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This workshop explored the design and deployment of digital technologies in nature. We sought to facilitate interdisciplinary 
dialog to explore how technology use may impact wildlife and change relations between humans, wildlife, and the environment, 
as well as to identify current design challenges and future opportunities for technology use in nature. Participant presentations 
shared uses of technologies for ecology, conservation, education, advocacy, and artistic engagement with nature. Through 
presentations and discussions, we explored opportunities and challenges associated with expanding deployment of sensors, 
drones, and mobile technologies in the natural world. Designing for natural settings requires collaboration between researchers 
and practitioners in �ields such as animal-computer interaction (ACI), human-computer interaction (HCI), ecology, environmental 
psychology, arts, conservation technology and environmental management, as well as meaningful inclusion of local communities 
and non-human stakeholders. As an output of this workshop, we aim to establish a venue for interdisciplinary discussion on the 
challenges, tensions and ethical issues that arise in designing digital technologies for natural environments.  
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1 INTRODUCTION  

Rapid advances in sensor networks, wearable tracking devices, machine learning, pervasive computing and remote 
sensing technologies are transforming the ways that people engage and work with wildlife and their habitats. For 
ecological science, environmental management and conservation, these technologies may have a valuable role to 
play in collecting data from sites which are remote or difficult to access, and with minimal disturbance. Automated 
technologies for capturing and analysing wildlife data promise to reduce the time and effort required for ecological 
monitoring. With the emergence of off-the-shelf products such as AudioMoth audio recorders, and computer-vision 
platforms for conservation sponsored by industry giants such as Microsoft and Google, such technologies are being 
rapidly deployed worldwide.  

Members of the public are also using technologies in diverse ways in nature. Spending time in nature for outdoor 
recreation, such as hiking, biking and camping, is now facilitated by handheld technologies, mapping and GPS 
location services, when locating and following trails. An increasing number of smartphone applications and other 
digital devices are now available that promote engagement with nature, environmental education and public 
participation in the study of nature, i.e., citizen science. Emerging digital technologies have the potential to 
contribute to a range of work and livelihoods in natural settings and remote areas, including search-and-rescue and 
production activities such as forestry and harvesting.  

Despite the broad, cross-disciplinary interest in this topic, there has to date been little joined-up investigation 
into digital design and deployment impacts of digital technologies for natural settings. Researchers in the field of 
human-computer interaction (HCI) have investigated relevant technologies for people to engage with nature in 
their local area or woodlands, and participate in citizen science activities, for example. Meanwhile, animal computer 
interaction (ACI) scholars and wildlife management researchers have investigated the design of technologies to be 
used by wildlife and non-domesticated animal species. In other fields, there is substantial interest in how digital 
technologies are shaping ecological science and human relations with nature, but to date there has been little 
interaction between these areas of enquiry and the HCI and ACI communities.  

It is evident that the field of ACI has much to contribute in this domain. ACI discourses on overcoming 
anthropocentrism in design and methodological advances to include non-human animals with human stakeholders 
in participatory design may provide a valuable foundation. Similarly, ACI’s understandings of how digital 
technologies can impact animal behaviour and human-animal interactions are of broad relevance to the design of 
technologies for natural settings.  

https://doi.org/10.1145/3493842.3493885
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This workshop explores the opportunities and challenges associated with designing digital technologies for 
nature. Workshop participants include practitioners and researchers from fields such as interaction design, 
computer science, ecological sciences, environmental social science, wildlife management, and technology 
engineering. We survey current and emerging uses of technologies in nature, investigate associated ethical issues 
and potential impacts, and advance ACI discourses regarding the challenges of designing with and for more-than-
human stakeholders. Outputs of this workshop will further strengthen ACI as a field which constructs 
interdisciplinary understandings for interspecies technology design. 

2 BACKGROUND 

2.1 Digital technologies for ecological science and conservation 

In recent years there has been rapid uptake of digital technologies for ecology and conservation. This has resulted 
from expanding capabilities and reducing costs of technologies such as drones, machine learning for image and 
audio analysis, sensor networks and remote sensing. Example applications of these technological advances include 
the use of computer vision to automatically identify and count wild animals in camera trap images [39], use of 
drones in bushfire response [1,9], automated aerial seeding as part of reforestation [40] and classification of animal 
behaviour using wearable trackers [26].  

Despite the enormous opportunities for advancing ecological science and facilitating conservation work, this 
introduces several challenges which warrant close attention and careful design responses. There is some concern 
about the ways in which sensor technologies are shaping our environments and human-nature relations [24]. ACI 
researchers have drawn attention to the animal welfare risks and ethical issues introduced by sensors, including 
through electromagnetic, light, sound and olfactory emissions [42]. Wearables may furthermore impact comfort as 
well as communication and predator / prey awareness [43] and require capture-and-release, perhaps repeatedly 
for ongoing device maintenance and battery replacement, which risks animal injury, stress and even mortality [5]. 
There is considerable evidence that drones can cause behavioural disturbance to wildlife if not deployed with care 
[48]. There are also calls for more attention to human social risks of deploying drones for conservation, including 
privacy, social acceptance and impacts on public understanding of conservation issues [49]. Capturing geospatial 
data about wildlife presents security challenges as such data can facilitate poaching if it is not carefully protected 
[22]. Consequently, ecologists and technologists have begun to explore how digital technologies can be applied 
strategically to realise proposed conservation outcomes [28], identifying that global leadership for interdisciplinary 
collaboration is essential to effectively inform efforts to save wildlife and habitats [35]. 

2.2 Digital technologies for living and working in nature  

Technological interventions are being introduced into, and impacting on, other forms of work and livelihoods in 
natural settings. Given historical failures to include local and indigenous communities as stakeholders in 
conservation initiatives [18], it is essential to consider potential impacts of ecology and conservation technologies 
on local populations [6]. One area of concern in deploying sensing technologies is the potential impact of 
automatically capturing and analysing data about sites, animals and plants which might have cultural or spiritual 
significance to indigenous peoples. Designing information technologies in such settings may require negotiation 
between Western knowledge systems and indigenous ways of knowing [11]. There is a need for close consideration 
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of how scientifically motivated data collection may in some cases conflict with indigenous cultural imperatives to 
protect certain forms of knowledge.  

National parks’ visitor management and research might take greater advantage of visitors’ growing use of 
smartphones [44,54], and such applications warrant further collaboration between ecologists, designers and  
visitor studies scholars. Increased use of digital technologies in disaster response in remote areas, including Search 
and Rescue, has received some attention from the HCI and ACI communities [29,61]. However, the use of mobile 
and sensing technologies as part of safe exploration of remote areas is in its infancy. 

Management and protection of wildlife might also be aided by smart technologies to support rehabilitation and 
release of rehabilitant animals [34,38]. There is considerable interest in the role that sensor networks and artificial 
intelligence can play in detecting and averting wildlife poaching [31]. However, further investigation is required to 
examine how such systems can successfully integrate with rangers’ existing anti-poaching work. For communities 
that live and farm alongside wild animals, automatically detecting and deterring wildlife might mitigate human-
wildlife conflict and thereby reduce wildlife killings [14,51,62]. However, designing for long term success of 
deterrent systems requires a holistic design approach which addresses animal behaviour and ecological factors 
[13], as well as social and political factors [16]. 

2.3 Digital technologies and public engagement with nature 

In recent years, HCI scholars have taken interest in how digital technologies can promote public engagement with 
nature [25]. Digital technologies such as smartphones are now widely used in hiking and other forms of nature-
based recreation [2,27]. There is more to learn about how this impacts on various dimensions of people’s time in 
nature, such as developing skills for navigation, and the experience of solitude [2]. Mobile mapping technologies 
have the potential to increase hikers’ mobility [50] and the potential impacts on protected areas are not yet well 
understood [37]. There has been extensive interest in mobile applications to promote learning about nature [4] and 
for enabling the public to contribute, as citizen scientists, to ecological work aligned with Sustainable Development 
Goals [23]. Public use of automated sensing devices, including cameras and audio recorders, have the potential to 
foster awareness of nature such as birdlife [52,57]. Observations, photographs, and audio recordings of nature 
collected by the public [46] are often used to train artificial intelligence and contribute to scientific investigations, 
and can inform conservation actions [10].  

Though many such interventions target urban communities and settings [12,19,52,57,59], there is increasing 
attention to designing with people who visit or live in remote places, for nature awareness [15], citizen science 
through photographic capture [47] and for participating in ecological monitoring [58]. However there remain 
concerns about unequal public participation in activities such as environmental monitoring, along geographic, 
economic and cultural lines [3]. Designers of such interventions should heed calls for more attention to 
conservation outcomes and analysis of design factors [3], and are cautioned against assuming that attitude change 
will translate to behavioural outcomes [17]. 

In designing technologies for public use in nature, a broad challenge lies in the potential for digital devices to 
interrupt or distract from immersive experiences of the natural world. This issue intersects with concerns about 
young people’s “screen time” and digital devices as a barrier to family bonding experiences, which come to the fore 
in outdoors settings [32]. There are also some fears that technologically-mediated nature and simulated nature may 
come to replace opportunities to directly experience the natural world, with potentially devastating effects for 
people’s connectedness with nature [30,45,56]. These concerns demand careful design approaches to develop 
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forms and uses of technologies which can strengthen connections with nature rather than curtailing, 
commoditising, or supplanting them. 

2.4 Designing with wildlife and natural environments  

It is clear from the above that designing for nature demands approaches and solutions which can account for 
divergent perspectives and conflicting needs. Interaction design methods [36], including “research through design” 
[53] provide fruitful approaches to address “wicked problems” [63] and “design paradoxes” [17]. These methods 
are now widely used in user-centred technology design and product development. An important contribution of 
such methods is to understand the influences, requirements and constraints of the contexts in which technologies 
are used. In designing for nature, there is a need for grounded understandings of the sociocultural factors and 
organisational practices that impinge on technology use and design [15,41]. There is also a need to understand how 
instances of technology use are situated in ongoing timelines such as long-established cultural connections to 
country, connections to nature as part of social identity, the workflows of ecological science and long-duration 
conservation interventions. 

The ACI community has proposed ways in which interaction design methods can be adapted and extended to 
include non-human animals as stakeholders whose needs are centred, and even as active participants in the design 
process [20,21,60]. Such work points to the value of collaborations which extend beyond a single ‘domain expert’ 
working with designers. For example, ACI projects which bring together multiple disciplinary specialists on topics 
such as animal biology, behaviour, cognition, husbandry and social sciences allow for nuanced design, grounded in 
an understanding of competing perspectives and alternative intervention strategies [60]. ACI approaches to 
adapting interaction design methods have provided a point of departure for considering how such techniques can 
be further expanded to include the concerns of the biosphere and of ecosystems in design [33,55]. Such efforts 
resonate with those who call for inclusion of more-than-human concerns and voices in sustainable design [12] and 
in participatory research [8]. However, much remains to be done to integrate interaction design, ACI methods and 
more-than-human participation with theory and methods from disciplines such as ecology, conservation and 
environmental psychology, and with environmental management practices.  

3 AIM & OBJECTIVES 

Through this workshop, we aimed to explore contemporary uses, existing challenges, and design opportunities for 
technology in nature. We did this with the vision of developing an interdisciplinary research agenda for 
understanding and designing digital technologies in nature.  
 
Our workshop objectives were to: 

1. facilitate networking between different communities of researchers and practitioners interested in 
digital technologies in natural settings; 

2. discuss ethical considerations and unintended impacts relating to humans, animals, and ecosystems 
when designing technologies for use in nature; 

3. investigate approaches to designing and evaluating digital technologies for this context;  
4. explore how cultural values, worldviews, and attitudes to nature can influence design. 
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4 CALL FOR PARTICIPATION 

The call for participation was published online and advertised via social media and mailing lists. Potential 
participants submitted an expression of interest, outlining their interest in the topic and optional talk pitch. 
 
Workshop on Digital Technologies in Nature at ACI’21 Conference. 9-10 Nov 2021.  
In natural settings we are making increased use of digital technologies such as sensors, AI-powered smartphone 
apps, wearables for animals, smart camera traps, acoustic sensing, drones, remote sensing, GPS-based mapping and 
navigation - and much more. These technologies are being used for ecology and conservation, livelihoods and 
management of parks and remote areas, outdoor recreation and public engagement.  

We believe that more interdisciplinary collaboration is needed for successful use of digital technology in nature, 
and to understand and minimise potential impacts and issues. In this workshop we aim to build networks of 
researchers and practitioners, and bring different perspectives and expertise to discussions about the challenges, 
opportunities and risks of these technologies, including:  

• animal welfare impacts and other effects of wearables, sensors and drones 
• how sensor technologies may be shaping environments and human-nature relations 
• considerations of capturing data about natural features of cultural or spiritual significance to 

Indigenous peoples  
• privacy and security of biotelemetry and geospatial data 
• how people's time in nature is altered by the presence of technology (e.g. experience of solitude)  
• inequality of access and participation in nature-related activities 
• risks that "digital nature" might result in fewer rich, immersive, direct experiences of the natural world.  

5 PROGRAM AND ATTENDEES 

We recruited potential speakers and workshop attendees from our diverse interdisciplinary and professional 
networks. To be globally inclusive, we invited potential participants to attend one of two online sessions spaced 15 
hours apart. From submissions, we selected 20 speakers (10 per session) to deliver short talks (3-5 mins), and 
invited others to attend one or both sessions. Each session began with short talks and questions for speakers. We 
then conducted two rounds of small group conversations followed by whole group discussions. Discussions 
addressed the following questions: 

1. How could the technologies you use potentially change how people interact with nature?  
2. What adverse impacts should people consider when using tech in nature?  
3. How do you decide on what technology you use in nature?  
4. What are cultural factors and values that shape tech use in nature?  

The workshop was attended by 64 participants, with interests spanning ACI, HCI, ecology, wildlife conservation, 
citizen science, computer science, bioacoustics, acoustic ecology, animal welfare, animal policy, conservation 
technology, cultural geography, environmental psychology, education and advocacy, nature art, nature music, and 
technology development.  
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Presentations and discussions revealed that people are engaging in many different ways with the challenges of 
using technology to understand and engage with nature. Within the diversity of responses to the workshop themes, 
we identified some striking commonalities in the issues and considerations that participants brought to 
conversations. For example, the challenges of using technology to shape public attitudes and behaviours towards 
nature are a topic of interest for people working in many disciplines. Concerns about the environmental impacts of 
computing hardware and associated resource extraction came to the fore, as well as potential negative impacts on 
wildlife and human-nature relations. At the forefront of discussions on design and evaluation of technology were 
the constraints of cost, skills and practical considerations, alongside the desire for meaningful collaboration with 
local communities and consideration of non-human stakeholders. Here we provide a glimpse of just a few of the 
topics discussed. Our plan is to prepare and share a comprehensive account of the powerful and inspiring cross-
disciplinary discussions that occurred, with the goal of informing the design of digital technologies in nature and 
fostering interdisciplinary collaboration. 

We will submit an article outlining the research agenda to be distilled from this workshop. Additionally, we 
intend to draft a report of workshop findings for a broad, cross-disciplinary and professional readership. We will 
also explore ways to foster ongoing discussions between participants and broader professional groups interested 
in the intersections of technology in nature. Future outputs will be shared through the workshop website at 
www.ozaci.org/nature.  

6 ORGANISERS 

6.1 Sarah Webber 

Sarah Webber is an interaction design researcher at the University of Melbourne who investigates how digital 
technologies can better respond to contemporary values in areas of human-nature relationships, social 
connectedness and wellbeing. Her research focuses primarily on technologies for connections with nature and 
wildlife, and how digital designers can respond to animal welfare and associated ethical issues. Her award-winning 
PhD research, conducted in collaboration with Zoos Victoria (Melbourne Zoo), examined the design of an interactive 
installation, and impacts on orangutan wellbeing and visitor engagement. She has a professional IT background 
spanning user research, UX evaluation, business analysis and project management in corporate, non-profit and 
governmental organisations. 

6.2 Jessica L. Oliver 

Jessie is a PhD student at the Queensland University of Technology studying how to design enticing technologies 
that support people connecting with nature. Her research at present explores, in particular, how to design enjoyable 
interactions with media about nature that supports people to learn about and identify wildlife vocalisations from 
audio recordings. Before delving into design research, Jessie studied wildlife and their habitats, as well as taught 
people about the natural world, in a variety of ecologist and environmental educator roles. With a passion for 
empowering members of the public to engage with science and conservation, Jessie has been heavily involved in 
the development of the Australian Citizen Science Association (ACSA) as well. As a consultant, and in her role as 
ACSA International Liaison, Jessie has also contributed to diverse research and initiatives. These have explored 
intersections of citizen science with technology design, wildlife conservation, conservation technology, 
environmental health, environmental education, and sustainability policy. 
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6.3 Wally Smith 

Wally Smith is a member of Human-Computer Interaction group in the School of Computing and Information 
Systems at the University of Melbourne. His research investigates the theory and principles of designing new digital 
technologies that are sympathetic to human ways of thinking, living and working across a range of settings. His 
recent projects investigate deceptive AI, digital emotion regulation, citizen heritage, and digital tools for smoking 
cessation. He is a past National Secretary of CHISIG (the Australian Computer-Human Interaction Special Interest 
Group of the Ergonomics Society of Australia), lead creator of the PastPort citizen heritage site, and co-editor on 
recently published Routledge International Handbook of New Digital Practices in Galleries, Libraries, Archives, 
Museums and Heritage Sites. 

6.4 Helena Bender 

Helena Bender is a behavioural ecologist who now undertakes interdisciplinary research and is a teaching specialist 
in the School of Ecosystem and Forest Sciences at the University of Melbourne.  Her research includes wildlife 
management with sound, the theory and practice of sustainability, practices to improve integration of social and 
biophysical sciences in social ecological systems work, and the many disciplinary meanings of hope and its role in 
the Anthropocene.  Her recent interdisciplinary work has elevated consideration of the ethical ramifications of 
technical solutions at different scales, whether that be kangaroos on roadways, or bats in botanic gardens. 

6.5 Kellie Vella 

Kellie Vella (Queensland University of Technology) is a human-computer interaction researcher with an interest in 
the overlap between technology, sociality, wellbeing, and sustainability. She draws upon theories and methods 
across the humanities (in particular, social and motivational psychology, ethnography, and participatory research) 
to better understand how to design, apply, and evaluate technologies. Currently, she is researching ways to connect 
people with their local ecology through ambient technology (Ambient Nature Network); collaborating with Green 
Music Australia to reduce festival campsite waste; and project managing the development of an open ecoacoustics 
data platform.  

6.6 Margot Brereton 

Margot Brereton is a national and international leader in the collaborative design of new humanitarian technologies 
and their interfaces. She designs with real user communities whose needs are typically overlooked in technology 
development. She has focused on better futures for and the agency of older people, people with intellectual 
disabilities, connecting people to nature, and fostering use of endangered Indigenous languages. 
Margot works with particular communities in long term engagements over several years to ensure that designs fit 
into people’s lives in positive ways with people shaping their evolution. Margot’s approach, which focuses on 
tangibles, connected interfaces, AI and machine learning technologies, leads to innovative designs and new 
theoretical understandings and methods in the field of Human-Computer Interaction. Margot is Professor of 
Engineering and Interaction Design in QUT’s School of Computer Science and Director, Research Performance at 
QUT’s Institute for Future Environments. She has served on the Australian Research Council College of Experts. 
Margot has raised over $6 million in competitive grant funding, published more than 230 fully peer-reviewed 
papers and supervised 14 PhD students to completion. She began her career as an apprentice at Rolls Royce aircraft 
engines and holds a PhD in Mechanical Engineering Design from Stanford University. 
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6.7 Alasdair Davies 

Alasdair Davies is a conservation technologist developing, designing and deploying conservation technologies 
globally. He is Technical Director of the Arribada Initiative, a Senior Technical Specialist and Advisor to the 
Zoological Society of London, and a Shuttleworth Foundation Fellow, with 14 years’ experience developing, 
designing and deploying conservation technologies for conservation organizations globally, including the National 
Geographic Society and the World Wide Fund for Nature. His primary focus is the development of open source 
conservation technologies, with his most notable achievement the release of the first open source Argos satellite 
transmitter reference design for telemetry and biologging. Alasdair was awarded a Shuttleworth Foundation 
Fellowship in March 2017 and founded the Arribada Initiative to unlock access to open source conservation 
technologies, focusing on human-elephant conflict, low-cost telemetry, biologging, and passive acoustic monitoring 
technologies. 

6.8 Julia Hoy 

Julia Hoy is Research Manager at Hidden Vale Wildlife Centre, at the University of Queensland. Her research 
explores next-generation husbandry and captive management and technological advances in conservation. Current 
projects include microchip-automated technology in wildlife conservation, examining how such devices can be used 
by Australian native wildlife in reintroduction programs. In this work she explores applications of microchip-
automated technologies such as tracking released animals, to enable animals to access food during reintroduction 
programs, or to take refuge as part of predator avoidance training programs.   

6.9 Kate Judith 

Kate Judith’s recent environmental humanities PhD (UNSW), took a more-than-human perspective, exploring 
questions of being in-between through mangrove ecologies. Kate is interested in approaches that shift research and 
inquiry from anthropocentric interests. She teaches at the University of Southern Queensland. 

REFERENCES 
[1] Fatemeh Afghah, Abolfazl Razi, Jacob Chakareski, and Jonathan Ashdown. 2019. Wildfire Monitoring in Remote Areas using Autonomous 

Unmanned Aerial Vehicles. In IEEE INFOCOM 2019 - IEEE Conference on Computer Communications Workshops (INFOCOM WKSHPS), 835–840. 
https://doi.org/10.1109/INFCOMW.2019.8845309 

[2] Kensey Amerson, Jeff Rose, Andrew Lepp, and Daniel Dustin. 2020. Time on the trail, smartphone use, and place attachment among Pacific 
Crest Trail thru-hikers. Journal of Leisure Research 51, 3: 308–324. https://doi.org/10.1080/00222216.2019.1680264 

[3] Mark Andrachuk, Melissa Marschke, Charlotte Hings, and Derek Armitage. 2019. Smartphone technologies supporting community-based 
environmental monitoring and implementation: a systematic scoping review. Biological Conservation 237: 430–442. 
https://doi.org/10.1016/j.biocon.2019.07.026 

[4] Riga Anggarendra and Margot Brereton. 2016. Engaging children with nature through environmental HCI. In Proceedings of the 28th Australian 
Conference on Computer-Human Interaction (OzCHI ’16), 310–315. https://doi.org/10.1145/3010915.3010981 

[5] Jon M. Arnemo, Per Ahlqvist, Roy Andersen, Finn Berntsen, Gööran Ericsson, John Odden, Sven Brunberg, Peter Segerströöm, and Jon E. 
Swenson. 2006. Risk of capture-related mortality in large free-ranging mammals: experiences from Scandinavia. Wildlife Biology 12, 1: 109–
113. https://doi.org/10.2981/0909-6396(2006)12[109:ROCMIL]2.0.CO;2 

[6] Koen Arts, René van der Wal, and William M. Adams. 2015. Digital technology and the conservation of nature. Ambio 44, 4: 661–673. 
https://doi.org/10.1007/s13280-015-0705-1 

[7] Sofya Baskin, Anna Zamansky, and Vitaliya Kononova. 2016. Exploring Human Perceptions of Dog-tablet Playful Interactions. In Proceedings 
of the Third International Conference on Animal-Computer Interaction (ACI ’16), 15:1-15:4. https://doi.org/10.1145/2995257.3012023 

[8] Michelle Bastian, Owain Jones, Niamh Moore, and Emma Roe. 2016. Participatory Research in More-than-Human Worlds. Taylor & Francis. 
[9] Oscar Bjurling, Rego Granlund, Jens Alfredson, Mattias Arvola, and Tom Ziemke. 2020. Drone Swarms in Forest Firefighting: A Local 

Development Case Study of Multi-Level Human-Swarm Interaction. In Proceedings of the 11th Nordic Conference on Human-Computer 
Interaction: Shaping Experiences, Shaping Society (NordiCHI ’20), 1–7. https://doi.org/10.1145/3419249.3421239 



10 

[10] Luigi Ceccaroni, James Bibby, Erin Roger, Paul Flemons, Katina Michael, Laura Fagan, and Jessica L. Oliver. 2019. Opportunities and Risks for 
Citizen Science in the Age of Artificial Intelligence. Citizen Science: Theory and Practice 4, 1: 29. https://doi.org/10.5334/cstp.241 

[11] Michael Christie. 2004. Computer Databases and Aboriginal Knowledge. Learning Communities: International Journal of Learning in Social 
contexts 2004, 1: 4–12. 

[12] Rachel Clarke, Sara Heitlinger, Ann Light, Laura Forlano, Marcus Foth, and Carl DiSalvo. 2019. More-than-human participation: design for 
sustainable smart city futures. Interactions 26, 3: 60–63. https://doi.org/10.1145/3319075 

[13] Graeme Coulson and Helena Bender. 2020. Roadkill mitigation is paved with good intentions: a critique of Fox et al. (2019). Australian 
Mammalogy 42, 1: 122. https://doi.org/10.1071/AM19009 

[14] Poshitha Dabare, Chathura Suduwella, Asanka Sayakkara, Damitha Sandaruwan, Chamath Keppitiyagama, Kasun De Zoysa, Kasun Hewage, 
and Thiemo Voigt. 2015. Listening to the Giants: Using Elephant Infra-Sound to Solve the Human-Elephant Conflict. In Proceedings of the 6th 
ACM Workshop on Real World Wireless Sensor Networks (RealWSN ’15), 23–26. https://doi.org/10.1145/2820990.2821000 

[15] Tshering Dema, Margot Brereton, Michael Esteban, Alessandro Soro, Sherub Sherub, and Paul Roe. 2020. Designing in the Network of Relations 
for Species Conservation: The Playful Tingtibi Community Birdhouse. In Proceedings of the 2020 CHI Conference on Human Factors in Computing 
Systems (CHI ’20), 1–14. https://doi.org/10.1145/3313831.3376713 

[16] A. J. Dickman. 2010. Complexities of conflict: the importance of considering social factors for effectively resolving human–wildlife conflict. 
Animal Conservation 13, 5: 458–466. https://doi.org/10.1111/j.1469-1795.2010.00368.x 

[17] Kees Dorst. 2015. Frame innovation: Create new thinking by design. MIT press. 
[18] Mark Dowie. 2011. Conservation Refugees: The Hundred-Year Conflict between Global Conservation and Native Peoples. MIT Press, Cambridge, 

Mass. 
[19] Liz Edwards, Paul Coulton, and Mike Chiasson. 2015. Walking off the garden path: a design journey. In Proceedings of Research Through Design 

2015. Retrieved January 17, 2019 from https://doi.org/10.6084/m9.figshare.1327981 
[20] Jessica Katherine Frawley and Laurel Evelyn Dyson. 2014. Animal Personas: Acknowledging Non-human Stakeholders in Designing for 

Sustainable Food Systems. In Proceedings of the 26th Australian Computer-Human Interaction Conference on Designing Futures: The Future of 
Design (OzCHI ’14), 21–30. https://doi.org/10.1145/2686612.2686617 

[21] Fiona French, Clara Mancini, and Helen Sharp. 2017. Exploring Research Through Design in Animal Computer Interaction. In Proceedings of 
the Fourth International Conference on Animal-Computer Interaction (ACI2017), 2:1-2:12. https://doi.org/10.1145/3152130.3152147 

[22] Remo Manuel Frey, Thomas Hardjono, Christian Smith, Keeley Erhardt, and Alex “Sandy” Pentland. 2017. Secure sharing of geospatial wildlife 
data. In Proceedings of the Fourth International ACM Workshop on Managing and Mining Enriched Geo-Spatial Data (GeoRich ’17), 1–6. 
https://doi.org/10.1145/3080546.3080550 

[23] Steffen Fritz, Linda See, Tyler Carlson, Mordechai (Muki) Haklay, Jessie L. Oliver, Dilek Fraisl, Rosy Mondardini, Martin Brocklehurst, Lea A. 
Shanley, Sven Schade, Uta Wehn, Tommaso Abrate, Janet Anstee, Stephan Arnold, Matthew Billot, Jillian Campbell, Jessica Espey, Margaret 
Gold, Gerid Hager, Shan He, Libby Hepburn, Angel Hsu, Deborah Long, Joan Masó, Ian McCallum, Maina Muniafu, Inian Moorthy, Michael 
Obersteiner, Alison J. Parker, Maike Weisspflug, and Sarah West. 2019. Citizen science and the United Nations Sustainable Development Goals. 
Nature Sustainability 2, 10: 922–930. https://doi.org/10.1038/s41893-019-0390-3 

[24] Jennifer Gabrys. 2016. Program Earth: Environmental Sensing Technology and the Making of a Computational Planet. U of Minnesota Press. 
[25] Jonna Häkkilä, Nicola J. Bidwell, Keith Cheverst, Ashley Colley, Felix Kosmalla, Simon Robinson, and Johannes Schöning. 2018. Reflections on 

the NatureCHI Workshop Series: Unobtrusive User Experiences with Technology in Nature. International Journal of Mobile Human Computer 
Interaction 10, 3: 1–9. https://doi.org/10.4018/IJMHCI.2018070101 

[26] Anne G. Hertel, Martin Leclerc, Dan Warren, Fanie Pelletier, Andreas Zedrosser, and Thomas Mueller. 2019. Don’t poke the bear: using tracking 
data to quantify behavioural syndromes in elusive wildlife. Animal Behaviour 147: 91–104. https://doi.org/10.1016/j.anbehav.2018.11.008 

[27] Ed Hyatt, Morgan Harvey, Matthew Pointon, and Perla Innocenti. 2021. Whither wilderness? An investigation of technology use by long-
distance backpackers. Journal of the Association for Information Science and Technology 72, 6: 683–698. https://doi.org/10.1002/asi.24437 

[28] Gwenllian Iacona, Anurag Ramachandra, Jennifer McGowan, Alasdair Davies, Lucas Joppa, Lian Pin Koh, Eric Fegraus, Edward Game, Gurutzeta 
Guillera-Arroita, Rob Harcourt, Karlina Indraswari, José J. Lahoz-Monfort, Jessica L. Oliver, Hugh P. Possingham, Adrian Ward, David W. 
Watson, James EM Watson, Brendan A. Wintle, and Iadine Chadès. 2019. Identifying technology solutions to bring conservation into the 
innovation era. Frontiers in Ecology and the Environment 17, 10: 591–598. https://doi.org/10.1002/fee.2111 

[29] Brennan Jones, Anthony Tang, and Carman Neustaedter. 2020. Remote Communication in Wilderness Search and Rescue: Implications for the 
Design of Emergency Distributed-Collaboration Tools for Network-Sparse Environments. Proceedings of the ACM on Human-Computer 
Interaction 4, GROUP: 10:1-10:26. https://doi.org/10.1145/3375190 

[30] Peter H. Kahn, Rachel L. Severson, and Jolina H. Ruckert. 2009. The Human Relation With Nature and Technological Nature. Current Directions 
in Psychological Science 18, 1: 37–42. https://doi.org/10.1111/j.1467-8721.2009.01602.x 

[31] Jacob Kamminga, Eyuel Ayele, Nirvana Meratnia, and Paul Havinga. 2018. Poaching Detection Technologies—A Survey. Sensors 18, 5: 1474. 
https://doi.org/10.3390/s18051474 

[32] Saba Kawas, Nicole S. Kuhn, Kyle Sorstokke, Emily Bascom, Alexis Hiniker, and Katie Davis. 2021. When Screen Time Isn’t Screen Time: 
Tensions and Needs Between Tweens and Their Parents During Nature-Based Exploration. In Proceedings of the 2021 CHI Conference on Human 
Factors in Computing Systems (CHI ’21), 1–14. https://doi.org/10.1145/3411764.3445142 

[33] Hill Hiroki Kobayashi and Jun Matsushima. 2014. Basic Research in Human–Computer–Biosphere Interaction. Buildings 4, 4: 635–660. 
https://doi.org/10.3390/buildings4040635 



11 

[34] K. Cassie Kresnye and Patrick C. Shih. 2020. Smart Habitat: A Wildlife Rehabilitation System. In Extended Abstracts of the 2020 CHI Conference 
on Human Factors in Computing Systems (CHI EA ’20), 1–7. https://doi.org/10.1145/3334480.3383093 

[35] José J Lahoz-Monfort, Iadine Chadès, Alasdair Davies, Eric Fegraus, Edward Game, Gurutzeta Guillera-Arroita, Robert Harcourt, Karlina 
Indraswari, Jennifer McGowan, Jessica L Oliver, Johannes Refisch, Jonathan Rhodes, Paul Roe, Alex Rogers, Adrian Ward, David M Watson, 
James E M Watson, Brendan A Wintle, and Lucas Joppa. 2019. A Call for International Leadership and Coordination to Realize the Potential of 
Conservation Technology. BioScience 69, 10: 823–832. https://doi.org/10.1093/biosci/biz090 

[36] Jonas Löwgren. Interaction Design - brief intro. In The Encyclopedia of Human-Computer Interaction (2nd ed.). Interaction Design Foundation. 
Retrieved May 31, 2021 from https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-
ed/interaction-design-brief-intro 

[37] Stuart Moran, Nadia Pantidi, Tom Rodden, Alan Chamberlain, Chloe Griffiths, Davide Zilli, Geoff Merrett, and Alex Rogers. 2014. Listening to 
the forest and its curators: lessons learnt from a bioacoustic smartphone application deployment. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI ’14), 2387–2396. https://doi.org/10.1145/2556288.2557022 

[38] Sabrina J. Muns, Julia M. Hoy, and Peter J. Murray. 2018. Microchips for macropods: First use of a microchip-automated door by a bridled 
nailtail wallaby (Onychogalea fraenata). Zoo Biology 37, 4: 274–278. https://doi.org/10.1002/zoo.21419 

[39] Mohammad Sadegh Norouzzadeh, Anh Nguyen, Margaret Kosmala, Alexandra Swanson, Meredith S. Palmer, Craig Packer, and Jeff Clune. 2018. 
Automatically identifying, counting, and describing wild animals in camera-trap images with deep learning. Proceedings of the National 
Academy of Sciences 115, 25: E5716–E5725. https://doi.org/10.1073/pnas.1719367115 

[40] A. I. Novikov and B. T. Ersson. 2019. Aerial seeding of forests in Russia: A selected literature analysis. IOP Conference Series: Earth and 
Environmental Science 226: 012051. https://doi.org/10.1088/1755-1315/226/1/012051 

[41] Jessica L. Oliver, Margot Brereton, David M. Watson, and Paul Roe. 2019. Listening to Save Wildlife: Lessons Learnt from Use of Acoustic 
Technology by a Species Recovery Team. In Proceedings of the 2019 on Designing Interactive Systems Conference (DIS ’19), 1335–1348. 
https://doi.org/10.1145/3322276.3322360 

[42] Patrizia Paci, Clara Mancini, and Blaine A. Price. 2019. Wearer-centered design for animal biotelemetry: implementation and wearability test 
of a prototype. In Proceedings of the 23rd International Symposium on Wearable Computers, 177–185. 
https://doi.org/10.1145/3341163.3347750 

[43] Patrizia Paci, Clara Mancini, and Blaine A. Price. 2020. Understanding the Interaction Between Animals and Wearables: The Wearer Experience 
of Cats. In Proceedings of the 2020 ACM Designing Interactive Systems Conference, 1701–1712. https://doi.org/10.1145/3357236.3395546 

[44] Catherine Pickering, Sebastian Dario Rossi, Ana Hernando, and Agustina Barros. 2018. Current knowledge and future research directions for 
the monitoring and management of visitors in recreational and protected areas. Journal of Outdoor Recreation and Tourism 21: 10–18. 
https://doi.org/10.1016/j.jort.2017.11.002 

[45] Daniel Pimentel. 2021. The Peril and Potential of XR-based Interactions with Wildlife. In Extended Abstracts of the 2021 CHI Conference on 
Human Factors in Computing Systems. Association for Computing Machinery, New York, NY, USA, 1–9. Retrieved May 26, 2021 from 
https://doi.org/10.1145/3411763.3450378 

[46] Jennifer Preece. 2016. Citizen Science: New Research Challenges for Human–Computer Interaction. International Journal of Human–Computer 
Interaction 32, 8: 585–612. https://doi.org/10.1080/10447318.2016.1194153 

[47] Jennifer Preece, Carol Boston, Tom Yeh, Jacqueline Cameron, Mary Maher, and Kazjon Grace. 2016. Enticing Casual Nature Preserve Visitors 
into Citizen Science via Photos. In Proceedings of the 19th ACM Conference on Computer Supported Cooperative Work and Social Computing 
Companion (CSCW ’16 Companion), 373–376. https://doi.org/10.1145/2818052.2869104 

[48] Natalia Rebolo-Ifrán, Maricel Graña Grilli, and Sergio A. Lambertucci. 2019. Drones as a Threat to Wildlife: YouTube Complements Science in 
Providing Evidence about Their Effect. Environmental Conservation 46, 3: 205–210. https://doi.org/10.1017/S0376892919000080 

[49] Chris Sandbrook. 2015. The social implications of using drones for biodiversity conservation. Ambio 44, 4: 636–647. 
https://doi.org/10.1007/s13280-015-0714-0 

[50] Muhammad Shaker, Elke Hermans, Veerle Cops, Yves Vanrompay, Muhammad Adnan, Roeland Maes, and Ansar-ul-Haque Yasar. 2021. 
Facilitating hikers’ mobility in protected areas through smartphone app: a case of the Hoge Kempen National Park, Belgium. Personal and 
Ubiquitous Computing 25, 1: 219–236. https://doi.org/10.1007/s00779-020-01367-6 

[51] Bradley P. Smith, Natalie B. Jaques, Robert G. Appleby, Scott Morris, Neil R. Jordan, Bradley P. Smith, Natalie B. Jaques, Robert G. Appleby, Scott 
Morris, and Neil R. Jordan. 2020. Automated shepherds: responses of captive dingoes to sound and an inflatable, moving effigy. Pacific 
Conservation Biology. https://doi.org/10.1071/PC20022 

[52] Alessandro Soro, Margot Brereton, Tshering Dema, Jessica L. Oliver, Min Zhen Chai, and Aloha May Hufana Ambe. 2018. The Ambient 
Birdhouse: An IoT Device to Discover Birds and Engage with Nature. In Proceedings of the 2018 CHI Conference on Human Factors in Computing 
Systems (CHI ’18), 397:1-397:13. https://doi.org/10.1145/3173574.3173971 

[53] Pieter Jan Stappers and Elisa Giaccardi. Research through Design. In The Encyclopedia of Human-Computer Interaction (2nd ed.). Interaction 
Design Foundation. Retrieved July 28, 2021 from https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-
computer-interaction-2nd-ed/research-through-design 

[54] Eunice Tan and Rob Law. 2016. mLearning as a softer visitor management approach for sustainable tourism. Journal of Sustainable Tourism 
24, 1: 132–152. https://doi.org/10.1080/09669582.2015.1049610 

[55] Bill Tomlinson, Bonnie Nardi, Daniel Stokols, and Ankita Raturi. 2021. Ecosystemas: Representing Ecosystem Impacts in Design. In Extended 
Abstracts of the 2021 CHI Conference on Human Factors in Computing Systems, 1–10. https://doi.org/10.1145/3411763.3450382 

[56] Minh-Xuan A. Truong and Susan Clayton. 2020. Technologically transformed experiences of nature: A challenge for environmental 



12 

conservation? Biological Conservation 244: 108532. https://doi.org/10.1016/j.biocon.2020.108532 
[57] Kellie Vella, Bernd Ploderer, and Margot Brereton. 2021. Human-Nature Relations in Urban Gardens: Explorations with Camera Traps. In 

Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems (CHI ’21), 1–13. https://doi.org/10.1145/3411764.3445438 
[58] Michalis Vitos, Julia Altenbuchner, Matthias Stevens, Gillian Conquest, Jerome Lewis, and Muki Haklay. 2017. Supporting Collaboration with 

Non-Literate Forest Communities in the Congo-Basin. In Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work 
and Social Computing (CSCW ’17), 1576–1590. https://doi.org/10.1145/2998181.2998242 

[59] Sarah Webber, Marcus Carter, Wally Smith, and Frank Vetere. 2017. Interactive Technology and Human-Animal Encounters at the Zoo. 
International Journal of Human-Computer Studies 98: 150–168. https://doi.org/10.1016/j.ijhcs.2016.05.003 

[60] Sarah Webber, Marcus Carter, Wally Smith, and Frank Vetere. 2020. Co-Designing with Orangutans: Enhancing the Design of Enrichment for 
Animals. In Proceedings of the 2020 ACM Conference on Desig, 1713–1725. https://doi.org/doi.org/10.1145/3357236.3395559 

[61] Clint Zeagler, Ceara Byrne, Giancarlo Valentin, Larry Freil, Eric Kidder, James Crouch, Thad Starner, and Melody Moore Jackson. 2016. Search 
and rescue: dog and handler collaboration through wearable and mobile interfaces. In Proceedings of the Third International Conference on 
Animal-Computer Interaction (ACI ’16), 1–9. https://doi.org/10.1145/2995257.2995390 

[62] Matthias Zeppelzauer, Sean Hensman, and Angela S. Stoeger. 2015. Towards an automated acoustic detection system for free-ranging 
elephants. Bioacoustics 24, 1: 13–29. https://doi.org/10.1080/09524622.2014.906321 

[63] John Zimmerman, Jodi Forlizzi, and Shelley Evenson. 2007. Research through design as a method for interaction design research in HCI. In 
Proceedings of the 2007 ACM Conference on Human Factors in Computing Systems, 493–502. https://doi.org/10.1145/1240624.1240704 

 


	1 Introduction
	2 Background
	2.1 Digital technologies for ecological science and conservation
	2.2 Digital technologies for living and working in nature
	2.3 Digital technologies and public engagement with nature
	2.4 Designing with wildlife and natural environments

	3 Aim & objectiveS
	4 Call for Participation
	5 Program and Attendees
	6 Organisers
	6.1 Sarah Webber
	6.2 Jessica L. Oliver
	6.3 Wally Smith
	6.4 Helena Bender
	6.5 Kellie Vella
	6.6 Margot Brereton
	6.7 Alasdair Davies
	6.8 Julia Hoy
	6.9 Kate Judith


