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Abstract
The global agricultural sector faces a significant number of challenges for a sustainable future, and one of the tools proposed 
to address these challenges is the use of automation in agriculture. In particular, robotic systems for agricultural tasks are 
being designed, tested, and increasingly commercialised in many countries. Much touted as an environmentally beneficial 
technology with the ability to improve data management and reduce the use of chemical inputs while improving yields and 
addressing labour shortages, agricultural robotics also presents a number of potential ethical challenges – including rural 
unemployment, the amplification of economic and digital inequalities, and entrenching unsustainable farming practices. 
As such, development is not uncontroversial, and there have been calls for a responsible approach to their innovation that 
integrates more substantive inclusion into development processes. This study investigates current approaches to participa-
tion and inclusion amongst United Kingdom (UK) agricultural robotics developers. Through semi-structured interviews 
with key members of the UK agricultural robotics sector, we analyse the stakeholder engagement currently integrated into 
development processes. We explore who is included, how inclusion is done, and what the inclusion is done for. We reflect 
on how these findings align with the current literature on stakeholder inclusion in agricultural technology development, 
and suggest what they could mean for the development of more substantive responsible innovation in agricultural robotics.

Keywords Agricultural robotics · Emerging technology ethics · Participation · Responsible innovation · Stakeholder 
inclusion

Introduction

The global agricultural sector has been criticised as envi-
ronmentally unsustainable, as it contributes significantly 
to greenhouse gas (GHG) emissions (Stern 2006; Pandey 
and Agrawal 2014), and also to exceeding several of the 
planetary boundaries (Campbell et al. 2017). In addition, 
there are economic sustainability challenges for agriculture 
in many parts of the world, from farm business viability to 
labour availability, as well as social sustainability challenges 
such as aging farmer populations (Jöhr 2012; FAO 2020) 

and mental health crises in the agricultural sector (Shortland 
et al. 2023).

Increasing automation of the sector has been highlighted 
as one of the ways in which global agriculture may be able 
to better meet targets for sustainability, as identified within 
the UN Sustainable Development Goals (United Nations 
2015), and the 2022 State of Food and Agriculture report 
(FAO 2022). Automation is already present in some parts of 
the agricultural sector, especially in high-income countries, 
covering a wide range of technologies, including robotics. 
In particular, autonomous robotic solutions have been iden-
tified by institutions, industry, and parts of the agricultural 
sector as a key area of technology development (Robs4Crops 
2021; DEFRA 2022; FAO 2022).

The benefits and drawbacks of agricultural robotics, along 
with the associated ethical considerations, have been out-
lined and interrogated by several authors (Daum 2021; Rose 
et al. 2021; Ryan et al. 2021; Sparrow and Howard 2021; van 
der Burg et al. 2022; Ayris and Rose 2023). These issues 
touch on a wide variety of areas, including environmental 
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impacts, data ownership, labour issues, economic factors, 
and lifestyle changes. Clear in all of these discussions is a 
common agreement that the adoption and implementation 
of agricultural robotics is not uncontroversial. To address 
the ethical challenges inherent in the development of agri-
cultural robotics, calls have been made for principles of 
responsible innovation and just transitions to be integrated 
into agricultural technology development processes (Rose 
and Chilvers 2018; Eastwood et al. 2019; Burg et al. 2019; 
Rose et al. 2021; Eastwood et al. 2022; Boon et al. 2022a).

Existing work examining the role of agricultural robotics 
in the future agricultural sector has predominantly addressed 
technical questions (Adamides et al. 2017; Huuskonen and 
Oksanen 2019), or implemented farmer surveys to under-
stand attitudes to adoption (Rübcke von Veltheim, Theuvsen 
and Heise, 2022; Rose and Bhattacharya 2023). A small 
number of studies have investigated wider perspectives on 
agricultural robots (Pfeiffer et al. 2021; Spykman et al. 2021; 
Spykman et al. 2022; Tamirat et al. 2023). These studies 
have begun to examine the debates emerging around the use 
of robotics in agriculture, but many approach these discus-
sions within the context of assumed technology adoption. 
This approach may contextualise ethical issues as barriers to 
be overcome, rather than adopting a responsible innovation 
framework that integrates a requirement to change course 
where necessary (Owen et al. 2012). Other approaches have 
begun to explore a wider set of methods to engage farming 
stakeholders, including the co-design of robotic solutions 
alongside stakeholders to identify those who are often left 
behind in such processes (Burch and Legun 2021; Legun 
and Burch 2021; Ditzler and Driessen 2022). However, 
these approaches largely do not consider the extent to which 
inclusive engagement activities have been integrated into 
the processes of robotics developers, and as such, how far 
innovation within the sector could be deemed “responsible” 
or “just”.

In this study, we investigate the current state of the art 
with regard to inclusion in ongoing agricultural robotics 
development processes in the UK. We first examine the posi-
tion of robotics in agriculture as an emerging technology 
for sustainability in the sector, as well as why substantive 
and meaningful inclusion is important to achieve respon-
sible innovation and just agricultural transitions. We then 
present the results of a series of semi-structured interviews 
conducted with key members of the agricultural robotics 
sector, which aimed to establish what current approaches to 
achieving inclusion through the participation of stakeholders 
look like, and to what extent they align with ideals of partici-
pation. These interviews considered three core aspects of the 
participation processes used by developers: who, how, and 
why. We then discuss the implications of these findings in 
the context of facilitating responsible innovation within the 
agricultural robotics sector, and make suggestions for future 

work to further explore how more substantive inclusion in 
the development of agricultural robotics could be facilitated.

Inclusion and participation in agricultural 
robotics development

Robotics in agriculture

There are several types of robotic automation already inte-
grated into agricultural systems across the globe, although 
many of these technologies are concentrated in high-income 
countries (FAO 2022). Automated technologies for agricul-
ture that have been widely adopted include robotic milking 
parlours (Rodenburg 2017) and livestock care robots, such 
as feeding and barn cleaning robots (Gabriel and Gandor-
fer 2023). Technologies that have been adopted to a lesser 
extent include unpersoned aerial systems for precision 
agriculture (Frankelius et al. 2019; Kim et al. 2019), and 
weeding robots (FAO 2022; Gil et al. 2023), though these 
technologies are not widespread and some also face legal 
restrictions and challenges in certain jurisdictions (Reger 
et al. 2018; Ayamga et al. 2021).

Autonomous solutions have been identified as part of the 
next wave of adoption for robotic development for agricul-
ture (DEFRA 2022; FAO 2022), in particular, autonomous 
robotic solutions for crop care and harvesting. Agricultural 
robots that can operate autonomously in these areas are cur-
rently in development. To understand the degree to which 
these platforms represent a new technology in agriculture, 
it is important to assess their functions with respect to their 
level of autonomy. Within robotics, autonomy usually refers 
to the degree to which a robot can make decisions and act 
upon them without human intervention. That is, the robot 
can sense its environment, plan a goal, and implement 
actions to achieve that goal without high-level control from 
a human operator (Beer et al. 2014).

Autonomous robots could have significant benefits for 
the agricultural sector. Their use has the potential to miti-
gate labour shortages (Duckett 2018); reduce soil compac-
tion (Lagnelöv et al. 2023); reduce chemical inputs through 
precision applications (Lu and Young 2020); reduce agri-
culture’s GHG emissions (Pearson et al. 2022); take over 
dangerous tasks on farm (Sparrow and Howard 2021); and 
increase demand for digital skills roles in agriculture (Agri-
EPI Centre and Hands Free Farm 2022). However, there are 
also potential drawbacks to the use of agricultural robotics. 
Their introduction to the agricultural sector could create 
unemployment by removing traditional agricultural roles 
(Martin et al. 2022); reproduce the marginalisation of agri-
cultural workers and displace rural labour (Burch and Legun 
2021; Sparrow and Howard 2021); entrench the use of chem-
ical inputs, leading to greater damage to soils and continued 
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environmental pollution (Sparrow and Howard 2021); sever 
cultural connections to the food system (Sparrow and How-
ard 2021); deplete the pool of experiential farming knowl-
edge (Legun et al. 2022); and amplify inequalities between 
those who can afford to implement robotics on farm and 
those who cannot (Ryan et al. 2021).

Emerging technologies and responsible innovation

An emerging technology can be defined as one that is fast-
growing and novel, with the potential for significant socio-
economic impact (Rotolo et al. 2015). The emergence of 
autonomous robotics for the agricultural sector could well be 
argued to fall under this definition, given the many potential 
impacts that have been identified (Rose et al. 2021; Ryan 
et al. 2021; Sparrow and Howard 2021; van der Burg et al. 
2022), and their recent introduction to the sector.

Emerging technologies have been subjects of ethical 
debate, with the potential to lead to changes in norms and 
values that ultimately constitute a societal moral shift (Swi-
erstra 2013). As such, approaches to the ethical assessment 
of the impacts of emerging technologies have emerged, often 
rooted in future-facing activities aimed at anticipating the 
consequences of mass adoption (Swierstra and Rip 2007; 
Brey 2012, 2017). The importance of anticipating impacts of 
such technologies is underlined by examples of technologies 
that have failed to become widely adopted in a particular 
context in the past, including smart metering technology in 
the Netherlands rejected over concerns of privacy and secu-
rity (van den Hoven 2013), and the rejection of genetically 
modified foods in Europe in the 1990s partially over public 
ethical concerns around the technology (Lassen 2018). In 
such cases, the failure to adequately consider the potential 
consequences of a technology in terms of its social and cul-
tural impact, alongside a failure to integrate public opinion 
into early discussions of technology development, led to a 
failure in technology adoption (van den Hoven 2013). More 
recently, focus has shifted to the role of automation and arti-
ficial intelligence technologies, driven in part by the pro-
liferation of large language models, and government insti-
tutions are beginning to focus on the responsible and just 
development of these emerging technologies (Department 
for Science Innovation & Technology, 2023; Hale 2023; The 
White House 2023).

Responsible innovation offers one approach by which 
ethically responsible development of emerging technolo-
gies could be facilitated by institutions and developers of 
technology in partnership with those communities impacted 
by innovations. Responsible research and innovation (RRI) 
emerged in the 2010s, first defined by Von Schomberg (2011) 
as a “mutually responsive” approach to innovation processes 
that would be ethically acceptable, sustainable, and socially 
desirable (Von Schomberg 2011). Included within this idea 

of responsible innovation is an aim to foster innovation of 
benefit to society, within a normative framework of address-
ing grand challenges, such as those defined within the UN 
Sustainable Development Goals (United Nations 2015). It 
particularly acknowledged the consequences of failing to 
integrate public opinion earlier in technology development 
processes, and attempted to recognise the limitations of the 
prior approaches that led to rejections such as that of geneti-
cally modified foods (Owen, Macnaghten and Stilgoe, 2012).

RRI has been adopted as a policy approach in several 
national contexts in Europe – an RRI toolkit was integrated 
into the Horizon 2020 research programme in Europe; the 
UK’s Engineering and Physical Sciences Research Council 
(EPSRC) has developed the AREA framework for RRI; and 
the Dutch Research Council (NOW) has a programme of 
Responsible Innovation that has been ongoing since 2008. 
Within these contexts, responsible innovation therefore 
becomes a requirement of the pursuit of research and inno-
vation, and a key tool by which innovators are expected to 
ethically develop technologies. The field has become a sig-
nificant area of study for the development of agricultural 
technology, with recent calls for increased integration of 
social sciences and frameworks such as responsible innova-
tion into agriculture (Burch et al. 2023), particularly within 
agricultural technologies such as biotechnologies (Bruce and 
Bruce 2019; Kjeldaas et al. 2022), smart farming innova-
tions (Bronson 2018, 2019), and agricultural robotics (Rose 
and Chilvers 2018; Eastwood et al. 2019; Rose et al. 2021).

One of the seminal responsible innovation frameworks in 
academia was developed by Stilgoe et al. (2013), based on 
the four pillars of: anticipation; inclusion; reflexivity; and 
responsiveness (AIRR). Within this framework, anticipation 
refers to considering potential consequences; inclusion refers 
to the involvement of the widest possible range of partici-
pants or stakeholders; reflexivity refers to establishing an 
awareness of the context within which an innovation is being 
developed; and responsiveness refers to a capacity to change 
course in accordance with revelations from the rest of the 
responsible innovation approach – including going so far 
as to not develop an innovation if the pursuit of the frame-
work has indicated that it would not be responsible (Stilgoe, 
Owen and Macnaghten, 2013). This framework was derived 
in order to meet the definition of responsible innovation as 
“taking care of the future through collective stewardship 
of science and innovation in the present” (Stilgoe, Owen 
and Macnaghten, 2013, p. 1570). The notion of collective 
stewardship in itself links this definition and framework for 
responsible innovation intrinsically to the involvement of 
plural actors (Frankelius et al. 2019). As such, inclusion 
could be considered an intrinsic element of the applica-
tion of the four pillars of responsible innovation, alongside 
constituting a pillar in itself. Ten Holter (2022) examines 
the explicit connection between responsible innovation and 
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participatory design, highlighting the common central pil-
lar of inclusivity for both and calling for lessons from par-
ticipation to be applied for responsible innovation, to avoid 
institutional capture of its principles.

Inclusion and participation for just agricultural 
transitions

The requirement for a just transition to sustainability for 
global agricultural systems has been highlighted by many 
scholars (Blattner 2020; Herrero et al. 2020; Boon et al. 
2022a), and is supported by bodies like the Food and Agri-
culture Organisation of the United Nations and the European 
Institute of Innovation and Technology. Conceptualisations 
of what constitutes a just transition place the emphasis on 
substantive inclusion of society. De Boon et al. (2023) pro-
pose a three pronged-framework for just agricultural transi-
tions comprising of (1) distributional justice, exploring the 
costs and benefits of change and how they are distributed 
across society; (2) procedural justice, the extent to which 
societal actors are involved and the principles guiding this; 
and (3) recognitional justice, the involvement of marginal-
ised societal actors and the inclusion of different knowledge 
types at different scales. A ‘more-than-human’ or multi-
species perspective may also be considered as important 
for substantive inclusion – for example, some research has 
examined the impacts of agricultural robotics on animal 
behaviour, welfare, and human-animal interactions (Bear 
and Holloway 2019). fig. 2

Although inclusion is commonly cited as a beneficial 
activity to enable just and responsible transitions, scholars 
have criticised the potential for inclusion to be captured and 
used to attempt to legitimise non-inclusive practices, thus 
leading to their delegitimisation (Braun and Busuioc 2020). 
Studies of inclusion practices within agricultural transitions 
have found a failure to seek insights from a wide range of 
societal actors beyond farmers and growers (Bronson 2019), 
a failure to open up conversations about transition trajecto-
ries beyond assumed adoption (McGrath et al. 2023), and 
difficulties in transparently demonstrating how stakeholder 
views have influenced development processes (Boon et al. 
2022b). Given these insights, it is prudent to explore further 
how inclusion is being done in the development of agricul-
tural robotics, and as such whether that development can be 
deemed responsible or just.

Methods

In this study, we first conducted a narrative review of 
selected items from the participation literature, which was 
then used to design a series of semi-structured interviews 
with developers in the UK agricultural robotics sector. The 

UK was selected as the national context for this research 
due to the current stage of agricultural robotics develop-
ment within its agricultural sector. The UK government has 
been increasingly promoting agricultural robotics as a focal 
point of agricultural technology development funding (Dim-
bleby 2021; UKRI 2022; Wallace 2022), while simultane-
ously incentivising the adoption of these new technologies 
(DEFRA 2020). Several small-to-medium sized enterprises 
(SMEs) in the UK are developing robotic technologies for 
the UK market, and are increasingly prototyping and testing 
autonomous technologies.

Participation narrative literature review

The narrative literature review was conducted to elicit 
themes to guide the design of questions for the semi-struc-
tured interviews, and to frame the analysis of the data elic-
ited from the interview process. A narrative review was 
selected as the most appropriate method by which to elicit 
the broad understanding required for this study, given the 
wide scope of the participation literature. This method offers 
a means by which key literature can be synthesised to pro-
vide an interpretation of the subject, but does not necessitate 
a systematic review of all literature (Greenhalgh et al. 2018; 
Rust 2020).

In this study, we have used the concepts of inclusion and 
participation to examine practices of stakeholder engage-
ment within the development of agricultural robotics. We 
consider inclusion as a goal of responsible innovation aim-
ing to facilitate legitimate and just transitions for agriculture, 
wherein participation is a mechanism by which this inclu-
sion is achieved (Jones 2011). We focus on participation 
not as a distinct approach to our research (i.e. we do not use 
participatory approaches to shape our methodology for this 
study), but rather as the subject of investigation in itself. 
We examine the core values of participation (both within 
and without the agricultural context), as a means by which 
inclusion can be achieved, and as a process that can open 
up pathways to avoid the pitfalls of non-inclusive practices.

As the aim of this study was to elicit unbiased descrip-
tions of the current processes and methods by which robot-
ics developers in the UK are involving external stakehold-
ers in their technology development, the search terms for 
the narrative literature review were chosen to reflect the 
notion of participation as the process by which inclusion 
is achieved. In order to gather relevant publications for this 
review, searches were conducted on two key databases: Web 
of Science and SCOPUS. These searches were defined by 
selecting key words from a broader review of the participa-
tion literature. The search terms used were: participation; 
public participation; participation AND agriculture; partici-
pation AND public engagement; participation AND science 
and technology studies; participation AND typology; public 
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engagement; stakeholder AND participation; participatory 
AND decision-making; participatory AND practices; and 
participatory research. The first 100 results were down-
loaded from each search per database. These results then 
went through an initial sifting process, in which results that 
were not relevant to the search topic were excluded (e.g. 
medical studies). This sifting process was based on review-
ing the titles and abstracts of the papers. The resulting 52 
articles were assessed in full to check for eligibility, based on 
their relevance to the search criteria and their prevalence in 
the field based on citation count, with adjustments made to 
account for more recent releases. 11 articles were ultimately 
included in the narrative literature review – see Fig. 1 for a 
full accounting of the exclusion process.

This literature review was not conducted as a system-
atic review (Page et al. 2021), but rather as a systemati-
cally approached narrative literature review, identifying a 
small number of key pieces of participation literature from 
which to ground the subsequent interviews. As such, the 
search strategy and screening of results for the review has 
some limitations, and could be expanded upon to provide 
a systematically-derived understanding of participation. 
However, for the purposes of this study, the narrative litera-
ture review provided satisfactory context and key themes to 
deepen the authors’ understanding of the field and situate 
the remaining work in this study (Greenhalgh et al. 2018). 
The key learnings from this narrative literature review are 

presented below, as they informed the design of the semi-
structured interviews that are the focus of the results and 
discussion.

Distilling the ideal of participation

Four key themes of participation were identified: con-
text; who is included; how is inclusion done (engagement 
approaches that could be further subdivided into methods 
and good practice); and what is inclusion for.

Context

The context of participation included characteristics of 
broad contextual factors, relational factors, temporal fac-
tors, framing, and ecologies/networks. These characteristics 
were highlighted by authors throughout the review as heav-
ily influencing the success of participatory approaches, for 
example in Bell and Reed’s ‘Tree of Participation’ (2021). 
Requirements to address contextual factors such as time 
constraints (temporal factors), or facilitator skills (relational 
factors) form a central part of Neef and Neubert’s (2011) 
framework for stakeholder participation in agriculture. Such 
considerations highlight the importance of understanding 
the wider social and cultural backdrop against which par-
ticipatory exercises take place. These considerations also 
align with the reflexivity of the AIRR responsible innovation 
framework, which aims to introduce context and framing to 
research and innovation processes.

Who is included?

This aspect of participation included characteristics of 
broad inclusion, scale, and representativeness. The reviewed 
papers were unanimous in identifying inclusion as a key 
characteristic of participatory approaches. Unsurprisingly, 
inclusion featured prominently throughout the participation 
literature. However, although there was general agreement 
that attention should be paid to achieving diverse and repre-
sentative inclusion, the papers did not necessarily agree on 
how participants could be substantively identified.

Some papers offered insight into methods for facilitat-
ing inclusion at only a high level, such as the “controlled” 
or “uncontrolled” selection mechanisms discussed by Rowe 
and Frewer (2005), and Neef and Neubert’s brief discussion 
of methods for identifying a range of stakeholders in partici-
patory agricultural research (Neef and Neubert 2011). Other 
papers offered a deeper examination of approaches to inclu-
sion, such as Reed’s exploration of a systematic approach for 
representing relevant stakeholders (Reed 2008), and Chilvers 
and Kearnes’ call to move beyond non-substantive inclusion 
into an approach of “ecologizing participation” (Chilvers 
and Kearnes 2020, p. 358).

4400 records iden�fied 
through database 
searches

4400 records screened 
for duplicates

2857 records screened 
for eligibility

52 full text ar�cles 
assessed for eligibility

11 ar�cles included in 
narra�ve literature 
review

1516 ar�cles 
excluded

2805 ar�cles 
excluded

41 ar�cles 
excluded

Fig. 1  A flow diagram detailing the narrative literature review screen-
ing and exclusion process, adapted from the PRISMA flow diagram 
(Page et al. 2021)
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How is inclusion done?

The engagement approaches that constitute participation 
were subdivided into methods and aspects of good prac-
tice. Characteristics that reflected good practice within 
participatory approaches had the most variability, with no 
single characteristic discussed by all of the reviewed papers. 
However, themes of democracy and equality were common, 
reflecting the importance of substantive inclusion in par-
ticipatory approaches (Chilvers and Kearnes 2020; Bell 
and Reed 2021). Accountability, transparency, and trust 
were also commonly cited (Reed 2008; Hurlbert and Gupta 
2015; Bell and Reed 2021), highlighting the consideration of 
power dynamics inherent in the participatory literature – in 
acknowledging the need for clarity and fairness, these papers 
highlight the potential for participation to be insubstantial or 
tokenistic if these practices are not adhered to. Methods for 
participatory approaches were equally variable, with some 
placing greater emphasis on dialogue, others on co-produc-
tion, and others still offering a range of tools that could be 
used to facilitate participation (Rowe and Frewer 2005).

Why is inclusion done?

The purpose of the participation included learning, con-
sensus building, legitimacy, and empowerment. Of these 
categories, empowerment was the most frequently cited 
of the purposes of participatory approaches. This reflected 
the central position of power in the original conception of 
participation (Arnstein 1969), and remained a strong focus 
throughout, emphasising the importance of the inclusion 
of the widest possible range of voices. Learning was also 
commonly cited as one of the key purposes of participa-
tion, most notably in Pretty (1995) and Hurlbert and Gupta 
(2015), wherein learning is the primary aim of the participa-
tory activity. Consensus building (Innes and Booher 2004; 
Rowe and Frewer 2005; Hurlbert and Gupta 2015) and the 
granting of legitimacy to decision-making processes (Rowe 
and Frewer 2005) were also identified to a lesser extent in 
the literature.

Semi‑structured interviews – participants 
and methods

The semi-structured interviews were designed in order to 
understand the approaches to stakeholder engagement that 
have been taken by developers currently operating in the 
UK agricultural robotics sector. The interview guide was 
devised based on the findings of the narrative literature 

review of the participation literature (presented in the 
above Distilling the ideal of participation section), using 
the four main category themes of context, who is included, 
how is inclusion done, and what is inclusion for. Questions 
were divided into those suitable for private developers, and 
those suited for academics working in agricultural robotics 
development research, and was further designed with the 
intention of avoiding any perception of judgment of the 
engagement approaches described by interviewees. Each 
interview was divided into questions relating to prelimi-
nary background; current engagement practices focusing 
on the who, how, and why of participation; and reflection. 
During interviews the questions were used as a guide and, 
where appropriate, the exact phrasing of the questions was 
adapted, or particular points were followed up in order to 
elicit a full picture from the interviewee. Details of the 
interview guide are provided in Fig. 2.

This study focused specifically on developers working in 
the UK context. As such, developers working primarily in 
other national contexts, or members of the UK sector sell-
ing a platform in a different national context as a third-party 
vendor, were excluded. The study also focused on systems 
developed for field or polytunnel crops – as such, devel-
opers working on robotics targeted primarily at livestock 
were excluded (although some of the participants touched 
on work with livestock robotics where this was part of their 
overall experience of agricultural robotics). Both private 
industrial developers and academic researchers were invited 
to participate in this study. This approach was selected to 
reflect the nature of the agricultural robotics sector in the 
UK. As an emerging field, there are significant connections 
between private developers and academia. Many developers 
work alongside academic institutions, and available funding 
opportunities have encouraged industry collaboration with 
academia (UKRI 2022). As a result of this close connection 
between academia and industry in the sector, only a limited 
distinction was made in the interview guide between aca-
demic and industrial participants – in particular, the back-
ground questions were adapted but the questions regarding 
participation practices remained the same for all developers.

Through consultation with two key agricultural technol-
ogy networks in the UK – the Agri-EPI Centre and Agri-
TechE – it was established that the industrial participant 
list accurately reflected their understanding of the agricul-
tural robotics sector in the UK. Academic participants were 
identified through institutional membership of the UK-RAS 
Strategic Task group in Agricultural Robotics. A further 
snowball sampling approach (Parker et al. 2019) identified 
5 additional potential participants not otherwise identified 
through the aforementioned networks.

A total population size of 24 individuals was identified. 
These individuals were sent an email invitation to partici-
pate in the study, including a participant information sheet. 

Fig. 2  The interview guide used during the semi-structured inter-
views, divided into ‘Part 1: Contextual questions’ and ‘Part 2: Partici-
pation practices questions’

◂
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A follow-up email was sent if no response was received. 
Of the individuals invited to participate, 11 agreed to be 
interviewed, representing a 45% participation rate. Although 
the sample size of 11 is small, this represents a significant 
proportion of the agricultural robotics development commu-
nity active in the UK at the time of the study, as confirmed 
by both the initial identification via agricultural technology 
networks, and the snowball sampling approach taken with 
participants to identify any members beyond the formal 
networks.

Interviews were conducted online via Microsoft Teams, 
Zoom, and Google Meet, recorded, and then transcribed. 
The transcribed interviews were redacted to remove clear 
identifying information, and uploaded to NVivo for analy-
sis. Due to the sensitive commercial and personal details 
revealed through the interview process, the transcripts have 
not been made available and are instead discussed through 
key statistics and anonymised quotes. A qualitative analysis 
of the data was subsequently conducted using a thematic 
coding approach (Braun and Clarke 2006), and the results 
are presented in the following section.

An analysis of participation in UK 
agricultural robotics development

In the following section, we discuss the results from the 
semi-structured interviews. As highlighted in the interview 
guide in Fig. 2, the interviews were divided into two parts. 
Part 1 was focused on establishing contextual informa-
tion, while part 2 explored stakeholder participation and 
inclusion in particular. We focus primarily on analysing 
the results of part 2 of the interview guide, covering who 
is included, how inclusion is done, and why inclusion is 
done. Future work could consider exploring the contextual 
influences on agricultural robotics development processes 
more widely, but investigating this was deemed beyond 
the scope of these interviews due to the narrow contextual 
view that could be gathered directly from interviewing 
only roboticists.

Who is included?

In response to the questions in part 2 of the interview guide 
(see Fig. 2), each of the interviewees discussed the active 
inclusion of stakeholders in their work developing robotic 
systems for agriculture, identifying a range of stakehold-
ers that had been involved in one or more of their develop-
ment processes. Table 1 details the full range of stakeholder 
groups that were engaged by interviewees for agricultural 
robotics development, and the number of individual inter-
viewees who mentioned inclusion of each type of stake-
holder group. Inclusion of farmers or growers was discussed 

by all interviewees, demonstrating a clear trend within the 
sector for inclusion of these stakeholders.

The Ethical Matrix devised by the Food Ethics Council 
in the UK proposes four groups that should be considered 
in ethical decision making regarding food issues, and in par-
ticular in decisions regarding new technologies for the food 
and farming sector: people in the food industry; citizens; 
farm animals; and the living environment (Mepham 2000). 
Of the stakeholder groups identified by interviewees in this 
study, all would primarily fall under the first of these catego-
ries – people in the food industry. The stakeholders engaged 
all held a direct stake in agricultural systems – as profes-
sionals working in agricultural environments, policymakers 
and institutional actors with direct influence in agricultural 
policy, or as members of the supply chain linking agricul-
tural systems to the wider food system (e.g. supermarkets). 
It is worth noting that each group of stakeholders identified 
in Table 1 is not homogenous – farmers and growers were 
included by all interviewees, but a limitation of our analysis 
is that we do not know their individual characteristics. That 
is, we do not know whether these were large or small farm-
ers, organic or conventional, etc., but research shows that 
there can be a tendency to not involve so-called ‘harder-to-
reach’ farmers in innovation (Hurley et al. 2022).

None of the interviewees highlighted engagement of 
actors with a more indirect stake in agricultural systems, 
such as rural communities, food consumers, and local flora 
and fauna. Some of the identified stakeholders may repre-
sent the views of other groups within the matrix (for exam-
ple, policymakers may represent the living environment), 
but without further exploration of the exact nature of the 
engagement processes, such indirect representation cannot 
be assumed. Figure 3 maps the stakeholders mentioned by 
interviewees to Mepham’s Ethical Matrix, and highlights 
examples of stakeholders who were not mentioned. This 
figure shows that while a large number of stakeholders have 
been involved in agricultural robotics development processes 
in the UK, there is a lack of diverse representation from the 
categories of citizens, farm animals, and the living environ-
ment. Attention should also be paid to stakeholders who 
have not been included in the category of people in the food 
industry – strong overall representation in this category does 
not necessarily constitute saturation of the stakeholders who 
could, and should, be consulted.

A further point to highlight is the paucity of more-than-
human actors (i.e. farm animals and the living environment) 
within Fig. 3. While it is true to say that these stakeholders 
were not mentioned by interviewees during this study, it 
is important to note that the non-directive approach of the 
interviews avoided specific prompting about which stake-
holders were included. As such, interviewees may have not 
mentioned engagement of these more-than-human actors due 
to an interpretation of the interview questions as focusing 
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exclusively on human stakeholders. It is therefore not pos-
sible to categorically report from these data that more-than-
human actors were excluded from development processes. 
However, as none of the interviewees mentioned more-than-
human actors when asked about stakeholders, this demon-
strates that interviewees did not associate more-than-human 
actors with stakeholder engagement, so it remains likely that 
these stakeholder groups remain underrepresented.

Participants were less able to identify stakeholders that 
they would be keen to include in future development pro-
cesses. Table 2 shows a smaller range of potential targets 
for future stakeholder engagement, with most interviewees 
able to identify only one or two stakeholder groups for future 
inclusion, and three interviewees who did not identify any 
other stakeholders for future involvement.

The stakeholder groups identified as desirable groups for 
future engagement were often a step removed from pre-farm 
gate production, with the exception of agricultural workers. 
Interviewees identified stakeholders such as policymakers, 
supermarkets, and the Health and Safety Executive (HSE). 
These stakeholders share a key characteristic of having high 
influence in the wider food system within which the devel-
opers are aiming to introduce their technologies. The only 
lower influence stakeholders identified were agricultural 
workers and downstream customers.

Innovation in agricultural technology research and devel-
opment has been criticised for a narrow approach to the 
‘who’ of inclusion (Rose and Chilvers 2018). The results 
of this study corroborate this criticism, demonstrating 
that inclusion in agricultural robotics development is pre-
dominantly restricted to the end user, defined largely as the 

farmer/grower. It is important to note that the notion of the 
“end user” in these engagements often referred to the farmer 
or manager that would be purchasing the technology, and not 
necessarily to a worker (such as a labourer, or agronomist) 
who might use the robot. In some cases, this may be because 
the robotic technology is intended to replace the worker, 
and thus the “end user” is the person managing the field. 
However, there are other cases in which agricultural workers 
or external agricultural consultants may be working with or 
alongside the robotic technology, thus highlighting the need 
for engagement of a wider range of “end users” than is seen 
in this study.

Where other stakeholders are involved, these stakeholders 
are typically high influence (e.g. policymakers with power 
over legislative issues), or are involved in the process as a 
development collaborator (e.g. research institutions or other 
technology developers). In a “power vs interest” stakeholder 
mapping grid, the stakeholders engaged by the interviewees 
were either “subjects” (high interest, low influence) or “play-
ers” (high interest, high influence), leaving those with low 
influence without a voice in robotics development processes 
(Bryson et al. 2002; Ahmadi et al. 2019). These low influ-
ence stakeholders largely fall into the three categories of 
Mepham’s Ethical Matrix in Fig. 3 that are currently often 
being excluded from development processes.

Interviewees were also asked about barriers to inclusion 
that they had encountered during their development pro-
cesses. The most frequently identified barriers are summa-
rised in Table 3. The barriers identified by interviewees are 
predominantly focused on stakeholders on-farm – i.e. farm-
ers and growers, and agricultural labourers. When discussing 
barriers encountered with farmers and growers, interviewees 
spoke of the time pressures of farm management, aligning 
with previous findings that highlight time constraints as one 
of the key barriers to engagement (Jansen et al. 2010; Hurley 
et al. 2022; Schillings et al. 2023).

Barriers were also identified to engaging agricultural 
workers in development processes. One interviewee spoke 
about including agricultural workers via representative 
organisations, while others discussed the language barriers 
encountered when attempting to engage with agricultural 
workers. Similar issues have been identified with language 
barriers previously in agriculture for the safety and dignity 
of agricultural workers (Consterdine and Samuk 2015, 
2018), as well as in other societal contexts for participatory 
engagement (Watkins et al. 2012; Schinkel et al. 2019). The 
limited involvement of agricultural workers also reflects the 
findings of Burch and Legun (2021), who further discuss 
the relational barriers to substantive engagement of agricul-
tural workers that were not mentioned by interviewees in this 
study. As such, should the language barrier be addressed, 
there would still be significant work to be done in estab-
lishing relationships and providing the time and space for 

Table 1  Summary of stakeholder groups identified by interviewees as 
previously or currently engaged in their agricultural robotics develop-
ment processes

Stakeholder group engaged Number of interviewees 
discussed (n = 11)

Farmers/growers 11
Large agricultural companies 5
Technology companies 5
Academics 4
Agronomists 3
Insurers 3
Policymakers 3
Research institutions 3
Supply chain actors 3
Farm managers (e.g. operational, technical) 2
Research governing bodies 2
Agricultural workers (i.e. pickers) 1
Financiers 1
Standards institutions 1
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agricultural workers to engage meaningfully in the develop-
ment of agricultural robotics.

As demonstrated in Fig. 3, it is not only harder-to-reach 
farmers and growers (Hurley et al. 2022), nor agricultural 

workers, who are not being included in agricultural robotics 
development processes in the UK. There is a wider absence 
of participants from the “citizen” group of Mepham’s Ethi-
cal Matrix – non-agricultural actors who nonetheless are an 
intrinsic part of the food system as consumers of food. The 
potential reasons for the exclusion of these stakeholders are 
discussed further later in this section.

How is inclusion done?

Interviewees were invited to speak about the nature of the 
engagement activities they had used during their develop-
ment processes, and reflect both on the tangible methods 
they used and the qualities that they considered to be impor-
tant in those methods.

Interviewees mainly identified networking as their ini-
tial approach method for including farmers and growers in 
their development – both formal and informal. The predomi-
nance of this approach may offer some explanation of the 
narrow scope of inclusion identified in this study. Table 4 

Fig. 3  A stakeholder diagram 
showing the stakeholder groups 
from most to least included in 
UK agricultural robotics devel-
opment, based on the number of 
times each group was men-
tioned by interviewees (n = 11). 
Where examples have been 
added of stakeholder groups 
that were not included, these 
examples are representative 
groups, and do not constitute 
an exhaustive list. Based on the 
Ethical Food Matrix (Mepham 
2000)
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Table 2  Summary of stakeholder groups identified by interviewees 
as potential targets for future stakeholder engagement in their agricul-
tural robotics development processes

Stakeholder group for future engagement Number of 
interviewees 
discussed

None suggested 3
Agricultural workers 2
Supermarkets 2
Technology companies 2
Downstream customers 1
Health and Safety Executive 1
Policymakers 1
Standards institutions 1
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summarises the methods interviewees used to approach 
stakeholders for engagement. Given the relatively small 
number of farmers engaged by each developer, it is likely 
that by using networks as methods by which to achieve 
engagement, harder-to-reach farmers are being excluded 
from participation in development of these technologies 
(Hurley et al. 2022). Involving these harder-to-reach stake-
holders is crucial to address uneven engagement in agricul-
tural technology development (Bronson 2019) and broaden 
the sector’s approach to inclusion in line with the principles 
of responsible innovation (Rose and Chilvers 2018).

Once stakeholders had been contacted and confirmed 
their interest in participating, interviewees spoke about the 
methods they used to facilitate engagement, both in terms 
of practical methods, and the good practice values that 
informed their implementation. Table 5 summarises the 
most frequently cited good practice values that interview-
ees attributed to their engagement methods. Most discussed 
was the early involvement of stakeholders in the develop-
ment process. The timing of involvement is a key considera-
tion within responsible innovation, where the Collingridge 
dilemma – wherein early involvement may come before a 
technology is developed enough for consequences to be 
imaginable, but late involvement may come too late for 
meaningful change (Collingridge 1980) – demonstrates the 
criticality of timing the participation of stakeholders well.

One of the key aspects of good practice identified by 
interviewees was transparency, aligning with the strong trend 
in the participation literature for transparency, trust, and 
accountability as a key feature of participatory approaches 
(Innes and Booher 2004; Reed et al. 2009; Hurlbert and 
Gupta 2015; Bell and Reed 2021). However, other aspects of 
good practice highlighted by the narrative literature review 
are missing from the responses given by interviewees – in 
particular the emphasis on democracy and equality.

The methods of engagement for most developers consti-
tute interviews and stakeholder meetings, and on-site visits, 
demonstrations, and trials. These are summarised in Table 6. 
The methods identified reflect more traditional approaches 

to stakeholder engagement, but do not necessarily integrate 
more creative techniques that could be used to elicit more 
substantive engagement, such as methods explored by Dit-
zler and Driessen for the design of agroecological farming 
robots (Ditzler and Driessen 2022). Ditzler and Driessen 
explore the design of a robot for an agroecological pixel 
cropping approach to farming through a series of interactive 
workshops, including a World Café (Brown and Isaacs 2005) 
with a variety of participant groups, and a design challenge 
targeting second-year design students (Ditzler and Driessen 
2022). There are a variety of other methods of participation, 
including ethnographic studies; visual methodologies (e.g. 
film, artwork, poetry, stories), including for future-gazing 
(Daum 2021; Science and Society Collective, 2023); delib-
erative workshops (Chilvers and Kearnes 2020); citizen 
juries or public dialogues (Food Farming and Countryside 
Commission 2023); and interviews and surveys translated 
into multiple languages, which can help overcome barriers 
relating to language and include different knowledge types 
(Mattila 2021; Bogoeski 2022). In addition, working with 
local trusted farmers, advisers, and technology networking 
organisations, as well as engaging in non-traditional set-
tings (pubs, agricultural shows, marts) can make it easier 
for ‘harder-to-reach' farmers and rural communities to par-
ticipate (Hurley et al. 2022). Animal welfare scientists and 
ecologists could help to design studies that capture how ani-
mals (livestock and wildlife) interact with robots and how 
they behave towards them, as a method of facilitating the 
inclusion of more-than-human participants.

In most cases, interviewees spoke of the inclusion of a 
specific farmer or grower as a partner in the development 
of the technology, although one interviewee also spoke of 
having a board of farming partners advising their develop-
ment. The involvement of this board reflects a stronger trend 
of participation, representing participation on a higher rung 
(partnership) of Arnstein’s traditional ladder of participa-
tion (Arnstein 1969). However, in the majority of cases, the 
traditional approaches to engagement mentioned sit lower on 
this ladder in an area described by Arnstein as “tokenism”. 

Table 3  Summary of the most frequently cited codes identified within the ‘barriers’ theme, including sample quotations that illustrate the code

Barrier Number of 
interviewees 
discussed

Sample quotations

Language barrier 4 “[we are now doing] a semi-structured interview with the translator in place because that’s what often is 
needed, there’s a communication barrier sometimes” ARI114

Lack of interest 3 “in the end to really get [the stakeholders] to see the value, when you talk about several relatively low 
TRLs [Technology Readiness Levels] they must have a certain passion to be actually be actively 
engaged” ARI114

Time pressures 3 “But then contacting [the farmers] again after the show – nothing. It’s kind of like that was their free time, 
in a way, they’re happy to chat, but once they go back to the farm, you know, especially in season…” 
ARI123
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This may be a result of the limitations of more traditional 
methods of engagement, wherein participation is motivated 
by technical questions or problem definition.

Although this study focused on the practices of robot-
ics developers for participation in agricultural robotics, it 
is important to also consider this subject from the perspec-
tive of the participants. Legun and Burch (2021) highlight 
the criticality of the self-perceived agency of participants. 
Although the methods highlighted by interviewees offer the 
potential for substantive participation (particularly through 
farm visits, technology demonstration, and user trials), these 
methods also have the potential to focus too closely on solv-
ing technical problems, rather than offering participants an 
active role in developing the technology. Guthman and But-
ler (2023) have observed similar trends at Silicon Valley-
adjacent technology events targeting innovators aiming to 
expand into the agricultural sector, wherein technologies 
are presented as solutions before problems are explicitly 
identified, and developers may fail to engage more holisti-
cally with the systematic change required for a just transition 
to sustainable agriculture. It is therefore crucial to assess 
how these methods are used, the context within which par-
ticipants are invited to take part, and the participants own 

perceptions of their agency or passivity within the develop-
ment process as a whole.

Why is inclusion done?

Interviewees were asked about the motivation for the stake-
holder engagement that they identified, and Table 7 sum-
marises the most frequently identified reasons for engaging 
stakeholders in the development of agricultural robotics.

The reasons given for pursuing stakeholder engagement 
align with some of the motives identified in the participation 
literature – in particular, legitimacy. Several interviewees 
spoke about the importance of end-user confidence and trust 
in their product, and highlighted this as one of the outcomes 
of their engagement with farmers and growers.

Interviewees also discussed the need for engagement in 
order to understand technical requirements, or to understand 
the problems that farmers face that could be solved using a 
robotic system. One interviewee explained the motivation 
for pursuing this approach:

“that group [of farmers] when we produced the first 
robot and we ran it in front of them, so the first big 

Table 4  Summary of the most frequently cited codes identified within the ‘inclusion approaches’ theme, including sample quotations that illus-
trate the code

Category Number of 
interviewees 
discussed

Sample quotations

Networks (formal) 7 “KTN [Knowledge Transfer Network] networking events were really good also, the sort of kick-off 
presentations that you get from the TSB [Technology Strategy Board] or Innovate UK was also very 
useful, especially in the early days because nobody had had done it at all at that point” ARI122

Cold-calling 3 “…then we basically just reached out to growers cold. Well, it wasn’t pure cold calling, but not far off, 
you know, just reaching out” ARI123

Networks (informal) 3 “And then just kind of one thing leads to the other, someone has a connection for you for a poultry 
farm, and then you get to speak to some apple farmers” ARI102

“those people [who don’t turn up to events] are people you end up engaging with more on a personal 
level i.e. when I’m down the pub and you’re speaking to someone about what you do” ARI117

Table 5  Summary of the most frequently cited codes identified within the ‘good practice’ theme, including sample quotations that illustrate the 
code

Good practice (based on 
themes from the literature 
review)

Number of 
interviewees 
discussed

Sample quotations

Early involvement 6 “…even before you start your project, you figure out what is it [the customers] actually want” 
ARI119

Transparency 5 “once [the growers] see their feedback incorporated it kind of builds that trust and builds that 
– you know that actually this is for my benefit” ARI123

Diverse representation 4 “everyone’s different, and unless you’re down there seeing it then you kind of don’t understand 
what [the growers are] doing really” ARI123

Site-specific engagement 4 “not only do [the farmers] have to see it, ideally they have to see it on their own land” 
ARI107
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robot, […] they fed back pretty much straight away and 
said […] this looks ridiculous” ARI107

The purpose of stakeholder engagement in these inter-
views is strongly associated with addressing technical ques-
tions – understanding what problems farmers are facing, 
educating developers to be able to understand the environ-
ment in which the technology will be applied, and subse-
quently instilling confidence in the end-user that the technol-
ogy is functional and reliable. Mostly, therefore, engagement 
was aimed at improving technical design to help with adop-
tion, which is the focus of most research studies that claim to 
have done stakeholder engagement in the area of agricultural 
technology (McGrath et al. 2023). These identified purposes 
are similar to those discussed by Eastwood et al. (2019) in 
their exploration of New Zealand smart dairy farming tech-
nologies, wherein they suggest a technocentric approach to 
innovations in the sector precluded consideration of socio-
ethical challenges. This is echoed in what Reisman (2021) 
describes as the sanitisation of agri-food technology, in 
which a narrative is built around technologies to emphasise 
their urgent application in addressing grand challenges. In 
doing so, time is not devoted to ethical debate regarding 
development and adoption.

The ethical motivations for pursuing stakeholder engage-
ment are absent in the responses offered by interviewees in 
this study. In part, this may be due to a perception that the 
ethical requirement for these technologies, whether for the 
purpose of addressing labour shortages or mitigating cli-
mate change, has already been agreed upon. Such a percep-
tion may be due to the narratives that exist within the UK 
context regarding the use of agricultural robotics. Further 
investigation of these narratives is required in order to bet-
ter understand why the developers of agricultural robotics 
may no longer perceive the technology as a “hot” ethical 

issue that should still be debated (Swierstra and Rip 2007), 
or address what Baur & Iles (2022) describe as “human vs 
human” conflicts and the frictions that may impact techno-
logical adoption.

Conclusion

This study examined the nature of engagement in current 
agricultural robotics development processes in the UK, 
to investigate whether they are consistent with the aims 
of responsible innovation and just transitions encouraged 
by major policy and funding institutions. We offer insight 
into current approaches, identify the barriers met by those 
working in agricultural robotics development at present, and 
highlight some areas upon which future investigation could 
focus, such as limited inclusion and the non-ethical focus 
of development processes. The observations made in this 
study are specific to the UK national context for agricul-
tural robotics development, and are based on a sample of a 
small population of developers working in the UK. However, 
the findings of this study reflect the prevailing narratives of 
research into agricultural technology and responsible inno-
vation, particularly in considering issues of wider citizen 
inclusion and engagement.

On the ‘who’ of inclusion – this study finds that certain 
types of stakeholders are frequently engaged, including 
some growers/farmers, supply chain actors, policymakers, 
researchers, and insurers, but our analysis did not shed light 
on whether heterogeneity within groups was accounted for. 
There are a range of other stakeholders both from within 
and without the food industry that appear to be less engaged 
with, including agricultural workers, potentially ‘harder-
to-reach' farmers, citizens, farm animals, and the living 
environment. Barriers to inclusion of a wider range of 

Table 6  Summary of the most frequently cited codes identified within the ‘methods’ theme, including sample quotations that illustrate the code

Methods Number of 
interviewees 
discussed

Sample quotations

Technology demonstration 6 “Some of the bigger things have actually come from demonstrations of the outputs” ARI107
Farm visits 5 “So we’ve been out on harvesters, we’ve been out in the fields and I think that’s a really, really 

important part of learning the process because it’s so easy to get the wrong end of the stick” 
ARI122

Stakeholder meetings 5 “establish a regular meeting forum with [the farmers] to say well this is where we’ve got to, what 
do you think” ARI113

Interviews 5 “it was a succession of speaking to farmers, speaking to farmers, speaking to farmers” ARI102
Formal events 4 “You mention you’re trying to find an answer to the problem […] and you immediately gather a 

crowd around you, and that happens wherever we go. We’ve been to several shows and demon-
strated that” ARI113

User trials 3 “then in the final year we actually took our technology and gave it to [the farmer] to use, and 
then we had a farming partner who then used that technology for a couple of days – well for a 
week or so on their farm” ARI117
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stakeholders are partially practical; for example, language 
barriers can make including migrant workers difficult, whilst 
more-than-human views are less immediately tangible, and 
the time needed to plan and deliver engagement opportuni-
ties can be prohibitive.

On the ‘how’ of inclusion – engagement that does happen 
tends to be through demonstrations, meetings, farm visits, 
and formal events, which are useful methods for working 
with some communities of policy and practice, but fail to 
include a wider set of deliberative methods that can harness 
different knowledge types.

On the ‘why’ of inclusion – the purpose of stakeholder 
engagement is focused on questions of technical sophistica-
tion and adoption, rather than explicitly designed to address 
ethical questions – although some ethical questions may be 
raised or addressed through engagement activities primar-
ily focused on technical design (Rubambiza et al. 2022). 
Therefore, the explicit ethical motive inherent in responsible 
innovation is presently missing from UK agricultural robot-
ics development practices.

In light of our findings, we make a number of suggestions 
for future research and delivery of stakeholder inclusion in 
the context of agricultural robotics. We suggest that a practi-
cal method for individual developers to undertake more sub-
stantive inclusion would be to undertake a stakeholder map-
ping exercise using a tool such as Mepham’s Ethical Matrix, 
such as we have done in this study (see Fig. 3). We recognise 
that all stakeholder groups cannot necessarily be included 
in all projects and for every question or problem, but such 
an exercise should invite reflexive questioning of whether 
planned engagement ensures that marginalised stakeholders 
and different types and scales of knowledge are included. We 
also recommend that developers collaborate with experts 
from the social sciences and humanities who are working on 
inclusive co-design, as seen in New Zealand in a collabora-
tive project to develop robots for viticulture and horticulture 
(Legun and Burch 2021). Cross-disciplinary collaboration, 
training, and guidance from funders can also help to shift 

mindsets towards a wider appreciation of why stakeholders 
should be included substantively in development.

At a larger scale, policy-makers and funders can play a 
key role in setting the conditions through which trans-disci-
plinary collaborations can thrive, and in overcoming chal-
lenges reported in existing collaborations around agricultural 
technology (Alexander et al. 2023; Prutzer et al. 2023). We 
thus argue that our suggestions should be considered par-
ticularly by policy-makers, funders, and research institutions 
who set the structures within which agricultural innovation 
happens. In order to facilitate just transitions to sustainable 
agriculture, the structures of innovation (e.g. funding rules 
to encourage trans-disciplinarity, project assessment, incen-
tive structures, knowledge support for innovators) should be 
adapted to make substantive inclusion easier to achieve and 
more attractive to pursue.

However, we recognise the possible naivety in the situ-
ation within and the position from which we make these 
structural recommendations. Critical social science on 
agri-tech ‘revolutions’ has brought to the fore how narra-
tives around robotics and precision agriculture can express 
the ‘normative grammar’ of intensive, capitalist production 
(Miles 2019). Further, concerns regarding technocentric 
development (Eastwood et al. 2019), agri-food sanitisation 
(Reisman 2021), and digital solutionism (Guthman and But-
ler 2023) all highlight the role that narratives of technology 
development play in shaping approaches to innovation by 
individual decision makers. Although incentivising respon-
sible innovation is a valuable contribution, it is important 
to account for the ways in which those in decision-making 
positions – be they technology developers, politicians, or 
investors – have the potential to use this greater power to 
realise radical change for just transitions, but equally to per-
petuate the status quo as part of a normative narrative of 
technology development.

In conclusion, just transitions for sustainable agriculture 
are an explicit goal of major institutions from the United 
Nations to the European Commission. In order to facilitate 

Table 7  Summary of the most frequently cited codes identified within the ‘purpose’ theme, including sample quotations that illustrate the code

Category Number of 
interviewees 
discussed

Sample quotations

End-user confidence 7 “the part around the farmers is—the design part, the engagement with the farmers—is really 
around the confidence in the machinery” ARI107

Technical requirements 7 “And now, how do you want this crop to be harvested? Do you want to cut like this or cut like that? 
Can we break it off?[…] That gives you some very clear guardrails as to what it is that you need 
to achieve” ARI102

Problem comprehension 7 “we’ve got to produce something that we think the farming community needs” ARI113
Developer education 5 “it’s really important to have […] the farmers especially when it comes to developing robotics for 

farming specifically because I personally think engineers are useless when it comes to farming 
and likewise, you know, farmers aren’t exactly roboticists” ARI120
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these just transitions, multiple potential pathways for the use 
or non-use of technologies such as agricultural robotics must 
be explored, to avoid falling into a pattern of digital solution-
ism that fails to consider alternative approaches (Guthman 
and Butler 2023; McGrath et al. 2023). Responsible innova-
tion of agricultural robotics can bring substantial benefits 
in opening up conversations to allow deeper reflection on 
if, and how, robotics can create a sustainable, more just 
food production system. If public and private developers of 
agricultural robotics are to pursue responsible innovation, 
as mandated by some of the public funding they receive 
from government, substantive inclusion of stakeholders is 
required.

Acknowledgements The authors would like to thank all interview 
participants for generously giving up their time to take part in this 
study. The authors would also like to thank Elizabeth Sklar, Eliot 
Dixon, and Diego Durantini for their guidance, and for their assistance 
in arranging interviews.

Author contributions Kirsten Ayris, Alice Mauchline, and David Rose 
contributed to the study conception and design. Study preparation, data 
collection, and data analysis were performed by Kirsten Ayris. The first 
draft of the manuscript was written by Kirsten Ayris and all authors 
commented on previous versions of the manuscript. Additional writ-
ing was done by David Rose, Alice Mauchline and Anna Jackman. All 
authors read and approved the final manuscript.

Funding Kirsten Ayris is funded by the UK Research and Innovation 
(UKRI) doctoral training grant no: BB/T008776/1. This funding is 
part of the Biotechnology and Biological Sciences Research Council 
(BBSRC) FoodBioSystems Doctoral Training Partnership.

Data availability For reasons of confidentiality, the interview tran-
scripts have not been made available.

Declarations 

Ethical approval The research methodology and interview questions 
received ethical clearance on 3rd August 2022 from the University of 
Reading (application number 001938).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Competing interests The authors have no competing interests to 
declare that are relevant to the content of this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Adamides, G. et al. 2017. Design and development of a semi-auton-
omous agricultural vineyard sprayer: Human–robot interaction 
aspects. Journal of Field Robotics, 34(8): 1407–1426. Available 
at: https:// doi. org/ 10. 1002/ rob. 21721.

Agri-EPI Centre and Hands Free Farm 2022. Safe-tech Hackathon: 
Enhancing the safety and security of autonomous agricultural 
vehicles. Available at: https:// agri- epice ntre. com/ wp- conte nt/ 
uploa ds/ 2022/ 03/ Hacka thon- white paper. pdf (Accessed: 25 
January 2023).

Ahmadi, A. et al. 2019. Comparing and combining Social Network 
Analysis and Stakeholder Analysis for natural resource govern-
ance. Environmental Development, 32. Available at: https:// 
doi. org/ 10. 1016/j. envdev. 2019. 07. 001.

Alexander, C.S., M. Yarborough, and A Smith. 2023. ‘Who is responsible 
for “responsible AI”?: Navigating challenges to build trust in AI 
agriculture and food system technology. Precision Agriculture [Pre-
print]. Available at: https:// doi. org/ 10. 1007/ s11119- 023- 10063-3.

Arnstein, S.R. 1969. A Ladder Of Citizen Participation, Journal of 
the American Planning Association, 35(4):216–224. Available 
at: https:// doi. org/ 10. 1080/ 01944 36690 89772 25.

Ayamga, M. et al. 2021. Developing a policy framework for adoption 
and management of drones for agriculture in Africa. Technology 
Analysis and Strategic Management, 33(8):970–987. Available 
at: https:// doi. org/ 10. 1080/ 09537 325. 2020. 18580 47.

Ayris, K. and D.C. Rose. 2023. Social and ethical considerations for 
agricultural robotics. Advances in agri-food robotics. Available 
at: https:// doi. org/ 10. 19103/ as. 2023. 0124. 20.

Baur, P. and A. Iles. 2022. Replacing humans with machines: a his-
torical look at technology politics in California agriculture. 
Agriculture and Human Values. Available at: https:// doi. org/ 
10. 1007/ s10460- 022- 10341-2.

Bear, C. and L. Holloway. 2019. Beyond resistance: Geographies of 
divergent more-than-human conduct in robotic milking’, Geo-
forum, 104, 212–221. Available at: https:// doi. org/ 10. 1016/j. 
geofo rum. 2019. 04. 030.

Beer, J.M., A.D. Fisk, and W.A. Rogers. 2014. Toward a Framework 
for Levels of Robot Autonomy in Human-Robot Interaction. 
Journal of Human-Robot Interaction, 3(2): 74. Available at: 
https:// doi. org/ 10. 5898/ jhri.3. 2. beer.

Bell, K. and M. Reed. 2021. The tree of participation: a new model 
for inclusive decision-making’, Community Development Jour-
nal. Available at: https:// doi. org/ 10. 1093/ cdj/ bsab0 18.

Blattner, C.E. 2020. Just Transition for agriculture? A critical step 
in tackling climate change. Journal of Agriculture, Food Sys-
tems, and Community Development, 9(3): 53–58. Available at: 
https:// doi. org/ 10. 5304/ jafscd. 2020. 093. 006.

Bogoeski, V. 2022. Continuities of exploitation: seasonal migrant 
workers in German agriculture during the COVID-19 pan-
demic. Journal of Law and Society, 49(4): 681–702. Available 
at: https:// doi. org/ 10. 1111/ jols. 12389.

Braun, C. and M. Busuioc. 2020. Stakeholder engagement as a con-
duit for regulatory legitimacy?. Journal of European Public 
Policy. Routledge, pp. 1599–1611. Available at: https:// doi. 
org/ 10. 1080/ 13501 763. 2020. 18171 33.

Braun, V. and V. Clarke. 2006. Using thematic analysis in psychol-
ogy. Qualitative Research in Psychology, 3(2): 77–101. Avail-
able at: https:// doi. org/ 10. 1191/ 14780 88706 qp063 oa.

Brey, P.A.E. 2012. Anticipatory ethics for emerging technologies. 
NanoEthics, 6(1): 1–13. Available at: https:// doi. org/ 10. 1007/ 
s11569- 012- 0141-7.

Brey, P. 2017. Ethics of Emerging Technology. In S. Ove Hanssin 
(ed.) The ethics of technology: Methods and approaches. Row-
man & Littlefield, pp. 175–191.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/rob.21721
https://agri-epicentre.com/wp-content/uploads/2022/03/Hackathon-whitepaper.pdf
https://agri-epicentre.com/wp-content/uploads/2022/03/Hackathon-whitepaper.pdf
https://doi.org/10.1016/j.envdev.2019.07.001
https://doi.org/10.1016/j.envdev.2019.07.001
https://doi.org/10.1007/s11119-023-10063-3
https://doi.org/10.1080/01944366908977225
https://doi.org/10.1080/09537325.2020.1858047
https://doi.org/10.19103/as.2023.0124.20
https://doi.org/10.1007/s10460-022-10341-2
https://doi.org/10.1007/s10460-022-10341-2
https://doi.org/10.1016/j.geoforum.2019.04.030
https://doi.org/10.1016/j.geoforum.2019.04.030
https://doi.org/10.5898/jhri.3.2.beer
https://doi.org/10.1093/cdj/bsab018
https://doi.org/10.5304/jafscd.2020.093.006
https://doi.org/10.1111/jols.12389
https://doi.org/10.1080/13501763.2020.1817133
https://doi.org/10.1080/13501763.2020.1817133
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1007/s11569-012-0141-7
https://doi.org/10.1007/s11569-012-0141-7


 K. Ayris et al.

Bronson, K. 2018. Smart Farming: Including Rights Holders for 
Responsible Agricultural Innovation, Technology Innovation 
Management Review.

Bronson, K. 2019. Looking through a responsible innovation lens 
at uneven engagements with digital farming. NJAS - Wage-
ningen Journal of Life Sciences, 90–91. Available at: https:// 
doi. org/ 10. 1016/j. njas. 2019. 03. 001.https:// doi. org/ 10. 1016/j. 
njas. 2019. 03. 001

Brown, J. and D. Isaacs. 2005. The World Café: Shaping our futures 
through conversations that matter. Berrett-Koehler Publishers.

Bruce, A. and D. Bruce. 2019. Genome Editing and Responsible Inno-
vation, Can They Be Reconciled?. Journal of Agricultural and 
Environmental Ethics, 32(5–6): 769–788. Available at: https:// 
doi. org/ 10. 1007/ s10806- 019- 09789-w.

Bryson, J.M., G.L. Cunningham, and K.J. Lokkesmoe. 2002. What to 
do when stakeholders matter: The case of problem formulation 
for the African American men project of Hennepin County, Min-
nesota. Public Administration Review, 62(5): 568–584. Available 
at: https:// doi. org/ 10. 1111/ 1540- 6210. 00238.

Burch, K.A. and K. Legun. 2021. Overcoming Barriers to Including 
Agricultural Workers in the Co-Design of New AgTech: Lessons 
from a COVID-19-Present World. Culture, Agriculture, Food and 
Environment, 43(2): 147–160. Available at: https:// doi. org/ 10. 
1111/ cuag. 12277.

Burch, K. et al. 2023. Social science – STEM collaborations in agri-
culture, food and beyond: an STSFAN manifesto. Agriculture 
and Human Values. Available at: https:// doi. org/ 10. 1007/ 
s10460- 023- 10438-2.

Campbell, B.M. et al. 2017. Agriculture production as a major driver 
of the earth system exceeding planetary boundaries. Ecol-
ogy and Society, 22(4). Available at: https:// doi. org/ 10. 5751/ 
ES- 09595- 220408.

Chilvers, J. and M. Kearnes, 2020. Remaking Participation in Sci-
ence and Democracy. Science Technology and Human Values, 
45(3):347–380. Available at: https:// doi. org/ 10. 1177/ 01622 
43919 850885.

Collingridge, D. 1980. The Social Control of Technology. New York: 
St Martin’s Press.

Consterdine, E. and S. Samuk. 2015. Closing the Seasonal Agricultural 
Workers Scheme: A Triple Loss. Available at: http:// www. tempe 
rproj ect. eu.

Consterdine, E. and S. Samuk. 2018. Temporary Migration Pro-
grammes: the Cause or Antidote of Migrant Worker Exploita-
tion in UK Agriculture. Journal of International Migration and 
Integration, 19(4): 1005–1020. Available at: https:// doi. org/ 10. 
1007/ s12134- 018- 0577-x.

Daum, T. 2021. Farm robots: Ecological utopia or dystopia? Trends in 
Ecology & Evolution 36 (9): 774–777.

de Boon, A., C. Sandström, and D.C. Rose. 2022a. Governing agricul-
tural innovation: A comprehensive framework to underpin sus-
tainable transitions. Journal of Rural Studies, 89, pp. 407–422. 
Available at: https:// doi. org/ 10. 1016/j. jrurs tud. 2021. 07. 019.

de Boon, A., C. Sandström, and D.C. Rose. 2022b. Perceived legiti-
macy of agricultural transitions and implications for govern-
ance. Lessons learned from England’s post-Brexit agricultural 
transition. Land Use Policy, 116. Available at: https:// doi. org/ 
10. 1016/j. landu sepol. 2022. 106067.

de Boon, A. et al. 2023. A psychometric approach to assess justice 
perceptions in support of the governance of agricultural sus-
tainability transitions. Environmental Innovation and Societal 
Transitions, 46. Available at: https:// doi. org/ 10. 1016/j. eist. 2023. 
100694.

Deere & Company. 2023. Future of Farming. Available at: https:// 
www. deere. co. uk/ en/ agric ulture/ future- of- farmi ng/ (Accessed: 
27 April 2023).

DEFRA 2020. The Path to Sustainable Farming: An Agricultural Tran-
sition Plan 2021 to 2024. . London. Available at: https:// assets. 
publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ uploa 
ds/ attac hment_ data/ file/ 954283/ agric ultur al- trans ition- plan. pdf 
(Accessed: 16 March 2023).

DEFRA. 2022. Automation in horticulture review. Available at: 
https:// www. gov. uk/ gover nment/ publi catio ns/ defra- led- 
review- of- autom ation- in- horti cultu re/ autom ation- in- horti cultu 
re- review# forew ord- from- profe ssor- simon- pears on (Accessed: 
26 January 2023).

Department for Science Innovation & Technology. 2023. A pro-inno-
vation approach to AI regulation. London.

Dimbleby, H. 2021. National Food Strategy: Independent Review. 
Available at: https:// www. natio nalfo odstr ategy. org/ (Accessed: 
25 January 2023).

Ditzler, L. and C. Driessen. 2022. Automating Agroecology: How 
to Design a Farming Robot Without a Monocultural Mindset?. 
Journal of Agricultural and Environmental Ethics, 35(1): 2. 
Available at: https:// doi. org/ 10. 1007/ s10806- 021- 09876-x.

Duckett, T. et al. 2018. Agricultural Robotics: The Future of Robotic 
Agriculture. Available at: www. ukras. org.

Eastwood, C.R. et al. 2022. Responsible robotics design–A systems 
approach to developing design guides for robotics in pasture-
grazed dairy farming. Frontiers in Robotics and AI, 9. Available 
at: https:// doi. org/ 10. 3389/ frobt. 2022. 914850

Eastwood, C. et  al. 2019. Managing Socio-Ethical Challenges in 
the Development of Smart Farming: From a Fragmented to a 
Comprehensive Approach for Responsible Research and Inno-
vation. Journal of Agricultural and Environmental Ethics, 
32(5–6), pp. 741–768. Available at: https:// doi. org/ 10. 1007/ 
s10806- 017- 9704-5.

FAO 2020. Migrant workers and the COVID-19 pandemic. Available 
at: https:// www. imf. org/ en/ Topics/ imf- and- covid 19/.

FAO. 2022. The State of Food and Agriculture 2022, The State of 
Food and Agriculture 2022. FAO. Available at: https:// doi. org/ 
10. 4060/ cb947 9en.

Food Farming and Countryside Commission. 2023. So, what do we 
really want from food?’ Citizens are hungry for change: Starting 
a National Conversation about Food.

Frankelius, P., C. Norrman, and K. Johansen. 2019. Agricultural 
Innovation and the Role of Institutions: Lessons from the Game 
of Drones. Journal of Agricultural and Environmental Eth-
ics, 32(5–6): 681–707. Available at: https:// doi. org/ 10. 1007/ 
s10806- 017- 9703-6.

Gabriel, A. and M. Gandorfer. 2023. Adoption of digital technologies 
in agriculture—an inventory in a european small-scale farming 
region. Precision Agriculture, 24(1): 68–91. Available at: https:// 
doi. org/ 10. 1007/ s11119- 022- 09931-1.

Gil, G. et al. 2023. Why the low adoption of robotics in the farms? 
Challenges for the establishment of commercial agricultural 
robots. Smart Agricultural Technology, 3: 100069. Available at: 
https:// doi. org/ 10. 1016/j. atech. 2022. 100069.

Greenhalgh, T., S. Thorne, and K Malterud. 2018. Time to challenge 
the spurious hierarchy of systematic over narrative reviews?. 
European Journal of Clinical Investigation, 48(6). Available at: 
https:// doi. org/ 10. 1111/ eci. 12931

Guthman, J. and M. Butler. 2023. Fixing food with a limited menu: on 
(digital) solutionism in the agri-food tech sector. Agriculture and 
Human Values [Preprint]. Available at: https:// doi. org/ 10. 1007/ 
s10460- 023- 10416-8

Hale, E. 2023. China races to regulate AI after playing catchup to 
ChatGPT, Al Jazeera. Available at: https:// www. aljaz eera. com/ 
econo my/ 2023/4/ 13/ china- spear heads- ai- regul ation- after- playi 
ng- catch up- to- chatg dp (Accessed: 12 May 2023).

Herrero, M. et  al. 2020. Innovation can accelerate the transition 
towards a sustainable food system. Nature Food. Springer 

https://doi.org/10.1016/j.njas.2019.03.001
https://doi.org/10.1016/j.njas.2019.03.001
https://doi.org/10.1016/j.njas.2019.03.001
https://doi.org/10.1016/j.njas.2019.03.001
https://doi.org/10.1007/s10806-019-09789-w
https://doi.org/10.1007/s10806-019-09789-w
https://doi.org/10.1111/1540-6210.00238
https://doi.org/10.1111/cuag.12277
https://doi.org/10.1111/cuag.12277
https://doi.org/10.1007/s10460-023-10438-2
https://doi.org/10.1007/s10460-023-10438-2
https://doi.org/10.5751/ES-09595-220408
https://doi.org/10.5751/ES-09595-220408
https://doi.org/10.1177/0162243919850885
https://doi.org/10.1177/0162243919850885
http://www.temperproject.eu
http://www.temperproject.eu
https://doi.org/10.1007/s12134-018-0577-x
https://doi.org/10.1007/s12134-018-0577-x
https://doi.org/10.1016/j.jrurstud.2021.07.019
https://doi.org/10.1016/j.landusepol.2022.106067
https://doi.org/10.1016/j.landusepol.2022.106067
https://doi.org/10.1016/j.eist.2023.100694
https://doi.org/10.1016/j.eist.2023.100694
https://www.deere.co.uk/en/agriculture/future-of-farming/
https://www.deere.co.uk/en/agriculture/future-of-farming/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/954283/agricultural-transition-plan.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/954283/agricultural-transition-plan.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/954283/agricultural-transition-plan.pdf
https://www.gov.uk/government/publications/defra-led-review-of-automation-in-horticulture/automation-in-horticulture-review#foreword-from-professor-simon-pearson
https://www.gov.uk/government/publications/defra-led-review-of-automation-in-horticulture/automation-in-horticulture-review#foreword-from-professor-simon-pearson
https://www.gov.uk/government/publications/defra-led-review-of-automation-in-horticulture/automation-in-horticulture-review#foreword-from-professor-simon-pearson
https://www.nationalfoodstrategy.org/
https://doi.org/10.1007/s10806-021-09876-x
http://www.ukras.org
https://doi.org/10.3389/frobt.2022.914850
https://doi.org/10.1007/s10806-017-9704-5
https://doi.org/10.1007/s10806-017-9704-5
https://www.imf.org/en/Topics/imf-and-covid19/
https://doi.org/10.4060/cb9479en
https://doi.org/10.4060/cb9479en
https://doi.org/10.1007/s10806-017-9703-6
https://doi.org/10.1007/s10806-017-9703-6
https://doi.org/10.1007/s11119-022-09931-1
https://doi.org/10.1007/s11119-022-09931-1
https://doi.org/10.1016/j.atech.2022.100069
https://doi.org/10.1111/eci.12931
https://doi.org/10.1007/s10460-023-10416-8
https://doi.org/10.1007/s10460-023-10416-8
https://www.aljazeera.com/economy/2023/4/13/china-spearheads-ai-regulation-after-playing-catchup-to-chatgdp
https://www.aljazeera.com/economy/2023/4/13/china-spearheads-ai-regulation-after-playing-catchup-to-chatgdp
https://www.aljazeera.com/economy/2023/4/13/china-spearheads-ai-regulation-after-playing-catchup-to-chatgdp


Exploring inclusion in UK agricultural robotics development: who, how, and why?  

Nature, pp. 266–272. Available at: https:// doi. org/ 10. 1038/ 
s43016- 020- 0074-1.

Hurlbert, M. and J. Gupta. 2015. The split ladder of participation: A 
diagnostic, strategic, and evaluation tool to assess when partici-
pation is necessary’, Environmental Science and Policy, 50, pp. 
100–113. Available at: https:// doi. org/ 10. 1016/j. envsci. 2015. 01. 
011.

Hurley, P. et al. 2022. ‘Co-designing the environmental land manage-
ment scheme in England: The why, who and how of engaging 
“harder to reach” stakeholders. People and Nature. Available at: 
https:// doi. org/ 10. 1002/ pan3. 10313.

Huuskonen, J. and Oksanen, T. 2019. Augmented Reality for Super-
vising Multirobot System in Agricultural Field Operation. In 
IFAC-PapersOnLine. Elsevier B.V., pp. 367–372. Available at: 
https:// doi. org/ 10. 1016/j. ifacol. 2019. 12. 568.

Innes, J.E. and Booher, D.E. 2004. Reframing public participation: 
Strategies for the 21st century. Planning Theory and Practice, 
pp. 419–436. Available at: https:// doi. org/ 10. 1080/ 14649 35042 
00029 3170.

Jansen, J. et al. 2010. Debunking the myth of the hard-to-reach 
farmer: Effective communication on udder health. Journal of 
Dairy Science, 93(3): 1296–1306. Available at: https:// doi. org/ 
10. 3168/ jds. 2009- 2794.

Jöhr, H. 2012. Where are the Future Farmers to Grow Our Food? 
Global Networks, Global Perspectives and Global Talent Dis-
cussions on the Development of Human Capital in Farming 
and Agribusiness 1 International Food and Agribusiness Man-
agement Review Volume 15 Special Issue A, Jöhr / Interna-
tional Food and Agribusiness Management Review. Available 
at: www. oecd. org/.

Jones, M. 2011. Inclusion, social inclusion and participation. In 
Critical Perspectives on Human Rights and Disability Law. 
Brill, pp. 57–82. Available at: https:// doi. org/ 10. 1163/ ej. 97890 
04189 508.i- 552. 24.

Kim, J. et al. 2019. Unmanned aerial vehicles in agriculture: A 
review of perspective of platform, control, and applications. 
IEEE Access. Institute of Electrical and Electronics Engineers 
Inc., pp. 105100–105115. Available at: https:// doi. org/ 10. 1109/ 
ACCESS. 2019. 29321 19.

Kjeldaas, S. et al. 2022. With great power comes great responsibil-
ity: why “safe enough” is not good enough in debates on new 
gene technologies. Agriculture and Human Values. Available 
at: https:// doi. org/ 10. 1007/ s10460- 022- 10367-6.

Lagnelöv, O. et al. 2023. Impact of lowered vehicle weight of electric 
autonomous tractors in a systems perspective’, Smart Agri-
cultural Technology, 4. Available at: https:// doi. org/ 10. 1016/j. 
atech. 2022. 100156.

Lassen, J. 2018. Listened to, but not heard! The failure to represent 
the public in genetically modified food policies. Public Under-
standing of Science, 27(8), 923–936. Available at: https:// doi. 
org/ 10. 1177/ 09636 62518 766286.

Legun, K. and K. Burch. 2021. Robot-ready: How apple producers 
are assembling in anticipation of new AI robotics. Journal of 
Rural Studies, 82, 380–390. Available at: https:// doi. org/ 10. 
1016/j. jrurs tud. 2021. 01. 032.

Legun, K., K.A. Burch, and L. Klerkx. 2022. Can a robot be an 
expert? The social meaning of skill and its expression 
through the prospect of autonomous AgTech. Agriculture 
and Human Values. Available at: https:// doi. org/ 10. 1007/ 
s10460- 022- 10388-1.

Lu, Y. and S. Young. 2020. A survey of public datasets for computer 
vision tasks in precision agriculture. Computers and Electron-
ics in Agriculture. Elsevier B.V. Available at: https:// doi. org/ 
10. 1016/j. compag. 2020. 105760.

Martin, T. et al. 2022. Robots and transformations of work in farm: 
a systematic review of the literature and a research agenda. 

Agronomy for Sustainable Development, 42(4), p. 66. Available 
at: https:// doi. org/ 10. 1007/ s13593- 022- 00796-2.

Mattila, T.E.A. et al. 2021. Experiences and challenges of foreign 
agricultural workers in Finland. Journal of Agricultural Safety 
and Health, 27(1): 13–28. Available at: https:// doi. org/ 10. 
13031/ JASH. 13893.

McGrath, K. et al. 2023. Investigating narratives and trends in digital 
agriculture: A scoping study of social and behavioural sci-
ence studies. Agricultural Systems, 207, 103616. Available at: 
https:// doi. org/ 10. 1016/j. agsy. 2023. 103616.

Mepham, B. 2000. A framework for the ethical analysis of novel foods: 
The ethical matrix. Journal of Agricultural and Environmental 
Ethics 12: 165–176.

Miles, C. 2019. ‘The combine will tell the truth: On precision agri-
culture and algorithmic rationality’, Big Data and Society, 6(1). 
Available at: https:// doi. org/ 10. 1177/ 20539 51719 849444.

Neef, A. and D. Neubert. 2011. Stakeholder participation in agri-
cultural research projects: A conceptual framework for 
reflection and decision-making. Agriculture and Human Val-
ues, 28(2): 179–194. Available at: https:// doi. org/ 10. 1007/ 
s10460- 010- 9272-z.

Owen, R., P. Macnaghten, and J. Stilgoe. 2012. Responsible research 
and innovation: From science in society to science for society, 
with society’, Science and Public Policy, 39(6): 751–760. Avail-
able at: https:// doi. org/ 10. 1093/ scipol/ scs093.

Page, M.J. et al. 2021. The PRISMA 2020 statement: An updated 
guideline for reporting systematic reviews. The BMJ. BMJ Pub-
lishing Group. Available at: https:// doi. org/ 10. 1136/ bmj. n71.

Pandey, D. and M. Agrawal. 2014. Carbon Footprint Estimation in the 
Agriculture Sector. In, pp 25–47. Available at: https:// doi. org/ 10. 
1007/ 978- 981- 4560- 41-2_2.

Parker, C., S. Scott, and A. Geddes. 2019. Snowball Sampling. SAGE 
research methods foundations. Available at: https:// doi. org/ 10. 
4135/ URL.

Pearson, S. et al. 2022. Robotics and Autonomous Systems for Net Zero 
Agriculture. Current Robotics Reports, 3(2): 57–64. Available at: 
https:// doi. org/ 10. 1007/ s43154- 022- 00077-6.

Pfeiffer, J., A. Gabriel, and M. Gandorfer. 2021. Understanding the 
public attitudinal acceptance of digital farming technologies: 
a nationwide survey in Germany. Agriculture and Human Val-
ues, 38(1): 107–128. Available at: https:// doi. org/ 10. 1007/ 
s10460- 020- 10145-2.

Pretty, J.N. 1995. Participatory Learning for Sustainable Agriculture. 
World Development 23 (8): 1247–1263.

Prutzer, E. et al. 2023. Rethinking “responsibility” in precision agricul-
ture innovation: lessons from an interdisciplinary research team. 
Journal of Responsible Innovation, 10(1). Available at: https:// 
doi. org/ 10. 1080/ 23299 460. 2023. 22020 93.

Reed, M.S. 2008. Stakeholder participation for environmental man-
agement: A literature review. Biological Conservation, pp 
2417–2431. Available at: https:// doi. org/ 10. 1016/j. biocon. 2008. 
07. 014.

Reed, M.S. et al. 2009. ‘Who’s in and why? A typology of stakeholder 
analysis methods for natural resource management. Journal of 
Environmental Management, 90(5): 1933–1949. Available at: 
https:// doi. org/ 10. 1016/j. jenvm an. 2009. 01. 001.

Reger, M., J. Bauerdick, and H. Bernhardt. 2018. Drones in Agricul-
ture: Current and future legal status in Germany, the EU, the 
USA and Japan’, Landtechnik, 73(3): 62–80. Available at: https:// 
doi. org/ 10. 15150/ lt. 2018. 3183.

Reisman, E. 2021. Sanitizing agri-food tech: COVID-19 and the poli-
tics of expectation. Journal of Peasant Studies, 48(5): 910–933. 
Available at: https:// doi. org/ 10. 1080/ 03066 150. 2021. 19346 74.

Robs4Crops 2021. Robs4Crops.

https://doi.org/10.1038/s43016-020-0074-1
https://doi.org/10.1038/s43016-020-0074-1
https://doi.org/10.1016/j.envsci.2015.01.011
https://doi.org/10.1016/j.envsci.2015.01.011
https://doi.org/10.1002/pan3.10313
https://doi.org/10.1016/j.ifacol.2019.12.568
https://doi.org/10.1080/1464935042000293170
https://doi.org/10.1080/1464935042000293170
https://doi.org/10.3168/jds.2009-2794
https://doi.org/10.3168/jds.2009-2794
http://www.oecd.org/
https://doi.org/10.1163/ej.9789004189508.i-552.24
https://doi.org/10.1163/ej.9789004189508.i-552.24
https://doi.org/10.1109/ACCESS.2019.2932119
https://doi.org/10.1109/ACCESS.2019.2932119
https://doi.org/10.1007/s10460-022-10367-6
https://doi.org/10.1016/j.atech.2022.100156
https://doi.org/10.1016/j.atech.2022.100156
https://doi.org/10.1177/0963662518766286
https://doi.org/10.1177/0963662518766286
https://doi.org/10.1016/j.jrurstud.2021.01.032
https://doi.org/10.1016/j.jrurstud.2021.01.032
https://doi.org/10.1007/s10460-022-10388-1
https://doi.org/10.1007/s10460-022-10388-1
https://doi.org/10.1016/j.compag.2020.105760
https://doi.org/10.1016/j.compag.2020.105760
https://doi.org/10.1007/s13593-022-00796-2
https://doi.org/10.13031/JASH.13893
https://doi.org/10.13031/JASH.13893
https://doi.org/10.1016/j.agsy.2023.103616
https://doi.org/10.1177/2053951719849444
https://doi.org/10.1007/s10460-010-9272-z
https://doi.org/10.1007/s10460-010-9272-z
https://doi.org/10.1093/scipol/scs093
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/978-981-4560-41-2_2
https://doi.org/10.1007/978-981-4560-41-2_2
https://doi.org/10.4135/URL
https://doi.org/10.4135/URL
https://doi.org/10.1007/s43154-022-00077-6
https://doi.org/10.1007/s10460-020-10145-2
https://doi.org/10.1007/s10460-020-10145-2
https://doi.org/10.1080/23299460.2023.2202093
https://doi.org/10.1080/23299460.2023.2202093
https://doi.org/10.1016/j.biocon.2008.07.014
https://doi.org/10.1016/j.biocon.2008.07.014
https://doi.org/10.1016/j.jenvman.2009.01.001
https://doi.org/10.15150/lt.2018.3183
https://doi.org/10.15150/lt.2018.3183
https://doi.org/10.1080/03066150.2021.1934674


 K. Ayris et al.

Rodenburg, J. 2017. Robotic milking: Technology, farm design, and 
effects on work flow. Journal of Dairy Science, 100(9): 7729–
7738. Available at: https:// doi. org/ 10. 3168/ jds. 2016- 11715.

Rose, D.C. and M. Bhattacharya. 2023. Adoption of autonomous robots 
in the soft fruit sector: Grower perspectives in the UK. Smart 
Agricultural Technology, 3, p. 100–118. Available at: https:// doi. 
org/ 10. 1016/j. atech. 2022. 100118.

Rose, D.C. and J. Chilvers. 2018. Agriculture 4.0: Broadening Respon-
sible Innovation in an Era of Smart Farming. Frontiers in Sus-
tainable Food Systems, 2. Available at: https:// doi. org/ 10. 3389/ 
fsufs. 2018. 00087.

Rose, D.C. et al. 2021. Responsible development of autonomous robot-
ics in agriculture. Nature Food. Springer Nature, pp. 306–309. 
Available at: https:// doi. org/ 10. 1038/ s43016- 021- 00287-9.

Rotolo, D., D. Hicks, and B.R. Martin. 2015. ‘What is an emerging 
technology?’, Research Policy, 44(10), pp. 1827–1843. Avail-
able at: https:// doi. org/ 10. 1016/j. respol. 2015. 06. 006.

Rowe, G. and L.J. Frewer. 2005. ‘A typology of public engagement 
mechanisms’, Science Technology and Human Values, 30(2), 
pp. 251–290. Available at: https:// doi. org/ 10. 1177/ 01622 43904 
271724.

Rubambiza, G., P. Sengers, and H. Weatherspoon. 2022. ‘Seamless 
Visions, Seamful Realities: Anticipating Rural Infrastructural 
Fragility in Early Design of Digital Agriculture. In Confer-
ence on Human Factors in Computing Systems - Proceedings. 
Association for Computing Machinery. Available at: https:// 
doi. org/ 10. 1145/ 34911 02. 35175 79.

Rübcke von Veltheim, F., L. Theuvsen, and H. Heise. 2022. Ger-
man farmers’ intention to use autonomous field robots: a PLS-
analysis: Precision Agriculture, 23(2): 670–697. Available at: 
https:// doi. org/ 10. 1007/ s11119- 021- 09854-3.

Rust, N.A. et al. 2020. Social capital factors affecting uptake of 
sustainable soil management practices: a literature review’, 
Emerald Open Research, 2, p. 8. Available at: https:// doi. org/ 
10. 35241/ emera ldope nres. 13412.1.

Ryan, M., S. van der Burg, and M.-J. Bogaardt. 2021. Identifying key 
ethical debates for autonomous robots in agri-food: a research 
agenda. AI and Ethics. Available at: https:// doi. org/ 10. 1007/ 
s43681- 021- 00104-w.

Schillings, J., R. Bennett, and D.C Rose. 2023. Managing end-user 
participation for the adoption of digital livestock technologies: 
expectations, performance, relationships, and support’, Journal 
of Agricultural Education and Extension. Available at: https:// 
doi. org/ 10. 1080/ 13892 24X. 2023. 21926 97.

Schinkel, S. et al. 2019. Perceptions of Barriers to Patient Participa-
tion: Are They Due to Language, Culture, or Discrimination?, 
Health Communication, 34(12), pp. 1469–1481. Available at: 
https:// doi. org/ 10. 1080/ 10410 236. 2018. 15004 31.

Science and Society Collective 2023. Diversity by Design: emergent 
agricultural technologies for small-scale farming by Design.

Shortland, F. et al. 2023. Landscapes of support for farming mental 
health: Adaptability in the face of crisis. Sociologia Ruralis, 
63(S1): 116–140. Available at: https:// doi. org/ 10. 1111/ soru. 12414.

Sparrow, R. and M. Howard. 2021. Robots in agriculture: pros-
pects, impacts, ethics, and policy. Precision Agriculture, 
22(3): 818–833. Available at: https:// doi. org/ 10. 1007/ 
s11119- 020- 09757-9.

Spykman, O. et al. 2021. Farmers’ perspectives on field crop robots – 
Evidence from Bavaria, Germany. Computers and Electronics in 
Agriculture, 186. Available at: https:// doi. org/ 10. 1016/j. compag. 
2021. 106176

Spykman, O. et al. 2022. Autonomous agriculture in public perception 
- German consumer segments’ view of crop robots. Computers 
and Electronics in Agriculture, 202. Available at: https:// doi. org/ 
10. 1016/j. compag. 2022. 107385

Stern, N. 2006. Stern Review: The economics of climate change.

Stilgoe, J., Owen, R. and Macnaghten, P. 2013. Developing a frame-
work for responsible innovation. Research Policy, 42(9): 1568–
1580. Available at: https:// doi. org/ 10. 1016/j. respol. 2013. 05. 008.

Swierstra, T. and Rip, A. 2007. Nano-ethics as NEST-ethics: Patterns 
of moral argumentation about new and emerging science and 
technology. NanoEthics, 1(1): 3–20. Available at: https:// doi. org/ 
10. 1007/ s11569- 007- 0005-8.

Swierstra, T. 2013. Nanotechnology and Technomoral Change, Etica 
& Politica / Ethics & Politics, XV.

Tamirat, T.W. et al. 2023. Multi-stakeholder perspectives on field crop 
robots: lessons from four case areas in Europe’, Smart Agricul-
tural Technology, 4, 100–143. Available at: https:// doi. org/ 10. 
1016/j. atech. 2022. 100143.

Ten Holter, C. 2022. Participatory design: lessons and directions for 
responsible research and innovation’, Journal of Responsible 
Innovation. Routledge. Available at: https:// doi. org/ 10. 1080/ 
23299 460. 2022. 20418 01.

The White House. 2023. Biden- Harris Administration Announces 
New Actions to Promote Responsible AI Innovation that Pro-
tects Americans’ Rights and Safety. Available at: https:// www. 
white house. gov/ briefi ng- room/ state ments- relea ses/ 2023/ 05/ 04/ 
fact- sheet- biden- harris- admin istra tion- annou nces- new- actio ns- 
to- promo te- respo nsible- ai- innov ation- that- prote cts- ameri cans- 
rights- and- safety/ (Accessed: 12 May 2023).

UKRI 2022. Transforming food production challenge. Available at: 
https:// www. ukri. org/ what- we- offer/ our- main- funds/ indus trial- 
strat egy- chall enge- fund/ clean- growth/ trans formi ng- food- produ 
ction- chall enge/ (Accessed: 25 January 2023).

United Nations 2015. Transforming Our World: The 2030 agenda for 
sustainable development. Available at: https:// sdgs. un. org/ goals 
(Accessed: 15 March 2023).

van den Hoven, J. 2013. Responsible innovation. In R. Owen, J. 
Bessant, and M. Heintz (eds) Responsible Innovation: managing 
the responsible emergence of science and innovation in society. 
John Wiley & Sons, Ltd.

van der Burg, S., M.J. Bogaardt, and S. Wolfert 2019. Ethics of smart farming: 
Current questions and directions for responsible innovation towards 
the future. NJAS - Wageningen Journal of Life Sciences. Elsevier B.V. 
Available at: https:// doi. org/ 10. 1016/j. njas. 2019. 01. 001.

van der Burg, S. et al. 2022. Ethical aspects of AI robots for agri-food; 
a relational approach based on four case studies. AI and Society. 
Available at: https:// doi. org/ 10. 1007/ s00146- 022- 01429-8

Von Schomberg, R. 2011. Towards Responsible Research and Innovation 
in the Information and Communication Technologies and Security 
Technologies Fields. Available at: https:// papers. ssrn. com/ sol3/ 
papers. cfm? abstr act_ id= 24363 99 (Accessed: 30 January 2023).

Wallace, J. 2022. Funding available for robotics and automation in 
farming. Available at: https:// defra farmi ng. blog. gov. uk/ 2022/ 
12/ 13/ fundi ng- avail able- for- robot ics- and- autom ation- in- farmi 
ng/ (Accessed: 25 January 2023).

Watkins, P.G., H. Razee, and J. Richters. 2012. “I’m telling you...the 
language barrier is the most, the biggest challenge”: Barriers to 
education among Karen refugee women in Australia. Australian 
Journal of Education 56 (2): 126–141.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Kirsten Ayris is a PhD student at the University of Reading, whose 
research explores the ethics of emerging technologies for develop-
ing sustainability within agriculture. In particular, she focuses on 
the responsible innovation of agricultural robotics, and methods 
for facilitating more inclusive anticipation for agricultural robotics 

https://doi.org/10.3168/jds.2016-11715
https://doi.org/10.1016/j.atech.2022.100118
https://doi.org/10.1016/j.atech.2022.100118
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.1038/s43016-021-00287-9
https://doi.org/10.1016/j.respol.2015.06.006
https://doi.org/10.1177/0162243904271724
https://doi.org/10.1177/0162243904271724
https://doi.org/10.1145/3491102.3517579
https://doi.org/10.1145/3491102.3517579
https://doi.org/10.1007/s11119-021-09854-3
https://doi.org/10.35241/emeraldopenres.13412.1
https://doi.org/10.35241/emeraldopenres.13412.1
https://doi.org/10.1007/s43681-021-00104-w
https://doi.org/10.1007/s43681-021-00104-w
https://doi.org/10.1080/1389224X.2023.2192697
https://doi.org/10.1080/1389224X.2023.2192697
https://doi.org/10.1080/10410236.2018.1500431
https://doi.org/10.1111/soru.12414
https://doi.org/10.1007/s11119-020-09757-9
https://doi.org/10.1007/s11119-020-09757-9
https://doi.org/10.1016/j.compag.2021.106176
https://doi.org/10.1016/j.compag.2021.106176
https://doi.org/10.1016/j.compag.2022.107385
https://doi.org/10.1016/j.compag.2022.107385
https://doi.org/10.1016/j.respol.2013.05.008
https://doi.org/10.1007/s11569-007-0005-8
https://doi.org/10.1007/s11569-007-0005-8
https://doi.org/10.1016/j.atech.2022.100143
https://doi.org/10.1016/j.atech.2022.100143
https://doi.org/10.1080/23299460.2022.2041801
https://doi.org/10.1080/23299460.2022.2041801
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/04/fact-sheet-biden-harris-administration-announces-new-actions-to-promote-responsible-ai-innovation-that-protects-americans-rights-and-safety/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/04/fact-sheet-biden-harris-administration-announces-new-actions-to-promote-responsible-ai-innovation-that-protects-americans-rights-and-safety/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/04/fact-sheet-biden-harris-administration-announces-new-actions-to-promote-responsible-ai-innovation-that-protects-americans-rights-and-safety/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/04/fact-sheet-biden-harris-administration-announces-new-actions-to-promote-responsible-ai-innovation-that-protects-americans-rights-and-safety/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/04/fact-sheet-biden-harris-administration-announces-new-actions-to-promote-responsible-ai-innovation-that-protects-americans-rights-and-safety/
https://www.ukri.org/what-we-offer/our-main-funds/industrial-strategy-challenge-fund/clean-growth/transforming-food-production-challenge/
https://www.ukri.org/what-we-offer/our-main-funds/industrial-strategy-challenge-fund/clean-growth/transforming-food-production-challenge/
https://www.ukri.org/what-we-offer/our-main-funds/industrial-strategy-challenge-fund/clean-growth/transforming-food-production-challenge/
https://sdgs.un.org/goals
https://doi.org/10.1016/j.njas.2019.01.001
https://doi.org/10.1007/s00146-022-01429-8
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2436399
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2436399
https://defrafarming.blog.gov.uk/2022/12/13/funding-available-for-robotics-and-automation-in-farming/
https://defrafarming.blog.gov.uk/2022/12/13/funding-available-for-robotics-and-automation-in-farming/
https://defrafarming.blog.gov.uk/2022/12/13/funding-available-for-robotics-and-automation-in-farming/


Exploring inclusion in UK agricultural robotics development: who, how, and why?  

development. She previously received a BA in English Literature/
Linguistics from the University of York between 2011 – 2014, and 
an MSc in Sustainable Development from the University of Sus-
sex between 2019 – 2021. Her most recent publication is “Social 
and ethical considerations of agricultural robotics” co-authored 
with David Rose in Advances in Agri-Food Robotics, published by 
Burleigh Dodds Science Publishing.

Anna Jackman is a Lecturer in Human Geography at the University 
of Reading. Anna is a feminist political geographer interested in 
technological visibilities, volumes, relations and futures. Anna cur-
rently approaches these issues through the lens of the drone, explor-
ing the ‘unmanning’ of everyday, urban and military life in drone 
age. Anna’s ESRC New Investigator award, Diversifying Drone Sto-
ries, explored the use, perception, and impact of drones in changing 
UK airspace. Anna’s recent publications have explored drone sens-
ing, drone futures, and volumetric or three-dimensional accounts 
of politics.

Alice Mauchline is a Senior Research Fellow in the Department of 
Sustainable Land Management at the University of Reading. Her 
areas of interest include sustainable crop production; evaluation of 

agri-environmental schemes and farmer advisory support; chemical 
ecology of insects and the use of semiochemicals in pest control; insect 
behaviour and plant-insect interactions; and innovative pedagogies, 
especially in fieldwork teaching.

David Rose is shortly to take up a role as Elizabeth Creak Chair in 
Sustainable Agri-Food Systems at Harper Adams University in the 
UK. David completed his Bachelors, Masters, and PhD degrees in 
Geography at the University of Cambridge from 2007-2015. His 
group conducts research with farmers about the challenges they are 
facing in making sustainable transitions, including, but not limited to, 
adoption of new agricultural technologies, ethics of new technologies, 
behavioural change, farmer mental wellbeing, and responsible innova-
tion. David has published over 75 academic papers since 2014 and has 
conducted research for government in the UK, the UK Parliament, the 
FAO, OECD, and a number of other policy and agricultural organiza-
tions. He is also an Editor at the Journal of Agricultural Education 
and Extension and was a Fulbright All-Disciplines Scholar for 2023 
(Cornell University).


	Exploring inclusion in UK agricultural robotics development: who, how, and why?
	Abstract
	Introduction
	Inclusion and participation in agricultural robotics development
	Robotics in agriculture
	Emerging technologies and responsible innovation
	Inclusion and participation for just agricultural transitions

	Methods
	Participation narrative literature review
	Distilling the ideal of participation
	Context
	Who is included?
	How is inclusion done?
	Why is inclusion done?

	Semi-structured interviews – participants and methods

	An analysis of participation in UK agricultural robotics development
	Who is included?
	How is inclusion done?
	Why is inclusion done?

	Conclusion
	Acknowledgements 
	References


