoliteracy during
Cycle 1. | also suggested that during this Cycle | was thinking in-®owlogical manner and
deemed science, and the curriculum, as a set of abstract oBjgcisconsequence, this
influenced the teaching and learning activities | proviftedhe students. | have identified
thatit was not until after Cycle liad occurrethat | appreciated the need to develop ecological
epistemologies or that the science mulum could, in part, be used to establishsthe
recommend that the emphasis of this chapter for the reader is the important evidence it
provides for the way | was thinking during CycleChapter7 will then develop this to show

the transformation imy thinking from this point.

6.2 Generating evidence from data pedagogical facet Bdeveloping ecological

epistemologies through a reconceptualisation of science

6.2.1 Pedagogical facet Bstandard of judgement 4

Did I help the students todevelop an understanding of the relational nature of

scientific ideas?

S4. Encouraged the students to appreciate thatience can best be understood in
terms of relationships and because of this whether they were able to make links

betweendifferent scientific ideas

Despite Samantha stating in her End of Course Interview that the theme of sustainability;
3«KDV EHHQ D YHU\ JRRG IRFXV IRU WKH WZR \HDUV LW KD
DZD\ IURP DQG FRPH EDFN WRwW?2)I\iGrdué¢ i&tRixXdddatioh thatWied U Y L H
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course was disjointed and demonstrated a lack of explicit promotion of the relational nature

of scientific ideas and how these related to planetarylvestig

Appendix9 outlines the session titles and #socated teaching and learning activitibsit

were undertaken during thegadditional detail of what was included can be found by
UHIHUHQFH WR $SSHQGL] DQ H[D P S.0 éffeRthiDasvevidérieéi QW TV /
to show the lack of progression almks made between sessions and within thidaving

analysedthe content of theF R X U3¢ss®Hhs | argudhat | chosethe subject matter and
activitiesmainly in terms of issues of interest to me aviuch had clear links tdNational

Curriculum objectivegDfE 2013) | provided a justification for this in the previous chapter

and suggestetihatthe success of the course was, in part, because of the relatable classroom
strategies offered. This fixatioon not deviating from anything other than the science
objectives prescribed in the National Curriculum was first demonstrated, | sumgéss,
LQLWLDO VHVVLRQ ZKHQ , ZDV GLVFXVVLQJ WKH FXUULFXC
would love to sort of spend most of the science curriculum developingkimelseof ideas

(Initial Presentation,10.1.2012. | propose that my primary focus of providing science

teaching activities which could be utilised in schools obfuscated the important relation

between undertaking them and their relevance to planetailpeiab.

In addition to this is my assertion that | selected activities of significance to me. For example,

before commencing the course | already had tentatively planned a theme and suggested that;

as a starting point, in helping children to reconnecdt wéture, a project on growing
food may be prudent. There is evidence that many children believe that their food
originates from the supermarket with no association being made to its origin or the
processes that are undertaken fdo iarrive in their hora.

(Sinclair 2013, p. 141)

This choice othe theme oy JURZLQJY SURYLGHG D YDJXH FRQQHFWLRQ
QRZ UHFRJQLVH VWHPPHG QRW IURP WKH VWXGHQWVY LQ
having an allotment and ndesire forbeing in an otdoor environment. Evidence of this can

be found when | commented on my personal awareness of the pleasure | gained from being

R X W Mhit@ally it was so much fun to get outside, even in the rain with another group. | was
certainly wellaware of myaw® QG ZRQGHU IRU QDWXUH ZKLFK , EHOLHY

(Learning Log Session )

| was cognisant that gaining an experience of planting seeds and growing food might play a
small role in reconnecting tlstudents with the natural world (which wik attended to below
in Section6.2.3). However, | was also aware that without highlighting the relationship

between food and issues concerning planetary-lvedtig these experiences would remain at
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the level of learning about plant life cycles. Evidence of this understanding came from my
Learring Log from Session 1 which covered the germinataf bean seeds. | noted in my
Learning log that | had briefly introduced the ideas of air miles and seasoimatig hope

that connections between where food is grown and its environmental impacbeaulade.
Analysis of the Learning Diaries for this session shows that no student commpatetis
aspect of their learning. | appreciate that it is difficult to infer what importance the students
placed on any activitgnly by studying their Learning Rries however | believe that they do
highlight what the individual perceived was the most significant and memorable aspect of
each session. While it is difficult tdraw conclusions from these Learning Diary entriles
tentatively suggest that the lack cdmments may be because planting was a novel and
engaging process for many of the students and this became their sole focus. | also suggest that

| may not have given enough time nor stressed the importance of these learning links.

Further emphasis on thielationship between growing and planetary issues was also placed
LQ ODWHU VHVVLRQV 30DQWLQJ RXW WKH JHUPLQDWHG \
Session 4, evoked three broad reactions from the studelRK L Q&3hahse exemplifies

those tlat purely listed the activities undertaken (including learning about strawberries);

| thought that this was a very practical session and, once again, | really enjoyed it.

, OLNHG WKDW ZH ZHUH DEOH WR JR RXW DQG SODQW F
will be able to see the progress that it will make.

7KH VQDLO KXQW ZDV IXQ ,W ZDV IUXVWUDWLQJ ZKHQ
end we had more success

(Learning Diary- Session %
&ODULVVDYIY HQWU\ WASLILHVY WKRVH VWXGHQWY ZKR KDG
VFKRRO 6KH FRPPHQWHG WKDW 3, HOQMR\HG WKH VHVVLRC
benefits of doing it with childH Q ~ /ihgDi&AK - Session 4). There were a few students
who | suggest were articulating links between the growing activities and learning about issues
concerning planetary welieing. Natasha was one of these and she wroteshieat SUH D O O\
enjoyed planting thelants we had grown in the classroatthis would be good for children
to participate in as they can watch the flower grow and be aware of where flowers/vegetables
comefURP = /HDUQISEs3iorL4).U\

Despite limited evidence to suggest that | promi@ted developed links either between issues
regarding planetary webeing or other science related matters | can provide embryonic
evidence that | was thinking in an ecological manner and that there were other constraints
which meant this was not elanced in my practice. This initially came froamemail with a
potential guest speaker from a compaajleri Sunny Schools whose aims &weeducate

children about climate change and solar power. Email correspondence before the session
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demonstrates that | wasvare of the need for students to make associations surrounding the

areas to do with climatehange when | requested that;

It might be nice to focus on renewables, but | am very keen for the students to see the
'big' picture. Maybe you/we could makiee links between needing to 'energy save'
(due to climate change) through the use néweables due to climate change.

(email correspondenaeith speakerSinclair 2012y

This argument is further strengthened by reference to my Learning Log eltwyirigl this
VHVVLRQ ZKLFK GHWDLOV KRZ , EHOLHYHG LW XQLILHG LG

experiences.

This was the session | would have liked to have done with the students as it really got

WR WKH QLWW\ JULWW\ D EI& 2thoughkt Hidpo&t EbBUE Odhiupt] L Q WK
RQ USHRSOHYT XQWLO WKH HQG RI WKH VHVVLRQ ,W SU
the work that we have done, or its justification

(Learning Log, Session 10)

| am also aware that my understanding of #lational aspect of planetary wéking did not

really take into account the impact that planetary degradation is having on the human
population. Analysing theourse outlindAppendix9) shows | only considered this aspect in
Session 3. | provided a huma&ontext to a raft building activity by introducing tseidents

to flooding in Bangladesh and ways in which some communities were building floating
growing spaces. However, | argue similarly to the growing activities that this was tokenistic
and referredo the practical aspect of constructing the raft rather than to how this related to
planetary weHEHLQJ 5RKLQQLYYV /HDUQLQJ 'LDU\ HQWU\ LV W\S
comments reflecting my lack of commitment, and their paucity of appreciationsttattait

Rl WKHLU t©eHlbets Qe @ade Wvdsic] a really random but fun activity to do. It was

all disjointed but | felt it was a really practical lesson and | really enjoyed$tk ~ /HDUQLQJ

Diary - Session 3)

Despite the limited evidence tsuggest that | promoted an understanding that issues
concerning planetary welleing were not confined solely to the science curriculum there is

some evidence to suggest that this was aihroughout the session#é/hen asked in their

End of Course Intewiews WR UHVSRQG WR WKH TXHVWLRQ 3ZKDW GR \
FODVVURRP WR PDNH D GLIITHUHQFH RU JHW WKH FKLOGUHQ
within all three interviews responded that the course had made them view the topic of
sustainability in a more relational manner. They felt that it was not the@olainof science

and it should be taught as a crassricular topic and suggested that its influesteuld
appearDFURVYV PDQ\ FXUULFXOXP DUHD\ qét®©dhdday rage@RWHG W
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VXEMHFWYVY DQG \RX FDQ VHH KRZ LW LPSDFWV HYHU\WKLQJ
WKDW LQ VSHFLILF FXUULFXOXP V X(EM dffoauxsedrifernvied 1) WKLQN

with Jessica further outlining that;

SWIV TXLWAKWDUEBRBRODU VXEMHFW VR , GRQTW WKLQN
VLQJIJXODUO\ LWYV YHU\ \RX FRXOG LQFOXGH LW LQ D
and | in our enhanced placement managed to combine it with art quite easily and as a
resxOW LW zZDV DOO OLQNHG WR WKH WKHPH ZLWKLQ W
[si P\ SUDFWLFH LWV MXVW JRLQJ WR PDNH PH FRQVL(

ZKHQ ,fP ZKHQ ,fP SODQQLQJ VR

(End of Course Interview 1)

Student Q mads a similar reference to Clarissa and Jessica. When asked what effect the
course would have on her practice, Student Q wrote in her Post Course Questionnaire of the
need to be creative and not stick rigidly to the National Curriculum objectives (DfE; 2013)

| have learnt: how to teach science creatively; the issues that surround the teaching
and learning of science, for example the implications of hatching chicks; and the need
to look outside of the national curriculum to teach concepts that are not explicitl
written there but can be embeddetd it, such as sustainability.

(Post Course QuestionnairSession 11)

6.2.2 Pedagogical facet Bstandard of judgement 5

Did | help the students to develop an understanding of the temporal and
transformational nature of relationships in science?

S5. Encouraged the students to understand that some scientific theories change
over time when new evidence appears and because of this whether they viewed

theory as both tentative and potentially transformational

| have previously detailed that during Cycle 1 | had not interrogated my beliefs about science

and science education and had not questioned the uncertain nature of knowledge produced by
scientific methods. | have argued that this whole thesis relates to onceptualisation of

science and thagaining an appreciation of the evolving and transformational nature of
knowledge probably had the largest influence on my learning and therefore practice. For this
reason there is no data to suggest tiklDOOHQJHG P\ VWXGHQWVY WKLQNLC

There is evidence to suggest that | understood the uncertain nature of matters relating to
sustainability but that | had not made explicit cognitive links that these were, in fact, also
related to a partical perception of science and the generation of knowledge. Despite this |

wrote the following;
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,Q DGGLWLRQ WR WKH VWXGHQWVY YLHZ RI P\ UROH V
there is the belief that there are either correct or incorrect answerglufésing over

the reality that some scientific knowledge is incomplete and often uncertain. Nowhere

is this uncertainty more obvious than within the science of climate change where

Hulme (2009) notes that there will never be a consensus about the effghibal
ZDUPLQJ QRU ZKDW VKRXOG EH GRQH DERXW LW 3RLJC
performance metric for the human species? Is it to restabilise climate? Stabilise
population or to minimise our ecological footprint? Is it to increase life @apey,

to maximise gross domestic product, to make poverty history or to increase the sum

RI JOREDO KDSSLQHVV" 2U MXVW VLPSO\ VXUYLYDO"”’

(Sinclair 20125

The presentation from the followirand of yeareview meeting strengthens thgament that
| was starting to understand the uncertain nature of issues relating to planetdogimgeiet
had not made the conceptual link that this applied alsil tscientific ideas. Slides 2 and 3
from the presentatiorthat | gave for this meetingrovides provisional evidence of this
standpointno reference wasade to uncertainty related to other aspects of scahee than

planetary weHlbeing

It is in the admission of
ignorance and the admission
of uncertainty that there is a

hope for the continuous
motion of human beings in
some direction that doesn't
get confined, permanently
blocked, as it has so many
times before in various
periods in the history of man.

Figure 6.1: Slide 2, Presentation for End Year Review Meeting, June 2013

We are

1. Uncertain what the future
of the planet is.

2. Unclear what a
‘sustainable’ planet will look
like.

3 Unsure what should be

‘sustained’ or how this could
be achieved.

Figure 2.2: Slide 3, Presentation for End Year Review Meeting, June 2013
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, KDG FRQFXUUHG ZLWK +LFNVT VXJIHVWLRQV WKDW H
to discusspossible, probable and preferable futures to develop this understanding of
uncertainty. Reference to theurse outlindAppendix9) demonstrated that these ideas never
manifested themselves in strategies which | used with the stu&mikarly | did notgive

the students an opportunity to explore what the term might mean to them, beletitieere

was a shared understandingthin the group.Instead, | provided them with the teaching

strategies | detaileth Chapter5 which meant that | did not have spend time dealing with

the contentious issues of sustainability which did not appear in the science curriculum. My
Learning Log entry for the session with an outside speaker whose general focus was on
sustainability (but not focussed within schools) ®RQVWUDWHY WKIh¥ was ZURWH !
somewhat off the science curriculum and | would have felt conscious of delivering this.
However, it provided a background for all of the work that we have done, or its justification

(Learning Log, Session 10).

Stucknts were asked to define the tegustainabilityfboth at the beginning and end of the

course. Thalata shows that their initial definitions often were vague. Many mentioned the
temporal aspect of planning for future generationgtyety W X G H Q Véns PpftenHddkerl W
FODULW\ 9LmyNihdezdtaRdivigdis that it is a geographical term to do hath we

treat our environrment +RZ WR HQVXUH LW LV RND\ IRU IXWXUH JHQHL
notsurereally! 3UH &RXUVH 4%¢$38RMQLRQ QDASIMWH 9LNNLYV DVVHUW
of the course that she was unsure, | have argued that | did little to address this. Understandably
many studentsvrote similar definitions at the end of course demonstrating limited, if any,
progression ofthdl XQGHUVWDQGLQJ , KDYH XVHG JUDQFHVFDYV S

responses, which are comparable to many others in the group, to provide evidence for this;

Sustainability is trying to sustain/ keep things the same for future generations, mainly
to do with the environment,
(Pre Course Questionnair&ession 1)

Sustainability is ensuring the resources we have on the earth today are maintained for
future generations. Living sustainably by replacing the things wetngedestroying
finite resources.

(Post Course Questionnai&ession 12)

This argument is further strengthened by evidence from one of the End of Course Interviews.
| have included a large part of the transcript hemudgest thait shows that, while they
initially perceived they were clear about defining the term sustainability, they actually found
it problematic. | propose that there was a tacit belief, on my behalf, that the students had a
shared knowledge and as a consequence the term becarfanoliarised without any

critical evaluation of what it really mearithis is exemplified in the following interview:
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Interviewer:So a difficult question, a really difficult question, do you have a better
idea of what we are talking about when we are talking aftainability now?

JessicaYeah definitely.

Interviewer:6 R LI \RX ZHUH WR JLYH D GHILQLWLRQ RI LW W
What would you say sustainability is?

Hayley: To ensure a better future for future generation®oR NHH S «
JessicaStrategies tensure a better, a bettgou know, a healthier planet

Hayley: Without future generans, withouimpacting our ownl know exactly | just

FDQIW WKLQN RI LW
(End of Course Interview 1)

These excerpts have notHQ XVHG WR GHPRQVWUDWH WKH VWXGHQW:!'
to show that | had avoided confronting these contentious issues which resulted in missed
RSSRUWXQLWLHV IRU WKH VWXGHQWY WR HQJBdih.ZLWK WK]|

6.2.3 Pedagogical facet Bstandard of judgement 6

Did | help the students to develop an understanding of the symbiotic relatichip
they have with the planet and those that share it?
S6. Encourage the students to perceive themselves as part of the natwarld

and not as separate from it

Much of this section will draw upon the previous suggestitt the loose theme for this
module was premised on growing plaatgl therefore taking learning experiences outside of
the classroom explained that this strategy was founded upon my personal interest of owning
an allotment and therefore was not explicitly related to helping students make a reconnection

with the natual world.

0ODQ\ VWXGHQWY DSSUHFLDWHG WKH SURFHVV RI SODQWLAQ.
allotment and despite my apprehension that rain may have affected their attitude to going
RXWVLGH , FRPPHQréaly@onseknbdihatithe silQWV ZRXOGQIW ZDQW
out in the drizzle, plant the wheat and get muddy. Really pleased with stfjdtitige,
LOWHUHVW LQ WKH SURFHVY ~ /HDUQLQJ /RJ B6HVVLRQ 7
GLDU\ HQWU\ IRU WKL VW planied RitgaZ WHidh ks defidiizWdarBething |

have never done before. It was quite messtilifun! Learnt something about strawberries

WKDW , QHYHU NQHZ DERXW 7KDW ZDWVSg4$ionBP\ LQWHUHVWI
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It is difficult to infer muFK TURP WKH VWXGHQWVY /HD unatth@yfelt DU\ HQ W
that planting seeds and checking on their progress was a worthwhile experience. Most, like

Vikki and Rohinni, merely commented on their engagement. Vikki wieieVKH 3HQMR\HG
plantiQJ WKH YDULHW\ RI EHDQV DQG O R-ISékkign#)| Badpite@heLOV =~ |
explicit lack of intention on my behalf that these activishsuldhelp the students reconnect

ZLWK QDWXUH , DUJXH WKDW 6DQGUDd \poweH af RtwWdeRQ GHP
experiences for some, even if she was the only one that responded in this manner. She wrote
WKDW 3LW PDGH PH DSSUHFLDWH W#atsintple Deaw \Thw KSDW LV |
something that | feel we often overlook. Good to getyglpQ GV GLUW\ DQG WR IHH!

(Learning Diary- Session 1).

In addition to the strategies | implemented for learning science outside of the classroom |
provide the following as further evidence of my understanding of my connection with the
planetandhow this influenced the studentshave often drawn on the oveimplified term
HMZKDW WKHQ)"ifi or@dd td clarify my understanding of ecoliteracy. In most cases |
have explained how this basic view of ecoliteracy is unsatisfactorfaeke&ldepth. However

| believe in this instangehatthe ability to ask this question assists in a comprehensite of
consequencefR | R Q H  VoganetaRy@wl human wdleing This, | argue, is part of
perceiving oneself as part of the naturakld and not separate from it. | have reproduced the
following from my Learning Log following a trip to the local river to demonstrate that | was
thinking in this manner and that | had provided the students witipportunity to challenge

thar assumptios;

A real eye opener today. Following our visit to the River Crane, | brought up the issue

that Thames water had decided to flood the river with sewage rather than Heathrow
runway. | gave them time to discuss their thoughts and to feedback what they felt

about it. At the end we voted on whether Thames Water had made the correct decision.

, ZDV TXLWH VKRFNHG DQG GLVDSSRLQWHG WKDW RQO
flooded the river+2/3s said it was the right thing to do and approx 1/3 were undecided

My worry is that money and inconvenience is given priority over the disruption of a

living ecosystem with the students knowing that all life in the river (from the where

the sewage was emptied down) was killed. The students seemed to justify this by
staing that life had returned to the river within the year

(Learning Log, Session 6)

The emphasis given to this aspect of the session in my Learning Log highlights the importance
DQG UHOHYDQFH , DIIRUGHG L Was & grathin@qartofth8déssierd SW LR Q

concurred with mine. He wrote in his Learning Diary Entry that;

| enjoyed the debate on the dumping of sewage into the river crane as it showed where
sustainability is concerned there is never a clear cut answer. The debate was quite
lively and some strong views were expressed. (Learning Diary- Session 6)
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+RZHYHU LQ UHDOLW\ WKH VHVVLRQTV PDLQ IRFXV ZDV RQ
take children to the River Crane to learn science (see App&nhdibindestandably, most
VWXGHQWYVY /HD U Q L Qtimelgiden dvisrio thispla@riih SvicHsBnildt Kdhments
to GracfZVHUH PDGH 6KH ZURWH WKDW 3ZH GLVFXVVHG RXL
guestions and discussion that involved what we could dollasv up activities and other
activities that we could do if we were perhaps teaching or leading those &¢tivHY ~ /HDU QL Q

Diary - Session 6).

Although | was disappointed that most of the students approved of tlsodeto empty
sewage into the iRer UDWKHU WKDQ WK kher® wdrg R Uew $ddotX @izoD \
commented how this discussion had challenged their thinking. Sandra and Jessica wrote;

Pollution £l found myself arguing in favour of Thames water polluting the River
Crane #this goes agast everything | believe but | could see that rationally it was the
right thing to do.

(Sandra, Learning DiarySession 6)

| have come away from this lecture with questions about how much we know about
sustainability. Are we being given informationraembers of the public? How do we
know we are doing good? Is there info that we are not being given that may change
our views of the world?

(Jessica, Learning DiarySession 6)

Even though there has been little evidence to suggest that | helped to develop this aspect of an
ecological epistemology | will provide one further example to demonstrate the influence | had
on how the students viewed themselves in relation to their em@ot; it is this of which |

am most proud of. When asked how the course had affected her own life or practice, Hayley
outlined how she had taken deliberate action at her place of employment. She cortimagnted

, ZRUN LQ D VXSHUP D U N&huwep Qe@artifiéht Bri@ béfdfeH was JustW
OLNH ZH JHW FDQ , VD\ LW \HDK LWV u6KRS %Y VR WKF
VR , KDYH WR FKXFN DzZD\ ORDGV RI IUXLW DQG YHJ LI
LW DQG QRZ ZKHQRITP BIRKPIRUW RK VRPHRQH ZLOO EX
really like, they might get a bit annoyed but | leave loads of fruit and veg there because

, NQRZ VRPHERG\ LV JRLQJ WR EX\ LW LWV SRLQWOH"
,TYH EHFR P Hmare@intfidabpHiha and chucking things away and wasting

things when it will last.

(End of Course Interview 1)

6.3 Chapter summary
This chapter has attended to the effectiveness of developing the three aspects of an ecological

epistemology which | believe the science curriculum could help to ad(cedgvelop an
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understanding of the relational nature of scientific ideas; to dewglamderstanding of the
temporal and transformational nat of relationships in sciena®; develop an understanding

of the symbiotic relationships humans have with the planet and those that shareritjoned
previously there was little evidence terdonstrate | had attended to this development and
suggested that this was because of my embryonic understanding of the relational and
transformational of science and as yet | had not questioned the purpose of a science education
in relation to this recongéualization. As a consequence, | have shown throughout this chapter
that | provided limited opportunitigs help the students to think in a relational manner. | have
suggested that theeme of growing provided a looBamework to develop an ecologicghy

of thinking but without explicit instruction it did not help to show the related nature of science.

This theme did afford the opportunity to take the science learning outside.

The emphasis of this chapter has been to provide evidence for the wayhinkisy, both

about sustainability and science. | hope this information contextualises my learning and can
be used to demonstrate how it subsequently transformed after Cycle 1 and how this influenced
my practice during Cycle 2. The following chapter witbvide evidence of how this way of
thinking and a commitment to reconceptualising science was evidenced through my changed
practice.
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Chapter 7. Putting into practice what | learned from Cycle 1

7.1 Introduction

The previous analyses chapters have provided evidéhoav | believe | have influencetie
VWXGHQW YV fthe walp lhv@dtiiinkirig @ Gycle 1 asdnsequenthiow this manifested

itself in my practice. | detailed how the analytical procafssy researchprovided me with

the tools by which to articulate two facets of my pedagogy. | explained that the most successful
aspect of my pedagogy was the relational manner in which | worked with the students. |
highlightedthatthis was based on the developrnef mutually respectful relationships which
weredemonstratechot through a set of explicit strategies, but as a resldhgfestablished,

but tacit,teaching interactions. As a consequence the students acknowthdtindy were

part of a learning@mmunity where their ideas wevaluedand independent thought allowed

to flourish. | alscestablishedhat my vision for a curriculum for ecoliteracy was primarily
premised on noecological epistemologies which resulted mainly in the production of

teachig activities that the students coukkin school.

This chapter Wl provide evidence fohow my thinking transformeletween Cycle 1 and 2

and will focus specifically on my reconceptualisation of science. It will demonstrate my
appreciation for the nedad develop ecological epistemologies and my belief that this could

be achieved by helping the students to view science as an ecological act. This new way of

viewing science will provide the context for the actions | took within Cycle 2.

In particular thischapter will analyse orgpecificaspect of an ecological approach to science
teacher educatiahrough asking whether | help#te students to understand the related nature

of scienceknowledge (S£ncouraged the students to understand the related nataience

and because of this whether they were able to make links between different scientific ideas.
This emphasis manifested itself as a result of my learning from Cycle 1 and the revelation that
| had not considered this characteristic of the mabifrscience either as a student or as a
teacher. As a result, it is important to note that during Cycle 2 | did not engage with the other

elements of developing an ecological view of science which were relamdtetber | had

S5. Encouraged ttetudents to understand that some scientific ideas change over time
when new evidence appears and because of this whether they viewed knowledge as

both tentative and potentially transformational.

S6. Encouraged the students to perceive themselyestagf the natural world and

not as separate from it.
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7.2 Starting to reconceptualise science

This section will provide evidence to show how the focus of my reseaargedbetween
Cycles 1 and 2t will demonstrate howritically engaging with suggaets that the dominant,
linear epistemologies, which have been perpetuagyea Newtonian model of science and
have led to the planetary degradation we are now fq€lagra 1996; Orr 1992), helped me

to view science in an ecological fashion. Throdgmorstrating my shift in understanding |

will show why a new focus for Cycle 2 emerged that was premised on promoting a relational
and ecologicalview of science in the hope this would develop the necessary ecological
epistemologieswhich Capra (1996), amongstthers, has suggested are necessary for
improving planetary welbeing. Evidence for this chang#dnking will be drawn from draft

writing and presentations given at yearly doctoral review meetings.

Draft thesis witing from January 2015 outlines whapérceived to be the stimulus, and
therefore the focus for the research at this time and outlines my concerns about planetary well
being. There is o reference tdahe role sciencgeand the forms of epistemologies | have

suggested it promotelsaveplayed inthis process; | stated in the introduction that;

The stimulus for conducting this research has come from my growing concerns for
planetary welbeing. In brief, my anxieties have developed from the fact that the
global human population has recently reatcfebillion inhabitants and the negative
effects ths is having on our planet.

(Sinclair 201%

A single slide from th@resentation that | gave @ty doctoral review meeting atsimilar time
suggest thatwhile | was engaging with ideasoncerning the tle of uncertainty in scientific
enquiry and knowledge generation thesge ill-formed and not the main focus of my studies
or thought.
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Figure 3.1: Slide 9, End ofYear Review Meeting, July 2015
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There was no evidence Buggest that | had questioned the assumptions | had about the
knowledge generated from science or how this applied to ecoliteracy. The following slide
demonstrateshow my perception of ecoliteracy was still related to providing explicit
experiences relatedb environmental issues and not related to dmirf ecological
epistemologies:

e

What dld we do to develo ecollterac ?

~ 1. Produced University’s first growmg space and grew

. garlic, onions, and pot. - t failed! Links made to _
Organic farming, seasonallty and air miles.

2. Planned and taught at a local primary school’s
sustainability week.

' 3. Ecological work at local River - looking at pollution
. indicator species.

4. Guest speakers - Paul Clake: PopUp Foundation
Wendy Hermton : Alternative Tech

QRS & AT

Figure 7.2: Slide 4, End of Year Review Meeting, July 2015

Initial evidence for my transformed thinking first comes in draft writing of the introduction to
the thesisn June 2016 This is the first written reference which demonstrates my critique of
the scientific epistemologies that | have argued have led to the planetary degradation we are

currently facingl wrote that;

This chapter willbring to lighta specific epistepiogical stance, which has been
underpinned by traditional Western science methods and ways of thinking. It will
show the effect this worldview has had on the education system | participated in.

(Sinclair 2016
This argument is strengthened byereice to the presentation | gave at the yearly review
meeting at a similar time. | suggest that points 3 and 4 préuttteer evidence of my claim

that | was starting to appreciate how them of science education | had received and taught

had formulatd my epistemological stance.
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Does Chapter 2 explain/give a context
for my research?

Chapter 2 focusses on “SCIENCE”. It questions:

1. My role as a science educator
2. School science curricula

3. How “scientific epistemologies” underpin current
ways of learning / curricula / exam systems

4. The impact of this on how we view our relationship
with the planet

Figure 7.3: Slide 4, End of Year Review Meeting, February 2016
In addition to this WKH VOLGHYfV QRWHV VHFWLRQ FRQWDLQHG W
presentatiophighlighting how Iwas starting to relate thencertaintyof knowledgeto specific

science content;

Last year had ideas about this ie the uncertainty of scientific knowleddkespeak
later about the historicity factor ie Galileo / helio and geo centric models. Also starting
to get to grips with quantum mechanics.

The following slide from the same presentation also provides the first recorded evidence of
how | had reconceptualised science and the influence | believed this hgdupierstanding

aboutscience education arnlkerefore my practice:

DO WE NEED TO CHANGE THE
PERCEPTION OF SCIENCE EDUCATION?

Evolving over
time,
Uncertainty

Static body of
knowledge:
GCSE Science

Science Conceptual Understanding

Fair Testing ) Unconventional
Scientific Working Scientifically approaches,
Method flexible, non-

Tl linear approach

. % StMary's
L5505 University
g% Twickenhan
‘/@’ London

Figure 7.4: Slide 10, End of Year Review Meeting, February 2016
The notes section for this slide articulti@s is in slightly greater detail;
‘H WKLQN WKDW VFLHQFH LV RIWHQ SHUFHLYHG DV«VF

If the work and lives of scientists are studiedan give children the opportunity to
understand the messy and changing nature of science.
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A culmination of these ideas can be found in published writing from the same period. This
writing briefly outlines my suggestions for the future of science agucaombined with
practical activitiegor how theaspect of uncertainty in science can be develapochildren
(Sinclair& Strachar2016). Much of what is to follow in this chapter will analyse the influence
of sharing these practical ideagh students and others from the primary science community
and whether or not they helped to develop the ecological epistemologies | hadthped

would.

This section has provided evidence of my changed view of science and therefore science
education. In particular, it has shown my shift in understanding of a particular aspect of
science; that science is premised upon degrees of uncertainty and, as aswesespme
scientific ideas transform and change over time. The following part of this chapter will analyse
the data in relation to this and will suggest my practice and actions during Clyelpe#

those | worked withio develop an understanding of tieenporal and transforrtianal nature

of relationships in science.

It will draw on a wide range of data sources and participants.vahisdanalytical process
best reflectedhe forms of data sources necessary to demonstrate the influence my ideas were
having on those | worked with which, now, extended beyond the students studying to be

teachers. These other research participants have been det&iteapterd.

7.3 How the National Curriculum provided an opportunity for ecological thinking

Analysis of the data from Cycle 1, and therefaneimpetudor my transforming perception

of science, occurred alongside the publicatioa oew National Curriculum (Df2013) for
schools. All maintained schools in England have a statutory requirenfeiidwothe National
Curriculum Most studentswho attend teacher training courses will work in maintained
schools and therefore will teach from this curriculum. For this reéisercourses | teach and
write are premised on this and how | can best preaparstudents to teach children science in
primary schoolsl have detailed itChapters thatone of the key tacit drivers of my practice

in Cycle 1 was ensuring this need was met by providing trainees with activities with clear
links to the curriculum. klso detailed how this pedagogical aspect often overpowered my
desire for them to engage with ideas related to planetarybewify. The following section

will provide evidence of how | interpreted the National Curriculum to overcome this dilemma
resultingin the production of resources which could play a dual role in providing explicit

classroom activities while also developing an ecological view of science.
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In particular | was drawn to a statement from the Upper Key Stage 2 section of the science

schoolc X UULFXOXP ZKLFKQQARONKHEBEKWRXDW DPGVR EHJLQ WR UHFR

ideDV FKDQJH DQG GHYHORS RX HtWimpdrtBride was kfrengthengd by
its inclusion in the Interim Teacher Assessimeramework which teachers were reggd to
useto DVVHVV WKH FKLOGU HtGhe énd/df theipkiviiaht sehapingO LW L H V

7KH SXSLO FDQ GHVFULEH DQG HYDOXDWH WKHLU RZC

related to topics in the national curriculumduding ideas that havehanged over
time), using evidence from a range of sources.

(emphasis authors; Standards and Testing Agency 208p, p.

In addition to this, the National Curriculu(®fE 2013)also made suggestions in the non
statutory notes and guidance sections that children should study the works of famous scientists
and inventors such as the following;

Pupils might find out about people who have developed useful new materials, for
exampleJohn Dunlop, Carles Macintosh or John McAdam.

(DfE 2013 p. 12

Pupils might find out about the significance of the work of scientists such as Carl
Linnaets, a pioneer of classification.

(DfE 2013 p. 3

| believed my perception of the transformativeture ofscience aligned strongly with this
area of science learningwanted to develop ways in which the inclusioth&fse suggestions
could be used to help my students come to terms with the evolving nature of scientific ideas
which subsequently thegould pass on to the children they would teach. | have outimed
Chapter 2how | understand that an ecological approach to science teacher edutayion

requirethis strategy

Although | believed this was a welcome addition to the scienceculum for children in
England there was no justification for the inclusion for studying these famous scientists and
inventors This omissiontherefore left this section of the curriculum open for greater
interpretation by teachers in schools. | fakittthis was a missed opportunity and that these
named scientists could baught about in such a way sotasconvey the messy procesis
VFLHQWLILF GLVFRYHU\ LQ UHODWLRQ WR UHFRJQLVLQJ
WLPH "201B(p.2). In this way Ibelieve lwas perceiving science as a dynamic process

of enquiry.

3W
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7.4 Finding out how teachers were using the famous scientists.

This section will addressay concernsegarding how students and teachers viewed the purpose
of teaching about the famous scientists. It will draw upon research which corroborated these
worries and suggestethat many teachers in schools were only using those scientists
specifically named byhie National CurriculuniDfE 2013) and were setting it as project work

for children to find out about the life story of the scientist. It will highlight my belief that if
taught in this manner it could perpetuate the image of science as a dormant, sstiplio&li

and maintain the current n@tological way of thinking.

My initial concern waghat many students studying to teach primary science do not have
qualifications beyond GCSHieywood 200Y. As has been discussed in Chapteéh@se in

this positionrmaynot have had an opportunity to engage with the nature of science and, similar
to myself may perceive ito beof the Newtonian version arstiatic in nature. | was concerned
that those students confronted with these broad statements from the Natioitall@n(DfE

2013) may have had difficulty ilinking the potential purpose of studying these scientists in
relation to promoting the transformational nature of the discipline. If this was true of the

students then itmay also be likely of those teachateeady qualified and teaching in schools.

Anecdotal evidence and a reflection on my previous teaching practice in school suggested that
when this area of the science curriculum was taught in schools it was usually set as a fact
finding project which highghted the scientis§ experience during their lifetime. In order to

justify these assertions | carried out internet searches to ascertain the form of resources that
were available for primary schools. This research highligthetimany of the resources

provided did not place the scientist and their discovery or invention in a historical context.
suggesthatthisonly assists in replicating the dominant epistemology which vialkges and

practices asimeless. Consideration is not given to how theiseayeries were historically

and culturally related and influemtG E\ ZKDW ZDV KDSSHQLQJ L@haWKH VFLH
than referencehe shift from the geocentric to the heliocentric model of the universe and the
context in which the theory of evolah was proposed, the resources available to students and
teachers on the internet made reference to irrelevant information such as when the scientist

was married and how many children they had. An exampthis type of resource carfiem

the Linnaean Soety who providec D IDFW VKHHW HQWLWOHG un:KR ZDV &LC

Carl Linneaus? no date).

To develop my understanding of hamformation abouthe ientists in the curriculum was
beingused carried out further research with my colleag8e¢lair & Strachan 2015Forty
primary school science coordhW RUYV ZHUH V X U WHatldda3/oD @ik tbe\pirpb&e
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of including these famous scientists is withtfKH 3ULPDU\ 6 FL H Quralysi& sfU UL F X O X
the qualitative responses produced three broad (although overlapping) categdodews:

1. To change attitudes about learning science;
2. Toinspire science as a future career;

3. To help children gain an understanding of the nature of science.

While some commented that it helped children develop their understanding of the nature of
science only two specifically notetthat this was to show how ideas evolve over time.

Examples of this were as follows;

+LIJKOLJKWY VFLHQFHYYV UROH RI |isQows eJddribaw WKLQJV
the answers to everything.

(Partidpant 22, Sinclair and Strachan15)
To help childrerto understand how ideas develop.
(Partigpant 27, Sinclair and Strach@a15)
AOO FRPPHQWY ZHUH SRVLWLYH DQG DERXW HQKDQFLQJ WK

of science. Considering there was no overarching guidance from the National Curriculum

(DfE 2013) to justify studying the scientists, it was therefore undetabdethatthere was no

consensus from differing schools about the purpose of their approach. However, the majority

of schools surveyed did not identify the opportunity to use these named scientists as a way of
demonstrating to children how scientific idezan changéleverthelesd understandhatthe

short survey format of this study may have precluded these teachers from mentioning this and

their schools may encourage this way of thinking in a different mdnynether meand am

also awarehat the esponses to this question were from science coordinators in primary
schools who are more likely, although not all, to have a greater awarenesaafuitee of

scienceAs mentioned beforeAbd-El-Khalick (2002 in Taber 2012, p. 23) a@G@n, Dsouza,

Lyons and Cook (2017 KLJKOLJKW WKDW VHFRQGDU\ VFKRRO VFLHQ
the natwe of science is often poor. Theuggesthatit may be as limited as the studefits
knowledgethat they teach. Bearing in mind that most primary school teachers do not have
science qualifications beyond GCSE (Heywood 2007) it is difficult to perceive that their
understanding will be any more developed than thokdheir secondary colleagues

highlighted above. The survey also did not determine the manner in which these teachers used
WKH VFLHQWLVWY DQG D IXUWKHU TXHVWLRQ RIthaRZ"T WKI
the use of faetinding strategies was not solely taking plachis will be something | will

continue to research.
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In addition to this research | also carried out a scrutiny of some of the common published
schemes of work. There was limited evidence (other than reference to the change in
understanding regarding the theory @blkation and the organisation of the solar system) to
suggest they were promoting this aspect of science education in primary schools. There
appeared to be mmnsistent approach throughout the school years or between topics.

While | understood that the tume of science attends to issues regarding philgsdpstory

and sociology (Tabe&2012) from an ecological perspective the most impogapecbf this,

to me, was to develop ways to help my students to understand that scientific ideas have
changed owvetime and thus demonstrate the dynamic, evolving nature of knowledge. |
believed that locating the scientists named in the National Curric{idiith 2013)within a
historical framework could help to achieve this. It was important to shawnttiaonly had

these scientistfdiscoveries challenged and changed thinking at that time but subsequently
their ideas had been built upon up to the modern daythard is the potential for further
changeThe next section will detail how | went about changing my predtiaccommodate

for this.

7.5 How did | use the famous scientists named in the National Curriculum to challenge

the dominant worldview about science?

The following section outlines how wanting to develop an ecological approach to my
pedagogy, and iparticular the desire to promote an understanding of the transformative
nature of some science knowledgenifested itself in my practice. It will highligkttat the
specific resources developed to advocate this way thinking (see fig.7.5 belowwhich
shows atemplate to assist in viewing the process of scientific enqaing) how they were
employed Initially | will provide evidence to suggest this has helped some of my students
from Cycle 2to reconceptualise their view of the nature of sciesmog how this could be
established in the schoolgherethey teach It will also draw upon data from a classroom
teacher and other student teachers (studying at another teacher training institution) and
proposethatthis was a useful strategy in helpiti@mto starttransforning their perceptions

of science.

This desire to support teachers to reconceptualise science resulted in the production of the
following template which could be used for studying a specific scientist or inverdavhich
it was hopegwould challenge thperceptiorof science and the form of knowledge produced

throughtraditionalist forms o&cientific enquiry.
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What did people already know?

v
[ What did the scientist notice? ]
v N\
[ What guestion do you think the scientist asked?
J
v

What method of enquiry did the scientist use and what did they do?

Problem-solving, pattern seeking, researching, fair / comparative testing, observing over time, classifying and grouping

What did other scientists do
next?

4 What did the scientist find out? What would
you do
next?

o

Figure 7.5: Famous scientist template

7KH WHPSODWH DWWHPSWV WR SODFH WIKéisighHicanc@ o LVW TV Z
understanding what trseientisfound out, while important, is not the purpose of this resource
and could be covered prior to this activity or at a laterestipe template starts with
elucidating the knowledge that was current at the time the scientist was working (What did
people already know?). This is followed by trying to replicate, in a simplified fashion, the
process the scientist underwent in cominghisir discovery. This includes i) the contrary
evidence they identified (What did the scientist notice?), ii) which provoked them to ask a
testable question (What question do you think the scientist asked?), iii) the method of scientific
enquiry they usetb answer their question (What method of scientific enquiry did the scientist
use and what did they do?) and finally iv) what they learnt from their research (What did the
scientist find out?)An example of a&onpleted template for Charles Matosh carbe found

in Appendix10.

To demonstrate that knowledge is not static and the scientific discovery did not signify an end
point, the user of the template is challenged to consider what further questiomathesnt

to ask and research (What would you do nexXifley are then targeted with researching how
WKH VFLHQW Lke@hpevdlapdd Bubs&gDently@vdid other scientists do ne}t?

The arrows cycling to the top of the template have delibgraesn included to show that
scientific discoveries only lead to generating further questions. It is arpatieoemonstrate
WKDW pZKDW WKH heEdméihe lcivnant cBnixe®x ®r RiXiMY 1Hunds of scientific
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emuiry and therefore is the neqfZKDW SHRSOH . Di@Ulhbpe GhatNHigsHvAl |
promote a study of current science anddernscientists. The justification for studying
contemporary scientists, in addition to highlighting the science they may be carrying out, will
be madéelowin Section7.5.

In order to ascertain the effectiveness of #pproach | used this templatgth the second
group of studentsiuring Cycle 2 They were asked to complete it for two of the named
scientists in the National Curriculu®fE 2013) Chales Madéntosh and Mary Anningn
particular | will draw upon data provided by one student concerning how the session had
influenced her. She was exceptionally vocal regarding how her views about scientific
knowledge had been challenged. In order to capture disiseld her via emaiBinclair 2017a)

the following; p duld you mind writing a couple of sentences/paragraph/book outliiag y
WKRXJKWYV DER MaNredpride @ds By foldwkt " |

Science is an evolving subject, with new knowledge constantly being discovered and
researched. This is true, but | only fully understood the meaning of this after a science
lecture as part of my Primary Education degree. When discussing the impastk of
knownscientists and how we might use them to give context to our teaching, | realised
WKDW , KDG EHHQ WKLQNLQJ RI VFLHQFH DV pILQLVKE
TXHVWLRQ 3ZKR WKLQNV WKH VFLHQFH ZH WHDFK QRZ
my hand up, not really thinking about the gravity of this. | was always taught science

as fact, and never asked to question it or be critical. This lecture made me see that the
science we teach now is not the science we will be teaching in 10, 20 or 3§ years

time.

(Davey 2017a

| suggest that the whole session, not only the use of the template, had started to change her
perception of the nature of scienceKH HYLGHQFH IRU WKLV VKLIW LQ WKH
further reinforced when she asked me to observe her teachingesuoieher final teaching

placement of the course. It should be ndteat she was under no obligation to do this and

that, understandably, students are often anxious to teach in frotiien§ @specially their

lecturers. This student wanted to use the &#®@DWH ZLWK KHU FODVV WR IXUYV

understanding

I've planned a lesson looking into different scientists who contributed to our
understanding of electricity and what happened next. It should be quite cdilabora
and interesting.

(email corespondencelavey 2017p

Please note that for ethical reasons | am unable to comment on the lesson or the work the

children produced.
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In tandem with sharing this work with the students, an article summarising the premise behind
this work was written andubpsequently published in a practical journal for primary school
teachers (Sinclair & Strachd016). Following this | received a number of eméitam
practising primary school teachengyhlighting how this article had influenced theand

which providedfurther evidencehatthis approach has the potential to promote a particular

view of science. The following is from one of those teachers;

| think the idea of looking at where a famous (or current but not necessarily famous)
scientist's work fits with thevork of others at the same time is a great idea and should
help the children to lggn to see how scientific ideas change over time. (It also raises
the idea that what we think is true now might not be accepted as true in the future
which [ think is trickybut worth droppig in there.)

(Chilvers 2017

A colleaguewho works at two other teacher training institutions also used these resources
with her starting teachers. Her initial feedback, with one set of students, was that it provided

a format which helpethem to focus on the scienpeacticesrather tha the life story of the
scientist. She used the same resources with another set of students and, again felt that they
understood the same purpose. Four groups within this cohort of students undertook this
activity and were asked to provide written feedbabkut their session. All groups felt that

the structure was useful for them as teachers. One group also highlighted a concern mentioned
previously in this chapter. This was a worry about the lack of science training some primary
teachers may have had ame impact this could potentially have on their understanding of

the nature of science. They suggested that this template provided a framework for those

teachers in this position and commented,;

Good to have some structure to follow as NQT/teacher with dingcientific
knowledge.

(Group 3, PGCE Students feedback)

Perhaps the mogtatifyingfeedback comes in relation to promoting the transformative nature

of scientific enquiry which was the purpose for producing these materials;
Good to look atwhatceH EHIRUH DQG DIWHU WKH VFLHQWLVW{V

we can show children that science is constantly evolving, and they can be part of those
future discoveries

(Group 2, PGCE Students feedback)

| believe | have provided evidence from a rangeairces regarding whether this specific
resource had influencexthersfopinions about the nature of science. In addition to this I felt

that it was important to establish whether working with the colleague who had helped to
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produce these resources had &ag effect on how she viewed science. For this reason | asked

the following question via email;

Is there anything | have done, said, values | may have adopted etc, etc that has
influenced (ie strengthened/changed) your view about science in generate snien
school and science teacher education?

(Sinclair 2017

Despite this chapter not focussingtbe mutualistic aspect of my pedagoglge highlighted

aspects of my practice which were articularehapter5. She QRWHG WKDW 3ILUVWO
demonstrated to me the importance of collaboratttiie importance of talking ideas through

DQRG VHHLQJ WKLQJV IUR P E@iil ¢btreddapiencE H3trACKaH BOAMRUStH V -~

that the collabmtive manner in whiclshe noted howve worked suggests that | was not

coercing her to adopt my ideas and values. | believe this demonstrates that this aspect of my
pedagogy hdiremained unchanged through Cycles 1 and 2.

| alsoprovide the following as evidence thathallenged the way she thought in some aspects
of her practice, in particularolw she interpreted a curriculuf@he wrote that;

Working with Alex has certainly been a steep (often uncomfortable) learning curve
Certainly from a curriculum perspective, Aleas enabled me to realise that every

tiny statement in the curriculum may be interpreted slightly differently by different
SHRSOH« WKDW WKH FXUULFXOXP ZH GHOLYHU LV QHLYV
same way by all. Frustratingly, being a peradmo likes to tick boxes and complete

to do lists, this has made me stop in my tracks and question what the science
FXUULFXOXPYV LQWHQWLRQV DUH

(Strachan 2017

While she proposed that | had not changed her understanding of uncertainty withte scien
she did note that | had influenced her regarding how it could be located in her practice. She
stated,;

In relation to uncertainty, | think my own understanding has been solidified, but |
suppose what has changed is the awareness of how the scienagdurardan be a
potential vehicle to demonstrate the dynamic nature of science.

(Strachan 2017)

7.6 Moving away from the stereotypicarepresentationof a scientist
The following section returns to using the template in conjunction with the scientists named
in the National Curriculum (DfE 2013). It highlights the potential problem concerned with

this approach related to promoting the stereotypical view of a sci®estarch has suggested
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that some teachers and schools have felt limited solely to studying the scientists mentioned in
the National Curriculum (Sinclair & Strachan 2015).

While | recognise that tise scientisthave been included because of the sigmiftesof their
discoveries, the dominant characteristics of this group are thaathaevhite, vestern males,

most of whom are dead. If only these scientists are studied there is the implicit promotion of
a certain set ofharacteristicsequired to be a gntist. Having produced this resource and
modelled it with the students | presented it at conferences for teachers in schools. As a way of
publicising this | tweeted an activity which was carried out during the presentation. This
required attendees to nanthe scientists within thational Curriculum (DfE 2013 from
photographs and drawings.

SIMMS PrimaryScience
@SIMMSPriScience v

#ASEconf Fancy looking at practical ways to
incorporate scientists into primary sci? Fri
2pm Is Darwin the missing link? Love to see
you

PITAI®

What kind of

E scientist are you
? B

Figure 7.6: Tweet to publicise conference presentation

The purpose of this activityas to alert attendees to the scientists which are recommended
be studiedand, as a consequendgghlighting the stereotypedompositionof this group.
Understandably, without this information, it appeared as if | was promoting a particular view
of a scientist. This was observed ayfemale scientisbon Twitter whoresponded in the

following manner;

Replying to @5IMMSPriScience

mpparently there's a 13 in 14 chance I'm an old man... 5= ﬂ

Q1 (anl O 1 &

Figure 7.7: Tweet response
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Researclas far back as 1983 by Chambedesnonstrated that children aged 11 held strongly
stereotypical views when asked to draw a scienfidtile Miller, Nolla, Eagly and Uttal

(2018) hae shown thatwhile there is now a greater tendency (at least in the United States)
to draw female scientists than in the past, the language used to describe scientists is still
negative or stereotypedPlaister & Hamer 2016) Perceptions amongst students also
demonstrate thaittle appears to have changedhe®f thefirst sessioractivitiesin whichall

my students partake also requires them to draw a scientist. The majority conform and replicate
this stereotype. This is bme out by writing from the science specialist students from Cycle 2.
This group were tasked with composing an article fairaary sciencéeaching journal which
outlined their science learning experiences on their three year degree programme. They
relecWHG XSRQ WKH DFWLYLW\ IURP WKHLU ILUVW VHVVLRQ D
an old man with wild hair, glasses, wearing a lab coat and holding a beaker with exploding
chemicals” & DL Q2G1iWp.D18).

While | do not argue about the inslan of those scientists suggested for study within the
National Curriculum (DfE 2013) it is worrying that there is no reference to more
contemporargcientists. The study of a diverse array of scientists from differing cultures, with
different ethnicitis, ages and gendanay go some way ichallenging thistereotypical view

of a scientist. Research suggests (Sin8la8trachar2015) that a large proportion of schools
(50% of those surveyedirrently only study the scientists outlined in the Nati@haticulum

(DfE ibid) who fall within the male, white and dead categafhile it is encouraging that the
others are not sticking rigidly to this listis also disappointing that few are including current
scientists. Those schools that did, mainly leditheir focus to a small number of particularly

well-known scientists which included Brian Cox, Tim Peake and Stephen Hawking.

One of the additional purposes of tieenplate (see figr.5), therefore, is to help provide an
association between a famous scientist (who may well conform to the scientist stereotype)

with a contemporary one (who may display a range of diverse characterBadgr (2018)

stresses that for a deepened understandf the nature of science that the work of these
contemporary scientists is studied. Thisteereason for including the section in the template

ZKLFK SRVHV WKH TXHVWLRQ pZKDW GLG RWKHU VFLHQWLYV

The following slide from a presentation giventhe studentabout the process outlines this:
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- Using the scientists in the N/C is a good
starting point
- A range of scientists must be celebrated to
challenge stereotypes
- Local scientists and modern scientists could
be integrated into all areas of the curriculum

BOTTOM LINE: Scientific ideas change over
time and we are continually building on the
work of previous scientists’ work...

% StMarys
Q&. i Sversty

Figure 7.8: Slide 16, Famous scientist presentation to students in Cycle 2; Appendix 11

While no datawasproduced by the students to suggést working with the template had
influenced theithinking about how they felt using scientidtprovide the following email to
suggest its usefulness for teaché@te email correspondenammedrom a teacher who read
the article pertaining to this warlShe highlighted that sheould be using théemplate in

future work with her children about scientisteting,

I am currently working on a lesson for year 5 on scientists and | really like the
flowchart (template) in the article so | think something like that might have to feature

in there somewher| think the idea of looking at where a famous (or current but not
necessarily famous) scientist's work fits with the work of others at the same time is a
JUHDW LGHD«, LQWURGXFHG WKH FKLOGUHQ WR VRPH F
though the ciidren are very used to the idea that | used to be a scientist there was
definitely an expectation that as | showed them each picture that it was a) going to be

male and b) going to be Einstein. They were quite surprised when it was neither.

(Chilvers 2017)

7.7 Not just a resource- how else did | promote an ecological perspective to my

pedagogy?

The previous sections have focussed specifically on the resource | produced to help teach
about the transformational nature of science knowledge. The following attends to how | have
taught in a manneawrhich promoted an understanding of the relational matfrscience and

the science curriculum. It will sugge#tat this currently manifests itself in a number of
different ways, especially through the approach | advocate that starting teachers adopt when
carrying out scientific enquiry with their childrenhi§ philosophy suggests in order to
cultivate ecological epistemologies, which show an appreciafitme transformative nature

of knowledge, that these enquiries should not signify an end point.

The first piece of evidence for this comes from the sectfdhe template which ask§ Z KD W
ZRXOG \RX GR QH[W"" 7KH VOLGH IURP WKH VDPH SUHVHQW

fourth is the most important to this approach
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Questions from today... 3

+ Could famous scientists be used to model approaches of scientific
enquiry?

+ Can the science curriculum be developed to enable children to see that
some sci kr dge is cor y evolving and involves
uncertainty?

+ Do children have flexibility and autonomy in their own methods of
scientific enquiry?

« Are plenaries being used effectively to allow children to think about
further questions and developments in their scientific understanding?

Figure 7.9: Slide 18 Famous scientist presentation to students in Cycle Zppendix 11

The statemenwhich questions whether student teachers and teachers have given children the
opportunity to ask further questions after they have carried out a scientific enquiry is at the
heart of my ecological pedagogy. This overarching themaised in the first session | spend
with the students. The final slide for this presentation displays a Tweet from David
Attenborough. This Tweet was in response to asking why he was so fascinatstligyithg
dinosaurs. He displaywhat | consider tdbe an ecological epistemology, in that he has
expressed the need to keep on asking questions.

BBC Earth 1 2 Follow

"Because they raise so many questions".

SIMMS Primary Science

@BBCEarth #GiantDinosaur Sir David, why are you so fascinated by dinosaurs? Do
you have a favourite?

Figure 7.10: Tweet from David Attenborough

As has been mentioned previously, one of my roles is to help the students to interpret the
statements outlined ineéhNational Curriculun{DfE 2013)so they gain clarity around how

they might appear in their practices in the primary classroom. One of the three aims of the
IDWLRQDO &XUULFXOXP LV WR 3GHYHORS XQGHUVWDQGLQ
science ltrough different types of science enquiries that help them (children) to answer
scientific questins about the world around then(DfE ibid, p. 3).It states that the section;
30:RUNLQJ VFLHQWLILFDOO\Y VSHFLILtddesseknH meQaadiot) VWD QG
science, (ibid, p. 4).This section outlines what children should be able to achieve through
VFLHQWLILF HQTXLU\ DW HDFK DJH JURXS 3HUKDSV PRVW
be taught through and clearly related to substarstience cotent in the programme of

study,” (DfE ibid, p. 13).
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| appreciatehatthere is currently debate surrounding the best methodsgh whickchildren

can be taught substantive corntémowledge (Kirschner, Swelleg: Clark 2006; Hmelo-

Silver, Duncan & Chinr2006), and whether this can be achieved through an eropsesd
approach, but engagement with ttiebatds not the remit of this thesis. However, my concern
about using scientific enquiry to teach substantive content isthewtilised todemonstrate

a point and therefore will be directed by the teacher. It can limit the generation of further

questions at the end of the enquiry signalling an end point to that knowledge.

Harlenand Qualter (2014) indicatkat one of the beefits of learning science through enquiry

is thatit helps to support the general developmenEd  LOGUHQ TV V Fdpklc@id&lly | LF OLW
their understanding of theature of science. Since Cycledncentrated my attention on this

aspect of sciencedacation| have subsequently considered how &e the sessions on

scientific enquiry with students.

It has been important to produce sessions which help the students to teach substantive content
through enquiry as this is a requirement documented Kydtienal Curriculum(DfE 2013).
+RZHYHU 21V W H Grfanging survey in ithe quality of science across the country
notedthatthis often results in children following a series of instructions devised by the teacher

usually accompanied by a workshi¢o scafbld the process. They commentedta common

weakness in the teaching of enquiry in primary schools was that children were often given
OLPLWHG RSSRUWXQLW\ WR WHVW WKHLU RZQ LGHDV 7HDF
than to develp pupils as independent, inqiWLYH \RXQJ VFLHQWLVWYV =~ 2IVWH
important to notéhatthe Ofsted (ibid) document was produced prior to the current National
Curriculum OfE 2013 ZKLFK DV KLJKOLJKWHG HDUOQWUILVIVO®AH V
(much of which detailsscientific enquiry) can only be taught through the teaching of
substantive science. Should this be strictly adhered to it is difficult to perceive how a scientific
enquiry, whose purpose is to teach a specific scientifimt, can afford children the

opportunity to be inquisitive and ask questions which they can subsequently test. | also argue
thatthis form of enquiry perpetuates the myth about science that it can always provide answers

to questions and that these ar¢ subject to change. The dichotomy lies behind the purpose

of scientific enquiry in schools. | question whether it is being used to teach substantive content,

the nature of science and whether these two are mutually exclusive.

My underlying philosophy of@ence educatiorgrounded irmy ecological approagcis that
children or the students should not percéhaga scientific enquiry has an end point. As with
science in the real world any discovery should stimulate further questionqsomote an
undersanding of the transformative nature of knowledgconcur with Firestein (2012, p.
ZKR VWDWHYVY WKDW 3ZH PXVW WHDFK VWXGHQWYV KRZ



194

LJQ R U D Q F Ha shift #KdmvwhaV the National@€riculum (DfE 2013)demands, anth

my opinion, requires asking opemded questions which probably will not lead to a developed
understanding of substantive content. The following pitlvide evidence fohow | have
promoted this approach to enquiry with the students in the tigdé¢hey will adopt it in

schools. Evidence of how this thinking has materialised in my practice can be seen in a session
RQ MZRUNLQJ VFLHQWLILFDOO\Y ZKLFK , KDYH SURGXFHG 7
WKH TXHVWLRQ 3ZKDW P D N Hwudihatthi€ardguvy cBUXdE @nployedK L O H
when teachinghe Chemistry sections of the Nationailr@culum (DfE ibid), and in particular

those about studying materials, | do not believe it teaches substantive content about bubbles.
After the students had carried out this enquiry they were asked; a) what they found out and b)
what further questions they would like to istigate. Following the practical work, a
discussiowas held about how opeanded questianprovided by the teacherould promote

further scientific enquiriesThis is only one example from the many enquiries they undertook

throughout their course.

The following excerpts have come from the article that the stsdesm Cycle 2 composed

(Cain et al2017).This textprovides a group reflection of their learning on the primary science
course. | use this as evidence to sugtiest have influenced how tlyeperceive science and
science education in particular in relation to science enquiry. While they discuss many issues
in this articlethe recurring theme is about giving children the opportunity to ask quedtions.
hope that the experiences gained workingthis operended manner gave the students
confidence to adopt this approach in their practice which is often not seen in the primary
classroom (Correia 2017).

They recalled the first lecture which explored their current views on science and science
teachLQJ 7KH\ VWDWHG WKDW 3WKH JHQHUDO FRQVHQVXV ZD
in order to be good at the subject you needibb PEOH WR UHFDOO VSHFLILF IDFW
p. 147). They notedthat ther time on the course had helped th&rdefine their individual

ethos in direct relation to their previous experiences. They charted this as a group in the

following way;

We all found that we shifted from our original focus of subject knowledge to one that
promoted curiosity andutonomy within a framework of open investigations. We
want children to ask and answer their own questions and feel it is important to
encourage an approach where it is acceptable to make mistakes and be wrong.

We feel much more comfortable admitting tlieg do not have the answers to all
scientific questions. If we are encouraging children to be content that they can make
mistakes we should be leading by example. In fact, we found that when we did not
know an answer that this often maintained the curiadityie children. We made a
point of getting children to ask as many questions as possible, even though we knew
that we may not have all the answers. (Cain et al. 2017 p. 148)
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7.8 Chapter siImmary

This chapter has analysadange of data producéetween Cycle 1 anduring Cycle 2 to
show the transformation of my thinking in that time and, in particular, to demonstrate my
recognition that science is a relational and therefore ecological process.

| generateevidencdo suggesthe influence that thinking in an ecological manner had on my
practice. In particular it demonstrated my focus on a specific aspect of my pedagogy, the
promotion of thetransformative and generative nature of science, whitive explained
became the primary emphasis of this cycle.

| detailed how this resulted in the production of certain materials which | have tentatively
suggested have helped those using them to gain a greater appreciation of how some scientific
ideas chage over time. In addition to this | highlighted the typesm#nrendedenquirybased
activities that provided for the studenttdid this to demonstrate how these forms of enquiries
could be used to promote transformational epistemologies.

The chaptethas detailed a further development in establishing an ecological approach to
science teacher education. | recognise that during this cycle | did not attend to issues relating
to planetary welbeing as | believed that | could develop the desired ecolapisdiemologies

solely through the objectives from the science National Curricifa 2013) Nor did |

promote the other aspects of an ecological view of science which | elaborated on in Chapter
2. The following chapter attempts to address these omssdiowill detail how my ideas have
changed as a consequence of Cycle 2 and state my current understanding of what an ecological

approach to my practice should entail.
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Chapter 8. Moving Towards an Ecological Approach to my Practice

8.1 Introduction

The following chapter willoutline the findings that have already been explicated in the
preceding writing. It will detail the continuatitical learningl have undertaken in coming to

my claim that | have developed an ecological approachcience teacher education. |
appreciate thain providing a justificatio for my actions during Cycle giany of the findings

have already been expressbkbughout Chapters-7. Forthe purposgof clarity | will first
provide a concissummaryof thesdindings before | then go on to explore what | have learnt
from Cycle 2. Following this | will summarise the findings from the whole research process
and, in doing so, make tentative suggestminsutwhat my futureecological practice might

entail.

8.2 Summary of findings from Cycle 1

The summary is as follows:

1. The students had an interest in learning about issues relating to sustainability and most
could express the actions that | had taken to develop my mutualistic practice which
had ensuwed that theyelt | hadnot imposed my views upon them;

2. The students interviewed could articulate that my teaching approach was premised
upon developing mutual respect and expressed they felt confident to voice their own
beliefs without fear of ridicule byne or other members of the gro@onsequently
they confirmedhatthis generated a community of learners who edland learned
from each other;

3. Many of the learning strategies undertaken by the students had been included to raise
awareness aboptanetary issues or could be used by them as acsititireach about
sustainability;

4. Personal gtical evaluation identified the relative lack of success of this apprioach
improving planetary welbeing. An interrogation into why thisnay have beethe
case helped me to question the epistemological foundations upon which my practice
was established. It was at this pothat | recognisd that knowledge generated
through Newtonian science was the dominant and primary epistemological discourse
which had ifiltrated every aspect of my life and practice including the forms of

leaming | had offered the students;
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5. Consequently understood that thieleas | had been engaging wihout Newtonian
and ecological approaches to science were epistemologically didrizepreciated
they were not confined solely to science but relatekintmvledge and knowledge
generatiorin general

6. My understanding that my perception of science pasillel with my view about
knowledge led me to explore whether | could develop ecological epistemologies by
developing an understanding of the relational, and therefore ecological, nature of
science. As a result of this | identified three interrelated aims whahwould help
to demonstrate that science was an ecological praBggsomoting science in this
manner | hoped that it would develthye ecological epistemologies | now recognised

as necessaltfpr planetary welbeing These aims were to help studetd:

x develop an understanding of the relational nature of scientific;ideas

X develop an understanding of the temporal and transformatiostaire of
relationships in science

X develop an understanding of the symbiotic relatigmhumans have with the

plaret and those that share it.

8.3 Findings from Cycle 2
I now attend tahelearningthat took placafter Cycle 2 and will therefore outlitiee findings
in relation to my learning fronthis cycle. Understandably this learning fzéso helped to

redefine my understanding of what occurred in Cycle 1.

8.3.1 My feelings of guilt were unfounded

| now appreciate that work with the students from Cycle 2 (and the others mentioned in
Chapter7) predominantlyfocussed on using a resource | had develogemitafamous
scientists as a way to develop only one aspect of an ecological way of thinking; to develop an
understanding of the temporal and transformatioaslire ofrelationships in sciencehave
already explained that this approadid not requireme to attend to any contentious issues
surrounding planetary welileing and articulater test the validity ofmy beliefs about them.

| have previously outlinethatthis was one of the reasons for the prevalent feeling of tension

throughout the research pess.

However,it is only now that | recognisthatthe disclosure of my belieffuring Cycle lwas
only partial and not particularly controversial. Whikxplainedn the initial presentation that

I had major concerns over planetary wWaing | gave little detail regarding what these were.
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| also did not offer opportunities for the students to discuss thelerrapduncertain nature

of those concernd his uncertanty is exemplified byHulme (2009) He specifically makes
reference to climate chandgeit | suggesthatthis is the same for most complex planetary
issues. Hgroposegshatthere will never be consensus about what should be done to mitigate
the effects of global warming.

Subsequently | identified that during Cydd only offered one opportunity for the students

to engage in discussions about such uncertain issues. Thiseatin Session 6 following

visit to the local river. The students had been informed of the decision to flood the river with

sewage rather than the Heathrow runwagultng in the destruction of most of the life it

contained | allowed for discussioabout this topic and stated my belief that | thought the

decision wasncorrect(this was detailed in Chapté). It is engagement with topicareas

where there is no correct answand the subsequent disclosure of my beliefs about such

controversial isses, that | believe was predominantly missing throughout Cycle 1 (and

therefore Cycle 2) and which should have been planned for. This approach, as Hess (2005, p.
VWDWHYV ZDV WKH 3VHOHFWLRQ RI FRQWURYHWVLDO LVYV

F R Q W U RtYsHd Yhis feason | now suggest that my feelings of guilt about introducing

controversial ideas about planetary wmding werdargelyunfounded.

8 OHHWLQJ VWXGHQW H[SHFWDWLRQV EDVHG RQ WKH SUF
students.

| also recognise that the strategy of using famous scientists in a manner which was
unequivocally related to one of the statements from the National Curriculum (DfE 2013)
guaranteed that | matched, what | nomderstando be, the duahims of my pratice. The
frstamzZDV WR HQVXUH WKDW WKH VWXGHQWVY H[SHFWDWLRC
students to teach in satis. The second, which was reassuring to me, thvasl was helping

them to develop ecological epistemologies.

Perhaps thenost important learning from this is the identification that#tit desire to ensure

WKH FRXUVH PDWFKHG WKH appexsige QoW it méaingE theBeV LR Q V
expectations was one way | demonstrated how my value of mutual respect wasé#lised

in practice., KDYH VXJJHVWHG WKDW %XEHUTV LGHDV
relationships have helped to articulate my understanding of a mutualistic practitegahd

haveused this as a framework for analysing whether my value afiahuspect had been

lived out; of note here is orgarticularaspect of this practce’W KDW WKH VWXGHQWVY
met. | now appreciate that my teachaigput planetary issuegs not as radical as | mage

first thought. | understand that my praetfas been tempered by the underlying tenet that in
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order to develop mutual respect | had to ensure that the students felt that their needs had been
met. | suggest this is an examplehaw my value of mutual respegtasreflected in my

practice and therefe prowdedan integrity to everything | did (Ghaye 2010). It is important

that this aspect of my practice is documented as it has mapbicationsfor any planning |
undertake in the future.

| also suggedhat | assumetcould make predictions aboWWKH VW XGHQ W theH[SHFWD
course and that these would be the same for the whole grblpSLWH DSSUHFLDWLQJ *
(2003) argument that teacher education should be about helping training teachers to challenge

and redefine their initial beliefs had assumed that the students from Cycle 2 would be
interestedonly LQ H7RS 7THDFKLQJ 7LSVY DQG KDG ZURQJO\ FOL
RSHUDWLQJ DV JURPPTV PKDYLQJY VWXGHQWY 7KLV ZI
by students from Cycld who had demonstrated otherwise. Respondintheowriting |

showed themZKHUH , KDG ODEHOOHG PDQ\ RI P\ VWXGHQWYV DV |

and Francesca commented that;

«WKLV PDNH XV VRXQG D OLWWOH PRUH SDVVLYH WKDQC
(Francesca, Gipter CritiquetSession 7)

7KH 1& WHOOV XV ZKDW WR WHDFK EXW QRW KRZ DQ
JDSV" VR DSSHDUV WR EH EH\RQG VSRRQ IHHGLQJ DQG

(Samantha, Chapter CritiqueSession 7)

8.3.3More assumptions

In addition tomy asslP SWLRQ WKDW WKH VWXGHQWY ZRXOG EH RSH!
my uncritical analysis of the module aims for Cycle 1 (Module title: QP344) and 2 (Module

title: PEQ6044). The module aimarfboth courses were as follows;

This module aims tF RQVROLGDWH VWXGHQWVY XQGHUVWDQGL
related to the teaching and learning of science in the primary classroom and subject
knowledge and understanding to a standard appropriate to a subject leader / learning
manager.

(QP344Module Handbook, p.1; PEQ6044 Module Handbook, p.1)

Itis only now that | can appreciate thia¢se aimR XOG EH FODVVLILHG XVLQJ 6W
term as educational intentions. These intentions were nottehoytquantifiableobjectives,

ascanbd RXQG LQ PRVW VHFRQGDU\ VFKRRO VIOODEXVHV W L
claim that all curriculum planning is founded upon an ideological viewpoint and therefore a
particular epistemological stance and | argue these aims were subjectiveénamat open to

interpretation. While | appreciate thaily experence in schools placed me irpasition of
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authority regarding how best these aims could be achieved | had never examined the
uncertan and problematic naturd now recognise that | was queestioningly making

decisions aboutvhat constituted an appropriate standard of a subject leader and how
FRQVROLGDWLRQ RI D VWXGHQWTV XQGHUVWDQ@&EghtQJ RI WH
manifestitself in my practice.

| suggest that these vagoverarching aims meant that the choice of content and the manner
in which it was taught was not specified. | apprecthatd this allowed for flexibility and
personalisation of the modules | taught even before | started this research. It is ottiaihow

| realise it was this autononwhich afforded me the opportunity to develop the curriculum
for ecoliteracy during Cycle 1 ama helpingdevelop ecological epistemologies during Cycle

2 and this probably would not have been possible in a school setting.

| havealready writterabout my concerns of imposing my values and beliefs and whether this

was commensurate withe values that informeohy mutualistic practice. However,now

suggest thaby explicitly articulatingmy values to the students athé piocess of negotiating

a curriculum which would best serve thereds wasin fact, a transparent and equitable
PDQQHU RI ZRUNLQJ :KLOH , DSSUHFLDWH ODFIDUODQHYV
personal information and values could be a deliberate dwvengent misuse of power over

students | have concerns, as do Brockbank and McGill (1998), that covering up personal ideals

is inauthentic and that they will eventually be revealed in the course of tedchiggest that

my mutualistic practice demonstiea how it is possible to share personal beliefs without

indoctrination or coercion.

,Q &KDSWHU , UHIHUUHG WR P\ DSSURDFK ZLWK WKH VWX
1986) and outlined that | would make explicit my views while ensuhiaghese beliefs were

not imposed upon the students. | have provided evidar@eapte that this attitude towards

learning was appreciated by the students and at no time did they feel they were being forced

to adopt a particular viewpoint.

|l now DSSUHFLDWH '"HZH\TV FDOO IRU DQ HIIHFWLYH D.
experiences but one that questions how this authority manifests itself in practice. | suggest that

the structured freedom afforded myself in electing module content placedanpesition of

great decisiommaking power andhat *ZLWK JUHDW SRZHU FRPHV JUHDW U
1962). However, | concur with Nixon who proposes that often the academic practitioner is an;
SRSHUDWLYH DQG QRW D GHFL\)LBy GisR iDferkhdt module cBn@n S

can be chosen by academic practitionersinquestioningly and with limited critical
engagementresulting in a curriculum being presented as absolute and without challenge. |

suggestthat, by entering into personal angrofessional debates around curriculum and
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through the theorisation of my practice (McNiff 201Byas able tcexplainexplicitly my

value system and how it was evinced in a way that was appropriate for the group of students
from Cycle 1. While at this pot | was not awareR|1 6 W H Q K R X \WE[df aprocess
curriculum, lrecognise thathe principles that underpin this form of curriculum can now
provide an initial framework for my future practice and other practitioners who wish to adopt
this approal. | propose thathis form of curriculum is premised otlhe negotiation between
practitioner and students of what is of value and worth to both. The process of negotiation

helps to define the curriculum and the curriculum consequently becomes the process.

8.3.4 Time was a factor

Time is clearly an issue for developing the forms of relationships | have discussed and
therefore in mediating a curriculum. | have previously highlightediatttehatstudents from

Cycle 1 were chosen because their course gghtwo academic years. | recognised that to
develop the mutualistic relationships | was espuysgiequired extended experienoé
working together. Ghaye (2010) suggests it should be obvious to those that observe us what
our value systems are. Ghapters | provided many examples of students from Cycle 1 who
were able to do this and articulate the manner in which | worked; they were explicit that my
practice was premised upon developing mutual respect. While | ditbmoally provide
opportunities for thestudents in Cycle 2 to express their opinions | am doubtful that they

would havebeenable to identify these traits after only five teaching sessions.

In addition to this | have also noted that | had been working with the students from Cycle 1
for three nonths before | introduced theeeminglyradical suggestion of developing a
curriculum for ecoliteracy. | argue that during this time trust had been developed between the

students and me anidey were awarthat | understood their needs.

| have detailedn Chapter5 how | believed | met these needs through an interplay between
sessions which focussed on issues regarding planetarnp&ietj and those founded upon

more established classrodmased activities. Importantly this was recognised by Samantha
whosuJJHVWHG WKH FXUULFXOXP IRU HFROLWHUDF\ KDG BEHI
IW KDV EHHQ VRPHWKLQJ WKDW ZH KDYH JRQH DZD\ IURP D
Course Interview 3). | question whether | would have been able to contend wittutirig

the five session experience during Cycl&@rthermore| have doubts whether a course with

such limited time, however focussed, is likely to change the entrenched Newtonian
epistemologies which Russell (1956) proposed have been accepted as common sense. Issues

related to this will be developed below.
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I have explained that it has been my aim to help the students develop ecological
epistemologiedn Chapter7 | providedevidence for the radical epistemological shift and the
lengthy process | underwent in coming to think in an ecological maAnh#ris point it will

be useful to detail the difficulties | faced regardihis transformatiorand question whether

it is possiblgo achievdn either a five session course or even with one that spans two years.

8.3.5 Developing my ecological epistemology

The focus bcritically examining my pedagogy has been an intensive and often uncomfortable
experienceand the radical shifrom a Newtonian to an ecological way of thinking has been

a prolonged and protracted experiericmaintain that this thesis contains evideraf what

this yeardong process has involved.

It is difficult to perceive how students will gain continued and committed opportunities to

engage with such issues in the current education system. While Reason (1998, p. 154) has
DUJXHG WKDW RbndiXo@padityisi tRevalliey to inquire into and make sense of

RXU ZRUOG ~ KH VLJQDOV WKDW WR DFKLHYH WKLV LW UHT
have been fortunate enough to have received this form of education and support during my
Mastes and doctoral studies but | suggest this is not the norm either in many schools or in

higher education institutions.

| recoghise WKHUHIRUH WKDW DQ\ VXJJHVWLRQV FRQFHUQLQJ D
may be regarded as alien by students heckfore rejected without critical consideration. This

is corroborated by Elliott (2007) who worked with teachers in reconceptualising their views

of pedagogy and curriculum. It transpired that despite having clear pedagogical aims to follow,
andadesieWNR FKDQJH WKH WHDFKHUVY HVWDEOLVKHG SUDFWL
upon old pedagogical frameworks. Despite four years developjngapacity forcriticality

during Masters studies it is evident that my views of epistemology had remaiagdetel

unchanged (Sinclak010)., Q & KDSWHU , LOWURGXFHG WKH WHUPV unVv
describe the forms of reflection | undertook throughout this process. Dewey (1933), Habermas
DQG OHJLURZ GR QRW UHMFRHQOWHWHWWRE pFOIHUHG

ODVWHUV VWXGLHV ZKLFK GLG QRW 3DVVHVV>LQJ@ WKH J

previously argued that this is a necessary first step.

In addition to the lack of a specific nurturing form of educatidrich encourages dn
develops criticality (Reasoh998), Bourdieu (1971) describes the difficulty of interrogating
RQHYV SUDFWLF ForrA ¥floQid that Kas$ deéfinédHt. He notes that this is because;

"patterns of thought which organise realitydirecting and organising thinking about reality
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and makes what Hsic] thinks thinkable for him as such and in the particular form in which

LW LV WKRXJKW = LEIEG O% 8 Y2012XHe@ydf science progression can

also explainthe 4 IILFXOWLHV RI1 UHIUD MMy Gadit ReSsthficé td Reld @&y L H Z
UHSUHVHQWY DQ HUD RI pQRUPDO VFLHQFHY ZKHUHE\ FRJ
explained within the current way of thinking. Only through prolonged periods of cognitive
dissonance and exposure to alternative ways of thinking can an epistemological paradigmatic

shift occur.Palmer and Zanc (2010, p. 37) express similar experiences to mine when they

discuss their transitions froatademic life to work in the community. Thegmment on how

their academiavork had inculcated way of knowing which produceBSXULW\ REVHVVLR
and %bjectivist intelectual habits. They then describ¢he time and cognitive demand

required to unlearthese ways of working.

8.3.6Difficulties facing the students
The previous section (and indeed thigirethesis) has outlined the difficulties | faced while
transforming my worldview. | will now address concerns about how realisable helping

students to undertake the same process is.

, SURSRVH WKDW LQ &\FOH P\ PXWXDOLVWLF SUDFWLFH
environment which Reason (1998, p. 154) argues is necessary for a critical evaluatiofi \¢f one
worldview. Yet | also acceptlespite thisthatthere was limited suess in helping the students
to develop ecological epistemologies; | hawriten in Chapteb aboutthis andsuggestedt
wasbecause ofmy adherence to a Newtonian way of thinking.

, DSSUHFLDWH 2UUTV LQVLVWHQFH Weécbkads g/&sH PDQQ
important as its content. | recognise that during Cycle 1 | was promoting the type of
educational experiences whilsh suggests arecessary to develop ecoliteracy yet understand

that | had not been epistemologically ready to include flegant content. | propogbatl am

now in the position to provide both through an ecological approach to science education but
TXHVWLRQ WKH LQIOXHQFH DQ LVRODWHG FRXUVH FDQ KD
experiences. Sterling (2001, p. 39RWHYV WKDW 3HGXFDWLRQ IRU FKDQJH
WKH ODUJHU HGXFDWLRQ VA\WWHP ZKLFK HQDFWV YRFDWLRH
.DKQYV D Q G2@0 ¢ldih@ th@t JdsWet, the field of environmental education

has notbeeEOH WR SURGXFH VROXWLRQV IRU WKH SODQHW¢YV

to within the currerly dominantmechanistic form of education.

| suggest that my ecological approach to science teacher education which promotes an

understanding of theelational nature of knowledge and which is premised upon the
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TXDOLWDWLYH DVSHFW RI GHYHORSLQJ idlel &f 8 HFF\W D Q BBHGH F W
HGXFDWLRQDO SDUDGLJP ~ +RZHYHU , DP DOVR FRJQLVDQW
predoPLQDQW HGXFDWLRQDO H[SHULHQFHYV ZLOO EH 3:LQ D VF
to basic lifesupport of system&nd they]learn that it is sufficient to intellectualise, emote or

posture about such things without having to live differently,2 U U S

While the influence of my teaching, or lack of, on future students is a concern | am buoyed by
6FKXPDFKHUYV S FDOO WR 3:OHDYH WKHVH SHUSC
ZRUN "~ DQG UHWXUQ WR PhésB DHeR | DaNtifidokthiat MAWHgagng With W K L V
debates and practis URXQG WKHVH LVVXHV WKDW , ZDQWHG WR EH
SDUW RI WKH SUREOHP =~ KLWHILHOG S QR SDJH 7KH |
of an ecologial approach to sciend¢eacher educatiothatwere missing during Cycle 2 and

which provide further educationdirecions formy future practice.

8.3.7 Cycle 2 one facet of an ecological approach to science teacher education

In Chapter? | detailedtha the focus of my practice was predominantly on one aspect of an
ecological approach to science teacher educdtiahishelping the students tppreciatehat
scientific ideas can transform over time. | suggest it was a number of interrelated reasons
which resulted in this facet becoming the main emphasis of my practice both with the students

from Cycle 2 and other members of the primary science teacbmmaunity.

| am aware that the paucity of sessions in Cycle 2 may have beesasoefor this. With a
UHTXLUHPHQW ZLWKLQ WKH PRGXOH WR HQVXUH WKDW ,
teaching (Rudduck 1991) this left little time to develop otheasof my ecological approach.

| have also suggested previously that gaining an understanding of the transformational aspect

of science has been one of my greatest learning points from this research and may have
influenced this temporary fixation. In adidn to this, the articles (for example; Sinclair &

Strachan 2016) and resources produced as a result of this work were being positively received

by the primary science community

I have demonstrated that thersistentself-critique of my thinking and theubsequent
development of ideas has given rise to a constantly evolving thesis which is analogous to
6 WH QKR XV ld&aof adevelopmental curriculum. This has resulted in the thesis being
continually updateéh draftin light of new insightsThroughout this work | have repeatedly
championed the need to foster this transformatiandicyclicalapproactwhich is a common

feature of most action enquirigdowever, | have started to agltestions regarding the benefit
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of remaining in a state of contiauflux and wonder if the consolidation of this one aspect

may have beea reaction to this uncertain condition

While inquiring whether there is ever a need for consolidation | hesataken comfort in
SRODQ\LYV FDOO IRU pGRIyREpeaLal Bdfs Witk hig iM3iBténteQ L

for the need to demonstrate séifULWLTXH DQG FULWLFDOLW\ HVSHFLDOO
SRVVLELOLW\ RI HUURU LV D QHFHVVDU\ HOHPHQW RI DQ\ E
332). However, I bO LHYH WKDW 3RODQ\LYV uGRIJPDWLVPYT LV QRW D
methodological in nature. It is a suggestion that one should justify and demonstrate
FRPPLWPHQW WR RQHTVY LGHDV 7KHUH DUH DJDLQ SDUD
progres§2012 3HUKDSV 3RODQ\LYV DSSHDO IRU pGRJPDWLVPTY L
normal science which provides space for consolidation and the time to embed new ideas. This
dogmatismhowever must be tempered with theed to bescepti@al and modest inight of

possible, and maybe probable, error.

In addition to providing a possible suggestion for my actions in Cycle 2 | also suggest that this
dogmatic stance provides grounding for the problems posed by the continual and
transformational nature of the wleothesis. This thesis therefore is an articulation of my

current thinking and thus provides ttemporaryy GRIJPDWLVPYT DQG FRPPLWPHQW
that Polanyi (19583uggests is part of a process of enquityis is not to suggest that there is

no longer a obligation for me to be seffritical but that therenay be a need for @eriod of

time for consolidation so | can feel in a position of authority defending my viewpoints against
RWKHUVYT SRWHQWLDO VFHSWLFLVP

The following section now attends the ned to consolidate my work and | will summarise
my findings and suggestow an ecological approach to science teacher education might

manifest itself in my future practice.

8.4 A period of consolidation- a summary of my findings

The following summary section will articulate my current understanding of what an ecological
approach to science teacher educatight entail. In doing so | wilkim tooutline a unified
pedagogical approach which brings together the subject conteght afiose to teacland

the manner in which | wilaim todo this; all of which will be mediated through my critical
examination of the cultural and political landscape in which my practice and values are
embedded
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8.4.1 Only one true claim about an ecolical practice

Perhaps the only valid claim | can make ahoy ecological practice is the need to embrace
uncertainty and transformational change mediated by new experiences and learning. This
thesis has documented the dmear and radical change inwad have viewed knowledge and
therefore my teaching. It would be folly to believe that similar epistemological changes will
not happen in the future. A facet of my mutualistic practice that was respected by the students
from Cycle 1 was the honesty by whitexpressed my values and ideals. The critical process

of generating a theory of my practice (Carr and Kemmis 1986) has helped me to articulate
these values and express my teacher identity (Price and McGee €008gquentlythis
process has provideddtification for my actions and offered autonomy and empowerment of
my professional life. | recognise that without adopting a critically reflective approach to my
practice | would be operating in a disingenuous way wBiamett and Hallam (1999) refer

to as a silencing pedagogy; the form of pedagogy which does not take into consideration the

wider sociepolitical context in which it is situated.

I mention the need for criticality here because the following suggestions | will make about my
ecological practie must be viewed as tentative proposals bearing in mind the changes in my
thinking that have already occurred. In addition to this there should be an appreciation that the

findings from this thesis have been obtained through workavitiiquegroupof students

, VXJIHVW WKDW 6WHQKRXVHYV S GHFODUDWLRQ W
are synonymous is part of this critical process. | appreciate that the module aims that | work

from could be deemed developmental in nature and perceiwéthimer and Zajonc (201L.0

do, as a commitment texplore an uncertain, but worthwhile outcome. From this standpoint

the curriculum becomes a study into how best to understand the module aims in relation to a

specific group of students at a specific moment in time.

8.4.2 Planning for an ecological pradte

Importantly James (2012) reports that Stenhouse vehemently argued that a process curriculum
does not dismiss the importance of subject content. Stenhouse (1975, p. 25) recommends there

LV D QHHG IRU D 3SURYLVLRQDO F XU lthe Eot@tdrmal YodtefE LI L FD W
that has been identified from the outset. | suggest this was in contrast to my planning during
&\FOH 0\ LQWHUSUHW D W ideaQalbdutériidiHughKvRich\wasTfacudsédl G

on process rather than structure, was foungezh an insistence that there wasome size

fits all curriculum for ecoliteracy (Barlow & Stone 2005), and nmyfalimed understanding

of ecoliteracy. It resulted in module sessions which were not well thought out or planned. |
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now appreciatéhatany future curriculum must ensure that this detailed and critical planning

has been undertaken.

, SURSRVH WKDW WKH DUWLFXODWLRQ RI D uSURYLVLRQDO
but the proceswhich has been undertaken in identifying whatrngportant in meeting the
PRGXOHTV DLPV 6WHQKRXVH D QtBat (e<e IcRNEUd are ERW
developmental in naturbecause oW KH WHDFKHUfTV RQJRLQJ HYDOXDWLF
modifications that are made as it is lived out. Howglalso arguehatthis development is

initiated at the planning stage through the production of the session outlines for a course. This
planning stage provides two benefits for understanding the proposed curriculum. The first is

a commitment to analysinand interpreting the aims; had | undertaken this process prior to
working with the students from Cycle 1 it may have resultedhjncoming to a better
understanding of what | valued in my practice at an earlier stage. | have previously expressed

that mypractice has been driven by two daahs to ensuré¢hat VW XGHQWVY H[SHFWDWL
course are met and to help them develop ecological epistemologies. Any future curriculum
planning will need to take these into consideration. The second benefit ninglas that it
wouldrequirean articulation of how each sessioight helpthe students to work towards the

aims. In order to accomplish this it would be necessary to specify the strategies required to
achieve this and in doing so would give me the ojymitty to provide a unified pedagogical

approach (Alexander 2008); consideration wouldglven over to session content and the

manner in which it was taught and learnt. This would be premised on my understanding that

the promotion of relational knowledgan be strengthened through a mutualistic practice.

8.4.3 Content for an ecological practice

The following section details potential aims for any future curriculum that | plan for and the
teaching content that could be used as a provisional curriculuifisgigon. Ashave been

observe, these have been transformed from the standards which | used to judge how
successful | was in developing ecological epistemologies throughout the two Cycles. | suggest

that any learning activity which is chosen with thasas in mind will provide the duaim

of developing the relational epistemologies | have championed while having direct relevance

WR WKH VWXGHQWVY WHDFKLQJ RI VFLHQFH LQ WKH SULPD!

x To help the students develop an understanding of the relatiahae of scientific
ideas
x To help the students to develop an understanding of the temporal and transformational

nature ofrelationships in science
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X To help the students to develop an understanding of the symbiotic reftepitmey

have with the planet and those that share it

| have detailed in Chapter 2 the type of learning activities which could be used to develop
these aimshereby promoting an appreciatitmt science is an ecological act. For clarity |

will summarise thm here:

X $Q LOQFRUSRUDWGROQ W] RVKIHQIBEDERXW VFLHQFH +DUOH
This would require the students to gain specific science subject content knowledge
alongside an appreciation of how sciefifiLGHDYV DUH FRQQHHAWWS $V V
may be too abstract for young children | hope that they will be able to identify learning
FRQWH[WV ZKLFK SURYLGH WKH IRXQGDWLRQ IRU WKHL
to WKH (HLRiNAKater stage

X Including learning strategies whichrhOS WR GHYHORS WKH VWXGHQWV
nature of science. | have detailed how this could be achieved by studying famous and
contemporary scientists and by placing their work in a historical context. In addition
to this | have suggested that sty how chosen scientists have workeah helpto

H[HPSOLI\ WKH pPHVV\T QDWXUH RI VFLHQWLILF HQTXL!
thing as thegcientific method[Feyerabad 2010). | have also propostttthere is

a need to cultivate an epistelmgy of ignorance (Firestein 2012) and have written

that this could be promoted through the form of scientific investigations which do not

signal an engboint and encourage children to remain curious asll further

questiondor study;

X By providing oppomnnities for students to gain knowledge in context. In Chapter 2 |
referred to this contextual knowledge specifically in relation to learning in an out of
class setting. While | hope this form of learning may help to dispel the myth that
knowledge is gaineith an abstract manner and out of context | propluestts primary
benefit would be in helping humans to connect physically with their lived
environment and therefore gain a bettederstanding of place (Orr 1992). This
reconnection with nature may go some way in helping to develop an ecological
worldview (Sobel 2013). Despite anilRXQGHG FRPPLWPHQW WR pJURZ|
| still suggest that this curriculum theme provides a [gorg starting point for this.
However, | amawarethat this is an area of my practice which | need to develop as |
fully appreciatehatthis in itself will not be enough. | need to be mindful of how to
cultivate the subjective nature of science learnifilst research has shown that

many Swedish teachers expressed a strong affiliation to a specific natural environment
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it also demonstrated that any associated emotional experiences were separated from
science learnindgpecause othe rational and objectivperception of science as a
narrowly-focussed discipline (Danielsson, Andersson, Gullbergjusséius &
Scantlebury 2026

x Studying the work of Alexander von Humboldt. | have argued that von Humboldt
lived byan ecological epistemology and that this wastetdd in the manner in which
he conducted his studies. Further research into how his work could be used to

exemplify ecological science is something | would also be keen to develop.

| appreciatethat there is now a requirement to confront, and include, potentially

contentious issues surrounding planetary Wwelhg;1 can no longer hidéehind a science
curriculumto promote planetary welieing | acknowledge that currently there is no reference

to the issues facing the planet and its inhabitamthe primaryNational Curriculum (DfE
2013).However,| believe |havedemonstrated itChapter6 that, despite this, the students

were keen to learabout such matters. They nothdtit was of relevance and interest to them

and the children they would teadtiowever, | am also mindful thtéhere are differing views

between most scientists and members of sadketymost in the science communitgsues

concerning planetary welleing(such aslimate changeare not controversiaBorgerding

and Dagistan (2018, p. 283) note tlaathropogenic climate change is denied by certain
PHPEHUV RI VRFLHW\ DQG WHUP D FROOHFWLYH DGKHUHC
VFLHQFH ~ $@inX Qab stiontifiy Depries are generated through rigorous consensus

may also need to be included in any future learrih@ve also shown that one of tharlier

reasons for not wanting to engage the students with such issues was becausefofmmdill

EHOLHI WKDW PDQ\ ZHUH RSHUDWLQJ LQ WKH pKDYLQJYT PR
not have the critical capacity to mediate what | was saying and act-éisifidag individuals

and therefore it would not be appropriate to introduce such.idieagever, today cannot

perceive that future students will have dissimvi@ws orwill be any less critical about what

is being presented to thethwould seem, then, thaélhe incorporation of learning activities

about planetary welbeing into futuremodules, alongside those outlined above, becomes a
necessity Within this framework | also recognise that planetary sweihg cannot solely

focus on the science relatedsiech mattersBusch (2016, p. 137) highlights that focussing on

the science behinkkVVXHV VXFK DV FOLPDWH DV , GLG UHLQIRL
'LVFRXUVH ~ 6KH VXJJHVWV WKDW WKHUH LV D QHHG WR HQ
KXPDQV ZKLFK VKH WHUPV WKH 326RFLDO 'LVFRXUVH =~ DQ

individuals into action.
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Perhaps of more importanisghe issuehatmy desire to help the students cultivate ecological
epistemologies cannot be separated fromigg an understanding of hunefeffect on the

planet and the crisis it is now facing. | aawarethat | had paradoxically operated in a
reductionist manner by excludinigese matters during Cycle 2. | suggested in Chapter 2 that
reconnecting with nature using activities related to thense curriculum may go some way

in developing an understanding of the symbiotic relationship that individuals have with their
planet.However,| am now aware it would be imperative to confront the three major crises
which Orr (1992) outlines as; the global food crisis, the end of the fossil fuel era, and the issues

concerning the planet being used as an infinite resource and waste stotage

8.4.4 But how might students learn ecological content?

:KLOH 2UU S KDV LGHQWLILHG WKDW 3WKH ZD\ HG?
FRQWHQW ~ , EHOLHYH , KDYH DUJXHG WKDW WKH WZR DUH
ecological emtemologies can only materialise if modelled through a relational practice.

Despite at the start of Cycle 1 not being able to theorise or articulate my mutualistic practice
(McNiff 2013) other than in simple terms | have argued that the students respeateghner

in which | worked with them and suggest it was ecological in natuteope | have
demonstrated in Cyclethat WKH OHDUQLQJ ZDV 3JURXQGHG LQ WKH TXI
WKDQ SURGXFW =~ 6WHUOLQJ Bdence of tQe iesoNaLtviKed DU , SU
ZKLFK GHYHORSHG WKHVH pTXDOLW\Y UHODWLRQVKLSV 7Kl
balanced blend between teacher input and small and lage group work. Students

principally appreciated learning from eaédWKHUTV ZLGH UDQJH RI H[SHULHQ
mine and this was achieved mainly through discussion. | have argued that this discussion was
dialogical (Alexander 2008) primarily because the students exprésgdaey felt they were

not being judged byne or their peers.

It is difficult to identify whether it was any of the explicit strategies | used to engage the
students in being critical about their teaching from wiech promoted this community
feeling. | propose that demonstrating | was a learm@gaide them may habeenthe biggest
influence. Identification of further strategies, such as sharinglmaft writing with them,

however destabilising would be another area for development of my future practice.

| am aware the Learning Logs did not bdkie anticipated effect, primarily because they were
implemented because of my myopic drive to assuage any guilt | was feeling. | have already
detailedhow this was because ofy narrow understanding ttie concept otriticality. | do

not suggest thereauld no longer be a need for me to provide students with an opportunity to

appraise my teaching but that the remit should be widened to include helping them to uncover
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their science teacher identities and the social and cultural experiences that haveditiiem

(Bourdieu 1990). Exposure to the ideas | have detailed about ecological science may play a

role in this but a greater emphasis on how these identities were formed asoldbe

necessary. | recognidleatthe production of science teaching metaghadapted from James

2013) by the students would be productive in this regardtladthis mayinitiate the
identification of what Alexander (2008, p. 3) describedVKH 3DWWHQGDQW GLVFRX

education which hsuggestss most often missingghen defining pedagogy.

Despite the concerns | raised earlier about developing criticality | suggest this type of strategy
isaSUHOLPLQDU\ SKDVH LQ WKH DUWLFXODWLRQ RI YDOXHV I
(McNiff 2013). At this point | eturn to insightérom Chapter 1 about my time spent in school.

, UHFRJQLVHG WKDW , ZDV SDUW RI| ZKDW &KRPVN\ S
that uncritically | was implementing the normative theories which were set by others and
expectedof me. This form of passivity and blinkered thinking is not something | wish my

future students to experience.

In addition to this | am mindful that those whose practice is being discussed should be able to
express their opinion and not have it mediatatugh others (Foucault 1980). | have
suggestedhat this whole thesis has representeth@orisation of my practice arttiat this

process has provided me with the ability to describe and justify the reasons for my actions and
gain a clearer understandin§ who | am as a teacher educator. This empowering act has
strengthened my professional voice (James 2013) and yielded me the tools and confidence to
engage in debates around knowledge and knowledge generation; especially in the field of

science and scieaeducation.

| recognisethat my practice to date has not besgpecificallyabout helping my students to
theorise their practice and benefit from this personal accountability. | subgettis was
because it was not until the point writing this thesis that| fully understood the power |
gained fromtheorising, and thereforg@ystifying my actions. While | modelled some of the
processes | underwewhile carrying out this firsperson research appreciate that making
many of thes@rocessesore explicit could provide greater insights the students | work
with.

8.4.5 A summary of the summary
For the purpose of clarity | will now summarise my findings and by doing so provide a
justification for my claim that | have developed an ecological ambrda science teacher

education:
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X My ecological practice is founded upon the continual need to reflect on the actions |
take and that | must be willing to make changes to how | work in light of new
experiencesand evidence;

X That any future curriculum can be viewed as process and that it is through the act of
researching my practice, and therefareurriculum, that | can best ensure that my
students receive an educational experience appropriatentedives

X The process of explicating the aims for the curriculum and providing a provisional
curriculum specification is just as important as the content;

X The aim for a curriculum premised on an ecological approach should encourage
students to develop reiahal epistemologiesvhich can best be achieved through
reconceptualising science as an ecological act;

x Ecological science could be promoted by helping the students to appreciate; the
relational nature of scientific ideas, the temporal and transformatiatare of
relationships within science, the symbiotic relasioipsthey have with the planet and
those that share it;

X That students are interested in learning about planetarybeiely and thisaspect
must be included in any ecological curricutum

X A prectice which is premised on developing mutually respectful educational
relationships should be developed and that this needs to include opportunities for
students to articulate their teacher identities and in doing so theorise their practice.

8.5 Nested Sgtems +the potential significance ofmy influence on others

| have sustainedn argumenthroughout this thesis for the need to celebrate personal
knowledge (Polanyi 1958) and suggesthdt this research, and the theorisation of my
practice, provides an example of this in actibtndoing so | have demonstrated how the
process of holding myHeao account for my actions has been of personal significance. This
chapter has detailed thaderstanding | have developaddthe empowerment | have gained
through being able to articulate my previousigergenteacheipractice | now believe | have

the capacity to claim that | recognise wlizives my practice and therefore can state with

confidence and authorithat! have developed an ecological approach to my practice.

By doing so | havenaintained throughout thétis work should not be considerad a final
productin the same way as most social science resdhedesand have, therefore, never
made claims that the findings are either generalisable or replieidever, lappreciateéhat

my research was premised upon the inteextrciseny educational influencéElliott 2007;

McNiff 2014) and consequentlymay have significancdor RWKHUV | MyHial QL Q J
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interpretation of this was relation tothe students$ worked withfrom Cycles 1 and 2 to
checkwhether or not | had influenced the mannn which they thought. Thieas been

analysed irdetail in Chapter$, 6 and7. | am now starting to appreciat®w my influence

relates tothe systems | am in relation with and thaEDOO OLYLQJ EHI®@JV DUH
HFRORJLFDO FRPPXQLWLHY ERXQG WRJIJHWKHU LQ D QHWZF
pll).Caprafdea of 2 QHV WH G (200¥, W2y Bxplairs how classrooms are embedded

within, and related to, wider communities such as the school/univargitgociety at large. |

propose that my influence does, and should, not solely remain within the classrddhat

carrying out thirdperson research which empowers others should become part of my practice

While Moore Lappé (2007) states that actions eitber consciously or subconsciously
MULSSOHGYT LQWR WKH HQYLURQ&tHey Wave pgred@irantly eV KLV L C

transferred with intent.

| have demonstrateith Chapter7 how the research process resulted in the production of
resources related to studying famous scientists with thethapinis may play some role in
developing an ecological appreciation of sciehbave also detailed how writing about these
resources has affdéed me the capacity to engage in debates with the wider primary science
community At a recent primary science conference Tim Gregory (a scientist made famous
through a recent television programnstated there waa need taappreciatehat science
embrace uncertaintyandis humble(which | interpreted as tentative) in its claif@regory
2018) He referred to science as a verb andasat body of factswhile he outlined these key
tenets, which | believe are similar to the underpinnings of the ecolappabach | have
outlined here, he did ngiive recommendationf®r how this could be achievetihopethis
thesiscan contributesome provisionaideasto those within science education and science

teacher educatiom orderto help themintegrate an ecobjical approach into their practice

| do not proposethatthesesuggestionshould beadopted unquestioningly bhopethatthey

can SURYLGH D VWDUWLQJ SRLQW LQ GHILQLQJ D SUDFWLWL
(Stenhouse 1975hot in termf a traditional syllabus (Kelly 2009) with fixed objectives but

as guidewhich could be developed through working with a unique set of studésts have

noted previously it is thimitial process of defining what should be included ingr@visiond

curriculum specification which is just agynificant as the learning gained fraeaching the

curriculum.l am confidentthat this thesis has demonstrated how my pradiiteot locae

thep, Yy LQ WKH FHQWUH RI WKH HQTXLU\ EXW LQ UHODWLRQ \
2013). Howeverwhile | recognisd the need to generapersonatheoriesthrough research

in to my practicgElliott 2007)I also appreciate that this shduiot have precluded working

with other colleague refining module content and module aims. Those considering this

process should be mindful of the benefits that collaborative actioth a seconperson
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enquiry can bring and working with peers to dafe the curriculum for ecoliteracy is

something | should have considered.

In addition to the empowerment | have gained through entering into debates with colleagues

from the science community abdbie nature o$cience and science education is the aughori

this process has provided me with to articulate and justify my actions at the classroom level.

While | appreciate the uniqueness of my mutualistic practice (both to me and to the students |
worked with), | propose that this thesisight providean examfe to other practitioners

(whether in school or in a university setting) of hownight bepossible toanalyse and
HYDOXDWH RQHYTV DFWLR Q Vand Q&impdbtxnEdof\timRa BeGogBikel O RV R S K
this point as necessary on timtterrelated levels. The first the ability to justify decisions

related to daily interactions within the classrodrhe second is the understanding gaioked

the constraints placed dhesechoicesbecause oW KH VRFLDO DQG FXOWXUDO ut
the practitioner is embedded. The unified nature of these two aspects is what | perceive to be
identical wWith$OH[DQGHU TV GHVFULSWLRQ RI SHGDJRJ\

| acknowledge that the followirgpecific exampleareonly relevant tany practice. However,

| suggesthatthe process | have undertakendantifying my educational values and making

explicit my educational aims is important to other practitionerslding so lidentified the

disconnect between what | said | was doing and whawasillyhappening inmy practice.

, DSSUHFLDWH :KLWHKHDGYDQDO\VIRJIIROWIR QD MMKDR\QV FI
individual as apOLYLQJ FR,QhatbnePLPWXRQIFDQ EH QHJIJDWHG LQ RC
this instance have showrthat| assumed was developingKH VWXGHQWVY FULWLFL
reality this was not the cas@/ithout a critical interrogation of my practice this belafd

practicewould have remained unchallenged.

Contracy WR H[LVWLQJ DV D pOLYLQJ FRIQWsdsvaleROMERIQT :KLWH
how my values were being lived out in my practideave detailed that prior tis research

| was unable to explicate whaty mutually respectful practiemtailed. Thaesearctprocess

not only helped me to theorise and therefore articutatemutualistic practice bualsq |

believe more importantly, allowed me to negotiate with the students that this way of working

was appropriate for therds McNiff (2013) notes, it is important to remember that not all

values are for the benefit of othetske Ghaye (201Q)who acknowledgethat our values

become apparent through our interactjonsuggestthat ensuring that this is not to the

detriment of thetsidents is a key element of goiactice. This thesis hafordedjustification

and guidance fohow this mightbe achieved.

While | have proposethatit is incumbent upon practitioners to identify their values and how
they aredemonstratedh practice IFRQFXU ZLWK $OH[DQGHU S ZKF
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pedagogy is viewed only as the actediching this reduces the teachers to a technician who
implements the educational ideas of the elit®t as thinking individuals with a purpose over

WKHLU DRadexé&férred to Chomsky (2000) who made similar claims that teachers can

be positionedas XQWKLQNLQJ LPSOHPHQWHUV RI RWKHUTV HGXFI
UHLQIRUFHG E\ UHFHQW HGXFDWLRQDO GLVFRXUVH WKDW
theories (Carter 2015)Again, this current thesis nmay act as an exemplar for how an
interrogDWLRQ RI RQHTV SacbiévedhardHthd ReXeddary Eeripowermeat
practitionersvhich may ensueas difficult aghis maybe.Simon (2016) outlinethatthe form

RI DFWLRQ UHVHDUFK RI PRVW YDOXH LV RQH GHYHORSHCG
+RZHYHU WKLV UHVHDUFK VKRIXCGCG& RNRMF K Fedtkikaxy P°\D @\ 1R C
perceiveit to be (Simon & Nicholl 2017) but as part of a transformatind cyclicaljourney

of continual professional development.

| am also mindfuthatthis has relevance to those working in higher educahiaon (2008,

p. 29) makes a comparable statementhat made by AlexandeW K D W adAdé€ric 3
practitioner is increasingly treated as an operative rather than decision amls®meone

whose role is merely to implement the judgement of others and not to act[sithisvn ~

Nixon proposes there is a need to challenge the entrenched scientific epistemologies that
universities are premised upon and which he advocates ddlact neodern thinking. Barnett

(2011) and NixonZ008 also call for the reconceptualisation of the university. Bar@61t])
VSHFLILFDOO\ UHIHUHQFHVY WKH QHHG WR GHYHORS PEHFI
largely these calls for change have bégrored with Stern suggesting (2009,275) that

many universities view themselves in a remological fashion as institutions which are;
3XQLYHUVDO SHUPDQHQW DQG IUHH ITURP KLVWRU\ DQG
MRPSOHWHY :KLOHO& RN Bahetf RQ)Iprovide suggestions for how the
transformation of the university might ocglr is their suggestions regarding the role the
academiqractitionercan playwhich is of mostelevanceto this thesis.

Nixon (2008, p10) EHOLHYHV WKDW X Q la¥ aidgace WithiklwhishKHe Kedle DFW 3
of very different persuasions, beliefs dmatckgrounds come together to seek to understand

the extent of their own ignorance and, crucially, to learn from one anotitgch is akn to

second and thirdperson action researclBy doing this Barnett(2011) proposes the
XQLYHUVLW\TV UROH LV WR GHYHORS D SXEOLF DQG PRUD
limited by growth or constrained to existing relationships or a particudgr af thinking.

Nixon (2008 argueghatthese changes must be from the ingideand can only be supported

by seeing universities a® pOHD U Q L Q.1 fadgdeédidavhing prdfession pndeed,

learning institution can develop from the study @ aL Q G L Y L G X;RHsFhésiS may sV L FH

seen as a demonstration of this idea.
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This thesis also adds tihe debatesaround thelegitimaion of personal and practical

knowledge Much of the literaturereferring to action research makésHIHUHQFH WR %R\}
(1990) claim that there was a need for a new form of scholarskgadfingwhich focussed

on theory generation throughgatice. Similar to viewsxpressed (such asStenhouse 1975;

McNiff 2014) earlier, Boyer (1990, f#6) saw tle two as entwined with the focal point being
pedagogystating that S WKHRU\ VXUHO\ OHDGY WR SUDFWLFH %XW S
WHDFKLQJ DW LWV EHVW VKDSHV ERWK UHVHDUFK DQG S|

theories generated this manner should be perceived as legitimate scholarly activities;

Viewed from this perspective, a more comprehensive, more dynamic understanding
of scholarship can be considered, one in which the rigid categories of teaching,
research, and service an@édened and more flexibly defined.

(Boyer1990, pl16)
$V D FRQVHTXHQFH Rdw&IthéhYHPY5) suggestdthtthis new scholarship

required a new epistemology. | believe this epistemology is founded upon the ecological
principles tha have been promoted throughout this thesis and is one which celebrates the;

S SUDFWLWLRQHU V JHQHUDWLRQ RI DFWLRQDEOH NQRZOHG
that despite his genuine call to reconceptualise scholarly activity and locaithiit thie
SUDFWLWLRQHUTYV ZRUNLQJ FRQWH[W 6FK|QYfV PHWKRGRC
researcher (similar to Stenhou$875). | hope this thesis will add to the canon of other
SUDFWLWLRQHUTV ZRU NoZHow E I ppfsiledDVRHF AR IS ODKH IRFXV R C
UHVHDUFK LQVLGH WKH pPHVV\YT QDWXUH RI WKH FODVVURR

'"HVSLWH %R\HUYV FODLPV LQ IRU WKH QHHG WR HPEUD
appears to be current. Schd®99 has arguedhatthe challenge of incorporatirthis new
VFKRODUVKLS LQWR KLJKHU HGXFDWLRQ LQVWLWXWLRQV
OHJLWLPDWH DQG DSSURSULDWHO\ ULJRURXV ZD\ RI NQRZ
ibid, p31). McNiff (2016) statesthat the initial process olegitimising researchis by
demonstrating @it anyclaims to knowlede made aréair, accurate and honesnd,that this

kind of consideratiorwan contributeo their validity. | hope thathis thesis demonstrates the

rigorous nature in which éhresearchhas been undertaken and therefgatentially

contributes to the arguments about what is considered as legitimate knowledge.

, EHOLHYH WKDW WKH XQLI\LQJ VLIJQLILFDQFH RI WKLV UHV
(21975 p. 29 claim thatthere is;2 QR F X U U L F X CeXtRviBdutdach& Sdvelopment,

(and by teacher | refer to any practitioner). This thesis has explored what curriculum means in

a university context and how the module aims can be interpreted through the lens of a process

curriculum. It has provide example of the difficulties that practitinerscan encountervhen
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IDFHG ZLWK XQFHUWDLQW\ DURXQG WKH PGHVWLQDWLRQTY F
in learning gained from undertaking this form of reseamtl developing oRl fV SUDFWLFH
believe that | have shown how | hagenerated a theory of my practitteat has included

gaining an understanding of what | taught, the manner in which | did so and the empowerment

this process has afforded me.

8.6 Contributions to knowledge fields

I now return to the aims of this research which | defined at the start of thisdbpsisnised

XSRQ P\ LQLWLDO GHVLUH WR GHYHORS WKH VWXGHQWVY |
IROORZLQJ UHVHDW B Kurfickidny forLded)iterédy e developed through a
PXWXDOLVWLF SUDFWLFH"" , KDthélowtcsmdsttiisvardgmalnakhD W W K H
ZDV PL[HG , KDYH SUHYLRXVO\ KLIJKOLJKWHG WKDW WKH C
was limited becase of my illconceived understanding of ecoliteracy and ecological thinking.

The students were, however, very positive about the educatiatak of theelationships |

helped to form within the group which, thegid were premised on seléspect. | en not

disappointed by the apparent lack of achievement in attempting to answer the initial research
question. | hope that this thesis has shown that | now hee@sanablydeep theoretical, yet

evolving understanding of my practice. | am optimistic thatttansformational nature of this

thesis, and therefore my learning, establishes howigiht bepossible to undertake research

where there is an expectation that aims may not be met and what is most valued is the learning
gained through the process.

By researching in this manner, and through a continuous cymdexdtion overCycles 1 and

2, | believe | can now make the original claim that | have developed an ecological approach

to science teacher education. A suggestion of what this approachemtigihhas already been

summarisedn Section8.4.5.

| have previously identified how my practice is located in a range of nested systethatand
the potential contributiorof my work may be considerddr a range of fields. The following
will summarisesome ofthe contributions | suggest this wankight make to these different
fields.

X Science education and science teacher education
In Section8.4.3 | outlinedoossibleprospective aims faany future science curriculum
which might help to develop an appreciation of the ecological nature of science. | also
detailed the forms of learning activities which might assist in developing ecological

epistemologies. Some of these activities have already been adopted by $toalants
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taught and otheprimary school teachershave worked withMy hope is that | will
continue to influence those students | work wdtthink relationallyandthat| can
continue to help them perceive science as an ecological act. | stiggésis thesis
canprovides a framework for others in science teacher education to follow should
they wish. | am also aware of the teachers who are already usingpipesacheand

the influence theynighthave. Consequently, the children they teach may alsdageve

the ecological epistemologies | hasokenaboutthroughout this thesis.

Teacher education and higher education

This thesis may act as a stimulus for others in teacher education who may wish to
redress the poweronstituted nature of traditionalist rfos of teacher/student
relationship and demonstrate that they too are learners alongside their students. |
appreciate that thifirst-personresearch i unique reflection of my practice and the
strategies | used were therefore specific to me and thad sttdents | was working

with. However, | believe | have established how it may be possible to represent the
academic practitioner as one with the experience and knowledge the students expect
whilst also demonstrating an epistemological readiness toraam® By developing

the curriculum for ecoliteracy | have also tried to show the potential for devising a
MFXUULFXOXPYT SUHPLVHG RQ WKH SUDFWLWLRQHUYV YI
honest educational experience for the students. By undegtékim process | have
highlighted somef the difficulties in this approach but also made recommendations

throughout the thesis about how it may best be achieved.

Student teachers and teachers

| hope that this thesis has demonstrated why | believe thareged for those in the

teaching profession to reflect in a critical manner about their pedagogical practices
DQG QRW MXVW D E R XA¢ok &rH ofbi3 th¥gisktb adHD ek ebatad

around the forms of reflection which should be undertaken. | suggest that to ensure
thatthose in the teaching profession do not become either a conduit for policies from

those in power or the recipients of research undertaken by dtaersflection which
LGHQWLILHY WKH SUDFWLWLRQHUYfVY YDOXHV LV QHF
interrogation of the social, cultural and political discourses in which the practitioner

is embedded is essential in defining their pedstgo

Research
$V SDUW RI GHILQLQJ D WHDFKHUNavte&cHamss&d Rat\ , KDYH
FRQVXPHUV RI RWKHUYV %uttHheduedrNot Ry WTMs KehtirU L H V

research has been demonstrationof first-person researchwhich places the
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practitioner in relationship withparticipantsat theheartof the process and eschews
the dominant resear@pistemologywhich places little value in personal theories. In
documenting my learning as the research progressed | have identified difficulties |
encountered anprovided suggestions for how the research procegkl have been
improved. | have provided suggestions for thiCimapter4. This thesis, therefore,
provides a loose framework for other practitioners to follow should they wish to
undertakea similar fom of enquiry. | hope that my work will add to the canon of
other practitionebased research and will strengthen the legitimisation of this form of
S U D F W LiédrRyendraitidn

8.7 Concluding Remarks

| am aware of the irony of completing the final stagéshis thesis in an aiconditioned

library, thuscontributing to increasing atmospheric carbon dioxide levels, during the British
heatwave of 2018. Much of the scientific community is advising thdHt KHDWZDYH TV
occurrence was made far more likbgrause chnthropogenic climate change (for example;

World Weather Attribution 2018). Some reports suggest that these heatwaves will occur far

more frequently in the future, while others propose that ¢inchange will result in much

heavier downpouref rain GXULQJ WKH 8.1V VXPPHUVY . HQGRQ HW DC
consensus, however, is that more extreme weather conditiahffeoént soris will become

the norm. It is cleathatthe effects of climatehange and the other crises which the planet is

facing arehere to stay

| recognise more than ever that there is a need for humans to develop a mutualistic relationship
with our planet and thaty research can play a small role in this. | hope my futuiseareh

can build upon the work outlined in this thesis and assist the students and peers | work with in
reconceptualising science as an ecological act. | hope to do this by identifying how | can
LOQFRUSRUDWH WKH HELJY LGHDYV bhe&rlaredmate iDsEignLifgJ WR G
knowledge. | aspire to go beyond this to show how scieright berelated to knowledge in
RWKHU pFXUULFXO X$h§ulbbe thé®©déveldpmBrEdb auenBc@ut of classroom
experiences whiclean help the studentdevelop their scientific knowledge while gaining
emotional experiences of their lived environment and an appreciation of the playsical
emotionalconnection they have with their local area. Further research regarding ways to
GHYHORS WKH wW\WxcaicaQine Wit WilDaBD Ibe necessary.

Ultimately, | will need to ascertain whether these strategies have influenced the stiudents

teachto reconceptualise science and consequently change their perception of knowledge and
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knowledge generatiom idoing so | will be able to explain whether | have helped the students
to develop the ecological epistemologies | have championed throughout this thesis.

As has been the premise for the rest of this work, | cannot be certain of the success of these
approaF KHV EXW , FDQQRW ORRN LQWR P\ FKLOGUHQTV H\HV D
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Appendix 2 #Initial Presentation (10.1.2012) Transcript

OK, um, thank you very much guys.

7KLV KDV WDNHQ DQG LWYV JRLQJ WR EH DQ DEULGJHG YH
9LHQQQD ZKLFK VRXQGV UHDOO\ UDay&artd cereMdKthE Kivd HU LV
RI FRQFOXVLRQ , PHDQ ZKDW , GRQYW ZDQW WR GR LV WKI
so this is my kind of personal opinion and, huh, | very much, sort of value what, what you
WKLQN DERXW WKLV s)xBriktird wronyy KithGh plahistHsbdidds shoulders),

Ok, and sort of how we look at it.

, PHDQ , ORRN DW WKDW VWDWHPHQW WKHUH DQG ,Y00 JL®
it (20 sec pause)

‘parfect storm’ of food shortages, watsr scarcity and
Insufficient energy resources laading fo public unrest.

cross-border conflicts and mass migration, since ail of
these issues are operating on a similar timescaie™

[Thmrion 2008 ot i Mk, 20

1RZ WKHUHYV DOO VIRURKW ! VAW VWRAWRAYW NQRZ LI \RX
believe 2030 is too soon, all those types of things, what | do, what | do believe is that the sort

of future is going to be slightly different from what it is, what it is at the moment, okao if

those things come to pass, then, um | think we may be in a little bit of trouble

This guy here is a bit of a hero and he talks about schooling creating and again this may be
ZKHUH ZH \RX NLQG RI JR KDQJ RQ D PLQXWHutficw QRW KD
schooling is producing people who are ecologically illiterate and that we have a system now
WKDW MXVW JHWV SHRSOH WR JHW MREV ZKLFK LV WKHUH
are just about amassing as much money as you can withittlerysort of, thought about the
HQYLURQPHQW \RX NQRZ DQG ,fYH SXW WKHVH ZHUH DOO
So | consider myself to be fairly ecologically illiterate as well, despite having read quite a bit

around it, Ok.
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$QG , 1Y kheXerml shistainability in, in all of your documents but | am not really happy
QHFHVVDULO\ ZLWK WKDW ZRUG FRV ,fP QRW UHDOO\ VXUH
you know, our current lifestyles, how we live them at the moment, is, is sustedmal again,
WKDWSV XS IRU FRQMHFWXUH WKDWYV P\ SHUVRQDO RSLQ
came up with a nice term about someone who is ecoliterate and understands these things, is
someone that can say well what then?, if | do this actidrat will be, what will be the
consequences of that action?

6R P\ NLQG RI UHVHDUFK ,fP KRSLQJ LV UHDOO\ WR WR O]
DQG EHFDXVH , GRQTW FDOO P\VHOI DQ H[SHUW LQ DQ\zZD\
reasonably exciting, about what is someone who is ecoliterate, what do they look like? What

do they do? And what kind of values, that sort of thing. | want to develop my understanding

of that.

What | would like to do, and again this up to you guys toibuyp this or not, is maybe to to
help you develop that understanding as well, but also, maybe whether this will have an effect
on your future teaching practice. Is it important enough to have an effect?

2N XP KRZHYHU WKHUH LV KRRZ W HQN [ERHH\Q DUHD O GR DY MWW
morning about doing this because, you know, people are saying, this is going to eat into my

time and this and that, so | do have great concerns about imposing my thoughts and my values

on you, so if | can just gitrough a little bit about them,
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| mean | question what my role is here sometimes, you know, what do you expect from me?
Because | would love to sort of spend most of the science curriculum developing these kinds

RI LGHDV KRZHYHU ,fFYH GRW WRNHEHRIZHD ODIMRQHTY VHHQ W
FDQ QRG RU VKDNH \RXU KHDG ,WfV :HQKDP DQG RYHQV X
in there about sustainability and about and about issues to do with that. Is it my role to be
talking, discussQJ WKLQJV ZKHQ LWV QRW LQ D FRPPRQ WH[W ERF
but the review of the national curriculum has stated that they are not going to make climate
FKDQJH PDQGDWRU\ WR OHDUQ DERXW 7KH\TYH MMWJG& RI ZL
up to you whether to teach about it. So again am | forcing something on you, which you may

or may not need in school. Finally this was the sustainable schools strategy, the framework

for it, which wernt with the new government came in and it was quite, it had a few

detractors to it, quite a few detractors to it, but what it stated was that every school needed to

be a sustainable school by 2020 and it gave some guidelines of how to do it, so actually from

top down schools were saying that we hake GR WKLY DQG WKDW 7KH\TYH ZL
and | have firstKk DQG H[SHULHQFH RI WKDW XP IURP D VFKRRO WK
in place, I went round a did INSET and was preparing how we would look at this, planned all

that for the followingyear. This went, and then all of that that went and they were just not
interested in everything that we did. So the context, kind of , for you guys, is a lot of people

DUH VD\LQJ LWV QRW YHU\ YHU\ LPSRUWDQWetdBO P\ ZRUU
stuff around this, to enhance our science am | forcing something on you, that, that is my real
concern?

8P ZKDW ,1fYH GRQH EHIRUH ZLWK WKH \HDU JURXS EHIRL
because | did it kind of did it with the specialidtQ WKH WKLUG \HDU , GLGQIW
DQG WKDW , ZzDV WU\LQJ WR GLS IHHG WKLQJV LQ WR EH T>
have to be yURQW DERXW WKLV VR ZKDW , VXSSRVH ,TP DVNL(
think that for meWKDW ZLOO EH TXLWH H[FLWLQJ EHFDXVH , FHUW
expert, with 20 odd people in here, you know, the kind of knowledge we could create could

be amazing, could we create some kind of curriculum that maybe we could take into schools

,IP QRW VD\LQJ WKDW ZH GR WKDW EXW \RX XP IXUWKHU
LW KRZ LW FRXOG EH WDXJKW LQ VFKRROV DQG VR RQ DQC
what | might do is for those that are keen, we could do thisalksidiary and do it elsewhere,
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VR OLNH D OLWWOH FOXE RU VRPHWKLQ@OXEP ,@RW W WR D\H
on that, um, so, um , my suggestions here are would you be willing on the back of that sheet

just to write down your thought &®XW ZKDW ,fYH MXVW ZKDW ,fYH MXVW
SUHDFKLQJ WR \RX" 'R \RX WKLQN ,YYH EHHQ IDLU" +RZ GR
Am | talking a load of rubbish? Um, and maybe from that is some people are willing to share,

DQG \RX @GRtfial we Pould put that on the cameras as well.
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Appendix 3 +Student Consent Form

St Mary's
University College
Twickenham

Education

January 2012

| am undertaking an action enguiry as part of my doctoral studies into how | can
improve my practice, with a particular focus on whether issues of sustainability
should be taught as part of the science elective course, and am asking you to be a
participant in my research.

To assist me with this action research, | would like to ask you to become an active
participant within the research. | therefore ask for your informed consent to
participate within the research by signing and dating this letter.

Participation and subsequent data collection in the research may include the
following:

Completion of questionnaires
Completion of log books

Class and individual interviews
On-Line Discussions

E-mail correspondence

| will give priority to your interests at all imes and promise the following;

« Your identity will be protected at all times unless you give me specific
permission to name you.

» Data will be stored in secure, password protected computers and will only be
accessed by myself and my supervisor. You may view this information if
desired.

« You are free at all times to withdraw from the research, whereupon | will
destroy all data relating to you.

¢ | will check data relating to you before | make it public

¢ | will make a copy of my research report available to you prior to its
publication.

| confirm that permission from the Ethics Committees at S5t Mary's University College
has been required for this research.

Once signed, | will photocopy this statement and return the original for your files.
With thanks,

ALEX SINCLAIR

Signed: Signed:

Date: Date:
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Appendix 4 - Ethical Consent
Appendix4.1- ( WKLFDO &RQVHQW 6W ODU\TV 8QLYHUVLW\ &ROOH

StMary's
University College
Twickenham

St Mary’s University College

ETHICS SUB-COMMITTEE
APPLICATION FOR ETHICAL APPROVAL

This form must be completed by the researcher for all undergraduate,
postgraduate and staff research proposals involving contact with, observation of,
or collection and storage of confidential infarmation or data about human
participants.

Undergraduate and postgraduate students should have the form gigned by their
supervisor.

Fer staff research propesals the form should be forwarded to the Schaol
representative of the Ethics Sub-Committee for signature.

If for research projects (staff, undergraduate or postgraduate), the proposal is
being submitted for approval to a properly constituted ethics commitiee external
to the University College (e.g. LREC), please submit a copy of the letter approving
this application to the Secretary of the Ethics Sub-Commiitee, External ethical
approval may not cover researchi work carried out in the University College and
the Secretary will advise if further action is required.

Before completing this form, please refer to the University College's ethical
standards for research and any relevant professional guidelines. As the
researcher! supervisor, you are responsible for exercising appropriate
professional judgement in this review.

Flease refer to the ‘Guidelines for completing the Application for Ethical Approval’
when completing this form. All Ethics Application forms must be submitted and
signed by your supervisor. If appropriate, your supervisor will refer your
application to the School Ethics Sub-Committee representative for Level 2 ar
Level 3 consideration. For Level 2 consideration, the form will be approved and
sign by the School Ethics Sub-Committee representative. For Level 3
consideration, this form should be signed and submitted in hard copy to the
Secretary to the University College Ethics Sub-Committee, at least 10 working
days prior to the meeting at which it is being considered. All forms and guidance
notes are available on the intranet:

http:iiportal.smuc.ac.uk/ethics-committes. html

Please note: the signed, completed Ethics form must be included as an appendix
to the final research project.

Ethics Sub-Committes
Updated November 2010
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If you have any queries when completing this document, please consult your
School’s Ethics Sub-Comimnittee representative.

1. Name of Proposer(s) o | Alex Sinclair

2.8MUC email address ) _ inclair@smuc.

3. Name of Supervisor (if applicable) Professor Jean McNiff ('Y ork St John University)
4.Title of project T

How do | develop and encourage a pedagogy of ecoliteracy?

5.School Education

6. Programme (if undergraduate research or taught Masters) PhD

7.Type of activity/research (Stafflundergraduate student Part time PhD. York St John
research / postgraduate student) - University. Staff ofSMUC

8. Confidentiality

1998)?

Will all information remain confidential in line with the Data Protection Act (Amendment | YES

9. Consent

Will written informed consent be obtained from all participants/ participants’ YES
representatives?

10. Pre-approved protocol " YES
Has the protocol been approved by the Ethics Sub-Committee under a generic
application?

11. Approval from another Ethics Committee

Will the research be approved by a Local Research Ethics Committee (NHS) or other NO
Ethics Committee?

_Are you working with children under 18 years of age or vulnerable adults? NO

12. Identifiable risks (not covered in response to Item 4)

a) Is there significant potential for physical or psychological discomfort, harm or stress | NO
(toparticipants? 000000 — _—
b) Are participants over 65 years of age or have limited ability to give voluntary consent, | NO
including cognitively impaired persons, prisoners, persons with a chronic physical or

_mental condition, or those who live in or are connected to an institutional environment?

_€) Is any invasive technigue involved, or the collection of body fluids or tissue? NO
_d) Is an extensive degree of exercise or physical exertion involved? NO

€] Is there manipulation of cognitive or affective human responses which could cause NO
stress or anxiety?

| which might reasonably affect their willingness to participate in the research?
h) Will highly personal, intimate or other private or - confidential information be sought? | NO

f) Are drugs, including liquid and food additives or other substances to be NO
administered? —
g) Will deception of participants be used of a nature which might cause distress or NO

i) Will payment be made to participants other than to cover expenses or time involved? | NO

Ethics Sub-Committee
Updated November 2010
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J) Is the relationship between the researcher/ tutor and the participant such that NO
participants might feel pressurised to take part?

Please note it is still incumbent on you to observe the College’s rules on ethics in
the conduct of your research, and in particular to ensure that your research
complies with the Data Protection Act by which you are legally bound.

When any doubt arises in relation to the above, always discuss this with your
School representative of the Ethics Sub-Committee.

13. Proposed start and completion date

Please indicate when the study is due to commence, timetable for data collection and expected
date of completion

Data collection to commence on approval from ethics committe - January 2012 until May 2013 (the
end of their course at St Mary’s |

Further data collection will take place during the academic year of September 2013 after trainees
have graduated and are teaching in schools. ‘

14.Sponsors/Collaborators e —

Please give names and details of sponsors or collaborators on the project
N/A

Ethics Sub-Committee
Updated November 2010
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15. Other Research Ethics Committee Approval
Please indicate whether other approval is required or has been obtained (e.g. NHS, LEA etc) and

whether approval has previously been given for any element of this research by the University
College Ethics Sub-Committee

As my PhD is a continuation of my Masters work, previous permission was given for this work in
2007.

16. Purpose of the study

Please give the aims of the research and provide a brief rationale for the study including any
existing knowledge and benefits of the proposed research.

The aims of the research are to improve my practice as a senior lecturer in relation to developing a
pedagogy of ecoligical sustainability. In tandem with my students, | hope to explore whether it is
possible to develop a curriculum for sustainability within the confines of the science curriculum
that these students have elected to study.

In turn, | hope that the influence of this research will improve the student's understanding of
ecological issues and how they may tackle these in their future teaching.

I have already been instrumental in arranging for the following at St Mary's ; the arrival of a colony

of bees, an allotment, and the start of an orchard - all of which are potential resources which could
be used during this research.

Ethics Sub-Committee
Updated November 2010



248

17. Study Design/Methodology
Please provide details of the design of the study (qualitative/quantitative etc) and the proposed
methods of data collection (exactly what you will do and how; nature of tests, questionnaires, type
of interview, ethnographic observation etc) including what will be done to participants, the extent
of their commitment and the length of time they will be required to attend for testing. Please also
include details of where the testing will take place.

Copies of questionnaires to be used andlor interview schedules should be attached to this

_application. a ) .

The methodology for this research will be a self-study action enquiry into how | can improve my
practice. Data collection will mainly be qualitative. Due to the nature of self-study research data
collection opportunities will arise as the enquiry progresses but will be taken in the following ways;

Video Recordings : of presentations at conferences, meetings with critical friends, of my teaching,
interviews with students

Audio Recordings : meetings with critical friends, interviews with students (if this method is
preferred)

Learning Journals : completed by students at appropriate times throughout their course (given the
opportunity to make these anonymous), completed by myself

Virtual Learning Environment : Through online discussions between myself and the students

Initial data collection will stem from students watching a presentation of my ideas and justification
of a case for developing a pedagogy of ecoliteracy given at CARN 2011. | will ask them to make
comments on this process and their thoughts around being involved in the research.

18. Participants
Please describe how many participants will be required to complete the study, their age, sex, how
they will be chosen/recruited and inclusion/exclusion criteria.

| Participants for this research will come from two cohorts of students studying on the BA ITE with
QTS undergraduate degree programme ; those that started in 2009 and those from 2010, Both
groups of students have elected to study science in greater depth in their second and third year.
Currently there are 25 in the 2009 group and 21 in the 2010 group.

These students have been chosen as | am the lecturer for their science elective group and |
therefore have greater contact with them.

All students are over 18 and groups comprise of both sexes.

'19.Consent
Please provide copies of the consent form, information sheet, debriefing sheets (if relevant) for
participants and any other documentation in relation to consent, e.g. letters to parents, Heads of
Schools etc.

See attached o

Ethics Sub-Committee
Updated November 2010
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19a) Are there any incentives/pressures which may make it difficult for participants to refuse to
take part (i.e. will coercion be used in the recruitment of participants)?
No

19b) Will any of the participants be from any of the following groups?
Children under 18

Participants with learning disabilities

Participants suffering from dementia

Other vulnerable groups

No

If children under 18 years of age are participating has the researcher/investigator a current CRB
disclosure?

N/A

19¢) How will consent be obtained?
Via written permission — see attached letter of consent

Ethics Sub-Committee
Updated November 2010
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20. Risks and benefits of research/ activity o
20a) Are there any potential risks or adverse effects (e.g. injury, pain, discomfort, distress, changes
to lifestyle) associated with this study? If so please provide details including information on how
they will be minimised.

No

20b) Does the study involve any invasive procedures? If so, please list the researchers’ or
collaborators’ experience in the use of these procedures.
No

20c) Will individualigroup interviews/questionnaires include anything that may be sensitive or
upsetting?
No

20d) Please describe how you would deal with any adverse reactions participants might
experience.

Participants will have the right to withdraw from the research at any time. Information from/about
them will not be published without their permission. Participants will be informed that they can
seek advice through their programme director should they feel the need.

20e) Are there any potential benefits of participating in the research to the participants (e.g.
Gaining a knowledge of their fitness, finding out personality type, improving performance etc)?

The students will gain a deeper, personal understanding of ecological issues and what a pedagogy
for teaching about these may look like in the classroom. Alongside this it is hoped that they will
develop their capabilities for critical practice.

21. Confidentiality, privacy and data protection

21a) What steps will be taken to ensure participant's confidentiality?

Learning Logs will be made anonymous (if the students prefer). Students will not be identified by name
within any publications unless the student states otherwise.

21b) Will the data be stored securely?

Data will be stored on a password-secure com puter. Only | have access to this. Students will be
able to access their data alongside me.

21c) Who will have access to the data?

See above

21d) Will the results of analysis include information which may identify people or places?

It will be necessary to highlight that | work at St Mary’s University College, but any mention of

students will be through the use of participant A, participant B, etc, unless they wish for their name
to be included.

Ethics Sub-Committee
Updated November 2010
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| 22. Feedback to participants N T
Please give details of how, if appropriate, feedback will be given to participants.

Participants will be asked to review material prior

to publication. Feedback will taken from this
process,

The proposer recognises their respansibility in carrying out the projectin
accordance with the University College's ethical guidelines and procedures and
will ensure that any person(s) assisting in the research/ teaching is also bound by

these. The Ethics Sub-Committee must be notified of and approve any deviation
from the information provided on this form,

Signature of Proposer(s) A SINCLAIR Date: 021211

Signature of Supervisor (for student research projects) Date:

Ethics Sub-Committee
Updated November 2010
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Appendix 4.2 +Ethical Consent: York St John University

Alex Sinclair
PhD Student

20 March 2012

Dear Alex

RE:

ecoliteracy?

o~

~ York St John
University

Lord Mayor's Walk
York YO31 7€X

T: 01904 624624
F: 01904 612512
www.yorksj.ac.uk

Dr Simon Rouse

Chair of Research Ethics
Direct Line 876901

e-mail: s.rouse@yorksj.ac.uk

How do | improve my practice through developing a pedagogy of

REF: UC/20/3/12/AS

We can confirm that your research ethncs‘re-submtssion is now approved. We
note your raply and clarification of the 13" March 2012 regarding the issues of
consent and coercion raised by the committee on the 23 February 2012.

Yours sini’i'://
"/

Cc Professor Julian Stem and Profassor Jean McNiff

S i
WS
DA
A Church of England Foundation 1841
A d in England with

Company No: 4498683
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Appendix 4.3 +Ethical Consent: Cycle 2

Mon 02/01/2017 20:10

Re: Thoughts
To Alex Sindair
o You forwarded this message on 05/01/2017 10:41.

Dear Alex,

I am so sorry for the delay! I wrote it before Christmas but in all the madness of data collection, assignments and Christmas, I forgot to send it.
Here’s what I wrote, I hope it’s what you were wanting and you have my full permission to use it at your conference and in your work.

Science is an evolving subject, with new knowledge constantly being discovered and researched. This is true, but I only fully understood the
meaning of this after a science lecture as part of my Primary Education degree. When discussing the impact of well known scientists and how we
might use them to give context to our teaching, I realised that I had been thinking of science as “finished” in a sense. When Alex asked the
question “who thinks the science we teach now will be the same in 50 years?” I put my hand up, not really thinking about the gravity of this. I
was always taught science as fact, and never asked to question it or be critical. This lecture made me see that the science we teach now is not the
science we will be teaching in 10, 20 or 30 years time. It was a moment of huge realisation, as I began to see the scope of science and the power
we have as teachers. I also became aware of the unspoken responsibility we have to keep abreast of the wider scientific world, and not just the
curriculum. As a result of Alex’s lectures I am excited to see what future scientists I will be telling children about and what I might do to help
children to examine the world around them, and most importantly, question what they find.

If there’s any more I can do, let me know!

Kind regards,

Jemima

Tue 31/07/2018 16:53

Elizabeth Chilvers||| GGG

Re: Ethical Clearance
To Alex Sindar
o You replied to this message on 31/07/2018 17:37.

Hi Alex,

No apology necessary. I'm fine with you using both of them in your thesis. One thing though, shouldn't it be begin not being in the first one?

Good luck with the thesis, I'm sure you will be fantastic.

Liz
On 31 July 2018 at 13:58, Alex Sinclair <alex sinclair@stmarys.ac.uk> wrote:
Hi Liz,

Sorry to disturb you during your holidays.

| have attached two separate excerpts from my thesis which use quotes from your email responses to me about your thoughts
about the famous scientist resources. Are you fine with me including them in my PhD thesis to provide evidence of the influence of
the resources please?
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Re: scientist resources

privacy, Outlook prevented automatic download of some pictures in this message.

Hi Alex,

Yes, told them that [ was going to send their comments to the authors.

Best wishes
Helen

On Tue, Jul 31, 2018 at 1:54 PM, Alex Sinclair <alex sinclair@stmarys.ac uk> wrote:

HiHelen,

| know this appears a little random replying to an email from over a year ago

| have used som e of the students quotes in my PhD thesis and appreciate | really should have got ethical clearance to use them

Do you remember if you told them that you were going to send them to me?

KR, ALEX
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Appendix 5 +Pre and Post Course Questionna&

Registration Number / Personal Identification:

1. What is vour understanding of the term “sustainability™?

2. How important do you believe it is that trainee teachers should be taught
about sustainability as part of their course? (pleass ring)

1 2 3 4 e G

Very important Mot important at all

Please give your reasons:

3. Kfissues about sustainability were taught as part of this degree whose role
should it be to deliver it? (please ring)

a) Cowvered within professional studies
b) Cowvered within subject-specific lectures
c) Embedded throughout the whole course

e) Other - Please specify:

Please give your reasons:
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4. At what age do you feel children should START to learn about
sustainability? (pleass. ning)

Mursery Reception KS1 K32 K53 K34 HNofatall

Please give your reasons:

5. Should teaching about sustainability and ecological issues in schools be?
a) mandator. and embedded within the Mational Curriculum

b} gptinngl and decisions whether fo teach it made by the school

) pplional and decisions whether to teach it made by the class feacher

d} ngti taught

e} gther - please specify:

Please give your reasons:
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Appendix 6 - End of Course Interviews

Appendix 6.1 tEnd of Course Interview 1

J =JessicaC =ClarissaH = Hayley

M = Maria (Interviewer)

M+£:HOO \RXTYH EHHQ WDONLQJ ZLWK $OH[ DERXW VXVWDLQ|
and how has that felt for you? Have you, have you felt able to engage with the ideas around
sustainabity in your lessons or your lectures? How has that been? Over to you really.

J+(UP , WKLQN WKH zZD\ WKDW LWV EHHQ SXW DFURVV LQ \
PRUH DV D VXEMHFW , NQRZ WKDW EHIRUH \WHKiictOHFW XU F
knowledge on it, so | think it has very much been a case of educating us, and also getting us

to independently consider our views.

M zFine, thank you.

C Erm, it covers quite a broad range of subjects and you can see how it impacts everything
in WKH FXUULFXOXP <RX GRQYW UHDOO\ VHH WKDW LQ VSH
quite good.

H-DQG WKHUHYVY D ORW RI FROODERUDWLRQ LQ LW <HDK ,
talk about it, for example, and independently, for examgienndess and me are doing Art,

ZKHQ ,fP OLNH GRLQJ ZRUN ,fP FRQVWDQWO\ WKLQNLQJ DE
crossFXUULFXODU SURMHFW DQG ZH GLG IRFXV RQ VXVWDLQEL
a wider context in the curriculum wdfi has been really handy.

M - so it permeates the whole curriculum?

All xyeah

M +VR LWJV QRW RQO\ LQ VFLHQFH"

All £No

M+7KDWTITV ZKDW \RXYfUH VD\LQJ 7KDWYV ILQH

M xSo a difficult question, a really difficult question, do you have a better idea ofwehat
are talking about when we are talking about sustainability now?

J +Yeah definitely.
M +6R LI \RX ZHUH WR JLYH D GHILQLWLRQ RI LW WKDWT{V D
All tlaugh

M fWhat would you say sustainability is?
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H +To ensure a better futurerffuture generations or tokeep«

J iStrategies to ensure a better, a better, erm, you know, a healthier planet (YEAH)

H £Without, yeah, future generations, without (IMPACTING, YEAH) impacting our own.
H+t, NQRZ HIDFWO\ , MXVW FDQTW WKLQN RI LW
MHWTV KDUG WR SXW LQWR ZRUGYV <HDK

Mz, WV UHDOO\ KDUG WR SXW LQWR ZRUGV

M+t2N VR WKDWYV JUHDW WKDWTV JUHDW WKDQN \RX 1RZ
UHODWLRQVKLSV ZLWK HDFK RWKHU LQ WKH FODtY"V DQG \|
Alex, what has it been about the ethos, or the atmosphere of the class that has enabled you to
WDON DERXW VXVWDLQDELOLW\ EHFDXVH LWTV D ELJ GHDO
have you felt the way the class has been sort of mg@dor, or has there been an atmosphere

to talk about those things?

H+, WKLQN LW KDV EHHQ TXLWH UHOD[HG <($+ ZKLFK KDV E
anything about sustainability and | can imagine that there are people in the clasgethat

ORDGYV DERXW LW EXW LWV VRUW RI HYHU\RQHTV EHHQ C
UHDOO\ EHHQ OLNH HPEDUUDVVHG WR VD\ RK , GRQTW NQF
anything before | started whereas now | feel like, er, | knbW LWH D ELW DQG ,YP FF
teaching about it as well which is quite good.

C zYou are kind of free to like, share ideas (YEAH) quite easily and feel in a relaxed learning
environment.

J Everyone is quite sort of understanding about, you know, eacudihé SRVLWLRQ DQG W
QR VRUW RI MXGJLQJ RU DQ\WKLQJ , GRQTW WKLQN LQ WKt
ZKHQ ,YfP LQ WKH FODVV DQG DEOH WR H[SUHVV P\ RZQ RS
understand something, so.

M zThank you. Alex wuld not want to coerce anybody, | mean he has got a big thing about
VXVWDLQDELOLW\ REYLRXVO\ HUP DV \RX NQRZ EXW KH Z
DQ\ERG\ WR WDNH RQ KLV YDOXHV DV LW ZHUH +RZ KDYH \]
sort of left the ideas out there or has he really sort of pressed them home? Or, you know, has

he been coercive in any way? Would you, you know, would you have considered doing
sustainability before you went to, to the group or?

C #He kind of makesyoumdH XS \RXU RZQ GHFLVLRQV DQG \RXU RZQ
up to you what you take from the lecture and how, yeah, it actually change your opinions and
values of it.

J-, ZLOO GHILQLWHO\ VD\ LWV EHHQ DQ LPSDFW DQG , ZLO¢

M CaQ \RX FDQ \RX LGHQWLI\ RQH zZD\ $OH[ LV WKDW KDV DC
DERXW WKH IUHHGRP DVSHFW KDYHQYW \RX DQG DQG QRW
.V WKHUH VRPHWKLQJ WKDW \RX FDQ VD \fedlthdayRHV OLNH
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H +l suppose he like plants a seed and then, here, you kind of think of that in your own way.
+HYOO MXVW JLYH \RX D OLWWOH ELW RI DQ LGHD DQG Wk
differently.

J+t<HDK , ZRXOGQMTW NDH WKDW G MXWW WKIOOV \RX \RX NC
ULJKW RU ZURQJ , PHDQ VSHDNLQJ IRU P\VHOI , NQRZ WKI
somebody was standing there, you know, spouting off about their own personal views, and,

you know, they feethat | should take upon those views that | immediately would put up a
GHIHQFH DQG VD\ QR ZHOO KDQJ RQ D PLQXWH WKDWTYV (
something and considering that suggestion is completely different, erm, you know, a way, a

ZD\ Rl WHDFKLQJ WKH WRSLF UDWKHU WKDQ MXVW \RX NQF
ZH DV WHDFKHUV ZH DUH WROG \RX NQRZ GRQYfW MXVW V
about it, so | think he has employed that same strategy really.

M tTKDWYV JUHDW 6R LQ VR LQ \RXU RZQ OLYHV KDV ZKDW
changed your own practice in anyway?

J +Sometimes, | know that there are certain things that, you know, taking it to a basic level,

that | do in the home, like you know, GRQIW OHDYH WKH WDS UXQQLQJ ZKF
DQRQG , PHDQ , GRQYW GULQN WHD EXW , ZRXOGQYW ILOO X¢
, GR FRQVLGHU PRUH DQG \RX NQRZ WXUQLQJ OLJKWYV RII
been lpought up, to do those things, but this has definitely made me consider, you know, other
aspects to it more.

M zPerhaps you have become more mindful.
J+t<HDK LWV ,YP DZDUH RI LW ZKHQ ,TP <($+ \RX NQRZ C

H+, ZRUN LQ D V XS H bnRH2 frut ANy vég@epartfnent and before | was just like

we get, can | say it, yeah its Waitrose so they are really like quality is a really big, so | have

WR FKXFN DZD\ ORDGV RI IUXLW DQG YHJ LI LWTV MXVW JR)
, TP GRLQJ LW ,fP D ELW PRUH RK VRPHRQH ZLOO EX\ WKDW
a bit annoyed but | leave loads of fruit and veg there because | know somebody is going to

EX\ LW LWTV SRLQWOHVYV PH MXVW WKItR &tln@k mndfuld ZD\ D Q(
about that and chucking things away and wasting things when it will last, so.

C+, WKLQN ,9P PRUH DZDUH RI DOO RI WKH OLWWOH WKLQJV

M It will be interesting to see how you carry that into thessroom (YEAH) with your

children, you can imagine anything you do in your classroom or, you know, how you are in
\RXU FODVVURRP ZKHQ \RX JR RXW WKHUH EHFDXVH \RX DU
SO one more year, less than that, what do yokthihat do you think you will do in your

classroom to make a difference or get the children to think about sustainability?

Jt, WKLQN DV +D\OH\ VDLG HDUOLHU D Qu&icklarBubjeet 6D DV ZHQC
GRQTW WKLQN LWDIFPDXKXKWEH LEXXPORDW LWV YHU\ \RX NQRZ
all of your practice and | know Hayley and | in our enhanced placement, you know, managed
to combine it with art quite easily, erm , and as a result it was all linked to the theme within
the s K RRO WRR VR |, WKLQN LW \RX NQRZ LWV HIIHFWLQJ |
FRQVLGHU LW PRUH DV D FURVV FXUULFXODU OLQN ZKHQ ,1
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C 4 think you act as a role model, as well, and all the values that you show kiddackimes
off towards the students as well.

H+:KHQ ZH ZHUH GRLQJ WKH DOORWPHQWY DV ZHOO , GLGQY
DOVR WKLQN DERXW WKH VNLOOV LWYV GHYHORSLQJ LQ WKI
to be a little bitmore independent, so when | go into schools | kind of look closely at eco clubs

D ORW PRUH DQG WKHQ KRZ WKH\YYH GRQH LW OLNH VR F
material and things like that and | think it does have a lot more with-extrizular, which is

quite good.

M+t*UHDW JUHDW WKDQN \RX YHU\ PXFK 5LJKutfor@QHWTV MX
PLQXWH <RXTYH EHHQ NHHSLQJ D OHDUQLQJ ORJ <($+ \R
to find out how you feel about completing it. Trut®O\ \RX NQRZ ZHTUH RXW WKI

H zSometimes | felt that | was writing the same thing in it (YEAH, YEAH). Quite a lot.
M zLike what?

H #I think, what were the questions again? What have you learnt from the lesson? | felt like

| was just writing ait the learning objectives. They did like, | think | found it quite hard writing
DERXW KRZ , OLNH IHHO VRPHWLPHY DQG LWV EHWWHU MX
down, like, I was looking through my book when I filled it in last time angldjuiite repetitive

what | have written .

J =l mean | know that obviously it is a reflective piece of work (YEAH) and you know we

DUH UHIOHFWLQJ RQ WKH OHVVRQ DQG ZKDW ZHYfYH OHDUQ
ZKHQ \RXYYH VD litGor thiserk cAnkybuvjustfull out your books | think the
automatic, erm, you know, approach to it is just to scribble down something quickly and
EULHIO\ <($+ LQ RUGHU WR OHDYH WKH OHFWXUH ,W PLJK
out halfwaythrough the lecture and, you know, what are your thoughts so far and then at the
HQG PD\EH UHIOHFWLQJ DV ZHOO VR WKHUHYTV PD\EH D SUR

M+t7KDWTV D JUHDW LGHD VR \RX ZRXOG JHWhmugheutwWUD Q V L\
WKH OHVVRQ $QG IURP ZKDW \RX DUH VD\LQJ LWYV DOVR S|
it for a while before you write in them (YEAH) so you, so things can filter through and you

can reflect on them (YEAH). Great, | know, | know sone@ple struggle with the learning

logs, so, erm, what do you think the purpose of you keeping the learning, really , learning log

really was.

J %I think perhaps reflection (YEAH) and a bit of reflection, | mean | know that it would
SRVVLEO\ KHm® &spaydh p$ WellHdget an idea to see how his teaching has affected

KLV SXSLOV EXW IURP RXU SRLQW RI YLHZ HUP , ZRXOG (
PHWKRG RI DQDO\VLQJ \RXU NQRZOHGJH DQG UHIOHFWLQJ F

M xUh huh, OK. Was there? Did you feel able within those learning logs to actually critique
Alex? Did you feel free to be able to do that? Or did you feel that that was a bit, a bit of an
awkward thing to do?

C #l think it was, but it was more about dearning rather than his teach.., do you see what
| mean? It was more about what we learnt, our reflections, rather than maybe his method if
that makes sense.
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M #It does.

H-, WKLQN , FRXOG KDYH , ZH GLGQYW KD YddtWFEAHYLWH RXL
I think | would have been, but it would have felt quite mean, still.

M +Mm, but he was looking for that (YEAH)

Jx%XW WKHQ WKHUHYV GLITHUHQW ZD\V RI H[SUHVVLQJ WKD\
be quite harsh and meanaboutcer@ DVSHFWYVY EXW WKHQ \RX NQRZ WKD\
you know, if you are giving, you know, constructive criticism then that will be of benefit,
ZKHUHDV <($+ MXVW ZULWLQJ GRZQ WKH OHVVRQ ZDV UX
know, wellyou need to explain why, and so I think it, it is down to the individual as to how

they filled it out really.

H =zl think, was there a question like improve or something? Because | think I did write in
there (YEAH).

H - Well | felt quite open and .

J-, WKLQN EHFDXVH RI WKH HQYLURQPHQW LQ RXU FODVV LC
LW LV YHU\ UHOD[HG DQG \RX NQRZ \RX GRQYW IHHO M X
HQYLURQPHQW LV WKHQ WKDWTV HUP nWientneNtQRféel WKDW T
comfortable enough to express your opinions, | think.

M zExcellent. Ok is there anything else you would like Alex to know, about, you know either

KLV WHDFKLQJ RU \RXU OHDUQLQJ RU VXVWDLQDgge OLW\ JH
LVQTW KH" +H ZDQWYV WKDW EHFDXVH KH ZDQWV WR LPSUR
ask critique, you know, as you have made the point that it has to be kindly, it has to be. Is there
anything? Is there is one single thing that you would say to thisxwould really help us

learn more in your sessions, during our sessions together, what do you think you would say to

him?

H+, FDQYW WKLQN RI DQ\WKLQJ UHDOO\

J+x, PHDQ , NQRZ , GRQYW NQRZ ZKHWKHU WKLV LVt RUW RI L
VRPHWLPHY , WKLQN XP WKHUH HU , NQRZ WKDW KH LV
happen, but, um, sometimes his, er research may have taken over our, em, you know, our
classes and something like that, um. | know that it, it sometimes he eveedithat it may

WDNH RYHU WKH OHVVRQ , GRQIYW WKLQN LW GLG WR D KX
than learning about sustainability we were helping him to complete something, but then it sort

RI ZzZDV WKDW ZD\ EHFDXWMHXRKW®WKDODW KH$HY KRILW ZDVQIW D
just an observation really.

M 7KDWYV D YHU\ LOQWHUHVWLQJ SRLQW <HDK +HTOO OHD!I

H - | think at the beginning | felt a bit like that, but then as | was going on and when &e wer
on enhanced placement | think | realised how much it did effect the way | taught (YEAH,
<($+ DQG LW ZDV UHDOO\ SRVLWLYH OLNH LW DIIHFWHG P
become a lot more aware of things like, for example sustainability BblK LQN ,fYH DOVR EF
D OLWWOH ELW PRUH SDVVLRQDWH DERXW LW DQG ZKHQ ,T1
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yeah its really excited, whereas before | was a bit like we have to save the planet and talk
about, not like that, obviously, butnoWfP D ORW PRUH

M +Just one more thing to do (YEAH).

H+t1RZ , WKLQN ,fP D OLWWOH ELW PRUH SDVVLRQDWH DER>
really exciting ways and how | can make it exciting for the children.

M +t<HDK WKDW{TYV JkhgDW NHHS RQ WDO

J*x, ZRXOG GHILQLWHO\ DJUHH ZLWK WKDW , WKLQN EHLQJ
VRUW RI WKLV LV WKLV NLQG RI ZzD\ LWYV GHILQLWHO\ EHI
NQRZ OLNH +D\OH\ VDLG LWV VAKWHOQ Z&H FRW H. WQWDRN W/ KSHU [P |
had any difficulty trying er find a way of teaching it or trying a way to include it in my lessons

RU DQ\WKLQJ LWYV DOzZD\V EHHQ HUP LWV DOZD\V EHHQ

M +:HOO RQH RI $OH[TV didybuMekILiay/gu Kad thel oppértunity to say
WKDW \RX GLG QRW ZDQW WR OHDUQ DERXW VXVWDLQDELO

LW" 'LG \RX HYHU IHHO WKDW \RX ZDQWHG WR VKRXW RXW
weeks?

C =l think because of the learning environment, we had every opportunity to say, or step in
DQG VD\ QR , GRQTW SDUWLFXODUO\ ZDQW WR GR WKDW E

M zGreat.

Jx<HDK , PHDQ , GRQTW , GRQ1W of| H¢gbOto @k pdiht wheg®RIXO G R

ZDOQWHG WR VD\ QR ,fP IHG XS RI VXVWDLQDELOLW\ QRZ 12
and, you know, the information and the knowledge, erm, like | say, occasionally it was a bit,

you know, linked more, mores&¥ RI VLGHG WR KLV KLV UHVHDUFK RFFD
not a negative point purely because of the balance of the knowledge that we were gaining, so.

M+%HFDXVH \RX FDQ EH OHDUQLQJ WKURXJK KLY UHVHDUFK
J tExactly, yeah.

M tYeah.

H+<HDK , WKLQN ZKHQ ZH GLG LW LW ZDVQTW ZHYYH (
VXVWDLQDELOLW\ IRU H[DPSOH ZHYYH KDG VRPHRQH FRPI
JLYLQJ XV OLNH D GLITHUHQW LQVLJKW Edp&/tRiny, e WDLQDE
UHF\FOH LWV DOO EHHQ OLNH GLIIHUHQW WKLQJV RQH ZI
GRQH GLIIHUHQW WKLQJV DQG ZH FDQ DOO VHH WKH GLIIH
linked in, with science learning for exampleaand things and light and dark and.

M- Great
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Appendix 6.2 tEnd of Course Interview 2

L = Lucy, S = Samantha
M = Maria (Interviewer)

0 :HYYH EHHQ \RXYfYH EHHQ WDONLQJ DERXW VXVWDLQDEL
um, how do youfeel about that? And how do you feel about doing all of this work on
VXVWDLQDELOLW\ LQ \RXU VFLHQFH OHVVRQV DQG GR \RX H
KDG HQRXJK DERXW VXVWDLQDELOLW\ OHWTV PRYH RQ"

/ 1R , WKLQN DOO WK kbdlaGdHdiBaus¥edKdbuut b th§ Yektund/ lta@e been

really helpful I think for our future practice to integrate sustainability throughout, like, all of

the curriculum, rather than just science | think is important for children to understand how

they can havan influence on their environment, erm, geography is my other elective so it has
EHHQ KHOSIXO IRU PH WR UHODWH ZKDW ZHTfYH GRQH LQ VF

S: I think it has been a very good focus for the two years it has been saribttine have
gone away from and come back to and, um, | think it has been good to heighten our awareness
EHFDXVH ZH DUH WKH RQHYV WKDW FDQ JR LQ DQG FKDQJH &

M: How do you think that will look in a classroom setting? How wiluydow will you go
about that? What will you do in your classroom, how will you be in your classroom, that will
actually take that in?

S: Sustainability by stealth, even if it is not a practice of the school then | intend to practice it
in my classroom.

M: Mmm, mmm, thank you.

L: Yeah, making sure that children can offer their own views so we can influence, erm,
hopefully pass on our knowledge but allowing them to also, erm, think about what, what they
believe sustainability to be and how they can, um, gaahe way in which they live now to
support the future.

0 :KDW« " 6RUU\

6 &KLOGUHQ RIWHQ GRQfW KDYH XP FRQWURO RYHU ZKDW
PDNH LI \RX JLYH WKHP WKDW FKRLFH LQ WKHtdrtal@VVURRP
a choice in at home.

0 $QG WKH\ FDQ LQIOXHQFH WKHLU SDUBQMW)WharkyouwWLPH LQ
very much, um, | know Alex is a very relational teacher, um, what is it about the relationship
between you, er, together as a group ar with Alex as a, you know, a tutor and er student

that has encouraged a sort of honesty or um a discussion around these sustainable issues? Can
you think of anything that he is or the way he is, um, that has, that has helped that?

6 WV D YHUROPHQOWQXP WKHUHYV QHYHU D IHDU RI EHLQJ
you have been particularly, um, humorous. | think that everybody does feel that they can say
anything.
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/[, WKLQN WKDW NQRZLQJ RXU LGHDV DUH NamCGet,H@ DV ZHO
DJDLQ ZH KDYH LVVXHV WR EH IOH[LEOH ZLWKLQ RXU HOHF\
WR UDLVH WKHUHYV DOZD\V R S-3Rria)MXtiQdaetlotHer. WR GLVFXVV

M: So you said that your views are valued, can you give masaarnce or not necessarily an
example but how is that, how do you know that? Because, you, you know that you spoke that
with conviction that your, that your views are valued. How would you know that through how
you are in the classroom with Alex?

L: | just think that giving us opportunities to put our viewpoints across, erm, discussing and
obviously being able to argue our viewpoint.

6 ,WIV LWITV WKH IHHGEDF N DVFKDRWAHH ULYW IT¥Y (®RW LWV (
$OH[ DQG $OHLWRVXNHHGHIINVFN ZLWKLQ WKH JURXS DV ZHOO

0O OP VR LWV WKH UHODWLRQVKLSYVY JR DOO RYHU WKH SO
Alright, thankyou very much. Er, did you feel confident to express your views was one other
TXHVWLRQ , Wealréatly asobred thRt XYABSOLUTELNS) you have done.

L: I'just think that as the course went on, um, whilst our knowledge was enhanced I think we
sort of gained more confidence to express our ideas and Alex definitely supported and ensured
that we wereble to do this.

0 7KDQN\RX XP , NQRZ $OH[YV ELJ WKLQJ LV VXVWDLQDEL
that in part, but much more than that. Did you ever feel coerced, did you ever feel, um, you

know, Alex you are taking us down this path becauseyiur interest, er while not necessarily

ours, did you ever think sustainability again that sort of thing?

S: Not at all (NO-L).
M: No

S: But it was an interest of mine anyway, um, | think that Alex has probably focussed my mind
more on itand heK DV FHUWDLQO\ DOHUWHG PH WR VRPH LVVXHV W
(YEAH - L), um

M: Like what? Can you say?
6 :HOO MXVW XP , FDQYW , FDQTYW WKLQN RI DQ\WKLQJ RI

L: I just think that all the stuff we covered in elective there wasrablinks to sustainability
(YEAH - S) and knowing how we could integrate the science curriculum with sustainability
and again just making sure that the children had opportunities to discuss sustainability whether
it was through different activities outdoor learning.

M: Good. Thankyou, thankyou very much. OK, erm, how did you feel about completing your
learning logs?

L: Yeah, it was a good thing to do weekly I think, then Alex had an understanding of how we
felt definitely improving his practice becaugve had opportunities, um to write down what
could be improved and how we felt about the new learning in that week and I think it would
have been helpful for him to evaluate how we could move on our learning..
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M: So did you give them in on a weekly basis?
M: Yes, good, yeah, yeah

6 , GLGQYW OLNH WKHP

M: No

S: But only from the basis that | like to go away and think about something before | give my
views and, um, having to fill them in at the end of the lesson | would quite often go away and
think, oh, tlink about it more and reflect more and then | would have had, | would have a
better answer to give, a more evaluative answer..

M: Was there an opportunity to do that, to come back to the learning log or was that?

S: | suppose | could have, | could have s come back and asked Alex for the book and
filled it in then but when you are busy with everything else (MM) you know (MM) it is just
RQH RI WKRVH WKLQJV WKDW GRHVQTW

M: | think that, | think that it is probably his reasoning for doing it at the énd,Q fW LW" 7KD\
people forget(YES 6 OD\EH PD\EH WKDW{fV VRPHWKLQJ WKDW KH |
know, giving you more space possibly to do that.

L: You see | am the opposite. | think that having the knowledge there fresh in your mind and
your emotional attachment as well to that lecture or er important discussion was there with
you and | think it came across as easier to write.

6 ,WYfV SHUVRQDO SUHIHUHQFH LVQTW LW
M: Mmm, mm.
S: | would say what works for one might not work for another.

M: So if you were to say to Alex, you know it would be better to do it this way, what would
\RX VD\ WR KLP DERXW WKDW , NQRZ WKDW \RX ZDQW WKD\

S: I would just say | could have asked to take my book away and, um, refledteshdthen
write my piece and then bring it in (YUHM) but as | said you have, you know, so many
other pressures on your time.

0 OP ,WYTV KDUG LASpEXACttly. WHankyd, €rm, what did you feel the purpose
of doing the learning log, reafty

L: Again, just for Alex to develop his teaching, knowing the key issues that we had after each
lecture and how he could possibly, erm enhance or change the way in which he exposed our
ideas, the ideas of sustainability.

M: So you saw it very much in temof him rather than yourself? Or both?

L: I think, | mean again, a bit of both actually. | think for us to elaborate on how we felt and
giving us another opportunity to describe and put down our ideas.

S: It was a good opportunity to put the ideas ofi¢lcture into, you know, a soundbite.
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M: Mmm.
S: You could tell immediately what you may have learnt that was different to somebody else.

0O OPP 7KDQN\RX WKDQN\RX DOULJKW GLG \RX HYHU IHHO
teaching througlthese or at any other time?

L: Again, one lecture we actually had the opportunity to watch Alex in, um, in practice, which

was really good, | think, for initially, for initially, for our, our picking out different things that

we would improve or things thae done well | think it was good to see, um, obviously as a
WHDFKHU \RX OLNH UHIOHFW RQ RWKHU SHRSOHYV SUDFWL|

M: What did you feel when he did that? It very rarely happens.

L: I, I know, | think it was areally R RG RSSRUWXQLW\ 1R , GLGQIW IHH(
$OH[TV QDWXUH KH NQRZV WKDW ZH ZLOO EH VHQVLWLYH
DSSURSULDWHO\ , WKLQN DQG WDNH LQWR FRQVLGHUDWLR

M: Can you think of one thing that you sort of put fordvéw him that he might improve?
/ , FDQYW UHPHPEHU LW QRZ
0 'RQIW ZRUU\ LWV MXVW LW PLJKWLFORIEcHIrés@ithRixilU RZQ O+

S: it was good for us to see something, you know, what should really be best practice (YEAH
+L), at the end of the day we are still students we are still learning, you know, Alex has been
a lecturer for a long time so it as good for us to see (MMW) how our lecturer performed

in the classroom (MMM£M).

0 ,WfV D YHU\ EUDYH WKLQJ WR GR

S: | think wehad the opportunity as well to, erm, critique part of his, um, um, dissertation?
(YEAH - L), that he had already written and, um, that was interesting, to see his style and to
see how, how, how academic the writing is at that level (MMW).

M: So he gavgou some of his writing? (YES6 $K WKDW{V LBNaHAIMWLQJI <
did you have to do with it? Read it?

S: Critique it.

M: critique it

L: It was nice that we could be involved (YES) and«
S: | thought that was very brave of him as well.

M:HRZ GLG WKDW PDNH \RX IHHO EHFDXVH LWYV REYLRXVO\
your work to people?

S: It should have made us feel empowered but | think we were all slightly worried that if we
VDLG VRPHWKLQJ D ZIXlpwe/afeQok sueh* +

M: Yeah, OK. Alright, Is there anything else that you would like to add, | think we have, sort
RI FRYHUHG WKH TXHVWLRQV WKDW $OH[ HU $OH[ ZDQWHC
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\RX VXVWDLQDELOLW\ GLGQ 1 Wat Wad putdry thatkeuXeltdt dave ZDV D
QDWXUDOO\«

S: | think that it was a good thente run through the two years (Mmm0O EHFDXVH LWV
something that, you know, is the thread that has tied our science lectures all together.

L: Also the opportunity at #nbeginning of our elective to fill out the questionnaire about what
we initially knew about sustainability and at the end, last week, we actually done it again to
see how the progression in our knowledge and how we, sort of, the course has fed into our

pedagogy.
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Appendix 6.3 +End of Course Interview 3

A = Anthony, S = Suzanne
M = Maria (Interviewer)

M++RZ GLG \RX IHHO DERXW GRLQJ WKH ZRUN RQ VXVWDLQCL
WZR \HDUYV , WK LIebking Bt>édisvaihalkility™ Qm, and did you ever feel that you
FRXOG UHDOO\ VD\ DFWXDOO\ WKDWY{fV HQRXJK DERXW VXV
else? Over to you.

A zUm, yeah, | think, well when it was first sort of thrown at us as an idearight at the
beginning of the course, it was, you know, would you be interested in particip.., it was like the
group coming together making a decision rather than Alex saying, you know, | want to teach
this or to talk about this (MaM)

S +We had a desion in it.

A xYeah, we, yeah e and everybody had, sort of (Mm#S) a say which was important
(OK £M)

M 1Did some people not like the idea? | am not asking you to snitch on them? (Hawit).
You know, did, did they not like the idea or did yd HW WKH IHHO WKDW DK PRVYV

S: 1 think, I think with individuals, um, always you get some people that are more enthused

than others, so , um and you will get also in a group you will always get people that , um ,

want to take part more tharhets as well, and, um, mainly with discussions, and | just think
WKDW WKH SHRSOH WKDW NHSW TXLHW GLGQYfW PHDQ WR V
they gained from it because | think what you found throughout this course is that pedple ten

not to participate as much, um, that occasionally they would come up with something that
WKH\YG UHDOLVHG WKDW WKH\fG EHHQ RQ D MRXUQH\ DQ
EHIJLQQLQJ WKH\ SUREDEO\ ZHUHQTW D¥XH\HGEIQGC QRIW WNKIRY
enough about it (Mmmt 0 7KDWYV DOVR VRPHYAKLQJ LVQIW LW" <HI

A £t<HDK \HDK WKDW{fV D JRRG SRLQW UHDOO\ XP , WKLQN
things are structured and things, its very sort of, informal is the weong but very, sort of

, ZHOO FHUWDLQO\ KDYH QHYHU IHOW OLNH XP DQ\WKLQ.
IURQW RI SHRSOH XP ZDVQYW ZHOFRPHG VR , WKLQN W
everybody contributes to whatever, sort of, exteeywish to, and um..

S £You are not penalised by (Ne$ WKH IDFW WKDW LI \RX GLGQTW NQRZ
WKHUHYY EHHQ VRPH SHRSOH LQ WKH FODVV WKDW KDYH J
WKDW , GRQTW XQGH U VMVhEng endikhiddd MehaveRd dd thiRah@AlexZ L

is always very good at kind of, not taking that as a negative and (M#nand going well

OHWTV MXVW GLVFXVV LW DQG OHWYV WUDQVIHU LW WR D S
in fact, as indiviluals and as a group we are all the better for that (MrAreally.

M +*0PP LWYV DOO DERXW \RX EHLQJ ¥Sp) WKH FODVVURRP DV

S +Absolutely
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M tExcellent. Thankyou. | was going to say to you, what, what about the relationships within

the classroom between you and each other, and you and Alex, how, erm, how effective has

that been in that sort of free speech, that free discussion being able to, have you, have you
EHHQ DEOH WR VD\ \RX NQRZ QHJIJDWLYH VWegnyng? IRU H[DF\
sounds like you have. Do you want to add anything more about the relations, | mean, how is

Alex as a teacher, um, elicited that, how has he encouraged that really? Hard question.

S #tis a hard question (YeahA) because you will, you il take that as a, you know, as an

individual | suppose (mn*A). Um, er, having other electives and other and in fact | am with

$OH[ LQ FRUH VFLHQFH KHTV WDXJKW PH WKLV \HDU LQ FI
dynamic in core science, but thraight be, um, and | spoke to Alex about this, um, and that
PLIKW ZHYYH KDG WKLV GLVFXVVLRQ LW PLJKW EH WKDW
to be there (Yeat$ DQG ZHYUH ZHYUH KHUH EHFDXVH ZH FKRVH L
it. Um, sowe have, we have an ulterior motive in some respects.

A+ W PDNHV D GLITHUHQFH WR WKH FODVVURRP HQYLURQPH

S +But we all geton (Mmnmx$ YHU\ YHU\ ZHOO DQG WKHUHYV DOZD\V
YHU\ PXFK VWLFN WRJHWHKHWH DIYG \IRXTYRO VRRHWKIODW B KDW |
XP HU , WKLQN ZKDWfV KDSSHQHG ZLWK $OH[ DQG ,1G OLI
his style of teaching is he earnt our respect (Mmfh WKDWV ZKDW{V KDSSHQHG

M +Can you say how he didthaE HFD XVH WKDW{fV D ORYHO\ WKLQJ WR
colleague who | esteem highly? How has he done that? How has he earned you respect? Again,
WKDWYV MXVW D GLIILFXOW TXHVWLRQ DQG LW PD\ QHHG D
has that do they in their classes?

A+, WKLQN IRU PH ZHOO ,YfP SUREDEO\ VOLJKWO\ ELDVHG
KHOSV PH ZLWK DOO VRUWYV RI WKLQJV RXWVLGH RI WKH V.
much, um when we are discussing thingmrt of the way that he phrases his own opinions

DQG WKLQJVY KH LV YHU\ FOHDU WKDW LW LV KLV RSLQLRQ
| say goes kind of thing (Mmmt6 DQG \HDK LWTV YHU\ PXFK DERXW Gl
time, sowhenrKH VRUW RI WKURZV LGHDV RXW DQG WKLQJV KHYV
VD\ DQG RWKHU SHRSOHTV YLHZV DQG RSLQLRQV DQG WKLQ
of (LAUGHS), pour knowledge in your head (LAUGHS) (Mm#W) he is very much géng

you involved and the whole group | think.

S xYeah, | think, um, one of the things he does as well is, um, he, he always, um, responds to

us and he always tells us if we have done well, so if we have been into school he will very,

very quickly respoc DQG VD\ \RX ZHUH JUHDW ,fYH KDG SRVLWLYI
people did this and they really liked that, so we always get feedback and, all, actually thinking

about it know, always at the end of a lecture he will summarise what we have donedand, an

WKH SUDLVH LV DOzZD\V WKHUH«

A x7KDWTV WUXH DFWXDOO\«

S++H GRHV GRHVQIW KH"
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A+ WV MXVW VRUW RI VRPHWKLQ XN KIHVGCGRRYXY \RX WHQWLR
NQRZ YHU\ VXEWOH EHF D %S)HupLto\§is/pdhRHAs net HésbliousHoD K
PH 6RXQGV VLOO\ EHFDXVH LW VKRXOG EH«

S #and so you come out and go that was great, |, | never think, huff, here we again, and there
are lectures that | go in to and | go why, why? What have | got out of this? Has that made me
a better perst? Have | learnt something here? And | can guarantee on a Monday or it used to

be a Tuesday | can guarantee that | would have learnt something.

M +Excellent.

A tFirst thing on a Monday morning as well, to be quite happy and content (Yeah;8gah
with D OHFWXUH IRU WZR WKUHH KRXUV LV«

M +You said about him praising at the end of the session, so what sort of thing would he
W\A\SLFDOO\ VD\ DERXW \RX NQRZ KHYG VXPPDULVH ILUVW
think of something, you said he was sulstbeit may not be possiblé/ R «

A +t<HDK GLIILFXOW WR VD\ WR EH VSHFLILF EHFDXVH DV
PXFK XQWLO 6X]DQQH VDLG LW QRZ EXW WKHQ \RX WKLQN
not the case in other lecturesmach.

S #Yeah, | think he would, he would refls?8 RQ WKH ZRUN WHmWe Wodlf G GRQH
say, OK, what we did today was whatever, and he would always say | really. likedact

WKDW \RX \RX WRRN WKLV DQG WK Labhout\b@ fo todx RWrX DO O\ Z
further along, and do you, it was really great, do you think you would use that in the
classroom? And you say yes and he would as well how would you use it, could you even
H[SDQG LW IXUWKHU DQG \RX{&thef Dad trebt dridl @, PRatkHlsd QG \R:
WKH FODVV ZRXOG JR ZRXOG DOVR QRWLFH HDFK JURXSTV

A +<HDK WKH\fYH GRQH WKLV

St6R ZH DOO WDON DERXW HDFK LQGLYLGXDOYV ZRUN , WK
usin WKLV zZD\ E\ VD\LQJ OLNH \RX NQRZ \RXTYH GRQH VRPH
think you could use this? How would you use it? It makes you reflect, so you walk out of there

JRLQJ RK \HDK PD\EH , FRXOG XVH WKDW DQG WDNH WKDW

A *We did do this ad that did work, ar.
S tYeah, yeah.
A MWhat we learnt from that kind of thing.

M+, NQRZ \RX VDZ \RX VDZ D YLGHR RI KLP WHDFKLQJ GLG
DFDGHPLF ZRUN WKDW KHfV ZULWLQJ IRU KLW RBpleD QG \RX
how, how did that make you feel as, as, students, stuelechers, er, how did that make you

feel about that and your relationship with him in that?

At+t, TXLWH OLNHG UHDGLQJ KLY DFDGHPLF ZRUN EHFDXVH
obvioXVO\ ZH DUH GRLQJ DVVLJQPHQWY DOO RI WKH WLPH DQ
almost share in that, | think you can very quickly think of lecturers as, you know, having gone
WKURXJK WKDW DQG QRW GRLQJ LW Dn@oe®id thisEservwf,WKH IDF
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ZHOO $OH[TVY OHDUQLQJ SURFHVVY ZKDWHYHU \RX ZDQW Wi
VHHLQJ ERWK VLGHV RI WKLQJY DQG NQRZLQJ WKDW \RXTqL
writing is something that | struggle with and | hawéR SXW D ORW RI ZRUN LQWR L
VHH VRPHERG\ ZKRYV LQ D SRVLWLRQ DV $OH[ LV LQ DQG K
in that as well, so it was quite, enjoyable is the wrong word, but it was nice, nice to see it.

S #l think that, em HU , DP WKH VDPH , , WKLQN WKDW XP ,fP F
\RX NQRZ ,fP DOZD\V , OLNH WR GR LW DQG ,1fP QHYHU V
things | like completely take it in all of the time, um, but | was reading it, and, foume

,YYH UHDG VR PDQ\ MRXUQDOV DQG VR PDQ\ DFDGHPLF MRX
because, um, you could understand it and, that it was funny, because | was sitting next to
JUDQFHVFD DQG )UDQFHVFD XP ZKR{Mig¥eHiUandFIOnd¥ HU X P
XQFRPIRUWDEOH FULWLTXLQJ LW EXW WKHQ DJDLQ PD\EH
critiqued it, and she spoke to him about it and it was quite interesting to, er, to kind of watch

this dynamic happening because | thinkhlas a great deal of respect, well he has a great deal

of respect for all of us, but | think that Francesca writes very academically and it, you know,

KH zDV KH KH WRRN LW DOO DQG LW ZDV OLNH \HV WKDW{
sothbwW zDV TXLWH QLFH WR ZDWFK WKDW JRLQJ RQ EXW SHU
ZDQW PH WR JLYH \RX IHHGEDFN ZKHQ ,TP QRW DV JRRG DV

M+:HOO KH GLG KH GLG«

S+%XW \RX NQRZ WKDWYV GLIILFXOW %XW , FRXOG JLYH K
maybe not (Yuh+M)

M - I know, | know, | totally understand why, but he was searching for it and | think that is a
PDUN RI WKH KXPLOLW\ R#46W WH PW (K HVARDNO GWE'U <K@V WKDW W
thank you. Um, did you ever feel coerced into studying sustainability? Did you..?

S tFor me, no (NoxM), because my other specialist subject is design and technology and,

erm, | feel very, very angry thaustainable, sustainability is not in the curriculum anymore,

VR LI ZH LI ZH FDQ JHW LW LQ DQ\ZKHUH ,fP DOO IRU LW D
as | possibly can, and | will challenge, and champion it the whole way through. So for.me. No

A+, ZRXO0OGQfW VvD\ WKDW LWYVY DW DOO EHHQ VSHDNLQJ D
ZRXOGQTW VD\ LWYV VRUW RI EHHQ IRUFHG XSRQ XV LQ DQ
WKLQN , GRQTW NQRZ , WKLQN WKH BRWd, pricddy Xic\ WKH P
particular, as sort of preparing children for their later, whether academic life or just life in
general and it, it seems like an issue which is geertainly is important now as in the future

LWTV JRLQJ WR EH Y HU ihink, AldX hadhsIRed veRddvewEhQse two things
WRIJHWKHU 6R , , WKLQN LWYV EHHQ UHDOO\ XVHIXO XP
QHHG WR NQRZ IRU VFLHQFH WHDFKLQJ ZHTfUH GRLQJ LQ FR
you naw, our deeper understanding of how, erm, issues for future and present issues as well
DUH FDQ EH OLQNHG XS ZLWK WKH FXUULFXOXP LWV QRW
LWV \RX NQRZ ZLWKRXW PRYLQJ FKLOGUHQ IRUZDUG

M +Thankyou very muchhankyou. OK, could we just go on now to the learning logs? How
GLG \RX IHHO DERXW FRPSOHWLQJ WKRVH" $QG ZKDW GLG \
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S+8P ,fP , 1P QRW HU WKH EHVW ZULWHU LQ WKH ZRUOG ,
basiccum , FRXOG KDYH SUREDEO\ LI ,1G KDG PRUH WLPH SXW
PD\EH OD\EH LW ZRXOGYfYH EHHQ EHWWHU LI LI ,1G KDG OL
, um with a couple of sentences underneath saying why | thoughtathigood, could, or, or,

doing something where | could level how, how well this was being taught or what was being
WDXJKW W PLIJIKW KDYH KHOSHG PH SHUVRQDOO\ VR XP«

M - So, more structure to it really.

S xYes, | think so, because | will probably, loogiback on it now, | would probably just
ZURWH YHU\ VLPLODU WKLQJY HDFK ZHHN DQG ,TP EHWWHL

M +tOP PD\EH WKDWTfV D ZD\ IRUZDUG 3HUKDSV \RX DOO KDY
actually put thoughts down, um, you know, togetherlman twos or something that might
be a way Alex could take his practice on. OK.

A +Um, | think it was use... , | found it useful in terms of reflecting on my own learning, erm,

«LQ WHUPV RI KRZ XVHIXO ZKDW , ZURWH GRZM, BB,V WR $0O
yeah | suppose | was going to say the same as Suzanne, the kind of things | wrote, see, | think
were quite similar week to week, um, but yeah, | found it useful just to sort of draw lectures
WRJIJHWKHU DW WKH HQG DQG VWé&dngy NndéRtxndih@ &d whatsdrt, G GH
RI ZHQW RQ DQG WKLQJV XP EXW \HDK ,fP QRW VXUH KRZ
(laughs).

M +tO0PP DQRWKHU TXHVWLRQ GLG \RX IHHO DEOH WR FULW
was it very much a reflectiveim, position you took up?

S #l think it was just reflective
A- Yeah, | was purely reflective (Yeah6 , GRQTW WKLQN , FULWLTXHG

M zPerhaps it might be more helpful if you did have those sections that you were talking
about and maybe critique there.

S #lt was interesting, one time, one lecture, and, er, we got on toaattid some of us were

left behind, were you there? And we got left behind and we started talking (Oh Yeah, | was

there £A) about the teaching that had happened and then abouhabgity and how we can

teach children (It was something likeA). Yeah, it kind of went off into a tangent, so Alex

just said can I, can | just record this? So we were there for over half an hour and we were just
talking, there were about six of us laftd we were just talking (MmtA) and that was really

QLFH EHFDXVH KH SUREDEO\ JRW PRUH LQIRUPDWLRQ RXW |

M 7KDW ZDV D YHU\ QDWXUDO UHVSRQVH ZDVQfW LW"

A xYeah, a sort of stage to be on rather than putting songefflérmanent in writing when
\RX DUH MXVW GLVFXVVLQJ DQG WDONLQJ \RX DUH VRUW RI

M+, WV ORYHO\ WR KHDU \RX DW WKH HQG \RX NQRZ KH
wondering, you know, is that a two way thjrcan you at that point at the end of the lecture

come back and say to him well we really liked your way of doing it this or, you know, perhaps

you could rethink, that way, do you have, do you feel you could say that at that point?
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S +l would say so, datitely.
M zAlex would be open to that sort of working €§eah).

A +t<HDK , GRQTYW WKLQN HUP WKH NLQG Rl SHUVRQ WKDW
GLGQTW ZRUN HLWKHU WKDW KDVQTW KHOSHG PH KH ZRX
would see it as a positive criticism (Yeadd6 EXW , FHUWDLQO\ ZRXOGQW KH'

S #l agree, | agree with that.

M zYou say that, at that point, the sort of person that Alex igyéah), if you, if you could

sum up Alex in a couple of, maybe dHFWLYHV RU ZRUGV , PHDQ LWV YHL
SHUVRQ LQ WKDW zZD\ EXW ZKDW LV LW DERXW $OH[ LQ W
already I think, but specifically that would say, | could say that to him and he would take that

in the ight, in the right way?

S tApproachable

A £t<HDK GHILQLWHO\ VR KHfV DJDLQ EHFDXVH KHfV P\ DF
slightly biased point of view because | email him all of the time about other things, but, yeah,
definitely approachable person.

S #And transparent (MmntA), as well, and not, and not in a kind of in emotions, you know,
this, this is it, this is everything that we are gonna do, it can work, it might work, it might go
RIl LQ D GLIITHUHQW Z De doenthhi) rowkhdiv,\ive brelalRiZ this together,
VR WKDW WKDWY{V ZKDW , PHDQ E\ WUDQVSDUHQW

A +t<HDK \HDK WKHUHYY D QXPEHU RI WLPHY ZKHQ WKLQJV
people presented different activities they put together or simgathat you can see Alex has

said, well this is very good, they only problem | might have is this, so you can see that, and,

you know, you can see that he is helping people to develop in that way, so yeah, very much,

you know, know what, so everythingathhe says you can see what his intentions are, things
DUHQTW VRUW RI WKURZ DZD\ FRPPHQWMoRU WKLQJV DUHQT

M zAnything else you want to add?

S+, WKLQN PD\EH TXLWH D ORW RI OHFWXUHUV aQIG ,fYH V
told, as, as, on this course to be reflective practitioners and | think that some lecturers should
come in and look at how Alex teaches (Mm#A) and be reflective because, personally for

PH KHYV H[FHSWLRQDO

A- Mmm. No, | would agree. | have tlmughly enjoyed, um, our elective science, | think |

KDYH UHDOO\ EHQHILWHG IURP LW DQG LQ IDFW WDONLQJ
DWWHQG MXVW FRUH OHFWXUHV IRU VFLHQFH LW DOZD\V V
word to |1y about his teaching in terms of them being engaged. Yeah, | would say in terms of

P\ HISHULHQFH RI FRUH VFLHQFH RYHU WKUHH \HDUV LW KD
VRUW RI DSSOHV DQG RUDQJHV LQ WHUPYV druithKitRaAad , fYH HQ.
enjoyed it . It makes all of the difference
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Appendix 7 tMy Learning Log

Session 2 24™ April 2012

Despite positive thoughts from the learning logs last week and the fact that each group had
identified areas of their subject knowledpattthey would like to discuss | thought that using

WKH SXSSHWV DV D FRQWH[W IRU WKH FODVV WR GLVFXVV
as | was still concerned that | may be forcing my ideas on them.

The students were asked to use their ptgo develop a concept cartoon about an ecological
issue of their choosing.

The topics that were chosen were; sea levels rising, recycling a coke can, and water usage.

Following last week, | was again surprised how engaged the students were arountijeath s
area. The concept cartoons that were produced allowed for thouagioking discussions.

From this | knew that | needed to develop my understanding of why the sea levels are rising
and | think | may have confused the students in helping to expiagipttenomenon. Perhaps
| should have kept quiet.

, QHHG WR GHYHORS P\ XQGHUVWDQGLQJ RI ZK\ WKHUH DUH

Again, as with last week, | felt invigorated with the depth of discussion. For many | think it
was still a facffinding session, but at times you see signs of actitwe fact that one group
wanted to invent an object which transports bath water to your watetlifett guilty telling

them that this had probably been invented.

A cursory reading of the learning ledp pleasing. Some saw the session as an opportunity to
develop their understanding of the use of puppets, which it probably was, with little focus on
the ecological issues. Many commented that they really enjoy and benefit from the group
discussions (dttough I do think we have done this for 2 weeks now so may need a change of
teaching strategy) and some mentioned that the session had highlighted weaknesses in their
subject knowledge and that they were going to go away to find out more!

Have putalotocUHODWHG VXEMHFW NQRZOHGJH OLQNV DQG TXHVYV
session. We will wait and see how many contribute if aagsignment time!

Session 3 1st May 2012

1R UHVSRQVHV IURP ODVW ZHHNTTV SRVWV RfandabeRY &$3L WD
DVVHVVPHQWY DUH GXH LQ %XW RQH VWXGHQW GLGQTW H?

Rain all last night meant that the planned session of planting wheat and looking for snails as

an activity to introduce biodiversity was probably not possible, so atwgnrying to plan

the session. Flooding seemed to be pertinent considering all the rain. So the plan was to plant
the wheat (it has to be done this week). Introduce them to mind mapping, ask them to produce
their own mind map around floods and then m@its out of straws and foil.

, ZDV UHDOO\ FRQFHUQHG WKDW WKH VWXGHQWY ZRXOGQY
wheat and get muddy. Really pleased with students attitude, interest in the process. We even

had a chance to have a look at the neidghiing strawberries and discuss fruit formation and

asexual reproduction. | get the sense that many people are interested but are we just-at the fact
gathering stage? Is it enough to get them enthused? At some point | am going to need to join

the dots up.
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, IHOW E\ DVNLQJ VWXGHQWYV WR PLQG PDS plORRGVY UHDO
gave this as suggestion but asked that they made a choice around science. One group was
inspired to look at the life cycle of the strawberry, anotheE LRGLYHUVLW\Y EHFD>
interested them and others on rock cycle and space.

The raft model was very unconnected and as one student in their learning log has mentioned
lacked any science theory behind it. More worringly for me was that the activitpatas
commensurate with my values; straws were being used and thrown away and even though we
recycled some of the foil the whole activity used potentially-resrenwable resources. As

Orr says this is the hidden curriculush say one thing but promote sorhigtg else. | want to

share this with the students and gauge what they feel. | know some may say that we recycled
WKH IRLO EXW , DOVR QHHG WR EULQJ XS WKH IDFW WKDW
which is not the way forward.

Havingread st HQ WV | O HtbBdtmabhyade BeRd afitical about the teachi2gnaybe.
How do | help develop this form of reflection.

Session 6 1t October 2012

A real eye opener today. Following our visit to the River Crane, | brought up the issue that
Thames water had decided to flood the river with sewage rather than Heathrow runway. | gave

them time to discuss their thoughts and to feedback what they felt about it. At the end we

voted on whether Thames Water had made the correct decision. | washngked and
GLVDSSRLQWHG WKDW RQO\ RQH VWXGHQ ¥/3¢taidit WK H\ VKR
the right thing to do and approx 1/3 were undecided. My worry is that money and
inconvenience is given priority over the disruption of a livingsystem with the students

knowing that all life in the river (from the where the sewage was emptied down) was killed.

The students seemed to justify this by stating that life had returned to the river within the year.

The students would like to read theRlIs WHU , KDYH ZULWWHQ UuDERXW WKHP
QH[W ZHHN 7KLV VKRXOG EH LQWHUHVWLQJ 7KH\ GLGQTW L
RI PH WHDFKLQJ , ZRQGHU LI WKH\ IHHO WKH\ FDQ FULWLT
them.

Sessiory - 8" October 2012

A mish mash of a daylnitially it was so much fun to get outside, even in the rain with another
group. | was certainly well aware of my awe and wonder for nature, which | believe the others
had as well. | certainly learnt from thdoday.

, ZDVQITW VR ZRUULHG DERXW VKRZLQJ WKHP P\ ZULWLQJ ,
in what | have written, b) think they may be more interested because, in part, it is about them.

Comments (although they may be difficult to hear anrtip3 recording) were very positive

about what we do in science. In fact it was more about the style of teaching than ecoliteracy.
Comments about good relationships, feeling more like a class, the flexibility were very
positive and justifies what | have @H ZLWK WKHP DQG DERXW ZKDW D pJR
like. A comment that | was being too harsh on myself resounded and that this student would

have told me if the focus was not to her benefit. Discussion was limited to about a third of the
group, should be concerned?
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7KLV LV LQ VWDUN FRQWUDVW WR KRZ , ZDV IHHOLQJ DW \
choices to flood the River Crane with sewage. However, what is the next step if | am doing
something correct. How satisfied can | be with how Imm€luence | have had?

| am interested to know what they feel about the process, although did not ask them to fill out
WKHLU OHDUQLQJ ORJ WKLV ZHHN DV , IHOW WKDW WKLV ZR

Session 8 15" October 2012

| was a little worried that the group would think that | had chosen the topic for the science

week reven though it had been requested by the headteacher ie ramming it down their throats,
EXW WKHUH GLGQYW VHHP WR EH DQ EWVEH D,URDANQ B YWWDQ/ WS
so that we could cover some other areas of science. We must focus on otheatheagh

WKLV GRHVQTW VHHP WR EH DQ LVVXH DFFRUGLQJ WR WKH

My slight concern is that for some of them, their knowkedround the issues of energy, water

and waste may be a barrier. | kept holding back from putting in my thoughts around the issues
for fear of confusing. Is this something | should have done? Will they come to the same
conclusions?

We spent an hour andhalf on this planning. | felt this was productive and hope that the
students felt this way.

Many groans about filling in the learning log! What do | do? Am | getting quality feedback?

Session 9422 October 2012

Kathy Hill from Sunny Schools came ineHbrief was to link her work about energy, solar
power, to science.

This was the session | would have liked to have done with the students as it really got to the
QLWW\ JULWW\ DERXW WKH pSUREOHPVY LQ WKH ZRUOG DO
until the end of the session. This was somewhat off the science curriculum and | would have

felt conscious of delivering this. However, it provided a background for all of the work that

we have done, or its justification. | was a little embarrassedtdbein lack of knowledge

around climate change, energy etc when | had told her that we had been doing a lot of work
around this. Although the work we have been doing has been about making it accessible to
schools.

By the end of the three hours | did wendf it had gone on too long, but their comments
seemed to suggest that it had not. | am positive that had | done this first thing at the beginning
of the course that they would have questioned the relevance and am pleased how receptive to
these issues ¢hgroup has become.

Session 10+11" February 2013

| asked a lot from them today. Reflection on sustainability week (a slight warimen asked

how it went the first comment was; it went well because they provided a lot of blue paper),
followed by filling in the initial questionnaire again and making a comparison. Again, |
wonder how much criticality | can expect in a grosigiso do | explain it enough?
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Paul was great again, although the first half is always doom and gloom before he goes on to
reportthe success stories. He talked about needing a new kind of schooling and being non
FRQIRUPLVWY |, ZRQGHUHG KRZ PDQ\ RI WKHP JRW WKDW
Masters and up to the current to get to grips with that idea. For this reason iffivak th

see if they got the bigger picture or whether they thought it was just another rant. Only about

6 were involved in the conversation at the end. Wadtttause they had been talked to for

100 minutes odd? Were they bored?

| decided against aslg them to complete their final evaluation of the course at this point as |
think | would not have got a fresh response. So have read out the questions | would like them
to answer so that they can have time to think about it and complete during presegkti
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Appendix 8 tlLearning Diary Example

Session 1+17" April 2012

During this session we discussed as a class the experience we had on our school placement.
Alex lead this discussion and through this, we all hadice.

We used the seeds that had been harvesteeptantfor our allotment. Would have liked to
have planted more. Very eager to get over to the allotment. Very relevant as am interested in
planting in schools.

Session 2 24" April 2012

7 R G D\ 1 ¥n stattedMith using puppets in the classroom, mainly in science. | did not need
any persuasion on using the puppets as | believe that they cawdbreabarriers and difficult
concepts. It can also direct your teaching to be more child lead

Thinking abait the global issues from last week we used the puppets to bring the issues into
the classroom. Good direction from AleReally enjoyed this session. Made me really think
about how both subject (areas) could be tackled.

Session 3+1%tMay 2012
The sessin today incorporated mindmaps, planting, memory route, floating and sinking.

Mind maps zHow they can benefit teaching in the classroaihuse these all the time and
can see how they help learning and remembering different topics. Interestingdotfatmbut
the psychology behind it.

Memory route £Alex suggested it could be used in a plenasyonderful idea as it keeps
teacher talk to a min and also allows the children to take control of their own learning.

Planting %l think this is a great thingp do and children love being outside. Also there is so
much that they can learn by doing.

Session 4 8th May 2012

The first part of the session we looked at the website for looking at snail. This fed into
collection and classifying. Showed how you couse this in school and enhance learning.

We also planted the seeds that we grew in class. Going out of the classroom can then see the
process of seeplantveg.

Watching the film was interesting as it makes you think about how there are misconceptions
+How would the children feel? What impact do the films have in science?

Session 524" September 2012. River Crane Trip. No diary entry
Session 61 October 2012

Today we discussed as a group how we would tackle the assignment. This was very good as
wasable to take lots of different ideas to comprehend how to develop the writing.

Using ideas for LOC at the river crane was very interesting. All of us came up with lots of
original and creative ideas of how to engage learning and utilise the area.

Session 748" October 2012. Chapter critique. No diary entry
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Session 8+15" October2012

7TRGD\YV VHVVLRQ VWDUWHG ZLWK WKH YLGHR RI WKH pVS|
stimulate learning in the c/room.

Thought about what science was involved how cadlapt it in our teaching.
Started to work towards a lesson plan to take into class around sustainability.

Good idea to work as a group, bounce ideas around and then take them away with other
members to reduce it to an effective lesson plan.

Noted that somef us really started to have creative ideas that we could bring into the
classroom.

Session 9422 October 2012
Sunny Schools

This session focused on how we could discuss climate change / susnamwhlde energy in
Primary school.

Kathy was very infamative and gave a clear argument on why we should use this in school.

Lots of interesting ideas came out of the group activities. Kathy also gave some good example
on how we could use it in class.

| learnt something new in this session and now feel adoe monfident in teaching this.
Session 10+11" February 2013
Reflection on teaching.

When planning for Year 2 our group had lots of ideas. However we quickly realised that we
would have to restrict it with the amount of time given. What we were alole veas start a

topic that could create discussion. The mandate was for an investigatiich we achieved,

but it would have been nice to relate this to the water process.

What would have been better is if we had more time to continue with one mane less

When teaching, the children were engaged from the start. There was lots of scientific talk and
most of the class were able to understand that they were investigating. By the third lesson, |
decided to change the way they would investigate. thegh a challenge to see who could

make the cleanest water. This allowed each group to discuss what process they used and why
this was best.

| believe that having more understanding at how each class worked within the lesson allowed
me to adapt and adjus WR PHHW WKH LQGLYLGXDOYfV QHHGYV
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Cycle 1

Appendix 9 +Course Outline
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Appendix 10 +Completed Famous Scientist Template
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Appendix 11- Famous Scientist Presentation to Students in Cycle Pecember 2016

9 Darwin is the missing link

Presentation to Year 3 Specialists

StMary's
K Urmﬁ .
Slide 1
What scientists does the NC suggest
are studied?

Slide 2
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What scientists does the NC suggest
are studied?

Slide 3

A9

What kind of
scientist are you

Slide 4
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Slide 5

Slide 6
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Slide 7

Slide 8
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Slide 9

Slide 10
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Slide 11

Slide 12
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Slide 13

Slide 14
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Slide 15

Slide 16
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Slide 17

Slide 18




