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Abstract
Advances in open data, big data and data linkage allow us to analyse more data and on a larger scale than ever before.
However, this brings with it the challenge of ensuring that Indigenous data sets are used in a way that protects Indigenous
rights to that data and maximises benefits for Indigenous peoples. The CARE principles for Indigenous data governance—
Collective Benefit, Authority to Control, Responsibility and Ethics—were developed to protect Indigenous data sovereignty,
but there are few examples of how to translate these principles into practice. In this paper, we show how these CARE
principles can be applied to data collection, integration, analysis and translation practices. Our case study is a project that
used data reported by Indigenous ranger groups to capture the multiple benefits of Indigenous land and water management
activities. Through this case study, we offer a framework for the design and use of CARE-informed data practices, which can
be embedded into project design to enable the ethical and responsible use of Indigenous data to improve Indigenous policies
and services. Such practices are critical in the context of ongoing demand for Indigenous data for bureaucratic purposes, and
Indigenous interest in using that data to influence management and policy decisions affecting their estates and resources.
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Introduction

Technological and policy developments have enabled data
to be amalgamated and used in a range of new ways to
inform environmental science and decision-making (Chan
et al. 2011). This includes national and global data sets
designed to enable regular and timely assessment of bio-
cultural diversity and ecosystem services (e.g. https://ipbes.
net/global-assessment-report-biodiversity-ecosystem-
services). The integration and use of big data has also

helped to illuminate the importance of Indigenous peoples,
lands and stewardship to biodiversity (Garnett et al. 2018;
Leiper et al. 2018; Pert et al. 2020), and the importance of
biodiversity to Indigenous peoples’ cultural land and water
management activities and enterprises (Robinson et al. 2016).
Yet there is ongoing tension around how technocratic data
systems classify, co-opt and capture certain aspects of Indi-
genous knowledge desired by the state, and the subsequent
disempowerment this can create for local Indigenous com-
munities and their agendas for their lands and their lives
(Nadasdy 2004). Finding ways to protect Indigenous peoples’
right to govern the use and interpretation of their own data is
critical to addressing this tension (Robinson et al. 2016;
Johnson et al. 2016; Austin et al. 2019).

In this paper, we reflect on research done in Australia to
consider how the CARE principles for Indigenous data
governance—Collective Benefit, Authority to Control,
Responsibility and Ethics (see Fig. 1)—can enable the
ethical and responsible use of Indigenous data to improve
policies and services that support Indigenous communities.
The research was conducted following calls from Indigen-
ous groups across Australia to support partnerships that
deliver shared priority outcomes for Indigenous Cultural

* Cathy J. Robinson
Catherine.Robinson@csiro.au

1 Commonwealth Scientific and Industrial Research Organisation,
Brisbane, QLD 4001, Australia

2 Commonwealth Scientific and Industrial Research Organisation,
Townsville, OLD 4814, Australia

3 Australian Government, Department of Agriculture, Water and the
Environment, Canberra, ACT 2601, Australia

4 Data 61, Commonwealth Scientific and Industrial Research
Organisation, Clayton, VIC 3168, Australia

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-021-01485-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-021-01485-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-021-01485-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-021-01485-8&domain=pdf
http://orcid.org/0000-0002-3453-572X
http://orcid.org/0000-0002-3453-572X
http://orcid.org/0000-0002-3453-572X
http://orcid.org/0000-0002-3453-572X
http://orcid.org/0000-0002-3453-572X
https://ipbes.net/global-assessment-report-biodiversity-ecosystem-services
https://ipbes.net/global-assessment-report-biodiversity-ecosystem-services
https://ipbes.net/global-assessment-report-biodiversity-ecosystem-services
mailto:Catherine.Robinson@csiro.au


and Natural Resource Management (ICNRM) activities, and
for data to be made more useful for Indigenous land and sea
management and decision-making (Australian Government
2017).

The CARE principles seek to create value for Indigenous
peoples from data about them, in ways that are grounded in
Indigenous world views and realise opportunities within the
knowledge economy. These principles have been endorsed
by the Global Indigenous Data Alliance (GIDA), which is the
international peak body for Indigenous data sovereignty
(IDS) as part of a growing effort by Indigenous groups to
assert greater control over the application and use of Indi-
genous data and Indigenous Knowledge for collective benefit.

We present a case study to show how these CARE
principles can be embedded into data collection, integration,
analysis and translation practices. Our case study focuses on
data used to evaluate Indigenous Cultural and Natural
Resource Management (ICNRM) activities, which Indi-
genous local ranger groups submit to government programs
for the purpose of evaluating the outcomes of their activities
for funding bodies. ICNRM activities have grown in num-
ber across the globe as projects receive co-investment from
Indigenous communities, government agencies and non-
governmental organisations (Austin et al. 2018; Brondizio
and Le Tourneau 2016; Pert et al. 2020). Indigenous groups
managing ICNRM activities are increasingly asked to col-
lect data to report on the benefits of these activities, which
extend beyond environmental outcomes to include social,
cultural and economic benefits for Indigenous rangers and
communities (Barber and Jackson 2017; Jarvis et al. 2018;
Rainie et al. 2017).

It is vital that Indigenous people have a say in how
ICNRM data is collected, analysed and translated to assess
if desired outcomes are being achieved. While Indigenous-
specific approaches to evaluation are becoming more widely

recognised and valued, best-practice guidelines are largely
focused on local, case study-specific data collection meth-
ods and analysis (e.g. Robinson et al. 2016; Wiseman and
Bardsley 2016). Finding ways to scale up evaluations of
ICNRM outcomes to inform decisions at the policy and
program level requires consideration of ‘two-way’ evalua-
tion methods that value Indigenous knowledges and desired
outcomes (Austin et al. 2018; Corrigan et al. 2018). This
paper adds to this growing body of work by focusing on the
‘care’ of large data sets and secondary data that can be used
to evaluate programs supporting ICNRM activities.

Using Big Data to Evaluate the Benefits of
Indigenous Environmental Programs

While there is growing interest in how big data sets can
inform national and international biodiversity assessments
and decisions, there is also growing acknowledgement of
the importance of local and Indigenous peoples and
knowledge in bio-cultural diversity and critical ecosystem
services (Brondizio et al. 2016; Díaz et al. 2015; Pert et al.
2015). This raises important questions about Indigenous
data governance, including questions about the ethical
dimensions of analysing ICNRM data that has been re-
purposed and re-scaled to evaluate programs supporting
ICNRM activities.

Sustainability science has helped to address some of the
challenges that arise when working with multiple knowl-
edge systems that reflect different ethics, world views,
principles and truths (Robinson and Wallington 2012;
Whyte et al. 2016). Critical to this effort is what Johnson
et al. (2016) describe as weaving—that is, collaborations
that respect the integrity of each knowledge system for a
particular purpose, in this case evaluations of the benefits of
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Fig. 1 CARE Principles for
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collection, integration, analysis
and translation practice. Source:
GIDA 2019
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ICNRM programs (cf. Tengö et al. 2017). Weaving
emphasises the interactive and dynamic aspects of knowl-
edge co-production, sharing and translation, and the work
involved to ensure that these relationships are underpinned
by mutual respect that allows for differences in world views
(Verran and Christie 2007).

Weaving indigenous knowledge and western science
together needs to recognise that intellectual and cultural
rights are attached to indigenous knowledge, and that this
knowledge is connected to kin relationships. Together,
these shape decisions about how, when and under what
conditions knowledge can be shared (Johnson et al. 2016).
It is crucial that Indigenous knowledge is a foundation of
this knowledge weaving effort. Otherwise data collection
and knowledge sharing and co-production practices can be
influenced by what Bourdieu (1977) describes as habitus––a
set of social, cultural and political ‘spaces’ individuals
occupy and translate into capital, which Walter (2010)
argues includes race—to describe the skills and dispositions
that affect the (positive and negative) attributes certain
world views place on a given entity, and the sociocultural
and political processes by which certain views are
empowered, actioned and reproduced. This can underpin
environmental program dispositions around how western
science and Indigenous knowledge is perceived and plays a
central role in power relations surrounding if and why sci-
ence and Indigenous knowledge is used in environmental
management decision making and evaluation––or not
(Kerins 2012; Devon and Hoover 2019).

The habitus surrounding collaborations that create and
translate ICNRM data is important for several reasons. First,
research institutions’ perspectives and practices make it
possible to analyse Indigenous survey or census data (usually
collected by non-Indigenous people about Indigenous peo-
ple) without necessarily requiring an ethics review or the
inclusion of Indigenous perspectives. For example, Aus-
tralia’s national ethics guidelines allow institutions to decide
whether research using de-identified human data requires an
ethics review (NHMRC 2007). This dynamic also affects
power interactions between western science and Indigenous
Knowledge in terms of what knowledge is deemed credible
by the state and how multiple sources of evidence is used (or
not) to evaluate benefits from ICNRM activities (Barber and
Jackson 2017; TallBear 2014).

Second, at the time of conduct of this research, ethics
guidelines published specifically for research with Aboriginal
and Torres Strait Islander people and communities (AIATSIS
2020) did not sufficiently or directly address the ethical
issues that arise in research using large data sets or secondary
data. The Australian Institute of Aboriginal and Torres Strait
Islander Studies (AIATSIS) has since updated their ethics
guidance (AIATSIS 2020) to now include recognition of
some of the specific ethical considerations relevant to the re-

use of existing data about Aboriginal and Torres Strait
Islander peoples. This responds to calls from Indigenous
ethics scholars who highlight the need for research to no
longer be about Indigenous people without informed consent
but instead be grounded in Indigenous rights and benefit
sharing (Walter et al. 2020; Kukutai and Taylor 2016). Most
of the focus of this research ethics reform and data sover-
eignty discussion draws on lessons learned from research
with local community-based studies (e.g. Johnson et al. 2016;
Todd 2014). These insights are relevant to big data analysis.
Data analysis conducted without appropriate Indigenous
input or without ethics-informed research design and gov-
ernance has significant potential to do direct or inadvertent
harm to the people and communities to which the data
belong, and/or the wider Indigenous population, through
misrepresentation and decontextualised analysis (Davis 2016;
Kwaymullina 2016). Walter and Suina (2018, p. 233) argue
that the result is “an absence of an Indigenous presence from
Indigenous data production [which] has resulted in an over-
whelming statistical narrative of deficit for dispossessed
Indigenous peoples around the globe”.

Indigenous groups are cautious about the collection and
use of data to describe their local stewardship efforts,
particularly when the data is collected for government
program objectives that impose notions of ‘useful’
indigenous–environment interactions for sustainability and
ignore benefits that are supported by indigenous commu-
nities (Kukutai and Taylor 2016; Kerins 2012; Povinelli
1992). The concept of ‘useful’ human–environment inter-
actions has a long and problematic history for many Indi-
genous peoples, whose hunter–gatherer relationships with
the environment were used by colonisers to designate
Indigenous people as ‘backward’ and justify acquisition of
sovereignty over Indigenous territory (Robinson 2016).
Legacies of this world view persist in ICNRM partnerships.
In addition, these legacies have been imposed on evalua-
tions of the efficacy and benefits of ICNRM work, and are
reflected in the insufficient resources and support that are
available for the stewardship, knowledge-sharing and cul-
tural practices that Indigenous people view as important to
care for their country (Fache 2014; Austin et al. 2019).

Weaving also requires the mobilisation of multiple
knowledges, values and governance systems that can con-
tribute to collaboratively evaluating and designing ways to
achieve sustainability (Sterling et al. 2017). The concept of
reconciliation is a helpful foundation for knowledge-
weaving work and the tasks of mobilising, translating,
negotiating, synthesising and applying multiple knowledges
for decision-making (Tengö et al. 2017). Feir and Hancock
(2016) emphasise that reconciliation through research is
based on an awareness of the past, acknowledgement of the
harm that past research agendas and practices have inflicted
on Indigenous people, and the need for concrete actions that
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ensure research—such as the compilation and analysis of
Indigenous data sets—can benefit and be used by Indigen-
ous communities and organisations. The need to care for
and reconcile Indigenous data will undoubtedly continue to
grow, given the significant changes anticipated for ICNRM
groups and activities following the emergence of new
digital technologies and capabilities, including real-time
monitoring through sensors, big data and machine learning.

Issues around Indigenous data sovereignty and concepts
of habitus, ethics and power opens up important questions
about the capability of efforts to curate data systems asso-
ciated with Indigenous ranger work to accommodate the
knowledge frameworks and assumptions of ICNRM impacts
that underpin cross-cultural collaborations between Indigen-
ous and non-Indigenous environmental management partners
(Duncan et al. 2018; Robinson and Wallington 2012). Fra-
meworks have been developed to weave together a diversity
of knowledge systems to inform biodiversity assessments and
decision-making (e.g. Tengö et al. 2017; Austin et al. 2019).
We build on these frameworks but note a growing focus on
how data created from these knowledge collaborations can
ensure benefits for and minimise harm to Indigenous com-
munities (Lovett et al. 2019; Kukutai and Walter 2016).

Research around the care of Indigenous data has focused
attention on the information supply chains between data
supplier and end user, the social architecture surrounding data
platforms that can empower Indigenous people and their
information needs, and the right to create value from Indi-
genous data in ways that are grounded in Indigenous world
views and realise opportunities in the knowledge economy
(Pulsifer et al. 2011; Scassa and Taylor 2017). A key chal-
lenge has been to ensure that Indigenous data is used in a way
that protects Indigenous rights to that data and maximises
benefits for Indigenous peoples (Fogarty et al. 2018).

The Global Indigenous Data Alliance created the CARE
principles for Indigenous data governance to protect Indi-
genous data sovereignty, and to reflect the crucial role of
data in advancing Indigenous innovation and self-
determination (GIDA 2020). Yet there are few examples
of how to translate these CARE principles into practice.
This becomes particularly important when data is used to
evaluate the merit or worth of an Indigenous policy or
program, where it is critical to incorporate Indigenous
peoples’ perspectives, priorities and knowledges into the
metrics for evaluation (Australian Productivity Commission
2020; Te Arawhiti Office for Māori Crown Relations 2019).

Research Context and Approach

This 12-month project was funded by a collaboration with
Commonwealth Government agencies in Australia who are
custodians of data related to natural resources and the

environment, including data offered by ICNRM groups. In
the Australian context, ICNRM refers to activities that
receive Aboriginal and Torres Strait Islander community
and Commonwealth co-investment for a range of environ-
mental and cultural stewardship and management activities
(Austin et al. 2018). Government programs that support
ICNRM efforts often employ Indigenous rangers and can
also engage Indigenous Elders and communities in
knowledge-sharing and on-ground management activities
(Australian Government 2017).

A key priority for this project was to discover and syn-
thesise new evidence in existing government program data
sets in order to enhance reporting of ICNRM benefits and
investigate how the research process can care for Indigen-
ous data in an ethical way. A Project Steering Committee
was established to enable whole-of-government input from
key federal agencies that fund Indigenous environmental
programs, as well as agencies that hold data on Indigenous
business operations, education and training. Indigenous
stakeholder input was facilitated through a networked
approach with key national bodies, and project briefs and
updates were provided to key Advisory Committees within
each agency specifically established to facilitate Indigenous
input (i.e. the Environmental Protection and Biodiversity
Indigenous Advisory Committee, Commonwealth Depart-
ment Indigenous Staff Network members, the Indigenous
Land and Sea Management Board and the Northern Aus-
tralia Biosecurity Framework Reference Group).

To start the project the team got access to the DataLab
and was asked by the Project Steering Committee and
overall PEAN Advisory Committee to focus its efforts on
the cultural and economic benefits of ICNRM activities. To
assist with this work, the team was given access to large
data sets that contained information on environmental
management and ICNRM activities and outcomes. This
included data from the national Monitoring, Evaluation,
Reporting and Improvement Tool (MERIT; Australian
Government Productivity Commission 2020), which
aggregates all environmental project activities supported
through various programs. Although each program has
different goals and approaches, they are all designed to
enhance biodiversity, build greater environmental resi-
lience, and develop community, Indigenous ranger, capacity
to participate in sustainable development programs across
the Australian landscape. The team also accessed a Com-
monwealth Government database that records Indigenous
ranger activities in Indigenous Protected Areas (IPAs),
which are part of Australia’s natural reserve system.

The team accessed publicly available data on Indigenous
corporations (https://www.oric.gov.au/) and a similar set of
data on Indigenous businesses held by Supply Nation
(https://supplynation.org.au/). De-identified information on
Indigenous business annual turnover and other factors was
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obtained from the Business Longitudinal Analysis Data
Environment (BLADE) database by list-matching with the
Office of the Registrar of Indigenous Corporations (ORIC)
and Supply Nation lists. The data was accessed on a highly
restricted basis, with strong privacy controls in place, within
the Australian Bureau of Statistics (ABS) secure DataLab
environment (https://pmc.gov.au/public-data/data-integration-
partnership-australia). Team members underwent DataLab
training so that relevant social and economic data was
appropriately and ethically analysed, shared and published in
accordance with the strict privacy guidelines and require-
ments of the ABS under the Census and Statistics Act 1905.

In total, the team examined more than 22,000 site records,
representing more than 5300 ICNRM projects undertaken
across Australia between 2011 and 2019 and reported in the
IPA and MERIT databases (Watson et al. 2020). We used the
CARE principles to guide our data collection and analysis
process, ensuring that Indigenous views and aspirations
informed our research questions and data outcomes. Speci-
fically, the principles guided how we (a) co-designed the data
project; (b) collected, analysed, repurposed and integrated
data; and (c) determined what big data can (and cannot)
capture about the benefits of ICNRM activities in Australia.

We began by breaking the research process down into
five discrete stages: project design, data collection, data
integration, data analysis and data translation. We then
identified the key steps within each of these five stages,
evaluated those steps against the four CARE principles, and
made modifications to those steps where necessary to sup-
port alignment with the CARE principles.

Draft plans for each stage of the research process were
shared with the Project Steering Committee on an ongoing
basis, facilitating iterative co-development of a CARE-
informed research plan. Once finalised, this enabled the team
to conduct carefully designed research that protected Indi-
genous data sovereignty by appropriately recognising Indi-
genous peoples’ rights; handling data in an ethical,
respectful and considered manner; producing useful analysis
that aligned with Indigenous peoples’ priorities for the
project; and ensuring that data and findings were only shared
publicly with the consent of Indigenous representatives.

Results

Guided by the CARE principles, researchers worked with the
Project Steering Committee and Advisory forums to deter-
mine what data should be collated, how it should be analysed
and interpreted, and the purpose(s) for which it should be
used. This process resulted in a set of co-designed practices
around project design, data collection, data analysis, data
integration and data translation, all of which focused on
embedding Indigenous data sovereignty into the research.

Project Design

Researchers collaborated with the Project Steering Com-
mittee and Indigenous Agency Advisory Committees to co-
design the project’s goals. This process was informed by a
framework developed in consultation with Indigenous ran-
ger groups across Australia, which identifies outcomes these
groups wish to achieve for healthier country, strengthened
culture and language, healthier people, families and com-
munities; and, greater economic opportunities (https://www.
socialventures.com.au/work/prime-minister-and-cabinet-
indigenous-environment-branch/). Indigenous representa-
tives identified the research questions they wished to
explore, and researchers then identified the necessary data
sets to facilitate this research. This iterative process pro-
vided a pathway for the research team to apply the principle
of Collective Benefits, because it established a foundation
for inclusive development and enabled Indigenous people to
define the desired benefits of repurposing the data. Indi-
genous collaborators also gained greater awareness of
existing big data sets that contain Indigenous data, enabling
them to advocate for equitable outcomes.

Data Collection

Data collection for this research involved obtaining permis-
sion to use existing data sets that contain Indigenous data. The
CARE principle of Authority to Control recognises Indigen-
ous peoples’ rights and interests in data about them and
empowers them to control access to and use of such data.
This principle was challenging to implement during the data
collection stage of the project, as the data sets required for the
project are held by governmental and private entities, where
there are few Indigenous data governance structures or pro-
cesses in place. However, the Project Steering Committee
included representatives from the government entities that
hold the required data sets, and these individuals played an
important role in brokering input from Indigenous repre-
sentative groups within each agency. The consent terms for
the secondary use of this data did not require direct permis-
sion from the people who collected and entered the data into
each database and opens up an opportunity for improvement
in future consent terms. Input from Indigenous representative
groups offered a step towards increased data control for
Indigenous communities, both in terms of data interpretation
and the sustainable management of land and water.

The Project Steering Committee also highlighted the need
to consider context when evaluating the benefits of ICNRM
activities, as activities and benefits in desert inland areas are
difficult to compare with those delivered in tropical or
southern coastal areas. The team responded to this guidance in
two ways. First, remoteness was considered in the analysis.
Recognising that population density varies considerably in
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Australia, from densely populated coastal areas through to
very remote and sparsely populated deserts, we stratified the
data by remoteness using ABS remoteness area classifications
(see Watson et al. 2020 for details on additional steps). Sec-
ond, we added two case studies to the project (not reported
here), enabling differences in Indigenous land and water
management activities and outcomes in different parts of the
country to be highlighted and incorporated into the research.
Final approved outputs from this effort will be available on the
Physical Environment Analysis Network website which co-
funded this research (https://www.pean.gov.au/).

Figure 2 illustrates an output from our work to integrate
the CARE principles into data collection to highlight the
environmental benefits of Indigenous Natural and Cultural
Resource Management (ICNRM) activities. The map shows
that Indigenous Australians play a significant role in the
delivery of Commonwealth-supported projects. Indigenous
stewardship focuses on many important cultural and natural
land and sea scapes, including many of the nation’s iconic
areas (e.g. World Heritage sites).

Data Integration

Based on feedback from the Project Steering Committee,
the research team explored the economic benefits of
ICNRM activities for Indigenous businesses. This work
highlighted that practices around data integration make it
difficult to implement the CARE principles, as efforts are

constrained by what is technically feasible. While Indigenous
representatives did not play a role in the data integration
process, researchers conducted ongoing checks within the
team and with the Project Steering Committee in an effort to
conduct appropriate and ethical data integration practices that
minimised harm and maximised benefits for Australia’s
ICNRM sector. Researchers incorporated this principle into
their decision-making, including decisions about which data
sets to integrate, and what scale and level of detail to use for
the integration (noting that it is also a key principle behind the
release, or otherwise, of analysed data from the secure
DataLab environment). For example, ORIC and Supply
Nation data sets were integrated with the MERIT and IPA
data sets at the national level in order to protect the identity of
Indigenous business and ranger groups because these analytic
units could become identifiable at a local scale. Our data
integration work highlighted that capacity building in data
architecture and management among Indigenous communities
would support greater implementation of the CARE princi-
ples during this stage of the research process.

Data Analysis

Researchers took care to ensure that data was analysed in a
way that produced useful results that could assist with
efforts to evaluate the benefits of ICNRM activities. An
important first step was to identify policies that were rele-
vant to the project’s agreed goals and collective benefits,

Fig. 2 National scope of
Commonwealth funded program
Indigenous cultural and natural
resource management (ICNRM)
activities and correlation with
the nation’s iconic
environmental areas. Note:
Records are based on
Commonwealth-supported
projects reported in MERIT and
IPA databases and funded
between 2011 and 2019. Maps
are corrected to account for the
fact that fewer projects are
located in remote areas (Watson
et al. 2020)
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and to make contact with government agency staff who
were responsible for addressing particular policy questions
that would benefit from the project’s data. Researchers then
adopted an iterative approach to data analysis, conducting
ongoing checks to ensure that the results of the analysis
remained policy-relevant and would minimise harm and
maximise benefits for Indigenous communities. Indigenous
representatives were involved in this iterative process as
draft findings were shared with the inter-agency Steering
Committee for feedback and review. This enabled the
analytical focus and outputs of the research to be refined
throughout the project. For example, the analysis used to
show the national scope of ICNRM activities (Fig. 2) was
adjusted based on feedback from the Steering Committee
that this analysis needed to account for remoteness because
ICNRM groups that are scattered and smaller in remote
parts of Australia are unable to undertake the same level of
activities as those ICRNM groups in less remote regions.

Under the CARE framework, a key aspect of data ana-
lysis is ensuring that the resulting data can support and
appropriately represent the outcomes that matter most to
local ICNRM groups. The principle of Authority to Control
recognises Indigenous peoples’ authority to control how the
ICNRM sector and its benefits are represented and identified
within data. By applying the CARE principles, the research

team recognised that local Indigenous ranger groups often
prefer to use ‘stories of change’ to report on the benefits of
their activities, but that these stories are often not captured
well in quantitative (or even qualitative) data for natural
resource management evaluation purposes (Hunt et al.
2009). To address this, the team used an artificial intelli-
gence (AI) language model (word2vec) to translate the text
of each story of change into numeric representations
(Mikolov et al. 2013). AI text analysis was then applied to
the stories of change to enable more accurate reporting on
the cultural and economic benefits of on-ground activities
across Australia (see Fig. 3). This AI text analysis provided
insights into how local stories can be combined into a
national narrative about the cultural and economic benefits
reported from ICNRM activities across Australia. Even so
this analysis does highlight the reality that large-scale ana-
lysis such as this cannot and should not replace local
ICNRM insights and approaches to describe and report on
the multiple impacts and benefits of ICNRM activities.

Data Translation

Researchers embargoed project analysis results until Indigenous
representatives had consented to their public release, protecting
Indigenous peoples’ rights to control where and how their data

Fig. 3 Word cloud generated
through Artificial Intelligence
analysis on the cultural benefits
reported from ICNRM project
activities
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is used. Project analysis results were reviewed in regional
workshops and by the Project Steering Committee, providing
mechanisms for Indigenous peoples to determine how their
land and water management activities, territories, employment,
businesses, world views and knowledges are represented and
identified within data. Results from the project have been
written in language that is accessible to non-scientists, and will
be shared on the Federal Department of Environment and
Energy’s Physical Environment Analysis Network website
(https://pean.govcms.gov.au/projects/northern-australia) upon
approval by the Indigenous review process described above.

Discussion and Conclusion

ICNRM activities have grown in number across the globe.
Indigenous groups are increasingly asked to collect data to
report on the benefits of these activities, which extend
beyond environmental outcomes to include social, cultural
and economic benefits for Indigenous rangers and com-
munities. It is vital that Indigenous peoples have a say in
how this ICNRM data is collected, analysed and translated
for the purposes of determining if desired outcomes have
been achieved. While local, Indigenous-specific approaches
to evaluation are becoming more widely recognised and
valued, there are few examples of how to use this data to
scale up evaluations of ICNRM outcomes to inform policies
and programs. This paper adds to this growing body of
work by exploring how the CARE principles can be applied
to re-purposing large data sets and secondary data to eval-
uate programs supporting ICNRM activities.

Using big data to tackle complex sustainability science
challenges can introduce new possibilities and rich insights
into human–nature interactions, as well as the complex
mechanisms that sustain both (Dufva and Dufva 2019;
Hudson et al. 2016). However, it can also create challenges
for scientists in how this data is accessed, analysed, inter-
preted and reported. For example, the open data movement
argues that data-sharing should be supported by making
data findable, accessible, interoperable and reusable (FAIR
principles). This emphasis on data-sharing is problematic
for Indigenous peoples because this data often represents
insights from diverse Indigenous knowledge systems that
have different protocols governing how knowledge is
shared and with whom (Walter 2016). The data may also
have been collected for a specific purpose without taking
possible reuse or open data-sharing into account.

Environmental management researchers need to take
concepts surrounding Indigenous data sovereignty seriously
when designing and negotiating projects, reporting outputs
and outcomes from those projects, and using data from
Indigenous groups and/or ICNRM activities. Establishing
project governance mechanisms (such as an Indigenous

project steering group) can ensure the purpose and benefits of
data collection and analytical efforts are negotiated with
Indigenous inputs, including how the research can benefit
ICNRM groups and activities. Concepts surrounding ethics,
power and rights underpinning the CARE principles also
need to underpin researcher efforts to ensure data analysis
and outputs, recognise Indigenous intellectual and cultural
property rights and Indigenous knowledge sharing protocols
that vary within nation states and across the globe. This can
be difficult for researchers using big-scale data sets to navi-
gate and may require nested research governance arrange-
ments to enable Indigenous strategic oversight and locally
negotiated inputs at key stages of the research process.

As this research highlights, support for Indigenous data
sovereignty raises important questions about how Indigenous
inputs can be woven into analysing large data sets, data
provided by ICNRM groups in this case, to give a richer
picture of the outcomes sought by these groups. These issues
are of critical importance, given the increased awareness of
the need to appropriately engage Indigenous peoples, respect
their inherent rights and interests, and recognise the value of
their knowledge and practice in evaluations of environmental
management (Díaz et al. 2015, Brondizio and Le Tourneau
2016). Efforts to understand ICNRM benefits from Indigen-
ous ranger perspectives highlight the need for local voices and
Indigenous-led approaches to guide the habitus around the
data and data management practices that are used to evaluate
ICNRM activities, as well as the protocols that govern how
the outcomes of ICNRM activities are shared (cf. Maiam
Nayri Wingara 2020). It is therefore essential to determine
how to incorporate local voices and Indigenous-led approa-
ches when scaling up, amalgamating and re-analysing data to
inform national programs that support Indigenous commu-
nities. The CARE principles for Indigenous data governance
can empower Indigenous people to create value from Indi-
genous data and ensure that policy and management decisions
are grounded in Indigenous world views.
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