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Figure 1: Formerly blooming market garden, now permanently flooded.

Abstract

Digital technologies in agriculture are typically portrayed as en-
abling more sustainable production while increasing productivity.
Yet, commercial solutions rarely address the root causes of un-
sustainable farming, limiting the uptake of more radical solutions
such as agroecology. We conducted fieldwork on 11 UK small-scale
agroecological farms investigating their adoption of digital tech-
nologies. Far from being anti-technological, agroecological farmers
are currently poorly supported by appropriate digital tools. Fur-
ther, the collaborative nature of agroecological farming, market
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productivity pressures, and regulatory requirements necessitate
complex data practices for coordination, planning, monitoring, and
learning. These data practices require labour that is often hidden
and causes tension within farms. We develop these insights into a
set of guiding principles for designing digital technologies appro-
priate for agroecology and suggest concrete design opportunities.
We present a call to action for HCI to reimagine digital agriculture
beyond capitalism and work with existing farmer-led grassroots
networks towards technological sovereignty.
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1 Introduction

You know, we position ourselves very much in modern
neoliberal capitalist society and economy as an organ-
isation, trying to do things differently. And we’re not
alone in that. We find solidarity with other people, other
organisations. (P19)

Since the so-called Green Revolution in the mid-20th century,
industrial agriculture has dramatically increased productivity while
reducing labour costs. This has been enabled through monocul-
tures, large machinery, chemical inputs, intensive animal farming,
and corporate concentration [50]. However, it is now clear that
these gains were made by externalising costs that affect human
and planetary health, including malnutrition, obesity, greenhouse
gas emissions, pollution, deforestation, and biodiversity loss [50].
Increasingly, this system is vulnerable to shocks, be they public
health, geopolitical, or climate related [51]. More recently, digital
agricultural technology (agri-tech) has been put forward as a so-
lution to farm ‘smarter’ by making agricultural processes more
efficient and productive, while also less wasteful and ultimately
more sustainable [78]. In this tech-driven self-proclaimed ‘fourth
agricultural revolution’ [88], big tech corporations (such as Mi-
crosoft, Amazon, IBM, and Google), big ag corporations (such as
Bayer-Monsanto, Corteva, Syngenta, BASF, and John Deere), as
well as a myriad of tech startups, are promoting key technologies
for digital agriculture. Broadly, these include sensing and IoT de-
vices (Gong et al., 2025), Al decision-making [4, 73], automation
(drones, robots, irrigation systems) [28, 42, 85], blockchain [40] and
digital marketplaces [18, 84].

However, as more progressive organisations and advocates have
argued, rather than a digital revolution, these technologies rep-
resent the long tail of the Green Revolution [62, 78]. They tweak
— and reinforce — the dominant, industrial and extractive way of
farming, rather than bring about radical change [5]. They feed
into a system that continues to waste food, relies on chemical in-
puts and fossil fuels, and negatively impacts human and planetary
health. In addition, the introduction of corporate-driven technolo-
gies risks shifting farmers’ roles to data workers [61, 90], reducing
their agency by locking them into vendors and prescriptive farm-
ing practices [13, 78], and bringing about a form of surveillance
agriculture [26, 91].

Agroecology has been described as the “most promising proposal
for transforming unsustainable agro-food systems” [47]. While def-
initions vary, the Food and Agriculture Organization of the United
Nations recognises 10 elements: practices and approaches based
on diversity, synergies, efficiency, resilience, recycling, co-creation
and sharing; the recognition of human and social values as well
as culture and food traditions; and an enabling environment of
responsible governance and a circular and solidarity economy [33].
Importantly, agroecology recognises indigenous and traditional
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knowledge and technologies [95]. Indigenous farmers have long
farmed according to agroecological principles but may call it ‘natu-
ral farming’ or just ‘farming’. In the UK, where this study is situated,
agroecological farmers often use established principles and certifi-
cation standards, such as organic, permaculture, pasture-fed, or (to
a lesser extent) regenerative agriculture.

Use of digital technology among agroecological farmers is se-
lective [9, 65]. They typically rely on hand tools and small-scale
machinery. Digital agri-tech as it is currently developed is largely
rejected, as it is considered incompatible with agroecological val-
ues: “Technology that takes away sovereignty of the human does
not serve agroecology” [65]. We situate this study at this tension
between agroecological values and digital technology. Through a
series of in-depth qualitative interviews with 21 farmers, growers!,
workers, and directors across 11 agroecological farms in Northern
England, UK, it aims to answer the following research questions:

(RQ1) What digital technologies do agroecological farmers cur-
rently use and not use, and for what reasons?

(RQ2) Which needs for digital technology are currently unmet?

(RQ3) What principles should digital agri-tech align with to be
considered appropriate for agroecology?

This paper has two primary contributions to sustainable HCI:
1) It presents empirical insights into the technology and data prac-
tices of agroecological farmers in Northern England as they seek to
balance tensions between agroecological values, effective collabo-
ration, and pressures of a capitalist market economy; 2) It develops
a design space for responsible and appropriate design of future
digital agri-tech that is in line with agroecological values, including
a set of guiding principles as well as opportunities to design both
within and beyond capitalist logics.

2 Digital Technology in Agricultural
Transitions

In sustainable HCIL, food production and consumption have become
a major research focus over the last decade [25, 81]. As a field, it has
moved from nudging consumers to change behaviours to a recog-
nition that system change is needed to avoid climate collapse. Here
we review how industrial agri-tech and practices at the intersection
of agroecology and grassroots agri-tech innovation are differently
positioned to work towards system change.

2.1 Industrial Agri-Tech Visions and Realities

The advancement of industrial agri-tech is commonly justified by
the need to increase productivity and sustainability of agriculture
[25]. As Barrett and Rose [7] show, the techno-optimism of policy
and media documents contrasts with much more cautious perspec-
tives of farmers. Digital agriculture promises farmers the ability to
better control growing conditions and work more efficiently and in
harmony with nature [6, 61, 88], but uptake of these technologies
has been slow [30] and significant barriers exist. To make digital
agriculture work, someone (e.g., a farmer, technologist, or data
worker) needs to do ‘articulation work’ [61, 87], often hidden and

!Some participants identify as ‘growers’ if they are in horticulture (i.e., growing
vegetables and fruit). A ‘farmer’ typically grows arable crops and/or holds livestock.
For simplicity, in this paper we refer to all our participants as ‘farmers’.
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unaccounted labour to prepare sites, deploy sites, repair and fix is-
sues, or clean data [7, 16]. Moreover, efficiencies are often cancelled
out, as they lead to lower costs and thus increased consumption
[5, 96]. Even proponents of industrial agri-tech admit that digital
solutions are in their ‘infancy’ and ‘immature’ [28, 39, 40].

The adoption of industrial agri-tech has also been shown to neg-
atively impact farmers and farm workers. Beyond the obvious risk
to jobs [42, 48], there is a more fundamental risk to their way of
life. Reliance on technologies risks a loss of connection between
farmers and the land [67], while sensing and automation technolo-
gies change the nature of farm work, partially turning farmers into
knowledge workers, following more rigid temporal rhythms than
when working in nature [90]. ICT can also distance humans from
the land and the specific context they are in [5], resulting in a loss
of embodied and intuitive knowledge [88]. Flachs et al. [32] bring
particular attention to how farm management via spreadsheets
encourage farmers to prioritise efficiency and productivity metrics
over harder-to-quantify aspects, such as ecological benefits, food
justice, or community.

Personal and farm data is being used by commercial platforms
to configure the user’s choice context to influence their decisions
to buy bundled agricultural products, such as seeds, agrochemi-
cals, and machinery [13]. Rather than supporting farmers’ capacity,
agency and autonomy, they reduce these through technological
lock-ins and dependencies [7, 78, 88]. Unlike traditional farm equip-
ment, industrial agri-tech is designed and licensed to prevent repair
and tinkering by anyone but authorised (and expensive) service
providers [17, 61]. For example, John Deere, one of the world’s
largest tractor manufacturers, ensures exclusive authorised access
to repairs and modifications of its tractors through microcontrollers
that require a Vehicle Identification Number (VIN). The VIN locks
ensure that only authorised repairers can make changes. The same
microcontrollers collect extensive data on all aspects of the trac-
tor’s use [24]. Stone [91] extends this observation to the notion of
surveillance agriculture, where the collection of vast amounts of
individualised data points allows companies to both predict and
manipulate behaviour. HCI researchers have studied the impacts
of farm worker surveillance, including stress, increased competi-
tion, fears of disciplinary actions and job loss, as well as safety and
privacy concerns [19, 25, 42, 61].

These issues suggest a farming landscape that many would find
undesirable: tied into subscription fees, service contracts, and in-
tellectual property restrictions, farmers find themselves in tech-
nofeudalism [97]. With no ownership of, and control over, their
data and the platforms they use, they are dependent on big tech
corporations that have little competition and regulatory oversight.
Our research thus explores how we might transition towards more
equitable models of technology use in agriculture, and we turn our
attention to farms who already practice agroecology but still oper-
ate within the broader capitalist industrial system. These farms blur
the lines between traditional and modern agriculture and might
offer insights towards different relationships with agri-tech.

2.2 Agroecology and Technology

HCI research commonly frames agriculture in terms of conven-
tional vs alternative, and by extension big farm vs small farm, and
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high-tech vs low-tech [25, 88]. However, as Biggs et al. [8] put it,
small-scale farms “are not ‘dumbed down’ versions of large farms”
and thus may require different approaches to technology [15, 65].
Agroecological farmers continuously experiment with new meth-
ods, tools, and crops [6]. They also seek efficiency, but not at the cost
of other values [6, 25, 45, 90]. As Barbieri et al. [5] argue, we need
to redefine success as being about balance and embrace inefficiency
and redundancy as natural systems do. Agroecology is therefore
most closely aligned with technologies that have variously been
described as ‘appropriate’, ‘convivial’, ‘permacomputing’, or ‘low
tech’, among others [96]. These technologies are often community
centred, small scale, decentralised or open source.

Responding to the value mismatch between industrial agri-tech
and agroecology, many grassroots organisations have recognised
the potential value of digital technologies, under certain condi-
tions [1, 20, 36, 55, 65, 68, 79]. This includes calls for alignment
with agroecology principles, non-displacement of work, low tech
solutions, repairability, and farmers’ participation in and control
over agri-tech developments. The criticisms and demands mirror
critiques from HCI on value tensions between sensing and automa-
tion on one side and experiential and embodied knowledge on the
other [69, 74], the environmental footprint of ICT in permaculture
[67], ill-suited technology for small-scale farming [59], and the need
for tools to enhance, not replace, collaboration and autonomy [53].

While large-scale agri-tech does not appeal to small-scale agroe-
cological farmers [9], a range of useful and appropriate technologies
have been researched, designed, or proposed. One area of attention
are tools for cooperation and community-building among farmers
and with consumers. Examples include a dashboard to coordinate
crop planning among black urban farmers [34], converting com-
monly used but complex planning and monitoring spreadsheets
into software [54], social media for buying and selling products [80]
and movement building [89], tools for cooperatives and community-
supported agriculture (CSA) [10, 56, 57], and solidarity-based online
markets and currencies [57, 72].

Research has also indicated some scope for automation technolo-
gies if it is used as a collaborator, not a replacement. For example,
by taking over arduous tasks [74, 90], helping educate the public
about farm life [62, 74], and weeding or harvesting in a polyculture
context [23, 76]. Heldreth et al. [46] articulated how Al for small-
holder farms in Africa need to be designed with farmers, provide
actionable results, and be trained on local languages.

Finally, HCI has explored how digital technology could be lever-
aged to help scale agroecology. While economic productivity is not
the bottom line of agroecology, it is currently hard to make a living
in small-scale farming [6]. This is not due to limited market demand,
but because of the price-dictating dominance of the industrial food
system controlled by supermarkets. What Raghavan et al. [76] call
‘computational agroecology’ could help address some of the bot-
tlenecks agroecology is facing in moving into the mainstream: the
high level of expertise needed which is based on decades of experi-
ence and the strong reliance on manual labour. Digital tools could
help train a much larger number of agroecological practitioners,
for example as Norton et al. [67] and Heitlinger et al. [44] have
begun to do with a plant database and seed library. These systems
could be self-obviating rather than creating dependencies [67]. Spe-
cialised tools could also help with the design, construction, and
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maintenance of agroecological growing sites that are adapted to
the local terroir [76].

While HCI, particularly in the Global North, has focused on
working with small-scale and agroecological farmers, these have
typically been community-focused and non-commercial [25]. We
contribute to this work by showing how farms that work with
communities and grow for markets need to navigate tensions re-
lated to technology and data needs arising from collaborative and
commercial practices.

2.3 Grassroots Innovation in Agri-Tech

While HCI has a long history at researching and collaborating with
maker, hacker, and open-source communities [92], the intersection
with rural or agricultural spaces has received little attention. Com-
puting within limits, especially Illich’s tools for conviviality [49]
also oppose industrial productivity insofar as these “tools from be-
low” emphasise self-assembly, self-help, reuse, and repair. Pantazis
and Meyer [71] explored two cases of ‘design global, manufac-
ture local’ in rural Greece. “Rooted in the agricultural commons
of the past and blended with the momentum of the digital com-
mons of the 21st century”, they document how two groups plan,
design, prototype, and test agricultural equipment based on de-
signs shared in digital commons. In fact, the global commons they
utilised are grassroots agri-tech innovation networks. Prominent
examples include Farm Hack? (US/UK), L’Atelier Paysan® (France),
and GIAN* (India). Recently, these groups have connected in the
Grassroots Technological Innovation Assembly”. The Assembly
serves as a platform for farmers to set problems, assess existing
solutions, collaborate, share knowledge, document designs, and
innovate building on traditional knowledge. Another example of
commons-based peer production is the Open Food Network (OFN)
[72, 75]. The OFN is an open-source platform that connects small-
scale producers with consumers through local food hubs. It provides
the technical infrastructure for direct sale with full farmer control
over their prices and data.

These examples show how ‘tools from below’ can undermine
the centralised power of the industrial agri-tech actors [5] and
enable technological sovereignty as an integral part of farmers’
food sovereignty [3]. As Carolan argues, “[f]armers might not have
historically possessed advanced knowledge of computer platforms
but this does not mean they are incapable of acquiring such skills”
[15]. However, movements like Farm Hack and the OFN remain
niches within the agroecological niche. Put simply, farmers are
busy farming and struggle to make ends meet. Opportunities for
infrastructuring [64] grassroots agri-tech to tip the scales of who
is driving innovation remain underexplored. In this paper, we will
contribute to this work by discussing such opportunities and its
challenges based on farmers’ need for effective tools and their
limited interest in digital technology per se.

Zhttps://farmhack.org
3https://www.latelierpaysan.org/.
“https://gian.org/
Shttps://www.gia-agroecology.org/
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3 Methodology

The study presented in this paper is part of an ongoing project
with agroecological farmers in Northern England. The overall aim
is to co-design socio-technical innovations, including tools, net-
works, and infrastructures that are aligned with agroecological
principles and directly address needs of farmers. Besides answer-
ing the research questions above, this first phase’s objective was
also to develop relations and sensitise us to the farming context.
Taking a post-structuralist stance, we consider ‘agri-tech’ a socio-
technical phenomenon that does not exist on its own but is socially
constructed and situated within a politico-economic and historical
context [35]. We therefore follow a qualitative research methodol-
ogy to co-construct meaning and knowledge with our participants.
Furthermore, we take a long-term perspective and understand our
work as infrastructuring, i.e., we seek to enable collaborations for
the creation, appropriation, and maintenance of socio-technical
infrastructures [52]. We understand farmers as experts in their
professional experience and as such as co-investigators and co-
designers directly shaping the course of this project [63].

3.1 Relationship Building and Positionality

While the research team works and lives in Northern England, we
live in urban areas and do not have farming backgrounds. We also
did not hold expert knowledge in agroecology or agriculture in gen-
eral at the start of this project (although we have since learned a lot
from the farmers). We approached the project with backgrounds in
sustainable HCI, local food networks, community-based participa-
tory design, digital civics, and critical making. We were thus literally
strangers at the (farm) gate [58]. We recognise that agricultural
‘innovation’ has a long history of something that is done to farmers,
rather than with or by farmers. Universities continue to play an
important role in disseminating - i.e., sell — agricultural technolo-
gies to farmers through extension services [66]. Likewise, on-farm
research often means farms are providing testing grounds for re-
search projects rather than defining the questions and approaches.
Agroecological farmers are therefore rightfully suspicious of such
extractive research practices. When we began to approach farm-
ers, we explained our intentions to develop farmer-led agri-tech
innovations. We had to reassure our participants we do not want
to promote or sell digital tools but to understand current practices
and how their agroecological values align or contradict with how
digital technologies are currently designed. In some way, our lack of
knowledge about agriculture made it easier for us to remain humble
and learn from the farming experts. A few farmers also said they
do not use any digital technology, which, as we will see, was not
actually the case. These statements reflected, however, how ubig-
uitous some technologies (such as mobile phones or spreadsheets)
have become so that they are not seen as technologies anymore.
Initial discussions began with one of the farmers (P1) who the
first author knew from previous research activities. These infor-
mal conversations shaped our research questions and ideas about
‘appropriate’ technology for agroecology. P1 also connected us to
other agroecological farmers in Northern England. The first au-
thor also attended a local agroecological farming conference to
recruit farmers. We used snowball sampling to recruit further par-
ticipants based on recommendations our initial contacts gave us.
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Northern England is not prime agricultural land in the UK due to
climatic conditions. Most farming is livestock farming, with some
arable farming. Horticulture (growing vegetables and fruit), which
is already a marginal segment in the UK, is practised primarily by
farmers committed to providing local food, which often overlaps
with agroecological farming. While the number of agroecological
farms in Northern England is unknown, sources like the CSA net-
work’s map® and the Better Food Traders map’ suggest it to be
around 15-20. We believe therefore that the eleven farms we inter-
viewed make up a representative sample of agroecological farmers
in Northern England.

3.2 Farm Tours and Interviews

The primary method used for this study is semi-structured qualita-
tive interviews. Before the farm visit, initial contact was made in
person or via e-mail. The first author then held an informal conver-
sation over telephone to explain the purpose of the research and
schedule the visit. All interviews took place in person, except the
interview with P19 (F10), which took place online (without a farm
tour) due to scheduling difficulties. The first author visited all other
farms and conducted the interviews. Part of the interview took
place while walking around the farm. The first author also took
photographs during the tour to help contextualise the interviews
for the other team members. The interviews lasted anywhere from
1 to 4 hours (2.5 hours on average). Some interviews involved mul-
tiple members of the same farm (see Table 1) and the first author
conducted follow-up calls with P2, P9, and P10 as we ran out of
time during the visit.

The interview questions covered a range of topics, including per-
sonal backgrounds, routes into farming, history of the farm, facts
about the business (scale, produce, route to market etc.), current
use of digital and non-digital technology, current practices of data
collection, and criteria when acquiring new technologies. We also
prompted our interlocutors about their opinions of and interest in
a range of currently available or near-future agri-tech, including
sensing, automation, farm management, sales, knowledge, and col-
laboration tools. Observations and informal discussions during the
farm tour focused on understanding growing processes; the people,
plants, animals, tools, buildings, and other infrastructure involved;
and getting a sense for the physical layout and scale.

3.3 Farmers and Farms

Table 1 gives details about the participants, while Figure 2 presents
the farms our participants work at. Our farmers had varying expe-
rience in commercial growing/farming, ranging from 2 to 40 years.
Some participants, typically those of CSAs, were in directorship
roles without much farming experience or involvement. However,
they could provide business perspectives that were at times differ-
ent from those involved in physical farm work. About half of our
participants made a living primarily from farming, about a quarter
from non-farming work, and a quarter were retired.

All farms are located in Northern England, as approximately
illustrated in Figure 2. Farms either maintained their own or sold to

Shttps://communitysupportedagriculture.org.uk/find-a-csa/
"https://betterfoodtraders.org/buy-local-food/
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a veg box scheme?, or operated under the principles of CSA’. The
livestock farms sell meat boxes only a few times a year when an
animal has been slaughtered. Farm sizes vary considerably, from
a 2-acre market garden' to 1000-acre grassland!!. Not all land is
used for food production. Eight of the 11 farms grow vegetables,
fruit, and sometimes other produce like herbs or flowers. Two farms
rear livestock only, and one farm is mixed. All nine farms producing
vegetables follow organic standards, but only 5 are certified by one
of the recognised UK certification bodies. The three livestock farms
are either certified organic or pasture-fed!?. All farms (except for
F2 who sell to a local 3" party veg box scheme) sell directly to cus-
tomers. Customer bases range from 20 to 500. Farms report using a
range of digital tools, including websites, social media, communica-
tion tools (e-mail, WhatsApp, newsletters, video conferencing) and
accounting software. A ubiquitous tool are spreadsheets (typically
online for easy sharing, i.e. Google Sheets). Some use more special-
ist tools, e.g., land mapping software and the direct sales platform
Ooooby!3, which offers an online shop, picking and packing lists,
and business analytics tools for small-scale food producers. None
of the farms used sensing and automation technologies. For details,
see the table in Appendix A.

3.4 Data Analysis

Interviews were audio recorded, transcribed, and analysed. Analysis
took place in two steps. First, the research team read and discussed
transcripts, creating a preliminary set of thematic areas. The first
author then conducted a Thematic Analysis following Braun and
Clarke [12]. They re-read the data, noting down potential codes
and themes. They then conducted open (inductive) coding of the
entire interview corpus using the qualitative data analysis software
nVivo. They then grouped codes into high-level codes and an initial
set of five themes. The research team then reviewed and discussed
the themes, restructuring and merging them, which resulted in the
final set of three themes. Further refinements and minor adjusting
to theme names happened as we wrote up the themes for the paper
itself. Overall, this process was iterative, involving frequent discus-
sions and reviews by the research team. Importantly, we are taking
the insights presented here back to farmers for agenda setting and
future co-design activities.

4 Technology and Data on Agroecological Farms

We structure our findings around three core themes that illustrate
the ways farmers navigate the tension between agroecological
values and digital technology. We report on these in the following
sections.

8A direct-sale subscription service, where customers receive a weekly box of vegetables
based on a monetary value.

Community-Supported Agriculture (CSA) is an umbrella term for a variety of mecha-
nisms in which a local community is involved with a farm beyond just being customers
(e.g., on-farm work, crop planning, risk-sharing) in exchange for share in the harvest.
19A market garden is a growing space of typically 1-5 acres and unsuitable for field-
scale machinery (e.g., tractors).

111 acre equals 0.4 ha or 4,000 square meters.

2pasture-fed livestock lives on grassland all year round and is not housed.
Bhttps://www.oo00by.com/
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Table 1: Farmers interviewed for this study.

Participant ID Farm ID  Role(s)

Experience Primary income

P1 F1 Founding member, Volunteer

P2 F1 Director, Worker

P3 F2 Owner, Grower

P4 F2 Director, Head Grower

P5 F3 Farmer

P6 F4 Director, Grower

P7 F5 Director

P8 F5 Grower

P9 Fo6 Director

P10 Fo6 Director

P11 F6, F1 Head Grower

P12 F7 Director

P13 F7 Farmer

P14 F8 Director

P15 F8 Director

P16 F8 Grower

P17 F9 Farmer

P18 F9 Farmer

P19 F10 Founder, Director

P20 F11 Director, Grower, Volunteer
Coordinator

P21 F11 Grower, Running Workshops

20+ years  Retired

10 years Retired

2 years Non-farming

2 years Farm business owner
50 years Farm sales, land lease
23 years Farm employee

14 years Farm business owner
14 years Non-farming

Little Retired

Little Retired

40 years Contracted as grower
17 years Non-farming

17 years Farm employee

Little Retired

Little Retired

2 years Farm business owner, non-farming
35+ years Farm business owner
14 years Farm business owner

Little Farm employee
30+ years Farm employee

5 years Farm employee

4.1 Connecting to the Land

Agroecological farming emphasises and celebrates people connect-
ing to land, food, and nature by being and working on the land.
Therefore, any technology that removes people or their connec-
tion with the natural world is viewed critically. Nevertheless, as
this theme explores, farmers have a pragmatic attitude and use
technology when useful and accessible.

4.1.1  Noticing, Working, Responding. When we asked farmers why
they farm or grow, many said because they like to be outdoors, in
nature. Some, like P3 and P11, even have a background in IT and
chose growing to spend more time away from computers. When
they are on the land, they are attentive to their surrounding and
observe. They are reluctant to use sensing and monitoring tools
to replace their own senses: “I'm not a fan of soil testing. I think
the science is fine, but I've always said my eye tells me more about
what’s going on. [...] I think soil testing can be a bit reductive.” (P1)
Reductive, “precise” scientific measurement technology can be a
gateway to the capitalist maxim of yield maximisation:

It started when [farmers] were able to weigh stuff. So
when you’re able to measure starch content in your
grass [...] then you chase the maximum yield from
that. [...] And that’s what you’re measuring. It’s easy
to measure. (P12)

Not pursuing maximum yield, agroecology does not require
precise measurement tools. Proxies and approximations are often
enough. Observing birds, earthworms, invertebrates, moles, and
weeds are often good indicators for soil health, without relying on
soil tests.

When on the land, people also enjoy doing physical work. Man-
ual jobs like weeding, sowing, and harvesting or moving livestock
are embraced. Technology to automate these, especially robots and
drones, are valued only for particularly arduous jobs. Being asked
whether drones to monitor her livestock would be useful, P17 an-
swered: “I suppose, if we were lazy. I mean, when we’re going to
gather all the sheep on 500 acres, if we could see where the sheep
were before we went, that would be helpful” Currently, they “go
to up the high points with a quad bike and a dog and try to find
them”. But “as long as it’s a nice day, it’s very pleasant [laughs]”

Importantly, working on the land also allows people to observe
and notice. If an activity was to be automated, this would reduce the
opportunities to respond to animal behaviours, crop development,
or disease outbreak. While watering by hand is laborious, even
automated irrigation is scrutinised: “In some sense, it’s good to
walk around and water because you can see what’s happening”
(P3). To be responsive, experienced farmers (P5, P11, P13, P20) also
do not want to stick to strict growing plans, typically implemented
through spreadsheets and software, to plan and monitor crops:

One of the things I want to try and bring into that
[crop growing] plan is not being too fixed about it.
Just like, “Look that last lot of lettuces we planted out
failed really badly. Let’s sow some more now, rather
than waiting another week” Or, “That chard is really
good. Let’s not bother planting or sowing some more
for another month or so.” So, just so it is a conversation
rather than having too much of a fixed plan. (P20)

Software-based plans can impose a rigidity that is not compatible
with being responsive to the natural world. What needs to be done
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Figure 2: Visual overview of participating farms, arranged in approximate geographical proximity in Northern England. For

details, see Appendix A.

is only loosely based on a plan and mostly informed by observation
and year-long experience.

4.1.2  Using Tools. Farming with nature also means looking for
methods and solutions in nature, rather than relying on techno-
logical approaches. P13 expresses his discontent with how market-
driven practices push industrial farming towards bigger and bigger
machinery: “Farming reps, and sales guys, and machinery sales
guys, they’re all trying to do the same thing and sell you more kit.
[...] And a lot of the time it’s just less is more” (P13). A simplistic
binary of “working with” vs “controlling nature” does not hold,
however. All agroecological farms use some technologies - in the
broadest sense - to control nature. They dehorn cattle, control their
movement through fences, use hand tools or tractors to remove
weeds and erect polytunnels to control environmental conditions
to extend the growing season. However, farmers carefully consider
which methods are appropriate, and which are not. Appropriate
technologies augment human labour or make it safe rather than
replace it. An example is small-scale machinery, such as the potato
planter (Figure 3), a tractor implement to make the laborious job
of getting seed potatoes into the ground easier. Importantly, un-
like fully automated potato planters, F1’s does not replace humans

on the land. It maintains growing as a social activity: “It’s lovely.
Somebody’s sitting on the tractor, two people sitting on the side
dropping the things down there” (P1).

Agroecological farmers commonly use second-hand tools and
machinery for multiple reasons. While there is a level of thriftiness
that some farmers enjoy (P11), it is also out of necessity as it is
cheaper to buy, maintain, and repair. Most importantly, the need for
human-scale technology that does not remove people from the land
means that modern agricultural machinery has become inadequate.
It is simply too big, too heavy, and too powerful if it has not been
replaced by chemical processes altogether.

We found that non-use of subscription apps or farm robots was
primarily founded in financial constraints rather than ideological
considerations. When we asked farmers whether the ecological or
social impact of digital technologies matter, farmers often displayed
a rather pragmatic attitude: “I don’t think we’re that green. I think
we’re just light green. We’re not dark green. No, we just struggle
to survive, you know, so we don’t really take that into account”
(P6). Farmers focus on getting food production right, rather than
technology, and because of their financially constrained situation,
they frequently use commercial but freely available cloud software,
such as Google’s office applications and mainstream social media.
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More ethical alternatives, such as building one’s own or using
open-source software were described as “clunky” (P1, P2), “un-
workable” (P14), or “not adequately developed” (P19). For farmers,
open-source technology requires a ‘technological mindset’ that
most of them do not have:

I certainly got a lot of respect and love for that kind
of [open source] stuff. There’s nobody here amongst
the four of us; there’s a person missing in our team.
Basically, we don’t have anybody in our team who
would get obsessed or get techy enough. (P20)

In some cases, volunteers step up and do some of the digital
work, such as managing the website and social media accounts
(F3). In general, however, farmers, like other non-technical users,
have no capacity to consider more ethical technology because of
differently situated interests and their financial precarity.

In summary, this theme showed how farmers use technologies
selectively and pragmatically, driven both by an ethos that values
human noticing, labour, and responsiveness as well as practical con-
siderations such as the need to reduce hard work and affordability
of new technology.

4.2 (Computer-Supported) Collaborative
Farming

Agroecology is a collaborative endeavour, which requires systems
to coordinate work, plan crops, record activities, monitor natural
processes, learn collectively, and exchange knowledge.

4.2.1 Coordinating, Planning, and Monitoring. Coordinating farm-
ing activities with a heterogenous workforce can be challenging.
Farms do this verbally, via WhatsApp groups, e-mail newsletters,
online spreadsheets and job lists written on whiteboards. F1 and
F6 represent two very distinct models of work coordination. At F6,
P11 is the central node for work planning: “My way of managing it,
I plan on doing everything myself, and then I delegate a job as they

Figure 3: Potato planter. Attached to a tractor, it creates three
furrows in the soil, while two workers sitting on the seats
drop potatoes in.
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[volunteers] arrive” P11 holds the knowledge of, and power over,
what work needs to be done in his head. In contrast, F1 is more
volunteer driven; P2 maintains a Google spreadsheet that allows
for a more collective form of coordination, rather than relying on a
single person to be there every day.

Digital systems, particularly online spreadsheets, also play a
critical role in the complex task of planning and monitoring of
diverse crops'®. All farmers use tools for initial crop planning, such
as spreadsheets or whiteboards, with varying levels of detail. On
F3, farmer P5 firstly plans “in my head. I do try and write it down at
some point.” However, this is done inconsistently. At F6, farmer P11
creates an initial crop plan on a month-by-month spreadsheet. He
decides what to do each week based on the development of plants
and the availability of labour. Farms that distribute work (F1, F4,
F8, F11) use more detailed and complex plans on spreadsheets (see
Figure 4), even if these cannot ultimately be adhered to: “You can’t
do farming by a week-by-week plan. And I understand that. So I
try not to panic too much when it’s six weeks out of date and we’re
that far behind” (P2).

Figure 4: Printout of F4’s crop plan hung up in the shed.

Besides spreadsheets, slightly larger farms also use more ad-
vanced tools, such as land mapping tools, e.g., the Land App (F5,
F7), Magic Map (F7), or QGIS (F5). At the market garden scale, F11’s
previous garden manager P21 used a home garden planner app
(called Garden Planner) to introduce a visual, spatial element to
planning that spreadsheets lack.

Collaborative farming also requires monitoring and document-
ing crop health and development to intervene if needed, harvest on
time, and prepare the next crop. Other recordings include weather
events, crop rotation, yields, and infrastructure and machinery
maintenance. Like for planning, we found two different approaches
to monitoring: centrally, in a farmer’s head, and distributed in
spreadsheets. While admitting not being good at documenting ob-
servations, P13 recognises its value:

4This involves schedules and location for seeding, transplanting, and harvesting for
at times 50+ varieties of crops across the season, also considering soil types, weather,
and crop rotation.
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Documenting everything that you [see], I know it’s
my big, one of my biggest weak points. I've got a lot
of stuff in my head that I can pull out at any point but
actually having it down on paper or on the screen is
important to do. And yeah, that bit puts me off, more
than anything, because I'd rather be out here. (P13)

We observed that experienced and knowledgeable farmers strug-
gle or actively resist documenting and sharing their knowledge
on paper or digital form. In one case, we observed visible tensions
between the farm cooperative’s head farmer and the directors board.
While for the experienced farmer documentation was unnecessary
as they walked the fields every day anyway, for the directors this
created a power asymmetry and vulnerability if anything were to
happen to the farmer. Where documentation took place, spread-
sheets were again the most common tool used (F1, F6, F7, F10, F11).
However, manually filling in spreadsheets means additional work,
which overworked farmers or volunteers often do not have the
capacity for: “We’ve got the technology for that [i.e., spreadsheets].
It’s just we don’t have the hours, you know. Nobody’s actually
doing something like that” (P10).

4.2.2  Learning and Exchange. Technology is also commonly used
for learning and knowledge exchange. However, knowledge needs
to be localised, as soil types and weather conditions largely de-
termine farming practices. The impacts of climate change require
them to learn and adapt to extreme wind, rain, and drought. As
an extreme example, F5 had to relocate its market garden as its
original site got increasingly flooded since 2017 and is now perma-
nent wetland (Figure 1). They are now exploring wetland farming
methods to adapt to these changes. Farmers also increasingly invest
in local drainage, reservoirs, and irrigation systems and experiment
with new crops to adapt to climate change. When asked, many
farmers did express interest in learning not only by monitoring
farm activities, crops and animals (as discussed above), but also
climatic conditions, soil health, nutrients, biodiversity, and wildlife.
However, these measurements are again not automated but carried
out manually, and as such require people power. Therefore, moni-
toring for learning purposes on farms is fragmented at best, and
often non-existent.

Aside from monitoring, farmers and volunteers learn informally
through working alongside another. Formal training, like P20’s
permaculture courses, are the exception. Several participants men-
tioned that formal agricultural education as taught at universities
and colleges, while improving, is still largely conventional and does
not equip graduates with agroecological thinking and skills.

Knowledge exchange with other farmers is equally fragmented.
Direct neighbours often practice conventional farming that our
participants have little in common with. While agroecological farm-
ers did not feel taken seriously previously, often classed as “hobby
farmers” (P7), with a shift in UK agricultural subsidies towards
nature restoration, attitudes begin to change. P7 reported that her
conventional neighbour now reaches out to her to ask for advice for
wetland management. To feel less isolated, network organisations,
such as Pasture for Life, the CSA Network, the Soil Association,
and the Landworkers’ Alliance play important roles in commu-
nity building and organisational learning. They organise events,
provide experts advice, maintain online knowledge resources, and

CHI *26, April 13-17, 2026, Barcelona, Spain

run WhatsApp groups and online fora for informal peer-to-peer
exchange. Farmers also expressed interest in regional collaboration
and sharing through cooperative ecosystems. These could include
coordinated crop planning across multiple small farms to grow a
greater diversity and consistent supply of crops, regional marketing
and distribution networks, and sharing tools and machinery. While
these ideas could utilise digital platforms to enable distributed col-
laborative work, they have not been taken up due to a lack of
capacity.

In summary, this theme illustrates current needs and opportu-
nities for effective and accessible digital technologies to enable
collaborative farming, including the coordination of work, plan-
ning and monitoring of crops, learning and knowledge exchange,
as well as regional collaboration among agroecological farms.

4.3 Food and Land as Commodities

While agroecology questions the commodification of food and the
transactional relationships it fosters, farmers today still operate in a
capitalist market economy. For agroecological farming to be not just
a lifestyle but also a livelihood brings about additional requirements
for production, sales, as well as access to certifications and funding.

4.3.1 Interfacing with Markets. Growing for a market requires a
level of consistency in production and in turn planning and mon-
itoring. P12 wants to prove that pasture-fed beef can be a viable
business model, so she had to monitor the development of their cat-
tle more consistently to avoid keeping them for longer than needed:
“It’s only now that we’ve set ourselves this task of getting the data
to find out if this is a viable concern [i.e., business]. That’s what’s
forcing our hands. [...] You need to keep your margins, right? You
don’t want to keep an animal any day longer than when it’s ready”
(P13).

Narrow sales margins mean that all'® interviewed farms also
have taken on the extra labour of selling directly to customers. Ide-
ological and scale issues aside, selling to the supermarket system
would not give them the prices they think their products are worth.
Weekly veg box subscriptions are typically administered via e-mail,
spreadsheets, and standing orders. While flexible, spreadsheets are
usually self-made and have little analytical functionality built in.
Therefore, some of the larger box schemes (F8, F10) use Ooooby,
although this comes with a subscription fee that not all farms can af-
ford, as well as the dependency on an external technology provider.
Linking back to the first theme, F10 had to carefully consider risks
and impacts before joining Ooooby:

We don’t think they’re evil or bad. What we’re con-
cerned about is somebody else evil and bad coming
along and munching them up and eating us in the
process, right? Because that does happen in the tech
sector all the time. (P19)

Interfacing directly with customers also involves managing ex-
pectations around the cost and qualities of produce from small
farms and dealing with skewed expectations based on what their
customers are used to when buying from supermarkets. During our
visit to their farm, P17 argued that food is undervalued by the UK’s
society. Rather than making food more affordable, she thinks “it’s

5Except for F2, who supply a local 3rd party veg box scheme.
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not unreasonable to expect to spend 50% of your income on food”
(current UK average is 11.2% [70]). Participants also reported that
many people are so disconnected from how food is grown that they
expect it to be washed like in supermarkets: “But people won’t even
touch the potatoes. They wanted gloves to pick the potatoes up
because they were dirty and the carrots were dirty” (P7). This dis-
connection is compounded by lack of cooking skills and low-price
expectations. In response to these challenges, customer education
usually happens in a rather light-touch and informal way through
personal conversations during pick-up and volunteering, sharing of
recipes, e-mail or printed newsletters, and social media posts as part
of their general marketing and communication with customers.

Despite having a willing and ‘converted’ customer base, partici-
pants reported they make efforts to accommodate customer expec-
tations of convenience. Most veg box schemes and some CSAs buy
in extra produce, including imported out-of-season or exotic food
to increase variety all year round. Farms also allow their customers
to customise their veg boxes to increase consumer choice. Door-to-
door delivery is convenient for customers but particularly costly,
hence only a few farms (F9, F10) offer this option. Most farms either
deliver to pick-up points or require customers to collect from the
farm. As such, participants practise a fine balance between educat-
ing customers and being responsive to some of their expectations
which might be set by years of shopping at supermarkets.

4.3.2  Accessing Certification and Subsidies. All interviewed farms
broadly follow agroecological principles, however the labels they
use vary. Some are officially certified as organic or pasture-fed (in
the case of livestock). Besides consumer trust, one of the primary
reasons to be certified is to set a premium price. Some farms do
not get certified for reasons of costs, paperwork, lack of flexibil-
ity, or because they believe they do even better than the organic
standard. Selling direct also means that consumer trust can be es-
tablished through personal connection. Certified farms are subject
to a yearly in-person inspection by the certification body, during
which purchase, activity, and harvest records are reviewed. These
can be paper-based or electronic. P7, P12, and P17 first keep records
on paper in the field or polytunnel and then transfer them to an
Excel spreadsheet on their computer. P5 keeps records on paper
only. While some feel well set up to avoid extra paperwork, for oth-
ers the certification causes headache: “There is a lot of paperwork
with the organic system. [...] Yeah. It’s paperwork. I think it’s a
headache” (P5).

Despite premium prices, margins for farms remain low. Eco-
nomic diversification is often promoted for financial security of
agroecological farms (Moeller et al., 2023). While these include
non-farming activities such as providing training and workshops,
farm tourism, leasing parts of their land, or off-farm paid work, a
common route are funding and subsidies. Since the EU exit, the UK
government has shifted their agricultural and land-management
subsidies from area-based payments to rewarding nature restora-
tion. These, however, require complex data gathering, including
land mapping and photographic evidence of actions undertaken.
For example, F9 received funding to put 8,000 dams into drains
that in the past were installed to drain peatland. This needed to be
photographically evidenced:
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They wanted to see photographic evidence, appar-
ently, of the peat dams. And I said, “What? I'm sup-
posed to follow around and take 8000 photos of peat
dams?” And apparently, I can do 10% or something.
mean, it all sounds quite ridiculous to me. (P17)

This example illustrates how digital technology, such as auto-
mated drones to take aerial photography could be useful to provide
such evidence. However, data accessibility is important. F12 has
been recording biodiversity data using mainstream identification
apps. This data is locked up in multiple proprietary platforms and
cannot be combined or easily extracted to be included as evidence:

Like, Chirp-o-Matic. I know it’s not a platform specif-
ically set out for that, but I've recorded birdsongs for
three or four years now. I've done nothing with it.
And the same with plant species. I've got, you know,
Picture This Mushrooms and Picture This Insects and
Picture This Plants, and they’re all just sitting on my
phone in a totally inaccessible junk box. If it was all
on one [place], “This is my farm”, [it could be used
on social media or funding applications]. (P12)

While some of the farms we interviewed welcome income through
subsidies (F8), others see these as forms of land commodification:

There’s a whole secondary market now for carbon
and biodiversity data that is allowing offsetting, is al-
lowing a futures market to develop around buying out
biodiversity net gain for the future. And this whole
process of commodification that comes in very, very
quickly after the digital technology, or maybe even is
the rationale for that digital technology to be imple-
mented. (P19)

Agroecological farmers are thus walking a fine line between their
commitment to farming with nature and the need for technology
and data collection to interface with markets and state mechanisms
of commodification, such as certifications and subsidies.

5 Designing for Agroecology within and beyond
Capitalism

Agroecological farmers carefully negotiate agroecological values

and market pressures, which is reflected in their use and non-use of

technology. This begs the questions what and how technology could

be designed — both within the status quo and beyond by imagining

and working towards more radical agri-tech alternatives.

5.1 Hidden Data Labour

If there is one digital tool that stands out across the many areas of
agroecological farm work we observed — spanning coordination,
planning, monitoring, communicating, selling, and reporting — it is
the humble spreadsheet. This echoes previous findings from the US
[32], where COVID-19 lockdowns created high demand for local
food and pushed farmers and distributors to manage their growing
operations and sales with spreadsheets. Even if demand for local
food has since decreased again, spreadsheets are everywhere, and
given the criteria above, it is easy to see why. While some of our
participants dislike them, for many they are the best tool available:
they are affordable, accessible, and offer flexibility in use, yet have
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powerful functions built in when needed. Of course, they have
their limits and more complex data analysis requires mathematical
or programming skills. In some cases, there could therefore be an
opportunity to turn spreadsheets into custom software, as Klein and
Raturi [54] do through spreadsheet audits, but there is also the risk
that farmers might lose the flexibility and agency over designing
and adapting their own spreadsheets.

However, the common use of spreadsheets is also indicative of
the labour that goes into filling them in. As we have seen across the
themes, data recording and analysis requires additional unwanted
work, which is often hidden and unaccounted for. We have seen
that pretty much all data recording on the farms is done manu-
ally. Biodiversity surveys, soil test, carbon audits, crop monitoring,
record keeping - this data is manually entered into the ubiquitous
spreadsheets, not collected by IoT devices as one might imagine on
a data-driven farm. Contrary to Flachs et al. [32] we did not find that
our farmers adjusted their practices based on the quantitative in-
sights the matrix structure of spreadsheets affords (e.g., profitability,
efficiency). Rather, spreadsheets were the appropriate tool in their
ambition to be more efficient and profitable. Their commitment to
agroecology remained strong, although lack of capacity to act on
data may also play a role. Specifically, we observed two data-action
gaps. First, even if they were to collect data more consistently, most
farmers do not have the capacity to analyse the data in depth, for
example crop development from season to season or sales data.
Second, even if in-depth analysis was available, they would not
necessarily be able to respond to it, for example to biodiversity, soil,
sales, or social media engagement data.

Hidden data labour also occurs when managing customer rela-
tions. As shown, our farmers were directly engaged in marketing,
sales, and education. Similar efforts were observed by Steup et al.
[89] in the context of US farmers markets. Like at farmers’ markets,
our farmers have to balance customer education and convenience
carefully. However, the difference in distribution model (veg box
scheme, CSA) means that even more of the educational work is
done digitally (newsletters, social media). And unlike on farmers
markets, most of the farmers we interviewed undertake the extra
labour of accommodating customer expectations, including buy-
ing in complementary produce from wholesalers, planning weekly
veg box contents, or providing recipes. Most of this work requires
digital data labour and is often carried out by unpaid volunteers.

The hidden data labour we observed aligns with previous dis-
cussions of invisible work [78] and ‘articulation work’ [61, 87].
It is unglamorous and often unwanted extra work, especially by
the experienced farmers who prefer to just manage everything
in their head, but in turn they limit possibilities for collaboration,
knowledge sharing, and collective resilience. Therefore, if we are
conceiving new digital technologies for small-scale agroecological
farmers, we need to consider the new kinds of data work these
might incur. We also understand this data labour as an extension
of bureaucratic capitalism transforming natural and social life into
machine-readable data, increasing surveillance, and creating new
avenues for value extraction and control within markets and states
[61, 91]. As P19’s quote opening the paper shows, agroecological
farmers experience this tension firsthand. It is therefore crucial to
consider how technology is positioned along this tension.
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5.2 Appropriate Digital Agri-Tech Beyond
Binaries

Across the three themes, we illustrated how farmers use digital
technology flexibly and pragmatically. They are, as P19 said, ‘try-
ing to do things differently while still operating within neoliberal
capitalist society and economy’. They therefore do not think in
the agricultural and technological binaries others have pointed
out [9, 25, 88]. They are both community-focused and commercial,
which makes some tools inadequate and inaccessible (e.g., drones,
robots) but requires others (e.g., spreadsheets, sales apps). Different
from industrial agriculture, they work with nature but also need to
produce a consistent crop, which requires attentive care and rigor-
ous planning and monitoring. While they do not control nature to
the extent of killing it, they certainly strive to control environmen-
tal variables (where they can) to improve their production. They do
not reject digital technology on ethical grounds alone (e.g., because
of its environmental impact as Norton et al. [67] found). Instead,
reasons for use or non-use of digital technology are entangled with
business needs, practical considerations, and ethical principles.

Below, we distil a set of 12 technological values that the agroeco-
logical farmers expressed through their observed practices and
statements in the interviews. These could act as guiding prin-
ciples for farmers, designers, and manufacturers to design and
adopt appropriate digital agri-tech. We feel confident they echo and
align with the demands expressed by civil society organisations
[1, 20, 36, 55, 65, 68, 79] as discussed in Section 2.2. We grouped
them along four categories: necessity, practicality, accessibility, and
sustainability.

Necessity: 1) The first question to be asked is whether a tech-
nology is needed in the first place. Technology for its own sake is
useless; it needs to provide tangible benefit. 2) Low tech options are
preferred. This is both for sustainability (see below) and practical
reasons (e.g., repairability, lack of electricity). 3) Technology should
not replace human labour, but support and enhance it.

Practicality: 4) Technology needs to be robust and work outdoors
(in the rain, cold, mud), which makes touchscreens questionable.
5) It needs to work with diverse crops (polycultures rather than
monocultures). 6) It needs to allow flexible working in line with
natural cycles and the variability of human skills, interests, and
availability.

Accessibility: 7) Technology needs to be affordable; continuous
costs through subscription services are to be avoided. 8) Tools
should be simple and easy to use, by having only the features they
need. 9) Tools and data need to be accessible by many users on a
farm and if desired on other farms.

Sustainability: 10) Tools should be efficient and minimise energy
and resource use. 11) It should be easy to self-assemble, maintain,
and repair the technology. If tools are bought in, farmers need com-
mitment to continuous support and maintenance. 12) New tools
need to be responsive and adapt to existing practices and interop-
erate with existing systems, rather than requiring new practices,
extra (data) labour, or further technology.

We recognise that many of these principles resonate with discus-
sions in other domains. Some echo debates about automation more
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broadly (e.g., Al to enhance not replace humans [14]), others echo
principles used in community-based participatory design that fore-
ground questions of governance and sustained used over time [22].
Others yet, like that technology should respond to concrete needs
and benefits, are the basis of human-centred design. Yet, these prin-
ciples are poorly applied or understood in industry and HCI (e.g.,
formally politically driven design agendas have become watered
down and depoliticised, such as Participatory Design [11]). Putting
these principles into practice is therefore critical, especially when
designing within capitalism, for which we make some suggestions
next.

5.3 What We Could Design within Capitalism

Beyond the general values around agroecologically appropriate
technology and considerations for data work, we present a call
to action for HCI researchers to collaborate with farmers to co-
create tools that they need to do things differently. We offer some
suggestions based on our findings paired with existing research.
Here, we focus on their reality of operating within capitalism. We
will explore how we could think beyond capitalism in Section 5.5.

Automated data recording and administrative tasks: To reduce
the hidden data labour of manual data recording, analysis, and the
paperwork needed to apply and provide evidence for certifications
and subsidies, we can see potential for IoT and ICT systems to au-
tomate some of the work. However, as much of Al ‘automation’ is
carried out on the back of yet other invisible data labour (e.g., data
labelling) [2], we are pessimistic about an ethical use of current
Al although developments like Mozilla’s Public AI'® could provide
alternatives where people are appropriately remunerated for their
work. Recording might include activities, plant health, harvest logs,
application of inputs such as mulch, maintenance of infrastructure
and equipment, soil conditions, biodiversity, crop nutrients, as well
as environmental and climatic conditions. This data could also be
used for learning, community building, collaboration, promotion,
and political advocacy. However, in order for it to be appropriate for
agroecology, we may need different types of sensors and systems
so that they do not replace human observation, noticing, and learn-
ing about the land [62, 74]. For example: site-specific installations,
where data (e.g., environmental, financial, aggregate data) can be
visualised as part of a landscape, along the lines of a weather-vane
(e.g., through kinetic installations, architectural treatments, smart
materials, or zero-tech outputs like windmills or drooping tree
branches) and passively registered by farmers, replacing the need
for dedicated time spent at a digital device.

Automation of work: There are only minimal opportunities to
automate agroecological work. The most direct opportunities are
small-scale irrigation in polytunnels as well as certain crop manage-
ment jobs when labour is short or tasks are particularly hard [77, 90].
Robot weeders, for example, would need to be small-scale, capable
of manoeuvring uneven soils, and understand polycultures, which
they are currently not capable of [23, 28]. As above, humans should
not be replaced. In addition, the high investment costs of most
automation technologies would need to be resolved, which limits
the potential for automation within a community setting. Areas for

6 https://www.mozillafoundation.org/en/research/library/public-ai/
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development of automation could focus on maintaining the aesthet-
ics of the farmers experience, and minimising unwelcome data and
administrative work, e.g., an audio interface designed to summarise
and communicate key farm data to workers, not requiring them
to stop their chosen manual, embodied, and somaesthetic work
alongside nature. As above, this audio could even be interwoven
with the surrounding soundscape of the farm as ludic sonifications.

Collaboration: As we have shown in the findings, collaboration is
a key, but perhaps sometimes overlooked, aspect of agroecological
farmers. The resistance that some farmers showed to use existing
digital tools (such as spreadsheets) to distribute and share work co-
ordination, crop planning, and monitoring points to opportunities
for more suitable and accessible tools. Any solutions would need
to balance carefully the flexibility of spreadsheets with the more
advanced functionality and intuitive user interface that custom soft-
ware could offer [54]. Collaboration could also be extended beyond
the farm gate to coordinate crop plans [34], exchange seeds [44, 82],
and share tools and equipment. Passive tracking, for example, of
which tools are in common use, in need of repair, or no longer
functional through simple presence/need sensors in tool stores
could allow for local networks of farms to more easily facilitate
tool-sharing without the need to manually update spreadsheets.

Learning and knowledge exchange: As we have shown, agroeco-
logical learning is currently mostly informal by working alongside
experienced practitioners. While we recognise the importance of
hands-on, experiential learning, we agree with Raghavan et al. [77]
that one of the limitations of agroecology currently is the lack of ex-
perts to learn from. For participants, the various WhatsApp groups,
mailing lists, and online fora are important for knowledge exchange.
However, knowledge is fragmented across multiple channels and
often short-lived. Examples of much larger and structured knowl-
edge and exchange networks for agroecological transitions include
the Andhra Pradesh Community Managed Natural Farming!” in
India with 8 million members; the Honey Bee!8 network and li-
brary of grassroots agroecological innovations, also in India; or
BILIM'?, an agroecology community from Eastern Europe, Central
and Western Asia. These are sites HCI researchers can work with
and learn from to create similar networks elsewhere. Distributed
data collection could be an area of interest here, for example, the
use of large language models (cognisant of the caveats mentioned
above) for transcription, which could record, collate, and articulate
insights from conversations with experts around the farm over time
into meaningful, site specific data-sets which can be preserved and
shared.

Tools for markets: While agroecology questions food as a com-
modity and asserts it as fundamental right, as we have shown, it
still operates in a market economy. As selling to the mainstream
supermarket system is untenable, alternative market mechanisms
could benefit from HCI research. While there are existing platforms,
including Ooooby in the UK, Crop Fit?® in India, and Open Food
Network in multiple countries [72], we see design opportunities

https://apenf.in/
Bhttps://honeybee.org
https://bilim.network/
Dhttp://www.cropfitindia.org
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to break out of the consumer-producer binary. For example, the
Belgian Pluk?! app not only enables CSAs to sell food, but also to
promote volunteering opportunities and events on the farm. More
specialised sales operations, including the planning of weekly box
contents, recipe collections for unusual vegetables and cuts of meat,
mapping of delivery drop-off points, and shared delivery infras-
tructure for small-scale food producers are other opportunities HCI
could explore with farmers.

5.4 How We Could Design with Farmers

Agroecological farmers cannot gain food sovereignty - the right to
determine what and how food is grown appropriately — without
technological and data sovereignty, i.e., their right to determine
appropriate technologies and control over their data [21]. Our find-
ings show a tension in which way this sovereignty is to be practised.
On the one hand our insights demonstrate the need to build tech-
nological literacy and capabilities among farmers to enable them to
adopt and adapt open-source systems in ways that are responsive
to their needs. On the other hand, farmers often felt they did not
have choice but to engage in data-work and use digital technology,
highlighting power inequities at play in technological progress in
farming as discussed by Barrett and Rose [7]. Still, some farmers did
not have an interest in technology, others recognised its potential
benefits, others still were firmly advocating for the value of work-
ing with their hands and the land. Therefore, rather than facing
the choice between designing technologies for farmers or turning
them into programmers, we propose that HCI researchers can work
with existing farmer-led grassroots agri-tech organisations, such as
Farm Hack and the Grassroots Technological Innovation Assembly
[21] to anticipate and explore the potential positive and negative
short and long-term consequences of technologies in agroecolog-
ical practices before any co-design begins. Many grassroots and
open-source efforts can fail to anticipate and meet the challenges
that communities face when adopting, appropriating, configuring,
repairing, and maintaining open-source-software, as other domains,
including digital civics, have shown [22, 41].

For the outputs and the outcomes stemming from these efforts
to work sustainably in the long-term, we must go beyond the
ad-hoc hacking or co-design event. Recently, “commoning” ap-
proaches have been put forward in HCI as potential ways to enable
co-production of digital innovation and to tackle benefits, unin-
tended harms, and governance issues tied to digital transformations
and the required skills and resources needed to envision, develop,
and maintain digital innovations [83, 93]. Taking these approaches
would benefit farming contexts like ours as to nurture “on-farm”
innovations that centre of farmers’ aspiration, needs and values;
and that foreground questions of data governance, technical capa-
bilities, maintenance, and responsibility from the outset [38]. Yet,
our findings show that farms like the ones we engaged with do not
necessarily have a diverse enough volunteer base and relations with
actors and organisations with a passion for sustainable farming
and the technical skills, interests, and capabilities required to co-
produce and maintain digital tools that meet the farmers’ objectives.
Yet, given significant investment and policy moves towards the so-
called fourth agricultural revolution and high-tech farming [7], a

2 https://plukapp.com/
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concrete strategy for HCI here would be to design the appropriate
socio-material infrastructures to enable the creation of spaces and
the development of new relations and collaborations [52] between
farmers, designers, technologists and policy actors (beyond the
hack). Drawing on the Scandinavian notion of living labs [27], in
which designers live and work in the community they are seeking
to benefit, one way to infrastructure could be on-farm research
residencies. Resisting an immediate urge to design and innovate,
HCI researchers might simply engage in an unstructured mix of
‘parallel play’ (doing their everyday academic work remotely while
being co-located with farmers), volunteering, and ethnographic
work. This would enable researchers to develop deep relationships
and a sensibility for farm life and work before structured co-design
projects or grant proposals are developed. This approach is to en-
sure that design is enacted with care as opposed to being driven by
technological hype.

This kind of infrastructuring work could also include small con-
ventional farming communities that are also at the receiving end of
the digital transformation [7] and create opportunities to anticipate
social impacts that may be difficult to pinpoint before and in the
course of design as to inform policy as well as socially responsible
trajectories of technological development [100]. Indeed, as we have
learnt, some tensions and challenges farmers face also stem from
poorly conceived policies and lack of political influence; we have
also learnt about conventional farmers’ desires to learn from agroe-
cological practices, and research has flagged how also conventional
small farms’ cherished practices and knowledge are at risk due to
the rapid adoption of high-tech [7]. Here, there is an opportunity
for HCI to create spaces of dialogue and influence that could po-
tentially have much wider socio-political impact or to enable the
scaling out of peer-to-peer knowledge.

We believe that a commoning [93] and infrastructuring [52] ap-
proach as outlined above would be essential to create the conditions
to ensure farmers can reap the benefits not only from co-produced
digital tools in the long term, but also from spaces of political
influence able to reshape technological trajectories and wider agri-
cultural practices as well as shape policies that are responsive to
the concrete challenges they live with every day.

5.5 Envisioning Agri-Tech Worlds Beyond
Capitalism

In “Capitalist Realism”, Fisher [31] argues that the belief that capi-
talism is the only viable economic system has become so powerful
that it has become impossible to even imagine alternatives. The
visions of the data-driven and fully automated farm permeate the
agri-tech industry [78, 88], media [98], and government [94]. De-
spite claims otherwise [98], these visions have yet to materialise,
but this does not appear to derogate their power. We see, however,
an important contribution for HCI and design research to provide
alternative visions beyond the capitalist realism that farmers and
HCI researchers find themselves in. In their review of speculative
design in sustainable HCI, Soden et al. [86] note that four common
benefits speculation offers are the possibility to “discuss hopeful and
optimistic futures”, “question values and ethics embedded in current
practices”, encourage “public discourse”, and allow “personal narra-
tives about [...] the future to emerge”. However, they also point out


https://21https://plukapp.com

CHI *26, April 13-17, 2026, Barcelona, Spain

that it is important to consider what aspects of current trajectories
are mutable and which are left fixed. Dominant systems of politics,
economics, and consumption that are left unchanged not only reveal
assumptions but also risk “casting current social and material rela-
tionships as inevitable”. Gamboa [37] asserts that HCI is stuck in an
imagination crisis. Reviewing human-robot interaction literature,
she highlights how “technology is often seen as an autonomous
agent of change with intrinsic power to influence human lives and
institutions”. As discussed, HCI research on agricultural robots,
drones, and Al is no different in perpetuating this technological
determinism. However, as Gamboa urges us, HCI researchers must
resist feeding into these imaginaries of technological inevitability.
Instead, we can, using critical speculation, such as Haraway’s SF?2
[43] and collective organising, imagine and promote other worlds
that break with the dominant narratives of technological progress
and allow us to choose alternative means-end systems [29]. We add
that while discourse is a great starting point, we cannot stop there.
HCI is not only stuck in an imagination crisis, but its interventions,
which often stop at the design or workshop level, are never going
to suffice for what bringing about alternative worlds.

We therefore call on HCI researchers to speculate about and build
alternative, hopeful visions of the future of agriculture and agri-
tech, in which democratic governance, farmer livelihoods, social
and more-than-human connections, and indigenous knowledge
are respected and valued [95, 99]. This includes to imagine new
roles for ourselves as researchers within our communities, as we
did in Section 5.4. We ask: In what worlds are robots collaborators
that do arduous, dangerous, or menial tasks and collaborate with
human farmers and workers on the land? In what worlds does Al
not make decisions about farming, but takes over boring, repetitive
administrative work? In what worlds do soil sensors not report
reductive numbers about moisture, pH value, and mineral content,
but make tangible the life below our feet by telling stories about soil
as a living organism [60]? In what worlds is computing hardware
not extracted from earth and powered by oil but grown, harvested,
and composted? In what worlds can social networks facilitate food
exchange not as a commodity but as a basic human right? In what
worlds has technology supported agroecological farmers teach and
collaborate with industrial farmers to transition to agroecology?
In what worlds has appropriate technology helped agroecology to
move from niche to mainstream [76]?

6 Conclusions

While heralded as the ‘fourth agricultural revolution’ and the so-
lution to a sustainable intensification of food production, digitali-
sation of agriculture mostly exacerbates existing power dynamics
and extractive practices. The current reality and future vision for
small-scale agroecological farming is incompatible with full-scale
automation. Consequently, the agroecological farmers we spoke to
in this study use digital technologies variably (RQ1). Common use
includes accessible ICT, such as spreadsheets, websites, WhatsApp,
social media, and e-mail newsletters. Some farmers use more spe-
cialised tools, such as the sales platform Ooooby or land mapping

Z2Referring to science fiction, speculative fabulation, string figures, speculative fem-
inism, and science fact as interdependent, tentacular ways of thinking and making
other possible worlds.
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software. The use of spreadsheets for a wide variety of planning
and monitoring tasks needs to be particularly highlighted. None
of the farms use what the agri-tech industry would recognise as
agri-tech: IoT sensors, drones, robots, or decision—support systems.
The manual labour that goes into maintaining spreadsheets points
to unmet needs around more accessible, less labour-intensive data
recording systems (RQ2). There are limited opportunities for au-
tomation if it does not disconnect humans from the land, as well as
more effective learning and knowledge exchange platforms geared
specifically towards agroecological farmers. In addition, we found
that there is a lack of sales tools that move beyond the produce-
consumer binary. However, it is important to note that, as P13 put
it simply, “often less is more”. New tools need to arise from con-
crete farmer needs not technological opportunity. Based on these
insights, we developed 12 design principles for agroecological ap-
propriate digital tech along four categories: necessity, practicality,
accessibility, and sustainability (RQ3).

This paper offers two contributions. First, we presented empiri-
cal insights about agroecological farmers’ use of digital technology
and data in Northern England. We showed that farms have strong
ecological and community values yet also need to survive and want
to thrive in a capitalist market economy and neoliberal regulatory
system. They use agricultural tools that support them noticing,
working, and responding to the land they farm. We also identified
specific data recording needs that arise from farming collabora-
tively, i.e., for work coordination, crop planning and monitoring,
and learning and knowledge exchange. Further requirements arise
from needing to sell directly to consumers and access certifications
and subsidies. We discuss these findings from several angles. First,
we identify a set of pragmatic design principles that could guide
the design of agroecologically appropriate agri-tech. We also high-
lighted the hidden labour that arises from the ubiquity of manual
data recording in spreadsheets. Second, we present concrete design
opportunities for HCI to co-design socio-technical systems that
respond farmers’ needs while having to work within capitalism.
We suggest an infrastructuring approach to work with farmers long-
term on co-designing and building agroecologically appropriate
tools without requiring them to become technologists themselves.
We also offer design provocations to think beyond the current capi-
talist agri-tech trajectories. Together, they make up a design space
to envisage and build optimistic futures where farmers are able to
counteract the dominant narrative of big agri-tech.
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