Taking Data Science into the Forest

Joycelyn Longdon, Jennifer Gabrys and Alan F. Blackwell
University of Cambridge

Abstract

We contribute to the Science in the Forest, Science in the Past series by investigating the
specific practices of “data science”, a set of contemporary methods associated with large-
scale data processing infrastructure that shares many characteristics with artificial
intelligence technologies. We offer a critical history of data science in relation to the
engagement of Western publics with environmental policy through “citizen science”, and
contrast those developments with the authors’ different experiences and perspectives of
applying aspects of data science and citizen science in collaboration with local communities
in South America and Africa.

Introduction

Investment in and reliance on digital computing technologies have become central to many
forms of institutionalised scientific research. Data-intensive scientific discovery has been
described as a "Fourth Paradigm” (Hey et al., 2009), and is promoted by technologists as
succeeding pre-digital eras of direct observation and analytic generalisation. Our contribution
to “Science in the Forest, Science in the Past” considers this contemporary advocacy of data
science, via a critical investigation that draws both on history of the field (as we explain, a
comparatively recent past) alongside cross-cultural perspectives from the Forests of Africa
and South America.

We interrogate data science in relation to the closely cognate field of artificial intelligence
(Al), which at the time of writing threatens to disrupt conceptions of knowledge across many
domains of professional practice. We have a particular interest in the way that Al algorithms
are trained through the appropriation of human labour, for example when open public
resources or volunteer effort are recruited to work alongside professional scientists to collect
and interpret “crowd-sourced” datasets. This tendency within data science can be compared
to the mechanisms of data extraction, exploitation and inequality that underpin the internet
economy driving Al research, described by Couldry and Mejias (2019, 2020) as “data
colonialism” for the ways that these dynamics echo earlier infrastructures of enclosure,
extraction and exploitation of physical resources.

In addition to the economic implications of data as a commodity for global science and
industry, we consider the ways that data science follows Al in reconfiguring knowledge and
knowledge work. Blackwell (2023) has claimed that Al functions as a branch of literature,
constructing new representations of what it means to be human. The programming
languages and database schemas of data science, while not intended to be literary, indeed
define what it is possible for scientists to know, just as the language in which literature is



written defines the conceptual space that literature can explore. In campaigning for literature
to be written in his own and other African languages, Ngiigi wa Thiong'o argued that writing
in one’s own language was essential for decolonisation of the mind (Thiong'o 1986). We
therefore explore the relationship between the technical Western “languages” of data
science’, and the alternative ways of knowing often characterised as Indigenous knowledge
(or IK) (Bidwell et al 2022).

Data Science and Planetary Health

A key focus in this edition of the Science in the Forest, Science in the Past series, as
articulated by Geoffrey Lloyd, is ideas and practices related to health and well-being,
including conceptions of the body, the self in relation to the world and its inhabitants, states
of being, normalcy and deviations from the normal, and intelligence however manifested.
From the perspective of data science, the health of the human population is an increasingly
data-intensive area of research. Public health has been concerned with statistical data from
the time of Florence Nightingale and Jon Snow (Palmer, 1977) through to the daily statistical
updates of the Covid-19 pandemic (Spiegelhalter & Masters, 2021). At the leading edges of
health research, statistical genomics and protein modelling are used to quantify and
calculate the normal functions of a healthy human body as well as problematic deviations,
and the ‘quantified self movement has conceived human well-being as a data commaodity
available for commercial exploitation (Couldry and Mejias 2020).

However, in our own contribution to this collection, echoing the attention given by Professor
Lloyd to the world and its inhabitants, we are especially concerned with the health of the
planet rather than humans as individuals (cf. Gabrys, 2020a; Horton and Lo, 2015; Whitmee
et al., 2015). Within this exploration of planetary health and environments, we consider the
relationships and intersections between digital technology and environmental data science,
and how they influence forests as inhabited sites and objects of scientific study. We thus
engage with the rubric of science in the forest to question how contemporary data science
generates and engages with diverse knowledges and practices of forests.

Western-led policy recognises biodiversity and carbon-storage as two examples of how
forests contribute to planetary health, through the interrelation of environmental and human
flourishing. However these instrumental Western views of the forest present a regrettably
dramatic contrast to the knowledge and traditions of those who live in forests of the Global
South, where it may never have occurred to treat the health of humans and of forests as
separable in the first place (Adom 2018, Green 2012). International agreements and
obligations reward nations in the South for the contribution of their forest ecosystems to
carbon credits and biodiversity, following commercial dynamics that we return to discuss
later in this article (Beauman, 2022). But these practices are data-intensive and require
extensive monitoring and reporting mechanisms to demonstrate the health of forests.
Meanwhile, multiple other data practices materialise in and in relation to forest spaces,
whether through participatory monitoring, Indigenous archives, or counter-mapping projects
(Gabrys et al., 2022).

! Including programming languages - although the cultural significance of programming languages in
relation to Al is a complex question, addressed more fully in Blackwell’s forthcoming book Moral
Codes (2024).



We illustrate our reflections on these themes by reference to four data science projects
undertaken by the authors, involving a diverse range of collaborators in both Global South
and Northern institutions. The most extended of these sections, coming at the end of this
paper, considers the infrastructure being developed and deployed by Joycelyn Longdon, to
record and analyse environmental acoustic data in a forest in Ghana. In order to contrast
that forest setting to environmental data science practices in the North, we start with a brief
critical history of the development of data science in association with citizen science, via the
observation of birds and acoustic recording of birdsong. Recording and observation are
differently configured in the way that Jennifer Gabrys’ earlier research in Citizen Sensing is
now developing through a Smart Forests initiative in locations including Chile, India,
Indonesia, and locations in the US and EU. We describe a third project, presenting a
contrast to the embedding of sensing infrastructure within the forest, turning to the remote
sensing of forest environments from satellites, in which Longdon investigated international
efforts to monitor deforestation in the Democratic Republic of Congo. The last of the projects
we describe experiments with reconnecting satellite imagery to local communities, in Alan
Blackwell’s collaboration with educators working in a city bordering a biosphere reserve in
Ethiopia.

The Colonialism of Data Science

This paper interrogates and problematises the ambitions of data science in the forest. At
once a marketing catchphrase, a profession and a new academic discipline, data science is
contributing to the establishment of many funding initiatives, degree programmes,
congresses and peer-reviewed publication venues (Provost & Fawcett 2013, Cao 2016, Jat
et al., 2021). What are the social-political consequences of data science as informed by
commercial interests of historically deforested yet wealthy nations on one side, and on the
other, those in the Global South whose remaining forests are often threatened by the
dynamics of colonial capitalism?

If data science is implicated in the global infrastructure of exploitative labour, colonial
oppression, and wealth extraction (Couldry and Mejias, 2019), do we simply join the queue
of critical commentators elaborately describing the workings of digital injustice? Should we
direct our gaze toward the environmental costs of the data industry itself, including mineral
extraction and the resources used to power data centres (Gabrys, 2014; Hogan, 2015); or to
the whistleblowers and conscientious objectors within the data science and Al industries
(Lannelongue et al., 2021, Bender et al., 2021)? Despite these urgent and important
questions, our intention here is not to echo or amplify these approaches. Instead, our
research focus is motivated by ethnographic and participatory concerns that consider how
data can be understood and practised in alternative ways from within the forest, and in
relation to the concerns of forest dwellers.

We write at a time when there is widespread attention to the contributions of “Indigenous
knowledge” (Latulippe and Klenk, 2020; Ulloa, 2017). The value of IK is framed within
international consensus on environmental health and conservation, as expressed in the
Sustainable Development Goals, governed through international law, and measured by
scientific bodies such as the UN Environmental Program’s World Conservation Monitoring



Centre (Ingwall-King, Gangur & Mistry, 2020). Moreover, the diminishment of IK would only
compound the irrecoverable loss of ecological and genetic biodiversity (e.g,. Barrera-Bassols
& Zinck, 2003; Yahaya, 2012; Adom, 2018).

Nevertheless, there are many reasons for the people who live in or adjacent to forests to be
cautious of such international interest in their “knowledge”. Colonial extraction of Indigenous
knowledge has been notoriously inequitable, including in the use of intellectual property law
to confiscate or appropriate the medicinal knowledge of traditional healing plants through
patenting of valuable species without compensation to those who “invented” their medicinal
application, or to the traditional owners of the land where those species grow (Mooney,
1980; Leach and Davis, 2012). The very concept of fieldwork has been characterised as
fundamentally extractive (Nhemachena et al., 2016), while the residual inequities of conduct
in colonial research institutions have been used to fuel populist resistance to public health
crises (Green, 2012) rather than integrating the expertise of local populations in contributing
to new conceptual frameworks (Mavhunga, 2018).

The relationship between data and knowledge that is presumed in Western conceptions of
“knowledge work”, “knowledge industries”, “knowledge-based systems”, and “knowledge
engineering” demonstrates how data communications and processing technologies have
become an infrastructure that both shape and privilege the epistemological cultures within
which they arise (Bidwell, 2021). The very notion of “intellectual property”, as elaborated in
the Western-led international frameworks of copyright and patent laws, can seem
meaningless or profoundly unethical in comparison to traditional conceptions of knowledge.
As explained by Barry Barclay (2005), in his proposal for an alternative framework of mana
tuturu in the spiritual guardianship of Maori faonga (cultural treasures), the application of
copyright law to such treasures can be compared to the doctrines of settler colonialism
under which existing traditional law was held to have no status in court because of its
assumed inferiority to the European laws of the colonising power. Movements to develop
Indigenous data sovereignty are articulating different approaches both to the infrastructures
and practices of data, and to the epistemes that data practices support and extend (Kukutai
and Taylor, 2016; see also, Westbury et al., 2022). Engagement with local communities via
digital technologies demands epistemic accountability to avoid the potential for a person’s
meanings, contributions and communicative practices to be undervalued, excluded,
silenced, misrepresented or systematically distorted (Bidwell, 2021). Our goal in this paper is
to explore how data sciences and data practices are shaped, and can potentially be re-
shaped by attending to these diverse infrastructures that are within and in relation to forest
environments.

A Critical Technical Practice of Data Science

This article is a sequel to papers that Alan Blackwell has presented at two previous Science
in the Forest, Science in the Past workshops. Both reflected on the status of Artificial
Intelligence (Al) as a science, responding to the fertile epistemological traditions brought by
other contributors, and considering Al both as a product of its past and as an enterprise
situated in a particular contemporary landscape that resists characterisation in relation to
science in the forest. The first of those papers, Objective Functions, Deep Learning and
Random Forests, questioned the epistemological and cultural foundations of Al, advocating
a contextualized, qualitative and interpretive social science of “big data”, and leading to a



published paper that interrogated (In)humanity and Inequity in Artificial Intelligence
(Blackwell 2019). The second of Blackwell's SFSP contributions proposed an agenda for
Ethnographic Atrtificial Intelligence (Blackwell 2021), introducing the plans for his own
fieldwork in Ethiopia, Namibia and Uganda, cut short by the Covid-19 pandemic, but leading
to publication with his Ethiopian colleagues on Inventing Atrtificial Intelligence in Ethiopia
(Blackwell, Damena and Tegegne, 2021) as discussed further below.

The overall orientation of the new work that we present in this paper, as with the earlier
SFSP contributions by Blackwell, is associated with an agenda known as Critical Technical
Practice (which we abbreviate to CTP), originally proposed by Philip Agre in 1997, in his
compelling personal reflections on Lessons Learned in Trying to Reform Al. As subsequently
quoted, Agre had become convinced that Al researchers in computer science departments
were engaged in covert philosophy, whereas his own goal was to make the philosophy overt.
This required him “to stop thinking the way that Al people think, and to start thinking the way
that social scientists think”.

CTP can be understood in part as a concerted response to the high modernism of the 20th
century cybernetic programme, which originally aspired to a future of interacting with
computers as “man-machine symbiosis” (Licklider, 1960), a modernism now signified by the
Bauhaus aesthetic that has become ubiquitous in the products of Microsoft, Apple, Google’s
Android and their global licensees and competitors. Although the modernist drivers of the
information economy have become wholly embedded in international late-colonial business
and policy (Mhlambi, 2023), academic computer science has more recently responded with
a comparatively postmodern approach to this rational view of computation, through a
“second wave” of research in human-computer interaction (HCI) exemplified by a turn to the
social in the work of Lucy Suchman (2007) among others familiar to Agre, and a third wave
incorporating the ironic and pastiche elements of practice-led Critical Design (Bardzell,
Bardzell et al., 2013).

Many reflective practitioners in computer science research have adopted Agre’s CTP as a
banner for particular ways of proceeding as academics, although not so much in the
mainstream of Al research where Agre developed his concerns (indeed, many current Al
researchers have never encountered Agre, or any other critique from 25 years ago), but
certainly in the field of HCI, where the phrase is associated with those who work on the
boundaries of user experience design and science and technology studies, including the
present authors, but also leading critical voices in the field, for example Dourish, Finlay,
Sengers and Wright (2004). This community of reflective practitioners see themselves both
as designers and social scientists, engaged in research practices where making, even craft,
is itself a source of knowledge, to be understood among the social settings of technical
construction, everyday use, and critical reception.

In bringing these intellectual concerns of HCI researchers to our forest sites in Africa and
South America, we hope to remain alert to the fact that postmodern responses to the
modernist agenda of computational sciences and technologies reflect European and
Western preoccupations, not necessarily the predominant concerns of the Global South.
Decoloniality can itself be a response to modernity, which would take CTP in a very different
direction (Mignolo & Walsh 2018). But as observed by Kwame Anthony Appiah, the
postmodern impulse to distance oneself from ancestors need not be presumed as a priority



for African philosophers, especially where these theories are implicated (as is HCI) in the
cultural trade of world capitalism (Appiah 1993, p.149). There is active debate whether Al
could ever be decolonised, given its origins in eugenics and racist models of intelligence
(Adams, 2021), and approaches to decolonial thinking in HCI are still under active
development (e.g. Bidwell and Winschiers-Theophilus, 2015; Awori et al., 2016).

Data Science versus Artificial Intelligence

The term “Data Science” was practically unknown as recently as 2008 (see Figure 1), and
certainly not ready for critical inspection when Philip Agre was trying to reform Al in the
1990s. In most practical uses, “data science” could be directly replaced by the traditional
term “statistics”, since both its purpose and practitioners are the same, and indeed many of
today’s leading data scientists previously described themselves as statisticians.
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Fig 1. The rise of DataSmence since 2000

However the ambitions of the term “data science” as a promotional term do extend beyond
those of statistics, aspiring to the status of scientific knowledge in itself, rather than (as was
almost always the case for research statisticians) in the service of another discipline. This
shift has come about, as with the revival of interest in Al over the past 20 years, through
dramatic advances in the class of algorithms referred to as “machine learning”. Machine
learning methods have proven particularly effective in the automated processing of
extremely large quantities of data, moving beyond familiar statistical domains like
epidemiology to include large corpora of text and digital images that could not previously
have been processed numerically using statistical methods. As we explain below,
applications of machine learning in forests are growing to include many different modalities
of data - certainly traditional statistical reporting of quantitative measurements, but also
digitised images and sound recordings.

A casual observation of contemporary studies in computer science, as seen in many
universities, is that although students are initially excited by the prospects of humanoid
robots or new intelligent life, in practice they focus on the technical application of machine
learning algorithms. After acquiring those skills, most do not proceed to the careers imagined
by science fiction, but are employed to apply machine learning algorithms to business



problems under the banner of data science. Rather than exploring the nature of intelligence,
much data science and machine learning deals with mathematical problems that are familiar
from high school mathematics, such as making predictions on the basis of trends and
correlations. As argued in Blackwell's (2021) previous presentation to SFSP, imitation of
human intelligence by “predicting” what humans have said before, as in the recently
notorious ChatGPT, is a kind of pastiche, plagiarism or parody of hidden human work (cf.
Bender et al., 2021; Blackwell, 2024), itself often commissioned from ghost workers in Africa
or elsewhere in the Global South (Gray and Suri, 2019; Rowe 2023).

In the remainder of this paper, our goal is to problematise the enterprise of data science in
relation to cultures and environments other than its home ground of Al research and
statistical governance. The rhetorical claim implicit in the promotional phrase ‘data science’
seems to assume a kind of meta-scientific status, in which quantification has become a
science in itself, independent of what is being counted (Blackwell, 2022). However, the
doubtful epistemological basis of such a claim can be somewhat obscured by appeal to
‘artificial intelligence’, through which actual knowledge is claimed to arise directly (through
computation) from numerical data. Taking data science to the forest is, we hope, an
opportunity to challenge such claims.

A key concern is that the computational regimes of data science may exacerbate the
replacement or devaluing of traditional and Indigenous knowledge. While there have been a
few experiments in integrating traditional modes of observation and reasoning into a
statistical machine learning framework (e.g. Masinde & Bagula, 2011), it is more commonly
the case that Western scientific framing can undermine or replace traditional knowledge
(Adom, 2016; Kosoe et al., 2020). Treating Indigenous knowledge as abstract data can
easily lose its contextual and cultural significance (Awori et al., 2015). Furthermore,
Indigenous knowledge practices are already appropriate and sustainable, in contrast to
‘modern’ alternatives that require expensive apparatus and special training (Yahaya, 2012).

Citizen-Data Infrastructures

Before we proceed to describe our own fieldwork, this section examines the Western frame
from which our research concerns have emerged. Research undertaken in a computer
science department, with a focus on eco-acoustic data, would routinely be associated with
the historical adoption of machine learning methods for analysis of birdsong by ornithologists
(e.g. Stowell and Plumbley, 2010; Nicholson, 2016; Priyadarshani et al., 2018). We therefore
wish to stay alert to the sociotechnical dynamics within which public imagination is married to
technical resources in such methods, identifying and responding to the mainstream
approaches and narratives of Western data science.

In Western imaginations of forest conservation, birdsong in particular can function as a
signifier of ecological biodiversity, as skilfully employed by Rachel Carson in the title of her
classic 1962 polemic Silent Spring. Public support for conservation science is often
mobilised through enthusiasm for birds and birdsong, for example in the Cambridge
Conservation Initiative, a supporter of our own research, which includes among its partner
organisations charities such as Birdlife International, the British Trust for Ornithology (BTO),
and the Royal Society for the Protection of Birds (RSPB). Later in this paper we discuss the
capture and analysis of audio data in a forest in Ghana, in a project collaborating with BTO



and Ghanaian researchers?, although noting that the popular appreciation of birdsong in the
gardens and countryside of Europe and North America should not be taken to mean that
birdsong is considered the preeminent feature of an ecological soundscape in West Africa.

Longstanding organisations such as the RSPB (est. 1889) and its US counterpart the
Audubon Society (est. 1905°%) have mobilised public participation in scientific data collection
through large-scale observational surveys such as the RSPB Big Garden Birdwatch that has
taken place annually since 1979. In the US, the phrase “citizen science” was coined in the
mid-1990s to describe a project of the Cornell ornithology lab, whose founder Arthur Allen
had convened evening seminars to raise public awareness about ornithology since the
1950s (Bhattacharjee 2005). The distinctive opportunity for wider public engagement through
the internet was recognised by Cornell ornithologist Rick Bonney (2008), who started to talk
about citizen science following a project in 1995 that distributed a bird observation survey
(on paper), inviting members of the public to send their responses by email (Gura 2013). The
Cornell lab has continued to innovate in the use of digital communications for collecting
observational data, now via its eBird app (Sullivan et al 2009), but also coordinates
advocacy for citizen science across many disciplines, via platforms such as Citizen Science
Central and the Citizen Science Association.

The most dramatic recruitment of volunteer enthusiasts as unpaid research assistants for
data science was achieved in the Galaxy Zoo project (Raddick et al 2010) established to
label the immense quantities of data arriving from the Hubble space telescope. Without
dwelling on the reference to environmental commodification suggested by the “Zoo”
metaphor, the Zooniverse infrastructure now coordinated by the Citizen Science Alliance is
used by research teams in many scientific domains to coordinate large-scale processes for
sending images, collecting responses, checking labels by comparing judgments of different
volunteers and so on.

Recruiting humans to make isolated intelligent decisions, as component elements within an
engineering data processing infrastructure, had already been pioneered in commercial
contexts with Amazon Mechanical Turk (AMT), which as claimed by Blackwell in his previous
SFSP contributions represents the disguised operating principle of all so-called intelligent Al
systems, whose intelligence is constructed by collecting and replaying human judgements
(Blackwell 2021). The exploitative nature of such arrangements is generally avoided through
euphemisms such as ‘crowd-sourcing’, a term that has been used not only as a marketing
term for systems like AMT, but sometimes as a near-synonym for citizen science. These
ambitions seem reminiscent of early optimistic enthusiasm for direct democracy through the
global internet, later revealed to be a new source of misinformation and oppression, just as
the flexible labour underpinning social media and Al is now being criticised as creating an
underclass of “ghost workers” (Gray and Suri 2019).

2 Our collaborators in this continuing project are Prof Emmanuel Achaemong, Head of the Department
of Silviculture and Forest Management at Kwame Nkrumah University of Science and Technology
(KNUST) in Ghana, and Dr Adham Ashton-Butt of the British Trust for Ornithology.

% Note that at the time of writing, many local chapters are changing their name to distance themselves
from the racist legacy of the founder John Audobon.



Despite (or perhaps in response to) the problematic use of citizen science as a euphemistic
cover for minimal-cost research labour through crowd-sourcing, there have been projects
that emphasise the status of the ‘citizen’ as political agent rather than purely low-cost labour.
For example, the Cornell team have developed the overlapping interests of amateur bird
watchers with those who engage in conservation volunteering, and even in community
political action promoting conservation priorities for planning and regulation in their
residential neighbourhoods (Cooper et al 2007). A vast range of citizen science and citizen
sensing research has engaged with how these practices can reorient the power dynamics of
knowledge production, the production of data, and the mobilisation of evidence to support
democratic and pluralistic worlds (e.g., Gabrys, 2022a; Gabrys, Pritchard and Barratt, 2016;
Irwin, 1995; Ottinger, 2011; Storksdieck et al., 2016, Oliver et al., 2017).

The purposeful entangling of science, technology and politics by advocates of citizen
science goes beyond the dynamics that are apparent from science studies, for example,
enlisting volunteers as instrumental allies in scientific work (Latour, 1987), extending to the
role of these internet applications as media platforms. These platforms can be a political tool
to be used in aligning public discourse toward the scientific evidence and priorities of the
researchers, and applied to causes ranging from biodiversity preservation as studied by
Latour in the Amazon, to climate change mitigation, with consequences that Latour had not
anticipated (Rojas, 2015).

Data science and citizen science thus come together in a sociotechnical infrastructure where
the technologies of observation and recording are entangled with human labour of
interpretation, including the perceived value of certain species rather than others as
signifiers of biodiversity, of conservation priorities, and of planetary health. Unsurprisingly,
ornithologists such as the Cornell laboratory have taken this opportunity to invest in machine
learning methods, while birdsong is seen as an attractive application domain in which to test
and demonstrate machine learning algorithms (Gaunt et al 2005). The epistemological
commitments of the classical neural network, in which samples of complex data are
classified by reference to “ground truth” labels of a training set, seems ideally suited to the
simple prerequisites of studying avian utterances. Bird species have distinctive songs, an
objectively certified hierarchy is available in the form of Linnean classification, and ample
volunteer labour is available to annotate recorded sample recordings with the species that
produced them.

The application of these methods in the field is unfortunately less straightforward, for
example when multiple species of bird are vocalising at the same time, other sounds
complicate the recording, or the volunteer observers might not be sufficiently skilled in
attributing sounds to the correct species (Herman 2020). As a result, the most successful
demonstrations of neural networks for many years were those that employed recordings of
individual birds, captured in the controlled setting of a laboratory recording studio.

Nevertheless, the confluence of public interest and goodwill, the metonymic significance of
birds and their song, and the technical opportunities offered by field recording technologies
and neural network algorithms, have resulted in an embedding of these Western priorities
and values into the knowledge infrastructure that might be deployed around the forest. As
critical technical practitioners, the brief historical commentary above has demonstrated our
commitment to interrogating and unsettling the epistemological and political commitments



that have been embedded in scientific infrastructure, re-centering the public as fundamental
to the technical project, rather than incidental participants or recipients. The remainder of this
paper illustrates these dynamics through four examples of our own practice-based research,
drawn from different stages of project development. Each reflects a particular set of data
science and sensing technologies, but in relation to the practices of the “forest” rather than
the imagination and ideals of Western data scientists.

Classifying Forest through Data Practices

Joycelyn Longdon’s research is supported by the UK Research Councils as one of a cohort
of students in the Cambridge Centre for Doctoral Training on Al for Environmental Risk
(AI4ER). This Centre is one of 14 that were established across various UK universities in
2018, with the objective of developing research skills in Al (seen as a national priority for
economic development (Hall & Pesenti 2017)), while addressing practical problems that will
both validate the potential impact of Al technologies and make progress toward solving
those problems through the expected value of the technology itself. This is, of course, an
approach to science funding that simultaneously advances a research question on behalf of
the scientists receiving the funding (what is the potential value of Al?), while also predicated
on the answer to this question (that Al will be more effective than other possible research
investments toward solving the problems of environmental risk). The resulting expectation is
that every project carried out in this Centre, and in others like it, should demonstrate that Al
is an effective way of addressing whatever problems that particular Centre has been created
to address.

As a result, most projects at the AI4ER Centre have clear engineering objectives, able to be
solved through the application of technology that is understood to be effective rather than
offering speculative enquiry. In practice, and as already explained, this requires the objective
methods of data science rather than the subjective imagination of Al (Blackwell 2023). In the
first year of the 4-year AI4ER degree programme, students develop and demonstrate their
data science skills in a mini-project related to environmental risk. In Longdon’s case, this
project for her MRes also related to forests, though the short time available makes it
impractical for MRes students to actually collect data from a forest. Instead, the data for
these data science projects must be reused from other research projects, in the hope that
better data science methods will discover new patterns in the data that were not already
apparent to those who originally collected and analysed it.

Longdon, as with many other students in this situation, based her MRes project on the
archives of data collected by the Landsat programme that has been jointly managed by
NASA and the US Geological Survey since the 1970s. Data collected by Landsat 7 over the
past 20 years takes photographs of every part of the Earth, with each individual pixel
corresponding to an area of 30 by 30 metres. The colour of each pixel includes the familiar
RGB (red, green, blue) of digital photographs, but also several infrared bands. Data
collected from satellite images (often referred to as “remote sensing” among specialists) is
particularly convenient when, as in the case of Landsat, the US government-funded scientific
outputs are made freely available for anyone to access. As a result, much of the satellite
imagery currently familiar through commercial products such as Google Earth is derived
from Landsat data. Google also makes the Landsat data more conveniently available to



academic researchers who have limited budgets, through free access to the Google Earth
Engine that stores archived images from Landsat, and provides data science algorithms,
visualisation tools, and processing resources. Although the role of Google as a corporate
sponsor is not investigated further in our work here, we note with interest that the familiar
product Google Earth itself started as a proposal to investigate deforestation (then called
“Google Tree”), and that scholars have traced the artifice involved in the construction of the
cloudless “Pretty Earth Image” (Sansone Ruiz 2023).

It is not unusual for Landsat data, together with Google Earth Engine, to be used for projects
that address environmental risks. Longdon’s MRes project was one of many that considered
how satellite images could be used to remotely sense deforestation, by observing when
particular 30m x 30m pixels, that had previously been the colour of green forest, changed to
become another colour. In principle, this seems straightforward, but in practice, the
relationship of changes in the satellite image to the things one might experience within the
forest are extremely complex, and might not be unambiguous evidence of deforestation.
Most vegetation constantly changes its colour, according to seasons. One might compare a
specific week of one year to a specific week of another (if only the seasons were so
conveniently aligned in an era of changing climate), except for the fact that heavily forested
areas are also often covered by cloud, meaning that the reference location in the critical
week of the previous year might often have been inconveniently hidden from the satellite.
Furthermore, a technical fault that historically afflicted part of the Landsat equipment means
that there are large stripes of missing data in several years, especially across the parts of
central Africa where Longdon planned to locate her case study in the Democratic Republic of
Congo.

A further substantial problem is how to “train” the machine-learning classifier that recognises
one colour of pixel as representing forest, and another not. These algorithms rely on training
sets labelled with “ground truth” observations of what actual vegetation growing on that
particular 30m by 30m piece of ground has resulted in the colour of that pixel. In practice,
training data is constructed by drawing boundaries on a map, based on local geographic
knowledge of the boundaries of forest reserves, urban settlements, agricultural communities
and so on. At the time of Longdon’s Master’s research, the most accurate training data for
previous training of Landsat classifiers had been amassed elsewhere, while land use
surveys from the DRC had reported on a 300m grid*, with only one human judgement for
every 100 points on the Landsat image. By careful selection of 5 land cover classes
(Cropland, Shrubland, Forest, Urban and Water) from among the original 37, Longdon was
able to train her machine learning classifier to demonstrate reasonable consistency of
automated satellite observation with other measures of deforestation (Longdon 2021).

Of course, the transformation of forest into farmland does not happen accidentally, and the

enterprise of constructing objective remote sensing measures to detect such transformations
is a political enterprise. Longdon had chosen to study the Mai Ndombe region because it had
come to the attention of an environmental campaigning group monitoring the effectiveness of

* The data used to train the supervised classifiers was the European space Agency Climate Change
Initiative Landcover data set (ESA CCI), developed using GlobCover unsupervised classification
trained on multiple sensors, including Advanced Very High Resolution Radiometer (AVHRR),
Systeme Probatoire d’'Observation de laTerre Vegetation (SPOT-VGT), and PROBA-V.



the REDD+ (Reducing Emissions from Deforestation and forest Degradation) carbon offset
and credit schemes (Ickowitz et al 2015). The question of whether a photographic pixel
captured in one place and time is, or is not, considered to be a pixel of forest, thus has direct
financial and political consequences in other places and times. For a country subject to
economic exploitation and political unrest, there is substantial motivation to have the satellite
images look the way that they should. If agricultural cultivation happens to be carried out
under the forest canopy where it cannot be seen from a satellite, it produces economic value
while still attracting environmental incentives, regardless of the actual ecological
consequences. Even more problematic, much native “forest” is not dense tropical canopies,
but savannah or other kinds of natural vegetation that may be indistinguishable from local
cultivation practices. Detecting deforestation in such circumstances, defined as a clear
change of labels from forest to not-forest, involves Al that is interpretive as much as
objective. Not only must every pixel have an agreed interpretation at a single point of time,
but change in the colours of these pixels over time may or may not be evidence of humans
modifying forests. Sometimes pixels become less green, then more green again, from one
year to the next. Official audits rely on specifying thresholds of how sudden the change must
be, with a constraint that the change should not be reversed the next year (as often
happens), and all are subject to the uncertainties already mentioned of cloud cover,
technical failures, approximate ground truth labels and so on.

A critical technical practice perspective resists the tempting privilege of remote sensing as a
view from on high, using images in which humans are literally invisible, and technical gaps
are taken to reflect absence of any knowledge. Instead, the perspective of the critical
technical practitioner acknowledges the dangers of surveillance-as-science, ensuring that
science about the forest is always fully engaged with science in the forest. These dynamics,
relating the research site of the forest-laboratory to the global commodification of carbon
capture industry, have already been documented in the Brazilian Amazon context where the
REDD+ programme was initiated (Rojas 2015).

Bringing Satellite Data Down to Earth

While the use of satellite imagery as a mechanism for enforcement of forest preservation is a
potent metaphor for the decontextualisation of observation through remote sensing, with the
resulting potential for data science to reinforce neocolonial economic arrangements, there is
no reason in principle why such data should not be re-connected to the locations being
observed. A project undertaken by Alan Blackwell, in collaboration with colleagues in
Ethiopia and the UK, extended the methods developed in Longdon’s MRes project to a
specific conservation context and local community. Blackwell’s collaboration with Al
researchers in Bahir Dar Ethiopia had previously identified the opportunity for an alternative
approach to Al that they described as “broad learning” (Blackwell, Damena and Tegegne
2021), for its emphasis on including wider contexts and populations, as a contrast to the
“deep learning” methods that have been developed through the extractive and exploitative
commodification of data (Blackwell 2023).

Bahir Dar University (BDU) is located on the shore of Lake Tana, celebrated in the BDU
motto as Wisdom at the Source of the Blue Nile. Lake Tana is the largest body of water in
Ethiopia, and also a UNESCO Biosphere Reserve (Wondie 2018), meaning that in addition



to being one of the longest-established technology research centres in Ethiopia, BDU has
major research programmes dedicated to sustainable agriculture, fishery management, and
conservation of the lake and its surroundings. One of the greatest environmental threats for
Lake Tana is invasive water hyacinth, which has spread over much of the coastal surface
area (Tewabe et al. 2017), and is clearly visible from satellites (Asmare et al. 2020), making
it an appropriate focus for our exploration of placing satellite observation data within the
context of local science and learning.

Blackwell worked with students and colleagues® in a technical exploration of whether the
sociotechnical infrastructure of classifying Landsat images could be combined with some
simple principles of citizen science, at a level appropriate for advanced secondary school
students in Ethiopia. With a special focus on one of the Ethiopian STEM Center schools that
had been established for talented students to interact with academics from local universities
like BDU, the goal of this curriculum development project was for students to develop an
understanding of machine learning-based data science alongside more embodied
observation of the environmental neighbourhood of their school. Cropped versions of
Landsat 8 images were created, so that file sizes were small enough directly to be
downloaded and processed on school computers. Rather than building classifiers using
standardised and sanitised ground truth datasets, the proposed lesson plans included field
trips along the lake shore for students to collect their own observations, photographing water
hyacinth at specific locations they and their families in the local community could report with
the recently released Amharic-language version of the what3words app.

Although deployment of this curriculum was disrupted by the Covid pandemic and armed
conflict in Ethiopia, lesson plans and a pilot implementation demonstrated that commodity
mobile phones and school computers can offer both local agency and a more sophisticated
appreciation of how observational evidence informs environmental policy (Sanchez-Ricol
2021). Where Western school curricula have traditionally taught probability and statistics
with gambling apparatus such as coins, dice and cards, this project was one of a series that
have related machine learning pedagogy to practical applications in African contexts
(Blackwell et al 2021, Attahiru et al 2022, Mutua and Blackwell 2023).

This experiment in broad learning was completely reliant both on globalised infrastructures
(Landsat, Google Earth Engine, Android phones, what3words), and also on the agenda of
the STEM centre that associated development opportunities with technical and scientific
education (our collaborator Dr Tesfa Tegegne, the principal of the STEM centre, was also
the director of the BDU research centre in ICT for development). These tensions between
global trends in technology research on one hand, and local autonomy and agency on the
other, permeate Al research (Blackwell, Damena and Tegegne 2021), but the next case
studies explore ways in which closer engagement with the forest unsettles that technically-
driven perspective.

® Aida Sanchez Ricol, Helen Arnold, Darren Macey (Cambridge Mathematics), Tesfa Tegegne (STEM
Center, Bahir Dar University), Nic Bidwell and Damon Wischik.



Smart Forests

Gabrys’s research on Smart Forests investigates the digitalization of forest environments,
especially for the purposes of managing and mitigating environmental change. Within the
scope of data production and data science, many environments are becoming “smart”
through digital technologies such as the Internet of Things, which would sense environments
and actuate changes (Gabrys, 2020b). Data-oriented technologies ranging from remote
sensing to situated sensors, Lidar and robots, camera traps and participatory apps, are
generating, circulating, and contributing to actions for governing forest environments. Data
practices and data sciences then contribute to different social-political effects, depending
upon who is involved in using digital technologies, generating data, and acting on evidence.
As the Smart Forests research project has demonstrated, power inequalities can arise
across actors such as big tech companies in the Global North and forest communities in the
Global South, or across environmental policymakers and commercial tech firms with different
objectives and commitments to addressing environmental change (Gabrys et al., 2022). The
"datafication” of forest environments involves selecting, mobilising, and sustaining particular
forest worlds, which can come at the expense of others. Forests become bounded and
stabilised as objects of scientific enquiry by the sensing and data infrastructures that monitor
and observe them, more than ever within the concerns for global deforestation and carbon
sequestration. Using inventive digital practices, fieldwork, participatory workshops and
mapping, the Smart Forest research project studies the transformation of forests and forest
communities through digital technologies. Through case studies, the project analyses how
forest technologies are transforming practices of observing, mitigating, participating in, and
regulating environmental change.

Part of this approach to developing inventive research methods has involved designing a
participatory open-data platform, the Smart Forests Atlas, which invites extended
stakeholder networks to contribute to documenting, commenting on, and connecting through
forest initiatives that attend to digital technology interventions. With four “way-finding”
devices, including logbooks, stories, a map, and a radio, the Atlas composes forest data into
particular narrative forms that reorient more statistical engagements with data. It also unfolds
through a set of “digital gardening” techniques that allow for pluralistic and multi-directional
data practices across participants (Westerlaken et al., 2022). This further allows for a more-
than-human approach to forest data, where digital technologies can tune into other forest
worlds (Gabrys, 2022b).

Across the Smart Forests research collective, individual case studies are taking place across
India, Indonesia, the Netherlands, and Chile. With the latter case, the question arises as to
what counts as data, and why data matters for addressing issues of forest loss,
monocultures, and wildfires. Working across social sciences, creative practice, ecology, and
computation, the South American case study especially considers how different sensing
practices compose different forest worlds, which can create data-infused forms of
knowledge, but also other ways of experiencing and contributing to forests that exceed a
data-focused project. Viewing the forest through a plurality of entities and digital channels is
a response to human-centred sciences of the forest, and in particular the kinds of dynamic
that are now motivating Longdon’s initial investigations as described in the next section.



Data Science Infrastructure in and for the Forest

We introduced the mode of our joint enquiry in relation to Agre’s prescription of a Critical
Technical Practice for Al research (Agre 1997). Agre’s concern, in trying to “reform Al”, was
to encourage his technical colleagues to recognise and acknowledge the philosophical
nature of their work. This remains an urgent problem for Al researchers today, whose day-to-
day work might be devoted to relatively mundane statistical data science, but who continue
to be motivated by fundamental questions in theory of mind, without necessarily having the
opportunity to become familiar with the intellectual precedents that could better formulate
those questions. However, it is also important to acknowledge the second element of Agre’s
prescription, which was to advocate philosophical enquiry that did have an empirical base in
technical practice. Many of the insights that have been achieved from Al arise precisely from
the engineering enterprise of testing some theory of mind by implementing it.

In this final case study, we describe the starting point for an ongoing project, in which
Longdon’s PhD research will involve the practical design of software and hardware
infrastructure that takes data science to a specific forest context and community.

This research seeks to understand what the dynamic of technical practice means for data
science in the forest. The anxieties of Western intellectuals, whether dismissing the
mundane physical realisation of concepts, or perhaps embarrassed by the greater technical
dexterity of their laboratory technicians or the more practical relevance of engineering
industry, are of little concern in an African forest. More importantly, there is no real need to
draw a distinction between the practical (so-called “indigenous”) knowledge of people who
live in forests and the practical craft knowledge of people who work in laboratories (Agrawal
1995), other than to reinforce colonial relations.

Furthermore, we might ask what is data science the science of? The name of the field
suggests that this is the science of data itself, irrespective of what might be being counted or
measured, just as artificial intelligence is not the intelligence of any particular organism or
person, but rather intelligence without a body, able to be re-embodied in a machine without
threat to the generality of the research findings, effectively a body without race, gender, or
physical ability, universally privileged (Hayles 1999). The science of data in itself, like the
study of disembodied intelligence, is to some extent an exercise of metaphysical
epistemology. As suggested by Agre, such investigations should be conducted both in the
awareness of these metaphysical claims (perhaps attending particularly to the question of
embodiment as Agre’s own Al research did), and also grounded in the practical
accomplishments of what is actually being made. In this case study, these practical
accomplishments refer to the work of citizen-science politics and data science practices as
Joycelyn “takes data science to a specific forest context and community”, engaging with a
forest-fringe community, not far from Kumasi in Ghana, where she is a visiting student in the
department of silviculture at the Kwame Nkrumah University of Science and Technology
(KNUST).

In an initial phase of fieldwork, she has discussed with the community the potential use of
unattended audio recording devices (specifically designed for use in field ecology), to collect
bioacoustic data over reasonably long periods of time. The lineage of such recording



equipment, evolved from the traditions of Western conservation research that we have
discussed earlier in this paper, should be clear. At the same time, the potential implications
of surveillance and extraction are equally clear to the forest community, to her scientific
hosts in Ghana, and to her collaborators. Sensitive negotiation of such questions is a central
element of critical technical practice.

The historical narratives of citizen science and data science are already problematic in
multiple ways, as we have discussed. But they are particularly problematic when we
juxtapose the disembodied and euphemistic global aspirations of the internet “crowd” and
“cloud” with the real places and people of forests. While the Citizen Science Association
might invite inspection of who owns data or benefits from its use, the practices of crowd-
sourcing are far more entangled with the economic and political realities of surveillance
capitalism, ghost labour and racist technology than can be openly questioned from the
research centres of the USA or UK.

The work of Jerome Lewis, Muki Haklay, Claire Ellul and their colleagues in the Extreme
Citizen Science (ExCiteS) group at UCL have been addressing this problem directly in their
work, building in particular on Lewis’s extended fieldwork with hunter-gatherers in the Congo
Basin (Lewis 2012, 2014). That project employed digital infrastructure for field observation
and data labelling, in some ways resembling the crowd-sourced volunteer projects of the
Global North, but oriented toward far more direct citizen action. In forest regions of the
Congo that were subject to commercial logging, a (pre-smartphone) GPS application was
created in collaboration with the local community in the forest. This customised mobile
device (created at a time before the smartphone “app”) allowed hunter-gatherers in the
Congo Basin to represent their own understanding of specific trees and places in ways that
could become digitally attested, and placed alongside other forms of evidence to be
considered in negotiation, permission, compensation, and all the other complexities of
technologised forest exploitation.

This practical science in the physically present forest raises obvious questions that arise
from both the technical practice and the embodied physicality, just as in the work of Gabrys
and colleagues in their investigation of Smart Forests. Is the relationship between forest and
data a question of measurement, extraction, or surveillance? All of these are routine critical
questions when digital technologies are deployed in Western contexts. In a lower-middle
income country such as Ghana, how do the economic opportunities associated with data
science differ from the apparatus of surveillance capitalism that has attracted so much
attention in the West? How do the Al mechanics of data collection and labelling as seen in
the remote analysis of satellite imagery relate to the practices of those who know and
understand this specific forest, and to the specific time and place in which a sound is heard?
Are the boundaries between data and media that have been negotiated between (for
example) those who interact via Twitter and those who interact via the Zooniverse or eBird
still valid or even relevant in this location? Can Joycelyn’s distinct Cambridge lives as social
media climate activist and audio data statistician still be distinct as she works with sensors in
the Ghanaian forest?

At this formative stage of Joycelyn’s research, we can illustrate some of these issues by
considering a specific technical aspect of her field research, namely AudioMoth acoustic
sensors, serving as a rather constrained case study.



AudioMoths are small, open-source, customisable and programmable acoustic sensors (Hill
et al., 2018) used in bio- and eco-acoustic studies. Compared to other available sensors,
AudioMoths have increased energy efficiency. This efficiency results in a lower device cost
of $84 in comparison to other acoustic sensors on the market powered by solar panels, such
as Song Meters, which cost $499 at the lower end. Price point was one of the main
motivations behind the choice of AudioMoth. With project longevity an important
consideration for this research, the accessibility and ease of maintenance of the equipment
being used, by the forest community and academic collaborators with constrained resources,
was of utmost importance.

These sensors are employed across a range of conservation studies, as a biodiversity
monitoring toolkit including studies on land and in water. However, just as “the cloud”
disguises the real tangibility of the internet, the ideas of passivity or automation disguise the
sheer amount of human labour that goes into “automated sensing". This level of labour is, of
course, much less than in purely manual field measurement and observation, but even
automated sensors are not wholly autonomous.

As an example, consider the practical consequences of how important temporality is in
acoustic sensing. Conservationists and data scientists conventionally structure their
observations over periods of time. Automated schedules not only make data organisation
and analysis more efficient than manual activation, but also allow researchers to only record
at times that have the most animal diversity or activity.

Many products are available to provide automated remote data collection, but unlike other
more expensive sensors that have the ability to be remotely programmed through mobile
apps, the AudioMoth requires significant labour from community members who must
manually program the sensors through wired connection with a PC or computer. There is the
added complexity that when a sensor is serviced, (e.g. replacing batteries and memory
cards once they are either depleted or full), the sensor returns to its default settings. As a
result, the sensors cannot simply be serviced in place to replenish these hardware elements,
but need to be removed, re-programmed, and redeployed. In the context of the forest in
which Longdon was working, with steep incline and uneven terrain, and with work being
conducted in the rainy season, this required returning to the village to re-programme all of
the sensors, under cover in the community church, before redeployment.

The temporal limitations imposed by the finite battery and memory card life directly impact
the recording schedule and the labour needed to support it. For example, taking the average
lifespan of an AA battery and the time at which a 64GB memory card would become full, a
continuous 24-hour recording schedule required servicing and reprogramming every 6 days.
During Joycelyn’s initial period of field research, two sensors were deployed a 40 minute
walking distance apart. When scaled to a larger network, as planned for subsequent
fieldwork in order to obtain more rich biodiversity data from a range of ecological settings,
the practical logistics will become a non-trivial task, and will have direct influence on the
research questions. For example, if the sensor is set to record for three hours at the dawn
chorus, the servicing schedule would be reduced to every 28 days. An additional
consideration is that regions with higher biodiversity are located deeper in the forest, at



further distances from the village, covering steeper terrain and more dense foliage, meaning
that even the previous 40 minute walk between sensors might not be achievable.

These considerations, which might seem relatively trivial in the context of a well-funded
laboratory staffed by professional technicians, become central and critical factors in other
communities and locations. As mundane annoyances in the life of the working field ecologist,
they may be ever-present, perhaps to be solved once the lucky scientist scores a large
enough grant to buy solar-powered mobile-configured automatic field stations (and sensibly
chooses a field site having both sufficient cellphone coverage, while also remote and
obscured enough to avoid theft or damage). But in our own case, the practical questions of
sensors-in-context unavoidably draws attention to the embodied provenance of data. Data
science in Western business contexts already involves disproportionate effort in “data-
wrangling” - cleaning and formatting the source files in order that they can be processed by
machine learning algorithms. But the embodiment of sensors within this setting and this
community means that data is not only retrospectively abstracted from the relative comfort of
a data scientist’s desk, but integrated into experiences of journeying through landscape - as
Nicola Bidwell observed in her daily walks while deploying community networking
infrastructure in Southern Africa, such knowledge is integrated “alongly” through narratives
of wayfaring (as described by Ingold (2016)), rather than abstracted into epistemologies of
colonial control and surveillance (Bidwell et al 2022). .

Toward Data Science in the Future

This paper has described an intersection of important contemporary concerns, that we hope
offers a novel set of questions within the longer series of investigations into Science in the
Forest, Science in the Past. By looking inside the technical practices of the environmental
data scientist, we highlight the ways that knowledge is being constructed in the forest-as-
environment. Importantly, we question the status of data science as a universalised
foundation of research and policy, if seen as an exercise of Al, aspiring to knowledge that is
produced mechanically as a by-product of quantification through sensors.

In particular, this project engages with the way that the internationalised scientific
community, aligned in the pursuit of planetary health around the Sustainable Development
Goals, and in the work of conservation NGOs, often proceeds through negotiated or
presumed consensus on the types and nature of scientific knowledge. This consensus is in
turn reinforced by the commercially standardised technical infrastructure of data capture,
storage, communication and processing. Any attempt to explore or describe alternative types
of data leads at best to a regrettable othering of the knowledge systems that are contrasted
with this infrastructure, and at worst an elision, omission or outright deletion of data that
appears invalid.

We also acknowledge the close entanglement and implications of data science with the
global technology industry, and the ways that the products and infrastructures our research
has relied on may serve to bolster or even “greenwash” the very structures that we set out to
question. This ever-present danger exposes us, along with many of our Western colleagues,
to Aimé Césaire’s condemnation of abstract philosophical enquiry as “goitrous academics,
wreathed in dollars and stupidity [...] all of them tools of Capitalism” (Césaire 1950/2000,
p.54).



Nevertheless, we believe that these relations between artificial knowledge, digital media,
sensing infrastructure, geographic locations and diverse peoples, offer important challenges
to our future understanding of forests and of science in this era of climate crisis. At a time of
growing public concern about the consequences that Al technologies may have for
education, public discourse and the creative professions in the West, African thinkers
suggest that ecological conservation should itself be considered as another fundamental
element of Al ethics (Nandutu et al 2021). We should also be alert to the fact that some
Western “ethical” fears for Al, such as the pseudo-Christian eschatology of a messianic
Singularity (Bostrom 2014, Davis 2015), may themselves be considerably less rational than
the science of African forests (Wiredu 1976/1997).

If environmental data science did serve as the channel by which the ethics of Al became
more attentive to the health of the planet, would the languages of the West (or even Western
programming languages) be the most appropriate basis for the ethical vocabulary we will
need? For example, as noted by Nanjala Nyabola (2021), the data protection law of Kenya is
only defined in English, because there is no word for data protection in the official language
Kiswahili. Where human relations with their environment are concerned, African languages
may already have superior ways of describing the relevant concepts, as in Mavhunga'’s use
of terms from the Zimbabwean language and culture to analyse the scientific interactions
between sleeping sickness and the tsetse fly (Mavhunga 2018). Lesley Green argues for the
importance of attending to technology, from the context of Africa, because it is technology
that brings knowledge objects into being (Green 2012). We are depressingly familiar with the
undesirable function of Al as a technology of race (Benjamin 2020), where information
systems have reproduced the metaphysical thingification of African people already observed
by Aimé Césaire (1950/2000). Yet Achille Mbembe (2017) urges us to remember that
Europe is not the whole world, but only a part of it, and that a European metaphysics
inevitably reduces the universal to its own dimensions. It is precisely this danger of data
science that we wish to avoid, by constructing this science in the forest, before the ambitions
of data science, or indeed the forest itself, are condemned to the past.



Acknowledgements

Joycelyn Longdon’s work is funded by the Cambridge Centre for Doctoral Training in Al for
Environmental Risk, and by an Evolution Education Trust grant from the Cambridge
Conservation Institute. Her research is co-supervised by Alan Blackwell, Jennifer Gabrys,
Adham Ashton-Butt (British Trust for Ornithology) and Emmanuel Acheampong (Kwame
Nkrumah University of Science and Technology). Alan Blackwell’'s work in Ethiopia was
funded by the UK Global Challenges Research Fund, and hosted by Dr Tesfa Tegegne at
Bahir Dar University. Jennifer Gabrys’s Smart Forests research is funded by the European
Research Council under the European Union’s Horizon 2020 research and innovation
programme (Grant agreement No.866006). Thank you to Nic Bidwell and Sian Lazar for their
extensive suggestions and comments on a previous version of this manuscript, and to the
SFSP workshop participants for their helpful advice and encouragement.

Biographical notes

Jennifer Gabrys is a sociologist engaged in practice-based and participatory research on
digital technologies, environments, and social justice in many countries and contexts.
Joycelyn Longdon is an activist-academic known for her work on Climate in Colour, and
undertaking a PhD in Al and environmental risk for which she is undertaking fieldwork with
bioacoustic monitors in a Ghanaian forest. Alan Blackwell is a critical technical practitioner
who teaches design methods and theory in a computer science department.

In addition to her PhD research spanning disciplinary boundaries, Joycelyn Longdon is a
contemporary practitioner of digital media, as the founder, original creator and leader of
Climate in Colour, a social media enterprise that makes climate conversation more
accessible and diverse. Since April 2020, the platform has grown to a community of over
30,000 conscious and curious individuals and has collaborated with organisations including
Meta (previously Facebook), Estee Lauder, Samsung, The Design Museum, Fairtrade,
Greenpeace, The Financial Times, The Duke of Edinburgh Award, Waterbear Network, and
Friends of the Earth. In her role as a professional media activist, Joycelyn has been invited
to speak on topics of climate justice, climate colonialism, activism, creativity and systems
change by The United Nations Geneva Dialogues, Channel 4, Cheltenham Science Festival,
Oxford University, The National Lottery, The Design Council and The Wellcome Collection.
Through this platform, Joycelyn has taken up positions as both the climate columnist at
award-winning media company Gal-Dem and as a regular climate contributor on the Sky
News daily climate show.

Alan Blackwell has worked as an Al engineer, building automated systems that encode
expert knowledge for purposes as diverse as the safe operation of London Underground
trains, the formulation of animal feed, and the processing of tree fibre into building materials.
While programming and office-work is a substantial element of such projects, these are in
the service of embodied engineering practices, where site visits might involve wearing
overalls and wielding spanners. Alan’s teaching in the Cambridge Computer Science
department emphasises the value of skilled practice, including studio-style instruction and



public exhibition of student products. His interdisciplinary research has often been practice-
led, especially in the context of arts research involving musical composition and performance
(e.g. Blackwell and Aaron 2015).

Jennifer Gabrys originally trained and worked in landscape architecture, bringing a
characteristic kind of material-spatial practice and citizen engagement to environments and
technologies. Since moving to an academic research career, she has both worked on the
collaborative construction of new technologies with members of the public, and investigated
the practices prescribed for others, for example in her books How to Do Things with Sensors
(2019) and Citizens of Worlds: Open-Air Toolkits for Environmental Struggle (2022).

References

Adams, Rachel. “Can artificial intelligence be decolonized?” Interdisciplinary Science
Reviews 46, nos. 1-2 (2021): 176-197.

Adom, Dickson. “The philosophical epistemologies of Asante proverbs in Ghana’s
biodiversity conservation.” Journal of Environment and Earth Science 6, no. 7 (2016): 129-
136.

Adom, Dickson. “Traditional biodiversity conservation strategy as a complement to the
existing scientific biodiversity conservation models in Ghana.” Environment and Natural
Resources Research 8, no. 3 (2018): 1-24.

Agrawal, Arun. “Dismantling the Divide Between Indigenous and Scientific Knowledge”.
Development and Change 26, no. 3 (1995): 413-439.

Agre, Philip. E. “Towards a Critical Technical Practice: Lessons Learned in Trying to Reform
Al". In Social Science, Technical Systems and Cooperative Work: Beyond the Great Divide,
edited by Geoffrey Bowker, Susan Leigh Star, Les Gasser and William Turner, 131-157.
Mahwah, NJ: Lawrence Erlbaum, 1997.

Appiah, Kwame Anthony. In My Father's House : Africa in the Philosophy of Culture.
Oxford University Press, 1993.

Asmare, Tewachew, Biadgilgn Demissie, Amare Gebremedhin Nigusse and Abraha
GebreKidan. Detecting spatiotemporal expansion of water hyacinth (Eichhornia crassipes) in
Lake Tana, northern Ethiopia. Journal of the Indian Society of Remote Sensing 48, no. 5
(2020): 751-764.

Attahiru, Zainab, Hall Maudslay, Rowan and Blackwell, Alan F. “Interactive Bayesian
probability for learning in diverse populations.” In Proceedings of the 33rd Annual Workshop
of the Psychology of Programming Interest Group (PPIG), 2022.
https://www.ppig.org/papers/2022-ppig-33rd-attahiru/



Awori, Kagonya, Frank Vetere and Wally Smith. “Transnationalism, indigenous knowledge
and technology: Insights from the Kenyan diaspora”. In Proceedings of the 33rd annual ACM
conference on human factors in computing systems (CHI), 3759-3768, 2015.

Awori, Kagonya, Nicola J. Bidwell, Tigist Sherwaga Hussan, Satinder Gill and Silvia Lindtner.
“Decolonising technology design”. In Proceedings of the first African conference on human
computer interaction (AfriCHI), 226-228, 2016.

Barclay, Barry. Mana Tuturu: Maori Treasures and Intellectual Property. Auckland: Auckland
University Press, 2005.

Bardzell, Shaowen, Jeffrey Bardzell, Jodi Forlizzi, John Zimmerman, and John Antanitis.
“Critical design and critical theory: the challenge of designing for provocation.” In
Proceedings of the Designing Interactive Systems conference (DIS), 288-297, 2012.

Barrera-Bassols, Narciso and Alfred Zinck. “Land moves and behaves’: Indigenous
discourse on sustainable land management in Pichataro, Patzcuaro Basin, Mexico.”
Geografiska Annaler: Series A, Physical Geography 85, nos. 3-4 (2003): 229-245.

Bender, Emily M., Timnit Gebru, Angelina McMillan-Major and Shmargaret Shmitchell. “On
the Dangers of Stochastic Parrots: Can Language Models Be Too Big?%.” In Proceedings of
the ACM conference on fairness, accountability, and transparency (FAccT), 610-623, 2021.

Benjamin, Ruha. Race after technology: Abolitionist tools for the new Jim code. Polity Press,
2020.

Bergstrom, llias and Alan F. Blackwell, A.F. “The Practices of Programming.” In Proceedings
of the IEEE Symposium on Visual Languages and Human-Centric Computing (VL/HCC),
190-198, 2016

Beauman, Ned. Venomous Lumpsucker. Soho Press, 2022.

Bhattacharjee, Yudhijit. “Citizen scientists supplement work of Cornell researchers.” Science
308 (2005):1402-1403.

Bidwell, Nicola J. “Early Thoughts on Epistemic Accountability for Al.” Blog entry, 29
December 2021.
https://www.cst.cam.ac.uk/blog/afb21/nic-bidwells-thoughts-epistemic-accountability-ai

Bidwell, Nicola J., Helen Arnold, Alan F. Blackwell, Charlie Nqeisji, |[Kun Kunta and Martin
Ujakpa. “Al design and everyday logics in the Kalahari.” In the Routledge Companion to
Media Anthropology, edited by Elisabetta Costa, Patricia G. Lange, Nell Haynes and Jolynna
Sinanan, 557-569, 2022.

Bidwell, Nicola J. and Heike Winschiers-Theophilus. At the intersection of Indigenous and
Traditional Knowledge and Technology Design. Informing Science Press, 2015.



Blackwell, Alan F. “Objective Functions: (In)humanity and Inequity in Artificial Intelligence.”
HAU: Journal of Ethnographic Theory 9, no. 1 (2019): 137-146.

Blackwell, Alan F. “Ethnographic artificial intelligence.” Interdisciplinary Science Reviews 46,
nos. 1-2 (2021): 198-211. https://doi.org/10.1080/03080188.2020.1840226

Blackwell, Alan F. “Wonders without number: The information economy of data and its
subjects.” In “lteration as persuasion in a digital world,” special issue Al & Society, 2022
https://doi.org/10.1007/s00146-021-01324-8

Blackwell, Alan F. “The two kinds of Artificial Intelligence, or how not to confuse objects and
subjects.” Interdisciplinary Science Reviews 48, no. 1 (2023): 2-11.
https://doi.org/10.1080/03080188.2022.2158258

Blackwell, Alan F. “The Age of ImageNet’s Discovery.” In A cat, a dog, a microwave ...
Cultural Practices and Politics of Image Datasets, edited by Nicolas Malevé and loanna
Zouli. London: The Photographers’ Gallery, 2023.

Blackwell, Alan F. Moral Codes: Designing alternatives to Al. MIT Press, 2024.
Blackwell, Alan F. and Samuel Aaron. “Craft Practices of Live Coding Language Design.” In

Proceedings of the First International Conference on Live Coding. Zenodo, 2015
http://doi.org/10.5281/zenodo.19318

Blackwell, Alan F., Nicola J. Bidwell, Helen Arnold, Charlie Ngeisji, |[Kun Kunta and Martin
Ujakpa. “Visualising Bayesian Probability in the Kalahari.” In Proceedings of the 32nd Annual
Workshop of the Psychology of Programming Interest Group (PPIG), 2021.

Blackwell, Alan F., Addisu Damena and Tesfa Tegegne. “Inventing artificial intelligence in
Ethiopia.” Interdisciplinary Science Reviews 46, no. 3 (2021): 363-385.
https://doi.org/10.1080/03080188.2020.1830234

Bonney, Rick. “Citizen science at the Cornell lab of ornithology.” In Exemplary science in
informal education settings, edited by Robert E. Yager and John H. Falk, 213-229. Arlington,
VA: NSTA Press, 2008.

Bostrom, Nick. Superintelligence: Paths, Dangers, Strategies. Oxford University Press,
2014.

Cao, Longbing. “Data science and analytics: a new era.” International Journal of Data
Science and Analytics 1, nos. 1-2. (2016). https://doi.org/10.1007/s41060-016-0006-1

Carson, Rachel. Silent Spring. Boston: Houghton Mifflin, 1962.

Césaire, Aimé, tr. Joan Pinkham. Discourse on Colonialism. Monthly Review Press, New
York, 1950/2000.



Couldry, Nick, and Ulises A. Mejias. “Data colonialism: Rethinking big data’s relation to the
contemporary subject.” Television & New Media 20, no. 4 (2019): 336-349.

Couldry, Nick, and Ulises A. Mejias. The costs of connection: How data is colonizing human
life and appropriating it for capitalism. Stanford University Press, 2020.

Davis, Ernest. “Ethical guidelines for a superintelligence.” Artificial Intelligence, 220 (2015):
121-124. https://doi.org/10.1016/j.artint.2014.12.003

Dijkstra, Edsger W. “Programming: from craft to scientific discipline.” In Proceedings of the
5th International Computing Symposium (Liége, Belgium, April 4-7, 1977), 23-30. North-
Holland Publishing Company, 1977.

Dourish, Paul, Janet Finlay, Phoebe Sengers and Peter Wright. “Reflective HCI: Towards a
critical technical practice”. In CHI'04 extended abstracts on Human factors in computing
systems, 1727-1728, 2004.

Gabrys, Jennifer (2022a). Citizens of Worlds: Open-Air Toolkits for Environmental Struggle.
Minneapolis: University of Minnesota Press, 2022.

Gabrys, Jennifer (2022b). “The Forest That Walks: Digital Fieldwork and Distributions of
Site.” In “Critical Walking Methodologies and Oblique Agitations of Place”, special issue,
Qualitative Inquiry 28, no. 2 (2022): 228-235.

Gabrys, Jennifer, (2020a). “Planetary Health in Practice: Sensing Air Pollution and
Transforming Urban Environments.” Humanities and Social Sciences Communications 7, no.
1 (2020): 1-11.

Gabrys, Jennifer, (2020b). “Smart Forests and Data Practices: From the Internet of Trees to
Planetary Governance.” Big Data & Society 7, no. 1 (2020): 1-10.
https://doi.org/10.1177/2053951720904871.

Gabrys, Jennifer. “Powering the Digital: From Energy Ecologies to Electronic
Environmentalism.” In Media and the Ecological Crisis, edited by Richard Maxwell, Jon
Raundalen and Nina Lager Vestberg, 3-18. New York and London: Routledge, 2014.

Gabrys, Jennifer, Helen Pritchard and Benjamin Barratt. “Just Good Enough Data: Figuring
Data Citizenships through Air Pollution Sensing and Data Stories.” Big Data & Society 3, no.
2 (2016): 1-14. https://doi.org/10.1177/2053951716679677.

Gabrys, Jennifer, Michelle Westerlaken, Danilo Urzedo, Max Ritts and Trishant Simlai.
“‘Reworking the Political in Digital Forests: The Cosmopolitics of Socio-technical Worlds.”
Progress in Environmental Geography 1, nos. 1-4 (2022): 58-83.
https://doi.org/10.1177/27539687221117836.

Gaunt, Sandra L. L., Douglas A. Nelson, Marc S. Dantzker, Gregory F. Budney and Jack W.
Bradbury. “New directions for bioacoustics collections.” The Auk 122, no. 3 (2005): 984-987.



Gray, Mary L. and Siddharth Suri. Ghost work: How to stop Silicon Valley from building a
new global underclass. Eamon Dolan Books, 2019.

Green, Lesley J. F. “Beyond South Africa's ‘indigenous knowledge-science wars’.” South
African Journal of Science 108, no. 7 (2012): 1-10.

Guevara, Karmen and Alan F. Blackwell. “A reflective examination of a process for
innovation and collaboration in internet science.” In Proceedings of the First International
Conference on Internet Science (Brussels, 9-11 April 2013), 37-41, 2013.

Gura, Trisha. “Citizen science: amateur experts.” Nature 496 (2013): 259-261.
https://doi.org/10.1038/nj7444-259a

Hall, Wendy, and Jéréme Pesenti. Growing the artificial intelligence industry in the UK.
Department for Digital, Culture, Media & Sport and Department for Business, Energy &
Industrial Strategy, 2017.

Hayles, N. Katherine. How we became posthuman: virtual bodies in cybernetics, literature,
and informatics. Chicago, University of Chicago Press, 1999.

Hey, Tony, Stewart Tansley, Kristin Tolle and Jim Gray. The Fourth Paradigm: Data-
Intensive Scientific Discovery. Microsoft Research, 2009.

Herman, Isak. “Public Engagement Technology for Bioacoustic Citizen Science.” PhD thesis,
University of Cambridge, 2020. https://doi.org/10.17863/CAM.55108

Ickowitz, Amy, Daniel Slayback, Philippe Asanzi and Robert Nasi. Agriculture and
deforestation in the Democratic Republic of the Congo: A synthesis of the current state of
knowledge. Center for International Forestry Research (CIFOR), 2015.
https://www.cifor.org/publications/pdf_files/OccPapers/OP-119.pdf

Ingold, Tim. Lines: A brief history. Routledge, 2016.

Ingwall-King, Lisa, A. Gangur and Jayalaxshmi Mistry. Integrating traditional knowledge into
conservation policy and practice: A Literature review. Cobra Collective, 2020
https://cobracollective.org/resources/

Jat, Dharm Singh, Colin Stanley, José Quenum, Nilanjan Dey and Arpit Jain, eds.
Proceedings of the International Conference on Data Science, Machine Learning and
Artificial Intelligence. New York, NY: Association for Computing Machinery, 2021.

Kosoe, Enoch Akwasi, Prince Osei-Wusu Adjei and Francis Diawuo. “From sacrilege to
sustainability: the role of indigenous knowledge systems in biodiversity conservation in the
Upper West Region of Ghana.” GeoJournal 85 (2020), 1057-1074.

Lannelongue, Loic, Jason Grealey and Michael Inouye. “Green algorithms: quantifying the
carbon footprint of computation.” Advanced Science 8, no. 12 (2021), 2100707.



Latour, Bruno. Science in action: How to follow scientists and engineers through society.
Harvard University Press, 1987.

Latulippe Nicole and Nicole Klenk N. “Making Room and Moving Over: Knowledge Co-
Production, Indigenous Knowledge Sovereignty and the Politics of Global Environmental
Change Decision-Making.” Current Opinion in Environmental Sustainability 42 (2020): 7-14.
https://doi.org/10/ghgssh.

Leach, James, and Richard Davis. “Recognising and translating knowledge: Navigating the
political, epistemological, legal and ontological.” In Anthropological Forum 22, no. 3 (2012):
209-223.

Lewis, Jerome. “Technological Leap-frogging in the Congo Basin, Pygmies and Global
Positioning Systems in Central Africa: What has happened and where is it going?” African
study monographs. Supplementary issue 43 (2012): 15-44.

Lewis, Jerome. “Making the invisible visible: Designing technology for nonliterate hunter-
gatherers.” In Subversion, conversion, development: Cross-cultural knowledge exchange
and the politics of design, edited by James Leach and Lee Wilson, 127-152. MIT Press,
2014.

Licklider, Joseph C. R. “Man-computer symbiosis.” IRE transactions on human factors in
electronics 1 (1960): 4-11.

Longdon, Jocyelyn. “The Feasibility of Deriving Forest Change Drivers in DRC with Machine
Learning.” Unpublished AI4ER MRes report, Centre for Doctoral Training in Al for
Environmental Risk, University of Cambridge, 2021.

Masinde, Muthoni, and Antoine Bagula. “ITIKI: bridge between African indigenous
knowledge and modern science of drought prediction.” Knowledge Management for
Development Journal 7, no. 3 (2011): 274-290.

Mavhunga, Clapperton Chakanetsa. The mobile workshop: The tsetse fly and African
knowledge production. MIT Press, 2018.

Mbembe, Achille. Critique of Black Reason. Johannesburg: Witwatersrand University Press,
2017.

Mhlambi, Sabélo and Simona Tiribelli. “Decolonizing Al Ethics: Relational Autonomy as a
Means to Counter Al Harms.” Topoi 42 (2023): 867—880.

Mignolo, Walter D. and Catherine E. Walsh. On decoloniality: Concepts, analytics, praxis.
Duke University Press, 2018.

Mooney, Patrick R. and International Coalition for Development Action. Seeds of the Earth:
A Private or Public Resource? Ottawa : Inter Pares, 1980.



Mutua, Benjamin Mbuu and Alan F. Blackwell. “Interactive Narrative Visualization for
Learning Markov Decision Process.” In Proceedings of the 34th Annual Workshop of the
Psychology of Programming Interest Group (PPIG), 2023.

Nandutu, Irene Nandutu, Marcellin Atemkeng & Patrice Okouma. “Integrating Al ethics in
wildlife conservation Al systems in South Africa: A review, challenges, and future research
agenda.” Al & SOCIETY 38 (2023): 245-257.

Nhemachena, Artwell, Nelson Mlambo and Maria Kaundjua. “The notion of the ‘field’ and the
practices of researching and writing Africa: towards decolonial praxis.” Africology: The
Journal of Pan African Studies 9, no. 7 (2016): 15-36.

Nicholson, David. “Comparison of machine learning methods applied to birdsong element
classification”. In Proceedings of the 15th Python in Science Conference, 57-61, 2016.

Nyabola, Nanjala. “What Will Be the Language of Our Digital Future?” The Nation
July 26/August 2, 2021.

Oliver, Jessica L Oliver, Mark Cottman-Fields, Margot Brereton and Paul Roe. “Co-designing
technologies for citizen scientist engagement & saving species.” In Proceedings of the 29th
Australian Conference on Computer-Human Interaction (OzCHI), 651-653, 2017.

Palmer, Irene S. “Florence Nightingale: reformer, reactionary, researcher.” Nursing
Research 26, no. 2 (1977): 84-89.

Pickering, Andrew. The Mangle of Practice: Time, Agency, and Science. Chicago: University
of Chicago Press, 1995.

Priyadarshani, Nirosha, Stephen Marsland, Isabel Castro. “Automated birdsong recognition
in complex acoustic environments: a review.” Journal of Avian Biology 49, no. 5 (2018).
https://doi.org/10.1111/jav.01447.

Provost, Foster and Tom Fawcett. Data Science for Business: What you need to know about
data mining and data-analytic thinking. O'Reilly, 2013.

Raddick, M. Jordan, Georgia Bracey, Pamela L. Gay, Chris J. Lintott, Phil Murray, Kevin
Schawinski, Alexander S. Szalay and Jan Vandenberg. “Galaxy Zoo: Exploring the
Motivations of Citizen Science Volunteers.” Astronomy Education Review 12, no, 1 (2010).
http://dx.doi.org/10.3847/AER2011021

Rojas, David. “Environmental management and open-air experiments in Brazilian
Amazonia.” Geoforum 66 (2015): 136-145.

Rowe, Niamh. “It's destroyed me completely’: Kenyan moderators decry toll of training of Al
models.” The Guardian, Wed 2 Aug 2023
https://www.theguardian.com/technology/2023/aug/02/ai-chatbot-training-human-toll-
content-moderator-meta-openai



Sanchez-Ricol, Aida. “Machine learning methods for STEM students at the Lake Tana
Biosphere Reserve, Ethiopia.” Unpublished internship report, Centre for Doctoral Training in
Al for Environmental Risk, University of Cambridge, 2021.

Sansone Ruiz, Nicole. “Days Without Clouds: Realism, Images, and Target Classifiers at
Google Earth Engine.” Computational Culture 9 (2023).

Schaffer, Simon. “Babbage's intelligence: Calculating engines and the factory system.”
Critical Inquiry 21, no. 1 (1994): 203-227.

Schon, Donald A. The reflective practitioner: How professionals think in action. Basic Books,
1984.

Sennett, Richard. The Craftsman. Yale University Press, 2008.

Smart Forests. https://smartforests.net.

Smart Forests Atlas. https://atlas.smartforests.net.
Spiegelhalter, David. The art of statistics: Learning from data. Penguin UK, 2019.

Spiegelhalter, David and Anthony Masters. Covid by numbers: making sense of the
pandemic with data. Penguin UK, 2021.

Storksdieck, Martin, Jennifer Lynn Shirk, Jessica L. Cappadonna, Meg Domroese, Claudia
Gobel, Muki Haklay, Abraham J. Miller-Rushing, Philip Roetman, Carla Sbrocchi and Katrin
Vohland. Associations for Citizen Science: Regional Knowledge, Global Collaboration.
Citizen Science: Theory and Practice 1, no. 2 (2016):10. https://doi.org/10.5334/cstp.55

Stowell, Dan and Mark D. Plumbley. “Birdsong and C4DM: A survey of UK birdsong and
machine recognition for music researchers.” Tech. Rep. C4DM-TR-09-12. Centre for Digital
Music, Queen Mary University of London, 2010.

Suchman, Lucy A. Human-machine reconfigurations: Plans and situated actions. Cambridge
University Press, 2007.

Sullivan, Brian L., Christopher L. Wood, Marshall J. lliff, Rick E. Bonney, Daniel Fink and
Steve Kelling. “eBird: A citizen-based bird observation network in the biological sciences.”
Biological Conservation 142, no. 10 (2009): 2282-2292.

Tewabe, Dereje, Erkie Asmare, Wondie Zelalem and Brehan Mohamed. “Identification of
impacts, some biology of water hyacinth (Eichhornia crassipes) and its management options
in Lake Tana, Ethiopia.” Net Journal of Agricultural Science 5, no. 1 (2017): 8-15.

Thiong’o, Ngligi wa. Decolonising the mind : the politics of language in African literature.
Woodbridge : J. Currey, 1986.



Ulloa, Astrid. “Perspectives of Environmental Justice from Indigenous Peoples of Latin
America: A Relational Indigenous Environmental Justice.” Environmental Justice 10, no. 6
(2017): 175-80. https:// doi.org/10/gj6CpcC.

Westerlaken, Michelle, Jennifer Gabrys and Danilo Urzedo. “Digital Gardening with a Forest
Atlas: Designing a Pluralistic and Participatory Open-Data Platform.” In Proceedings of the
17th Participatory Design Conference (PDC), 2022.
https://doi.org/10.1145/3537797.3537804.

Wiredu, J.E. “How Not to Compare African Traditional Thought with Western Thought.” In
“The Anniversary Issue: Selections from Transition, 1961-1976,” Transition No. 75/76,
(1997): 320-327.

Wondie, Ayalew. “Ecological conditions and ecosystem services of wetlands in the Lake
Tana Area, Ethiopia.” Ecohydrology & Hydrobiology 18, no. 2 (2018): 231-244.

Woolford, Kirk, Alan F. Blackwell, Sally Jane Norman and Cecile Chevalier. “Crafting a
critical technical practice.” Leonardo 43, no. 2 (2010): 202-203.

Yahaya, Abdul-Kadiri. “Indigenous knowledge in the management of a community-based
forest reserve in the Wa West District of Ghana.” Ghana Journal of Development Studies, 9,
no. 1 (2012): 101-114.



