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Abstract
Digital livestock technologies (DLTs) are presented as
solutions to grand challenges in post-Brexit British agri-
cultural policy, such as climate change and food security.
Evidence suggests technological solutions to agricul-
tural challenges will be more effective with stakeholder
and public engagement, yet there is little known about
stakeholder views on these emerging technologies. We
drew on responsible research and innovation, to anal-
yse stakeholder perspectives on three case studies of
DLT development through anticipatory focus groups
with expert stakeholders in British animal agriculture.
We found that stakeholders from broadly agroecologi-
cal approaches to farming are at risk of exclusion from
DLTdevelopment and policy, with negative implications
for the ability of DLTs to resolve grand challenges in
animal agriculture. We propose a heuristic framework
of purpose, practicality and effects as key considera-
tions for inclusive and responsible DLT development
that contributes to ensuring effective solutions to grand
challenges while avoiding wasted investments.
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INTRODUCTION

Technologies are often accompanied by hopes that they will solve societal or ‘grand’ challenges
through pathways of commercialisation that also contribute to economic development and pro-
ductivity. These goals are frequently presented as the motivating purposes for the funding,
development and use of digital technologies in agriculture, including the development of digi-
tal livestock technologies (DLTs) in animal farming. In February 2024, addressing the National
Farmers’ Union (NFU), the then-British Prime Minister Rishi Sunak announced a funding pack-
age worth £220 million for technological innovation on British farms (UK Government, 2024).
Sunak framed this intervention as a response to a range of grand challenges currently facing
farming, including climate change adaptation and food security in a rapidly changing geopo-
litical context, while surrounding press releases foregrounded the importance of increasing the
productivity of the British farming sector and fostering economic growth. Sunak’s speech builds
on the continued growth of technology in this sector, visible in earlier policy reports (e.g., Par-
doe & Bhattacharya, 2022) that garnered support from the NFU and UK parliamentary groups
(National Farmers’ Union, 2023).
Despite this political emphasis, the ability of DLTs to deliver solutions to grand challenges

is not ensured. DLTs include a range of technologies, from automated infrastructures such as
robotic milking systems (Schewe & Stuart, 2015) to a diversity of sensing and imaging technolo-
gies (Neethirajan, 2020; Neethirajan & Kemp, 2021). What characterises these technologies is the
central role of data in their operation and use, whether to guide automated processes (as in robotic
systems) or for use in decision-making, research and innovation.DLTshave a range of applications
in regard to farm management and monitoring (Halachmi et al., 2019). They have been particu-
larly valued in relation to grand challenges due to their ability to capture extensive data about
complex phenomena, such as farm and animal performance under changing environmental con-
ditions, that can be translated into adaptive management strategies or guide technological and
biotechnological innovation, including animal breeding (Rosa, 2021). This value is often linked to
discourses of precision (cf. Duncan et al., 2021).We follow Schillings et al. (2023, 2024) in referring
to DLTs rather than the more commonly used term precision livestock farming. The latter phrase
takes for granted the value of precision, when the value and relevance of this should be judged
relative to specific goals and implementations of digital technology (Visser et al., 2021).
This research explores stakeholder perspectives on DLTs as solutions to grand challenges in

agriculture through anticipatory focus groups where participants discussed three case studies of
DLT development. Research in science and technology studies (STS) and responsible research and
innovation (RRI) demonstrates that technological solutions to challenges in agriculture are lim-
ited in their effectiveness without engaging a broad range of expertise, diverse stakeholders and
the public upstream in the decision-making that underpins technology development processes
(Ludwig et al., 2022; Rose & Chilvers, 2018). In particular, RRI scholars draw attention to the
need to address inclusion together with anticipation of the future impacts of technology develop-
ment (Espig et al., 2022). Such anticipatory work is particularly important when technologies are
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 3

framed as solutions to grand challenges, to anticipate whether and how they can in fact fulfil this
function.
This article argues for the value of a heuristic framework of purpose, practicality and effects

as key considerations for responsible development of DLTs and digital agricultural technologies
more broadly, a framework derived from our empirical research and existing literature. In partic-
ular, our research indicates that failing to attend to purpose can lead to the exclusion of important
stakeholders because the alignment of technological purpose with stakeholder goals and values
is key to whether or not those stakeholders will engage with and adopt that technology. This in
turn can jeopardise the chances of technologies contributing to the resolution of grand challenges
in agriculture because such resolutions require the participation of diverse stakeholders engaged
in multiple approaches to and areas of farming. We find that the current policy and development
directions of DLTs do not engage sufficiently with the values and commitments of practitioners in
alternative farming approaches such as organic and regenerative agriculture (sometimes captured
under the umbrella term agroecology; Mason et al., 2024). We present a set of guiding questions
that policymakers, technology developers and social scientists can use to reflect on their work
and inform additional stakeholder engagement as part of co-productive digital technology devel-
opment. Such co-production seeks to realise an inclusive and collaborative approach to science
and technology development that is responsive to the needs, expertise and values of society more
broadly (Chambers et al., 2021; Norström et al., 2020).

Responsible innovation in digital agriculture

In a recent editorial in this journal, Fielke et al. (2022) review the increasing role of RRI within
the development of digital technologies in agriculture. RRI emphasises several key principles for
technology governance and development, including anticipation of risks, inclusion of diverse
perspectives, reflexivity about purposes and methods and responsiveness to stakeholders and
changing circumstances (Rose & Chilvers, 2018; cf. Stilgoe et al., 2013). One theme that Fielke
et al. (2022) draw out is the challenge of operationalising RRI within existing structures of
agricultural research. This is analysed in more detail by Espig et al. (2022) in the same issue (cf.
Jakku et al., 2022). Espig et al. (2022) note several broad challenges, including a lack of guidelines
for translating RRI into practice and the fact that digitalisation is itself a transformative process,
whichmakes establishing appropriate societal and institutional arrangements difficult (cf. Klerkx
& Rose, 2020). They then address the specific challenges raised by implementing principles of
anticipation, inclusion, reflexivity and responsiveness. Here, we focus on the areas of anticipation
and inclusion, which (for reasons discussed below) Espig et al. (2022) note cannot be considered
separately. Finding modes of research and engagement to facilitate anticipation in particular has
presented a persistent challenge for RRI as highlighted by Guston (2013) a decade ago (cf. Mui-
derman et al., 2020, 2022). Espig et al. (2022) observe that anticipation in agricultural research is
frequently practised at the funding proposal stage, where (in response to the pressures of funding
evaluation) it is framed in terms of maximising beneficial impacts and minimising potential risks
to delivery of the project itself. Conversely, anticipation of social and ethical impacts deriving
from research and development outcomes is disincentivised within funding processes. The latter
form of anticipation necessarily requires engagement with and inclusion of diverse stakeholders,
yet this can prove challenging due to the differing interests of stakeholder groups: Commercial
and industry stakeholders tend to prioritise ensuring successful innovation pathways, while
public and government stakeholders tend to prioritise the public good and anticipation of
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4 WILLIAMSON and HARTLEY

transformational outcomes over the long run (Espig et al., 2022). Moreover, Fielke et al. (2022)
argue that there remains a need for RRI practitioners in the agricultural domain to move beyond
engaging the ‘usual suspects’, such as farmers and farm advisors, and towards more diverse
stakeholders.
There is, therefore, a need for greater clarity and guidance around operationalising the inclusive

and anticipatory dimensions of RRI in regard to digital agricultural technologies. One model for
anticipatory engagement is Macnaghten’s (2021) anticipatory public engagement methodology,
which utilises focus groups with diverse stakeholders, organised around a particular set of design
criteria. This methodology is targeted at collectively eliciting views on still-emerging science and
technologies towards which people may not yet have fully formed views. The focus groups pro-
vide a deliberative space in which participants can form attitudes and standpoints collectively,
during discussion (although it is not presumed that such deliberation requires or will produce
consensus). This outcome is facilitated by several design features, including the context and fram-
ing of the focus groups. Establishing a context for discussion at the outset helps participants to
situate their response to technological innovations that may be unfamiliar, while careful fram-
ing of the presentation of technologies to participants is necessary to avoid pre-emptively closing
down or narrowing certain lines of discussion, understanding or evaluation (see Macnaghten,
2021). As such, this method provides one plausible solution for, on the one hand, engaging diverse
stakeholders and publics (especially those outside the expert communities involved in scientific
research or technology development) in anticipatory deliberation and, on the other hand, address-
ing the area of digitalisation in agriculture, which is still emerging and has not yet been subject
to a great deal of political or public scrutiny.
Where anticipatory focus groups provide one appropriate methodology for inclusive antici-

pation in digital agriculture—although not necessarily the only one—there remains a gap in
guidance for shaping such engagement (e.g., informing the context and framing of focus groups)
that addresses the broader scope of social and ethical issues raised by digital agricultural technol-
ogy development. This gap can be addressed, we argue, through applying a heuristic framework of
purpose, practicality and effects as key considerations for responsible digital agricultural technol-
ogy development. Work in RRI and related fields such as STS have identified what we systematise
as three main areas of consideration when it comes to the social and ethical aspects of digital
agricultural technologies:

∙ Considerations of purpose concern the motivating challenge behind a technology, and the
relationship of the proposed technology to the challenge.

∙ Considerations of practicality concern the functionality of a technology, the conditions for
effective development and the possibilities and challenges to adoption by farmers.

∙ Considerations of effects concern the potential effect of the technology on humans, animals and
agricultural systems, as well as likely outcomes beyond the declared purpose.

These considerations were also evident in our empirical research and are analysed in more
detail below. Nevertheless, the three considerations are not consistently given equal weighting in
practice across the wider scope of RRI activity. This is significant because neglecting certain areas
of consideration in the design of research (e.g., in the context and framing of focus groups) can
lead to critical areas of concern for particular stakeholders being left out of the discussion, and
stakeholders themselves being indirectly excluded.
We can illustrate this gap by surveying some of the existing literature on responsible innova-

tion of DLTs in animal agriculture. There is a substantial body of work analysing the potential
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 5

effects of DLTs, for example, on animals’ welfare (e.g., Buller et al., 2020; Dawkins, 2021; Giers-
berg & Meijboom, 2021; Herlin et al., 2021; Schillings et al., 2021b, 2021a; Tuyttens et al., 2022).
Other studies analysed the implications of introducing digital technologies into human–animal
relationships, especially concerning the possibility that they may distance farmers from their ani-
mals (Bos et al., 2018; Cornou, 2009; Kling-Eveillard et al., 2020; Werkheiser, 2018). Researchers
also note the potential for DLTs to affect human workers in agricultural settings, for example,
through processes of deskilling (Bellet, 2022; Tuyttens et al., 2022), intrusions into privacy via
audio–visual data collection (Giersberg&Meijboom, 2022) or increasedmonitoring of workers via
DLTs (Ramirez et al., 2019). Others have raised questions about who is accountable and has a duty
to act and how, if workers are recorded mistreating animals (Giersberg & Meijboom, 2022). Such
considerations of potential effects may be formally introduced into the technology development
process through methods such as early ethical assessment (Thompson et al., 2021).
In contrast to the above work, research on questions of practicality and purpose is more limited

and has tended to take a narrower framing. The practicality of DLT development and adoption is
widely recognised as a challenge and indeed is often framed as the major challenge in regard to
DLTs and other forms of agri-tech by policymakers and technology developers. This perspective is
evident in both policy-facing reports (Pardoe & Bhattacharya, 2022) and academic social scientific
research (Drewry et al., 2019; Lima et al., 2018; Ramirez et al., 2019). Such work frequently takes
the value of DLTs as self-evident and treats farmer attitudes as an obstacle to adoption rather
than being closely tied to the purpose and design of the technologies themselves. Schillings et al.
(2023) describe this dynamic as a case of ‘technology push’, where technical possibility leads the
development process, resulting in DLTs that are not adequately adapted to farmers’ needs and
therefore not adopted.
The question of purpose and the motivations driving DLT development has received even less

direct attention. There has been some exploration of the relationship between DLTs and stake-
holders’ perceptions of livestock farming systems (Giersberg & Meijboom, 2021). For example,
Krampe et al. (2021) report that consumers in three European countries raised concerns about the
extent to which digital technologies could lead to the increased industrialisation of livestock farm-
ing, through automation and digitalisation, but the authors ultimately see this view as an obstacle
to technological acceptance that should be overcome rather than taking such concerns seriously.
Looking beyond stakeholder attitudes towards howDLTs are presented in scientific literature and
media—key sites for shaping attitudes—Bellet (2022) analyses how the value and use of sensors
within dairy farming is predominantly framed within an industrial-focused vision of agriculture.
Bellet argues that this industrial vision for DLTs serves to close down creative opportunities for
improving human–animal interactions through digital technology, channelling their use into cer-
tain instrumental purposes, rather than facilitating novel applications. Most directly, Elliott and
Werkheiser (2023) analyse the need for transparency in the development of DLTs. They observe
that development can be motivated by a range of different goals and values, from animal welfare
through profitability and sustainability, and that these may come into conflict with one another.
For this reason, they argue that transparency about the aims and nature of DLTs is important
to ensure that stakeholders can effectively judge which technologies respond to their goals and
values.
The neglect of purpose is a serious concern because significant political investments are cur-

rently being made in agricultural technologies under the justification that they will contribute to
resolving grand challenges in agriculture. As researchers in RRI and STS have observed (Ludwig
et al., 2022; Rosemann&Molyneux-Hodgson, 2023), grand challenge approaches to innovation are
often framed in ways that stress their urgency, take for granted the ability of innovation to provide
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6 WILLIAMSON and HARTLEY

an effective solution and downplay the anticipation of potential impacts, including whether or
not innovations can successfully respond to challenges. Moreover, as our research demonstrates,
failing to address purpose can lead to the indirect exclusion of certain stakeholders through a
lack of recognition of what are to them fundamental commitments. Understanding and engag-
ing diverse stakeholders’ views on the overall purpose motivating technology development and
what role a technology may actually play in relation to this is necessary if agricultural technology
development (digital or otherwise) is to move forward responsibly, in line with recommenda-
tions by Fielke et al. (2022), Espig et al. (2022) and others (Ayris et al., 2024; Rose & Chilvers,
2018). In the remainder of the article, we present the results of anticipatory research on DLTs
with expert stakeholders in British animal agriculture. This research highlights the importance of
purpose, practicality and effects as guiding considerations for responsible digital agricultural tech-
nology development and policymaking.We reflect on this framework further in the discussion and
conclusion.

Methodology

Research was undertaken using an adapted version of an anticipatory focus group methodol-
ogy (Macnaghten, 2021). Five online focus groups were conducted, with each group comprising
a different set of stakeholders in animal agriculture in the UK. The stakeholder groups were:
Agricultural service providers (n = 5), including consultants and animal breeders; digital tech-
nology developers and providers (n = 5); mainstream animal farming (n= 5), reflecting intensive
and productivity-focused approaches to farming and including veterinarians as well as farmers;
organic and regenerative farming (n= 7), including researchers and advocates as well as farmers;
and animal welfare experts (n = 6), including academic animal welfare scientists, critical animal
studies researchers and Non-Governmental Organisation experts in farm animal welfare. Partic-
ipants were primarily experienced in the sheep, beef cattle and dairy cattle sectors. One poultry
farmer participated in the intensive farming group. Invitations were extended to representatives
of three large pig breeding and rearing companies, but they declined to participate.
Participants were identified through the authors’ own networks, recommendations from col-

leagues at the University of Exeter and partner institutions, Internet research and snowball
sampling. Participants were approached via email and invited to participate. No financial or
other recompense was offered for participation. Invitations were targeted to identify a balance of
male-presenting and female-presenting participants, although the final distributionwasweighted
towards male-presenting (total M = 17, F = 11) and was uneven across the different groups, with
female-presenting participants better represented in the two farming groups than the service
provider and technology developer groups and forming a majority in the animal welfare group.
Invitations were also targeted to include participants from Wales (n = 2), Scotland (n = 3) and
Northern Ireland (n = 1), although the majority of participants were based in England (n = 22).
Where the invitee was not already working in the area of digital technology, we attached a brief
document on the topic of precision livestock farming and its potential positive and negative
impacts, published by theWelshGovernment (Hart, 2018), as additional background information.
The focus groups centred discussion on three case studies of DLT development at an early stage

of development and are described in the next section. These cases focused on digital sensing and
imaging technologies and associated forms of data analysis, reflecting the importance of data to
DLTs’ operation. The three selected DLTs were all developed with the participation of researchers
at Scotland’s Rural College (SRUC). This reflected the authors’ interactions with SRUC during
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 7

the research phase of the project and the prominent role of the institution in animal science and
agricultural research in the UK. The aim of the case studies was not to comprehensively repre-
sent the existing range of DLTs but rather to stimulate discussion relative to a range of themes
and possibilities within the constraints of the focus group format. Written descriptions of the case
studies were provided to the participants in a three-page document in advance of the focus group
and were introduced again by the moderator at the start of the focus group. The document pro-
vided an overview of the technology in the three cases, including the motivating challenge(s) and
(where relevant) any risks identified by the researchers themselves. Case descriptions were devel-
oped based on interviews with academic researchers involved in the technology development and
on relevant literature, where available. The researchers were asked to read and provide feedback
on the descriptions to ensure scientific accuracy. They are nevertheless not responsible for any
errors nor for decisions around content and framing.
Focus groups were conducted online via Zoom in July 2023, and moderation was led by

Williamson. Focus groups each lasted 90 min. To establish context, participants were asked to
reflect on what they saw as the major challenges currently facing animal agriculture. They were
encouraged to approach this question broadly and not limit themselves to those that appeared
most relevant to digital technologies or were referenced in the case studies. Following this, partic-
ipants discussed in turn the three cases. Themoderator probed participants’ views on the potential
benefits of the technology and any hopes they may have for it, who they thought might benefit
from or be affected by it and any issues they thought might arise from it. Audio was recorded via
Zoom and transcribed. Transcripts were then analysed by the authors using an iterative coding
process to identify key discursive themes and frames across all five focus groups. Coded data were
then disaggregated by group and by case study for further analysis. The framework of purpose,
practicality and effects was derived from this coding process in combination with non-systematic
review of the existing social science and ethics literature on DLTs.

Case studies

The three case studies of DLT development were selected to represent a range of different tech-
nology types, sectors of animal agriculture (including different species and both intensive and
extensive systems) and motivating challenges (see Table 1 and Supporting Information).

∙ Case 1 comprised a proposal to use X-ray computed tomography (CT) scanning to estimate
the volume of sheep rumen and reticulum stomach compartments as a predictor of individual
animals’ methane production and to use these measures to breed sheep with lower methane
emissions. This case responded to challenges of Net Zero and the reduction of greenhouse gas
emissions in animal agriculture.

∙ Case 2 involved the development of an automated early warning system for tail biting outbreaks
among confined pigs in intensive farming systems, to mitigate the outbreaks and remove the
need for tail docking. Outbreaks of tail biting are a major problem in intensive pig farming,
leading to poor welfare of animals and economic losses for farmers and processors due to the
need to discard meat infected from injury. The system uses 3D cameras and computer vision to
analyse pig tail posture (tails held downwards) as an indicator of tail biting behaviour. This case
responded to challenges of animal welfare and improvements in productivity and efficiency in
animal agriculture.
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8 WILLIAMSON and HARTLEY

TABLE 1 Summary of case studies used in focus groups, including challenge, digital technology type and
animal rearing system.

Case Challenge Digital technology type Animal rearing system
1. X-ray computed
tomography (CT)
scanning sheep to
breed for smaller guts
and lower methane
emissions

Greenhouse gas
emissions/Net Zero

Large imaging technology
(X-ray CT scanner)

Extensive (sheep)

2. 3D camera early
warning system for pig
tail biting outbreaks

Animal welfare,
productivity of meat
sector

Small imaging technology
(3D camera), machine
learning

Intensive/confined (pigs)

3. Integration of
production and
supply-chain data for
data-driven animal
breeding

Efficiency and
productivity of animal
agriculture

Database and data analysis Intensive and extensive
(multiple species; primarily
cattle and sheep)

∙ Case 3 concerned the development of a national, public database for animal breeding, inte-
grating data from across the agricultural supply chain (such as milk recording services and
abattoirs) with conventional sources of genetic and performance recording data about live-
stock. Contemporary scientific breeding is based on the calculation of estimated breeding values
(EBVs), a statistical indicator of an animal’s genetic merit for a particular trait. By integrating
additional data, it can become possible to develop EBVs for new traits as well as for addi-
tional species or breeds of animals than were previously available. This case responded to the
challenges of improving productivity and efficiency in animal agriculture.

RESULTS

In this section, we present the results from the focus groups organised in terms of the three consid-
erations of purpose, practicality and effects. Discussion themes were not evenly distributed across
the five focus groups, with differences not only in the particular questions raised by each group
but also in the relative emphases put on the three areas of consideration (see summary in Table 2).
Across the groups, there tended to be greater similarity in themes between the agricultural ser-
vice providers, digital technology developers and mainstream farming groups on the one hand
and the organic/regenerative farming and animal welfare groups on the other. Overall, while par-
ticipants in the former three groups expressed interest in and support for digital technologies as
solutions to ongoing challenges in animal agriculture (even if this varied across the case studies),
participants in animal welfare expressed ambivalence or concern about the cases. Participants in
organic and regenerative farming not only expressed little support for the cases but more broadly
saw an absence of any digital technologies currently under development that supported their aims
and farmingmethods, with the potential exception of virtual fences.1 As the virtual fencing exam-
ple indicates, this was not an outright rejection of the potential value of digital technologies but
a sense that the majority of technology development was not addressing the needs and values
underpinning their farming approaches. We discuss this further in the next section.
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Purpose

Questions about the purpose of DLT development and its relationship to motivating challenges
were raised in relation to all three cases by participants in the organic/regenerative farming and
animal welfare groups and to a lesser degree by participants in the agricultural service providers,
digital technology developers and mainstream farming groups. The specific questions raised
varied between the cases, reflecting the cases’ different motivations and framing.
One line of questioning concerned the science and policy behind grand challenge narratives.

This was clearest in relation to Net Zero goals and the reduction of methane emissions from
livestock. Organic and regenerative farming participants actively questioned the significance
of the contribution of livestock methane emissions to climate change relative to their status
within biogenic carbon cycles. Methane emissions were recognised as a contributor to climate
change, but participants questioned whether it was a priority issue. The status of methane
emissions as part of a natural cycle was briefly referenced by a cattle farmer in the mainstream
farming group, who simply noted that such cycles are already recognised within global warming
potential metrics, effectively deferring questions of their importance to established scientific
measures. Participants in the digital technology developers group, in contrast, questioned the
politics of Net Zero discourses, asserting that farming was unfairly targeted for its contribution
to climate change relative to other industries, by both policymakers and representatives of
those industries looking to deflect responsibility. Concerns about politics were also raised in the
agricultural service providers group, where participants argued that data integration had the
potential to support arguments about the value of animal farming in public debate (although
care needed to be taken about interpretation and the potential for manipulation). Participants
from a mainstream farming background, however, sought to distance themselves from political
decisions and debate, arguing that it was not their place to intervene in these discussions.
Another line of questioning concerned the appropriateness of DLTs as a solution to motivating

challenges. In some cases, this was a matter of alternative options: In relation to Case 1, partici-
pants frommainstream farming and breeding backgrounds questionedwhether breeding animals
for reducedmethane emissions was themost effective approach for reducing the climate footprint
of livestock farming or whether improving the overall efficiency of the sheep industry would lead
to equivalent reductions, either through management strategies or breeding for production and
growth traits that reduced the number of days to slaughter. Similarly, some organic/regenerative
farming and animal welfare participants noted that solutions such as feed selection and dietary
supplements could be more effective at reducing methane emissions and more welfare-friendly
than breeding. In other cases, participants scrutinised the solution relative to the cause. This was
especially the case where the cause was seen to be systemic and resulting from human choices.
In relation to Case 2, participants across multiple groups recognised that tail biting among pigs
was a function of intensive agricultural systems that confined the animals in small spaces with
little opportunity to engage in their natural behaviours. Several participants across mainstream
farming, organic/regenerative farming and animal welfare questioned why, if giving pigs addi-
tional enrichment materials would resolve the problem of tail biting, these materials were not
made available to the animals from the beginning.
Finally, in some cases, there was overt disagreement about the nature of the challenge that a

DLT could respond to. This was clearest in relation to the scenario of livestock data integration in
Case 3. For several participants in digital technology development and mainstream farming, the
kind of data integration proposed in this scenario was a fundamental predicate for the effective
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 13

development anduse of otherDLTsnationally. This reflected awider sense, also held by an organic
farmer, that the UK did not yet have reliable infrastructures for tracking animals and linking
relevant data at a national level, with existing infrastructures such as those for recording animal
movements being difficult to use and not well integrated with other services. Whether or not such
data integration was valuable for breeding purposes, and why that was so, was contested across
the groups, however.
Across the agricultural service providers, mainstream farming and digital technology devel-

opment groups, participants situated the value of data integration for breeding in relation to the
current political-economic context of British farming, specifically the ongoing changes to the
agricultural subsidy system after Brexit. Several participants predicted a forthcoming situation
where British farmers will be exposed to much greater competition and commercial pressures
following the withdrawal of the current subsidies and that this would make it imperative on
farmers to improve the productivity and efficiency of their farms if they wanted to survive, includ-
ing through increasing their use of EBVs and data in breeding. In contrast, several organic and
regenerative farmers expressed ambivalence towards using EBVs in breeding, and thus towards
the value of an integrated database, stating that they did not see EBVs delivering promised
improvements in animal performance in certain sectors, such as hill sheep farming. Where EBVs
were recognised to lead to improvements in animal performance, such as in commercial dairy
farming, the intensive nature of the sector was seen as undesirable. Similarly, animal welfare par-
ticipants observed that while there had been progress in the incorporation of health and welfare
measures among EBV criteria, such as lameness and fertility in cattle, significant work remained
in this area, and it was unclear whether complex welfare considerations such as psychological
wellbeing or affective states could be adequately captured through metrics that necessarily
produce a degree of reduction. Reflecting the points raised above about the relationship between
solutions and (systemic) causes, they observed that breeding itself was a major cause of poor
welfare among farm animals through an emphasis on production traits and worried about
whether extending the use of EBVs would increase welfare problems. An alternative value for
breeding data was raised by participants in the mainstream farming group, who observed that,
due to vertically integrated systems, breeding in the pig and poultry sectors was heavily controlled
by key commercial operators, and farmers’ choices were tightly constrained by their contracts.
A poultry farmer noted that if breeding data could be opened up through public databases, this
would be valuable in allowing farmers to have more autonomy and control over breeding their
animals.

Practicality

Questions about the practicality of the technologies were not evenly distributed across the
focus groups. Most discussions about the practicality of DLTs focused on the conditions for
their effective development and adoption, but these discussions were limited to the agricul-
tural service providers, digital technology developers and mainstream farming groups. Where
organic/regenerative farming and animal welfare participants addressed questions of practicality,
these were exclusively in relation to the functionality of the technology. For example, participants
from all groups except the digital technology developers expressed concern that automated
analytical systems may fail to capture the complexity of animals’ behaviour, and its causes and
are difficult to validate. Animal welfare experts were concerned that the camera systems’ focus on
tail posture in Case 2 could not capture the conditions leading up to changes in tail behaviour. For
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14 WILLIAMSON and HARTLEY

both animal welfare experts and organic/regenerative farmers, these issues reflected problems
with the reductiveness of technological approaches to behaviour. For participants in other groups,
concerns about functionality reflected more pragmatic considerations such as the potential for
false positives in alerts, for example, or the lack of automated identification of individual pigs
as tail biters that would allow rapid intervention, both of which potentially increased the labour
costs of using the DLT.
A major practical challenge from the perspective of participants in the mainstream farming,

digital technology development and agricultural service provider groups was how to negotiate
collaboration and competition between commercial actors in digital technology development.
This was particularly the case around data sharing, as in Case 3, which would require effective
incentives and clear terms of use and protections regarding the data. Multiple participants across
all focus groups except animal welfare also observed that farmers would need to have trust in
database owners to be willing to submit data, which would depend on data governance strategies
as well as the wider legitimacy of the institution (with public bodies concerned more trustworthy
than commercial companies). Digital technology developer participants drew international com-
parisons to show that this was possible and had been demonstrated in other cases, for example,
the Irish Cattle Breeding Federation’s information systems.
A range of challenges to adoption by farmers were also raised by participants in mainstream

farming, digital technology development and agricultural service provider groups. These included
physical challenges of access and installation: For example, participants noted the physical inac-
cessibility of CT scanning to farmers due to the need to bring animals to a central location (even
with a mobile scanning unit). Similarly, participants noted that 3D cameras were simple to install
on farms but some digital technology developers and mainstream farmers observed that the sys-
tem would only work effectively in particular kinds of sheds and pens reflecting intensive rearing
conditions. Other challenges were related to the costs of adoption. Some participants saw 3D cam-
eras as very expensive to install at the necessary scale, that is, in all pig pens, while others noted
the high costs of CT scanning animals, which is currently subsidised by industry bodies. More
broadly, participants observed that the value of digital technologies for farmers was often poorly
articulated, making it difficult for farmers to make informed decisions, with some participants
from the breeding sector raising scepticism about the accuracy of cost–benefit analyses produced
by technology developers and academic researchers. Multiple participants across these groups
also noted that DLTs such as 3D cameras would becomemuchmore cost-effective if they could be
used for multiple purposes, for example, estimating pigs’ weight or identifying disease alongside
the early warning function.
A concern raised by participants in the same groups related to the existing landscape of technol-

ogy and data in animal farming. In regard to Cases 1 and 3, participants debated whether breeding
interventions were likely to be effective in achieving impact in the sheep industry given the lim-
ited uptake of even basic genetics-driven breeding techniques and the low level of data collection
among farmers and other actors.More broadly, participants noted thatDLTswere often dependent
on the quality of data being inputted and observed that data recording on farms can be highly vari-
able in quality, quantity and organisation. This variability was linked to the practical challenges
of running a farm, where time and money for such recording were often lacking.
Finally, animal welfare and organic/regenerative farming participants did not address ques-

tions of development and adoption of DLTs because of wider concerns about the purpose and
effects of the cases that they considered to be of greater priority, and which would need to be
addressed before thinking about technology adoption.
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 15

Effects

Questions about the potential effects of DLTs on animals were a recurrent consideration for
organic/regenerative farming and animal welfare participants, for example, regarding the need
to use sedation while CT scanning (a concern also voiced by a consultant in the agricultural ser-
vice providers group). In addition, participants from these two groups expressed concerns about
the lack of established knowledge about the potential effects of interventions related to DLTs, for
example, the relation between rumen size as measured by the CT scanner and complex biolog-
ical functions such as the microbiome and animals’ grazing ability, which might be negatively
affected by reducing rumen size. Where DLTs did minimal or no direct harm to animals and were
not invasive, like the 3D cameras in Case 2, participants across mainstream farming and animal
welfare groups observed that the technologies were more acceptable to them, even if they had
questions about the overall purpose.
Beyond specific effects on animals, animal welfare experts and organic/regenerative farmers

voiced concerns about the potential instrumentalisation of animals and their absence as subjects
with interests distinct from humans in cases where breeding was used to achieve external goals
such as Net Zero and productivity improvements. Several animal welfare experts also pointed
to the potential for DLTs such as cameras to affect human–animal relationships, potentially by
reducing individual humans’ understanding of animals through over-reliance on data, which
cannot capture all the complexities of animal behaviour and wellbeing. As a counterpoint, a
social scientist in the group observed that cameras can have benefits for both humans and ani-
mals through relieving humans’ work burden and reducing disturbance of animals from workers
entering barns in the night, for example.
Many participants raised questions about who the actual beneficiaries of digital technology

were in practice, beyond the declared beneficiaries such as farmers and animals. Several partic-
ipants across all groups except animal welfare questioned whether researchers and technology
providers served to benefit the most from Cases 1 and 3, through expanding users of scanning
and breeding services. Similarly, digital technology developers wondered whether retailers would
be the primary beneficiary of the early warning system, given their investment in animal welfare
as something valued by consumers and of reputational benefit to them. The latter was not just a
question of hidden interests but was seen to have potential material implications, raising the pos-
sibility that installing such a systemwould end up serving as a formality, a tick box for farms in the
context of welfare audit and certification schemes, rather than improving facilities or employing
skilled workers, especially given the limited availability of skilled workers at present. A different
kind of benefit, raised by participants in all groups except animal welfare and viewed positively,
was the possibility for data collected by DLTs such as the CT scanner or 3D cameras to contribute
to future research and understanding, alongside or alternative to their declared purpose.
Participants in the organic/regenerative farming and animalwelfare groups additionally looked

beyond the effects of DLTs on or for particular actors, whether human or non-human, to think
about their effects on agricultural systems. These participants were especially concerned with
whether and how DLTs might facilitate or legitimate the extension of intensive agricultural
systems that they saw as fundamentally problematic and that probably should not exist: For
example, whether breeding sheep for smaller rumens via CT scanning would create animals
that required indoor rearing and feeding on monoculture-grown feeds such as soya or ryegrass,
as opposed to extensive grazing, or whether introducing marginal improvements in pig welfare
within intensive confined rearing systems would legitimise an industry that was fundamentally
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16 WILLIAMSON and HARTLEY

bad for welfare. These were not always clear conclusions, however. Some animal welfare experts
felt that even though intensive systems were deeply problematic, they were not going to disap-
pear overnight and that any potential improvements to the welfare of animals kept within them
were important. This was nevertheless a troublingmoral dilemma. The question of whether DLTs
sustained existing agricultural systems was also connected to the challenges facing agriculture,
given the possibility (raised by organic/regenerative farming participants) that some challenges
might require system-level change, such as a reduction of overall livestock numbers to reduce
methane emissions. Before discussion of the three cases began in the organic and regenerative
farming group, one participant also intervened to assert that all digital technologies have envi-
ronmental costs (of resource extraction, energy consumption and electronic waste) that often go
unmentioned but should be part of any evaluation of the benefits and costs of DLTs. This point
was echoed by participants in the animal welfare group.

DISCUSSION

The results of this research point to two conclusions: The value of purpose, practicality and effects
as a heuristic framework for anticipatory and inclusive development of DLTs and of digital agri-
cultural technologiesmore broadly and an ongoing exclusion of organic and regenerative farming
stakeholders from the development and potential benefits of DLTs. The review of literature in the
section Responsible innovation in digital agriculture, above, demonstrated the importance of con-
siderations of purpose, practicality and effects within RRI and STSwork onDLT development, yet
these considerations are not uniformly acknowledged and there are currently no guidelines for
addressing them in technology development processes. To rectify the latter situation, in Table 3,
we present a set of questions that policymakers, technology developers and researchers could
explore when deciding what kinds of technology to support, use or invest in and how to engage
stakeholders. These questions are derived from the questions and themes raised by focus group
participants and are intended to provide a heuristic framework for thinking about areas where
additional work may be needed in terms of anticipation and inclusion.
The questions in Table 3 do not necessarily imply any single formal process for stakeholder

engagement and can be used to guide reflection and generate discussion on who may need to be
consulted asDLTs develop. Nevertheless, themethodswe have presented here can be used to com-
plement existing methods and tools in RRI. Addressing purpose, practicality and effects requires
upstream engagement with stakeholders, at an early stage of policymaking and technology devel-
opment. Examples of co-production methods that allow stakeholders to have an active role in
shaping technology development are already available in relation to the potential effects of DLT,
such as early ethical assessment frameworks (Thompson et al., 2021), while Schillings et al. (2023)
have similarly argued for more and better processes of farmer participation in technology devel-
opment to improve adoption, thereby addressing concerns about practicality. Combining these
approaches with additional considerations of purpose will facilitate not only the development of
technologies that work better for diverse stakeholders (including animals), objectives and farm-
ing systems but also highlight where the initial framing of technological aims may have excluded
certain groups, demanding greater engagement with stakeholder groups beyond those immedi-
ately implicated in the proposed design of the technology. This can be operationalised through,
for example, anticipatory focus groups that are carefully designed to elicit reflection on techno-
logical purpose as well as practicality and effects through the context and framing, as well as the
moderation and sampling (Macnaghten, 2021).
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 17

TABLE 3 Guide questions for technology developers and policymakers to explore regarding the purpose,
practicality and effects of DLTs. These questions can be used to identify areas where additional knowledge and
stakeholder engagement might be necessary.

Purpose Practicality Effects
Why is the challenge
important, and for whom?

Does the technology work
effectively and efficiently?

Do we know enough about
potential effects of the
technology?

Do the goals accurately reflect
current science and
knowledge?

Can the technology
adequately capture the
complexity of the target
phenomenon?

What are the effects on
animals and their welfare?

Will the technology solve the
challenge?

Is the technology accessible or
easily installable on farm?

What are the effects on
human–animal relationships?

Would alternative solutions to
the challenge be better?

Is there sufficient engagement
between technology
developers and farmers?

What are the effects on the
environment of using the
technology?

Can the technology be
repurposed?

Are there incentives for
stakeholders to collaborate on
technology development
and/or data sharing?

How are the benefits of the
technology distributed?

Do stakeholders agree on the
best purpose for the
technology?

Is the technology cost effective
and the value clearly
articulated?

Does the technology facilitate
or legitimate problematic
agricultural systems?

Is the industry technologically
ready to adopt the technology?

Could the technology
contribute to future research
and understanding?

The second conclusion of the research is that organic and regenerative farming research par-
ticipants felt a clear sense of exclusion fromDLT development due to the lack of technologies that
served or supported their needs, practices and goals. This situation is not specific to the livestock
sector but reflects the status of digital technologies in farmingmore broadly, where themajority of
digital innovation has focused on providing tools for larger-scale, more intensive andmore homo-
geneous farms, while innovations focused on small-scale or agroecological systems are few and
far between (Bellon-Maurel et al., 2022; Ditzler & Driessen, 2022; cf. Vanloqueren & Baret, 2009).
The development of ‘agroecologically appropriate’ digital technologies remains an underexplored
area, with little clarity as yet on priorities and key technological criteria, as identified in a recent
research project and report by Mason et al. (2024).
The absence of certain voices and visions in DLT development corresponds to the conclusions

of Schillings et al. (2023) and Bellet (2022) and has direct consequences for the policy goals
discussed in the introduction, namely, the application of technological innovation in agriculture
to solve grand challenges such as climate change. As noted above, researchers in RRI have
highlighted some of the pitfalls of grand challenge approaches to innovation policy (Brooks et al.,
2009; Ludwig et al., 2022; Macnaghten et al., 2021; Rosemann & Molyneux-Hodgson, 2023). In
particular, they have drawn attention to how the framing of grand challenges in terms of urgency
and global importance can encourage policy approaches that are top-down and bypass public
negotiations over the means and desired ends. This is not only a political point but has material
implications for society’s ability to respond to those challenges. Ludwig et al. (2022) observe that
grand challenges may be presented as either ‘tame’ (simple) problems or as ‘wicked’ problems
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18 WILLIAMSON and HARTLEY

characterised by complexity and uncertainty, with implications for the kinds of solution strategy
adopted: The presentation of problems as tame encourages strategies focused on technical
solutions developed by expert actors that can work as ‘silver bullets’ to resolve the issue. In
contrast, framing the problems as wicked, where the uncertainty stretches not only to solutions
but to the definition and causes of the very problem itself, demands an approach to solutions
that includes extensive participation of and negotiation between different actors, who may have
very different views on the problem due to their position and expertise (cf. Conner, 2022). For
Ludwig et al. (2022), the latter approach is not only desirable but also necessary because grand
challenges are inherently wicked problems and cannot be resolved with silver bullets. Taking
an example from our own research, in response to the challenge of reducing methane emissions
from animal agriculture (Case 1), focus group participants highlighted a diversity of possible
alternatives to solutions based on animal breeding, such as increasing efficiency of production,
reducing overall numbers of animals or using dietary supplements. As was particularly clear
from the differences between mainstream and organic/regenerative farmers, not all of these
solutions fit within the same vision of agriculture, but they arguably all require consideration and
negotiation when addressing such a complex problem as the contribution of animal agriculture
to climate change in a broader context that also takes into account other considerations such
as food production, work, land use and biodiversity. Whether and how digital technologies can
contribute to these diverse potential solutions in a range of different farming systems are open
questions of anticipation that require engaging diverse stakeholders.
Potential exclusionary dynamicswere not limited to organic and regenerative farmers, however,

and this further points to the stakes of addressing purpose alongside practicality and effects.Many
farmers working in more intensive or productivity-focused approaches were unhappy with Net
Zero policies and the politics surrounding these, which influenced their attitudes towards DLTs
that served Net Zero goals such as the CT scanning in Case 1. On the other hand, Case 3, regarding
data integration, remained at a much more open stage. Almost all participants agreed that there
was potential value in collecting, sharing and using data, but there was little agreement on why
or how. Data integration therefore reflected a site of possibility from which different participants
did not (yet) feel directly excluded, but such exclusion remained possible depending on the future
direction of development (e.g., in industry or national data infrastructures) and the values and
interests that would shape this. A wide range of literature has identified how data protection and
use and trust in data holders are critical to farmer attitudes and participation in data sharing initia-
tives (e.g., Jakku et al., 2019;Wiseman et al., 2019), while Eke et al. (2023) have highlighted the lack
of attention to welfare concerns and regulations in animal data governance. Similarly, the focus
group results demonstrate the different purposes of data integration that interested stakeholders,
from improving post-Brexit farm competitiveness to opening up vertically integrated poultry and
pig farming systems. Introducing open discussion about the purpose(s), practicality and effects
of data integration, and the specific development opportunities that could result from this, will
be necessary to ensure that digital technologies and data infrastructures do not exclude certain
stakeholders, entrench particular approaches to agriculture or fail to address major challenges
facing the sector.

CONCLUSION

Scholars in RRI, STS and agricultural ethics have formulated a range of tools to foster greater
inclusion of stakeholders in the development of digital agricultural technologies and anticipate
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RESPONSIBLE DEVELOPMENT OF DIGITAL LIVESTOCK TECHNOLOGIES FOR AGRICULTURAL CHALLENGES 19

the potential impacts and risks of these technologies, at a moment in which digital technology
is being positioned as a site of great promise, potential and peril for agriculture as well as the
agent of major transformation (Ditzler & Driessen, 2022; Rose & Chilvers, 2018; Thompson et al.,
2021). Bringing thesemethods together under the heuristic framework of purpose, practicality and
effects serves not only to identify potential risks of and barriers to the adoption of new technologies
but also addresses problems of exclusion of stakeholders that arise from the framing of technology
development aims at the very earliest stage, including policymaking and funding. As Espig et al.
(2022) and others indicate, operationalising anticipatory and inclusive principles in agricultural
research settings can be difficult given incentive structures and funding systems. Nevertheless,
additional frameworks and methods can make such operationalisation processes smoother.
Alongside research implementation, there is an urgent need to bring considerations of purpose,

practicality and effects into political discussions concerning digital technology and innovation in
agriculture more broadly. Our research indicates that digital technologies are only likely to be
supported by a sufficient range of stakeholders to have meaningful impact if they can demon-
strate that they have a clear and justifiable purpose, are practical to develop and adopt on farms
and function effectively and have effects that are predictable and socially and ethically acceptable.
Achieving all these goals is a challenge and requires support frommultiple actors, including social
scientists and experts in responsible innovation, research funders and policymakers themselves.
Given the significant political and financial investments in digital technology and innovation and
the new funds the UKGovernment has just committed to technology development in agriculture,
there is a serious risk of wasted investment if technologies are ineffective and unsupportable,
and an even greater risk that grand challenges will remain unsolved if top-down technological
possibility is put ahead of stakeholders’ knowledge of diverse farming systems and their own
technological needs.
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ENDNOTE
1Virtual fences involve the use of Global Positioning System (GPS)-enabled collars that give animals a stimulus
(e.g., an electric shock or sound) if they pass over a pre-programmed spatial boundary, to discourage them from
crossing the boundary without the use of physical fencing.
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