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Abstract

This study is based on a co-created cross-cultural book research project in secondary
Science Education between myself and Indigenous expert knowledge holders from three
Aboriginal Countries, and examines the role of professional and other conversation styles in
mobilising Aboriginal knowledge from Country into the western science classroom. The
book project produced secondary textbooks for each Country that presented knowledge
within a bi-cultural local context to the students and provided an understanding of elements

of both the Aboriginal and the Western Scientific worldviews for teachers and students alike.

This PhD research sought to understand how a non-Aboriginal Australian secondary
science teacher (the author) worked respectfully with Aboriginal experts of Country to
produce new knowledge that could become shared, co-created knowledge. The need to
examine the whole process of shared knowledge development became the focus, and so the
research question guiding this study became ‘What has been the role of professional

conversations in the mobilisation of Aboriginal knowledge from Country to Classroom?’

In a very real sense, this PhD study has served as a reflection on the book project both
for me and for the original participants and their families and communities. It has also aimed
to provide others working in the field of culturally co-created curriculum development with
further insight and clarity about the role and importance of professional conversations,
identified in this thesis as ‘Collegial Yarning’, and hopefully provides a degree of
encouragement for Aboriginal and non-Aboriginal experts to take on the challenge of
developing cross-cultural curriculum content in Science for the Australian secondary

schooling sector.

My literature review of the relevant fields of social science and education research

revealed the dearth of co-created, cross-cultural science curricula and its processes of



development across the world. One noticeable exception is the work presented by Aikenhead
and Michell (2011) in Canada, but sadly, the response by the relevant educational system to
his work was similar to that evidenced by the overly cautious and suspicious reactions to my
published work. It would seem that such educational curriculum material is still well ahead of

its time.

The chosen methodology is auto ethnographical, hybridising both analytical and
evocative forms. It is my contention that, given the complexity and richness of the original
book project, both forms of autoethnography are required simply to extract and reveal what
the data, in all its forms, has to offer for those that take up the challenge to develop their
communication skills in Collegial Yarning and to thereby further the work in the field of

secondary Science Education.

The evocative form uses the rich narrative style to capture and present the scenarios
and vignettes all of which paint a picture of a representative cross-section of the social
interactions that transpired in each of the three Communities during the course of the project.
The analytical form adopts the thematic analysis inductive method version (Braun & Clarke,
2008) because of its inherent theoretical freedom. A coding technique is utilised to explore
for and identify the patterns within the data. | made this decision in light of the scarcity of
similar research elsewhere in co-created cross-cultural curriculum development in Science

Education.

The need to validate the accuracy of the findings for this study has been realised
through the strategies of member checking, triangulation and external auditing. (Creswell,

2012).

In a study of this nature, there is a compelling need to address the vitally important

dual issues of confidentiality and ethics (Bainbridge et al., 2013). The process is informed



and guided by the NHMRC (2018) resource document and the AIATSIS Code of Ethics
(2020), both of which provided a framework for the research. Understanding just how to
translate ethics theory into practice in the field of cross-cultural research in the Australian
Indigenous world is impossible without the guidance of Aboriginal people and this thesis
attests to the importance of this aspect throughout the study. I also sought guidance through
reference to work by authors such as White and Fitzgerald (2010) and others. | found that
informing my work, within the cultural settings of each community, in terms of the
contemporary third space was useful. My own work reveals that when researching in the
contact zone (Pratt, 1991), the rules of engagement, evidence and validation need to be

negotiated.

Xi
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Glossary

Aboriginal: For this study the term refers to an Aboriginal Australian person, who is of
Aboriginal descent, identifies as Aboriginal and is accepted by their Aboriginal community

as such.

Aboriginal Elder: The term refers to someone who has gained recognition as a custodian of
knowledge and lore, and who has permission from their Community to disclose knowledge

and beliefs. In southern regions of Australia, they may be referred to as Aunty or Uncle.
Bininj: The term refers to an Aboriginal person, used in Arnhemland region of Australia.
Balanda: Refers to a non-Aboriginal person, used in Arnhemland region of Australia.
Black: For the purposes of this study, this term refers to Aboriginal Australians.

Community: The capital ‘C’ is used for an Aboriginal Community where groups of

Aboriginal people with kinship associations are living in Country.
Country: Refers to an Indigenous Australian person’s traditional lands.

Gubbah: An Aboriginal English term referring to a non-Aboriginal person, used in southern

areas of Australia.

Humbugging: An Aboriginal English term referring to making unreasonable demands from

family or behaving in a disrespectful manner.

In/On Country: This term refers to an Australian Aboriginal person who is on their ancestral

Country. This gives that person the right to talk about cultural issues.

Indigenous: For the purposes of this study the term ‘Indigenous’ refers to a person of
Aboriginal or Torres Strait Islander descent, and when used in an international context, the

term refers to a Country’s ‘First Nation’ people.
Koorie: The term ‘Koorie’ refers to Aboriginal Australians living in Victoria.

LAECG: The Local Aboriginal Education Consultative Group whose members are from the

local Aboriginal community and have an interest and commitment to Koorie education.
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Moiety: This term refers to the first level of an Aboriginal person’s kinship and can be

determined by their mother’s side (matrilineal) or their father’s side (patrilineal).

Non-Aboriginal Australian: Any person living in Australia who is not of Aboriginal
descent.

Traditional Owner (TO): The term given to Aboriginal people who have ongoing traditional

and cultural ownership rights and connections to Country.

Two-Way Science: A pedagogical concept connecting the traditional ecological knowledge
of Aboriginal people with Western science inquiry, and links that to the Australian

Curriculum in a learning program.

Western Science: For the purposes of this study, the term refers to the science content taught
in Australian schools as per the Australian Curriculum Guidelines. It is text based and
quantitative, objective, and categorised.

Western perspective: A term that is used very broadly to refer to the broader Australian
social norms, ethical values, traditional customs, belief systems, political systems, and

science and technologies that have some origin or association with Europe.

White: For the purposes of this study this term refers to non-Aboriginal Australians, ‘white’

people, ‘white’ children.
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1. Chapter One — Introduction

1.1 Introduction

I will commence this study of my journey by sharing a personal fact — this study
represents a significant emotional investment, where my focus has been as much on my
emotions, my thoughts and feelings as it was on the more objective, structured academic
aspects of the study. This profile duality reflects my choice to adopt an overarching
autoethnographic paradigm, primarily to trace and detail my long journey of self-discovery
and sustained learning from 1992 to 2001. It is my sincere hope that the study’s outcomes
will help us, as educators, over time to collectively grow and sustain our emotional well-
being in the pursuit of cross-cultural curriculum development between Aboriginal and non-

Aboriginal Australians.

This study is based on the professional conversations between Aboriginal and non-
Aboriginal Australians contributing to the mobilisation of Aboriginal Traditional Knowledge
from Country to Classroom, which became my primary research question over time. This
thesis presents an analysis of my social engagement and subsequent verbal face-to-face
conversations, conducted over the ten-year period, with Aboriginal people from three diverse
Aboriginal Communities. It was these people who provided me with the friendship,
Traditional Knowledge and guidance required for the production of a two-way Earth Science
textbook. During my visits to the Communities, my status gradually shifted from outsider to
insider, as my relationships grew with the principal members and families associated with the
bookwork. Things were not done quickly, because I soon learnt that when working with
Aboriginal people, particularly in traditional settings, you work in Aboriginal time, which in
effect often translates into improved quality of work, and of accompanying relationships you

build with the people — all seen as being more important than the work quantity.



In terms of methodological sequencing, my study analyses my field notes and diary
entries from stages of the book project upon which this study is based, the Kormilda Science
Project — as it was then known. This was developed around an Aboriginal Community and
Country context. For the book project research, an Aboriginal cultural framework was built
around carefully selected specific items of Traditional Knowledge that had been collected
directly from the Traditional Owners and Aboriginal Elders. These items provide the students
with an introduction to the Aboriginal worldview, and a welcoming to that Aboriginal
Country, knowing that each piece of culture came from an identifiable Aboriginal person.
This Worldview was then accompanied by a Western Science worldview through the
integration of appropriate parcels of science and maths related knowledge. One worldview
accompanying the other, with the aim of encouraging the student reader to see the wonderful

country, Australia, from two perspectives: Aboriginal and Western.

1.2 Aims of the Study

The primary aim for this study is, by answering the main research question, to
describe my experiences while working alongside my Aboriginal participants and examine
how by conversing | learnt the cultural conventions and protocols that better prepared me for
working with them to co-create new ways of knowing and teaching, broadly described here
as professional knowledge. My personal growth in undergoing this process may subsequently
provide both guidance and encouragement for other non-Aboriginal educational researchers
and particularly science teachers, to develop bicultural teaching materials that are compatible
with the mainstream secondary science curricula, and which provide a bridge between the
Aboriginal worldview and the Western Science worldview. A subsidiary aim is to provide a
reconciliatory platform for promoting a better understanding and appreciation of Aboriginal

Australia.



1.3 Research Question and Subsidiary Questions

The main research question for this study is: ‘How did professional conversations
contribute to the mobilisation of Aboriginal knowledge from Country to Classroom?’ For the
past two decades or more | have been urged by some of those closely involved with the
original research to write a story underlying the nature and dynamics of the fieldwork in the
Aboriginal Communities behind the Kormilda Science Project. This study accedes to their
wishes and completes a further stage of unfinished business. This study consequently
examines my participation with three Aboriginal communities, and how | engaged with them,
in the pursuit and collection of their knowledge of Country that we then co-created into Earth

science knowledge that could be used in a Western classroom.

Importantly, backgrounding this study was the essential, subtle, but ever-present and
powerful influence of the Aboriginal Community on my induction and enculturation. This
was a necessary and evolving process, where along my journey of learning my Aboriginal
teachers taught me how to better engage with them while working alongside them, sharing in
their cultural knowledge. The research and development of the culturally inclusive secondary

Earth Science textbook was manifested through this collaboration and co-operation.

| should explain to the reader that the term ‘classroom’ in the main heading and
research question is a metaphor, a symbol, for the science book that was being developed for
the classroom. At the start of this research study, | had intended to include the book’s school

trial phase, but quickly decided not to. | simply had to draw the line on what was achievable.

The central research question will be addressed through the exploration of the
following sub-questions. Sub-question 1 demonstrates the relevance and importance of
weaving together the concepts of Community, Country and Aboriginal ways of knowing to

the overall enablement and development of the original project. A process achieved through a



multi-conversational dynamic of knowledge mobilisation, resulting in the co-creation of new

cross-cultural knowledge.

1.‘What were the key talking types that took place to inform the mobilisation?’
Sub-questions 2, 3 and 4 demonstrate the dynamics of the operational frameworks
behind the interpersonal relationships and probe my level of collective acceptance by

and attachment to the Aboriginal people.

2.“Who were the key players involved in the interpersonal verbal communications?’

3. ‘How did the interpersonal verbal communications that took place relate to the different

ways of speaking, to location, relationality and positionality?’

4. ‘“What were the enablers and restrainers that influenced the collaborative process, and

how did they impact the work?’

5.‘Is there any similarity between key aspects of the fieldwork among the three

communities?’

6. ‘What were the lessons learnt during the mobilisation?’
Sub-questions 5 and 6 form the basis for a summative investigative thrust for this

research.

On one final note to this section: to derive the optimal aspects, | explored the above
sub-questions by using an autoethnographic methodology and method. The initial decision on
methodology proved problematic, a choice between ethnography and autoethnography, but as
Hayano (1979, p. 99) points out, ‘In many ways, the problems of autoethnography are the
problems of ethnography compounded by the researcher’s involvement and intimacy with his

subjects. In either case, critical issues of observation, epistemology, and ‘objective’ scientific



research procedures are raised’. An interesting statement which concisely explains my choice
for the methodology, because being an ethnographer simply would not cut the mustard in
telling this story. Problem solved. I discuss the findings derived through exploring these sub-

questions in Chapter Five, sections 5.5 and 5.6.

1.4 Contribution to Scholarship

A detailed empirical analytic autoethnographic study, comprising qualitative
components, was conducted to obtain data to answer the main research question and the six
key sub-questions. In addition to the thematic analysis, an overarching evocative
autoethnography was used to provide a rich reflection that captured the emotions and
atmosphere that pervaded the original project’s journey. The outcomes have led to an original
contribution in the form of analyses of the importance of conversations as a pedagogy and as
a means of providing an evidenced base for future ongoing research processes in this area of

cross-cultural knowledge production in Science Education.

| believe that this research makes a substantial and original contribution to scholarship
generally in the area of both-ways or two-ways education (Wunungmurra, 1988), and more
importantly, specifically to the sciences and social sciences as determined by the Australian
Curriculum (2015). It expounds perspectives pertaining to collaborative work practices in
Aboriginal communities, how the concept of ‘Country’ may be presented and applied as a
dual worldview in an integrated secondary science textbook, and how the concepts of
mobilisation, contact zone (Pratt, 1991) and border-crossings (Aikenhead, 1997) may be used
collectively to actualise reconciliation in this area. Although there is substantial literature in
the area of two-way education, contact zone, and the recognition of Indigenous Knowledge as
Science, there is very little evidence of research into the actual Community-based mechanics

behind developing Indigenous inclusive science curricula seeking to provide an Indigenous



worldview alongside its Western science counterpart. There appears to be little research
available on how non-Indigenous professionals such as teachers develop the professional
conversational skills and intercultural sensitivity to authentically co-create knowledge that
can be brought into the Australian curriculum. My ‘enculturation’ process was vital to
developing attachment and trust between me and Aboriginal expert knowledge holders. |
suggest that these processes were the necessary precursors to co-creating two-way science
curricula, where Indigenous knowledge systems form part of a science curriculum and
associated concepts such as ‘Country’, and ‘reconciliation’, in any educational system are

realised.

Finally, this study has critiqued and advanced existing theoretical frameworks for
reconciliation pedagogy — a relatively new field of inquiry in educational research. My own
original book research work appears to support what Ma Rhea et al. (2012) found from their

research, which Ma Rhea (2015, p. 89) cites when stating that

the most encouraging examples of a fractal disruption at the level of
community are where the local Indigenous community, the Local
Aboriginal Education Consultative group (LAECG), together with
Indigenous families who are both local and from other places, work with
local schools to develop Reconciliation Action Plans (RAPS). It appears
that the processes of both encouragement and empowerment and

enablement have opportunity here.

1.5 Context for the Study

1.5.1 Inception

As previously mentioned in the introduction, this study is framed by the Kormilda

Science Project, which evolved from my teaching at Kormilda College, Darwin, in 1992. My



teaching allotment included a year nine general science class of 24 Aboriginal students, for
the majority of whom Standard English was not their first language. The majority of these
students came from traditional communities spread throughout the N.T., and they were my

very first contact with Aboriginal Australians.

| witnessed from my initial teaching, two intimately interrelated, but contrasting
aspects. On the one hand, the students’ scholastic ability, natural curiosity and desire to learn
science, and on the other, the cultural gap between their knowledge of their Country and their
Eurocentric Western Science subject. Almost immediately | recognised the enormous
inconsistency with who these students were and represented, and their science course and

textbook.

The catalyst for a radically new concept of science textbook occurred on my first visit
to the Top-End Community, in April 1992. The Aboriginality of the Community plus the
visual impact of the Arnhem escarpment and adjacent floodplains that surround the
Community were an epiphany, a deep awakening to the possibilities for two-way science
education. This compelling and exciting realisation was quite startling with what lay in front

of me: a wonderful merger of rich Aboriginal culture and standout Earth Science exemplified.

The original book research work embraced three Communities: the Top-End, the
Centre and the Southern, and the original fieldwork was completed in each Community,
within Aboriginal social settings where the notion of reciprocity was first and foremost. My
Aboriginal participants gifted me their time, friendship, patience and traditional ways of
knowing while helping and supporting me. My gift in return was to produce an Earth Science
textbook for them and particularly their children. They also knew the book would belong to

them and that any royalties from sales would flow back to their Community.



1.5.2 Researcher’s Background

| am a fifth generation Australian, of middle class, Celtic-Anglo-Saxon background.
From an early age | was always inquisitive about my surroundings and tended to ask too
many questions. My ‘What’s dat?” was often answered with ‘A whim wham from a goose’s
bridle’. From my earliest memory | have held a profound and passionate interest in the
Australian outdoors and its conservation. My formative years were well grounded in
perceptions of equality and social justice towards others. My sole career has been teaching, as
a state secondary science teacher. It is also fair to say that in relation to the original book
project, | was acutely aware of my lack of background experience, acknowledging that my
skills and knowledge were seriously inadequate for the task that lay ahead. | see this study
simply as an extension of the bookwork, endeavouring to do what | have always attempted to

do, my absolute best for our children.

1.5.3 The Support Network

| realised early in the journey that | had to identify people who had the essential
expertise. Consequently, I soon engaged with a small number of people, both Aboriginal and
non-Aboriginal, who had the necessary skills and knowledge that I could tap into. Their roles
were multifarious, interspersed between that of mentor, cajoler and critic. Their
encouragement and wise counsel continued for the duration of the Project, and without them

the project would never have got off the ground.

During the subsequent ten-year development period, this initial, small guiding group
of supporters had grown into a wonderfully supportive network of more than 70 people, each
individual volunteering their own skills and knowledge, specific to their personal area of

expertise. It was with their assistance that | eventually produced three stand-alone science



textbooks, each one providing a two-way look at a specific Aboriginal Country, and

presenting a two-way — Aboriginal and Earth Science — perspective.

1.5.4 The Participants and Voice — an Introduction

During this study’s story | will often refer to my engagement with the Aboriginal
people in each Community. | will refer to them variously as participants, team members,
friends, extended family members, colleagues and indeed, as gardeners. These were the
people who took the book project journey with me from 1992 to 2001. And by default, they
have become my tongue-in-cheek co-conspirators for this study, because they were the ones
who | engaged and conversed with while we plotted together to get the job done. In Chapter
Four and beyond, I will be referring to these people as members of my core and ancillary
groups, in terms of their contribution to the original bookwork. From the Top-End
Community | will talk about Jack, Aunty Penny, Hetty, Danny, Rex, Andy, Dolly and Toby.
From the Centre Community, there will be Bobby and Lenny, and from the Southern

Community, there are Darcy, Aunties Lilly, Irene and Polly, and Uncle Tom.

| have adopted the autoethnographic strategy ‘voice’ to impart myself into the
narrative, writing in the first person while ‘Speaking as Self’ (McMahon & Dinan-Thompson,
2008; McMahon et al., 2012), as a reflexive medium for recounting past events, and
conversations between ‘Self’ and the ‘Others’. The reader will be formally and contextually

introduced to ‘voice’ in Chapter Two, with further encounters in chapters Three to Five.

1.5.5 Background to the Original Study

Deciding on just how to proceed with developing the ‘two-way’ Earth Science
textbook was agonisingly problematic, and further complicated by a complete absence of any
precedent of a cross-cultural, curriculum development nature. All I had were these visions in

my mind’s eye, a ‘gut feeling’ that | was heading vaguely in the right direction. | was



originally strongly advised, purely on practical grounds, to restrict the Book Project to one
Community, the ‘“Top-End’ in Arnhemland, because of the inherent expense, time and
logistical demands behind the fieldwork. However, | persisted with the ‘vision’, because | felt
it was critically important for the Book Project to reflect the diversity of Aboriginal Australia.
Wonderful friends and acquaintances were the initial contacts for the three communities

ultimately chosen.

Adding to the challenge was the realisation that the appropriate, and essential, cultural
knowledge would have to be obtained from the primary sources — Indigenous knowledge
holders as recognised by their Communities. This meant developing a cooperative and
collaborative working routine with the respective Elders and Traditional Owners within each
Aboriginal Community. My original estimate of a twelve-month timeline was greeted with
wry smiles; the reality was closer to ten years. ‘Learning the ropes’ culturally speaking, while
working in each community, was always fascinating, but at various times frustration,

excitement and fear added to the mix.

The data collection phase for the original Book Project occurred between 1992 and
2001. Some material such as the sequential imaging necessary to capture an ancestral being’s
route across the landscape would occupy three days on one trip. Similarly, so was collecting
images of the necessary geological specimens. The recording of the Dreaming accounts,
necessarily on location at the relevant cultural sites, followed by the transcription and
translation of the narrative amounted to two full years at both the Top-End and Centre

Communities.

It was impossible to predict an exact outcome for a fieldtrip, particularly so for the
two traditional communities. On several occasions | found on arrival that the senior cultural

person or Traditional Owner, who was key to achieving the primary goal, was unavailable
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due to cultural responsibilities or ceremonial commitments, such as ‘Sorry Business’ or
‘Men’s Business’. So, wherever possible, | would implement a back-up strategy to collect
alternative data, and postpone the scheduled, intended job until the next visit. The data
collection for this study involved extensive study of all the original data sets, then converting
them into an auto ethnographic style narrative, and simultaneously applying a thematic

analysis.

My initial acceptance by the three communities varied significantly, as did the time
required for building sound and effective working relationships. The two traditional
communities were similar in the sense that once I had identified and then established ties with
the key Traditional Owner and family, | became more confident with each subsequent visit of

being able to continue the fieldwork with minimal disruption.

Visits were initially three to six months apart. | always gave advance notice of dates
of arrival and departure, and organise accommodation, however | usually found it was best to
finalise arrangements once | arrived, as communication before-hand with specific key people
was always problematic. | learnt very quickly from the outset that flexibility was an essential
operational quality. In fact, the notion of preplanning fieldwork schedules prior to the
community visit was quite fanciful given the unpredictability of cultural events such as

‘Sorry Business’, ‘Men’s Business’, or the Elder being preoccupied with ‘Park’s’ business.

Establishing an efficient working routine within the Victorian Koorie community by
comparison, however, was in some respects challenging. It took two to three years to win the
necessary trust of some of the Aboriginal Elders, particularly the ‘senior culture men’. Sadly,
this reflected how they had been treated in the past by non-Aboriginal researchers. The

Southern Community was simply being cautious, because of the legacy of years of ‘white’
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mistreatment and disrespect in one form or another. Now, 27 years later, some of these

families in the Southern Community are among my closest and dearest friends.

Two teacher workshops were held late 1997 to provide feedback on a final draft in
preparation for the trials. These workshops were held in Darwin and Portland. In all, eight
secondary colleges, two in Darwin, one in Alice Springs and five in Victoria, participated.
The feedback from the teachers and students was then used to complete the final draft. While
| initially saw the value in exploring the trial phase for this current study, it became clearly

evident that doing so was outside scope

Finding a publisher for the books was in itself a major challenge. For four years |
received the same response from eight major education publishers, all variations along the
lines of It’s very interesting work but not commercially viable’. Shortly afterwards | was
contacted by Hawker Brownlow. The first book, Gunditjmara Country was published in
2002. Sales of the first book were unremarkable, leaving little incentive for the publisher to
proceed with the last two. Disappointingly, work on the other two books has remained in
limbo, due to a combination of COVID and economic constraints. The publishing matter will

be pursued further in due course. My supporters see it as an imperative.

1.6 Link to the Current Study

The original Community based fieldwork associated with the Kormilda Science
project, was the basis for this study. The diary entries and field notes recorded during that
ten-year period formed the data body that was subsequently analysed for this study.
Supplementing the data were my memories retained from that initial period. If it seems
puzzling to the reader as to why | bothered to record those notes during the fieldwork period,
then | can assure the reader that the recall of the associated memories, at times with startling

clarity, has been even more puzzling.
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1.7 Outline of Thesis

Chapter One has provided a contextualised overview for this study by situating it
firmly within an autoethnographic perspective of Community social networking interactions,
face to face conversations between Self and Others towards the co-creation of new

knowledge.

Chapter Two provides an overview of the research literature and outlines the
argument for the inclusion of Aboriginal cultural material in an Australian state secondary
science curriculum. It commences with an overview of the concept of culture and its
translation and transposition, progressing to exploring aspects of relevant pedagogical
processes for teaching two-way education. The concepts of third space and contact zone are

then explored as mechanisms for social engagement within the Aboriginal Community.

Chapter Three provides an examination of the methodology and methods as they
apply to this study. The Ontological, epistemological and axiological aspects that background
the Autoethnographic approach are explored. The thematic analysis mechanism is then

described at some length.

Chapter Four provides a discussion of the analysis of my findings. An examination of
the concept epiphany appropriated within an autoethnographic context is followed by
exploration of the stages of social network development within the Community. Other key
elements covered are the different talking types encountered and their link to Community
location and participant. The chapter closes with an examination of the enabling and
inhibiting factors that influenced engagement with Community and provides a summation of

the overall findings.
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Chapter Five provides the discussion of the findings: those that were supported by the
current research literature, those that were not and, ultimately, the findings that contribute to

new knowledge.

Chapter Six provides a summative account for this study, by progressively addressing
the main research question by treating each of the sub-questions, then providing the details of
the contribution to scholarship, limitations of this study, and recommendations for future

research in the field.

The following chapter explores the research literature, establishing a theoretical base
for this inductive study. It provided a challenge with predicting what lay ahead prior to
deciding upon the methodological approach and then attempting to pre-empt the findings

from the analysis.
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2. Chapter Two

It is Friday 26 April 1996, and | am sitting with Jack, a local Traditional Owner, out
under a banyan tree across from his house. His wife has set sheeting on the ground for us, and
| have just asked Jack if he thought there was a thing called Aboriginal science. He took a

while to settle into answering but responded:

We do have science. ... We used to do a lot of burning. We 've got a word
for that. Actually, I might, 1'll get ‘Park* to post to you, a help for all
these seasons, and it’s good, it’s written in language and in English and
they got photos of rain and wet season, and it’s a good one. It’s just like a
calendar. Yes, we got science. Besides that, we got science you can look
at. Before wet season you get flowers on trees, that s easy, you know you
are going to have red apple. You know you will be having plums, of all
different kinds. But we 've got science that tells you too, like insects. We
must take a photo of this for them kids, for any kids. We 've got
grasshoppers that when it gets bigger, it’s all green, all green
grasshopper. When it gets fat, or when I think it has eggs, that tells us that
yams are ready. It’s straight after wet season. This time of year, when you
see that grasshopper, you will know. All the grasshopper are full grown
now, so the yams are ready. You can go and dig out yams. And lilies.
Other science, we still use for fishing. Like rivers and creeks. We look at
these little spear grass or this big, tall spear grass that turn to brown now.
You don’t see them having seeds anymore, but they have seeds and they

open up. And, after a few months, a few weeks, they have green, big round

! Jack was then a member of the Kakadu National Park Management Board.
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seeds on them and that means fish are ready. You can go and pick traps.

You can go and do fish hunting.

Speaking as self?

These were still early days with the book development work, and I was still framing
ideas about how it was all going to work. Jack was my mentor and facilitator—liaison, my
Top-End go-to-man! Obtaining his feedback was one of the critical factors to getting the
book done right, and | was learning a lot, and not all of it was to do with the bookwork. I was
learning as much about myself as everything else while on the job, because Jack and the
Others in the Community were by degrees, subtly teaching me how to conduct myself and do
things the ‘proper way’. They were so patient with me, but the expectations were there.

Aboriginal pedagogy at work.

2.1 Review of Relevant Research and Theory

This chapter outlines the argument for the inclusion of Aboriginal cultural material in
an Australian state secondary science curriculum. Wherever possible, the references used are
from case studies grounded in field research. Other references used are based on a review of
research-based literature. Knowledge systems are explored. The contestability of the
‘empirical’ status of science is examined. My exploration of the research literature focuses
upon the salient features of Community, cross flow of knowledge, with an emphasis upon
Indigenous knowledge and associated concepts involved with interpersonal cross-cultural

verbal communications pertinent to Community.

2 For the reader’s benefit here, ‘Speaking as self’ is applied to the text that follows. ‘Speaking as self’ is an auto-
ethnographic tool that | use to write my story in first person and includes dialogue, emotion and subconscious
thoughts. It presents and explains the importance of ‘Self” in relation to my-self, my-voice/s and the voice of
others in the writing of this paper. Further context and explanation are given on page 99.
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Other issues deemed pertinent to this study include the nature of science itself, and
how the working definition of this field of knowledge has changed with time. This is
followed by an overview of the debate concerning the inclusion of Indigenous knowledge
systems (IKS) in school science curricula. My focus then shifts to two social constructs,
specifically the contact zone and the third space. The contact zone is discussed with reference
to social spaces as defined by Pratt (1991), while the third space can be understood as a social
construct, a social transition space as defined by Bhabha (1994). | present these two social
constructs to provide grounding for exploring and explaining the social interactions between

Self and Others within the three Aboriginal Communities.

| then examine the two main pedagogic processes, Ogunniyi’s (2007) contiguous
argumentation models, and Aikenhead’s (1997) collateral learning based, cultural border
crossing paradigm by which cultural content can be assimilated into a secondary school
science curriculum. By reviewing the literature that pertains to developing culturally
inclusive science curricula, | hope to be able to rationalise and argue a case that situates my
original work with my Aboriginal Community participants within a pedagogical context. |
conclude the chapter with a review of the literature surrounding our understanding of the
concept of culture. I also attempt to link with and draw upon the ontological, epistemological
and axiological perspectives as they apply to this study. It is my belief that our idea of
Culture, with all its inherent and attendant elements provides the foundational footings for my

current work.

While my methodological design was inductive in approach, it has been possible to
identify some fields of academic research that appear to connect with and have relevance to
the research question and sub-questions. These fields also apply to the inclusion of

Indigenous knowledge within secondary science curricula.
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2.2 Culture and its Transfer by Translation and Transposition

It is fitting to commence this chapter with an exploration and appraisal of the central
concept ‘Culture’ simply because culture provides the essential stepping off point from
where, for the purposes of this study, matters scientific arise and within which they are
integrated. A substantive part of this chapter works around cultural dimensions and aspects —
specifically Indigenous culture. The term ‘Culture’ can be used to refer to an individual’s
habit of mind, the development of a whole society, or the whole way of life of a group of

people (Rojek, 2007, as cited in Chigeza & Jackson, 2012, p. 1).

Given the embeddedness of Aboriginal culture throughout the original book research,
| feel it appropriate to spend some time developing an overview of the concept together with
its inherent and accompanying concepts ‘translation by rewriting ‘and ‘translation by
transposition’. | feel that in doing so, | can in effect provide an overarching perspective that
adequately covers and provides for a deeper understanding of most of the work described in
the preceding pages. By this | am referring to the research involving cross-cultural border
crossings, culturally inclusive school settings, contiguous argumentation, and its associated

dialogic implementation argumentation method.

Conway (2012, p.277) notes, ‘Culture is a term with a rich and complex history...".
He (2010, p. 349) writes “Culture” can be defined in a myriad of ways, because its meaning
is meandering and never fixed’. Rothman (2014, para. 2) in his article for The New Yorker,

comments that:

It goes without saying that ‘Culture’ is a confusing word, this year or any
year. ... The problem is that ‘culture’ is more than the sum of its
definitions. ... Each time we use the word ‘culture’, we incline towards

one or another of its aspects: towards culture that is imbibed through

18



osmosis or the culture that is learnt at museums, towards the culture that
makes you a better person or the ‘culture’ that just inducts you into a

group ...

For anthropologists and other behavioural scientists, culture is the full range of learnt

human behaviour patterns. The term was first used in this way by the pioneer English

Anthropologist Edward B. Tylor (1871), who in his book Primitive Culture, said that culture

is ‘that complex whole which includes knowledge, belief, art, law, morals, custom, and any

other capabilities and habits acquired by man as a member of society’. Tylor was the first to

theorise the construct of culture, defining culture as ‘that complex whole ... any other
capabilities and habits acquired by [a person] as a member of society’ (Tylor, 1871, p. 1, as

cited in Schim et al., 2007, p. 104) wrote:

Civilisation, taken in its wide ethnographic sense, that complex whole
which includes knowledge, belief, art, morals, law, customs and any other
capabilities and habits acquired by man as a member of society’. It is
perhaps not surprising therefore that ‘Cultural translation’ is a term used in

a range of disciplines, ... and in many different ways.

Anthropologist Clifford Geertz (1973) conceptualises culture as symbolic
experiences in people’s lives. Botelho and Lima, (2020, p. 312) refer to the
significance of this definition of culture because ...culture is no longer

just in people’s minds but represented through their daily practices’.

Buden and Nowotny’s (2009) position paper opened a new rubric for cultural
translation studies and promised valuable insights into cultural practises of transfer of
knowledge. They (2009, p.198) write that ‘Etymologically, “translation” evokes an act of

moving or carrying across from one place or position to another, or of changing from one
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state of things to another’. Multiculturalism, in its contemporary context, has developed its
own concept of cultural translation, ‘inter-cultural translation’, a metaphor for different sorts
of successful, respectful, tolerant, inclusive cultural interactions between individuals and
communities assumed to belong to different, clearly distinguishable cultures. Buden and
Nowotny (2009, p. 200) opine that the concept ‘is modelled on the interaction between
cultural groups, typically minorities and majorities, within a state, and takes place within a

national community or state...’

Conway (2012, p. 265) contributes further here, writing that ‘culture refers to at least
three distinct but related ideas’. For Conway (2012), it first refers to the shared set of taken-
for-granted assumptions that structure how members of a community make sense of the
world. Second, it refers to objects or artefacts that communities invest with meaning, where
these assumptions become manifest. Third, it refers to the communities themselves whose
members share a common culture in the anthropological sense, with all its symbolic
trappings. Conway (2012, p. 265) cites a useful shorthand by Collins (1990) ‘describing
culture in the first sense as “anthropological culture”, and in the second sense as “symbolic
culture”. Conway (2012, p. 264) adopts his own shorthand for the third sense of culture, as
‘culture as community” and refers to cultural translation as ‘an idea — or rather, a frequently
messy collection of ideas that has captured the imagination of scholars in fields ranging from

anthropology to translational studies, to culture studies’.

Conway (2012, p. 264) goes on to say, ‘Scholars do not define what they mean by it,
presuming that others share their definitions even when they do not’. As a means of providing
‘logic’ to the notion of ‘cultural translation’ Conway (2012, p. 266) provides a matrix of
concepts devised by pairing three meanings of ‘culture’ with two meanings of ‘translation’.

To construct this two-dimensional matrix, Conway (2012, p. 265) adopts ‘translation’ as “...
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at least two distinct but related ideas’, and refers to ...the etymology of “translation”, ...
meaning to carry across, to explain the concept’. In an anthropological and ethnographic
context, Conway (2012, p. 265) works from Geertz’s (1973) notion of ‘culture as text’, by
interpreting this concept as ‘translation as writing’. In other words, the written text becomes

the cultural carrier.

The second distinct idea about ‘translation’ is ‘For scholars from the field of post-
colonial literature, what is “carried across” is not so much culture, as people who leave their
place of origin and enter a new locale, bearing their culture with them’. Conway (2012, p.
265) refers to this as ‘translation as transposition’. Of Conway’s ‘six modes of cultural
translation’, the one that appears to relate most closely to ethnographic field research and
writing, as performed by anthropologists and other scholars, is twofold: Firstly, the notion of
‘translation as rewriting’, as an explanation of a foreign interpretive horizon, and secondly,
‘Translation as transposition” where the foreign interpretive horizon is transposed into a new

locale.

In his attempt to provide a clear structure, with less ambiguity, and appealing to
empiricism, Conway (2012, p. 271) pursues a workable definition for ‘cultural translation’ by
constructing a second conceptual matrix to better define ‘cultural translation as transposition’.
Conway (2012, p. 270) states that his goal ‘... is to map out different acts, contexts, and
effects of cultural translation as a function of the position occupied by the person acting as

translator’.

Conway (2012, p. 265) closes his paper on a cautionary note, by referring once again
to ‘cultural translation’ as a messy concept, citing Geertz (1973, p. 4) explaining that people
‘... try to apply it and extend it where it applies and where it is capable of extension; and they

desist where it does not apply or cannot be extended’. Conway (2012, p. 265) concurs:
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This is the approach we should now take with “cultural translation” — we
should apply and extend it where it is possible to do so, but we should also
recognise where it is not possible ... The analytical value of ‘cultural
translation’... is the value of an empirical approach based on a conceptual
map ... concrete examples will help us refine theories of cultural

translation.

The literature contains examples of cultural translation in the fields of health,

economics, and the sciences.

DePue et al.’s (2010, p. 2091) research studies their ‘Experience with cultural
translation, drawing on an emerging implementation science, which aims to build a
knowledge base on adapting interventions to real world settings’. Translating effective
medical treatments into routine medical practices for communities at risk is an increasing
health priority. The challenge however is to develop new research frameworks to help guide
the adaptation process, to facilitate medical access to low income, minority or ethnic
communities. One such framework is translation research, which has been applied to transfer
effective, efficient and sustainable solutions to, for example, the treatment of diabetes. This
entails, in part, the process of cultural adaptation, an integrated process referred to as cultural
translation (DePue et al., 2010, p. 2090). The adaptations were considered feasible for the

West Samoan setting, although several challenges faced the researchers.

It was realised by DePue et al. (2010) that medical procedures had to be flexible
enough to accommodate the cross-cultural challenges. The research team were mindful of the
multiple layers of cultural translation, bridging not only the ethnic cultures, but also medical
and research cultures, and to be respectful to each other. When the different cultural values

appeared to be incompatible, the researchers tried to find common ground and to retain the
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most important features of each value system. The researchers end on a cautionary note,
similar to that voiced by DePue et al. (2010, p. 2091), ‘How far can we adapt an intervention
before it becomes a different intervention altogether, and we have lost fidelity with the
original treatment?’ Conway (2012, p. 276) applies a reality check, by observing that
‘...because of its popularity and because of scholars’ frequent assumptions that what it means

is self-evident, the concept is messy’.

The literature indicates parallel cases of cultural translation in an Australian context,
with the Department of Health, Victoria (2011, p. 44) Rural and Regional Health Plan
emphasising ‘...translating research into evidence-based treatment and clinical practice’, and
that ‘Ensuring that the diverse communities of rural and regional Victoria receive high-

quality, safe and culturally sensitive healthcare is an important priority’ (p. 56).

An example of cultural translation as transposition, in an economics context, is
provided by Wang’s (2015) case study where the cultural translators are returned migrant
skilled workers. The workers had become skilled in the US, before returning home. The case
study examines these workers in their role as cultural cross-border brokers, who were
transposing knowledge about organisational practices from the US back to their home
country. The levels of knowledge transfer were examined against two sets of criteria —
organisational and cultural — determining the success of the skilled worker as a cross-border
knowledge broker. Embeddedness within both host and home country increased knowledge

transfer success, and they also interacted positively.

At the organisational level, the presence of other returnees in a home country
workplace decreased the positive effect of the host country’s embeddedness, whereas
similarity between a returnee’s industry background and the home country’s industry

increases it. The evidence from this study highlights the challenges returning skilled workers
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encounter in their homelands despite being characterised as ideally positioned to broker
cross-border expertise. This case study appears to correlate with Conway (2012, p. 271) who
refers to ‘acts of cultural translation’, where immigrants ‘conform to imposed national
identity’ and ‘perform ongoing negotiation’. Wang’s references to ‘embeddedness’ appear to
confirm Conway’s (ibid.) notion of ‘context of translation’ as being evidenced by ‘situations
where identity or group membership are determined’ and ‘Contingent moments that

constitute every-day life’.

2.3 Community Engagement Enabling Concepts

Two concepts found in the literature that have strong associations within
autoethnographic methodological research, and particularly for Indigenous-related research,
are the ‘Contact Zone’ and ‘Third Space’. These two concepts will enable me to more readily
extract and present those more sensitive elements of the story, revealing understanding and
knowledge pertinent to those emotive moments of interpersonal connections, which often
evade capture. These concepts will enhance the richness and context of the narrative. Contact
Zone and Third Space equally occupied a primary position in terms of my engagement
strategies with the Aboriginal Community members. | have always been very conscious of
the way in which | engaged with the participants, particularly during the early days.
Encountering the initial sensitivities, overcoming the awkwardness, ignorance, and
inexperience on my part was a matter of working my way through some tough moments.
Negotiating the inevitable uncomfortable moments was all part of the learning curve, all
made easier by the people who were incredibly kind, giving and patient with me. So, it was
inevitable that these two concepts jJumped out at me, well before | embarked on the analysis

journey.
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2.3.1 Contact Zone and Third Space

The literature reveals that contact zone and the third space are not uncommonly used
in auto ethnographic studies. Pratt (1991), whose seminal work specifically links the
‘autoethnography’ with the ‘contact zone’, has generated a wealth of valuable research
conducted across cultural borders. Haggis et al. (2007) states that the notion of the ‘contact
zone’ as first elaborated by Mary Louise Pratt (1991) reconceptualised colonialism as a space
of cross-cultural interaction and agency rather than as a static picture of domination and

incorporation.

Drawing the ‘contact zone’ into an autoethnographic context, DeWilde & Skrefsrud
(2016, p. 1034) states “Theoretically, we draw on Pratt’s (1991) concepts of “contact zones”
and “autoethnography”. The contact zone is an idea, which Pratt develops in opposition to the
tendency to analyse culture, identity, and language as if they were stable, monolithic, and
coherent’. Haggis et al. (2007) explores the hypothesis that the concept of ‘contact zone’
expresses the contemporary global border between developed and developing societies, as it
pertains to refugee settlement in Australia. They opine that ‘The border also has its uses in

conceptualising the character of this contact zone’.

Researching the literature for ‘contact zone’ with reference to educational research in
Indigenous communities, however, reveals it has been paid scant attention. Indeed, when we
refine the search to autoethnographically based science educational research in Indigenous
communities, the results are zero. As a research tool, it appears to have a well-recognised and
legitimate place when conducting collaborative research in multi-cultural communities. A
representative sample is provided by Somerville (2010), Bartlett (2011), Schorch (2015),

DeWilde & Skrefsrud (2016), Beck (2013), O’Connell (2017).
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Manathunga (2009, p. 170) states that ‘Engaging in research in the intercultural
contact zone enables researchers to harness synergies, interconnections and relationships to
develop new knowledge and ways of conducting research. As a result, researchers are likely
to experience a process of transformation where ideas and ways of operating are critically
blended’. Somerville & Perkins’ (2003, p. 265, as cited in Manathunga, 2009, p. 171) work,
highlighted how their actual collaboration did not take place in the physical ‘formal and
proscriptive rituals of joint meetings and consultation’ but in the ‘cultural and intellectual
spaces and border maintenance and crossing inherent in the contact zone’. As a result, new
research knowledge was created and disseminated to a range of political, educational and
community audiences, and the ways of conducting research in Indigenous communities were

transformed.

Borch (2011, p. 113) refers to the term ‘third space’ as ‘a particular way of thinking
about and interpreting socially produced space’. This study explores the challenging question
of just how educators build bridges between the Indigenous and Western knowledge systems.
In working towards possible solutions to this challenge, it has been suggested by
Queensland’s education department in its EATSIP document (Dept. Education and Training,
2011, p. 9) that ‘Perhaps the response to this challenge is the creation of the third cultural

space’.

Martin (2003, as cited in Queensland’s Dept. Education and Training, 2011, p. 9)
refers to the ‘third cultural space’ as being a process that draws on the rich Aboriginal and
Torres Strait Islander histories; perspectives; ways of knowing, being and doing, balanced
symbiotically alongside Western ways of knowing, being and doing. Furthermore,
Williamson and Dalal (2007, as cited in Klenowski (2009, p.11) sees the third space as a

bridge, stating that ‘There is a call for educators and institutions to build bridges between
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Indigenous and Western knowledge systems to achieve meaningful outcomes for Indigenous

students in particular but for all students in general’.

Schorch (2015, p. 77) argues for the connection between the concepts ‘contact zone’
and ‘third space’. He addresses the ‘humanising of the museum as “contact zone” through
interpretive actions, movements and performances made by museum visitors or cultural
actors’, and concludes by referring to the visitors undertaking a cross-cultural voyage and

their subsequent construction of bicultural meanings.

Schorch (2015, p. 77) continues with, ‘The intervention of the tour translated a
‘contact zone’ of physical encounter into a dialogic ‘third space’. Schorch’s paper
interestingly reflects my own narrative journey from cross-cultural dialogue to bicultural

meanings.

Perhaps most identifiable with my own study was Margaret Somerville and Tony
Perkins’ (2010) collaborative work with the Gumbaynggirr community on the northern NSW
coast. They develop a model of the contact zone with a range of specific kinds of ‘border
work’ undertaken by researchers and the community members. This involved sometimes
maintaining borders of difference, sometimes crossing borders of difference. So, working
collaboratively in the cultural contact zone was not without its occasional challenges, as a

comment from Somerville (2010, p. 16) illustrates:

Tony clearly understood the purpose of our work as a political tool, a tool
to help Aboriginal people ‘gain the power behind our statements. He
explained his understanding of our collaborative research processes
through his ‘border work’, making clear our different perspectives. From
many conversations about the politics of representation, we identified

different sorts of border work that were critical to our negotiations in the
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contact zone. ‘Border work’ was precarious, risky, and sometimes difficult
emotionally for all of us in what we came to call the ‘discomfort zone’ of
cultural contact in our research. ... We found the discomfort zone to be a
creative space where the tension of difference has the potential to produce

new understandings and new possibilities.

2.4 Autoethnography and the use of Reflexivity

Reflexivity has played a large part of the current study, recognising that my original
book project field notes and diary entries were significantly underlined and formed through

the reflexive process.

According to Reed-Danahay (2017), autoethnography evokes questions about the
nature of ethnographic knowledge by exploring the persistent dichotomies of insider versus
outsider, distance versus familiarity, objective observer versus collaborative participant, and
individual autonomy versus Community culture. Furthermore, an ‘autoethnography reflects a
view of ethnography as both a reflexive and a collaborative enterprise, in which the life
experiences of the anthropologist and their relationships with others “in the field” should be
interrogated and explored’ (Reed-Danahay, 2017, p. 145). More recently, Lapadat (2017,

p. 589) posits that ‘AE is reflexive and positions the researcher within the study, in that the
author of an autoethnography is both subject and researcher’. Broadening the reflexive

perspective, Tilley-Lubbs (2018, p. 11) suggests that:

Through intense reflexivity and introspection, the researcher can examine
Self as participant, not trying to present facts as objectively as possible, as
occurs with autobiography, but rather acknowledging that the

interpretation of facts reflects cultural perspectives shaped by years of
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sociocultural, sociohistorical, socio-political, and socioeconomic events

and circumstances.

I have previously mentioned my determination to learn more and progressively better
prepare myself for each subsequent field trip associated with the original bookwork,
specifically how best to engage and converse with my Aboriginal participants in order to do
things the proper way. The field notes and diaries were the primary trove of data to look back
on, reminders of what went well, and what needed improving in terms of how | conducted
myself in the Community. The data was the primary source for my analysis, when writing my
analytic memos, and often | would supplement these by memories of the event. Both
processes, back then and now, require reflexive thinking, pondering over what had taken
place, endeavouring to extract useful information. When | stepped into the Communities my
understanding of why and how I was asking particular project research questions increased
over time, realising how my limited Western-centric perspective and worldview was being
vastly expanded and balanced by being taught the Aboriginal way, by the Elders and
Traditional Owners, and, often through a subtle process of enculturation where | became

sensitised to the Western tendency for cultural bias.

An example of the reflexive process adopted for this study is given in Chapter Three,

Section 3.4.

2.5 Embracing Indigenous Knowledge Systems

By way of introducing this section, allow me to speak briefly about my own initial
encounter with Indigenous Knowledge systems. It was a veritable opening of a treasure chest,
a wonderful opportunity to embrace and explore opportunities to combine two world views,
the Aboriginal and the Western Scientific. It was my humbling experience to be welcomed

and allowed to share in the Aboriginal culture and Knowledge drawn from 3 Communities.
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Though diverse, these Communities provided a common grounding: supportive, affirming
and warm. My Aboriginal participants, my friends, helped me forge a path and journey
through co-created gardens of Aboriginal and Western Science Knowledge, which in turn
provided a both-ways look at our Australian landscape. We all learned together on our

journey of self-discovery.

The Western scientific world is becoming more receptive to the inclusiveness of
Indigenous knowledge systems, basically because of their perceived inherent value on both
spatial and temporal scales. Western trained scientists are increasingly recognising and
turning to Indigenous knowledge systems (IKS), in both complementary and supplementary

capacities, to augment scientific research.

Kates (2011, p. 19450) states that sustainability science, as described in the
Proceedings of the National Academy of Sciences (PNAS) website, is ‘...an emerging field
of research dealing with the interactions between natural and social systems, and with how
those interactions affect the challenge of sustainability: meeting the needs of present and
future generations while substantially reducing poverty and conserving the planet’s life
support systems’. Sustainable development is one of the most significant challenges humanity

now faces on both global and local scales.

It is only in the last decade that there is growing recognition that Indigenous
Traditional Environmental Knowledge (TEK) makes an important contribution to
environmental and social sustainability. (Aveling, 2013; Barbour and Scheslinger, 2012;
Brennan et al., 2012; Huntington, 2011; Leach and Fairhead, 2002; Rist, 2006; Stevens et al.,

2014; and Wilder et al., 2016). Abu et al. (2020, p. 757) stated that:

Although researchers now recognise that Indigenous knowledge can

strengthen environmental planning and assessment, little research has
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empirically demonstrated how to bring together Indigenous knowledge
and Western science to form a more complete picture of social-ecological

change.

They present a case study, which exemplifies the bridging between western science
and Indigenous knowledge systems. The ‘two-eyed seeing’ approach brings together
Indigenous and Western perspectives on an equal basis to collect and analyse changes in a

Canadian river system. The study found corroboration between the two knowledge systems.

Johnson et al. (2016, as cited in Abu et al. 2020, p. 22) conclude by saying that the
different knowledge sources were found to have inherent strengths and limitations. The
strengths of one were drawn upon to overcome the limitations of the other. Bridging activities
also require that Western-trained scientists be open to reflecting on their practices, embracing
other ways of knowing, and adopting new strategies for conducting research — challenges that

are only now being seriously discussed in interdisciplinary research.

Vickers (2007, p. 592), explains the connect between the Indigenous ways of knowing

and the Western scientific way from an Indigenous perspective, stating:

The question is not about whether or not we as Indigenous peoples have a
scientific way of relating to the world, for Nobel Peace laureate and
physicist, Richard P. Feynman (1998, p. 5) defines science as simply, ‘a
special method of finding things out ... the body of knowledge arising
from the things found out...and the new things you can do when you have

found something out, or the actual doing of new things’.

Tengo et al. (2021, p. 8), working from a citizen science perspective, report that “The

Kimberley Science and Conservation Strategy identified that integrating Indigenous peoples’
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knowledge and Western science is a key element to ensuring the best outcomes for the
management and conservation of the Kimberley coastal and marine environment into the
future’. It is becoming increasing evident that continuous, reflexive dialogue with Indigenous
local knowledge (ILK) holders is crucial for stewardship of biodiversity and ecosystems.
Tengo et al. (2021, p. 515) state that ‘Working with multiple knowledge systems requires
scientists, ILK holders, and laypeople to embrace flexible, reflexive, diverse, and at times
divergent modes of making meaning and truth claims. This requires epistemological agility
(Haider et al. 2018), methodological openness and, in many cases, an ability to work with

dissensus so that the narratives produced can be held in tension’.

2.6 Examining the Nature of Science as Knowledge System

In the following section of work, | demonstrate that the systematically organised body
of knowledge referred to now as ‘science’ was never originally seen as the prerogative of any
particular school of thought, nor was it envisaged as a repository of knowledge for any

specific ontological discipline.

A core rationale for this thesis is provided by Barnhardt and Kawagley (2005), who

encapsulate and mirror the central themes with this statement:

The depth of Indigenous knowledge rooted in the long inhabitation of a
particular place offers lessons that can benefit everyone, from educator to
scientist, as we search for a more satisfying and sustainable way to live on

this planet (Barnhardt & Kawagley, 2005).

Rasmussen et al.’s (2011) research provides an historical context to the Aboriginal
occupation of Australia. Their DNA-based research reveals the ancestors of Australia’s
Aboriginal people separated from the ancestors of other human populations some 64,000 to

75,000 years ago. Australian Aboriginal ways of knowing embrace what is collectively
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termed traditional ecological knowledge (TEK), which Leonard et al. (2013, p. 624) define as
‘...knowledge of the environment that is derived from experience and traditions particular to

a specific group of people’.

For Australia’s Aboriginal people, the time to collect, hunt and fish is related to the
season, the associated weather conditions, and phenological events, all ecological knowledge
that was acquired through practical experience. Leonard et al. (2013, p. 628) report that
Aboriginal people °...traditionally relied on such knowledge to ensure food, water, shelter,
medicines and other resources. Physical and biological events served as indicators of change
and were interpreted as signals that particular actions needed to be undertaken at certain times

(including the hunting and harvesting of food sources, cultural ceremonies and practices)’.

Walsh et al. (2013, p. 18), in the context of TEK, refer to the °...socio-political
processes by which Aboriginal people spatially extend their knowledge across vast distances
in Australia, for example, customarily through knowledge of songlines and in contemporary

settings through meetings and conferences’.

My personal diary and field notes recorded during my book project reveal ‘ancestral’
related discussions with two of the Traditional Owners, Aunty Penny from the Top-End and
Bobby from the Centre Community, both of whom were key Traditional Knowledge
contributors to the original bookwork. The cultural content and historic context to their
traditional narrative accounts appear to provide evidence for the longevity of Aboriginal oral
knowledge. Aunty explained once, while out on Country, that the two dogs in her Djang, or
Dreaming account in the Top-End Community, originated from across the sea to the north.
And they were definitely not dingoes, because | was initially puzzled about it and asked Jack
to clarify. He told me that Dingoes, even when raised from puppies, were impossible to

domesticate. Western science also tells us that these dogs originally arrived in northern
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Australia with Malaccan fisherman some 500 to 600 years ago. Aunty Penny’s Traditional

Knowledge provides evidence for the tenacity and power of oral history.

Similarly with old Bobby’s Dreaming account, or Tjukurrpa, as it is referred to in the
Centre. It details his cultural connection to Country, through his Ancestral Being, the Golden
Bandicoot. The details of the Bandicoot’s movements and actions are described in a
comparatively short section of a lengthy songline. Bobby had the sole traditional rights to this
section, to know it in detail and to sing it. The passage explains how the Bandicoot had
commenced its journey from hundreds of kilometres away in Western Australia and
continued across the landscape into Arrernte lands, close to Alice Springs. My recording of
Bobby’s song while on Country, was translated by Ken, an expert in the language. But Ken
had to admit that some of the Song’s words were that archaic he could not faithfully translate

them, and interestingly, old Bobby couldn’t tell him either. Lost to antiquity.

Further evidence from my own records that seem to support a much broader
locational context for TEK and the extreme lengths of time associated with Aboriginal
Traditional Knowledge. The critical relevance to the book project work, from an Earth
science perspective, was that these ancestral beings created well defined topographic features
during their travels across the landscape. The two Traditional Owner accounts provided
above highlight the ability for oral history to transcend time while retaining details pertaining
to Country and its topography. These reflect well on how Indigenous Traditional Knowledge
is used to supplement research in biological and ecological sciences here in Australia and

internationally.

2.7 Modern Western Science — a Problematic Definition
Aristotle, generally recognised as the premier and original philosopher, provided an

unprecedented rationalisation to man’s connection with his universe. He coined the names of
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four fields of study that lie within that branch of philosophy now known as metaphysics. The

term ‘science’, from the Latin scientia, simply meant ‘knowledge’.

‘The origins of science go back to ancient philosophies (e.g., Egyptian and Greek),
while its evolution can be marked by major social transformations in Europe. Understanding

this evolution helps clarify the term science’ (Aikenhead & Ogawa 2007, p. 542).

It is only in recent times that the original concept of science has been transformed into
a narrower definition, referred to as Western modern science (WMS). Central to WMS is the
scientific method that assumes that we can learn about the world around us through
observation, experimentation and testing of hypotheses. If we look at Chalmers (2013, p. 1)
assertion that ‘Science is to be based on what we can see, hear and touch rather than on
personal opinions or speculative imaginings. If observation of the world is carried out in a
careful, unprejudiced way then the facts established in this way will constitute a secure,
objective basis for science’, then we can see the potential for including Indigenous

knowledge as part of the scientific spectrum.

By the end of the 18" century, ‘knowledge’ had begun to be referred to as “science’ to
distinguish it from its philosophical background. Around the start of the 20™" century,
however, philosophical debate developed around ‘scientific method’, subsequently turning
natural philosophy into an empirical activity. Consequently, unlike the rest of philosophy,
science was seen as being derived from formal experimentation. Hence, it is only in recent
times that the original concept of science has been transformed into a narrower definition,
referred to as Western modern science (WMS). Central to WMS is the scientific method that
assumes that we can learn about the world around us through observation, experimentation,

and testing of hypotheses.
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Traditionally, among the most influential and compelling of these essential traits for
science, is the criterion of falsifiability (Popper, 1959, as cited in Hughes, 2012, p. 34). The
canonical view of theory testing is that one tries to falsify the theory, because all scientific
theories are deemed testable. Hence, any theory or explanation that cannot be falsified is
reasoned to fall outside the science domain. The argument is that under a given set of
experimental conditions, the theory might be falsified by performing the experiment and
comparing predicted to actual results. The reality, however, reveals that no matter how
carefully scientists adhere to scientific method, research outcomes are neither totally
objective nor unquestionably certain (Crotty,1998; Goldhaber & Nieto, 2010; Hughes, 2012;

Popper, 1959).

Some scientists refer to the standard account of science, where consensus within the
scientific community ultimately determines what qualifies as science. This leads us to the
debate, for example, about whether science includes knowledge about nature. The debate
around what constitutes science, and the associated scientific method, remains as vigorous as
ever within the contemporary Western scientific world, inclusive of science education
(Hepburn & Anderson, 2021; Cobern & Loving, 2001; Hughes, 2012;). Cobern and Loving
(2001, p. 60) refer to the so-called standard account of science, where what ultimately
qualifies as science is determined by consensus within the scientific community. The
presuppositions of science include the possibility of knowledge about nature, which realists
view as actual knowledge and idealists as instrumental knowledge. Closely linked to the

presupposition of knowledge are the presuppositions of order and causation.

Hughes (2012) provides a further example with more qualification regarding the
sciences philosophical background, the physicists Stephen Hawking and Leonard Mlodinow,

open their book, The Grand Design, by asking:
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What is the nature of reality? Where did all this come from? Did the
universe need a creator? ... Traditionally these are questions for
philosophy, but philosophy is dead. Philosophy has not kept up with
modern developments in science, particularly physics. Scientists have
become the bearers of the torch of discovery in our quest for knowledge

(Hughes 2012, p. 38, citing Hawking & Mlodinow, 2010).

The debate about the identity of science continues. Recent debate has questioned
whether there is anything like a fixed toolkit of these scientific methods, which is common
across science and only science. (Anderson & Hepburn, 2021). Indeed, the layperson may

well be excused for confusion about what ‘science’ really is in the contemporary world.

The evolutionary biologist Austin Hughes is an ardent proponent of what is referred
to as ‘true science’. Hughes recognises that practising scientists, like all other people, are
prone to philosophical errors. Hughes (2012, p. 33) talks about a set of ‘essentialist’ theories
of science that ‘.. .attempt to identify the essential traits that distinguish science from other
human activities or differentiate true science from non-scientific and pseudoscientific forms

of inquiry’.

Among the most influential and compelling of these essential traits is Karl Popper’s
(2959, p. 34) criterion of falsifiability. Essentially, a falsifiable theory is one that makes a
specific prediction about what results are supposed to occur, under a set of experimental
conditions, so that the theory might be falsified by performing the experiment and comparing
predicted to actual results. As he stated, ‘A theory or explanation that cannot be falsified falls

outside the domain of science’.

Goldhaber and Nieto (2010, p. 940) describe testing scientific theory, as ‘The

canonical view of theory testing is that one tries to falsify the theory. One compares its
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predictions with experiment and observation’. They note further that ‘Of course, without
strong “ground rules” it is impossible to falsify a theory because one almost always can find

explanations for a failure’.

A further key criterion for a scientific theory, is its replication, or alternatively as
reliability, or reproducibility. Gundersen (2021, p. 1) claims that ‘Reproducibility is a
confused terminology’. He (2021, p. 10) then offers a definition for reproducibility, stating
that ‘Reproducibility is the ability of independent investigators to draw the same conclusions

from an experiment by following the documentation shared by the original investigators’.

Downing (2004, p. 1006) states, ‘In its most straightforward definition, reliability
refers to the reproducibility of assessment data or scores, over time or occasions’. Replication
involves the process of repeating a study using the same methods, different subjects, and

different experimenters’.

These views as defined, however, are not universally respected. Certainly, in the

information technology field, where Drummond (2009) asserts that:

Replicability is not reproducibility. Reproducibility requires changes;
replicability avoids them. | use the word ‘replicability’ to describe the
view that | think is prevalent in the machine learning community. In
opposition to this, | want to establish that the meaning of the word

‘reproducibility’, as used in science, is much broader than that.

More recently, the scientific world has been concerned by the replication crisis.
Moynihan (2016, p. 28) states ‘For those of us who share a faith in science, the growing
claims of a “replication crisis” in research come as something of a shock’. Scientists have

found that the results of many scientific experiments are difficult or impossible to replicate on
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subsequent investigation, either by independent researchers or by the original researchers

themselves.

Schooler (2014, p. 9). refers to the replication crisis, stating that ‘In disciplines such

as medicine, psychology, genetics and biology, researchers have been confronted with

results that are not as robust as they originally seemed’.

Self-interest groups have railed against the concept of ‘true’ science. Wilson (2016,

p.10) attacks the ‘bloated bureaucracy’ and critiques a ‘scientism’ that worships scientists and

treats their evidence as the new ‘holy book’.

Psychology, medicine, and physics are all targeted for failing the science method test.

It needs to be noted, however, that a “faith’-based institute founded to ‘confront the ideology

of secularism’ publishes the journal in which this article by Wilson (2016) appears. But the
non-sustainability of the traditional, narrow definition of Western science appears evident.

The International Council for Science (ICSU 2002, p. 4) has recognised that:

Science does not constitute the only form of knowledge, and closer links
need to be established between science and other forms and systems of
knowledge in addressing sustainable development issues and problems at
the local level such as natural resources management and biodiversity
conservation. Traditional societies, usually with strong cultural roots, have
nurtured and refined systems of knowledge of their own, the research
community, has not yet engaged in ways of better linking science to other
knowledge systems. To do so would bring important advantages to both
sides, and provide, to those in need of knowledge for pursuing sustainable

development goals, a broader range of empirical information.
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Closing on a positive note, Romero (2019, p. 1) observes that while ‘Replicability is
widely taken to ground the epistemic authority of science’, he concluded his review (2019,
p. 9) of the social, behavioural and medical sciences by stating that while °...the crisis
demands work from the perspectives of the history and philosophy of science, social
epistemology, and research ethics. ... the crisis should not be taken as bad news but as an

opportunity to update our theories and make them relevant to practice’.

2.8 How do Indigenous Knowledges Situate as Science?

Considering the above discussion, an important question is, ‘Where does Indigenous

knowledge sit on the contemporary science knowledge spectrum?’

The relevant literature is prolific, detailing a broad range of responses and opinions.
Posited at one end are the competing claims for what counts as science, and at the other end,
references to the knowing of nature as the duality, Indigenous knowledge, and science.
(Aikenhead & Ogawa, 2007; Barnhardt & Kawagley, 2005; Clothier, 2014; Cobern &

Loving, 2001; Snively & Corsiglia 2001)

The Indigenous perspective on the Traditional Knowledge and Western science
quandary provides for a valuable and sobering insight, and contemporary commercial
management of natural resources provides some revealing and refreshing insights into the
Indigenous perspective, with calls from Traditional Owners and Elders for mutual respect and

recognition of both Traditional Knowledge and Western sciences.

This pragmatism extends to the Western-trained scientists, both Indigenous and non-
Indigenous, who see both knowledge systems as being equally legitimate and grounded in
empiricism. Government authorities will also appropriate Indigenous knowledge systems
where it is mutually advantageous to do so, such as in border protection of remote coastlines

and conservation of remote arid areas (Christie, 2008; Michel & Gayton, 2002).
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The constructivist model for science, with the emphasis on the empirical, has been
used to argue against IKS being conceived as science. The corollary being that modern
science is considered devoid of culture, in an anthropological sense. Many scholars speak to
issues such as the hegemony of modern science, where terms such as ‘standard’ science are to
be used, the problematic recognition of ‘alternative’ science and labelling IK as a form of
science (Cobern, 1996a, Cobern & Loving, 2001; Keating, 1997; Roberts & Mackenzie

(2006)

There are various epistemological stances to constructivist theory, but this
interpretation is limiting and unfortunate. The philosophical view is that constructivism

supports the belief that the learner makes sense of the world based on their experiences in it.

It appears that the objective reality, which all learners aspire to know and understand,
is diffuse and variable. From this context, one can appreciate that there are different types of
knowledge. While most societies tend to value some types of knowledge over others, one can
also presume that there can be value found in knowledge systems of various cultures.
Importantly, it is recognised that this narrow perspective of Western science as being a
superior knowledge system, limits the context of discovery, the range of ideas and therefore

the potential for new knowledge.

Fortunately, evidence suggests that science is increasingly being recognised as a
subculture of western culture and is therefore just one way of knowing. (Aikenhead, 1996;
Baker and Taylor, 1995; Cobern, 1996a; Cobern, 1996b; Jegede, 1995; Castagno & Brayboy,

2008).

2.9 Citizen Science

I will introduce this section with the comment that | believe citizen science may have

a possible relevance to the analysis and theorising for this thesis simply based on the
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suspicion that Community-oriented citizen science projects may serve to demonstrate
connections between Aboriginal Traditional Knowledge practices such as mosaic burnings
and the emerging recognition among Western scientists of the resultant ecological and habitat
regeneration. These periodic localised burning regimes were clearly evident around both the
traditional Communities and may figure in some of my conversations with the Aboriginal

participants.

Although the term “citizen science’ was coined in the U.S. and the U.K., the practice
of scientists working together with other people occurs in many other countries. In Australia,

citizen science was established by grassroots activities through a bottom-up approach.

While members of the public have contributed to scientific research in Australia for
decades, the term ‘citizen science’ and the ubiquity of such activities was relatively unknown
until recently. Citizen science leaders recognised the need to connect this community, which
led to the formation of the Australian Citizen Science Association (ACSA;
http://www.citizenscience.org.au) in May 2014 and the first Australian citizen science
conference in July 2015. To date, citizen science activities have been identified at
community, regional, state and national levels. For most projects, citizen scientists contribute
observations of fauna, flora and habitat, though a few projects exist in astronomy,

meteorology and seismology.

Citizen science in Australia is also rapidly diversifying into new domains (e.g.,
online) and disciplines (e.g., biomedical sciences). (Eitzel et al., 2017, p. 8). Eitzel and
colleagues (2017, p. 14) define the ‘Indigenous/traditional/local knowledge expert or holder’
as a ‘citizen’ in ‘citizen science’. Lovett et al. (2007, p. 253) suggest ‘Good science involves
more than just devising clever experiments to test a specific hypothesis’. They also assert that

‘The keys to good science are similar for all forms of scientific inquiry, including monitoring:
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good questions, appropriate research designs, high-quality data and careful interpretation of

the results’ (p. 254).

Lehtiniemi et al. (2020, p. 1) reports that ‘Public involvement, also known as citizen
or community science (non-professional involvement of volunteers), has become more
widely used only recently (since the late 20th century) to support environmental monitoring
programs’. Lehtiniemi et al. (2020, p. 7) asserts that *...citizen science can provide a cost-
efficient practice to collect presence-only data on distinctly recognisable species, and often
gives information that otherwise would be out of the reach of researchers and authorities’.
They show that “...citizen science may provide useful data, which can be utilised in targeting
management e.g., eradication actions to stop further spread in vulnerable areas when invasion

of alien species is concerned...” (p. 7)

Hind-Ozan et al. (2017, p. 290) state that ‘Citizen science is, by definition, a
collaboration between scientists and members of the public in some form — sometimes this
means individuals recruited to help on a scientist-led research project, but in many other
cases it can mean partnerships across a wide variety of organisations from many different
sectors’. Shirk et al. (2012, as cited by Cigliano and Ballard (2017, p. 4) state that ‘Citizen
science, or as it is also referred to, public participation in scientific research’, has several
definitions. The Oxford English Dictionary defines citizen science as ‘the collection and
analysis of data relating to the natural world by members of the public, typically as part of a
collaborative project with professional scientists’. The term ‘citizen science’ was added to the
Oxford English Dictionary (Oxford Lexico) in 2014 as ‘Scientific work undertaken by
members of the public, often in collaboration with or under the direction of professional
scientists and scientific institutions’. However, Bonney et al. (2016, p. 1) correctly point out

that this definition does not include the fact that ‘...citizen science embraces projects in
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which volunteers participate in roles beyond data collection and analysis; projects in which
individuals work not only in teams but also by themselves, with or without the collaboration

of scientists;...’

Citizen science is a well-researched scientific technique that uses community
volunteers. The technique has been part of the recognised scientific research landscape since
1875 and provides a tangible and plausible connection between both traditional ecological
knowledge (TEK) and Western science. It has historically been associated with astronomy
and ornithology and more recently with wildlife management. The advantages relate to
research of large-scale patterns in nature, requiring a vast amount of data to be collected
across an array of locations and habitats over spans of years or even decades (Bonney et al.,

2009 as cited in Bhattacharjee, 2005; Couzin, 2007; Dickinson et al. 2010).

Quinn et al. (2018, p. 19) explore and report on °...the growing role of citizen science
in aquatic monitoring and restoration as the value of stronger relationships between the
science community and public is recognised. Citizen science ranges from solely collecting
environmental data to being fully engaged in project conception, design, and delivery’.
Citizen science is increasingly being seen as a conduit for local Indigenous Knowledge
Systems (IKS). ‘There is no doubt that CS initiatives are growing bigger, more ambitious,
more diverse, and more networked all over the world’. (Tengo et al., 2021, p. 4 citing Irwin

2018).

As an example, (Tengo et al., 2021) cite an Australian case, The Kimberley
Indigenous Saltwater Science Project (KISSP), which was initiated in response to the
implementation of a large, externally driven research project that sought to engage
Indigenous people in producing scientific impact’. Citizen science, in the Indigenous

Community context, is becoming increasingly viewed as a vital connection to sustainability
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science. And while sustainability science is generally linked to ecological management
projects, 1 would suggest that cultural and Traditional Knowledge sustainability of an

Indigenous landscape is also a relevant issue to be researched.

2.10 Culturally Inclusive Science Education — a Rationale, Debatable Issues,
Challenges and Ramifications

My intention with this section is provide for the reader a relevant context and
theoretical basis for analysing the data pertinent to the school trials program, which formed
an important parallel component of the original science books project. Teacher and student

feedback was considered to be essential at the time for guidance of the book development.

I will commence this section by investigating the terminology used to represent
culturally inclusive science education. ‘Two-way’ and ‘both-ways’ science is often found in
the literature (Barbour & Schlesinger, 2012) or cross-cultural (Brennan et al., 2012). Two-
Way science is defined as ‘... a pedagogy. It’s an approach that connects the traditional
ecological knowledge of Aboriginal people — that is the cultural understanding of people,
animals and the environment — with Western science inquiry, and links that to the Australian
Curriculum in a learning program’ (ACARA, 2019, p.1). Recently a new term has emerged,
‘right way science’, with respect to developing cross-cultural knowledge (McKemey et al.,
2021). The argument for ‘right-way science’ as the preferred term mirrors the process of
working together with our Aboriginal partners because it avoids language suggesting there
are only two ways (‘two-way science’) or that there must always be two ways. Bush Heritage
Australia (2021) defines it as ‘...an approach based on respect, sharing knowledge, listening
and learning. It brings together different knowledge systems for thinking, planning and acting
for the benefit of people and Country’. For this study, however, | will remain with ‘two-way’,
rationalising that | am researching the bridge connecting two knowledge domains, the

Aboriginal World and Western Scientific. Simple as that.
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| now want to explore the pertinent question, why should we as educators
countenance culturally inclusive science education? What would be the rationale for its
inclusion? Higgins (2021, p. v) offered one insight into a possible answer by proffering that
‘Science education is increasingly being heralded as a remedy to a multiplicity of
contemporary issues (e.g., scientific literacy). Science education is actively worked upon to
be more accessible, inclusive and empowering. However, the ways in which science
education takes up its responsibility in making itself accessible to all learners does not always
come to value the ways-of-knowing and of being that diverge from the standard account of

Western humanist thought (e.g., nature/culture as binary)’.

There is, however, a recent but growing movement within science education that calls
for a move ‘from empowerment to responsibility’, a shift that is particularly significant for

two reasons, as follows:

Children and communities living under socio-spatial and environmental
challenges are powerful individuals and collectives, they do not ‘need’ to
be, per se, ‘empowered’ into dominant thinking or practices, but what we
might need [are] powerful frameworks, which take into consideration and
legitimise the diverse ways-of-knowing and of being, describing the
natural cultural world among diverse sociocultural groups that are
different from the dominant ways in which conventional science education
understands and explains it. (Kayumova et al., 2019, p. 225, as cited in

Higgins, 2021, pp. v—Vvi)

One might ask, do equality and equity pertain to social justice? According to Anthis
(2020), not necessarily. Anthis (2020, p. 1) states that ‘Social mobility refers to opportunities

to achieve greater economic changes from one generation to the next’, and ‘Social justice is
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often defined as the ability of people to reach their full potential within the societies in which

they reside (citing Turiel et al., 2016). Russell (2015, p. 274) defines social justice as:

...the ability of people to realize their potential in the context of the
society in which they live. From a human developmental perspective,
social justice is manifest when people have the support and opportunity to
navigate society in ways that maximize their potential for growth, health,

and happiness across the life course.

Anthis (2020, p. 1) answers the questions, ‘What is social justice?’, and ‘Is equality
the same thing as equity?’ by elaborating further, ‘Equality is often defined as an equal
distribution of opportunities, such as everyone being provided with the same thing to ensure
they achieve their best’; and ‘Equity is often referred to as an equitable distribution of
opportunities, such as everyone being provided with what they need to ensure they do their
best’. She goes on to give a qualified conditional definition of social justice, ‘Social justice
requires that the systems which create and perpetuate inequities be restructured so that
barriers to accessing tools and opportunities are eliminated’. Anthis (2020, p. 1) suggests that
adhering to this principle of social justice will lead to equity, including the equitable
distribution of opportunities, which then ensures that all citizens are provided with what they
need to achieve their best. If we are to accept this social justice perspective as reasonable,
then I would suggest that the status and quality of a child’s formative years are of paramount
importance to defining their life journey. The quality of a child’s schooling, consequently,
perhaps should necessarily be seen to play a significant component of that journey, including

instruction in the sciences and science literacy.

At this point, it’s appropriate to consider briefly why it is important for all students to

achieve literacy in science. ‘One of the most common rationales for advancing scientific
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literacy is grounded in the widely supposed link between scientific literacy and national
economic well-being’. (McConney et al., 2011, p. 2019). A scientifically literate citizenry,
arguably, contributes to the economic health of a country based on the premise that a nation’s
economic well-being depends on its citizens becoming the scientists, engineers and
technically skilled individuals appropriately equipped to successfully compete in the
international marketplace (Hackling, 2001 & Laugksch, 2000, as cited in McConney et al.,

2011, p. 2019).

Szostkowski and Upadhyay (2019) argue that social justice, morality and healing
must be at the core of an equity agenda for science education. They (2019, p. 338) assert that
‘As science education researchers, we believe that inequity in science education reflects
larger patterns of educational inequality ...". Bronfenbrenner (1973, p. 9) expounds upon

the equality and equity duality:

The terms equality and equity are widely confused. Despite their phonetic
similarity and philological connections, they are quite distinct. The
equality of a distribution of income or wealth is basically a matter of fact
and is, therefore, basically objective. The equity of the same distribution is
basically a matter of ethical judgement and is, therefore, basically

subjective.

An Australian ethics-based debate can perhaps be best approached through
Reconciliation Australia’s policies and philosophical base, while the pragmatic approach is

possibly done through exploring the concept of science capital.
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Reflecting a growing public awareness, Reys and Chaney (2001), (as cited in Ma
Rhea and Atkinson, 2012, p. 155), introduce us to a possible link between reconciliation and

education in Australia,

We at Reconciliation Australia ... believe that education plays a crucial
role in the reconciliation process ... and educational aspects of
reconciliation must go hand in hand with a strategic and determined effort
to give substance to the word through tangible outcomes which make
reconciliation a reality in our communities, workplaces, institutions and

organisations.

Identifying the ‘ethics’ issue as it relates to the Australian situation has proved to be
challenging. Reconciliation Australia (2016, p. 22) reports that ‘Reconciliation is more likely
to progress when Aboriginal, Torres Strait Islander and non-Indigenous Australians
participate equally and equitably in all areas of life’. The report takes this further with, ‘An
education system that uses a cross-curriculum focus to foster respectful understanding of
Aboriginal and Torres Strait Islander cultures and histories is crucial to becoming a
reconciled nation. Maintaining and strengthening a strong curriculum focus on these areas is

critical’.

Reconciliation Australia, however, makes no direct reference to ‘ethics’ in its 2016
report, but in one section reports on the duality — equality and equity — indirectly embracing
the ethics issue. Two key findings of the report (2016, p. 34), pertinent to education, seem to
support this: Aboriginal and Torres Strait Islander peoples enjoy less participation in, and
access to, a range of life opportunities — significant disparities continue to exist in the key

areas of employment, education and health, and Aboriginal and Torres Strait Islander people
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are more likely to consider their living conditions worse than other peoples and are more

likely to see barriers to employment and education.

Holbrook (2010, p. 83) cites the Melbourne Declaration on Educational Goals for
Young Australians (2008) which explicitly states that active and informed citizens as students
‘...understand and acknowledge the value of Indigenous cultures and possess the knowledge,
skills and understanding contributing to, and benefit from, reconciliation between Indigenous

and non-Indigenous Australians...’.

Ma Rhea and Atkinson (2012, p. 162) suggest that incorporating Indigenous and
Traditional Knowledge in the education system may be both complex and problematic, and
point out that ‘Equally problematic, the techniques of “good” Western science have not often
been combined in a collaborative research partnership with knowledgeable Indigenous

people, so the status of the ‘Indigenous knowledge’ is sometimes questionable’.

Ma Rhea and Langton (2003), (as cited in Ma Rhea & Atkinson, 2012, p. 163)
‘pointed to the high status that many governments in the regions surveyed attach to Western
scientific and technological knowledge because they perceive it to be important for capacity
building in national education systems’. This preoccupation with Western ways of knowing
however contrasts with ‘the growing interest in Traditional Knowledge because of its
potential contribution to global ecological sustainability and to minimising the West’s pre-
occupation with materialism’, where the problem here however ‘is to design a curriculum that

achieves an appropriate balance between these two knowledge traditions’.

The literature that explores this question of rationality from an empirical, objective
base, includes research work done in Australia by Lyons (2006). He found that students who
went on to study post-compulsory physical sciences tended to have supportive parents or

family members with favourable views towards science education, which demonstrates the
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importance of cultural and social capital in the enrolment decisions of high achieving

students.

Archer et al.’s (2015) research supports Lyons’s findings. They advance a discussion
using the concept ‘science capital’ to argue for an objective approach to rationalising
culturally inclusive science education. Archer et al. (2014) (as cited in Archer et al. 2015, p.
922) refer to research which proposes science-related forms of cultural and cultural capital as
a theoretical lens for explaining differential patterns of aspiration and educational
participation among young people. Analysis of survey data found that science capital was

unevenly spread across the student population.

Analysis shows that levels of science capital (high, medium or low) are
clearly patterned by cultural capital, gender, ethnicity and set (track) in
science. Students with high, medium, or low levels of science capital also
seem to have very different post-16 plans (regarding studying or working
in science) and different levels of self-efficacy in science. They also vary
dramatically in terms of whether they feel others see them as a ‘science

person (Archer et al., 2015, p. 922)°.

The import of these findings, by transferring and refocusing on a national perspective,
is captured by Gorard and See (2009, p. 102). Their work on the patterns of science
participation uncovered by their secondary analysis of the official datasets, states that ‘In
general ... those who apply for (and also those who obtain places in) science subjects, and
not just in the physical sciences, have a higher occupational class profile than the general
student population (and probably even more so than the general resident population’. These
results correlate well with Archer et al. (2015, p. 923) who assert that ‘The imperative to

improve (widen and increase) participation reflects both national economic concerns, namely,
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to ensure a sufficient talent pool and supply of future scientists, and social justice concerns, to
promote equity and ensure a scientifically literate general population who can be active

citizens within a scientifically advanced contemporary society’.

Cruwys et al. (2013, p. 5) investigate the impact of socioeconomic status on
participation and attainment in general education within the Australian Indigenous context.

They report that:

A number of factors that may have ostensibly been thought to increase an
individual’s opportunities, such as gaining a certificate or diploma or
gaining part-time work, did not reduce the risk of these marginalised
people exiting disadvantage over the decade of the study. This contrasts
with gaining a tertiary degree or full-time paid work, both of which
strongly reduced the risk of remaining marginalised. Thus, in terms of
educational attainment, it does not appear true to say that any qualification

is better than none. Nor was any job better than none.

The indicators for marginalisation are multi-dimensional. In recent years there has
been an increasing focus on this multidimensional nature of disadvantage. Cruwys et al.’s
findings are based on existing research that has suggested that disadvantage tends to be
experienced in multiple domains simultaneously. The importance of education and
employment in keeping households out of poverty was identified, also reflective of the
emergence of policies to address human capital development (Sen, as cited in Cruwys et al.

2013, p. 8), and correlating well with Archer et al.’s (2015) research findings.

Cruwys et al. (2013, p. 17) reporting on the modifiable early-life predictors state that
“The proportion of those leaving school before the age of 16 was almost two times higher in

the marginalised groups than in the never-marginalised group’. Further, Cruwys et al. (2013,
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pp.16-17) found that those who had left school early were significantly more likely to remain
marginalised, ‘... In 2001, marginalised individuals had lower levels of education than did
non-marginalised Australians, with two-thirds (67%) having only completed high school or
less’. While there was a positive change in educational attainment over the ten-year period,
some had attained a university education by 2010. ‘The impact of this action was profound:
95% of those who did (33 of the 35 people) had exited marginalisation. Obtaining a tertiary
education was thus a strong predictor of exit from marginalisation’. But the authors

emphasise that education cannot be considered a ‘quick fix’ for marginalisation.

It needs to be stated here that while science capital is a comprehensive concept that
encompasses science literacy, it also includes other practices including what you do, who you
know, and what your family values are, all within a science frame-of-reference. Science
literacy includes science knowledge, associated skills, and an appreciation of science.
McConney et al. (2011, p. 2017) report, also based on existing national based research data,
(OECD, 2007) that ‘Previous research has shown that Indigenous students in Australia do not
enjoy equal educational outcomes with other Australians. This secondary analysis from PISA
2006, confirmed that this continues to be the case in science literacy for secondary students’.
While their observation from the OECD (2007) report is supported by those of Cruwys et
al.’s (2013) in a broad educational context, McConney et al. (2011, p. 2017) find, however,
that the analysis also revealed that “...Indigenous Australian students held interest in science
equal to that of their non-Indigenous peers, and that observed variations in science literacy

performance were most strongly explained by variations in reading literacy’.

McConney et al. (2011, p. 2031) acknowledge the task behind addressing these issues
and suggest that ‘In addition to efforts aimed at improving what happens between teachers

and students in classrooms doing science, it is also clear that policymakers and science
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education researchers have important contributions to make’. McConney et al. (2011,

p. 2033) conclude their paper by offering practical suggestions within four interrelated
communities of practice and research: teachers and intending teachers, teacher educators,
researchers, and policymakers, that are aimed at ...maintaining the press to close the gap in
science literacy and education generally?’ They end their paper with questions that seem
important for further research, questions which relate for example to compensating for the
remoteness of some Indigenous students through internet access and recognising the possible
impact upon Indigenous students learning and being assessed in science through a second

language.

Higgins (2014, p. 154) reports that “Within Canadian science classrooms, Indigenous
ways-of-knowing and ways-of-being continue to be underrepresented and undervalued. For
Indigenous students, this often results in negative experiences and disparate achievement
rates when compared to their non-Indigenous classmates’. Michie (2002, p. 36) presents an
argument for including Indigenous Science in the School Science Curriculum. He begins by
pointing out that much writing has primarily focused on how to engage in teaching
Indigenous Science. Michie then proceeds to provide a rationale for why we should be
teaching Indigenous science. He begins by exploring the question of ‘what Indigenous
Science tells me about Western Science and science education’. This he answers in part by
relating to Aboriginal anecdotal evidence for the long-recognised link between Aboriginal
people and their obligations, exercised through traditional lore and customary procedures, to

animal and plant management practises such as patchwork burning regimes.

Michie (2002, p. 38) then queries the popularly perceived role of science education in
communicating science, by citing C. P. Snow’s (1959) idea that science and education should

be considered in opposite camps, with the implication that science education is situated as a
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bridge between ‘The Two Cultures’. This he suggests implies that Aikenhead’s (1997) vision
of cultural brokers may support a science—technology-society approach. It may be
appropriate here to perhaps consider the increasing evidence that science educators are
recognising that both Western science and Indigenous knowledge have a cultural basis; hence
it is appropriate for any contemporary, comparative discourse to express their respective
cultural foundations. The assertion by Chalmers (2013, p. 220), that ‘The enduring part of
science is that part which is based on observation and experiment’, could draw common

ground between Western Modern Science and Indigenous Knowledge Systems.

There are science educators who, conversely, believe that defining Indigenous
Knowledge (IK) as a science will be to IK’s detriment. There is support for the compatibility,
however, of these two knowledge systems (Stephens, 2003) comparing IK with WS. Also,
while the significant cultural differences are acknowledged, the important aspect of the
significant ‘common ground” is recognised. (Aikenhead & Ogawa 2007; Cobern & Loving,
2001). Monhardt’s (2003) study challenged the perception that science and IKS are innately
and distinctly different knowledge domains. The Navajo students’ views on ‘scientists’ and
‘science’ were described as ‘non-stereotypical’, using their own cultural frameworks to
understand a science concept. An important finding was the strong link between their concept

of science and ‘place’. Their concept of a scientist was one who worked ‘outdoors’.

Furthermore, there is wide agreement among educators that all knowledge has
Indigenous origins (e.g., Aikenhead 2001; Castagno & Brayboy 2008; El-Hani & Bandeira
2008; Higgins 2011; McMillan 2013; Ninnes 2000). Michie (2002, p. 38) presents a further
dimension to his argument by posing the question, ‘What does science have to do with

reconciliation?’ Michie goes on to arguing a case for culturally inclusive science education
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serving as a means for achieving reconciliation between Indigenous and non-Indigenous

peoples and as a vehicle for social justice.

Recent literature reveals a growing awareness of, and debate around, ethics and
science education, and that there is more than one approach tackling the issue. Bazzul (2016,
p. 23) opines that ‘Science and science education are entangled with a wide range of ethical
contexts ranging from the sharing of information and reporting, falsification/validation of
data, use of animals, to the public return on investment’. He argues that ‘engaging ethics in
science education should take a variety of useful forms’. He suggests that educators ‘can also
critically examine both the topics and modes of ethical engagement “on offer” to students’.
He concludes his work by suggesting a list of what science educators and educational
scholars can do to shift the field toward more ethically and politically engaged practices,
toward a transdisciplinary, politically engaged science education. Bazzul (2016, p. 66)
suggests a ‘Focus on the Socio-political — Make socio-political concerns such as racial
inequality, economic exploitation, and the destruction of Earth’s diversity the focus of

science education pedagogy, curriculum, and research’.

In closing this section, | strongly suggest that the disadvantaged students and their
families are the ones who should be listened to. As Creswell (2012, p. 531) points out,
‘Attention to the narratives of students and their families is a reminder not to lose sight of the
diversity in student populations and highlights the need for attention to issues of social justice
and equity in education’. Highlighting this awareness at both State and National levels should
be seen as an imperative, and can be tackled in part by developing an argument for a cohesive
and universal policy for Indigenous knowledge inclusion in science education. This can be
broached and rationalised from four conceptual directions: social justice, equality, equity and

economic rationalism (Ninnes, 2004; Todd, 2018; Zipin et al., 2015)
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2.11 Evidence for Culturally Inclusive Science Education

Michie (2002) acknowledges, with respect to teaching Indigenous Science in the
classroom, the lack of resource materials teachers can use and a lack of appropriate
professional development. He notes that the situation had improved slightly (e.g., Halling,
1999; Rose & Read, 2001) but further resource materials need to be produced. Case studies
reveal where science education materials sensitively used the local Indigenous language,
leading to observed improvement in student attitudes to both learning and their Indigenous
culture (McKinley, 2005; Morales, 2015; Usborne, 2011). There is a call for schools to be
seen in cultural terms, as being ‘real’ (Kuiper, 1998). Kuiper (1998, p. 21) addresses the need
for science educators to “...generate learning by situating science concepts and ideas for the
learner [in] familiar context’. Further, there is an emerging framework where the community
is regarded as “first” (Mutonyi, 2016), as evidenced by the Bridging Cultures textbook in
Saskatchewan (McGregor, 2012). Science can be seen as a cultural enterprise, with an

evolving discourse about science education and IKS (Marker, 2015).

As a lead-in to the following section, | would argue that Citizen Science ought to be
regarded as a practical means for ‘bridging cultures’, within a scientific setting. And, as an
extension, be seen as a practical method for introducing culturally inclusive science
education, not necessarily in a formal sense, but through Community involvement and

association.

2.12 The Challenges and Some Insights for the Future

The challenges facing educators who wish to introduce culturally inclusive science
curricula are significant. Fensham (2002) (as cited in Aikenhead, 1996, p. 39) warns that the
science curriculum is a social instrument that serves the interests of those who have a stake in

its content. The first interest group includes influential stakeholders who simply want school
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science to act as society’s screening device to maintain an intellectual, social elite. The
second group represents the marginalised social groups whose students can effectively be
screened out by school science, thereby denying them the higher status and power afforded

by science-related professions.

Science educators are recognising that both Western science and Indigenous
knowledge are culturally based, and that it is appropriate for any contemporary discourse in
science education to express their cultural foundations. The belief is decreasing that
incorporating Indigenous knowledge as a science would be to its detriment: science is seen as
evolving. While there are significant cultural differences between IK and WS, when
compared and contrasted, the interesting and positive aspect is the significant common
ground between these two fields of knowledge (Aikenhead & Ogawa, 2007; Cobern &

Loving, 2001; Stephens, 2003).

Any opening on educational matters pertaining to science might quite properly look at
the epistemology, particularly that associated with secondary-level schooling, the student
body, the curricula and the pedagogy. By applying an epistemological lens to a culturally
inclusive science curriculum, we can consider the theories behind knowledge acquisition. An
appropriate theory is constructivism, which presupposes that all knowledge is ‘constructed’,
in that it is contingent on convention, human perception and social experience. In other

words, constructivism is culture friendly.

In recognising science, and therefore science education, as being culturally embedded,
it follows that student construction of new knowledge will involve interpretation influenced
by prior knowledge, including knowledge that is culturally based. Thus, it is reasonable to
expect that science education, through the inclusion of Indigenous culture and knowledge,

will better connect science to Indigenous students’ lives (Castagno & Brayboy , 2008;
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Cobern, 1996a). | am aware of the educational challenges facing Indigenous students in the
majority Indigenous communities in Australia. These concerning issues have been
extensively and sensitively researched and expressed by prominent international scholars.
They seek to redress the imbalance between the influential elite and the socially marginalised,
with the focus on the Indigenous student. (e.g., Aikenhead (1996), Kawagley and Bernhardt

(2005), Castagno and Brayboy (2008), Ogunniyi (2015), and Aikenhead and Ogawa (2007)).

My focus, for the purposes of this study, is on the secondary science student attending
schools in the broader Australian community. A culturally inclusive science curriculum
available for the majority student body, both Indigenous and non- Indigenous, would require
a supportive, bipartisan socio-political will in Australia. In the first instance, it would require
that the science teacher as one of the influential stakeholders, ...would play the role of ‘tour
guide’ taking students across the [cultural] border and directing their science in the direction
of the students’ everyday world (Aikenhead, 1996, p. 26)°. For this to happen of course
would require the teacher to act as an emissary for the prevailing socio-political norms. The

research indicates that this applies equally to Australia and internationally.

When | was preparing for the preliminary phase of my original research and
development for the science book project, while framing and scoping the content and context,
| initially planned the textbook specifically for the Indigenous students undertaking the
Australian national science curriculum. During early discussions with two key Aboriginal
Elders, both Traditional Owners, however, | was very quickly corrected, and advised that the
book was for all students, ‘black and white’. Their logic was simply, ‘We are all under the
same umbrella, and we can learn from each other’. Jack, my facilitator—liaison person, at the
‘Top-End’ community, qualified this further by pointing out that ‘The “Balander” students

were more likely to become the future politicians and lawyers’. Jack was an astute and very
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wise fellow, a pragmatist who recognised the power and political plays at work in his Top-
End community, hence his recognition of the relevance of the book to all Australian

secondary students.

While culturally inclusive science education research applies to all levels of
schooling, the focus for this study is on years nine and ten, at the middle secondary school
level, and within the broader Australian community, where the science curriculum conforms
to the Australian Curriculum standard. As a matter of course, reference will need to be made
to articles and research applying to all the levels of schooling where there is cross relevance

to the secondary level.

2.13 Science Textbooks, Degrees of Indigenous Knowledge Inclusiveness and
Other Issues

Important Indigenous feedback on how Indigenous culture ought to be represented in
a textbook is revealed in the Review of the Australian Curriculum (2014), with a section on
recorded suggestions for pedagogic change, included in part with reference to Indigenous
culture. The Review (2014, p. 137) suggests for ‘...the simple abolition of the cross-
curriculum priorities either because their selection was biased, or because they had no
educational foundation, or they were not appropriate to one or another discipline area’, where

Indigenous educators argued that

...an appreciation of Indigenous culture and history was far too important
to be simply treated as a cross-curriculum theme and would result in
superficial and uneven teaching of subject matter that rightly belonged in
relevant disciplines or preferably as a standalone subject taught by a
teacher qualified in the area. ... but rather should be ‘structured, unitized

and taught by professionals.
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While the Australian educational perspective is reflected by The Shape of the
Australian Curriculum Science Statement (2009, p. 10), one could argue that it suggests a
token, superficial level of Aboriginal cultural inclusiveness as is indicated by the statement
that ‘The Australian science curriculum will provide opportunities for students to develop

understanding of aspects of Indigenous cultures’.

But the intention is clear: there needs to be a representation of Indigenous knowledge
within the Australian Curriculum, in each knowledge field. The Melbourne Declaration (as

cited in The Review of the Australian Curriculum — final report, 2014, p. 62) argues that

While ... all students have the right to study what are described as the
‘fundamental disciplines’ the Declaration also emphasises the importance
of general capabilities, inter-disciplinary approaches and the need to deal

with sustainability and Indigenous content.

If we can assume that science textbooks will normally reflect the Australian
curriculum standards, then more recent feedback on Aboriginal cultural inclusiveness is
revealed in the Final Report (2014) of the Review of the Australian Curriculum. The Final
Report (2014, p. 180) indicates a general concern that the curriculum approach was
somewhat contrived and tokenistic in far too many instances. The suggestions for change
referred, in part, to the ‘embedding’ of ‘Indigenous aspects’ in the science curriculum. The
recommendation for a cross-curriculum priority was seen as problematic because of

perceived bias, lacking educational foundation, or not being appropriate to science.

The Final Report (2014, p. 137) reports however, that some Indigenous educators
argued that Indigenous perspectives should not be a cross-curriculum priority but rather
should be ‘structured, unitised and taught by professi