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Introduction
User-centred design processes have been a fundamental part of the 
development of successful technology in the last decades. However, 
this inclination toward understanding, developing, and attending 
to human needs implies that less attention has been directed at 
other non-human actors—with environmental destruction as a 
consequence (DiSalvo et al., 2010; Foth et al., 2020). To broaden 
the scope and to account for others, a more-than-human-centred 
design field has emerged within human-computer interaction 
(HCI). Some strands have focused on the agency of autonomous, 
dynamic, and evolving computational things (Coulton & Lindley, 
2019; Giaccardi & Redström, 2020; Wakkary, 2021) while others 
have focused on design for and with the interdependencies of 
organisms (such as animals, plants, and microbes) (Akama et al., 
2020; Clarke et al., 2018; Nijs et al., 2020)

While the rationale for more-than-human-centred design is 
clear, there is a lack of more-than-human-centred design methods. 
In this paper, we take recent work on more-than-human-centred 
design as a starting point to get a deeper understanding of ways of 
tending to the complex interdependencies between living organisms, 
including humans, in the context of gardening. Our empirical study 
has observed more-than-human-centred processes in urban farming 
communities for four years. We selected regenerative gardening 
and farming as a context for our study since it illustrates close 
interactions and interdependencies between humans and non-
humans, such as plants, microbes, and technologies. Taking this 

study as a point of departure, we provide ethnographic examples 
of situations where urban farmers notice and intervene in their 
gardens. We analyze these examples from the perspective of what 
HCI can learn in terms of more attentive, caring, and nurturing 
approaches to more-than-human-centred design. 

We particularly focus on practices of noticing. To notice is to 
become aware of and to treat something as worthy of recognition. 
Our understanding of noticing builds on the work of Tsing (2015 
& 2020) who sees noticing as a culturally and politically sensitive 
skill that recognizes the interconnectedness of ecological, 
economical, and cultural systems—and how these systems 
function from more-than-human perspectives. However, we also 
focus on the situated experience of noticing, and in particular how 
it moves attention from the experience of self to the experience 
of oneself as part of the environment. These perspectives tend to 
be separated within current HCI research. Many examples take 
a systemic and environmentally conscious perspective on design 
(e.g., Angheloiu & Tennant, 2020; Börjesson Rivera et al., 2014; 
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Brynjarsdottir et al., 2012; Raghavan et al., 2016) and many 
approaches focus on details of inner lived experience (e.g., Höök, 
2018; Loke & Núñez-Pacheco, 2018; Prpa et al., 2020). However, 
few holistically combine these perspectives. We see more-than-
human-centred design, particularly the experience of noticing (see 
Figure 2), as a promising approach for aligning positive human 
experiences with the needs of other organisms.

While this kind of noticing is beginning to be articulated 
as a theoretical and methodological approach in HCI (Biggs et 
al., 2021; J. Liu et al., 2018; Liu et al., 2019b; Liu, 2021; Livio 
et al., 2019), there is still a need for both empirical studies and 
articulations of noticing practices. In what follows, we argue for 
synergies between how urban gardeners and farmers practice 
noticing and how designers and design researchers might notice. 
Accordingly, we use the idea of noticing both to guide our 
participant observation studies (how we noticed) and to understand 
how users (such as urban farmers) notice the environment, 
sometimes with the support of sensing technologies. This liquid 
understanding of noticing practices blurs who or what a designer 
is (e.g., researchers, urban farmers, animals, plants, microbes, 
autonomous technologies) and what is designed (e.g., relations in 
a garden). This is in line with the more-than-human-centred field 
that sees knowledge production in design as situated, embodied, 
and partial, and hence shared between more than merely trained 
designers (Wakkary, 2020, 2021)

In sum, this paper offers an empirical case and methodological 
principles for noticing and designing with the interdependencies 
of organisms. The main contributions include an articulation of 
noticing as a way to approach design spaces that focus both on 
interdependent systems and lived experience; and a discussion 
about principles applicable when designing for and with the 
interdependencies between organisms, particularly in terms of 
intervening where needed to strengthen certain processes and 
slowing down or stopping others, whether through interactive 
design or other actions.

The rest of this paper is structured as follows: In 
the background, we situate the study in posthumanism, 
more-than-human-centred design, sustainable HCI, and HCI 
studies on urban farming and gardening. We then present our 
method of studying urban community farms. Thereafter, our 
theoretical understanding of noticing is articulated in more detail, 
as grounded in our studies and previous research. We provide 
ethnographic descriptions of how urban farmers noticed other 
organisms through actions of smelling, looking, touching, tasting, 
measuring, and using sensors. Based on these findings, we discuss 

experiences of noticing oneself as part of the environment and 
more concrete principles for designing for and with systemic 
interdependencies. The final discussion focuses on the limitations 
of our study and opportunities for further research and design.

Background
A considerable amount of academic discourse, especially within the 
humanities, has in recent years developed the field of posthumanism 
(Abram, 1997; Barad, 2003, 2007; Bogost, 2012; Braidotti, 2019; 
Forlano, 2017; Haraway, 2016; Hayles, 1999). This field is critical 
of the enlightenment ideal of the distinct, rational, and dominant 
human individual and seeks to understand the human subject and 
its relationship to the world in a new, non-anthropocentric light. 
In posthuman epistemologies, knowledge is situated, embodied 
and partial, meaning that it is pluralistic rather than universal. 
Nevertheless, posthuman thinkers all have in common that they 
undermine traditional boundaries (e.g., nature-culture, mind-body, 
human-technology) and recognize the significance of the non-human 
contribution to our lifeworld. This often focuses on object-oriented 
ontologies, such as actor-network theory (Latour, 1996). A central 
concept within posthumanism is the more-than-human, a term 
popularized in the book The Spell of the Sensuous: Perception 
and Language in a More-than-Human World (Abram, 1997). 
Here, more-than-human is used to ascribe ideas that are typically 
associated with humans, such as sentience, intelligence, and 
agency, to others than humans. This thinking originates in 
indigenous ontologies that view nature as animate (Escobar, 
2018). The idea of the more-than-human is thus far from new but 
is marginalized in contemporary western society. However, design 
scholars are beginning to recognize diverse more-than-human 
indigenous ontologies (Akama et al., 2020; Escobar, 2018) and 
their sustainability benefits (Brant, 2021; Latulippe & Klenk, 2020; 
Vásquez-Fernández & Ahenakew, 2020). 

The inclusion of more-than-human perspectives in 
human-centred design can be described as more-than-human-centred 
design. The primary study object of more-than-human-centred 
design is the mutual interdependencies of organisms (see Figure 1). 
This focus on interdependence forefronts that many organisms, 
including humans, benefit from considering design spaces as 
holistic and relational. Accordingly, the purpose of the shift to more-
than-human-centred design is not to focus less on human users but 
instead expand the focus to include a larger set of organisms and 
their interdependencies. This shift has also been discussed with 
related terms such as post-anthropocentrism (Devendorf et al., 
2016; Yigitcanlar et al., 2019) non-anthropocentrism (Luusua et 
al., 2017), and decentring the human (Forlano, 2016; Smith et al., 
2017; Smith, 2019).

Sustainable HCI

More-than-human-centred design relates to many themes of 
Sustainable HCI. Sustainable HCI research is a diverse field that 
studies the production, use, and disposal of technology (Blevis, 
2007; Börjesson Rivera et al., 2014; Choi & Blevis, 2010; DiSalvo 
et al., 2010; Engelbutzeder et al., 2020; Fors, 2019; Knowles 
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et al., 2018; Muntean et al., 2020; Norton, 2019; Raghavan 
et al., 2016; Ringenson et al., 2017; Røpke, 2012; Wakkary 
et al., 2013). While much of the field focuses on developing 
sustainable technologies, there is a strong emphasis on designing 
and producing less since we need to use fewer resources (Chen, 
2015; Nardi et al., 2018; Ringenson et al., 2017). Further, many 
scholars within sustainable HCI question the tendency to focus on 
delimited solutions for individual behavioural change on narrowly 
defined environmental problems (Dourish, 2010; Foth et al., 2020; 
Knowles et al., 2014; Kuznetsov et al., 2011). As an alternative, 
research suggests that HCI should focus on systemic perspectives. 
Here, several human-centric systemic perspectives, such as Life 
Cycle Assessment (Forchino et al., 2017) and Ecosystem Services 
(Bolund & Hunhammar, 1999), are prominent examples (Matasov 
et al., 2020; Penzenstadler et al., 2018). As noted by Yigitcanlar 
et al. (2019) more-than-human-centred design is distinguished 
from these other systemic perspectives since it resists how 
humans and nature are commodified—how humans are reduced 
to workers and consumers, and nature to assets or resources. 
More-than-human-centred design thus offers a different way of 
thinking to sustainable HCI which decouples human well-being 
from market-led growth and reconnects humans to their 
ecosystems (Yigitcanlar et al., 2019).

More-Than-Human-Centred Design in HCI

More-than-human perspectives are beginning to be included in 
design research and HCI. As noted by Cyn Liu (2021), a design 
project can be more-than-human-centred in several ways: in 
ontology & epistemology drawing on posthuman concepts or 
theories [Bardzell et al., 2021; Budinger & Heidmann, 2019; Light 
et al., 2017; J. Liu et al., 2018; Liu et al., 2019a; S.-Y. (Cyn) Liu 
et al., 2018; Smith et al., 2017]; in orientation by taking concrete 
actions to decentre privileges and empower margins (Akama et 
al., 2020; Clarke et al., 2019; Foth & Caldwell, 2018; Heitlinger et 
al., 2019a; Light et al., 2017) in intended users by attending to the 
needs of unconventional users such as animals and plants (Aspling, 
2015; Aspling et al., 2016; Carrozzo et al., 2018; Fastnacht et al., 
2016; Heitlinger et al., 2014; Isai & Viller, 2010; Kovalchuk & 

Kovalchuk, 2008; Kuribayashi et al., 2007; Norton et al., 2014; 
Sheikh et al., 2021); in form through challenging dominant 
expressions of representation, for example by experimenting with 
unconventional emotional and sensory communication (Fastnacht 
et al., 2016; Heitlinger et al., 2014; Holstius et al., 2004; J. Liu 
et al., 2018; Liu, 2021) and in methodology that reveals fluid 
perspectives of other stakeholders than humans (Galloway & 
Caudwell, 2018; Kirksey & Helmreich, 2010; Liu et al., 2019b; 
Livio et al., 2019; Nijs et al., 2020).

A related field that considers other organisms within design 
research is Animal-Computer Interaction (ACI) (Aspling, 2015, 
2020; Chung & Hong, 2016; Frawley & Dyson, 2014; French et 
al., 2017; Jackson et al., 2018; North, 2017). Designs developed 
within this field tend to focus on domesticated animals who are 
conducting tasks that are often connected to human needs or 
enrichment (French et al., 2017; Tironi & Hermansen, 2018) for 
animals in captivity. Nevertheless, there are exceptions within 
ACI that work closer to the more-than-human themes (Turner & 
Morrison, 2021; Westerlaken & Gualeni, 2016). 

In terms of methods for studying the more-than-human, 
the broader design field has developed ethnographic methods for 
studying multiple organisms from social and cultural perspectives 
(Choi & Galloway, 2021; Ives, 2019; Kirksey & Helmreich, 2010). 
Other more anticipatory methods of more-than-human-centred 
design research include putting oneself in the place of other 
organisms in participatory urban walks (Clarke et al., 2019) and 
using envisioning cards that prompt focus on multiple organisms 
as stakeholders of design (King, 2020). Within this field, a 
particular concern is often directed at participatory processes 
(Akama et al., 2020; Bastian, 2017; Clarke et al., 2018). As 
participation usually implies human voice, rights, representation 
and structures of decision-making, the limits of participation 
of other organisms are recognized (Bastian et al., 2017).Lastly, 
several more-than-human-centred design projects are critical, 
speculative, or fictional (Budinger & Heidmann, 2019; Clarke 
et al., 2018; Nijs et al., 2020; Robbins et al., 2020; Wolff et al., 
2021) which ties back to the roots in posthumanism and the fields’ 
inclination towards imagining alternative worlds and alternative 
ways of being in the world

Figure 1. The move from human-centred design to more-than-human-centred design (Adapted from Lehmann, 2019).

http://www.ijdesign.org


www.ijdesign.org 24 International Journal of Design Vol. 16 No. 3 2022

Towards More-Than-Human-Centred Design: Learning from Gardening

Urban Farming and Gardening in HCI 

Sensors, AI, and IoT, are implemented to optimize growing 
conditions in industrial farming and pioneering IT research. 
Likewise, smart applications and devices are developed for 
more small-scale gardening. Given these developments, HCI 
research has during the last decade studied how citizens explore 
opportunities to cultivate their own food (Ardianto, 2014; 
Clarke et al., 2018; Heitlinger et al., 2018a, 2019a, 2019b, 2013, 
2018b; Lyle et al., 2013, 2015; Maddali & Lazar, 2020; Nansen 
et al., 2011; Odom, 2010). While this research highlights that 
implementation and development of technology for this context 
is not always the best solution, it also concludes that the role of 
digital devices in gardens and farms is typically to organize the 
practice; and gather, access, and understand information about the 
environment. In what is reported here, we primarily focus on the 
latter use of technology (i.e., technologies for noticing). Related 
HCI research has further studied how professional practitioners 
nurture natural sensors through making interpretations of 
environmental conditions drawing on biological indicators 
(Kuznetsov et al., 2011). This research illustrates how we can 
understand many aspects of environments through learning to 
thoroughly observe them with our senses. 

In what is reported here, we focus on regenerative farming 
and permaculture communities. Regenerative farming is guided by 
a particular set of values and aims such as increased biodiversity, 
carbon sequestration and soil regeneration. Permaculture is one 
example of a regenerative farming practice that particularly 
emphasizes systemic thinking and mimicking nature (Mollison, 
1997). S.-Y. Liu et al. (2018) have addressed permaculture as a 
recourse for interaction design to develop alternative aesthetic 
sensibilities and support experimentation. Egan et al., (2019) 
have used the design principles of permaculture to inform 
blended spaces where technologies are used in combination 
with organisms to create new relationships in the blend that 
did not exist in the original inputs. Puig de la Bellacasa (2010) 
has studied permaculture communities to develop an ethics 
of collective empowerment that puts caring at the heart of the 
search for everyday struggles for hopeful flourishing of /…/ a 
more-than-human community. We draw on these previous studies 
to frame permaculture both as a way to guide concrete design and 
consider more philosophical, moral, and ethical aspects. Notably, 
the western movement of permaculture has been critiqued for 
appropriating indigenous methods of growing instrumentally, 
without acknowledging the worldviews that accompany these 
practices (Cultural Survival, 2020).

Methodology
We have studied diverse urban farming communities in Sweden, 
Germany, Vienna, France, Poland, and the USA for four years 
[see (Normark et al., 2021; Poikolainen Rosén et al., 2020, 2022) 
for detailed accounts of the studies]. In what is reported here, we 
discuss ethnographic findings from urban permaculture farms that 
were run by amateurs according to regenerative principles, as 
these communities’ demonstrated practices that could be (at least 

partly) framed as more-than-human-centred. These communities 
were critical to commercial monocultures and framed their way of 
growing as a way to experience meaning in life “in harmony with 
nature”  (W1). They further focused on building neighbourhood 
and social interactions. A community in Stockholm, Sweden 
described itself on their website: 

We use small, local, and efficient energy flows with inspiration 
from nature’s own ecosystem. Achieving this on a large scale will 
be an important part of the climate solution. Small solutions in 
large networks.

In this paper, we primarily include data from four years of 
participant observation in an urban community farm in Stockholm, 
Sweden. We further include some data from one-day study visits 
to three other regenerative urban farms in Paris, France; Berlin, 
Germany; and Bloomington, IN, US. Data from the one-day visits 
include 265 images, fieldnotes (eight pages) and four interviews 
(totalling 263 min). Data from the long-term study includes field 
notes from visits to the urban farm (80 visits 180 pages); notes from 
22 group meetings (120 pages); 1347 images (excluding duplicates 
of the same event); five interviews (totalling 340 minutes) and 25 
videos of interaction in the garden (totalling 40 minutes). 

The location of the observations in the long-term study 
was both physical on-site, and virtual in the community’s 
Facebook group (700 members) and closed group set up for 
more organizational purposes (23 members). We observed how 
the urban farmers talked about their practice, what they chose 
to highlight and how they related to the objects and organisms 
around them (tools, sheds, plants, insects, etc. We also observed 
ourselves doing the gardening work, focusing on the sensory, 
bodily, and affective dimensions of gardening. 

The diverse material from our combined studies provides 
means to think with (Biggs et al., 2021; Haraway, 2016) and to 
approach the design space from several perspectives. Since other 
organisms cannot express themselves in the same modes as humans, 
this triangulation of different methods and sources of data has been 
particularly important in our studies, as argued also by Aspling 
(2015). Like others studying similar contexts (Liu et al., 2019a; Liu, 
2021) we further came to view the most engaged urban farmers in 
the primary community of the studies as interlocutors who together 
with us approached the urban farm from more-than-human-centred 
perspectives and thought us what and how to notice. By having 
an ongoing conversation with these interlocutors, who themselves 
correspond (Ingold, 2020) with other organisms through noticing 
them, we argue that design researchers can gain deep insights into 
more-than-human design spaces.

Interpretative Procedures 

Initially, we built an understanding of the overall contents of our 
data. This understanding gradually developed into sensitivity for 
the data set in an iterative process alternating between reading 
theory and analysing our data in a process of mutually informing 
one another until a picture emerged that resonated with the 
theoretical resources, urban farmers’ discourses and activities, our 
inquiry goals, and our experiences.
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In the findings and following discussions, we use 
ethnographic examples to help envision approaches to design 
that are more-than-human-centred. In doing so, we are inspired 
by related ethnographic work on farming communities (Bardzell 
et al., 2021; Galloway 2016) that uses ethnographic examples 
as fragmented images (Bardzell et al., 2021) to creatively and 
speculatively imagine a world not yet existing, but potentially 
worth pursuing. In our analysis, we thus focused on how more-
than-human-centred practices could be developed further, be more 
common or operate at a greater scale. As noted by Bardzell et al. 
(2021) these transformations will likely require years if not decades 
of experimentation. We offer our study as one such experiment. 

We did not set out to study urban community farming 
from a more-than-human-centred perspective. Nevertheless, our 
research engagement demonstrated that more-than-human-centred 
ethnographic data, we have looked for such fragments to help 
imagine how more-than-human-centred design was a suitable 
perspective to understand the context. Likewise, we did not initiate 
this study with a pronounced noticing methodology. Instead, it 
developed subsequently as we learned from the urban farmers and 
engaged with related literature. In this section, we reported on the 
formal/conventional aspects of our method. In the discussion, we 
reflect more exploratively on noticing as a method and approach 
in more-than-human-centred design. 

Theoretical Framing: 
Noticing the More-Than-Human
In this section, we articulate our theoretical stance on noticing the 
more-than-human. We build on the work of the anthropologist Ana 
Tsing (2015 & 2020) who addresses a particular form of culturally 
and politically sensitive noticing. To notice is to become aware 
of, and to treat something as worthy of recognition and attention. 
Usually, there is no need to notice the obvious every day. However, 
the skill of noticing implies that you notice what matters in each 
situation—beyond the immediately perceptible. Expanding on 
this idea, design researchers in HCI have explored noticing as 
a theoretical concept (S.-Y. Liu et al., 2018; Biggs et al., 2021); 
built prototypes for noticing environmental conditions (J. Liu et 
al., 2018; Liu, 2021); organized conference workshops on noticing 
(Liu et al., 2019b); practiced systematic noticing in studies of other 
organisms (Biggs et al., 2021); and compiled workbooks with 
methods for noticing (Livio et al., 2019). Common in all these 

approaches has been a first-person perspective (autoethnographic) 
where the design researcher has trained sensibilities for noticing and 
used the resulting subjective insights to articulate design spaces. 
This relates to broader focusing and articulation practices that are 
increasingly used in HCI (Höök, 2018; Loke & Núñez-Pacheco, 
2018; Prpa et al., 2020) that in turn draw on practices such as deep 
listening, focusing, Feldenkrais, or meditation. 

Based on earlier literature and our studies, we illustrate the 
process of noticing in Figure 2. The figure highlights the role of 
preconceptions in affecting what is noticed; the situated experience 
of noticing and how this can be affected by technology, and the 
understanding that may emerge over time through interpreting 
what is noticed (e.g., understanding systemic relations in a 
more-than-human world). The arrows in Figure 2 indicate the 
flow of multifaceted, multimodal, and changing data/information/
knowledge, in a process that can be best described as the creation 
of situated knowledge (Haraway, 1988). Notably, the illustration 
separates humans from the more-than-human in a way that is not 
necessarily beneficial for the posthuman aim to dissolve clear 
boundaries between humans and the environment. However, we 
believe that this distinction is necessary for understanding noticing 
as a culturally and politically embedded skill and sensibility that 
is specific to humans. 

Table 1. Individuals quoted in the paper. 

W1 Woman 30 years. Urban farmer, Paris. 

W2 Woman 45 years. Founder of an urban farm, Stockholm

W3 Woman 50 years. Community member of an urban farm, Stockholm

W4 Woman 50 years. Founder of an urban farm, Stockholm

M1 Man 40 years. Sustainability activist (Extinction Rebellion), visitor farm Stockholm 

M2 Man 50 years. Community member of an urban farm, Stockholm

M3 Man 25 years. Student at a technological university, member of a farm in Stockholm

Technology

More-than-human

Human

 Preconceptions Interpretation

 The Experience of Noticing

Understanding 

Figure 2. A model of the experience of noticing a  
more-than-human world. 
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Noticing is further distinguished from similarly sensory-aware 
practices such as meditation in how preconceptions and 
interpretations are invited to the practice rather than avoided. 
While noticing does not require any underlying reason, the urban 
farmers we studied noticed because they wanted to care for their 
gardens. To be able to act. Similarly, in a design process, noticing 
can be understood as the important steps taken to identify where 
in the immensely complex more-than-human interdependencies it 
might be beneficial to act/design. 

Preconceptions. Research has found that the more 
individuals learn about a context the more they perceive nuances 
in that context (Goodwin, 1997). They become better at noticing. 
What is noticed is thus not only dependent on sensory capacities 
but also cultural background, values, knowledge, and previous 
experiences. This frame noticing as tacit knowledge. Tacit is often 
interpreted as silent. However, according to Prpa et al. (2020), 
a more accurate understanding of tacit is pre-understood. This 
preunderstanding develops as one becomes more familiar with a 
particular context through noticing it (J. Liu et al., 2018). Or as 
expressed by one of the participating urban farmers (W1): “You 
don’t even know what you don’t know before you notice it.” 

Noticing as an experience. Noticing is a situated and 
embodied experience (something done with the whole body). The 
experience of noticing is directed at something in the more-than-
human world. Something is noticed. This implies that noticing 
is a bidirectional experience that is both attending outwards to 
the more-than-human world and inwards to felt experience. While 
noticing involves opening up, you are simultaneously selective—
you open up to take in certain aspects of the environment. This 
requires intention. Noticing is thus a disciplined act, an active 
listening. While we are often trained to notice from human 
perspectives, it requires more effort and recalibration to notice 
from more-than-human perspectives. Notably, this focus on the 
experience of noticing is not intended for human-centric navel 
gazing, but rather for understanding experiences of staying open 
to the environment.

Interpretation & understanding. People interpret and 
aim to understand what they notice. What is noticed does not 
necessarily need to be what is immediately perceptible but can be 
a more underlying pattern or structure. It is this kind of noticing 
that Tsing (2015, 2020) addresses. While noticing takes the 
starting point in the human condition of being in the world, it does 
not stop in this experience. It aims to dig deeper by understanding 
systemic patterns. This includes how systems from traditionally 
different disciplines are interwoven. How politics affect ecology, 
how culture affects biology, how biology affects the economy and 
so on. Here, the process of articulation is important. 

Practices of Understanding Gardens 
through Noticing 
In this section, we outline practices of noticing the more-than-human 
world that we found in urban farming communities. Urban 
farmers took an interest in understanding their gardens to better 
care for them. They sought out species-level knowledge in books, 

websites, databases, and expert forums. However, to care for other 
organisms in practice, a more situated understanding of individual 
organisms and their interdependencies is also needed. Urban 
farmers used all their senses for noticing. For example, they 
looked at leaf colouration to identify pests; smelled and felt soil to 
assess its health; identified plants through tasting; and identified 
birds through listening. A common sight in the urban gardens 
was groups of people slowly strolling, looking at the plants and 
noticing their condition to assess if actions of care needed to be 
taken. This practice is illustrated in the following discussion:

W2: Soil that comes with these commercial plants can contain this, 
some kind of hormone that is like inhibiting growth, it’s not so 
good to get larger amounts of it in the cultivations, and it’s used 
because the plants should look compact and robust and like… 

W3: So, they like to add some kind of hormone to the manure? 

M1: Few big leaves are developed instead of many. But have you 
seen the one we got from Marco? It had a few big leaves when 
it came, but now it’s very tall and has many small leaves, it’s 
probably because it [the hormone levels in soil] has dropped.

This discussion illustrates the experience of noticing (see 
Figure 2). The urban farmers had preconceptions about the 
phenomenon (soil from commercial plants can contain unwanted 
hormones that inhibit plant growth). They scientized themselves 
to indicators of the phenomenon (size, form, and number of 
leaves). The knowledge was then used to interpret what was 
noticed (connecting the growth pattern of a plant to the possibility 
of dropped hormone levels in soil). 

Urban farmers further noticed indicator organisms such 
as poppies indicating light, sandy, and well-drained soil; and 
goosefoot indicating soil with high pH rich in chalk. While these 
plants were directly visible, other indicator organisms, such as 
microbes, required more skill to perceive. This is illustrated by 
a situation where urban farmers examined rotten wood smelling 
like “a rainy wheat field” (W2) (see Figure 4, middle). A scent 
that they identified as produced by anaerobic cyanobacteria: 
“Cyanobacteria are an indication that the soil is running out 
of oxygen because it’s too compact, so we might want to add 
more structure to the soil” (W2). In this example, an organism 
(cyanobacteria) is indicative (through smell) of a particular 
condition (compact soil) that can be affected by an action (adding 
organic material). This example illustrates how the noticing of a 
particular phenomenon (the smell of cyanobacteria) is connected 
to interdependencies such as the needs of plants which thrive in 
more airy soil, but also the aesthetic experience of humans “most 
people think it smells good” (W2). 

Noticing with Technologies

Urban farmers further used technologies such as thermometers, 
moisture sensors, species recognition applications, microscopes, 
smartphone cameras [see also (Poikolainen Rosén et al., 2020)] 
and chemical testing of soil samples [see also Poikolainen Rosén, 
2022; see Figure 4]. In what follows, we describe the use of one 
such sensing technology in more detail. 
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The urban farmers in Stockholm practiced heat-composting 
using a blend of horse manure, green leaves, human urine, and soil. 
In this practice, it was important to reach a temperature over 55 
degrees Celsius (131 degrees Fahrenheit) to kill harmful bacteria 
and sterilize unwanted seeds. Simultaneously, the compost 
needed not to reach 80 °C (176 °F), as temperatures above this 
kill beneficial microbes. The compost was thus continuously 
monitored using a digital meat thermometer. In a video recording, 
the urban farmer used the thermometer, inserted her hand holding 
the thermometer in the compost pile, and made forceful twisting 
movements with her arm to penetrate the pile deeper (See 
Figure 4). She kept her hand in the pile and reflected, “this is very 
bodily in some kind of way, a bit too...” (W2) while smiling and 
leaning closer to the compost. The device beeped and the woman 
said, “Fourteen [degrees Celsius], that’s great” (W2). She took out 
her hand from the pile and tapped the compost in a caressing way 
and moved around leaves to close the hole. In the two following 
weeks, a group of urban farmers monitored the temperature of the 
compost and posted updates on the community’s Facebook group 
(700 members):

We checked on the compost today—it had not reached more than 
a paltry 25 degrees /.../ Now it is important to add nitrogen in the 
form of green leaves, manure and urine so we get the temperature 
up to at least 55 degrees (Facebook post, day 3 of heat composting).

New manure and a lot of green material have been worked into the 
18-day compost. It has reached 54 degrees, but it needs to reach a 

higher temperature to kill diseases and seeds (Facebook post, day 
15 of heat composting).

As illustrated by these Facebook posts, the practice of 
heat composing was mediated to a broader group of people. This 
practice further implied that information about the temperature on 
a particular date was saved.

In line with our methodological approach of practicing 
noticing ourselves, we used the thermometer. We were particularly 
prompted by the urban farmers’ emphasis that the practice was 
“very bodily in some kind of way” (W2). The first author inserted 
his right arm and thermometer in the compost:

I was immediately struck by the hot temperature [39 °C (102°F)] 
of the compost. It was a surprising contrast to the cold spring air 
[13°C (55°F)]. It felt like entering something warm and living—
as body temperature—not of one being, but the aggregated heat 
generated by the bodies of billions of microbes. This aligns with 
what the urban farmers had taught me about seeing soil as living—
an ecology of microorganisms, insects, fungi, roots, etc. It was as 
if my body temperature and the temperature of compost blended 
(field note, day 8 of heat composting).

This concrete experience of the heat produced by microbes 
sensitized the first author to notice and reflect on the microbes 
that are typically on the periphery of the human experience. This 
experience was surprisingly significant and will be unpacked 
further in the discussion. 

Figure 3. Three methods for noticing soil. Chemical testing, smelling cyanobacteria, microscopic examination.

Figure 4. Using a digital meat thermometer to measure temperature in compost. 
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Overall, the practice of heat composting illustrates that 
humans, microbes, moisture, temperature, and composition of 
nutrients are all interdependent on each other to create certain 
conditions in which healthy soil is created. Within this practice, 
a seemingly mundane and low-tech technology of a meat 
thermometer was used in a way that was perceived as meaningful. 
From an HCI perspective, the interaction with the device is 
simple. It is limited to pushing one button and reading a number 
on a segment display. However, analyzed from the perspective 
of more-than-human-centred design, the example reveals a much 
broader space of interactions and meaning. As noted by the 
participating urban farmers, this example seems worth developing 
further: “are there like modern thermometers that you can connect 
to your smartphone as well?” (M2). 

Working with Interdependent Systems

To summarize our ethnographic findings, gardens are a great 
example of more-than-human systems where people actively 
notice and intervene. They are places in which growers create and 
explore their gardens as self-sustaining circular systems. As the 
seasons flow, energy and nutrition are recycled in processes of 
decomposition and photosynthesis. Gardeners must relate to pests, 
bugs, weeds, parasites, microbes, fermentation, decomposition, 
fungi, rain, sun, frost, etc. All these phenomena beyond human 
control affect the garden. From this perspective, the experience 
of gardening is an experience of interdependent systems, and the 
practice of gardening brings growers closer to these systems. One 
urban farmer expressed this on Facebook “Oh. To be a co-creator 
of the cycles of life. I’m delighted” (W4). 

Some urban farmers in our studies were practicing this kind 
of systemic thinking through their devotion to the philosophy 
of permaculture that emphasizes working with and harnessing 

naturally occurring processes. This structural approach to noticing 
other organisms and designing gardens includes paying attention 
to conditions, such as how the sun moves over a day and season, 
and how water flows through the landscape. The permaculture 
philosophy further avoids monocultures and emphasizes systemic 
relational thinking and intervention supporting several organisms. 
Above all, the permaculture philosophy stresses that issues should 
not be dealt with or improved in isolation. Instead, it requires 
the calibration of interdependencies in relation to the needs and 
capacities of several organisms. Nevertheless, this complexity 
usually implies that conflicting needs are weighed against each 
other. In gardening (and similar practices such as agriculture, 
forest management, and urban planning), humans decide what 
organisms belong and which do not. Organisms are typically 
allowed to exist when they contribute to relations in which human 
and non-human needs align, while what does not contribute to 
these relations is framed as pests and vermin. This process can 
be framed as care, responsibility, reciprocity, or domination, 
depending on whose perspective is taken.

Discussion
In this section, we reflect on our experience of studying urban 
farming from a more-than-human-centred perspective. We used 
methods from conventional user research—such as observation 
and interview. However, over time, their meaning shifted to 
more-than-human-centred design. This illustrates how, rather than 
completely inventing new more-than-human-centred methods we 
can reconsider how to view design spaces from more-than-human 
perspectives. A foundational change of mindset is required—just 
as is required to thoroughly empathize with users in user-centred 
design. However, this is not without challenges, as recognized by 
Biggs et al. (2021):

Figure 5. Examples of systemic interventions. Left: Communicating the active decision to not mow lawns in Bloomington, IN, USA. 
Right: A solar-driven automated watering system in Stockholm, Sweden. 
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Decentering the human in design is not merely a theoretical stance 
and/or a methodological move. It is a personal and emotionally 
difficult journey to reconfigure one’s self as a designer and 
researcher, a psychological labor that, while worth doing, is also 
part of the reason why this desired paradigm shift in design is so 
difficult to put into practice. (p. 14)

We had similar experiences, where the main issue of understanding 
the research site was not only concrete methods for gathering 
data, but also our foundational attitude towards it. As already 
established in more-than-human-centred research (Aspling, 2020; 
Liu, 2021), we for example had to reconsider our ideas about 
users and use. In the case of heat composting, microbes, fungi, 
and plants were not actively interacting with the interface of the 
thermometer. Nevertheless, their very existence was affected by 
its use (as particular temperatures killed some organisms while 
benefiting others). This illustrates how we need to be able to 
address the relations organisms have to technologies, without 
seeing them as active users of technology. In line with Aspling 
(2020), we argue that other organisms’ relations with technology 
should be understood on a scale ranging from explicit interactions 
to implicit exposure. Further, we need to be able to take seriously 
the subjectivity of organisms, including plants and microbes. 
Conventional research methods provide few answers on how to 
understand these non-human ways of being in the world. We found 
noticing to be one particularly promising approach, as it includes 
systemic and relational thinking but also a deep understanding of 
the structure of lived experience. In what follows, we first discuss 
experiences of noticing oneself as part of the environment. We 
then discuss more concrete principles for how to design for and 
with systemic interdependencies based on what is noticed.

Noticing Oneself as Part of the Environment

Central in our understanding of noticing is that it is not only about 
understanding the systemic interdependencies between other 
organisms, but also about understanding oneself as a part of these 
interdependencies on an experiential level. Many urban farmers 
reported that they had turned to gardening as a concrete way to 
act on the structural problem of unsustainability. They were then 
positively surprised by the profound joy they also experienced in 
this practice.

When participants in our studies described positive 
experiences of being in nature, they often described an experience 
of “opening up” (W3, W4) or “feeling bigger, more expansive” 
(M1). Some even described it as a “blurring” (M3) or “blending” 
(W1) of the feeling of self and the environment. Similarly, the first 
author experienced his body temperature and the environment as 
seemingly melting together when using a compost thermometer (as 
described in the findings). He felt like a part of the environment. 
These kinds of experiences have been explored by HCI researchers 
Biggs et al. (2021) who explored experiences of abjection (Fletcher 
& Benjamin, 2012) that blur or dissolve boundaries between the 
experience of self and the environment. These experiences relate 
to posthumanism, which focuses on blurring notions such as 
nature-culture, self-environment, and human-nonhuman.

Although the focus on inner experiences might initially 
seem egocentric and human-centred, the experiences described 
above were expressed by urban farmers as a key to “connecting 
with nature” (M2). Arguably, experiences of being part of the 
more-than-human environment are important since they ground 
the abstract idea of interdependent networks between organisms in 
concrete experiences of being part of these interdependencies. To 
develop a deep understanding of other organisms we do not only 
need data and information, but also personal experiences. Indeed, 
data must be correct, clearly presented, and widely available. 
However, this is not necessarily enough to provide a deeper 
understanding. Noticing is also about allowing yourself to be 
amazed. It is “those moments in life where something shifts within 
ourselves and we perceive differently, a point from which there 
is no going back” (Braybrooke, 2022). Accordingly, we found it 
easier to design for the interdependencies of organisms by taking 
more subjective experiences of being part of the environment as a 
departure (see also Poikolainen Rosén et al., 2022). 

Designing For and With Interdependencies 

In this section, we discuss principles for designing for and 
with systemic interdependencies, based on what urban farmers 
have taught us. We found that urban farmers intervene in their 
gardens through, for example, digging, composting, grafting, and 
implementing technologies, such as watering and monitoring 
systems (see Figure 5). Based on these findings, we forefront a 
design process in which designers set the stage based on the needs 
of several organisms, and then organisms, in turn, develop and 
co-create the space through various actions. This kind of design 
process requires open-ended arrangements that allow for other 
organisms to co-create interdependencies in a selected space. This 
space is less controlled by the designer and more dependent on 
other organisms. 

Noting What is Noticed 

Noticing can mean noting, to take a small note. In this process, 
the act of documentation formalizes personal experiences as 
knowledge that can be accessible over time and to a broader 
public. However, our findings indicate that documentation was 
typically done in ad hoc and unstructured ways in urban farming 
communities. Instead of ending up in a cohesive database, 
information (e.g., about compost temperature) was sporadically 
posted in (often closed) Facebook groups. It is challenging to 
access such data systematically, algorithmically, and across 
communities. Given these experiences, we suggest that the role 
of design researchers might be to notice and document patterns 
in gardens or similar design spaces in more structured ways 
before intervening. Previous design research studies (e.g., Lyle 
et al., 2015; S.-Y. Liu, 2018) have identified general patterns in 
gardening. However, more local patterns specific to each garden 
need to be recognized by designers. The principle of permaculture 
is one way of noting and generalizing thinking about local 
environmental practices.
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Providing Scaffold

Earlier research has suggested some ideas for designers that 
want to work with patterns of interdependence. For example, 
Liu et al. (2017) have shown that one design approach can be 
to provide a scaffold. They create conditions in which processes 
of decomposition can unfold in desired, but not completely 
controllable ways. Another example is the co-creation of materials 
for packaging or furniture by creating scaffolds where fungal 
mycelium, bacteria, or algae grows in desired shapes and material 
outcomes (Karana et al., 2020). In some designs, the organisms 
even continue to live. As they noted, this emphasizes the habitual 
relationship between design and use in a design process that is 
not finished as long as the organisms are alive. In our studies, we 
found that scaffolding is not only a design principle applicable in 
the context of studio design. It can further be used to understand 
the co-creation of interdependencies in real-world contexts such 
as gardens. The practice of heat-composting is an example where 
naturally occurring processes were scaffolded as gardeners were 
creating the conditions for desired forms of decomposition. The 
process was scaffolded by affecting the composition of matter such 
as green leaves, manure, urine, and water to provide food (W2) 
for the microbes whose metabolism then generated more heat. 
Without the use of measuring technology, this scaffolding would 
have been less accurate. This illustrates that sensing technologies 
can play a crucial role in providing an understanding of what 
and how to scaffold. These technologies can help to identify, 
document, and understand patterns in the environment, i.e., those 
phenomena that could potentially be provided scaffold. The 
primary environmental conditions affecting the distribution of all 
organisms are temperature, humidity, climate, soil type, and light 
intensity (Karana et al.). Further, all organisms have unique abilities 
to grow, metabolize, respond to external stimuli, reproduce, move, 
and respire. These are examples of conditions that designers and 
similar practitioners (such as urban farmers and gardeners) can aim 
to sense, understand, and affect through providing scaffold. 

Relatedly, there is a recent interest in HCI for place/space/
land as the central focus of design (Bardzell et al., 2021; Foth, 
2017; Foth et al., 2020). Interactive technologies are here seen 
as tools for infrastructuring (Prost et al., 2019; Seravalli, 2018; 
Teli et al., 2020), i.e., structures for helping to create the often 
social) conditions in which certain practices can unfold. From 
a more-than-human-centred perspective, the goal is to create 
places of coming together (such as the studied urban farming 
communities), not only for humans but all kinds of organisms. 
From this perspective, all citizens participating in the studied 
urban farms are designers in a structure that gathers to engage 
matters of concern and care (Wakkary, 2021)—and it is this 
structure that is collectively designed, for example, through 
providing a scaffold for desired processes to unfold. 

Refraining from Intervention 

Above, we discussed design as intentional interviewing in various 
processes. However, sometimes, the best solution for supporting 
the interdependencies of organisms is to not design anything—to 

make a conscious decision to refrain from intervention. In our data, 
we found several examples of not mowing lawns to benefit insect 
biodiversity. In these cases, the role of design was to communicate 
the rationale behind an otherwise invisible decision so that the 
uncut lawns were perceived as having a purpose rather than being 
neglected (see Figure 5, left). While such communication is 
targeted toward humans, this kind of communication is necessary 
to keep humans from intervening in undesired ways and hence 
maintain the overall good relations of the interdependent system 
where for example flower meadows are a central component. 

There are many tensions between refraining from 
intervention or providing a scaffold. For example, we showed 
how composting could proceed faster with particular scaffolding. 
However, this scaffolding requires human labor. Since all 
organic matter eventually decomposes, human intervention is 
not necessarily needed. This example further illustrates how a 
natural system in balance is replaced with a design that requires 
continuous human intervention. There is, thus, a risk of playing 
God in our attempts to intervene in more-than-human relations. 
Haraway (1991) describes this as the God trick, the applying 
of a view from above, from nowhere, that, under the guise of 
neutrality, hides a particular position (male, white, heterosexual, 
human) and thus makes this position universal. Similarly, 
designers (including urban farmers) risks using information/data 
(i.e., what is noticed) in an overly assertive way—with a false 
belief that the situation is under complete control or in ways 
that only benefit themselves while harming others. In contrast, 
design scholars (De Jong et al., 2016; Wakkary, 2021) offer the 
idea of humble design that embraces different perspectives by 
strengthening situated experiences, values, and norms of various 
stakeholders and creating platforms for discussion rather than 
stressing a specific view. It is thus far from certain when designers 
of more-than-human systems should aim to provide a scaffold 
and when they should refrain from intervention. This should be 
constantly negotiated with the stakeholders of the design space, 
including non-humans. 

Limitations of our Study and 
Opportunities for Future Research 
We studied the concrete interactions of urban farmers with their 
environments, particularly how they noticed the needs, capacities, 
and interdependencies of other organisms. Through this study, we 
offered methodological reflections on design processes that aim 
to be more-than-human-centred. We mainly discussed noticing 
as a way to approach design spaces. We further discussed design 
as intervening in the interdependencies between organisms, for 
example, by providing a scaffold to naturally occurring processes 
such as decomposition or reframing from intervention. In this final 
discussion, we address the limitations of our study and opportunities 
for further research on more-than-human-centred design. 

In our studies of urban community farmers, we found that 
they used various tools and sensors to notice and gather data 
about the environment (e.g., thermometers, moisture sensors, 
and smartphone photography). Each method provides specific 
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information and a particular experience. No technique can 
fully capture the essence of the environment as our perception 
is reduced and amplified in various ways through technology. 
Thus, switching between different methods and technologies for 
noticing is more central than using any single technology. The 
most common examples were comparatively low-tech (e.g., 
digital thermometers). Accordingly, we emphasize the benefits of 
utilizing existing technologies (such as smartphones or repurposed 
meat thermometers) to gather environmental data that can benefit 
design processes (design is here understood in a broad, generous 
sense). Nevertheless, there are opportunities to implement 
and study more novel and advanced environmental sensing 
technologies in urban farming communities (e.g., Smartphone 
LIDAR, bioacoustics, drone footage, image recognition, and 
machine learning). Caution should be taken whether such 
technology is necessary. However, as pointed out by several of 
the participating urban farmers, devices could be shared within 
or even between communities to use resources more efficiently 
and share best practices, for example, as facilitated by smartphone 
applications for resource sharing. 

The urban framers further emphasized bodily and attentive 
engagement with the soil, plants, and other organisms—and 
noticed their interdependencies through all their senses. In contrast 
to instruments developed for agriculture or natural science, this 
context thus requires a higher focus on engaging qualities of use. 
Our empirical examples suggest that simple tangible technologies 
that open for rich sensory experience, such as the repurposed meat 
thermometer, seem like one promising approach. There are further 
examples in design research of more speculative technologies 
targeting these issues, including a hand-worn device for sensing 
the moisture in soil (J. Liu et al., 2018) and instruments for the 
sonification of soil data (Liu, 2021). 

We presented our study as an experiment or exploration. 
However, this experimentation does not deny the existential 
urgency (Light et al., 2017) of the climate crisis and the need for 
swift responses. Previous research has identified the need to move 
from small pilots and experiments to systemic change and impact 
(Dourish, 2010; Frauenberger et al., 2018; Teli et al., 2020). 
While we focused on furthering the situated practice of noticing, 
we also recognize the value of scaling more-than-human-centred 
practices such as regenerative urban farming. This implies a need 
to affect governance and policies. Environmental data could here 
be used as empirical arguments for more-than-human-centred 
urban planning. There are further opportunities to investigate if 
crowdsourced environmental data (such as that produced by the 
studied urban farmers) could be compiled in meaningful ways 
and made available in commercial design processes to treat the 
needs of the environment and organisms in it, as equal to the 
needs of human users. In this way, other organisms can tell us 
their needs through the data we can gather about them. While this 
opportunity is clear, there are fewer examples of how to include 
such data in actual design processes. Our study has merely begun 
to investigate and identify cases where the use of technology 
and more-than-human needs align in ways that are not overly 
simplistic or excessively using resources.

Conclusions
The realities of climate change, species extinction, and increasingly 
autonomous technologies push the field of HCI in a direction where 
we need to consider more-than-human needs and understand the 
human subject and its relationship to the world in a new, non-
anthropocentric light. In this paper, we sought to forward the more-
than-human-centred design agenda by offering an empirical case 
that helped us to articulate the process of noticing (see Figure 2) and 
designing with the interdependencies of organisms. To notice is to 
become aware of, and to treat something as worthy of recognition. 
As a method for approaching design spaces, noticing is thus the 
intentional act of perceiving that which is often overlooked. In this 
case, how systems function from more-than-human perspectives.

Emphasis was placed on understanding and documenting 
patterns of interdependence between organisms and framing design 
as the intentional intervening in these interdependencies, whether 
through interactive design or other actions. We showed how these 
practices involve co-creation with other organisms through at least 
two contradictory principles (providing scaffold and refraining 
from intervention). This implies that design and the designer are 
understood in a more open-ended way, where the agency is shared 
between several stakeholders in the design space. In this way, design 
becomes a matter of strengthening certain naturally occurring 
processes and slowing down others—and the challenge is to notice 
where exactly a beneficial intervention could be made, a process 
that typically implies balancing conflicting interests. We discussed 
how computational technologies can be part of this noticing in ways 
that strengthen both the experience of humans and the systemic 
interdependencies of organisms. In sum, more-than-human-centred 
design offers an alternative approach to sustainable development 
where technology and data can be reimagined to contribute to a 
future that is ecologically healthy and just.
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